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Summary

The incidence, etiology, clinical aspects and therapeutic options of urothelial carcinoma (UC) 
of the upper urinary tract (UUT) and non-muscle invasive UC of the bladder are discussed in 
Chapter 1. The incidence of UC of the UUT is quite low, although some studies suggested that 
the incidence has increased over the last decades. UC of the bladder is diagnosed frequently, 
making it the fourth most common cancer in men and twelfth most common cancer in women 
worldwide. It is one of the most expensive cancers in terms of lifetime costs per patient, 
mainly due to the life long need for follow-up and high recurrence rates in non-muscle invasive 
disease requiring multiple treatments. Many risk factors for the development of UC have been 
described: cigarette smoking, occupational exposure to aromatic amines or polycyclic aromatic 
hydrocarbons, antecedent pelvic radiotherapy or cyclophosphamide treatment, and Balkan 
endemic nephropathy and phenacitin abuse as factors specific for the UUT. 
The most common presenting symptom of UC is haematuria. Therefore, a thorough examination 
of all patients presenting with haematuria (either macroscopic or microscopic) is warranted 
with a focus on both the UUT and the bladder. It is yet unclear which of the various imaging 
modalities to study the UUT (CT- or MR-urography, IVU, ultrasound) should be used in the 
evaluation of haematuria patients. Although recent publications demonstrated that CT-
urography outperforms IVU in terms of diagnostic accuracy for detection of UUT tumours, the 
drawbacks of this modality are increased radiation dose and costs. Ultrasound does not have 
these limitations and is widely available but at the price of a lower diagnostic accuracy. 
For treatment of UUT-UC, nephroureterectomy has always been the standard, but the last 
decades conservative surgical treatment is also accepted more and more, albeit only in selected 
cases such as small, low-grade, low-stage tumours. However, clear data on these shifts in 
treatment is lacking.
To establish the diagnosis of bladder cancer, cystoscopy in combination with cytology plays a 
key role. The direct visualization of the bladder mucosa enables detection of bladder tumours 
and assessment of their size, location, aspect and number. However, the major limitation of 
cystoscopy is the fact that some tumours (especially CIS) may be overlooked and that there 
is a lack of real-time information on pathologic diagnosis. Cytology can provide additional 
information on possible malignant urothelial cells. For high grade cancers cytology is very 
sensitive, but for low grade (grade 1 and 2) tumours, sensitivity is limited. Another problem 
encountered with cytology is the high intra- and interobserver variability. 
Of all bladder cancer patients, 70-80% present with a non-muscle invasive tumour. For those 
patients transurethral resection is the treatment of choice. TUR serves two goals: to obtain 
tissue for histopathological diagnosis and to completely remove all visible tumours. The 
suboptimal visualization encountered in diagnostic cystoscopy also creates a problem during 
TUR: tumours sometimes are overlooked or not completely resected. This explains, at least 
partly, the high early recurrence rates that are encountered after TUR. To decrease the risk of 
tumour recurrence an immediate single intravesical instillation of chemotherapy after TUR can 
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be administered. Depending on the risk group as defined by the EORTC risk tables for recurrence 
and progression, further adjuvant treatment with intravesical chemotherapy or immunotherapy 
can be recommended. Nevertheless, despite modernization of the equipment for TUR and 
intravesical treatments, the high recurrence rates of NMIBC remain a challenge for the urologist. 

The first part of this thesis focuses on detection and trends in incidence and treatment of UUT-
UC. In Chapter 3 we defined in which patients presenting with microscopic or macroscopic 
haematuria CT-urography (CTU) is indicated as imaging mode for the upper urinary tract 
(UUT). Therefore, we evaluated all consecutive patients attending a modern protocol-driven 
haematuria clinic for the first time between Jan 2006 and Feb 2010. The clinic was designed 
according to a specific testing algorithm with standard tests directed to all patients (history 
taking, physical examination, urinalysis via dipstick method, ultrasound of kidneys and bladder 
performed by urology, cystoscopy and cytology) and with the mode of additional UUT imaging 
(ultrasound by radiologist or 4-phase CTU) selected based on a risk factor based management 
algorithm. In total 841 patients were included. Lesions that could account for the haematuria 
could not be identified in 462 (54.9%) patients, whereas in 250 (29.7%) and 124 (14.7%) patients 
haematuria was due to benign and malignant disease, respectively. CTU and MR-urography 
were performed as additional imaging mode of the UUT in 515 and 10 patients, respectively. 
In multivariate analysis only result of ultrasound and type of haematuria were significant 
predictors for relevant UT findings on cross-sectional urography. In 44 out of 456 (9.6%) patients 
with no abnormalities on ultrasound CTU/MRU revealed that these were false negatives, with 
the majority of lesions missed being stones. In 253 of 309 (81.9%) patients with macroscopic 
haematuria no lesions were detected in the UT on CTU/MRU, in contrast to 199 of 216 patients 
(92.1%) with microscopic haematuria. Based on these results, we suggested that for patients 
presenting with microscopic haematuria ultrasound may be sufficient to exclude significant 
UUT disease. For patients presenting with macroscopic haematuria the likelihood of finding 
significant UUT disease is higher and a CTU as a first-line test seems justified. The question 
that remains is what CTU protocol should be used for the haematuria population. In our study 
we employed a 4-phase protocol, but fewer series might be sufficient while radiation dose is 
diminished. Unfortunately to date, comparative studies addressing this question are lacking. 

To evaluate changes in incidence, distribution of stage and grade as well as surgical treatment 
of UUT tumours in the Netherlands we analysed data from the PALGA-registry, a nationwide 
network and registry of pathology encompassing all hospitals in the Netherlands (Chapter 
4). The number of surgically treated UUT tumours per year, type of treatment and tumour 
characteristics were recorded from the period 1995-2005. Within the total population of 3466 
patients, distribution according to side was approximately equal, bilateral tumours were rare 
(0.6%) and most tumours were in the renal pelvis (51.3%), comparable to the literature. We 
found that both the incidence and the incidence rate per 100.000 person-years of surgically 
treated UUT tumours increased significantly during the study period. Most UCs were grade 2 
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or 3 and stage Ta, T1 or T3. There was a statistically significant increase in grade 3 and muscle 
invasive tumours in men only. Nephroureterectomy was performed in 41.3% of the cases and 
there was a significant rising trend towards endoscopic surgery, although the absolute number 
was low. 

In the second part of this manuscript we focused on UC of the bladder, in particular on new 
optical diagnostics. In Chapter 5 we reviewed the literature on 4 optical techniques: Raman 
Spectroscopy (RS), Optical Coherence Tomography (OCT), Photodynamic diagnosis (PDD) and 
Narrow Band Imaging (NBI). The first two techniques aim to provide a real-time objective 
prediction on pathological diagnosis, whereas the latter two strive to improve visualization of 
bladder tumours. RS enables analysis of the Raman spectrum, which is a function of the molecular 
composition of the tissue investigated. Molecular components of tissue can be measured 
objectively both in a qualitative and quantitative way. Several ex vivo studies have shown good 
diagnostic accuracy for classification between malignant and normal tissue and inflammation. 
However, the first studies demonstrating human in vivo applicability are still awaited. OCT is a 
non-invasive optical technique that can provide cross-sectional images containing subsurface 
tissue information. It is the optical equivalent of B-mode ultrasound imaging, except that it is 
based on depth-resolved detection of backscattered light instead of reflected sound waves. This 
results in images with a high resolution of up to 2 µm (approaching the resolution of microscopy) 
and a maximum imaging depth of 2-3 mm. Because OCT does not require a medium or direct 
contact with the tissue under investigation, it is well suitable for endoscopic application by 
inserting a flexible OCT probe through the working channel of a cystoscope. The first in vivo 
studies demonstrated a promising diagnostic accuracy. Based on the limited field of view of 
both RS and OCT, these techniques are not suitable for scanning the entire bladder. PDD or 
fluorescence cystoscopy is a technique based on cystoscopic detection of fluorescent signals 
from neoplastic tissue. This fluorescence is accomplished by the intravesical administration 
of photosensitizing agents (5-aminolevulinic acid (5-ALA) or its derivative hexaminolevulinate 
(HAL)) that cause selective accumulation of photoactive porphyrins in rapidly proliferating cells 
(e.g. tumour cells). The solution containing the photosensitizing agents is instilled in the bladder 
via a transurethral catheter prior to surgery. By illuminating the mucosa with blue-violet light, 
the neoplastic cells appear red or pink against a blue background. Several studies have shown 
that PDD increases the detection rate of bladder tumours and improves resection resulting in 
fewer early recurrences. The relatively low specificity of PDD remains a problem. False-positive 
fluorescence can be induced by inflammation, recent TUR or intravesical therapy or tangential 
illumination of the bladder mucosa. More multi-institutional studies are needed to confirm the 
additive value of photodynamic diagnosis on the long-term and to further evaluate its cost-
effectiveness. NBI is a straightforward optical technique designed for endoscopy to enhance 
the contrast of mucosal surface and microvascular structures. The working mechanism is based 
on the filtering of white light into two narrow bandwidths of light that are centered around 
415nm (blue light) and 540nm (green light), which penetrate tissue only superficially and are 
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specifically absorbed by haemoglobin. Because bladder tumours tend to be well vascularised, 
NBI will increase the contrast between these lesions and normal bladder mucosa. The technique 
has clear advantages over PDD (no intravesical agent is needed before application and can be 
used with both flexible and rigid cystoscopes). The studies published to date, showed promising 
preliminary results. PDD and NBI do not provide information on histopathological diagnosis.
Because most research on OCT as a diagnostic tool for bladder cancer has focussed on qualitative 
image analysis, which remains subjective, we examined the value of qualitative OCT analysis 
(Chapter 6). Human bladder tissue specimens (TUR chips or biopsies) obtained at TUR were 
examined ex vivo by 850 nm OCT. At a later stage, three observers independently determined the 
attenuation coefficient (µt), which is a function of light attenuation versus depth, from the OCT-
images. Likewise, 3 pathologists independently reviewed the corresponding histology slides. 
For both methods a consensus diagnosis was made. We included 76 OCT scans from 54 bladder 
samples obtained in 20 procedures on 18 patients. The median (interquartile range) µt of benign 
tissue was 5.75 mm-1 (4.77-6.14) versus 5.52 mm-1 (3.47-5.90), 4.85 mm-1 (4.25-6.50) and 5.62 
mm-1 (5.01-6.29) for grade 1, 2 and 3 UC, respectively (p=0.732). Interobserver agreement of 
histopathology was “substantial” (Kappa 0.62, 95%CI 0.54-0.70) compared to “almost perfect” 
(ICC 0.87, 95%CI 0.80-0.92) for OCT. So we could not find a difference in attenuation coefficient 
between normal urothelial tissue and UC, let alone between the different grades of UC. Even 
though our hypothesis could not be confirmed, this study revealed a number of points that 
are worth stressing. Most importantly, it showed that the correlation of ex vivo measured µt 
in suspicious lesions with histopathology may be challenging because of the heterogeneity of 
bladder cancer and the (only) “substantial” agreement of the gold standard. In addition, future 
in vivo research may clarify whether the absence of correlation was due to factors typical for an 
ex vivo experimental setting. 
The value of NBI cystoscopy to detect bladder tumours was assessed in Chapter 7. In this study we 
compared the detection rate of standard white light cystoscopy with NBI cystoscopy. Therefore, 
we conducted a prospective, within-patient comparison on 103 consecutive procedures on 95 
patients scheduled for (re-)transurethral resection of a bladder tumour or bladder biopsies in the 
Academic Medical Center, Amsterdam and in the General Faculty Hospital, Prague. White light 
and NBI cystoscopy were subsequently performed by different surgeons who independently 
indicated all tumours and suspect areas on a bladder diagram. The lesions identified were 
resected/biopsied and sent for histopathological examination. In almost 36% of patients with 
a confirmed UC, NBI cystoscopy detected additional tumours (17.3% of the total number of 
tumours overall detected). NBI outperformed white light cystoscopy significantly with a 
detection rate of 94.7% versus 79.2%, respectively. However, the false-positive rate of NBI was 
also significantly higher than of WLI (31.6% versus 24.5%, respectively). No clear conclusions 
could be drawn on the value of NBI for detection of CIS, due to low numbers of CIS lesions in the 
study population.
This study thus confirmed the promising results from few prior published series on this 
technique. The main difference between the current study and these series is mainly reflected 
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in its methodology: because standard cystoscopy and NBI cystoscopy were performed by 2 
independent surgeons, the results of this study reflect purely the effect of the technique. In 
the other studies NBI was performed directly after standard cystoscopy by the same surgeon, 
thus introducing observer bias: lesions detected on standard cystoscopy were automatically 
detected with NBI.
Ideally, the improved detection of bladder tumours with NBI should also lead to a reduction in 
early recurrences (or residual tumour) encountered after TUR if TUR is performed under NBI 
assistance. We assessed this in a comparative trial (Chapter 8) on patients with NMIBC treated 
with NBI- versus standard white light-TUR. During NBI-TUR, all suspicious lesions identified by 
either white light or NBI were resected. The 40 NBI-TUR patients were prospectively recruited 
and the 120 control patients were retrospectively collected, while being blinded for their first 
follow-up status. Non-radical TUR cases, patients without evidence of urothelial carcinoma in 
the pathology specimen and those with isolated carcinoma in situ or muscle invasive disease 
were excluded. Matching was based on the 2 most important risk factors for tumour recurrence 
defined by a) the European Organization for Research and Treatment of Cancer risk score 
for recurrence and b) the administration or not of one single chemotherapeutic intravesical 
instillation immediately after TUR. All patients underwent routine follow-up with standard 
white light cystoscopy supplemented with cytology at three months or re-TUR in selected cases. 
The residual tumour rates at first follow-up of patients with NMIBC submitted to either NBI- 
or standard white light-TUR were compared. Baseline patient and tumour characteristics were 
comparable between groups. The residual tumour rate at first follow-up differed statistically 
significantly: 30.5% for white light TUR and 15.0% for NBI-TUR. Thus in this study, NBI-TUR 
decreased residual tumour rate by half when compared to a matched cohort of WL-TUR. 




