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CHAPTER 1

General introduction

Parts of this chapter have been published as:

Can we improve transurethral resection of the bladder tumour  
for non-muscle invasive bladder cancer?

EIML Liem, TM de Reijke
Current opinion in Urology, 2017 Mar;27(2)

Monopolar versus bipolar transurethral resection for non-muscle invasive 
bladder carcinoma: a post-hoc analysis from a Randomized Controlled Trial
EIML Liem, M McCormack, ESY Chan, Y Matsui, P Geavlete, YD Choi, TM de Reijke,  

Y Farahat, B Inman, JJMCH de la Rosette, S Naito
Urologic Oncology, 2018 Jul;36(7)
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Chapter 1

BACKGROUND

Epidemiology and etiology
Bladder cancer is the 10th most common cancer worldwide [1,2]. In the United States 
81.400 of newly diagnosed cases are estimated for 2020, making bladder cancer in 
men the fourth most common malignancy and in women the twelfth most common 
malignancy [1]. In 2018, in the Netherlands 6.583 new cases of bladder cancer were 
diagnosed [3]. The incidence in men is roughly 4 times higher than in women [2].

The most important risk factor is smoking of tobacco [4–6]. Other risk factors are 
genetic predisposition, exposure to pelvic radiotherapy, Schistosomiasis and to certain 
chemicals, mainly used in industrial settings, which process for example paint, dye, metal 
and petroleum products [4,7,8].

Pathology
The vast majority of bladder tumours are urothelial carcinomas. Other subtypes 
are squamous cell carcinoma, small cell carcinoma and adenocarcinoma [9]. For risk 
stratification and to determine prognosis, bladder cancer is classified in stage and grade, 
number of tumours and recurrence rate. The most frequently used system for staging 
bladder cancer is the 2009 TNM classification approved by the Union International 
Contre le Cancer (UICC) (Table 1) [10]. Approximately 75% of new cases of bladder cancer 
are non-muscle invasive bladder cancer (NMIBC), in which the disease is confined to 
the mucosa [11]. Grouped as NMIBC are stages Ta, T1 and Tis (carcinoma in situ [CIS]), 
whereas stages T2, T3 and T4 are grouped as muscle invasive bladder cancer (MIBC). For 
histological grading of NMIBC the 1973 World Health Organization (WHO) classification 
distinguishes well differentiated (Grade 1), moderately differentiated (Grade 2) and poorly 
differentiated (Grade 3) urothelial carcinoma. In 2004, the WHO and the International 
Society of Urological Pathology (ISUP) published a new grading classification. This grading 
system differentiates papillary urothelial carcinoma neoplasm of low malignant potential 
(PUNLMP), low-grade (LG) urothelial carcinoma and high-grade (HG) urothelial carcinoma 
(Table 2). The current guidelines of the European Urology Association (EAU) are still based 
on both grading classifications [12].

BNW_Esmee_na proef.indd   12BNW_Esmee_na proef.indd   12 17-01-21   18:5017-01-21   18:50
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Table 1. UICC TNM 2009 classification for bladder cancer [10].

T – Primary tumour
Tx Primary tumour cannot be assessed
T0 No evidence of primary tumour
Ta Non-invasive papillary carcinoma
Tis Carcinoma in situ: ‘flat tumour’
T1 Tumour invades subepithelial connective tissue
T2 Tumour invades muscle

T2a Tumour invades superficial muscle (inner half)
T2b Tumour invades deep muscle (outer half)

T3 Tumour invades perivesical tissue
T3a Microscopically
T3b Macroscopically (extravesical mass)

T4 Tumour invades any of the following: prostate stroma, seminal vesicles, uterus, vagina, 
pelvic wall, abdominal wall
T4a Tumour invades prostate stroma, seminal vesicles, uterus or vagina
T4b Tumour invades pelvic wall or abdominal wall

N – Regional lymph nodes
Nx Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in a single lymph node in the true pelvis
N2 Metastasis in multiple regional lymph nodes in the true pelvis
N3 Metastasis in common iliac lymph node(s)
M – Distant metastasis
M0 No distant metastasis
M1 Distant metastasis

Table 2. The WHO 1973 and 2004 grading systems.

1973 WHO grading
Grade 1 Well differentiated
Grade 2 Moderately differentiated
Grade 3 Poorly differentiated
2004 WHO grading
Papillary urothelial neoplasm of low malignant potential (PUNLMP)
Low-grade (LG) papillary urothelial carcinoma
High-grade (HG) papillary urothelial carcinoma

Diagnosis
Cystoscopy is the gold standard in bladder cancer diagnosis. It enables direct visualisation 
of the bladder mucosa and identification of abnormalities of the urothelium (Figure 1). 
Most urothelial carcinomas appear as papillary lesions.

1
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Figure 1. Multiple papillary tumours identified during cystoscopy.

However, CIS is a flat lesion and may appear as erythematous velvet-like lesions. During 
cystoscopy these lesions can be missed or misinterpreted as inflammatory lesions or 
reactive to intravesical instillations.

Over the years, several techniques have been introduced to enhance visualisation of 
tumours during cystoscopy. Photodynamic diagnosis (PDD) enhances visualisation of 
neoplastic tissue. Following administration of 5-aminolevulinic acid (5-ALA) or hexyl-
aminolevulinate (HAL) protoporphyrin IX accumulates more in cancerous urothelium 
compared to normal tissue. When protoporphyrin IX is illuminated with blue light, it 
emits red fluorescence and can be used to visualize urothelial carcinoma. PDD has a 
higher detection rate for both papillary tumours and CIS compared to white light (Figure 
2) [13–18].

Figure 2. A) White light cystoscopy does not show any apparent tumour, B) The same location using 
PDD shows a suspicious lesion (reprinted with permission from Ipsen).

BNW_Esmee_na proef.indd   14BNW_Esmee_na proef.indd   14 17-01-21   18:5017-01-21   18:50
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Figure 3. A) Bladder tumour with white light cystoscopy. B) The same tumour with NBI. C) Carcinoma 
in situ with white light cystostopcy. D) The same lesion with NBI.

Narrow band imaging (NBI) is an image enhancement technique without the need of 
fluorescent agents. It uses 2 specific wavelengths; blue (415 nm) and green (540 nm), 
which are both strongly absorbed by haemoglobin. This absorption by blood results in 
enhanced contrast between hypervascular tissue and normal mucosa. As tumours often 
are well vascularised this technique improves visualisation of urothelial carcinomas. 
NBI improves tumour detection and possibly reduces the recurrence rate due to better 
identification of the cancerous lesions (Figure 3) [19–25].

Although cystoscopy (with or without imaging techniques such as PDD or NBI) allows 
confirming the presence of a bladder tumour, it lacks histopathologic evaluation without 
resection. Subsequent histological evaluation of tissue is thus essential. Confocal 
laser endomicroscopy (CLE) is a probe-based optical imaging technique that produces 
real-time high-resolution microscopic images of tissue in vivo. Confocal microscopy 
detects mainly in-focus scattered light, which results in a high-resolution image (spatial 
resolution of 1 µm) in a single horizontal plane at an imaging depth of 65 µm. CLE imaging 
requires a fluorescent agent, for which fluorescein is most commonly used. Fluorescein 
is a non-specific contrast agent and stains the extracellular matrix. 

1
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Figure 4. Confocal laser endomicroscopy. A) White light cystoscopy of a low-grade TaG2 papillary 
tumour. B) Corresponding CLE image. C) Corresponding hematoxylin and eosin-stained slide.

By the excitation of fluorescein by a 488 nm low-power laser light and the subsequent 
emission around 520 nm, cell structures can be visualised, which allows subcellular 
imaging. Initially, CLE imaging was introduced in gastroenterology for diagnosing Barrett’s 
oesophagus [26,27]. Currently, other applications in gastroenterology, pulmonology, 
otolaryngology and urology are being explored [28–31]. Using CLE it is possible to image 
bladder cancer and identify malignant characteristics (Figure 4) [32,33].

Treatment of non-muscle invasive bladder cancer
Primary treatment for NMIBC is transurethral resection of the bladder tumour (TURB). 
The goal of TURB in NMIBC is both diagnostic and therapeutic to obtain adequate tissue 
samples to determine tumour stage and grade and to resect all visible abnormalities. 
Complete resection including a sample of the underlying muscularis propria (detrusor 
muscle) is recommended by the guidelines of the EAU and American Urological 
Association (AUA) [12,34]. An accurate histopathological evaluation by the pathologist 
depends on the quality of the resection and processing of the tumour specimen [35].

As recommended by the EAU guidelines, a TURB should be performed systematically, 
starting with bimanual examination of the bladder to assess disease extent and 
resectability [12]. The resectoscope should be inserted under visual control with 
inspection of the whole urethra, followed by inspection of the whole bladder urothelium. 
When indicated (e.g. high-risk disease), biopsies should be taken from the prostatic 
urethra and cold-cup random bladder biopsies before resection of the bladder tumour. 
In order to determine invasion depth, it is important to include the underlying bladder 
wall in the resected specimen. Small tumours (<1cm) can be resected en-bloc, whereas 
larger tumours need to be resected in fractions. To minimise tissue damage, cauterisation 
should be avoided as much as possible during TURB. Indication to take biopsies from 
normal looking urothelium is when cytology is positive and no papillary tumour is 
detected. Biopsies from the prostatic urethra are indicated when a tumour is present 
at the bladder neck or when CIS is present or suspected. A second TURB, 2–6 weeks 
following initial resection, should be performed in selected cases: 1) when initial TURB 
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is incomplete, 2) if no muscle is present in the specimen after initial resection (except in 
case of Ta LG/G1), 3) in all T1 tumours, and 4) in all Grade 3 or high-grade tumours [12].

TURB can be performed using monopolar or bipolar electrocautery. Traditionally, TURB 
was performed using monopolar electrocautery, although the last decade bipolar 
resection is increasingly being used. Main advantage of bipolar TURB is that normal 
saline can be used for irrigation, thus minimising the risk of TUR-syndrome, as was 
reported in transurethral resection of prostatic tissue (TURP) [36]. Both techniques 
are well tolerated and efficient to treat bladder tumours [37,38]. Comparative studies 
have not provided solid evidence that bipolar resection for bladder tumours is superior 
compared with monopolar resection in surgical outcome, complication risk or tumour 
recurrence rate [39,40].

Currently, en-bloc resection that allows resection of tumours >1 cm in one piece is 
emerging [41]. Several techniques have been described, though all these techniques 
have in common that first a circular incision is made in the mucosa around the tumour, 
and subsequently the tumour is dissected en-bloc including the muscle layer [42–45]. 
This method seems well-tolerated and feasible to use in selected cases. The specimen 
is of good quality and well oriented, which makes it easier for the pathologist to assess 
tumour stage [46]. In context of the seeding theory, en-bloc resection could potentially 
decrease recurrence rates. However, long-term studies are still lacking and RCTs should 
be performed to compare en-bloc resection with conventional TURB and evaluate the 
oncologic outcome.

Depending on the risk-group, patients with NMIBC should receive additional intravesical 
adjuvant treatment. Based on an individual patient data meta-analysis, the EAU guidelines 
recommend administration of a single instillation of chemotherapy immediately 
postoperatively in presumably low-, or intermediate-risk tumours with a low recurrence 
rate (less than one recurrence per year) [47]. However, another large prospective study 
including 2.243 patients was not able to identify any subgroup that does not benefit from 
a single postoperative instillation [48]. An immediate, single postoperative instillation 
prevents circulating tumour cells following TURB from implantation in the bladder 
wall and has an ablative effect at the resection site on residual tumour cells [49–52]. A 
single, immediate postoperative intravesical instillation of chemotherapy reduces the 
five-year recurrence rate from 59% to 45% in low-risk NMIBC [47]. The most commonly 
used chemotherapeutic agents for intravesical instillations are Mitomycin C (MMC) and 
Epirubicin. The instillation should be administered within 24 hours following TURB, 
preferably within the first two hours. However, in the case of a bladder perforation, 
extensive resection or bleeding that requires bladder irrigation, the instillation of 
chemotherapy should not be administered, because of the risks of local and systemic 
complications due to extravasation of the chemotherapy instillation [53].

1
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For intermediate-, and high-risk NMIBC patients additional adjuvant instillations 
are recommended by the EAU and the AUA guidelines [12,34]. For intermediate-risk 
NMIBC intravesical chemotherapy or Bacillus Calmette-Guérin (BCG) immunotherapy is 
recommended. For high-risk NMIBC, intravesical BCG immunotherapy is recommended. 
BCG is the most effective intravesical therapy currently available [54,55]. BCG is a live 
attenuated strain of the Mycobacterium bovis and induces an immune response in 
the bladder, although the exact anti-tumour mechanism is still under investigation. 
Induction BCG therapy is empirically given as an induction course of six weekly 
intravesical instillations followed by a course of maintenance instillations. Although it 
is the most effective intravesical immunotherapeutic treatment currently available, it 
is also associated with more side effects compared to intravesical chemotherapy [56]. 
These side effects can lead to interruption or discontinuation of BCG instillations in up 
to 20% of patients [57]. In 63% of patients, local side effects such as irritative voiding 
symptoms, symptoms of cystitis and haematuria may occur. In 31% of patients, systemic 
side effects such as arthralgia, hypersensitivity reactions, persistent fever and BCG 
sepsis with possible fatal consequences may occur [58]. Additionally, BCG treatment 
fails in up to 40% of patients [59–61]. To minimize side effects, BCG instillations should be 
started within 14 days following TURB. BCG instillations should be postponed in case of 
macroscopic haematuria or bacterial cystitis [62]. For optimal efficacy a BCG maintenance 
schedule should be given. Though it is still not clear which BCG maintenance schedule is 
the most effective, BCG maintenance should be given for at least one year [63,64].

Follow-up of non-muscle invasive bladder cancer
In the follow-up of bladder cancer, cystoscopy is often combined with urinary cytology 
to determine if a recurrence is present. Urinary cytology is an examination based on 
pathologists’ interpretation of morphological changes of exfoliated urothelial cells in 
voided urine or bladder washings. Urinary cytology has a high specificity (81–95%) for 
bladder cancer. For Grade 3 or HG bladder tumours urinary cytology has a high sensitivity 
(75–84%), however, for Grade 1 or LG tumours, sensitivity is limited (16–53%) [65–67]. 
Cytological evaluation can be influenced by recent intravesical instillations, urinary tract 
infections and the presence of stones in the bladder or by a limited number of cells 
present in the urine sample. Another limitation of urinary cytology is the high inter-, 
and intra-observer variability since the interpretation of cytology is highly investigator 
dependent. Recently, the Paris system was introduced for reporting urinary cytology. 
This system focuses on diagnosing HG urothelial carcinoma and provides well-defined 
morphological criteria, including the atypical urothelial cell groups. This system seems 
easy to apply, is well reproducible and seems to correlate well with histology [68,69].
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Figure 5. A) UroVysion® fluorescence in situ hybridization (FISH) in normal cells. B) UroVysion® 
FISH in abnormal cells.

To overcome the low sensitivity of urinary cytology, various urinary tests have been 
developed. Sensitivity of urinary markers is in general higher compared to urinary 
cytology, though at the cost of a lower specificity. Urinary markers are currently not 
widely accepted in daily practice nor in clinical guidelines. Currently, various biomarkers 
are commercially available, based on different biological properties; protein based 
(nuclear matrix proteins [NMP-22], bladder tumour antigen [BTA STAT, BTA TRAK]), 
cellular antigens (uCyt+), DNA-based (UroVysion), RNA-based (CxBladder detect) and 
DNA methylation-based (EpiCheck) [70,71]. One of these urinary markers is UroVysion®, 
which is a fluorescence in situ hybridization (FISH) test. This test is FDA approved for 
bladder cancer detection in patients with hematuria and for the follow-up of patients 
with NMIBC. FISH is a cytogenetic technique that enables detection, localisation and 
visualisation of specific DNA sequences. The UroVysion® bladder cancer FISH kit consists 
of 4 probes to detect genetic alterations most commonly associated with bladder cancer; 
increased copy number of chromosomes 3, 7, 17 and a total deletion of 9p21. Since 
this test is based on detecting genetic alterations, it will not be influenced by recent 
intravesical instillations, such as BCG (Figure 5) [72].

GOALS OF THIS THESIS

Histological staging and grading are important factors determining prognosis and 
treatment management of bladder cancer. Unfortunately, during cystoscopy histologic 
assessment of bladder tissue is not possible. The first goal of this thesis is to evaluate 
confocal laser endomicroscopy (CLE) for bladder cancer diagnosis. CLE has the ability 
to visualise tissue on a microscopic level in vivo and could, therefore, overcome this 
shortcoming during cystoscopy. In this thesis we present early clinical research for the 

1
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validation of CLE for urothelial cancer grading. The second goal of this thesis is to improve 
bladder cancer management for patients treated with Bacillus Calmette-Guérin (BCG). 
The use of fluorescence in situ hybridization (FISH) is evaluated to identify patients at 
risk for bladder tumour recurrence following BCG induction therapy. Thus, with our work 
we aim to find approaches to improve bladder cancer diagnosis and management.

OUTLINE OF THIS THESIS

Part II of this thesis focuses on confocal laser endomicroscopy (CLE) for bladder cancer 
diagnosis. In Chapter 2 the research protocol is described that aims to evaluate the use 
of CLE in the diagnosis and grading of urothelial carcinoma in the bladder. In this chapter 
the protocol is reported together with a research protocol for the upper urinary tract, 
since both protocols share similar methodology. Chapter 3 provides a comprehensive 
introduction into the principle of CLE and a detailed description on how to perform 
CLE-imaging in the bladder as well as in the upper urinary tract. Chapter 4 presents a 
validation of earlier proposed CLE-features. Based on these CLE-features NMIBC can be 
identified and grading of bladder tumours is possible. In Chapter 5 grading of NMIBC is 
performed using automated image analysis. Using a shallow neural network it is possible 
to perform automated image analysis of CLE-images of the bladder differentiating low-
grade and high-grade lesions.

Part III of this thesis focuses on the application of fluorescence in situ hybridization 
(FISH) in bladder cancer patients for predicting tumour recurrence following Bacillus 
Calmette-Guérin (BCG) immunotherapy. Chapter 6 presents a prospective, multicentre 
Dutch study that evaluates the value of FISH for predicting tumour recurrence at three 
different time points during BCG induction therapy. In Chapter 7 an international meta-
analysis based on individual patient data combines the results of four different studies 
for predicting tumour recurrence, in patients treated with BCG, using FISH.

Part IV finalises this thesis, providing a summary in Chapter 8 and concluding remarks 
and future perspectives in Chapter 9.
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LIST OF ABREVIATIONS

5-ALA  5-aminolevulinic acid
AUA  American Urological Association
BCG  Bacillus Calmette-Guérin
CIS  Carcinoma in situ
CLE  Confocal laser endomicroscopy
EAU  European Association of Urology
FISH  Fluorescence in situ hybridization
HAL  Hexyl-aminolevulinate
HG  High-grade
ISUP  International Society of Urological Pathology
LG  Low-grade
MMC  Mitomycin C
NBI  Narrow band imaging
NMIBC  Non-muscle invasive bladder cancer
PDD  Photodynamic diagnosis
PUNLMP  Papillary urothelial neoplasia of low malignant potential
TURB  Transurethral resection of bladder tumour
TURP  Transurethral resection of the prostate
UICC  Union International Contre le Cancer
WHO  World Health Organisation

1

BNW_Esmee_na proef.indd   21BNW_Esmee_na proef.indd   21 17-01-21   18:5017-01-21   18:50



22

Chapter 1

REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2020. CA Cancer J Clin 2020;70(1):7–30.

2. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, 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(6):394–424.

3. IKNL. Cijfers over kanker. Integr Kanker Inst n.d. www.cijfersoverkanker.nl.

4. Burger M, Catto JW, Dalbagni G, Grossman HB, Herr H, Karakiewicz P, et al. Epidemiology and 
risk factors of urothelial bladder cancer. Eur Urol 2013;63(2):234–241.

5. Chavan S, Bray F, Lortet-Tieulent J, Goodman M, Jemal A. International variations in bladder 
cancer incidence and mortality. Eur Urol 2014;66(1):59–73.

6. Freedman ND, Silverman DT, Hollenbeck AR, Schatzkin A, Abnet CC. Association between 
smoking and risk of bladder cancer among men and women. JAMA 2011;306(7):737–745.

7. Colt JS, Friesen MC, Stewart PA, Donguk P, Johnson A, Schwenn M, et al. A case-control study 
of occupational exposure to metalworking fluids and bladder cancer risk among men. Occup 
Environ Med 2014;71(10):667–674.

8. Pesch B, Taeger D, Johnen G, Gawrych K, Bonberg N, Schwentner C, et al. Screening for bladder 
cancer with urinary tumor markers in chemical workers with exposure to aromatic amines. 
Int Arch Occup Environ Health 2014;87(7):715–724.

9. Chalasani V, Chin JL, Izawa JI. Histologic variants of urothelial bladder cancer and nonurothelial 
histology in bladder cancer. J Can Urol Assoc 2009;3(6 Suppl 4):193–8.

10. Sobin L, Gospodarowicz, MK, Wittekind C. TNM classificaton of malignant tumours. 7th ed. 
Wiley-Blackwell; 2009.

11. Compérat E, Larré S, Roupret M, Neuzillet Y, Pignot G, Quintens H, et al. Clinicopathological 
characteristics of urothelial bladder cancer in patients less than 40 years old. Virchows Arch 
2015;466(5):589–594.

12. Babjuk M, Burger M, Compérat E, Gontero P, Mostafid A, Palou J, et al. EAU guidelines Non-
muscle-invasive Bladder Cancer 2020. https://uroweb.org/guideline/non-muscle-invasive-
bladder-cancer/.

13. Jocham D, Witjes F, Wagner S, Zeylemaker B, van Moorselaar J, Grimm M-O, et al. Improved 
detection and treatment of bladder cancer using hexaminolevulinate imaging: a prospective, 
phase III multicenter study. J Urol 2005;174(3):862–866.

14. Stenzl A, Burger M, Fradet Y, Mynderse LA, Soloway MS, Witjes JA, et al. Hexaminolevulinate-
guided fluorescence cystoscopy reduced recurrence in patients with non-muscle invasive 
bladder cancer. J Urol 2010;184(5):1907–1913.

15. Mowatt G, N’Dow J, Vale L, Nabi G, Boachie C, Cook J a, et al. Photodynamic diagnosis of 
bladder cancer compared with white light cystoscopy: Systematic review and meta-analysis. 
Int J Technol Assess Health Care 2011;27(1):3–10.

16. Grossman HB, Stenzl A, Fradet Y, Mynderse LA, Kriegmair M, Witjes JA, et al. Long-term 
reduction in bladder cancer recurrence with hexaminolevulinate enabled fluorescence 
cystoscopy. J Urol 2012;188(1):58–62.

17. Burger M, Grossman HB, Droller M, Schmidbauer J, Hermann G, Drǎgoescu O, et al. 
Photodynamic diagnosis of non-muscle-invasive bladder cancer with hexaminolevulinate 
cystoscopy: A meta-analysis of detection and recurrence based on raw data. Eur Urol 
2013;64(5):846–854.

BNW_Esmee_na proef.indd   22BNW_Esmee_na proef.indd   22 17-01-21   18:5017-01-21   18:50



23

General introduction

18. Rink M, Babjuk M, Catto JW, Jichlinski P, Shariat SF, Stenzl A, et al. Hexyl aminolevulinate-guided 
fluorescence cystoscopy in the diagnosis and follow-up of patients with non-muscle-invasive 
bladder cancer: A critical review of the current literature. Eur Urol 2013;64(4):624–638.

19. Bryan RT, Billingham LJ, Wallace DMA. Narrow-band imaging flexible cystoscopy in the 
detection of recurrent urothelial cancer of the bladder. BJU Int 2007;101(6):702–706.

20. Cauberg EC, Kloen S, Visser M, de la Rosette JJ, Babjuk M, Soukup V, et al. Narrow band 
imaging cystoscopy improves the detection of nonmuscle-invasive bladder cancer. Urology 
2010;76(3):658–663.

21. Tatsugami K, Kuroiwa K, Kamoto T, Nishiyama H, Watanabe J, Ishikawa S, et al. Evaluation 
of narrow-band imaging as a complementary method for the detection of bladder cancer. J 
Endourol 2010;24(11):1807–1811.

22. Geavlete B, Jecu M, Multescu R, Geavlete P. Narrow-band imaging cystoscopy in non-muscle-
invasive bladder cancer: a prospective comparison to the standard approach. Ther Adv Urol 
2012;4(5):211–217.

23. Chen G, Wang B, Li H, Ma X, Shi T, Zhang X. Applying narrow-band imaging in complement 
with white-light imaging cystoscopy in the detection of urothelial carcinoma of the bladder. 
Urol Oncol Semin Orig Investig 2013;31(4):475–479.

24. Herr HW, Donat SM. Reduced bladder tumour recurrence rate associated with narrow-band 
imaging surveillance cystoscopy. BJU Int 2010;107(3):396–398.

25. Naselli A, Introini C, Timossi L, Spina B, Fontana V, Pezzi R, et al. A randomized prospective 
trial to assess the impact of transurethral resection in narrow band imaging modality on 
non-muscle-invasive bladder cancer recurrence. Eur Urol 2012;61(5):908–913.

26. Kiesslich R, Burg J, Vieth M, Gnaendiger J, Enders M, Delaney P, et al. Confocal laser endoscopy 
for diagnosing intraepithelial neoplasias and colorectal cancer in vivo. Gastroenterology 
2004;127(3):706–713.

27. Dunbar KB, Okolo III P, Montgomery E, Canto MI. Confocal endomicroscopy in Barrett ’s 
esophagus and endoscopically inapparent Barrett’s neoplasia: a prospective randomized 
double-blind controlled crossover trial. Gastrointest Endosc 2009;70(4):645–654.

28. Krishna SG, Hart PA, Malli A, Kruger A, McCarthy ST, El-Dika S, et al. Endoscopic ultrasound-
guided confocal laser endomicroscopy increases accuracy of differentiation of pancreatic 
cystic lesions. Clin Gastroenterol Hepatol 2020;18(2):432–440.

29. Wijmans L, Yared J, de Bruin DM, Meijer SL, Baas P, Bonta PI, et al. Needle-based confocal laser 
endomicroscopy for real-time diagnosing and staging of lung cancer. Eur Respir J 2019;53(6):1–9.

30. Wu L, Yu H, Zhou R, Luo J, Zhao J, Li Y, et al. Probe-based confocal laser endomicroscopy for 
diagnosis of nasopharyngeal carcinoma in vivo. Laryngoscope 2019;129(4):897–902.

31. Freund J, Liem E, Savci-Heijink C, Baard J, Kamphuis G, de la Rosette J, et al. Confocal laser 
endomicroscopy for upper tract urothelial carcinoma: validation of the proposed criteria and 
proposal of a scoring system for real-time tumor grading. World J Urol 2019;37(10):2155–2164.

32. Wu K, Liu J-J, Adams W, Sonn GA, Mach KE, Pan Y, et al. Dynamic real-time microscopy of the 
urinary tract using confocal laser endomicroscopy. Urology 2011;78(1):225–231.

33. Chang TC, Liu J-J, Hsiao ST, Pan Y, Mach KE, Leppert JT, et al. Interobserver agreement of 
confocal laser endomicroscopy for bladder cancer. J Endourol 2013;27(5):598–603.

34. Chang SS, Boorjian SA, Chou R, Clark PE, Daneshmand S, Konety BR, et al. Diagnosis and treatment 
of non-muscle invasive bladder cancer: AUA/SUO guideline. J Urol 2016;196(4):1021–1029.

1

BNW_Esmee_na proef.indd   23BNW_Esmee_na proef.indd   23 17-01-21   18:5017-01-21   18:50



24

Chapter 1

35. Brausi M, Collette L, Kurth K, Van Der Meijden AP, Oosterlinck W, Witjes JA, et al. Variability 
in the recurrence rate at first follow-up cystoscopy after TUR in stage Ta T1 transitional 
cell carcinoma of the bladder: A combined analysis of seven EORTC studies. Eur Urol 
2002;41(5):523–531.

36. Issa MM. Technological advances in transurethral resection of the prostate: bipolar versus 
monopolar TURP. J Endourol 2008;22(8):1587–1595.

37. Pu X-Y, Wang H-P, Wu Y-L, Wang X-H. Use of bipolar energy for transurethral resection of 
superficial bladder tumors: long-term results. J Endourol 2008;22(3):545–549.

38. Puppo P, Bertolotto F, Introini C, Germinale F, Timossi L, Naselli A. Bipolar transurethral 
resection in saline (TURis): outcome and complication rates after the first 1000 cases. J 
Endourol 2009;23(7):1145–1149.

39. Zhao C, Tang K, Yang H, Xia D, Chen Z. Bipolar versus monopolar transurethral resection of 
nonmuscle-invasive bladder cancer: a meta-analysis. J Endourol 2016;30(1):5–12.

40. Cui Y, Chen H, Liu L, Chen J, Qi L, Zu X. Comparing the efficiency and safety of bipolar and 
monopolar transurethral resection for non-muscle invasive bladder tumors: a systematic 
review and meta-analysis. J Laparoendosc Adv Surg Tech 2016;26(3):196–202.

41. Wilby D, Thomas K, Ray E, Chappell B, O’Brien T. Bladder cancer: new TUR techniques. World 
J Urol 2009;27(3):309–312.

42. Ukai R, Kawashita E, Ikeda H. A new technique for transurethral resection of superficial bladder 
tumor in 1 piece. J Urol 2000;163(3):878–879.

43. Saito S. Transurethral en bloc resection of bladder tumors. J Urol 2001;166(6):2148–5210.

44. Fritsche HM, Otto W, Eder F, Hofstädter F, Denzinger S, Chaussy CG, et al. Water-jet – aided 
transurethral dissection of urothelial carcinoma: a prospective clinical study. J Endourol 
2011;25(10):1599–1603.

45. Kramer MW, Wolters M, Herrmann TR. En bloc resection of bladder tumors: ready for prime 
time? Eur Urol 2016;69(5):967–970.

46. Ukai R, Hashimoto K, Iwasa T, Nakayama H. Transurethral resection in one piece (TURBO) is 
an accurate tool for pathological staging of bladder tumor. Int J Urol 2010;17(8):708–714.

47. Sylvester RJ, Oosterlinck W, Holmang S, Sydes MR, Birtle A, Gudjonsson S, et al. Systematic review 
and individual patient data meta-analysis of randomized trials comparing a single immediate 
instillation of chemotherapy after transurethral resection with transurethral resection alone 
in patients with stage pTa-pT1 urothelial carcinoma. Eur Urol 2016;69(2):231–244.

48. Bosschieter J, Nieuwenhuijzen JA, Vis AN, van Ginkel T, Lissenberg-Witte BI, Beckers GM, et 
al. An immediate, single intravesical instillation of Mitomycin C is of benefit in patients with 
non–muscle-invasive bladder cancer irrespective of prognostic risk groups. Urol Oncol Semin 
Orig Investig 2018;36(9):400.e7-400.e14.

49. Soloway M, Masters S. Urothelial susceptibility to tumor cell implantation: influence of 
cauterization. Cancer 1980;46(5):1158–1163.

50. Pode D, Alon Y, Horowitz A, Viodavsky I, Biran S. The mechanism of human bladder tumor 
implantation in an in vitro model. J Urol 1986;136(2):482–486.

51. Oosterlinck W, Kurth K, Schroder F, Bultinck J, Hammond B, Sylvester R. A prospective European 
Organization for Research and Treatment of Cancer Genitourinary Group randomized trial 
comparing transurethral resection followed by a single intravesical instillation of epirubicin 
or water in single stage Ta, T1 papillary carcinoma of the bladder. J Urol 1993;149(4):749–752.

52. Böhle A, Jurczok A, Ardelt P, Wulf T, Ulmer A, Jocham D, et al. Inhibition of bladder carcinoma 
cell adhesion by oligopeptide combinations in vitro and in vivo. J Urol 2002;167(1):357–563.

BNW_Esmee_na proef.indd   24BNW_Esmee_na proef.indd   24 17-01-21   18:5017-01-21   18:50



25

General introduction

53. Oddens J, Van Der Meijden A, Sylvester R. One immediate postoperative instillation 
of chemotherapy in low risk Ta, T1 bladder cancer patients. Is it always safe? Eur Urol 
2004;46(3):336–338.

54. Sylvester RJ, Van der Meijden AP, Lamm DL. Intravesical Bacillus Calmette-Guerin reduces the 
risk of progression in patients with superficial bladder cancer: a meta-analysis of the published 
results of randomized clinical trials. J Urol 2002;168(5):1964–1970.

55. Kapoor R, Vijjan V, Singh P. Bacillus Calmette-Guérin in the management of superficial bladder 
cancer. Indian J Urol 2008;24(1):72–76.

56. Lamm D, Stogdill V, Stogdill B, Crispen R. Complications of bacillus Calmette-Guérin 
immunotherapy in 1278 patients with bladder cancer. J Urol 1986;135(2):272–274.

57. Van der Meijden AP, Sylvester RJ, Oosterlinck W, Hoeltl W, Bono A V. Maintenance Bacillus 
Calmette-Guerin for Ta T1 bladder tumors is not associated with increased toxicity: Results 
from a European Organisation for Research and Treatment of Cancer Genito-Urinary Group 
phase III trial. Eur Urol 2003;44(4):429–434.

58. Brausi M, Oddens J, Sylvester R, Bono A, van de Beek C, van Andel G, et al. Side effects of 
Bacillus Calmette-Guérin (BCG) in the treatment of intermediate- and high-risk Ta, T1 papillary 
carcinoma of the bladder: Results of the EORTC genito-urinary cancers group randomised 
phase 3 study comparing one-third dose with full dose and 1 year with 3 years of maintenance 
BCG. Eur Urol 2014;65(1):69–76.

59. Pansadoro V, Emiliozzi P, de Paula F, Scarpone P, Pansadoro A, Sternberg CN. Long-term follow-
up of G3T1 transitional cell carcnoma of the bladder treated with intravesical Bacille Calmette-
Guérin: 18-year experience. Urology 2002;59(2):227–231.

60. Böhle A, Jocham D, Bock P. Intravesical Bacillus Calmette-Guerin versus mitomycin C for 
superficial bladder cancer: a formal meta-analysis of comparative studies on recurrence and 
toxicity. J Urol 2003;169(1):90–95.

61. Nepple KG, Lightfoot AJ, Rosevear HM, O’Donnell MA, Lamm DL. Bacillus Calmette-Guérin 
with or without interferon α-2b and megadose versus recommended daily allowance vitamins 
during induction and maintenance intravesical treatment of nonmuscle invasive bladder 
cancer. J Urol 2010;184(5):1915–1919.

62. Decaestecker K, Oosterlinck W. Managing the adverse events of intravesical Bacillus Calmette–
Guérin therapy. Res Reports Urol 2015;7:157–163.

63. Fernandez-Gomez J, Madero R, Solsona E, Unda M, Martinez-Piñeiro L, Gonzalez M, et al. 
Predicting nonmuscle invasive bladder cancer recurrence and progression in patients treated 
with Bacillus Calmette-Guérin: the CUETO scoring model. J Urol 2009;182(5):2195–2203.

64. Oddens J, Brausi M, Sylvester R, Bono A, van de Beek C, van Andel G, et al. Final results of 
an EORTC-GU cancers group randomized study of maintenance Bacillus Calmette-Guérin in 
intermediate- and high-risk Ta, T1 papillary carcinoma of the urinary bladder: One-third dose 
versus full dose and 1 year versus 3 years of maintenance. Eur Urol 2013;63(3):462–472.

65. Yafi FA, Brimo F, Steinberg J, Aprikian AG, Tanguay S, Kassouf W. Prospective analysis of 
sensitivity and specificity of urinary cytology and other urinary biomarkers for bladder cancer. 
Urol Oncol Semin Orig Investig 2015;33(2):66e25–66e31.

66. McCroskey Z, Pambuccian S, Kleitherms S, Antic T, Cohen M, Barkan G, et al. Accuracy and 
interobserver variability of the cytologic diagnosis of low-grade urothelial carcinoma in 
instrumented urinary tract cytology specimens. Am J Clin Pathol 2015;144(6):902–908.

67. Lavery HJ, Zaharieva B, McFaddin A, Heerema N, Pohar KS. A prospective comparison of 
UroVysion FISH and urine cytology in bladder cancer detection. BMC Cancer 2017;17(1):1–7.

1

BNW_Esmee_na proef.indd   25BNW_Esmee_na proef.indd   25 17-01-21   18:5017-01-21   18:50



26

Chapter 1

68. Barkan GA, Wojcik EM, Nayar R, Savic-Prince S, Quek ML, Kurtycz DF, et al. The Paris System 
for reporting urinary cytology: the quest to develop a standardized terminology. Adv Anat 
Pathol 2016;23(4):193–201.

69. Mikou P, Lenos M, Papaioannou D, Vrettou K, Trigka E, Sousouris S, et al. Evaluation of the 
Paris System in atypical urinary cytology. Cytopathology 2018;29(6):545–549.

70. Krabbe LM, Woldu SL, Shariat SF, Lotan Y. Improving diagnostic molecular tests to monitor 
urothelial carcinoma recurrence. Expert Rev Mol Diagn 2016;16(11):1189–1899.

71. Witjes JA, Morote J, Cornel EB, Gakis G, van Valenberg FJP, Lozano F, et al. Performance of the 
bladder EpiCheckTM methylation test for patients under surveillance for non–muscle-invasive 
bladder cancer: results of a multicenter, prospective, blinded clinical trial. Eur Urol Oncol 
2018;1(4):307–313.

72. Halling KC, King W, Sokolova IA, Meyer RG, Burkhardt HM, Halling AC, et al. A comparison of 
cytology and fluorescence in situ hybridization for the detection of urothelial carcinoma. J 
Urol 2000;164(5):1768–1775.

BNW_Esmee_na proef.indd   26BNW_Esmee_na proef.indd   26 17-01-21   18:5017-01-21   18:50



27

General introduction

1

BNW_Esmee_na proef.indd   27BNW_Esmee_na proef.indd   27 17-01-21   18:5017-01-21   18:50



PART II

BNW_Esmee_na proef.indd   28BNW_Esmee_na proef.indd   28 17-01-21   18:5017-01-21   18:50



Confocal laser 
endomicroscopy for 

bladder cancer diagnosis

BNW_Esmee_na proef.indd   29BNW_Esmee_na proef.indd   29 17-01-21   18:5017-01-21   18:50



BNW_Esmee_na proef.indd   30BNW_Esmee_na proef.indd   30 17-01-21   18:5017-01-21   18:50



CHAPTER 2

Confocal laser endomicroscopy for 
the diagnosis of urothelial carcinoma 
in the bladder and the upper urinary 
tract: protocols for two prospective 

explorative studies

EIML Liem, JE Freund, J Baard, DM de Bruin, MP Laguna Pes, CD Savci-Heijink,  
TG van Leeuwen, TM de Reijke, JJMCH de la Rosette

JMIR Research Protocols, 2018 Feb;7(2)

BNW_Esmee_na proef.indd   31BNW_Esmee_na proef.indd   31 17-01-21   18:5017-01-21   18:50



32

Chapter 2

ABSTRACT

Background: Visual confirmation of a suspicious lesion in the urinary tract is a major 
corner stone in diagnosing urothelial carcinoma. However, during cystoscopy (for bladder 
tumours) and ureterorenoscopy (for tumours of the upper urinary tract) no real-time 
histopathologic information can be obtained. Confocal laser endomicroscopy (CLE) is an 
optical imaging technique that allows for in vivo high-resolution imaging and may allow 
real-time tumour grading of urothelial lesions.

Objective: The primary objective of both studies is to develop descriptive criteria for in 
vivo CLE images of urothelial carcinoma (low-grade, high-grade, carcinoma in situ) and 
normal urothelium by comparing CLE images with corresponding histopathology.

Methods: In these two prospective clinical trials, CLE imaging will be performed of 
suspicious lesions and normal tissue in the urinary tract during surgery, prior to resection 
or biopsy. In the bladder study, CLE will be performed in 60 patients using the Cystoflex 
UHD-R probe. In the upper urinary tract study, CLE will be performed in 25 patients 
during ureterorenoscopy, who will undergo radical treatment (nephroureterectomy 
or segmental ureter resection) thereafter. All CLE images will be analysed frame by 
frame by three independent, blinded observers. Histopathology and CLE based 
diagnosis of the lesions will be evaluated. Both studies comply with the IDEAL stage 2b 
recommendations.

Results: Presently, recruitment of patients is ongoing in both studies. Results and 
outcomes are expected in 2018.

Discussion: For development of CLE based diagnosis of urothelial carcinoma in the 
bladder and the upper urinary tract, a structured conduct of research is required. This 
study will provide more insight in tissue-specific CLE criteria for real-time tumour grading 
of urothelial carcinoma.

Trial registration: The study protocol for Confocal Laser Endomicroscopy in the 
bladder was registered in the Dutch Central Committee on Research Involving Human 
Subjects with the number NL55537.018.15 on February 4, 2016 and, retrospectively, on 
Clinicaltrials.gov as registration number NCT03013894 on January 5, 2017. The study 
protocol for Confocal Laser Endomicroscopy in the upper urinary tract was registered in 
the Dutch Central Committee on Research Involving Human Subjects with the registration 
number NL52989.018.16 on May 25, 2016 and, retrospectively, on Clinicaltrials.gov as 
registration number NCT03013920 on January 5, 2017.
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CLE for the diagnosis of urothelial carcinoma: protocol

INTRODUCTION

Urothelial carcinoma is the most common malignancy of the urinary tract. The 
majority of these tumours are located in the bladder and only 5% are located in the 
upper urinary tract [1]. For bladder cancer, direct visualisation of the urothelium with 
white light cystoscopy (WLC) is the cornerstone for diagnosis and follow-up. Despite its 
effectiveness and established role, WLC has limitations, such as, its diagnostic accuracy, 
especially for carcinoma in situ (CIS) [2]. Histopathologic grading and staging of urothelial 
carcinoma are essential for diagnosis, prognosis and choice of therapy. However, real-
time histopathologic assessment is lacking during cystoscopy in an outpatient setting 
as well as in the operating theatre. For upper urinary tract urothelial carcinoma (UTUC), 
ureterorenoscopy (URS) with endoscopic biopsies of suspicious areas is considered the 
diagnostic standard. Also, for UTUC, histopathologic evaluation is essential for prognosis 
and treatment selection as endoscopic treatment is reserved for low grade tumours only 
[3]. Similar to the diagnostics of bladder cancer, real-time histopathologic assessment 
is lacking during URS. The use of optical imaging techniques, such as Confocal Laser 
Endomicroscopy (CLE), may enable real-time optical biopsies to overcome these 
limitations for bladder cancer and UTUC evaluation.

CLE is a fibre optic probe-based imaging technique that enables real-time in vivo optical 
sectioning of tissue. The Cellvizio© CLE system uses a low-energy 488 nm laser source. 
The presence of a pinhole limits the detection to in-focus backscattered fluorescent light, 
enabling high resolution imaging in a single horizontal plane. CLE imaging requires the 
administration of a fluorescent contrast agent. The most commonly used fluorescent dye 
is fluorescein. Topical or intravenous application of fluorescein stains the extracellular 
matrix and enables visualisation of the cellular microarchitecture and morphology. 
Tissue types can be differentiated based on these specific cellular features. For in vivo 
endoscopic CLE imaging, various sized probes with different image properties are 
commercially available. CLE was initially applied for in vivo imaging in the gastrointestinal 
tract, and applications in pulmonology are explored [4–6]. In urology, CLE was first 
examined in the bladder. It seemed feasible to differentiate between normal mucosa 
and urothelial carcinoma using CLE imaging in a pilot study. Based on histopathology 
from resected bladder tumours, CLE criteria to differentiate between normal bladder 
tissue, low-grade and high-grade bladder tumours were proposed [7,8]. These criteria 
have also been suggested for the upper urinary tract as the histologic morphology and 
microarchitecture are alike. However, a CLE probe with different imaging properties 
is used in the upper urinary tract and only small patient cohorts have been evaluated 
[9,10].

The development of CLE towards real-time optical biopsies of urothelial carcinoma may 
lead to advances in diagnosis and prognosis and may affect the cost-benefit of the 
disease management. Currently, bladder cancer is the most expensive solid malignancy 

2
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per patient. The high recurrence rate of early stage tumours with long-term survival 
and adjuvant treatments with close follow-up results in high costs [11,12]. Even though 
laser fulguration of low-risk tumours has been performed in outpatient settings, it is 
not widely used due to the lack of histologic confirmation and therewith, the risk of 
inadequate treatment [13,14]. Immediate evaluation of tumour grade with CLE could 
potentially increase the application of laser fulguration and enable treatment of real-time 
confirmed low-grade tumours in an outpatient setting. Application of laser fulguration 
in an outpatient setting would lead to an increase in availability of treatment of low-
grade bladder cancer and reduction of medical costs. Potentially, CLE may also allow 
for real-time evaluation of surgical radicality and, therewith, reduce recurrence rates 
in urothelial cancer. In the upper urinary tract, CLE has the potential to improve the 
diagnostic approach for UTUC.

Accurate staging and grading of UTUC remains challenging. Visual white light assessment 
of UTUC grade during URS is inaccurate in approximately 30% of the cases [15]. 
Moreover, the restricted anatomical space of the upper urinary tract and the subsequent 
miniaturisation of tissue-harvesting instruments limit the yield of ureterorenoscopic 
biopsies. The diagnostic yield and the diagnostic accuracy for tumour stage of endoscopic 
biopsies are limited [16,17]. However, tumour grade from endoscopic biopsies may be 
an indication for tumour stage [18,19]. As such, tumour grade from endoscopic biopsies 
is a major decisive factor for endoscopic treatment eligibility. Though, in 69–90% of 
endoscopic biopsies, tumour grade is in concordance with the histopathologic grade 
from radical resection [17,18,20,21]. Moreover, endoscopic biopsies hold a risk of 
complications.

CLE may overcome such diagnostic limitations for tumour grade assessment. Optical 
real-time assessment of tissue type and tumour grade could aid perioperative clinical 
decision-making. Histologic assessment without tissue biopsies could prevent possible 
impaired endoscopic vision after biopsies during URS. Additionally, the digital data from 
CLE imaging allows for real-time computer aided diagnosis with software, augmenting 
the practical and diagnostic value of optical imaging techniques. Further exploration of 
different optical imaging modalities for tumour diagnosis may lead to multimodal optical 
biopsies for real-time tumour grading and staging, possibly replacing tissue biopsies in 
future. However, a structured conduct of research is required to guide us towards optical 
biopsies. The aim of these two study protocols is to contribute to the development of 
essential knowledge for CLE-based diagnosis of urothelial carcinoma in the bladder 
and the upper urinary tract. In this paper, we describe two study protocols for CLE in 
the urinary tract together as both protocols share many methodological and disease-
specific similarities.
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METHODS

Study objectives
The primary objective of both studies is to develop descriptive criteria for in vivo CLE 
images of urothelial carcinoma (low-grade, high-grade, CIS) and normal urothelium by 
comparing CLE images with corresponding histopathology.

Secondary objectives are to develop a CLE image atlas of the urinary tract, to assess the 
technical feasibility and procedure-related adverse events, to assess CLE image quality, 
to qualitatively evaluate CLE images, to preliminarily assess the diagnostic yield and to 
establish an estimation of the diagnostic accuracy of CLE-based diagnosis in comparison 
with histopathology and to assess interobserver agreement.

Study design
Approval of the local medical ethical committee was obtained for both study protocols 
(registry number: NL55537.018.15 and NL52989.018.16). Both studies are prospective, 
single centre, in vivo, observational human studies to assess CLE features of normal 
urothelium and urothelial carcinoma (low-grade, high-grade or CIS) in the bladder and 
in the upper urinary tract. Both explorative studies are in agreement with the IDEAL 
stage 2b recommendations [22]. The two study protocols differ mainly in the location 
of urothelial carcinoma and subsequently, the surgical approach, the type of CLE probe, 
the administration of fluorescein and the reference standard. Differences in protocols 
are explained separately and listed in Table 1.

For both studies, CLE images are recorded with a fibre optic probe-based system 
(Cellvizio© 100 series, Mauna Kea Technologies, Paris, France). The Cystoflex UHD-R 
probe of 8.4 Fr (Mauna Kea Technologies, Paris, France) is used for CLE imaging in the 
bladder. The Uroflex-B probe of 2.7 Fr (Mauna Kea Technologies, Paris, France) is used 
in the upper urinary tract. The smaller Uroflex-B probe contains less optical fibres and, 
therewith, a lower image resolution compared to the Cystoflex UHD-R probe. Both 
forward-looking probes are illustrated in Table 1 and Figure 1.

CLE imaging requires the application of a fluorescent contrast agent. Fluorescein 
(fluoresceinedisodium, Fresenius Kabi, Zeist, The Netherlands) is a non-toxic and 
commonly used fluorescent dye for CLE imaging [23]. It stains the extracellular matrix 
and is administered topically prior to CLE imaging during the surgical procedure.

2
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Table 1. Differences listed between the two protocols.

CLE bladder study
(NL55537.018.15)

CLE upper urinary tract study
(NL52989.018.16)

Population 60 consecutive patients with primary 
or recurrent bladder tumour

25 patients with UTUC that will 
undergo a RNU or SU after diagnostic 
URS with CLE imaging

Inclusion criteria -  Bladder tumour or possible CIS
-  Scheduled for TURB
-  Signed informed consent

-  Suspicion of UTUC
-  Scheduled for diagnostic URS
-  Signed informed consent

Exclusion criteria -  Allergy for fluorescein
-  Possible pregnancy or lactating 

women

-  Allergy for fluorescein
-  Possible pregnancy or lactating 

women
-  Patients not eligible for RNU or SU

Urologic 
instruments at use

Karl Storz 22 Fr cystoscope with 0° 
optics for CLE imaging, and Karl Storz 
or Olympus 26 Fr resectoscope for 
transurethral resection

Karl Storz Flex Xc or Olympus V2 8.5 
Fr flexible digital ureterorenoscope

Contrast agent Topical application of 300–400 mL of 
0.1% fluorescein via Foley catheter 
and left indwelling for 5 minutes

Topical application of 0.5 mL 2.5% 
fluorescein via working channel for 
immediate imaging

CLE probe Cystoflex UHD-R
-  Diameter 2.6 mm
-  Lateral resolution 1 µm
-  Field of view 240 µm
-  Imaging depth 50–65 µm

Uroflex-B
-  Diameter 0.85 mm
-  Lateral resolution 3.5 µm
-  Field of view 320 µm
-  Imaging depth 40–70 µm

Histopathologic 
reference standard

En-bloc resected bladder tumour RNU or SU

CLE = Confocal laser endomicroscopy, UTUC = Upper tract urothelial carcinoma, CIS = Carcinoma 
in situ, TURB = Transurethral resection bladder tumour, URS = Ureterorenoscopy, RNU = Radical 
nephroureterectomy, SU = Segmental ureter resection

In both studies, patients will undergo in-vivo CLE imaging during surgery, prior to resection 
or biopsy of suspicious areas for standard histopathologic assessment. The probes are 
introduced through the working channel of the standard endoscopes. In the bladder, a Karl 
Storz cystoscope of 22 Fr with 0° optics is used for CLE imaging. Transurethral resection is 
subsequently performed with a Karl Storz or Olympus resectoscope of 26 Fr. For CLE imaging 
of the upper urinary tract, a flexible digital ureterorenoscope of 8.5 Fr is used (Karl Storz 
Flex Xc or Olympus V2). After placing the probe in direct contact with the region of interest, 
image sequences of 8–12 frames per second of the real-time visualisation of the cellular 
microarchitecture are recorded (Supplemental Videos 1 and 2). In general, recordings are 
conducted in both protocols twice for 1 minute of the region of interest. In case of multiple 
regions of interest, multiple CLE recordings are performed. At a later stage, recorded CLE 
images will be analysed independently by three blinded observers and compared to the 
corresponding histopathology. For CLE imaging in the bladder, the reference standard for 
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comparison of histopathology will be the specimen of the en-bloc resected lesion. For the 
upper urinary tract, the reference standard will be the specimen of the radical resection 
(radical nephroureterectomy [RNU] or segmental ureter resection [SU]). Histopathology 
analysis is performed according to the standard clinical protocol and is performed by a 
specialised uropathologist (CDSH), who is blinded for the CLE images. A follow-up of 30 days 
is considered to register any adverse events following the study procedure.

Figure 1. Cellvizio© CLE system and the probes used for the urinary tract. A) Cellvizio© CLE system. 
B) The two different probes used in the urinary tract. On the left the Cystoflex UHD-R probe with a 
diameter of 2.6 mm, which is used in the bladder. On the right the Uroflex-B probe with a diameter 
of 0.85 mm, which is used in the upper urinary tract. C) RAW image of the Cystoflex UHD-R probe 
displaying the single fibers. D) RAW image of the Uroflex-B probe displaying the single fibers.

Supplemental Video 1. A demonstration of CLE imaging of a bladder tumour. The 
CLE probe is in direct contact with the bladder tumour for CLE imaging.

Supplemental Video 2. A demonstration of CLE imaging of an upper urinary tract 
tumour. The CLE probe is direct contact with the tumour for CLE imaging.

2
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Population and sample size
Patients eligible for either study are >18 years with a suspicious lesion in the urinary tract, 
scheduled for either transurethral resection (TURB) (lower urinary tract) or diagnostic URS 
(upper urinary tract). The main exclusion criteria are fluorescein allergy and pregnancy 
(Table 1). All patients will be recruited in the Amsterdam UMC Hospital (Amsterdam, The 
Netherlands), and all study procedures will be performed in this institution. Patients will 
be informed about the study in oral and written form. Patient inclusion is confirmed by 
signing written informed consent. Patients will only be included in one study at the time. 
A total of 60 consecutive evaluable patients with bladder tumours or suspicion of CIS will 
be included in the bladder cancer study. Based on prevalence, we expect to include 32 
low-grade, 22 high-grade and 6 CIS lesions. For the upper urinary tract study, 25 patients 
with UTUC that will undergo a radical treatment (RNU or SU) following the diagnostic 
URS will be included. However, the indication for radical treatment is determined after 
diagnostic URS. In general, about one third of the UTUC patients are treated with radical 
surgery in our centre. Therefore, we expect to include 70 consecutive UTUC patients to 
reach the total number of 25 patients who will undergo radical treatment. Considering 
the possible selection bias for radical treatment, we expect to include 10 low-grade, 12 
high-grade and 3 CIS lesions. These sample sizes are based on prior publications and 
comply with the IDEAL recommendations for explorative studies [7,9,22].

Study procedures

Protocol for Confocal Laser Endomicroscopy in the bladder

In the operating theatre prior to the TURB under general or regional anaesthesia, visual 
inspection with WLC and image enhancement modalities (narrow band imaging or Image1S) 
will be performed. At least one suspicious lesion (papillary or flat) and one region of normal 
appearing bladder tissue will be selected for CLE imaging. The regions of interest will be 
marked laterally with the cautery electrode for topographic matching. After marking the 
regions of interest, 300–400 mL of fluorescein (0.1% fluorescein diluted in saline) will be 
administered intravesically using an indwelling catheter. After instillation of the fluorescein 
for 5 minutes, the bladder will then be emptied, and excessive fluorescein will be rinsed 
out. The Cystoflex UHD-R probe will be introduced through the working channel of a 
22Fr Karl Storz cystoscope with 0° optics. After placing the probe into direct contact and 
perpendicular to the tissue, CLE images will be recorded twice for approximately 1 minute 
of each marked region. After CLE imaging, the tumour will be resected en-bloc and a small 
chip of the marked normal urothelium will be resected for histopathologic matching. 
Transurethral resection is performed with a Karl Storz or Olympus resectoscope of 26 Fr.

Protocol for Confocal Laser Endomicroscopy in the upper urinary tract

The complete ureter and renal pelvis are inspected with white light and image 
enhancement modalities (narrow band imaging or Image1S) during standard flexible 
digital ureterorenoscopy under general anaesthesia to identify regions of interest. Only 
in case of visually confirmed upper tract tumours during URS, study-related activities 
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will be performed. If multiple regions of interest are identified, the region that is most 
easily accessible for endoscopic biopsies is selected for CLE imaging. Fluorescein (0.5 
mL of 2.5% fluorescein diluted in saline) is administered through the working channel. 
The Uroflex-B probe is introduced via the working channel of the 8.5 Fr flexible digital 
ureterorenoscope (Karl Storz Flex Xc or Olympus V2) and placed into direct contact with 
the region of interest for immediate CLE imaging. Each region of interest is imaged twice 
for approximately 1 minute with CLE. After imaging, endoscopic biopsies for the standard 
diagnostic process are taken from the same location. Depending on the histopathologic 
diagnosis, the indication for a radical treatment will be determined.

Data analysis
The method of analysis is identical for both study protocols. Demographic-, and disease-
specific characteristics of the study populations (eg. age, sex, medical history of urothelial 
carcinoma, tumour focality, tumour location and tumour size) will be collected. Three 
blinded observers, consisting of two researchers (EIMLL & JEF) and one uropathologist 
(CDSH), will independently analyse the CLE images frame by frame in an offline setting 
with the Cellvizio© Viewer software (Mauna Kea Technologies, Paris, France). Modified 
criteria for CLE image evaluation will be used for analysis (Table 2) [8].

Table 2. Modified CLE image characteristics and their variables for analysis.

CLE feature Variables
Papillary aspect Present | not present
Polarity of cells Present | not present
Organisation of cells Organised | disorganised
Cohesiveness of cells Cohesive | discohesive
Cellular morphology Monomorph | pleiomorph
Definition of cell borders Distinct | indistinct
Vasculature Capillary network | fibrovascular stalk | large vessels

CLE = Confocal laser endomicroscopy

Figure 2. A schematic overview of the data analysis plan.

2
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The CLE image quality per region of interest will be scored on a Likert scale as poor, fair 
or good. Image quality will be used for qualitative evaluation of the technique and for 
subgroup analysis. Based on histologic features, for each region of interest a CLE-based 
diagnosis will be made by each observer as benign urothelium or urothelial carcinoma. 
The diagnosis of urothelial carcinoma is subdivided in low-grade or high-grade urothelial 
carcinoma (WHO 2004 classification), CIS or as inconclusive. An inconclusive CLE 
diagnosis is defined as poor image quality where CLE features cannot be assessed. 
After individual analysis, a consensus will be reached for the CLE-based diagnosis by all 
three observers for each region of interest. The appropriateness of consensus of the 
CLE-based diagnosis is evaluated by viewing the endoscopic images. After determining 
CLE-based diagnosis and consensus, CLE images will be compared to the corresponding 
histopathology specimen (either en-bloc resected bladder tumour or RNU/SU specimen) 
for evaluation of the concordance of CLE based diagnosis with histopathologic diagnosis. 
Differences between diagnosed groups will be analysed with chi-square test. For an 
initial evaluation of the diagnostic value, sensitivity and specificity will be calculated 
based on a 2x2 table where CIS is classified as high-grade tumour. Proportions of specific 
agreement and Fleiss kappa analysis will be used for interobserver agreement of CLE-
based diagnosis. A schematic overview of the data analysis is displayed in Figure 2.

Safety
The investigators will monitor patient safety. They can withdraw a patient from the study 
for medical reasons. In accordance to section 10, subsection 4, of the “Wet Medisch-
Wetenschappelijk Onderzoek met Mensen” (medical research involving human subjects 
act in The Netherlands), the investigators will suspend the study if there is sufficient 
ground that continuation of the study will jeopardise patient health or safety. The 
investigators will notify the accredited Institutional Review Board if this is the case. In 
case of an adverse event or serious adverse event, the responsible authorities will be 
informed.

Risks and benefits
There are no direct benefits for patients participating in these two studies. In the future 
however, the results of these studies may be important for patients diagnosed with a 
tumour in the urinary tract. All patients participating in both studies are scheduled for 
standard treatment of tumour(s) of the urinary tract; either TURB or URS with endoscopic 
biopsies. CLE is a minimally invasive imaging technique that can be performed in 
conjunction with conventional endoscopic treatment. Previous studies of CLE combined 
with topical administration of fluorescein have proven to be safe [7,24]. Fluorescein 
is a commonly used fluorescent dye, and its safety is well established for its use in 
ophthalmological angiography [25]. In patients not at risk for a previously demonstrated 
allergic reaction, this dye is safe. Patients with a known allergic reaction to fluorescein 
cannot participate in this study.
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RESULTS

Presently, recruitment of patients is ongoing in both studies. Results and outcomes are 
expected in 2018. Summarised raw data will be made available through publication in 
an international peer-reviewed medical journal.

DISCUSSION

CLE is an optical imaging technique that may enable real-time optical biopsies. The 
exploration of tissue specific CLE criteria is essential for the development towards real-
time tumour grading of urothelial lesions. Both trials will provide more insight into CLE 
features of urothelial carcinoma in the bladder and the upper urinary tract and into its 
diagnostic value.

The design of the bladder protocol aims for topographic matching of CLE images with 
the resected specimen. The cauterisation marks placed laterally to the region of interest 
prior to CLE imaging ensures that imaging and resection is done of the exact topographic 
tissue. Nonetheless, it will be challenging to create an identical histopathological slide 
of the resected specimen in exactly the same plane as the imaged tissue. We assume 
that this approach is the closest approximation for topographic matching without 
interference in the standard clinical histopathologic process.

The study design of the upper urinary tract protocol will lead to a surplus of study 
measurements, considering that only about one-third of the UTUC patients will receive 
radical surgery as treatment. Since mainly patients with a high-grade or high-volume 
low-grade tumour will qualify for radical treatment, selection bias could be a risk. The 
data acquired of patients who are not suitable for radical treatment enables secondary 
analysis for the comparison of CLE images with the histology of endoscopic biopsies 
of the imaged regions of interest. In the current study design identical topographic 
matching of CLE images in the upper urinary tract with the specimen of the RNU is 
limited by the fact that in general the diagnostic URS with CLE imaging is not performed 
during the same procedure as the radical resection. However, topographic matching is 
approximated by tumour mapping during URS (mapping and annotation of location, size 
and appearance) for identification of lesions during the histopathologic assessment.

As with all new techniques, a learning curve for the handling and image interpretation 
may be expected for CLE. Besides potential intraobserver variability, the learning process 
might also influence the CLE image quality of the first cases. We aim to limit the number 
of users to a minimum number of experienced endourologists to minimise the potential 
effect of a learning curve.

2
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Despite these limitations, we expect that the results of these trials will contribute to 
determining the role of CLE imaging for the diagnosis of bladder cancer and UTUC in 
clinical practice. In the light of the limitations of cystoscopy and URS, CLE holds the 
potential to enable real time tumour grading of urothelial carcinoma.
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ABSTRACT

Introduction: Endoscopic evaluation with postoperative histopathological assessment 
of suspicious tissue forms the cornerstone for the diagnosis of urothelial carcinomas of 
the bladder (UCB) and of the upper urinary tract (UTUC). However, the limitation of the 
current diagnostic pathways is the lack of real-time in vivo histologic assessment.

Confocal laser endomicroscopy (CLE) is an optical imaging technique that has the 
potential to overcome this limitation. This probe-based technique may enable real-
time assessment of histological grade of urothelial carcinoma during cystoscopy and 
ureterorenoscopy [1–5].

In the bladder, real-time grade assessment could allow for immediate risk-stratification 
of small bladder tumours during cystoscopy and, therewith, enable laser fulguration 
of identified low-risk UCB in an outpatient setting. In the upper urinary tract, real-time 
grade assessment of UTUC could improve intra-operative risk stratification for the 
selection of endoscopic treatment. Moreover, CLE may have the potential to improve 
the limited diagnostic yield and accuracy from endoscopic tissue biopsies for UTUC 
diagnosis [6].

In this video, we introduce the principles of CLE, illustrate its use during cystoscopy and 
ureterorenoscopy, and present the evaluation of CLE images for the diagnosis of UCB 
and UTUC.

Materials and methods: We performed CLE imaging during rigid cystoscopy and flexible 
ureteroscopy in patients with suspicious lesions for UCB or UTUC within the scope of two 
ongoing clinical trials (Clinicaltrials.gov registration: NCT03013894 and NCT03013920). 
The aim of these trials is to evaluate/describe diagnostic criteria/features and to evaluate 
the diagnostic value of CLE for urothelial carcinoma.

For CLE imaging, the 8.4 Fr Cystoflex UHD-R probe (lateral image resolution of 1 µm) 
is used in the bladder, and the 2.7 Fr Uroflex-B probe (lateral resolution of 3.5 µm) is 
used in the upper urinary tract (both Mauna Kea Technologies, France). Both probes are 
used in conjunction with the 488 nm laser scanning unit (Cellvizio© 100 series, Mauna 
Kea Technologies, France). The CLE probes are introduced through the working channel 
of either the 26 Fr rigid cystoscope of Karl Storz with 0° optics or the flexible digital 
ureteroscope (Olympus V2 or Karl Storz Flex Xc, 8.5 Fr). A fluorescent dye (fluorescein 
disodium, Fresenius Kabi, Zeist, The Netherlands) is administered topically before CLE 
imaging to stain the extracellular matrix for visualization of the microarchitecture [7].

Results: Placing the CLE probe in contact with the tissue of interest enables real-time 
imaging at cellular resolution. Tumour diagnosis and grade differentiation are based 
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on visual evaluation of the cellular microarchitecture. After CLE imaging, the standard 
endoscopic procedure may be resumed.

Conclusions: CLE is an optical imaging technique that enables real-time in vivo 
visualisation of the cellular microarchitecture. This probe-based technique may be used 
during standard cystoscopy and ureterorenoscopy for intra-operative risk stratification 
of UCB and UTUC by histological grading. This could lead to an advancement in 
personalised care with improved intra-operative decision-making. The results of the 
ongoing studies to evaluate the diagnostic value of CLE are awaited.

Video 1. Confocal laser endomicroscopy for the diagnosis of urothelial carcinoma 
in the bladder and the upper urinary tract. Videourology 2018

3
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ABSTRACT

Background: Cystoscopy enables the visualization of suspicious bladder lesions 
but lacks the ability to provide real-time histopathologic information. Confocal laser 
endomicroscopy (CLE) is a probe-based optical technique that can provide real-time 
microscopic images. This high-resolution optical imaging technique may enable real-time 
tumour grading during cystoscopy.

Objective: To validate and adapt CLE criteria for bladder cancer diagnosis and 
grading.

Design, setting and participants: Prospectively, 73 patients scheduled for 
transurethral resection of bladder tumour(s) were included. CLE imaging was performed 
intraoperatively prior to en-bloc resection. Histopathology was the reference standard 
for comparison.

Intervention: Cystoscopic CLE imaging.

Outcome measurement and statistical analysis: Three independent observers 
evaluated the CLE images to classify tumours as low-, or high-grade urothelial carcinoma 
(UC) or benign. Interobserver agreement was calculated with Fleiss kappa analysis, and 
diagnostic accuracy with 2x2 tables.

Results: Histopathology of 66 lesions (53 patients) revealed 25 low-grade, 27 high-grade 
UCs and 14 benign lesions. For low-grade UC, most common features were papillary 
configuration (100%), distinct cell borders (81%), presence of fibrovascular stalks (79%), 
cohesiveness of cells (77%), organised cell pattern (76%) and monomorphic cells (67%). A 
concordance between CLE-based classification and histopathology was found in 19 cases 
(76%). For high-grade UC, pleomorphic cells (77%), indistinct cell borders (77%), papillary 
configuration (67%) and disorganised cell pattern (60%) were the most common features. 
A concordance with histopathology was found in 19 cases (70%). In benign lesions the 
most prevalent features were disorganised cell pattern (57%) and pleomorphic cells 
(52%), and a concordance with histopathology was found in four cases (29%).

Conclusion: The CLE criteria enable identification of UC. CLE features correlate to 
histopathologic features that may enable real-time tumour grading. However, flat lesions 
remain difficult to classify.

Patient summary: Confocal laser endomicroscopy may enable real-time cancer 
differentiation during cystoscopy, which is important for prognosis and disease 
management.
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INTRODUCTION

Bladder cancer is the most common malignancy of the urinary tract in both men and 
women [1]. Currently, cystoscopy is the cornerstone for the diagnosis and follow-up 
of bladder cancer, enabling the identification of abnormalities of the bladder mucosa. 
However, white light cystoscopy (WLC) lacks the ability to provide histopathologic 
information, which is essential for diagnosis and prognosis [2]. In recent years, optical 
imaging techniques have been developed which may overcome this limitation.

Confocal laser endomicroscopy (CLE) is a high-resolution optical imaging technique 
that allows for probe-based in vivo optical sectioning of tissue during endoscopy. 
The contrast is based on fluorescence that is excited by a laser. The contrast can be 
enhanced by administering a fluorescent label that binds to the cells, thereby allowing 
the visualisation of the cellular microarchitecture of the tissue. CLE imaging was first 
introduced in gastroenterology to diagnose Barrett ’s oesophagus [3–6]. Shortly 
thereafter, applications were explored in pulmonology, otolaryngology and urology 
[7–9]. By advancing a fibre-based probe through the working channel of a cystoscope, 
the bladder wall is visualised on a cellular level, providing ‘optical biopsies’ of the tissue. 
Sonn et al. [9,10] were the first to perform ex vivo and in vivo CLE imaging of the urinary 
tract. Nonetheless, translation of the images into a diagnosis is not straightforward. 
Diagnostic criteria for bladder cancer diagnosis were proposed, however, these criteria 
have not yet been validated [11,12].

Owing to the high recurrence rate, relatively long-term survival, adjuvant treatment 
modalities and stringent follow-up, bladder cancer is currently one of the most expensive 
malignancies per patient [13,14]. An improved cost benefit of disease management could 
become possible when direct histopathologic information during cystoscopy becomes 
available, as it could potentially lead to advances in diagnosis and treatment of bladder 
cancer. To achieve such developments, the present study primarily aims to validate 
and adapt the proposed CLE criteria for bladder cancer grading. Secondary objectives 
are to investigate a preliminary diagnostic accuracy of CLE-based grading and also in 
conjunction with WLC.

PATIENTS AND METHODS

Study design
The study protocol was approved by the institutional review board and was registered in 
the Dutch Central Committee on Research involving Human Subjects (NL55537.018.15) 
and on Clinicaltrials.gov (NCT03013894). The study was carried out according to the 
guidelines of good clinical practice. Written informed consent was obtained from all 
participants. This prospective clinical trial was in agreement with the IDEAL stage 2b 
recommendations and was carried out as described previously [15,16].

4
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Patients
Patients were prospectively recruited in the Amsterdam UMC hospital (Amsterdam, The 
Netherlands). Adult patients, with a primary or recurrent bladder tumour or suspicion of 
carcinoma in situ (CIS), who were scheduled for transurethral resection of the bladder 
tumour (TURB), were eligible for the study. Main exclusion criteria were fluorescein 
allergy and pregnancy.

Study procedure
CLE imaging was performed during TURB using a low-power 488 nm laser system 
(Cellvizio© 100 series, Mauna Kea Technologies, Paris, France) in conjunction with the 
Cystoflex UHD-R probe (Mauna Kea Technologies) with a 2.6 mm outer diameter, a field 
of view of 240 µm, a 1 µm lateral resolution and an imaging depth of 50–65 µm.

CLE imaging was performed during TURB, prior to the resection of the suspect lesion. 
After cystoscopy, at least one suspicious lesion was marked using a cautery electrode. 
To stain the extracellular matrix of the bladder mucosa, ~300 mL fluorescein 0.1% was 
administered intravesically via a Foley catheter and left indwelling for 5 minutes [17]. 
The CLE probe was introduced through the working channel of 22 Fr rigid cystoscope 
with 0⁰ optics. After placing the probe in direct perpendicular contact with the marked 
region of interest (ROI), images of the cellular microarchitecture were recorded (8–12 
frames/second) (Supplemental Video 1)[18]. In general, two recordings of 1 minute 
were obtained per ROI. After CLE imaging, the imaged lesion was resected en-bloc. 
Histopathologic workup and analysis were performed according to standard clinical 
protocol by a uropathologist (CDSH), blinded to CLE images.

CLE image evaluation
Prior to the CLE image analysis, three observers (EIMLL, JEF and CDSH) were trained 
with a CLE training program of Chang et al [12]. The CLE images of the current study 
were analysed offline frame by frame with the Cellvizio© Viewer software (Mauna Kea 
Technologies) by the three observers, who were blinded to clinical information and 
histopathology. For the CLE image analysis, the presence of the proposed CLE features 
(papillary configuration, organisation of cells, cohesiveness of cells, cellular morphology, 
definition of cell borders, vasculature) by Chang et al. [12] and an additional feature, 
polarity of the cells, was assessed (Figure 1). Cellular polarity was defined as the relative 
orientation of cells and nuclei in the same direction.

Supplemental Video 1. A demonstration of CLE imaging of a bladder tumour. The 
CLE probe is in direct contact with the tissue for CLE imaging.
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Figure 1. Examples of the different CLE features that were evaluated. A) presence of papillary 
configuration. B) Polarity of urothelial cells, that is, alignment and orientation in the same direc-
tion. C) Organised cell pattern, with cohesive and monomorphic cells, and distinct cell borders. D) 
Disorganised cell pattern, with pleomorphic cells, and indistinct cell borders. E) Disorganised cell 
pattern, with discohesive and pleomorphic cells, and indistinct cell borders. F) Capillary network. 
G) Fibrovascular stalk is visible. H) Large vessel.

Based on the identified CLE features, the observers classified the ROI according to the 
World Health Organisation (WHO) 2004 classification (low-grade urothelial carcinoma 
[UC], high-grade UC or benign lesion). After individual analysis, consensus was reached 
through a two-step process. First, consensus for classification based solely on CLE 
images was reached. Thereafter, corresponding WLC images were added to account for 
the potential additional value of endoscopic evaluation adjunct to CLE imaging. With the 
additional information of the WLC images, a second joined consensus for the CLE-based 
classification was formed. To determine the concordance of the CLE-based classification 
with histopathology, CLE images were compared to the corresponding histopathology 
of the en-bloc resected specimen (Figure 2).

Endoscopic tumour evaluation
During TURB, pictures and short videos of the CLE-imaged tumours were recorded. After 
a washout time of at least 4 weeks, these images were presented to three urologists 
(TMdR, JB and GMK), blinded to any clinical information, to predict the histologic grade 
of the lesions according to the WHO 2004 classification. After individual prediction, a 
joined consensus was reached.

4
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Figure 2. Schematic overview of the CLE image evaluation.

Sample size and statistical analysis
The sample size was based on prior publications and conform the IDEAL 
recommendations for explorative studies [16]. In 62 consecutive patients with a bladder 
tumour or suspicion of CIS, CLE imaging was performed.

Statistical analyses were performed using SPSS Statistics version 24 and Matlab R2017b. 
Descriptive statistics were used to determine demographic and disease-specific 
characteristics. For the primary objective, interobserver agreements with regard to the 
endoscopic evaluation, CLE features, and CLE-based classifications were determined 
using Fleiss kappa analysis. The diagnostic accuracy for CLE, WLC, and CLE and WLC 
combined, including sensitivity and specificity, was calculated with 2x2 tables.

RESULTS

Patient characteristics
Seventy-three consecutive patients were included in the study between March 2016 and 
September 2017. CLE imaging was performed in 62 patients, with a total of 82 suspicious 
lesions (Figure 3). Lesions of which more than half of the CLE feature assessments were non-
diagnostic were excluded. In total, 66 suspicious lesions were included for final analysis, 
yielding a diagnostic rate of 86%. Histopathology of the 66 lesions revealed 25 low-grade 
UCs, 27 high-grade UCs (including 2 cases of CIS) and 14 benign lesions (2 normal, 8 
reactive, 2 inflammatory lesions, 1 inverted papilloma, 1 urothelial proliferation of uncertain 
malignant potential). Patient and tumour characteristics are summarised in Table 1.
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Differentiating CLE features
Percentages of the different CLE features specified per type of lesion are displayed in 
Supplemental Table 1. CLE features with a mean prevalence ≥60% for low-grade UC 
were: presence of papillary configuration (100%), distinct cell borders (81%), presence 
of fibrovascular stalks (79%), cohesiveness of cells (77%), organised cell pattern (76%), 
monomorphic cells (67%) and presence of polarity (61%). For high-grade UC prevalent 
CLE features were: pleomorphic cells (77%), indistinct cell borders (77%), presence of 
papillary configuration (67%) and disorganised cell pattern (60%). Benign lesions did not 
show any CLE features with a mean prevalence ≥60%.

Interobserver agreement
The interobserver agreement of the different CLE features varied between fair and 
substantial (Table 2), with moderate or substantial agreement for the features of 
papillary configuration, organisation of cells, cellular morphology and definition of cell 
borders. Interobserver agreement for CLE-based classification was substantial (κ=0.676, 
95% confidence interval [CI]: 0.647–0.704).

Table 1. Patient and tumour characteristics.

A. Patient characteristics N=53
Age (years), mean (sd)/med [iqr] 70 (12) 70 [62 – 79]
Gender, n (%) Male 39 (74)

Female 14 (26)
History of bladder cancer, n (%) 29 (55)
Previous intravesical treatment, n (%) No 32 (60)

Yes 21 (40)
B. Tumour characteristics N=66
Tumour size, n (%) < 3 cm 54 (82)

> 3 cm 12 (18)
Tumour stage, n (%)~ T0 15 (23)

CIS only 2 (3)
Ta 40 (61)
T1 5 (8)
≥T2 3 (5)

Tumour grade WHO 1973, n (%) Benign 15 (23)
CIS only 2 (3)
Grade 1 4 (6)
Grade 2 32 (48)
Grade 3 13 (20)

Tumour grade WHO 2004, n (%) Benign 14 (21)
Low-grade 25 (38)
High-grade 27 (41)

Sd = standard deviation, med = median, iqr = interquartile range 
~ Tumour stage of 1 patient could not be determined
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Table 2. Modified CLE image characteristics and their variables for analysis. Interobserver 
agreement is displayed for the CLE features and CLE-based classification (low-grade UC, high-
grade UC or benign lesion).

CLE feature Variables Fleiss κ 95% CI Agreement
Papillary configuration Present | not present 0.777 0.741 – 0.813 Substantial
Polarity of cells Present | not present 0.382 0.356 – 0.408 Fair
Organisation of cells Organised | disorganised 0.575 0.545 – 0.605 Moderate
Cohesiveness of cells Cohesive | discohesive 0.337 0.307 – 0.367 Fair
Cellular morphology Monomorphic | 

pleomorphic
0.430 0.398 – 0.462 Moderate

Definition of cell borders Distinct | indistinct 0.666 0.632 – 0.701 Substantial
Vasculature Capillary network | 

fibrovascular stalk | large 
vessels

0.574 0.551 – 0.598 Moderate

CLE classification 0.676 0.647 – 0.704 Substantial

CLE = Confocal laser endomicroscopy

CLE-based classification
The concordance with histopathology was higher with the consensus-based classification 
compared with individual assessment by three observers. The individual CLE-based 
classification of the three observers was in concordance with histopathology in 38–40 
lesions (58.5–62.5%), whereas consensus for CLE-based classification was confirmed 
by histopathology in 42 of 66 lesions (63.6%). In 19 lesions (76%) of low-grade UC, the 
CLE-based classification was in concordance with histopathology (sensitivity 76%, 
specificity 76%). For high-grade UC, the CLE-based classification was in concordance 
with histopathology (sensitivity 70%, specificity 69%) in 19 lesions (70%). In 4 cases (29%) 
of benign lesions, the CLE-based classification was in concordance with histopathology 
(sensitivity 29%, specificity 96%) (Table 3).

WLC-based classification
In 38 lesions (58.5%), the WLC-based consensus classification was in accordance with 
histopathology. Sensitivity and specificity were 54% and 71% for low-grade UCs, 67% and 
61% for high-grade UCs, and 50% and 100% for benign lesions, respectively (Table 3).

CLE-based classification after WLC evaluation
The CLE-based consensus classification after viewing WLC images showed an agreement 
with histopathology in 44 lesions (68.2%). Concordance with histopathology was found 
in 19 (79%), 18 (67%) and 7 (50%) for low-grade UC, high-grade UC and benign lesions, 
respectively. Sensitivity and specificity were 79% and 78% for low-grade UC, 67% and 
79% for high-grade UC, and 50% and 92% for benign lesions, respectively (Table 3).

4
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Table 3. Diagnostic accuracy for the differentiation between benign, low-grade or high-grade 
urothelial carcinoma. Sensitivity and specificity for CLE-based tumour evaluation, WLC-based 
tumour evaluation and CLE-based tumour evaluation after reviewing endoscopy images.

CLE evaluation (n=66) WLC evaluation (n=65)* CLE + WLC evaluation (n=65)*
Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

Low-grade
Observer 1 72%῀ 70%῀ 42% 73%

Observer 2 76% 76% 50% 83%
Observer 3 76%  ͌ 69%  ͌ 71% 56%

Consensus 76% 76% 54% 71% 79% 78%
High-grade

Observer 1 62%῀ 67%῀ 70% 50%

Observer 2 63% 67% 70% 53%
Observer 3 67%  ͌ 73%  ͌ 44% 79%

Consensus 70% 69% 67% 61% 67% 79%
Benign

Observer 1 29%῀ 96%῀ 43% 100%

Observer 2 21% 92% 57% 98%
Observer 3 25%  ͌ 96%  ͌ 50% 94%

Consensus 29% 96% 50% 100% 50% 92%

CLE = Confocal laser endomicroscopy, WLC = White light cystoscopy 
* Due to technical problems endoscopic images of one tumour were not recorded. 
῀ It was not possible to determine CLE-based classification in 1 case. 
  ͌It was not possible to determine CLE-based classification in 2 cases.

DISCUSSION

This study is the first validation of the previously proposed CLE features for bladder 
cancer diagnosis [11,12]. The CLE-based consensus classification with and without adjunct 
WLC image assessment was in concordance with histopathology in 68.2% and 63.6% 
of the lesions, respectively. Concordance of the purely WLC-based classification and 
histopathology was lower (58.5%), suggesting that CLE might be of additional value to 
cystoscopy for real-time bladder cancer assessment. In comparison to Herr et al. [19], 
the concordance rate of WLC-based classification with histopathology seems to be low. 
However, in their study, the observers were not blinded for additional clinical information. 
Furthermore, they limited their grading assessment to G1 and G3 (WHO 1937) of recurrent 
tumours, which may overestimate the concordance of WLC-based grading.

The diagnostic accuracy for CLE-based bladder cancer grading of this study is in line with 
the results of Chang et al [12]. Nevertheless, we found a higher sensitivity for low-grade 
UC, and a slightly higher specificity for high-grade UC.
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Based on the interobserver agreement for the CLE analysis, we can conclude that 
assessment of the CLE features by independent observers yields comparable results. 
Evaluating the CLE images based on seven criteria can be laborious and time consuming. 
Considering that papillary aspect is a predominant CLE feature (≥60%) for both low- and 
high-grade UC, our results suggest that organisation of cells, cellular morphology and 
definition of cell borders are the most discriminating features for grade differentiation 
(Figure 4). Differentiation based on the presence of two or more of these three features 
yields a similar sensitivity (low-grade 75%, high-grade 80%) and specificity (low-grade 
76%, high-grade 66%) (Table 4). Importantly, these three CLE features have a moderate 
to substantial interobserver agreement. Image assessment based on three CLE features 
would simplify the interpretation, and make it more accessible for clinicians, though this 
remains to be investigated prospectively.

Identifying differentiating CLE features for CIS was not possible since only 2 CIS lesions 
were included in the study. The higher discordance for benign lesions in comparison to low- 
and high-grade UC may be due to the heterogeneity of this group (2 normal, 8 reactive, 2 
inflammatory lesions, 1 inverted papilloma, 1 urothelial proliferation of uncertain malignant 
potential). As a result, accurate differentiation of flat lesions remains challenging.

In this study, CLE imaging prolonged the TURB procedure for 10-15 minutes, including 
5 minutes of fluorescein instillation time. To shorten the CLE procedure, the fluorescein 
could be administered directly onto the ROI, as applied in the upper urinary tract [15]. In 
daily practice, imaging time may be shorter because normal tissue does not have to be 
imaged, and it may not be necessary to obtain multiple recordings of multiple regions 
as in the extensive protocol in our study.

Figure 4. The most prominent features to differentiate between low- and high-grade UC based on 
CLE images. The error bars represent the range how often different features were recognised by 
the independent CLE observers. CLE = confocal laser endomicroscopy, UC = urothelial carcinoma.

4
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Table 4. Diagnostic yield for macroscopic papillary lesions (n=58), classification based on 3 CLE 
features. One lesion was excluded because only 1 out 3 features was evaluable. A) 2x2 tables for 
low-grade UC versus other lesions (high-grade UC and benign). B) 2x2 tables for high-grade UC 
versus other lesions (low-grade UC and benign).

A. Low-grade UC
Histopathology

CLE Low-grade UC Other Total
Low-grade UC 18 8 26
Other 6 25 31
Total 24 33 57
Sensitivity = 75%, specificity = 76%

B. High-grade UC
Histopathology

CLE High-grade UC Other Total
High-grade UC 20 11 31
Other 5 21 26
Total 25 32 57
Sensitivity = 80%, specificity = 66%

CLE = Confocal laser endomicroscopy, UC = Urothelial carcinoma

The use of CLE in urology is still in an early stage, and possible applications in clinical 
practice are being explored. Histologic information during cystoscopy could improve the 
cost benefit of bladder cancer management in the long run, as it could lead to advances 
in diagnosis and treatment of bladder cancer. For example, laser fulguration has been 
performed in an outpatient setting as treatment of low-risk bladder tumours. However, 
this technique is not commonly used due to the lack of histopathologic certainty and 
potential undertreatment [20,21]. CLE may enable real-time grading prior to laser 
fulguration to assure treatment of low-grade tumours. The shift of treatment from the 
operating theatre to the outpatient clinic could lead to a decrease in medical costs and 
shortening of waiting time for surgery. Next, CLE would be of great additional diagnostic 
value if it enables the identification of CIS. CLE may also be used during TURB to confirm 
surgical radicality or the presence of detrusor muscle in the resected tissue. By reducing 
histopathologic uncertainty during cystoscopy, CLE might enable active surveillance in 
patients with low-risk UC when subsequent surgical treatment is not preferred. CLE may 
also be used for upper tract UC to assist in patient selection for kidney-sparing treatment 
[22,23]. In addition, the combination of CLE with other optical imaging techniques (e.g. 
photodynamic diagnosis, narrow band imaging, optical coherence tomography) for 
guided or multimodal optical assessment should be investigated [24].

A limitation of this study was the impossibility to identify discriminating CLE features for 
benign lesions and CIS, due to heterogeneity of benign lesions and the small number 
of both benign lesions and CIS. In addition, heterogeneity within bladder tumours may 
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be a limitation [25]. Considering the limited field of view of the probe (240 µm), only 
a fraction of the tumour surface is imaged. Therefore, the recorded image sequence 
may give a biased view with regard to the whole tumour and might be responsible 
for discrepancies between CLE-based classification and histopathology. Additionally, 
variability in CLE image quality could impede the CLE image evaluation. Specifically, 
at the start of this study there was a learning curve with regard to probe stabilisation. 
Movement artefacts could have contributed to the 14% non-diagnostic rate of CLE 
images. Lastly, despite a washout time of several weeks to months, a recall bias might 
still exist for the urologists who predicted the tumour grade based on the WLC images. 
However, this bias would have led to an overestimation; hence, the actual concordance 
of the WLC-based diagnoses with histopathology would be even lower.

In this study, we have extended the work of Chang et al. [12] and validated CLE features 
for bladder cancer classification. Before CLE imaging can be used routinely for bladder 
cancer diagnosis, there are still some hurdles to overcome. Multicentre collaborations 
for larger clinical trials are required to fine-tune the established CLE criteria, develop a 
diagnostic nomogram, and to further explore future applications. In addition, the digital 
data of CLE offer opportunities for automated image analysis and deep machine learning, 
which should be explored jointly to create big data.

CONCLUSION

This study is the first prospective validation of earlier published CLE features for bladder 
cancer diagnosis and grading. CLE images correlate to histopathologic features and may 
enable real-time differentiation between low- and high-grade UC. Our data demonstrates 
that the proposed CLE features suffice to identify and grade bladder tumours. Moreover, 
our data suggests that bladder cancer grading might be possible based on three CLE 
features. The differentiation of flat lesions remains to be investigated.

4
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Towards automated in vivo bladder 
tumour stratification using confocal 

laser endomicroscopy
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ABSTRACT

Purpose: Urothelial carcinoma of the bladder (UCB) is the most common urinary cancer. 
White light cystoscopy (WLC) forms the corner stone for the diagnosis of UCB. However, 
histopathological assessment is required for adjuvant treatment selection. Probe-based 
confocal laser endomicroscopy (CLE) enables the visualization of the microarchitecture of 
bladder lesions during WLC, which allows for real-time tissue differentiation and grading 
of UCB. To improve the diagnostic process of UCB, computer-aided classification of CLE 
videos of in vivo bladder lesions were evaluated in this study.

Materials and methods: We implemented pre-processing methods to optimize contrast 
and to reduce striping artefacts in each individual CLE frame. Subsequently, a semi-
automatic frame selection was performed. The selected frames were used to train a 
feature extractor, based on pre-trained ImageNet networks. A recurrent neural network, 
in specific long-short term memory (LSTM), was used to predict the grade of the bladder 
lesions. Differentiation of lesions was performed at two levels, namely 1) healthy and 
benign versus malignant tissue and 2) low-grade versus high-grade papillary UCB. A 
total of 53 patients with 72 lesions were included in this study, resulting in ~140.000 
CLE frames.

Results: The semi-automated frame selection reduced the number of frames to ~66.500 
informative frames. The accuracy for the differentiation of 1) healthy and benign versus 
malignant urothelium was 79% and 2) high-grade and low-grade papillary UCB was 
82%.

Conclusion: A feature extractor in combination with LSTM results in proper stratification 
of CLE videos of in vivo bladder lesions.
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INTRODUCTION

Urothelial carcinoma of the bladder (UCB) is the most common malignancy of the urinary 
tract among both men and women. White light cystoscopy (WLC) is the corner stone for 
macroscopic visualisation of the urothelium and is therefore a valuable tool to localise 
the lesions in patients suspected of having bladder cancer. Yet, WLC does not provide 
the necessary information to differentiate between lesion subtypes since WLC by itself 
does not provide histopathologic information [1]. Histopathology-based differentiation 
of UCB is essential for treatment selection and prognosis.

Currently, suspicious bladder lesions are endoscopically resected for histopathological 
examination. In case of UCB, the tumour is graded by the pathologist based on the 
cellular microarchitecture and the nuclear appearance. Besides, for diagnostic purposes, 
endoscopic resection also serves as the primary treatment. Yet, adjuvant therapy may 
be required in case of intermediate- or high-grade UCB.

Probe-based confocal laser endomicroscopy (CLE) visualizes the cellular microarchitecture 
in real-time and has the potential to enable tissue differentiation during WLC. Real-time 
assessment potentially allows for minimally invasive laser ablation of low-grade tumours 
during outpatient cystoscopy [2–5]. The non-invasive CLE could potentially also enable 
watchful waiting in case of low-grade UCB in patients with severe comorbidities. CLE uses a 
fluorescent dye, introduced either topically or intravenously. By excitation of this dye with 
a 488 nm low-power laser, the contrast in the images obtained [6]. So far, seven criteria 
for the assessment of CLE images for UCB diagnosis and grading have been published 
[7–9]. However, the elaborate and subjective scoring method is subject to interobserver 
variation and an overall concordance with histopathological examination of 70% has been 
reported. In case of benign lesions, the concordance drops to 29% [9]. To circumvent the 
possible subjectivity of clinicians, a reproducible and reliable interpretation method of 
CLE images with good histopathological examination concordance is needed.

Due to striping artefacts coming from electrical noise, uneven distribution of fluorescent 
dye and motion artefacts, diagnostic features may not be visible in the CLE image sequence. 
Several approaches to alleviate non-informative frames have been described, nonetheless 
these methods suffer from low sensitivity and specificity [10–12]. Consequently, current 
(automated) classification studies still rely on a fully manual frame selection [10,13,14].

Previous approaches to automatically differentiate lesions using CLE have been 
implemented using, for example, neural, oral, oesophageal and (ex vivo) breast tissue 
[10–12, 15–17]. To our knowledge, automated tumour differentiation has not been 
applied on bladder tissue. In this work, we present semi-automatic frame optimisation 
and selection, followed by a fully automatic classification of the CLE video sequences of 
in vivo bladder lesions.

5
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MATERIALS AND METHODS

Patient selection
For this prospective study, patients of the Amsterdam UMC Hospital (Amsterdam, The 
Netherlands) with a suspect primary or recurrent bladder tumour who were scheduled 
for transurethral endoscopic resection of the bladder tumour were recruited (Dutch 
Central Committee on Research Involving Human Subjects NL55537.018.15, ClinicalTrials.
gov: NCT03013894) [18]. All patients signed a written informed consent. Before 
resection of the suspicious lesion, CLE video sequences of both suspicious lesions and 
macroscopically healthy appearing urothelium were obtained. The imaged regions were 
resected for histopathological examination after CLE. The histopathological grade was 
assessed according to the World Heatlth Organization (WHO) 2004 guidelines by one 
expert uropathologist and formed the reference standard in this study [1].

Data acquisition
CLE was used in combination with topical administration of fluorescein and stains the 
extracellular matrix of the bladder tissue [19]. The CLE data were acquired using the 
Cellvizio© 100 series (Mauna Kea Technologies, Paris, France), in combination with the 
CystoFlex UHD-R Confocal Miniprobe (Mauna Kea Technologies). This probe has a 2.6 
mm outer diameter and was introduced through the working channel of a standard rigid 
cystoscope. The images obtained with the CystoFlex UHD-R Confocal Miniprobe have a 
field of view of 240 µm with a 1 µm lateral resolution and it images the tissue between 
55 and 65 µm, resulting in a depth of field of 10 µm. Images were acquired at a rate 
between 8 and 12 frames per second to obtain a video sequence of the bladder mucosa. 
The probe was positioned in direct contact with the area of interest. In general, two 
video sequences [IQR: 2–3] of each suspected lesion and the healthy bladder mucosa, 
if present, were recorded.

Image pre-processing
The contrast of the individual frames was automatically stretched using the Cellvizio 
Viewer. An automatic notch filter was applied to all individual frames to minimize 
the (quasi-)periodic noise causing the stripe pattern. The contrast enhancement and 
denoising is illustrated in Figure 1.
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Figure 1. Overview of the pre-processing steps. on the left, the result of the contrast enhancement 
as embedded in the Cellvizio© Viewer is shown. On the right, the effect of the notch filter is shown. 
The zoom-in is located at the location of the grey square.

Frame selection
Due to artefacts in the image sequence, we decided to sort each frame automatically 
into one of three categories: (i) non-informative, (ii) in-doubt and (iii) informative frames. 
The category of the image content was determined by the number of contours present in 
each frame after Gaussian filtering and the range and spread of gray values throughout 
the image, as illustrated in Figure 2. The automatically sorted data was inspected by 
two expert observers (ML and EIMLL), who classified the ‘in-doubt’ frames as either 
informative or non-informative frames. A stricter selection of informative frames was 
made by EIMLL, for which at least 30% of the field-of-view should contain in-focus 
bladder mucosa as the papillary character of many bladder tumours resulted in a field 
of view that was only partially filled with tissue. An example of a CLE frame with a similar 
region of a histopathology section can be seen in Figure 3A, examples on informative 
and non-informative frames can be seen in Figure 3B.

5
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Figure 3. A) An example of the confocal laser endomicroscopy frame with a similar region of he-
matoxylin and eosin histopathology section. B) The examples in the left-hand side do not contain 
bladder mucosa and are considered non-informative frames. Images in the middle and right-hand 
side show a clear representation of the cellular microarchitecture of the bladder mucosa and are 
therefore informative frames.

Classification
All lesions were classified by a convolutional neural network followed by a recurrent 
neural network (RNN). The convolutional neural network was used to extract features 
from each individual frame. During the training phase of the convolutional neural 
network, image augmentation was applied to each frame. This included random rotation 
over the full range, as well as flipping of the frames along the horizontal and vertical 
axes.

In each network, roughly 20% of the frames were used for validation during the training 
phase and 10% was used to assess the performance of the network. The other frames, 
consisting of roughly 70% of the data, were used for training of the network. No overlap 
of patients could exist between those three sets. By using cross-validation, three different 
training, validation and testing sets were obtained with no overlap in the validation and 
testing sets in all batches.

Feature extraction
The performance of several convolutional neural network architectures to classify 
CLE sequences are compared. Three approaches are based on ImageNet pre-trained 
networks, that is, Inception V3, Xception and Inception ResNet V2, which were fine-
tuned for the classification of each individual frame. In case of Inception V3, both mid-
level and high-level features were fine-tuned, while in case of Xception and Inception 
ResNet V2 only high-level features were fine-tuned. This means that in all architectures, 
feature maps of the low-level convolutional blocks were fixed and only feature maps of 
the (mid- and) high-level convolutional block(s) were optimised for the classification of 

5
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CLE data. For eight epochs, the classification layers were fine-tuned for the CLE data. 
Afterwards, the last (four in case of Inception V3) convolutional block(s) together with 
the classification layers of each network were optimised for the CLE data, while fixing the 
ImageNet feature maps of the earlier layers. The network with the lowest cross-entropy 
was selected as the best performing network. The networks were trained on 299x299-
pixel gray-scale images in the Keras framework (v2.1.6) using Tensorflow (v1.8.0) as the 
backend [20,21]. The classification result was binary, and therefore the sigmoid was used 
as activation function of the last fully connected layer. The optimizer used was Adam, 
with a learning rate of 0.0005 (β1=0.99, β2=0.999) [22].

Sequence analysis
The features of each CLE frame were subsequently combined into sequences, and 
a long short-term memory (LSTM) network was trained for classification of the time 
series. LSTM is a subset of RNNs that deals with vanishing or exploding gradients unlike 
conventional RNNs [23]. The sequences contain 10 frames each, which are equally 
spaced in time over the complete duration of the video sequence, resulting in multiple 
non-overlapping sequences per tissue sample. The majority vote of all sequences of a 
single video was set to be the final class label of the CLE video. To assess the diagnostic 
accuracy, this grade of each single video was compared with the classification given by 
histopathological examination of the imaged lesion.

A two-layer bidirectional LSTM was followed by a dense layer with two output nodes. The 
activation function was the sigmoid, and the dropout rate was set 0.5 in each layer. Adam 
was used as the optimizer, with a learning rate of 1–5 (β1=0.99, β2=0.999, decay=1–6) [22].

The classification differentiates 1) benign urothelium (including both benign tumours 
and healthy urothelium) from malignant urothelium (both low-grade and high-grade 
papillary UCB and the aggressive flat carcinoma in situ [CIS]) and 2) low-grade papillary 
UCB from high-grade papillary UCB of papillary lesions identified with WLC.

RESULTS

Patient selection
A total of 73 patients were included for this study, resulting in 53 patients with 72 bladder 
lesions eligible for analysis (Figure 4). Twenty-two patients were diagnosed with high-
grade UCB, comprising a total of 29 high-grade lesions. In two patients diagnosed with 
high-grade papillary UCB, a CIS lesion was also diagnosed. In one patient, 2 CIS lesions 
were found. Another 19 patients were diagnosed with low-grade UCB, with a total of 
25 low-grade tumours. The remaining 11 patients, with 12 benign lesions, were not 
diagnosed with bladder cancer. In two patients with papillary UCB, also a benign bladder 
lesion was identified, making a total of 14 benign bladder lesions.
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Figure 4. Flow chart of the included patients.

Frame selection
A total of ~140.000 frames were collected. After the semi-automatic ‘loose selection’, a 
median of 37% of the frames was disregarded (Q1–Q3: 21–54%). During the ‘strict manual 
selection’, a median of 12% of the loosely selected frames were disregarded (Q1–Q3: 
4–36%), resulting in a median of 514 frames per lesion (Q1–Q3: 304–784 frames). This 
resulted in a total of 66.500 selected frames corresponding to ~6.500 sequences, in 
which roughly half of the frames contained a papillary lesion, from 116 different regions 
(including normal urothelium) derived from 53 patients.

Classification

Classification of benign and malignant tissue

All pre-trained ImageNet architectures were fine-tuned for the differentiation of benign 
(consisting of normal urothelium and benign tumours) and malignant tissue (comprising 
CIS, low-grade and high-grade papillary UCB). Each test set contained at least two videos 
of benign tumours (in the benign class) and two CIS videos (in the malignant class). In the 
first experiment, four CIS videos were included in the malignant class. The best average 
accuracy was obtained when using the Inception ResNet V2, resulting in 79% accuracy, 
with a sensitivity of 82% and specificity of 77%. The average area under the curve (AUC) 
was quite similar for all architectures. All results are listed in Table 1.

Table 1. Results of differentiation of healthy tissue and benign tumours from malignant tissue. 
The sensitivity, specificity, accuracy and area AUC are given for each architecture and for each 
experiment. Experiment 1 contained 11 benign and 11 malignant videos. In experiment 2, 8 benign 
and 13 malignant videos were included, and in experiment 3, a total of 9 benign and 14 malignant 
videos were present.

Sensitivity (%) Specificity (%) Accuracy (%) AUC
#1 #2 #3 Mean #1 #2 #3 Mean #1 #2 #3 Mean #1 #2 #3 Mean

Inception 
V3

82 77 71 77 55 88 100 81 68 81 83 77 0.66 0.91 0.89 0.82

Inception 
ResNet V2

82 85 79 82 55 75 100 77 68 81 87 79 0.76 0.74 0.92 0.81

Xception 73 69 57 66 73 88 89 89 73 76 70 70 0.74 0.88 0.84 0.82

AUC = Area under the curve
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Classification of papillary UCB

For differentiation of low-grade papillary UCB from high-grade papillary UCB, the fine-
tuned ImageNet pre-trained Inception V3 network performs best for the CLE data. In 
all cases, the testing set contained 8 low-grade papillary lesions, and 4–6 high-grade 
papillary lesions. An overview of the results can be found in Table 2. On average, an 
accuracy of 82% was reached in the differentiation between low-grade and high-grade 
papillary UCB, with an area under the curve of 0.86.

Table 2. Results of the classification of low-grade and high-grade papillary urothelial carcinoma 
of the bladder.

Experiment (# of lesions) Sens (%) Spec (%) Acc (%) PPV (%) NPV (%) AUC
1 (4 HG 8 LG) 75 88 83 75 88 0.94
2 (4 HG 8 LG) 100 88 92 80 100 0.88
3 (6 HG 8 LG) 67 75 71 67 75 0.75
Average 81 84 82 74 88 0.86

Sens = sensitivity, Spec = specificity, Acc = accuracy, PPV = positive predictive value, NPV = negative 
predictive value, AUC = area under the curve, HG = high-grade, LG = low-grade

DISCUSSION

In this study, we have developed and investigated a computer-aided classification 
method for CLE imaging to enable automatic differentiation of bladder lesions and 
grading of papillary UCB during cystoscopy. Additionally, semi-automatic frame 
selection was implemented in the diagnostic approach to select frames with (perceptible) 
functional information. The automatic classification showed a high agreement with the 
histopathological grade for differentiation of low-grade and high-grade papillary lesions. 
The automatic differentiation of benign versus malignant bladder tissue resulted in a 
moderate to high agreement with histopathology.

Comparison with current literature
The histopathological grade of UCB is an important predictor of prognosis. Therefore, 
tumour grade is a key factor in treatment selection [24]. However, the diagnostic accuracy 
of WLC for UCB grade prediction is insufficient [25]. In the study of Mariappan et al. [26] 
sensitivity and specificity of 56% and 84%, respectively, were found for the differentiation 
between high-grade and low-grade papillary UCB based on WLC appearance. Our 
proposed automatic classification method yielded a similar specificity with a higher 
sensitivity.

To our knowledge, this is the first study to automatically classify CLE videos for the 
differentiation of bladder lesions. In other fields, CLE studies for differentiating tissues in 
other organs found similar accuracies between 80 and 90% [10–12,15–17]. In the present 
study, the differentiation between benign and malignant tissue was proven to be more 
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difficult, probably owing to the inclusion of reactive, benign urothelial lesions and CIS, 
which share a similar cellular microarchitecture. In particular, the differentiation between 
benign tumours from CIS would be a valuable addition to WLC as large difficulties are 
faced to visually differentiating those lesion subtypes [27,28].

Limitations
The acquired dataset is limited, especially cases with benign tissue and CIS are 
underrepresented in this study. Therefore, it was chosen to only differentate between 
benign and malignant tissue, as well as low-grade and high-grade papillary UCB. 
The dataset was limited in size and the use of deep networks could have resulted in 
overfitting. Therefore, the ImageNet weights of the pre-trained Inception V3, Xception 
and Inception ResNet V2 network were fine-tuned by only optimising the (mid- and) 
high-level features for CLE data. Furthermore, image augmentation techniques, such 
as flipping and rotation of the frames, were applied to increase the robustness of the 
classification performance.

Furthermore, in future studies it could be interesting to compare the videos obtained 
with different probes. In the current study, all video sequences were obtained using the 
CystoFlex UHD-R Confocal Miniprobe, which can only be introduced in the bladder using 
a rigid cystoscope. Therefore, it was difficult to obtain CLE videos of certain parts of the 
bladder. To facilitate implementation of the proposed automatic classification method 
in the clinical workflow in the outpatient clinic, it is important to test its performance on 
data obtained via the flexible cystoscope, for instance using the UroFlex-B Miniprobe 
[1,29]. However, this probe has a lower lateral resolution with a wider field of view (325 
µm), and images the tissue between 40 and 70 µm from the probe head. The depth of 
field of this flexible probe is three times larger than that of the CystoFlex UHD-R Confocal 
Miniprobe, as used in this study, which results in a blurring of the images due to the fact 
that an increased number of cell layers is mapped onto the detector.

Future perspectives
UCB is a disease with frequent recurrence, therefore requiring intensive surveillance 
with WLC performed in the outpatient clinic. As CLE can be used to differentiate between 
low- and high-grade papillary UCB, low-grade papillary tumours may be treated with, 
for example, laser vaporization during outpatient cystoscopy [2–5]. Additionally, CLE 
could potentially be used to confirm the radicality of transurethral resection of UCB by 
scanning the resection bed. This might help to reduce the number of re-resections. In 
light of re-resections and the high recurrence rate of UCB, a reduction in the number 
of transurethral surgeries might also benefit health-care costs. Furthermore, the 
classification methods could also be applicable for CLE-based grading of upper urinary 
tract urothelial carcinoma [30]. Automatic real-time assessment of tumour grade during 
diagnostic endoscopy in the upper urinary tract could enable intra-operative treatment 
selection.

5
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However, collaboration on existing datasets are required to externally validate the 
proposed methodology before implementation in the clinical workflow. If larger 
datasets become available for the proposed classification system, it may result in 
more generalisable and more accurate results. To further improve clinical utility of 
CLE, the semi-automated frame selection should be automated. The current strict 
manual selection may serve as the starting point to optimise the selection process 
even further. A convolutional neural network could be trained to differentiate between 
informative and non-informative frames [11]. This would open up the way to ‘real-time’ 
implementation of our classification algorithms within the clinical workflow. Given these 
preliminary results, such a real-time implementation seems feasible and enables agile 
clinical decision-making for a part of the patient population.
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ABSTRACT

A significant number of patients with intermediate- or high-risk bladder cancer treated 
with intravesical Bacillus Calmette-Guérin (BCG) immunotherapy are non-responders to 
this treatment. Since we cannot predict in which patients BCG therapy will fail, markers 
for responders are needed. UroVysion® is a multitarget fluorescence in situ hybridization 
(FISH) test for bladder cancer detection. The aim of this study was to evaluate if FISH 
can be used to early identify recurrence during treatment with BCG. In a multicentre, 
prospective study, three bladder washouts at different time points during treatment 
(t0=week 0, pre-BCG, t1=6 weeks following transurethral resection of the bladder 
tumour [TURB], t2=3 months following TURB) were collected for FISH from patients 
with bladder cancer treated with BCG between 2008 and 2013. Data on bladder cancer 
recurrence and duration of BCG maintenance therapy were recorded. Thirty-six (31.6%) 
out of 114 patients developed a recurrence after a median of 6 months (range 2–32). 
No significant association was found between a positive FISH test at t0 or t1 and risk of 
recurrence (p=0.79 and p=0.29). A positive t2 FISH test was associated with a higher risk 
for recurrence (p=0.001). Patients with a positive FISH test 3 months following TURB had 
a 4.0–4.6 times greater risk for developing a recurrence compared to patients with a 
negative FISH. Patients with a positive FISH test 3 months following TURB and induction 
BCG therapy have a higher risk for developing tumour recurrence. FISH can therefore 
be a useful additional tool for physicians when determining a treatment strategy.
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INTRODUCTION

Non-muscle invasive bladder cancer (NMIBC) is a heterogeneous histopathological 
condition with different prognoses. Based on risk factors, patients are classified into 
risk groups with low-, intermediate- and high-risk for recurrence and progression [1]. For 
intermediate- or high-risk NMIBC, adjuvant intravesical therapy with Bacillus Calmette-
Guérin (BCG) is recommended in the guidelines of the European Association of Urology 
and the American Urological Association [1,2].

In spite of its effectiveness, intravesical BCG-therapy is not devoid of limitations [3]. BCG 
treatment may induce local side effects in 62.8% and systemic side effects in 30.6% of 
patients with possible fatal outcome [4]. This may lead to interruption or discontinuation 
of BCG treatment in up to 20% of patients [5]. Besides, in up to 40% of patients BCG 
treatment fails [6–8]. BCG failure can be divided into different types: BCG intolerant, 
refractory and relapsing. BCG intolerant patients have to stop due to side effects, 
whereas BCG refractory patients do not respond to BCG induction therapy and have 
persistent disease, while BCG relapsing patients initially do respond to BCG treatment, 
but after a disease-free period develop a recurrence [9,10]. Since BCG is mainly given to 
treat patients with a high risk for progression to muscle invasive disease, it is important to 
identify non-responding patients early. However, currently no diagnostic tool is available 
to discriminate between BCG responders and BCG non-responders. A predictive test is 
desirable and might be helpful in treatment decision.

UroVysion® (Abbott Molecular, Illinois, USA) fluorescence in situ hybridization (FISH) 
is able to detect genetic alterations most commonly associated with bladder cancer. 
The assay detects aneuploidy of chromosomes 3, 7 and 17 and a deletion of locus 9p21 
[11]. Since FISH is based on detection of genetic alterations, results or interpretation of 
the test will not be influenced by the inflammatory response of the bladder to BCG, as 
opposed to cystoscopy and urine cytology [12].

If we can predict which patients are at risk for developing a recurrence during BCG 
treatment, it is possible to prevent under-treatment by timely changing from BCG therapy 
to other intravesical therapy or to radical therapy i.e. radical cystectomy. Furthermore, 
early identification of BCG non-responders will limit the associated risks of BCG therapy. 
The aim of this study is to determine the usefulness of FISH as predictor of tumour 
recurrence in patients with NMIBC treated with BCG instillations.

6
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MATERIALS AND METHODS

Patient inclusion
From 2008 to 2013, five centres included patients with NMIBC treated with BCG 
instillations in a prospective study evaluating the accuracy of FISH in bladder washout 
(BWO). Informed consent was verbally obtained of all participants prior to inclusion. 
Patients had histologically confirmed primary or recurrent intermediate- or high-risk 
NMIBC (CIS, Ta, T1, all grades) and were scheduled for BCG induction therapy after 
complete transurethral resection of the bladder tumour(s) (TURB). Administration of a 
single immediate post-operative chemotherapy instillation or re-resection was left to 
the discretion of the treating urologist. Exclusion criteria included presence of muscle 
invasive disease, no histologic confirmation of bladder tumour and synchronous upper 
urinary tract urothelial carcinoma.

BCG instillation protocol
All patients were scheduled to receive at least induction BCG-therapy of six weekly 
instillations following TURB. Maintenance therapy was administered depending 
on hospitals’ protocols. In general, maintenance therapy consisted of three weekly 
instillations during 1 to 3 years (at 3, 6, 12, 18, 24, 30, 36 months). Patients were followed 
by cystoscopy every 3 months during the first 2 years after inclusion or until a recurrence 
was diagnosed. Data on bladder cancer recurrence and duration of BCG maintenance 
therapy was recorded. A recurrence was defined as histopathologically proven NMIBC 
or muscle invasive disease (T ≥2). Tumour grade was assessed based on the 1973 World 
Health Organization (WHO) classification. Progression was defined as the histologic 
confirmation of muscle invasive disease (T ≥2).

Bladder washout protocol
BWOs for FISH evaluation were collected at three time points: before the first BCG 
instillation (t0), before the last induction BCG instillation at 6 weeks (t1) and at 3 months 
during first cystoscopy follow-up (t2). BWOs at t0 and t1 were done via a catheter, and 
50 cc 0.9% saline was used to flush the bladder. At t2, the BWO was done at the end of 
the cystoscopy via the working channel of the cystoscope. Each BWO was preserved in 
carbowax (polyethylene glycol). Cytospins were made within 72 hours and stored in a 
–20⁰C freezer until FISH test was performed.

FISH protocol
All BWOs were analysed using the multitarget UroVysion® bladder cancer kit. The FISH 
kit is composed of a mixture of four-target multicolour probes, three chromosome 
enumeration probes (CEP 3, CEP 7 and CEP 17) and one single locus-specific indicator 
probe (LSI 9p21). Cytospins were made of collected BWOs and fixed using Carnoy’s 
solution (3:1 methanol/glacial acetic acid). Slides were pre-treated using the Vysis pre-
treatment kit (Abbott Molecular, Illinois, USA), and FISH was performed according to the 
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manufacturer’s instructions provided with the assay. In short, slides were denatured in 
2x SSC at 73 ± 1⁰C for 2 minutes and incubated in pepsin buffer at 37⁰C for 10 minutes. 
After 5 minutes washing at room temperature with phosphate-buffered saline (PBS), 
the slides were fixed in 1% formaldehyde for 5 minutes. The slides were washed again 
in PBS at room temperature for 5 minutes and dehydrated in consecutively 70, 85 and 
100% ethanol, for 1 minute each. For hybridization the multitarget UroVysion® probe 
mixture was added and incubated overnight at 73⁰C (denaturation 2 minutes) and 
37⁰C (hybridization 8–16 hours) using the ThermoBrite system. Post-hybridization the 
slides were washed in 0.4 SSC at room temperature for 5 minutes, 0.4 SSC at 73⁰C for 
maximum 2 minutes, and in 2x SSC at room temperature for 1 minute. Nuclei were 
counterstained with DAPI (4’,6-diamidino-2-phenylindole). FISH assays were examined 
using a fluorescence microscope (Leica DM 5000B and Leica DM 5500) with the following 
filters: A4 (DAPI), TX2 (CEP 3, red), L5 (CEP 7, green), SAQ (CEP 17, aqua) and SGO (LSI 
9p21, gold).

Data analysis
Slides were screened for 25 morphologically abnormal cells (large nuclear size, irregular 
nuclear shape, patchy DAPI staining or cell clusters), and considered positive if one of 
the following criteria were met: ≥4 cells have a gain of 2 or more chromosomes (3, 7 or 
17) or ≥12 cells have a loss of both copies of LSI 9p21 [13]. During the course of the trial 
three designated researchers evaluated all slides. The researchers were instructed and 
trained by one of the manufacturer’s cytogenetic consultants.

Statistics
Data were analysed using SPSS Statistics version 23. Descriptive statistics were used for 
patient characteristics. Patient and tumour characteristics of patients with a FISH result 
available at t1 and t2 were compared with the whole cohort with a FISH result available 
at t0, to evaluate whether missing cases at t1 and t2 influenced the results. P-values 
were calculated by using one-sample test proportion. Kaplan-Meier method was used 
to estimate recurrence-free survival and progression-free survival based on positive or 
negative FISH test at the three time points (t0, t1 and t2). The log-rank test was used for 
statistical significance. Hazard Ratios were calculated using Cox proportional regression 
analysis. Sensitivity, specificity, positive predictive value (PPV), negative predictive value 
(NPV) and accuracy of the test at each time point during evaluation were calculated 
using 2x2 tables.

6
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Table 1. Patient characteristics.

N
Patients, n 114
Male, n (%) 88 (77.2)
Female, n (%) 26 (22.8)
Mean age (years), [range] 70.7 [42-94]
Median follow-up (months), [range] 23 [2-32]
History of bladder cancer, n (%) 34 (29.8)
Previous intravesical treatment, n (%) 15 (13.2)

 Mitomycin C 8
 BCG 7

BCG = Bacillus Calmette-Guérin

Table 2. Tumour characteristics.

N
Tumour stage, n (%)

 CIS only 23 (20.2)
 Ta 43 (37.7)
 T1 48 (42.1)

Tumour grade, n (%)
 CIS only 23 (20.2)
 G1 6 (5.3)
 G2 7 (6.1)
 G2 + CIS 4 (3.5)
 G3 57 (50.0)
 G3 + CIS 17 (14.9)

Intermediate-Risk, n (%) 7* (6.2)
High-Risk, n (%) 105* (93.8)
Single tumours, n (%) 42 (36.8)
Multifocal, n (%) 72 (63.2)

CIS = Carcinoma in situ
* 2 patients could not be classified, because information regarding tumour size was missing

Table 3. Recurrence during 24 months follow-up.

CIS only G1 G2 G3 G3 + CIS Total
CIS only 9 0 0 0 0 9
Ta 0 5 5 3 2 15
T1 0 0 1 6 1 8
T2 0 0 0 3 1 4
Total 9 5 6 12 4 36

CIS = Carcinoma in situ
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RESULTS

Patient characteristics and outcomes
In total 147 patients were enrolled during the study period with 114 patients finally 
being eligible for data evaluation. Patient and tumour characteristics are summarised 
in Tables 1 and 2. Sixty-six patients received BCG maintenance (4–25 months). Median 
follow-up for the whole cohort was 23 months (range 2–32). During follow-up 36 patients 
(31.6 %) developed a recurrence (Table 3) at a median time of 6 months (range 3–28). 
Disease progression to muscle invasive bladder cancer occurred in 4 of the 36 patients 
after a median time of 13 months (range 7–23). High-grade tumour recurrence occurred 
in 25 patients (Table 3). During follow-up, one patient developed a ureter tumour and 
15 patients died; 3 patients as a result of metastatic bladder cancer, 6 patients due to 
non-urologic reasons and 6 patients with an unknown cause. Six patients were lost to 
follow-up, with no available data.

FISH results
Patients were considered suitable for analysis if at least two evaluable BWOs were 
available for FISH, with one sample being collected at t0 and a second sample at either t1 
or t2 (Figure 1). Of 58 patients (50.9%) FISH results at all three time points were available, 
and of 56 patients (49.1%) two FISH samples were available (n=48 for t0 and t1, n=8 for t0 
and t2). FISH test was available at t0 in 114 patients and was positive in 48 patients (42.1%). 
At t1 FISH test was available in 106 patients. Thirty-six patients converted from pre-BCG 
positive FISH to post-BCG negative FISH at t1. In total 16 patients (15.1%) had a positive 
FISH result at t1. At first cystoscopic surveillance (t2), 66 FISH results were available, of 
which 18 were positive (27.3%). Of these patients, 10 patients (15.2%) initially had a 
negative pre-BCG FISH result that converted to a positive FISH result at t2.

Survival analysis
Kaplan-Meier curves for recurrence of the whole cohort and for the three time points in 
which FISH was performed are shown in Figure 2. No association between a positive FISH 
result and tumour recurrence was found at t0 (p=0.79) and a non-significant correlation 
was observed at t1 (p=0.29). At t2 a positive FISH test was significantly associated with a 
higher risk of recurrence (p=0.001). Cox regression showed that patients with a positive 
FISH test at t2 had a 4.6 times greater risk of tumour recurrence compared to patients 
with a negative FISH test at 3 months following TURB (95% confidence interval [CI]: 
1.71–11.84). When corrected for an immediate postoperative chemotherapy instillation, 
repeat TURB and number of maintenance BCG instillations a positive FISH test at t2 had 
a 4.0 greater risk (95% CI: 1.45–11.10) of tumour recurrence compared to patients with 
a negative FISH test.

6
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Figure 1. Flow chart showing patient inclusion and exclusion.

Due to the small number of progression events during the study period a separate 
Kaplan-Meier analysis for this outcome was not possible.

Diagnostic test evaluation
Sensitivity of FISH at t0, t1 and t2 was 44, 21 and 59%, and specificity was 59, 88 and 84%, 
respectively. For the three different points in time PPV was 33, 44 and 56% and NPV was 
70, 71 and 85%, respectively. Accuracy of the FISH test at t0, t1 and t2 was 54, 67 and 77%, 
respectively (Table 4).
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Figure 2. Recurrence-free survival curves of t0, t1 and t2, and hazard curve of t2, corrected for 
possible confounding. A) Kaplan-Meier curve of patients with a positive FISH test versus negative 
FISH test pre-BCG (t0). B) Kaplan-Meier curve of patients with a positive FISH test versus negative 
FISH test post-BCG induction at 6 weeks (t1). C) Kaplan-Meier curve of patients with a positive FISH 
test versus negative FISH post-BCG at 3 months (t2). D) Hazard curve of t2, corrected for immediate 
post-operative instillation, repeat TURB and number of BCG maintenance instillations.

6
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Table 4. Evaluation of UroVysion® FISH at different time points. A) FISH evaluation at t0. B) FISH 
evaluation at t1. C) FISH evaluation at t2.

A. T0 – pre-BCG
Recurrence during FU Sens 0.44

FISH yes no Total Spec 0.59
Positive 16 32 48 PPV 0.33
Negative 20 46 66 NPV 0.70
Total 36 78 114 Acc 0.54

B. T1 – post-BCG at 6 weeks
Recurrence during FU Sens 0.21

FISH yes no Total Spec 0.88
Positive 7 9 16 PPV 0.44
Negative 26 64 90 NPV 0.71
Total 33 73 106 Acc 0.67

C. T2 – pre-BCG at 3 months
Recurrence during FU Sens 0.59

FISH yes no Total Spec 0.84
Positive 10 8 18 PPV 0.56
Negative 7 41 48 NPV 0.85
Total 17 49 66 Acc 0.77
FU = Follow-up, Sens = sensitivity, Spec = specificity, PPV = positive predictive value, 
NPV = negative predictive value, Acc = accuracy

DISCUSSION

The results from this study confirm earlier data from smaller or single-centre studies, 
establishing the potential of FISH as part of a predictive diagnostic workup. This study 
demonstrates that the UroVysion® FISH test 3 months following TURB and BCG induction 
can be of value when considering disease management for patients with intermediate- or 
high-risk NMIBC. Patients with a positive FISH test at t2 had a 4.0–4.6 times greater risk to 
develop a recurrence than patients with a negative FISH test. At t2, sensitivity, specificity 
and accuracy of FISH was 59, 84 and 77%, respectively. On the contrary, despite a trend 
at t1, the results of the FISH test at t0 and t1 were not significantly associated with the 
risk for tumour recurrence. Risk assessment for tumour progression using FISH could 
not be determined due to the small number of progression events.

The literature regarding the efficacy of UroVysion® for predicting recurrence risk following 
adjuvant instillations is scarce. Kipp et al. [14] and Whitson et al. [15] published results of 
patients who received bladder instillations using intravesical therapy including BCG, Mitomycin 
C and Thiotepa. Both groups reported that a positive FISH test following intravesical therapy 
was associated with a higher risk of recurrence. Additionally, a positive FISH test prior to 
intravesical treatment was associated with a higher risk of recurrence, and a positive FISH 
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test following intravesical treatment was associated with a higher risk of progression to 
muscle invasive disease [14]. Three other studies focused on risk assessment for tumour 
recurrence using FISH in patients treated with BCG instillations only [16–18]. These groups 
also reported that a positive FISH test following BCG therapy was associated with a higher 
risk of recurrence. Our results at t0 and t1 are in line with results reported by Mengual et al. 
[16] and Savic et al [17]. However, Kamat et al. [18] found a positive association for t0. This 
discordance could be explained by the difference in patient cohorts. In the cohort evaluated 
by Kamat et al. [18], 89% of the patients had a previously treated bladder tumour and 48% 
had CIS as secondary finding, whereas in our cohort this was 30 and 18%, respectively.

Although not significant, the association between a positive FISH test at t1 and the risk of 
recurrence indicates a positive trend. We hypothesize that patients with a false positive 
FISH at t1 did not fully benefit from the BCG induction therapy yet, since BCG-induced 
delayed immune reaction may differ in each patient [19,20].

At first cystoscopic surveillance following TURB, 18 patients had a positive FISH test. 
However, some had a false positive FISH test. A follow-up of two years might be too short 
to detect progression and leads to underestimation of recurrent and progressive disease. 
Conversely, a negative FISH test 3 months following initial TURB does not exclude patients 
to develop a recurrence. In our study seven patients had a false negative FISH test at t2 
(15% of all patients with a negative FISH result at t2) and did develop a recurrence bladder 
tumour during follow-up at a median of 7 months (range 2–24). Of these, two patients 
progressed to muscle invasive disease (Supplemental Table 1). Although UroVysion® is 
designed to detect genetic changes associated with most bladder cancers, some bladder 
tumours have different genetic changes that will not be detected using this test [21–25].

A limitation of this study is the number of BWO samples not available or suitable for 
analysis. This reduces the power of the study. Secondly, the number of patients with 
an available FISH result at t2 is limited. When comparing patients with available FISH 
results at t2 and at t0, patient and tumour characteristics were similar, except for tumour 
focality. This could imply that tumours of patients that had a FISH result available at t2 
were slightly more aggressive (Table 5 and 6). Furthermore, in this study BWOs were 
used for logistic reasons. Though UroVysion® is intended to be performed in voided 
urine samples, it has been demonstrated that the test is valid when performed in BWO 
samples [13]. Also, BWOs were processed over the course of seven years. It cannot be 
ruled out that during this period some samples were improperly handled or stored. 
However, six and a half years after collecting the urine samples, still good fluorescent 
signals were obtained. Lastly, the duration of BCG maintenance therapy is still a subject 
of debate. Patients received a 6-week induction course of BCG and in the majority of 
cases this was followed by BCG maintenance therapy depending on hospital protocol. 
This may have influenced the chance of developing a recurrence [26]. We could not 
assess the effect of the different maintenance protocols.

6
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Based on our results, a positive UroVysion® FISH result alone is not sufficient to decide to 
switch from BCG to radical cystectomy at an early stage (3 months following TURB). There 
is a substantial risk of overtreatment if all patients with a positive FISH test at t2 would 
undergo more aggressive treatment. A positive FISH test following BCG treatment (t2) is, 
however, associated with a higher risk of developing a recurrence. A recent update of the 
guideline of the American Urological Association recommends the use of UroVysion® to 
assess response to intravesical BCG therapy (level of recommendation: expert opinion) 
[2]. We recommend for future clinical trials to incorporate FISH at later time points after 
induction therapy (≥3 months following initial TURB).

Table 5. Patient characteristics (t0, t1, t2).

T0 T1 T2 P (t0 vs. t2)
Patients, n 114 106 66
Male, n (%) 88 (77.2) 81 (76.4) 51 (77.3) 0.548
Female, n (%) 26 (22.8) 25 (23.6) 15 (22.7)
Mean age (years), [range] 70.7 [42–94] 70.5 [42–94] 72.3 [50–94]
Median follow-up (months), [range] 23 [2–32] 24 [2–32] 23 [2–32]
History of bladder cancer, n (%) 34 (29.8) 32 (30.2) 19 (28.8) 0.467
Previous intravesical treatment, n (%) 15 (13.2) 13 (12.3) 10 (15.2)

 Mitomycin C 8 8 5
 BCG 7 5 5

BCG = Bacillus Calmette-Guérin

Table 6. Tumour characteristics (t0, t1, t2).

T0 T1 T2 P (t0 vs t2)
Tumour stage, n (%)

 CIS only 23 (20.2) 21 (19.8) 14 (21.2) 0.467
 Ta 43 (37.7) 39 (36.8) 26 (39.4) 0.434
 T1 48 (42.1) 46 (43.4) 26 (39.4) 0.377

Tumour grade, n (%)
 CIS only 23 (20.2) 21 (19.8) 14 (21.2) 0.467
 G1 6 (5.3) 6 (5.7) 3 (4.5) 0.534
 G2 7 (6.1) 7 (6.6) 3 (4.5) 0.422
 G2 + CIS 4 (3.5) 4 (3.8) 2 (3.0) 0.592
 G3 57 (50.0) 51 (48.1) 34 (51.6) 0.902
 G3 + CIS 17 (14.9) 17 (16.0) 10 (15.2) 0.530

Intermediate-Risk, n (%) 7* (6.2) 7* (6.7) 2** (3.1)
High-Risk, n (%) 105* (93.8) 97* (93.3) 63** (96.9) 0.224
Single tumours, n (%) 42 (36.8) 39 (36.8) 17 (25.8)
Multifocal, n (%) 72 (63.2) 67 (63.2) 49 (74.2) 0.039

CIS = Carcinoma in situ
* 2 patients could not be classified because information regarding tumour size was missing 
** 1 patient could not be classified because information regarding tumour size was missing
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CONCLUSION

This study demonstrates that a positive UroVysion® test at 3 months following TURB 
and induction BCG therapy for intermediate- and high-risk urothelial carcinoma of the 
bladder is associated with a statistical significant higher risk of recurrence. Therefore, 
it can be a useful tool for urologists to assess which patients have a higher risk of 
developing a recurrence.

6
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ABSTRACT

Purpose: The objective of this study was to assess the value of fluorescence in situ 
hybridization (FISH) to predict early recurrence in patients with intermediate-, and high-
risk non-muscle invasive bladder cancer treated with Bacillus Calmette-Guérin (BCG).

Materials and methods: We performed a systematic review was conducted using 
MEDLINE®, Embase® and the Cochrane library. Individual patient data (IPD) from 
prospective observational studies evaluating FISH in patients treated with BCG were 
included. A two-stage IPD meta-analysis was done to assess the value of FISH to predict 
tumour recurrence after BCG induction therapy.

Results: From a total of four studies we obtained IPD on 422 patients, of whom 408 
with a median follow-up of 18.8 months were included in the final analysis. When FISH 
was positive, the hazard ratio (HR) for recurrence was 1.20 (95% CI: 0.81–1.79) pre-BCG 
(t0), 2.23 (95% CI: 1.31–3.62) at 6 weeks at the end of BCG induction (t1), 3.70 (95% CI: 
2.34–5.83) at 3 months after transurethral resection of the bladder tumour (TURB) (t2) 
and 23.44 (95% CI: 5.26–104.49) at 6 months after TURB (t3).

Conclusion: A positive FISH test post-BCG correlated with higher risk of recurrent 
tumour. FISH could aid urologists in risk stratification and counselling patients. Based on 
the HR and the narrowest CI, the preferred timing of FISH is 3 months after transurethral 
resection of the bladder tumour.

BNW_Esmee_na proef.indd   106BNW_Esmee_na proef.indd   106 17-01-21   18:5017-01-21   18:50



107

FISH for predicting recurrence after BCG: IPD meta-analysis

INTRODUCTION

Intravesical Bacillus Calmette-Guérin (BCG) is recommended by international guidelines 
as treatment of intermediate-, and high-risk non-muscle invasive bladder cancer (NMIBC) 
[1–4]. However, recurrence develops in up to 40% of patients despite BCG therapy and 
they are exposed to the risk of progression as well as to therapy local and systemic side 
effects [5–9]. Early identification of recurrence could minimise these risks and other 
treatment options can be considered at an earlier stage.

Currently, follow-up of high-risk tumours is recommended with cystoscopy and 
urinary cytology. Cytology has high sensitivity for Grade 3 (high-grade) tumours, but 
low sensitivity in Grade 1 (low-grade) tumours. However, BCG can hamper cytological 
evaluation and, therefore, it is less reliable after BCG therapy [10,11].

The UroVysion® fluorescence in situ hybridization (FISH) test detects chromosomal 
aberrations, associated with bladder cancer, and is not influenced by the BCG-induced 
inflammatory response [12,13]. In patients who received BCG several small studies have 
described a positive role of FISH to predict recurrence following BCG instillations. To 
obtain more convincing evidence we performed a systematic review and meta-analysis 
of individual patient data (IPD) from available studies assessing the prognostic value of 
FISH after BCG instillations for NMIBC.

MATERIALS AND METHODS

Protocol and registration
We registered this systematic review and IPD meta-analysis in PROSPERO (International 
Prospective Register Of Systematic Reviews) (registration No. CRD42018077631). It is 
reported according to the PRISMA-IPD (Preferred Reporting Items for Systematic Reviews 
and Meta-analysis of Individual Participant Data) statement [14]. In all studies ethical 
approval was documented in the original publications. This study received Institutional 
Review Board approval (IRB No. W17 356).

Eligibility criteria and literature search
All prospective observational studies which evaluated FISH for tumour recurrence in 
patients with NMIBC treated with BCG therapy (induction with or without maintenance) 
were eligible for study inclusion. We performed a systematic literature search without 
restrictions using MEDLINE® via PubMed®, Embase® and the Cochrane library, including 
the CDSR (Cochrane Database of Systematic Reviews) and the CENTRAL (Cochrane 
Central Register of Controlled Trials). The search strategy was done on September 7, 
2017 and updated on September 6, 2018 (Supplemental Table 1). The reference lists of 
the included studies were examined for additional studies.

7

BNW_Esmee_na proef.indd   107BNW_Esmee_na proef.indd   107 17-01-21   18:5017-01-21   18:50



108

Chapter 7

Study selection and risk of bias
Two independent investigators (EIMLL and RWMV) screened all identified titles and 
abstracts. The full text of all candidate studies was retrieved. These studies were 
reviewed (EIMLL, RWMV) and disagreements about study inclusion were resolved by a 
third investigator (TMdR). The risk of bias was assessed according to the QUIPS (Quality 
In Prognosis Studies) tool (EIMLL, RWMV) [15].

Individual patient data collection and data integrity
IPD in all eligible clinical trials were requested for 1) baseline characteristics, including 
patient demographics and clinicopathological characteristics; 2) FISH tests timing and 
results; and 3) the clinical outcome, including time to and histopathology of recurrence. 
Before pooling the data into a single database, we carefully checked the data of all 
included trials. Any discrepancies were discussed and resolved with the authors.

Outcomes and effect measures
The value of FISH at different time points was evaluated to predict tumour recurrence 
in patients treated with BCG. Recurrence was defined as a histologically proven bladder 
tumour. The predictive value for progression to muscle invasive disease (stage ≥T2) was 
a secondary outcome. FISH tests were considered positive according to the definition 
in the individual studies. When assessing FISH tests, some investigators considered 
tetraploid cells to be normal and some considered them to be aberrant. In this study, 
tetraploid cells were considered aberrant cells. If the original study reported a negative 
FISH test despite the presence of tetraploid cells, the FISH test was considered positive 
in the current study when the definition of a positive FISH test was met due to the 
tetraploid cells.

Synthesis methods
IPD at baseline and during follow-up were collected from all participating studies. 
Patients lacking all cystoscopic follow-up data or missing all FISH evaluations were 
considered incomplete and were excluded from the analyses. Patient-, and disease-
specific characteristics were explored across studies using descriptive statistics. Follow-
up was considered time since the initial transurethral resection of the bladder tumour 
(TURB) to the date of histologically proven recurrence or last follow-up.

Fixed-effect two-stage IPD meta-analysis forest plots were calculated. Heterogeneity 
across studies was assessed by the Cochrane Q chi-squared test and Higgins I2. We 
assumed no clinical heterogeneity among studies in population, intervention or outcome. 
Therefore, we performed fixed effect meta-analyses. 
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Figure 1. PRISMA flow diagram of the systematic search conducted on September 6, 2018.
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Table 1. Risk of bias according to the Quality In Prognosis Studies (QUIPS) tool.

Mengual 
et al. [17]

Savic et al. 
[19]

Kamat et 
al. [20]

Liem et 
al. [21]

1. Study participation
1) Adequate participation in the study by eligible
 persons

Yes Partial Yes Partial

2) Description of the source population or 
population of interest

Partial Yes Yes Yes

3) Description of the baseline study sample Yes Yes Yes Yes

4) Adequate description of the sampling frame 
and recruitment

Yes Yes Yes Yes

5) Adequate description of the period and place 
of recruitment

Yes Yes Yes Yes

6) Adequate description of inclusion and 
exclusion criteria

Partial No Yes Yes

The study sample adequately represents the 
population of interest

Low risk of 
bias

Moderate 
risk of bias

Low risk of 
bias

Low risk 
of bias

2. Study attrition
1) Adequate response rate for study 
participants

Yes Unsure Yes Unsure

2) Description of attempts to collect No No No Partial

3) Reasons for loss to follow-up are provided No No No Partial

4) Adequate description of participants lost to 
follow-up

No No No Partial

5) There are no important differences between
 participants who completed the study and 
those who did not

No No No Partial

The study data available adequately represent the 
study

High risk 
of bias

High risk of 
bias

High risk of 
bias

High risk 
of bias

3. Prognostic factor measurement
1) A clear definition or description of the 
prognostic factor is provided

Yes Yes Yes Yes

2) Method of prognostic factor measurement is 
adequately valid and reliable

Yes Yes Yes Yes

3) Continuous variables are reported or 
appropriate or appropriate cut points are used

Yes Yes Yes Yes

4) A clear definition of the outcome is provided Yes Yes Yes Yes

5) Method of outcome measurement used is 
adequately valid and reliable

Yes Yes Yes Yes

6) Appropriate methods of imputation are used 
for missing prognostic factor data

Yes Yes Yes Yes

The prognostic factor is measured in a similar way 
for all participants

Low risk of 
bias

Low risk of 
bias

Low risk of 
bias

Low risk 
of bias
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Table 1. Continued.

Mengual 
et al. [17]

Savic et al. 
[19]

Kamat et 
al. [20]

Liem et 
al. [21]

4. Outcome measurement
1) A clear definition of the outcome is provided Yes Yes Yes Yes

2) Method of outcome measurement used is 
adequately valid and reliable

Yes Yes Yes Yes

3) The method and setting of outcome 
measurement is the same for all study 
participants

Yes Yes Yes Yes

The outcome of interest is measured in a similar 
way for all participants

Low risk of 
bias

Low risk of 
bias

Low risk of 
bias

Low risk 
of bias

5. Study confounding
1) All important confounders are measured No No Partial Yes

2) Clear definitions of the important 
confounders
 measured are provided

No No Partial Yes

3) Measurement of all important confounders is
 adequately valid and reliable

No No Partial Yes

4) The method and setting of confounding 
measurement are the same for all study 
participants

No No Yes Partial

5) Appropriate methods are used if imputation 
is used for missing confounder data

NA NA NA NA

6) Important potential confounders are 
accounted for in the study design

No No Yes No

7) Important potential confounders are 
accounted for in the analysis

No No Partial Yes

Important potential confounding factors are 
appropriately accounted for

High risk 
of bias

High risk of 
bias

Moderate 
risk of bias

Low risk 
of bias

6. Statistical analysis and reporting
1) Sufficient presentation of data to assess the
 adequacy of the analytic strategy

Yes Yes Yes Yes

2) Strategy for model building is appropriate 
and is based on a conceptual framework or 
model

Yes Yes Yes Yes

3) The selected statistical model is adequate for 
the design of the study

Yes Yes Yes Yes

4) There is no selective reporting of results Yes Yes Yes Yes

The statistical analysis is appropriate, and all 
primary outcomes were reported

Low risk of 
bias

Low risk of 
bias

Low risk of 
bias

Low risk 
of bias

NA = Not applicable

7
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The hazard ratios (HR) and 95% confidence intervals (CI) were calculated with Cox regression 
analysis. Positive predictive value (PPV) and negative predictive value (NPV) were calculated 
using 2x2 tables. For time to event outcomes, including time to recurrence and time to 
disease progression, the starting point was the date of the initial TURB. The two time 
to event outcomes were estimated by Kaplan-Meier analysis with recurrence or disease 
progression as the event. Patients who died of another cause prior to recurrence or 
progression were censored. Time to event distributions were compared using the log-rank 
test. For the meta-analysis forest plots and Kaplan-Meier analysis a landmark analysis was 
also performed which excluded patients with recurrence at or before the landmark. The 
different time points when FISH was done were considered the landmarks. Exploratory 
subgroup analyses were based on a-priori defined subgroups. All tests were two-sided with 
p<0.05 considered significant. All analyses were done with Stata/MPTM, version 15.1.

RESULTS

Study selection and individual patient data availability
The systematic search identified 6 eligible studies (Figure 1) [16–21]. For 2 studies, the 
principal investigators no longer had access to IPD [16,18]. IPD were finally available for 
4 cohort studies, resulting in a total of 422 patients [17,19–21].

Risk of bias in studies
In general risk of bias of all 4 studies was comparable, with low risks of bias except for 
study attrition and confounding. Table 1 lists the risk of bias assessment.

Study and patient characteristics
Table 2 summarises the main characteristics of the included studies. A total of 14 patients 
were excluded from all analyses, including 1 missing follow-up data and 13 missing all 
FISH results, resulting in a total of 408 patients included in the final analysis. Table 3 
summarises baseline and tumour characteristics. Median follow-up was 18.8 months 
(interquartile range [IQR] 10.2–28.0 months).

Pooled analyses regarding recurrence
Recurrence developed during follow-up in 141 of the 408 patients (34.6%). Median 
time from initial TURB to recurrence was 9 months (IQR 5–16 months). In 5 patients 
recurrent tumour was reported in the original study, but based only on high-grade 
(Grade 3) cytology. In the current analysis these 5 patients were not scored as having 
a histologically proven tumour recurrence. Two studies considered tetraploid cells as 
normal cells and 2 considered tetraploid cells as aberrant cells. A total of 19 negative 
FISH tests reported in the original studies revealed tetraploid cells. For this analysis the 
tetraploid cells were considered aberrant, and the FISH test was considered positive 
when the definition of a positive FISH test was met (Table 2). Subsequently, 13 of these 
19 FISH tests met the definition of a positive FISH test and were considered positive.
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Table 5. Overview of FISH results and occurred conversions.

Patients Recurrence
No conversion FISH

 All negative
 All positive

127
99

28
57

Conversion FISH negative to FISH positive
 t0 to t1

 t0 to t2

 t1 to t2

 t2 to t3

34
12
9
12
1

19
8
6
5
0

Conversion FISH positive to FISH negative
 t0 to t1

 t0 to t2

 t1 to t2

 t2 to t3

126
58
49
14
5

29
14
14
1
0

Alternating FISH
 Alternating FISH negative to positive to negative

negative | positive  | negative | missing
negative | positive  | negative | negative
missing  | negative | positive  | negative
negative | negative | positive  | negative

 Alternating FISH positive to negative to positive
positive | negative | positive  | missing
positive | negative | positive  | positive
positive | positive  | negative | positive

Alternating FISH positive to negative to positive to negative

22

1
2
1
2

5
3
2
6

8

0
0
0
0

4
1
1
2

FISH = Fluorescence in situ hybridization

FISH results were collected at four time points, including t0: pre-BCG; t1: at the end of 
BCG induction at 6 weeks; t2: at 3 months after initial TURB; t3: at 6 months after initial 
TURB). However, not all studies provided data at each of these time points (Supplemental 
Figure 1). Tables 4 and 5 show FISH results and conversions. Bladder recurrences were 
evaluated by cystoscopy followed by histological confirmation.

Predictive value of FISH for recurrence
The predictive value of FISH was determined at the time points t0, t1, t2 and t3. Landmark 
analyses were performed at t1, t2 and t3.

At t0 FISH results were available for 374 patients. Recurrence developed in 133 patients 
(35.6%), of whom 43 (30.3%) had FISH negative and 90 (38.8%) had FISH positive findings. 
A positive FISH result at t0 was not associated with a higher risk of recurrence (HR 1.20, 
95% CI: 0.81–1.79) (Figure 2A). Fixed-effect meta-analysis showed no heterogeneity 
(I2=28.0%, p=0.244). PPV was 67.7% and NPV was 69.7%.
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Figure 2. Pooled analysis for the predictive value of FISH for recurrence at different time moments. 
A) Fixed-effect meta-analysis for the predictive value of positive FISH pre-BCG (t0). B) Fixed-effect 
meta-analysis, at landmark 6 weeks, for the predictive value of positive FISH at 6 weeks (t1). C) 
Fixed-effect meta-analysis, at landmark three months, for the predictive value of positive FISH 
at 3 months (t2). D) Fixed-effect meta-analysis, at landmark 6 months, for the predictive value of 
positive FISH at 6 months (t3).

7
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Figure 3. Kaplan-Meier curves for recurrence-free survival at different time points. A) Recur-
rence-free survival estimates for positive FISH pre-BCG (t0). B) Recurrence-free survival estimates, 
at landmark 6 weeks, for positive FISH at 6 weeks (t1). C) Recurrence-free survival estimates, at 
landmark 3 months, for positive FISH at 3 months (t2). D) Recurrence-free survival estimates, at 
landmark 6 months, for positive FISH at 6 months (t3).
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Figure 3. Continued.
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A total of 249 FISH evaluations were available at t1. In 84 patients (33.7%) tumour recurred 
during follow-up, which was FISH negative in 44 (26.2%) and FISH positive in 40 patients 
(49.4%). A positive FISH finding at t1 was associated with a higher risk for recurrence (HR 
2.23, 95% CI: 1.37–3.62) (Figure 2B). Meta-analysis revealed moderate heterogeneity 
(I2=51.3%, p=0.152). PPV and NPV were 47.6% and 73.8%, respectively.

At total of 303 FISH evaluations from all studies were available at t2. In 103 patients 
(34.0%) recurrence developed during further follow-up, which was FISH negative in 
35 (18.8%) and FISH positive in 68 (58.1%). A positive FISH result at t2 was associated 
with a higher risk for recurrence (HR 3.70, 95% CI: 2.34–5.83) (Figure 2C). Meta-analysis 
revealed no heterogeneity (I2=0.0%, p=0.676). PPV and NPV were 66.0% and 81.2%, 
respectively.

A total of 71 patients with FISH evaluations t3 were available in one trial and in 19 patients 
(26.8%) recurrence developed during further follow-up, which was FISH negative in 4 
(8.2%) and FISH positive in 15 patients (68.2%). A positive FISH result at t3 was associated 
with a higher risk of recurrence (HR 23.44, 95% CI: 5.26–104.49) (Figure 2D). However, 
this should be interpreted with caution given the wide 95% CI. PPV was 78.9% and NPV 
was 91.8%.

Recurrence-free survival analysis
Figure 3 shows the Kaplan-Meier curves of the different time points. Landmark analyses 
were performed at t1, t2 and t3. The log-rank test did not demonstrate an association 
between a positive pre-BCG FISH test (t0) and tumour recurrence (p=0.160). However, a 
positive FISH test after BCG induction therapy (t1, t2 or t3) was associated with a higher 
risk of tumour recurrence (all p<0.005).

Predictive value of FISH for progression to muscle invasive disease (T ≥2)
Disease progression to muscle-invasive bladder cancer occurred in 17 patients 
(4.2%). Results were available in 374 patients at t0, of whom 15 patients (4.0%) showed 
progression, which was FISH negative in 3 and FISH positive in 12 patients. Supplemental 
figure 2 shows forest plots at different time points. Due to insufficient numbers, no 
reliable conclusions could be drawn from this.

Subgroup analyses
Subgroup analyses were performed at t0 and t2. At these time points FISH tests were 
done in all studies. The predefined subgroups were patient age, gender, recurrent versus 
primary disease, presence of carcinoma in situ (CIS), prior BCG treatment, and BCG 
maintenance therapy versus BCG induction only. Patients with a positive FISH result at 
t0 without CIS were at statistically significant higher risk for recurrence than patients 
with CIS and a positive FISH test (p=0.043, HR 1.32, 95% CI: 0.91–1.91). No significant 
differences were found in the other subgroups at t0 or t2 (Figure 4).
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Figure 4. Subgroup analysis for A) t0 – pre-BCG and B) t2 – 3 months following initial TURB

7
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DISCUSSION

To our knowledge this IPD meta-analysis is the largest study evaluating FISH for 
predicting tumour recurrence. It confirms that patients with a positive FISH test following 
BCG induction therapy are at higher risk for tumour recurrence during follow-up.

The pooled analysis at t2 showed a HR of 3.70, which confirmed the conclusion of all 4 
included studies. Two included studies evaluating the predictive value of FISH at t1, i.e. 
the end of BCG induction therapy, described inconsistent results, possibly due to low 
number of patients [20,21].

In the current pooled analysis, a positive FISH test at 6 weeks was associated with a higher 
risk of recurrence during follow-up (HR 2.23). One included study [20] as well as one 
study for which IPD could not be obtained [16] reported that FISH had predictive value 
for recurrence when performed before BCG therapy began (t0). However, this effect was 
not seen in the pooled analysis. In a recent study Lotan et al. [22] reported similar results 
at t1 and t2, but also a positive association at t0, in contrast to the current pooled analysis. 
The HR of 23.44 at t3 seems high and promising, but the wide 95% CI (5.26–104.49) makes 
this result unreliable. The FISH results to predict progression to muscle invasive disease 
should be interpreted with caution because of the limited number of events.

Subgroup analyses revealed a significant difference in the presence of CIS at t0. In 
patients without CIS, positive FISH findings pre-BCG were associated with a higher risk 
of recurrence. In this patient group positive FISH following TURB might suggest residual 
tumour. However, at t2 this difference was no longer seen. Positive FISH at t2 may be 
related to an insufficient response to BCG.

After BCG induction therapy the overall false positive rate of FISH of 41% seems high 
(Table 4). However, it is possible that the median follow-up of 1.5 years was too short to 
identify all future recurrences. Most recurrences develop within 5 years of initial BCG 
induction therapy, although recurrence after 10 years is not unusual [23,24].

Kamat et al. [25] developed a CyPRIT (Cytokine Panel for Response to Intravesical Therapy) 
nomogram to predict the BCG response based on changes in levels of a combination 
of nine cytokines in urine samples. The FISH test and CyPRIT-nomogram identify a 
new group of patients with molecular or cytokine failure, but without a clinical tumour 
present yet. This may assist in risk stratification. It also introduces the opportunity to 
offer these patients other subsequent treatment strategies at an earlier stage which 
would hopefully result in a better outcome. Treating all patients who have a positive FISH 
test with radical cystectomy may be too rigorous, but discussing clinical trials or changing 
BCG maintenance therapy e.g. to chemohyperthermia, could be a viable option [26,27]. 
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When FISH is performed in patients treated with BCG, we recommend performing FISH 
at 3 months, since this has the highest HR with the narrowest 95% CI.

A limitation of this IPD meta-analysis is that for two studies no IPD could be obtained on 
a total of 79 patients treated with BCG, mitomycin C or thiotepa. Also, the IPD of Lotan 
et al. [22] could not be included in the current study since that report was so recent. 
However, all studies revealed a higher risk of recurrent tumour when FISH was positive 
after BCG induction therapy. Another limitation of this analysis is that there was a slightly 
different definition of a positive FISH test in one study (Table 2). Although it is not likely 
that this would have changed the results of the current analysis, the more compliant FISH 
criteria could have led to overestimating positive FISH tests. There was no uniform BCG 
maintenance protocol across the studies, which could also have influenced the risk of 
recurrence [28]. Furthermore, the impact of concurrent cytology findings could not be 
evaluated since systematic cytology analyses were not available across the four trials. 
Considering the risk of bias across studies and statistical heterogeneity, our results 
should be interpreted with caution.

CONCLUSION

Patients with NMIBC and positive FISH findings after BCG induction are at higher risk for 
tumour recurrence. When FISH is performed 3 months after initial TURB, the predictive 
value of FISH is higher than that of FISH done immediately at the end of the induction 
course. FISH lacks predictive value for predicting recurrence pre-BCG. FISH could assist 
urologists in risk stratification and counselling patients prone to recurrence after BCG 
therapy, preferably within clinical trials.

7
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Supplemental Table 1. Search strategy conducted on September 7, 2017, updated on September 
6, 2018.

MEDLINE (accessed via OVID Medline)
#1 Urinary Bladder Neoplasms/
#2 (Bladder and (neoplas* or cancer or carcin* or tumour* or tumor* or metasta* or malig*)).

ti,ab.
#3 Urinary Bladder/ AND (neoplas* OR cancer OR carcin* OR tumour* OR tumor* OR 

metasta* OR malig*)ti,ab.
#4 1 or 2 or 3
#5 In Situ Hybridization, Fluorescence/
#6 (fluorescence adj1 in adj1 situ adj1 hybridi*).ti,ab.
#7 FISH.ti,ab.
#8 5 or 6 or 7
#9 (bacillus adj1 calmette adj1 (guerin OR gu#rin)).ti,ab.
#10 BCG.ti,ab.
#11 9 or 10
#12 4 AND 8 AND 11
EMBASE (accessed via EMBASE)
#1 ‘bladder tumor’/exp
#2 (Bladder and (neoplas* or cancer or carcin* or tumour* or tumor* or metasta* or 

malig*)):ti,ab
#3 ‘bladder’/exp AND (neoplas* OR cancer OR carcin* OR tumour* OR tumor* OR metasta* 

OR malig*):ti,ab
#4 #1 OR #2 OR #3
#5 ‘fluorescence in situ hybridization’/exp
#6 (fluorescence NEXT/1 in NEXT/1 situ NEXT/1 hybridi*):ti,ab
#7 FISH:ti,ab
#8 #5 OR #6 OR #7
#9 (bacillus NEXT/1 calmette NEXT/1 (guerin OR gu*rin)):ti,ab
#10 BCG:ti,ab
#11 #9 OR #10
#12 #4 AND #8 AND #11
Cochrane library (both CDSR and CENTRAL)
#1 ‘bladder tumor’/exp
#2 (Bladder and (neoplas* or cancer or carcin* or tumour* or tumor* or metasta* or malig*))
#3 MeSH descriptor: [Urinary Bladder] explode all trees
#4 (neoplas* OR cancer OR carcin* OR tumour* OR tumor* OR metasta* OR malig*)
#5 #3 AND #4
#6 #1 OR #2 OR #5
#7 MeSH descriptor: [In Situ Hybridization, Fluorescence] explode all trees
#8 (fluorescence NEXT in NEXT situ NEXT hybridi*)
#9 FISH
#10 #7 OR #8 OR #9
#11 (bacillus NEXT calmette NEXT (guerin OR gu*rin))
#12 BCG
#13 #11 OR #12
#14 #6 AND #10 AND #13
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Supplemental Figure 2. Pooled analysis for the predictive value of FISH for progression at the 
different time points. A) Fixed-effect meta-analysis for the predictive value of positive FISH pre-BCG 
(t0). B) Fixed-effect meta-analysis, at landmark 6 weeks, for the predictive value of positive FISH at 6 
weeks (t1). C) Fixed-effect meta-analysis, at landmark 3 months, for the predictive value of positive 
FISH at 3 months (t2). D) Fixed-effect meta-analysis, at landmark 6 months, for the predictive value 
of positive FISH at 6 months (t3).
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ENGLISH SUMMARY

Chapter 1 sets the background for this thesis by describing the incidence, etiology, 
clinical aspects, diagnostic investigations and therapeutic options of non-muscle invasive 
urothelial carcinoma of the bladder. The general goal of the thesis is to improve bladder 
cancer diagnosis and management using optical imaging techniques, by advancing 
confocal laser endomicroscopy (CLE), a high-resolution imaging technique, for the 
diagnosis and grading of bladder cancer, and using fluorescence in situ hybridization 
(FISH) in patients treated with Bacillus Calmette-Guérin (BCG) to identify patients with 
a higher risk for developing tumour recurrence.

In Chapter 2 the protocol is outlined of the prospective cohort study to describe CLE 
criteria for urothelial carcinoma. In 60 patients with a suspicious lesion in the bladder, 
CLE imaging will be performed, prior to tumour resection. By comparing the CLE images 
with the corresponding histopathology, CLE-features for low-grade urothelial carcinoma, 
high-grade urothelial carcinoma and carcinoma in situ will be identified. The protocol is 
reported together with a research protocol for CLE imaging in the upper urinary tract, 
since the methodology of the protocols are similar.

In Chapter 3 a comprehensive introduction of the principle of CLE imaging is provided, 
and a detailed description of how to perform the imaging procedure. The procedure 
is demonstrated for in vivo CLE imaging in the bladder, as well as in the upper urinary 
tract. For image evaluation examples of normal urothelium, low-grade, and high-grade 
urothelial carcinoma are displayed and their CLE-features described.

Chapter 4 validates earlier proposed CLE-features. Sixty-six lesions were imaged using 
CLE before the tumour was resected en-bloc. All CLE images were reviewed by three 
independent observers, blinded for histopathology, and tumours were classified as low- 
or high-grade urothelial carcinoma, or benign lesions. The following CLE features were 
evaluated: papillary configuration, polarity of cells, organisation of cells, cohesiveness 
of cells, cellular morphology, definition of cell borders, and vasculature. Low-grade 
lesions presented different characteristics of the CLE-features than high-grade lesions. 
Classification of low-grade and high-grade urothelium carcinoma based on CLE-images 
was pretty good (low-grade 76%, high-grade 70%), although this was not the case 
for benign lesions (29%). Validation of CLE-features to diagnose and grade urothelial 
carcinoma is an important step for the advancement of CLE imaging for bladder cancer 
in clinical practice.

In Chapter 5 the CLE-data was analysed using a recurrent neural network, to evaluate 
if computer aided classification of CLE images could improve the diagnostic process. 
Automated image analysis was performed after semi-automated frame selection. The 
accuracy for differentiation between healthy and benign versus malignant urothelium 
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was 79%. The accuracy for differentiation between low-grade and high-grade papillary 
urothelium carcinoma was 82%. Computer aided image analysis is a major advantage, 
since it is less elaborative and time consuming in comparison to subjective image 
analyses, and additionally it is not inter- or intra-observer dependent.

Chapter 6 reports a prospective multicentre study to evaluate the value of FISH for 
predicting tumour recurrence in bladder cancer patients treated with BCG. All 114 
patients received BCG induction therapy following transurethral resection of the bladder 
tumour (TURB). FISH was performed at three different time points during treatment; 
t0 – before BCG induction therapy (week 0), t1 – at the end of BCG induction (6 weeks), 
t2 – at 3 months following initial TURB. Patients with a positive FISH test at t0 or t1 did not 
have a higher risk for developing a tumour recurrence. However, patients with a positive 
FISH test at t2 had a 4.0 – 4.6 times greater risk of developing a recurrence compared to 
patients with a negative FISH test.

In Chapter 7 a systematic review and meta-analysis based on individual patient data 
(IPD) is reported, regarding the use of FISH for predicting tumour recurrence in bladder 
cancer patients treated with BCG. IPD from four studies were obtained. A two-stage 
IPD meta-analysis based on 408 patients was carried out. FISH was evaluated at four 
different time points; t0 – pre-BCG, t1 – at the end of BCG induction at 6 weeks, t2 – at 
3 months following initial TURB, t3 – at 6 months following initial TURB. FISH lacks a 
predictive value for tumour recurrence pre-BCG. Patients with a positive FISH after BCG 
induction therapy have a higher risk for developing tumour recurrence. The predictive 
value of FISH is higher at 3 months following TURB, compared to FISH at 6 weeks. FISH 
could assist urologists in risk stratification and counselling patients who have a higher 
risk for developing a bladder tumour recurrence.

8
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NEDERLANDSE SAMENVATTING

Hoofdstuk 1 schetst de achtergrond van dit proefschrift, en beschrijft de incidentie, 
etiologie, klinische aspecten, diagnostische onderzoeken en behandelopties voor 
het niet-spier invasief urotheel carcinoom van de blaas. Het algemene doel van dit 
proefschrift is het verbeteren van blaaskankerdiagnostiek en behandeling met behulp 
van optische beeldvormingstechnieken. Ten eerste door het gebruik van de confocale 
laser endomicroscopie (CLE), een beeldvormingstechniek met hoge resolutie, te 
evalueren voor het diagnosticeren en graderen van blaaskanker. Ten tweede door de 
toepassing van fluorescentie in situ hybridisatie (FISH) te evalueren bij patiënten die 
behandeld zijn met Bacillus Calmette-Guérin (BCG) voor het identificeren van patiënten 
die een hoog risico hebben op het ontwikkelen van een tumor recidief.

In Hoofdstuk 2 is het protocol beschreven van een prospectieve cohort studie, met 
als doel het beschrijven van CLE criteria voor urotheel carcinoom. In 60 patiënten met 
een verdachte laesie in de blaas wordt CLE beeldvorming verricht, alvorens de tumor 
gereseceerd wordt. Door het vergelijken van CLE beelden met de corresponderende 
histopathologie, kunnen CLE-kenmerken voor laaggradig urotheel carcinoom, hooggradig 
urotheel carcinoom en carcinoma in situ geïdentificeerd worden. Het protocol is 
gezamenlijk beschreven met een onderzoeksprotocol voor CLE beeldvorming van de 
hoge urinewegen, aangezien de methodologie van de protocollen vergelijkbaar zijn.

In Hoofdstuk 3 wordt een korte introductie gegeven over het principe van CLE 
beeldvorming, en een uitgebreide beschrijving over hoe de beeldvorming uitgevoerd 
moet worden. De procedure wordt getoond voor zowel in vivo CLE beeldvorming in de 
blaas, als ook in de hoge urinewegen. Voor evaluatie van de beelden worden voorbeelden 
getoond van normaal urotheel, laaggradig, en hooggradig urotheel carcinoom en hun 
bijbehorende CLE-kenmerken.

Hoofdstuk 4 valideert eerder voorgestelde CLE-kenmerken. Zesenzestig laesies zijn 
afgebeeld middels CLE, alvorens de tumor en-bloc gereseceerd is. Alle CLE beelden zijn 
door drie onafhankelijke beoordelaars, geblindeerd voor histopathologie, geëvalueerd 
en geclassificeerd als laag- of hooggradig urotheel carcinoom, of benigne laesie. De 
volgende CLE-kenmerken werden geëvalueerd: papillaire configuratie, polariteit van 
cellen, organisatie van cellen, cohesie van cellen, cellulaire morfologie, beschrijving van 
celranden, en vascularisatie. Laaggradige afwijkingen toonden andere eigenschappen 
van de CLE-kenmerken in vergelijking tot hooggradige laesies. Classificatie van laaggradig 
en hooggradig urotheel carcinoom op basis van CLE beelden was goed (laaggradig 76%, 
hooggradig 70%), echter dit was niet geval voor benigne laesies (29%). De validatie van 
CLE-kenmerken voor het diagnosticeren en graderen van urotheel carcinoom is een 
belangrijke stap voor het gebruik van CLE beeldvorming voor blaaskanker in de dagelijkse 
klinische praktijk.
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In Hoofdstuk 5 zijn de CLE-gegevens geanalyseerd door een terugkerend neuraal 
netwerk, om te beoordelen of een computergestuurde classificatie van CLE beelden het 
diagnostisch proces kan verbeteren. Een geautomatiseerde beeldanalyse is uitgevoerd 
na semi-automatische beeld selectie. De accuratesse voor het onderscheiden van gezond 
of benigne versus maligne urotheel was 79%. De accuratesse voor het onderscheiden van 
laaggradig en hooggradig papillair urotheel carcinoom was 82%. Computer gestuurde 
beeldanalyse is een groot voordeel, aangezien het minder bewerkelijk en tijdrovend is 
in vergelijking met subjectieve beeldanalyse, en is daarnaast niet inter- of intra-observer 
afhankelijk.

Hoofdstuk 6 beschrijft een prospectieve multicenter studie die de waarde van FISH 
onderzoekt voor het voorspellen van recidief bij blaaskanker patiënten die behandeld 
zijn met BCG. Alle 114 patiënten hebben BCG inductie therapie ondergaan, na 
transurethrale resectie van de blaastumor (TURB). Op drie verschillende tijdsmomenten 
is FISH afgenomen; t0 – vòòr BCG inductie therapie (week 0), t1 – aan het einde van BCG 
inductie (6 weken), t2 – 3 maanden na initiële TURB. Patiënten met een positieve FISH test 
op t0 of t1 hadden geen hoger risico op het ontwikkelen van tumor recidief. Daarentegen 
hadden patiënten met een positieve FISH test op t2 een 4.0–4.6 maal hoger risico op 
het ontwikkelen van een tumor recidief in vergelijking tot patiënten met een negatieve 
FISH test.

In Hoofdstuk 7 is een systematische review en meta-analyse beschreven gebaseerd 
op individuele patiënten data (IPD), met betrekking tot het gebruik van FISH voor 
het voorspellen van tumor recidief in blaaskanker patiënten die behandeld zijn met 
BCG. Een twee-staps IPD meta-analyse is uitgevoerd op basis van 408 patiënten. FISH 
werd geëvalueerd op 4 verschillende tijdspunten; t0 – vòòr BCG, t1 – aan het eind van 
BCG inductie na 6 weken, t2 – 3 maanden na initiële TURB, t3 – 6 maanden na initiële 
TURB. Vòòr BCG ontbreekt de voorspellende waarde van FISH. Patiënten met een 
positieve FISH na BCG inductie therapie hebben een hoger risico op het ontwikkelen 
van een tumor recidief. De voorspellende waarde van FISH is hoger bij 3 maanden, in 
vergelijking tot FISH bij 6 weken. FISH kan de uroloog bijstaan bij risicostratificatie en 
begeleiding van patiënten die een hoger risico hebben op het ontwikkelen van een 
recidief blaastumor.

8
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CONCLUDING REMARKS AND FUTURE PERSPECTIVES

Confocal laser endomicroscopy
The goal of the first part of this thesis was to evaluate the use of confocal laser 
endomicroscopy (CLE) for bladder cancer diagnosis. Direct visualisation of bladder 
mucosa using cystoscopy is the gold standard in bladder cancer diagnosis and follow-
up. Histological staging and grading are important parameters determining prognosis 
and treatment management. Currently however, histologic assessment of bladder tissue 
is not possible during cystoscopy. CLE has the ability to visualize tissue on a microscopic 
level in vivo and could therefore overcome this shortcoming during cystoscopy. The 
results presented in this thesis show promising results for CLE imaging of bladder 
tissue. It is a safe procedure to obtain in vivo imaging of bladder tissue on a cellular 
level, identifying CLE features for urothelial carcinoma. Based on these CLE features 
it is possible to diagnose and grade bladder cancer (Chapter 4). Currently, subjective 
interpretation of CLE images is time consuming. Also, subjective interpretation may not 
always be accurate, and the reproducibility of the subjective interpretation still needs 
to be explored. It would be a great advantage if the number of CLE features necessary 
to interpret CLE images could be reduced to three features as suggested in Chapter 4. A 
nomogram that could guide clinicians in grading bladder lesions based on CLE images 
would make CLE imaging easier to use. The use of CLE will be even more accessible 
for clinicians if subjective interpretation could be bypassed by real time computer-
assisted automated image analysis. In Chapter 5 it is demonstrated that automated 
image analysis is feasible using a neural network. The automated image analyses were 
performed offline following a semi-automated image selection. For this technique to 
be successful in clinical practice, the semi-automated image selection should be fully 
automated, and the image analysis should be run in real-time, simultaneously with 
image acquisition. Additionally, the neural network should be trained based on a large, 
extensive image database for the image analysis to be reliable in clinical practice.

The research presented in this thesis is the beginning for the use of CLE in bladder cancer 
diagnosis, and further clinical applications for the use of CLE in bladder cancer diagnosis 
and management should be explored. For example, the use of CLE in the outpatient 
clinic could differentiate low-grade from high-grade urothelial carcinoma during 
cystoscopy. The ability of CLE to establish tumour grade without the need to collect 
tissue for histopathological assessment would allow treating low-grade tumours in the 
outpatient clinic by e.g. laser vaporisation [1,2]. Also, an ‘active surveillance’ monitoring, 
similar like in low-risk prostate cancer, could be considered for demonstrated low-risk 
urothelial carcinoma [3]. CLE could be used to monitor these tumours to determine 
if they remain low-grade. Another possible clinical application is the use of CLE for 
detecting carcinoma in situ (CIS). Detection of CIS is challenging, and often patients 
undergo random biopsies to detect CIS [4]. If CIS could be better recognised using CLE 
imaging, CLE could assist in patient selection and performing targeted biopsies, reducing 
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the number of unnecessary biopsies. CLE could potentially be performed in combination 
with other forms of enhanced imaging modalities e.g. photodynamic diagnosis (PDD). 
In general, PDD is performed with intravesical administered 5-ALA or HAL. Fortunately, 
PDD with oral administered 5-ALA has been demonstrated to be safe and effective [5], 
which would allow combining CLE with PDD. Using PDD, suspicious areas for urothelial 
carcinoma will be visualised, which could subsequently be imaged in detail on a cellular 
level using CLE. CLE could also have an added value during transurethral resection of 
the bladder tumour (TURB) to verify if the resection bed and margins are free of tumour. 
This application is currently evaluated in an ongoing study. CLE imaging, therefor, has 
the potential to provide histologic information in certain situations.

Fluorescence in situ hybridisation for predicting recurrence after BCG therapy
The goal of the second part of this thesis was to improve bladder cancer management 
for patients treated with Bacillus Calmette-Guérin (BCG). Therefore, we evaluated the 
use of fluorescence in situ hybridisation (FISH) to identify patients prone for tumour 
recurrence following adjuvant BCG therapy. The results reported in this thesis suggest 
that patients who have a positive FISH test 3 months following initial TURB and induction 
BCG therapy have a higher risk for developing tumour recurrence. By using FISH, it is 
possible to identify patients that are more likely to develop a recurrence in time at 
an earlier stage and before clinical signs are present. However, the high false-positive 
rate should be taken into account when FISH is used to change treatment strategy. 
Clinicians may discuss with their patients that have a higher risk for recurrence and/
or progression whether they want to continue the planned BCG maintenance therapy 
or opt for a different treatment strategy such as for example radical cystectomy or 
chemohyperthermia. Radical cystectomy is an oncologically effective treatment, but is 
very invasive with substantial comorbidity and high impact on quality of life. Recently, 
chemohyperthermia with mitomycin C is also considered as a possible treatment when 
BCG therapy fails [6]. FISH could assist urologists in risk stratification and counselling 
patients that have a higher risk for developing tumour recurrence after BCG therapy.

Tailoring treatment management
In the past decades, clinical guidelines have been increasingly incorporated in clinical 
practice. These guidelines have led to unification of bladder cancer treatment and 
recommendation of treatments specific to tumour stage and grade (individualised 
treatment). An advantage is that these guidelines are often based on extensive scientific 
research, but the downside is that it generally takes time before new insights or scientific 
results are incorporated. Guidelines therefore lag behind the latest scientific results. 
The new insights presented in this thesis may be used as an extension in bladder cancer 
management and surveillance, besides traditional approaches. When CLE image analysis 
could be performed in real-time and is fully automated to reliably stage bladder tumours, 
CLE could potentially lead to better resection of non-muscle invasive tumours and 
speed up the diagnostic process. As mentioned before, several different applications 

9
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are conceivable to further personalise treatment, although these still remain to be 
explored and demonstrated in larger patient cohorts. In the case of high-risk bladder 
cancer patients treated with BCG, FISH could identify patients who have a higher risk for 
developing a recurrence. These patients may diverge from standard treatment and opt 
for a different treatment strategy at an earlier stage with hopefully a better outcome. 
FISH could be combined with current nomograms and other risk predictors such as 
the CyPRIT nomogram, to create a more precise prediction model [7]. Both CLE and 
FISH may contribute to tailor bladder cancer management. By enabling earlier diagnosis 
and improved risk assessment, treatment and management of bladder cancer can be 
individually tailored to optimise the best response and least burden for patients.
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