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Urothelial carcinoma (UC) originates from the epithelial lining of the urinary tract, called 
urothelium. UC can occur at any site of the urinary tract: in both the upper urinary tract (UUT) 
which encompasses the renal calyces, pelvis and ureter as well as the lower urinary tract (bladder 
and proximal urethra in females or prostatic urethra in males) (Figure 1). 

Figure 1. Anatomy of the urinary tract system

Approximately 95% of UCs occur in the bladder opposed to only 5% in the UUT [1]. From all UCs 
in the UUT, renal pelvic tumours are 3 to 4 times more common than ureteral tumours [1].

Epidemiology and etiology of urothelial carcinoma
In Europe, 110,500 cases of bladder cancer were diagnosed in 2008 [2] and an estimated 70,530 
will be diagnosed in the USA in 2010 [3], making it the fourth most common cancer in men and 
twelfth most common cancer in women. The incidence is around 3 to 4 times higher among 
men than women and 2 times higher among white than black populations [4]. It has been 
demonstrated that bladder cancer 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 [5]. 
UUT-UC is far less common, with an incidence of 2.06 cases per 100,000 person-years in the USA 
in 2008 [6]. This may be explained by the shorter exposure time to urinary carcinogens in the 
UUT compared to the bladder, because the UUT serves as a conduit for the urine whereas the 
bladder serves as a reservoir. Bilateral UUT disease (synchronous or subsequent) occurs only in 
2-5% of cases [1,7]. In patients with bladder cancer, synchronous and subsequent UUT-UC is also 
only seen in 2% [8] and 0.8% [9] of cases, respectively. However, in 30-75% of patients primary 
diagnosed with UUT-UC a bladder tumour may develop subsequently [1]. 
Several risk factors contributing to the development of UC have been identified. Cigarette 
smoking is the most important risk factor for developing UC, both of the bladder and UUT. 
Cigarette smoking results in a 2 to 4-fold increased risk. Although cessation of smoking reduces 
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the risk, the risk level will always remain higher compared to non-smokers [1,10]. Occupational 
exposure to urothelial carcinogens is another important risk factor. Workers in the chemical, dye 
and rubber industries (aromatic amines) or aluminum, coal and roofing industries (polycyclic 
aromatic hydrocarbons) have an increased risk of developing UC, as well as painters and 
hairdressers [1,10]. Furthermore, exposure to pelvic radiotherapy or antecedent treatment with 
cyclophosphamide, a drug used in the management of lymphoproliferative and myeloproliferative 
diseases, increase the risk for UC [1,10]. This risk is proportional to the duration of exposure or 
received dose. Consumption of coffee or artificial sweeteners have been suggested as risk factor; 
however, this has never been confirmed in large series [10]. A specific risk factor for developing 
UUT-UC is Balkan endemic nephropathy, which is a degenerative interstitial nephropathy. This 
disease is endemic in rural areas of Balkan countries and leads to a even 100 fold increase in 
incidence of UUT tumours [11]. The exact etiology of Balkan endemic nephropathy is not yet 
fully understood, but dietary exposure to aristolochic acid (which is present in a plant growing 
in the wheat fields of the Balkans) has been proposed as an important factor. Likewise, the 
carcinogenic effect of Balkan nephropathy is also thought to be caused by aristolochic acid, 
because it induces a mutation of the p53 gene [12]. Another specific risk factor for UUT-UC 
is long term exposure to phenacetin-based analgesics. It is believed that phenacetin induces 
papillary necrosis which could promote carcinogenesis [12]. 
While the aforementioned risk factors may lead to the development of UC, chronic urinary 
tract infection (e.g. due to indwelling bladder catheter) and Schistosomiasis infection are both 
associated with an increased risk of developing squamous cell carcinoma of the urinary tract 
[13]. Schistosomiasis (also known as bilharziasis) is a parasitic disease which is highly endemic 
in Egypt, but also to a lesser degree in other parts of Africa, in the Middle East, the Carribean, 
South America and East Asia. The eggs of S. haematobium cause a chronic inflammatory 
response, resulting in changes in the urothelium that ultimately may lead to a squamous cell 
carcinoma. The time between onset of schistosomiasis infection and subsequent development 
of squamous cell carcinoma is around 30 years [14]. Chronic inflammation and irritation also are 
important risk factors for the development of adenocarcinoma, which may occur in the bladder, 
urachus and intestinal urinary conduits, augmentations or pouches [1].

Pathology
Of all urinary tract cancers, UC is the most common subtype (>90%). Squamous cell carcinoma 
and adenocarcinoma account for 5% and 1% of urinary tract cancers, respectively. Very rare 
subtypes are small cell carcinoma, sarcoma and metastases [1,10]. 
Pathologic stage is one of the most important prognostic factors for both bladder and UUT 
cancer. Accurate staging is therefore essential, since this highly influences patient management. 
The 2002 TNM classification proposed by the Union International Contre le Cancer (UICC) is 
the most frequently used system for staging of bladder cancer (Table 1) [15]. Stage Ta, T1 and 
Tis (CIS) are grouped as non-muscle invasive bladder cancer (NMIBC) whereas stages T2, T3 
and T4 are grouped as muscle invasive bladder cancer. Of all primary UC’s approximately 70-
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80% presents as NMIBC and the remainder as muscle invasive disease. Among the NMIBC, 
70% present as Ta lesions, 20% as T1 and 10% as CIS. While Ta tumours frequently recur but 
rarely evolve into a fatal cancer, T1 tumours have a high potential to recur but also to progress 
into muscle invasive disease or metastases. This is because they can invade the lymphatic and 
vascular channels within the lamina propria. CIS is a flat, high grade non-invasive UC and is a 
highly malignant entity with potential to become invasive disease. For UUT-UC the TNM system 
is comparable, though some differences exist based on the different anatomical situation (Table 
2) [15]. In contrast to bladder cancer, 60% of UUT tumours are already invasive at diagnosis.

Table 1. 2002 TNM classification of urothelial carcinoma of the bladder 

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    

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

N:  Lymph nodes

Nx Regional lymph nodes cannot be assessed
N0 No evidence of regional lymph node metastasis
N1 Metastasis in a single lymph node ≤2cm
N2 Metastasis in a single lymph node >2cm but not >5cm, or multiple lymph nodes, non >5cm
N3 Metastasis in a lymph node >5cm

M: Metastasis

Mx Distant metastasis cannot be assessed
M0 No evidence of distant metastasis
M1 Distant metastasis
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Table 2. 2002 TNM classification of urothelial carcinoma of the upper urinary tract

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
T3 Tumour invades peripelvic tissue or renal parenchyma (pelvic tumours) or periureteric fat (ure-

teral tumours)
T4 Tumour invades surrounding organs or into the perinephric fat   

N:  Lymph nodes

Nx Regional lymph nodes cannot be assessed
N0 No evidence of regional lymph node metastasis
N1 Metastasis in a single lymph node ≤2cm
N2 Metastasis in a single lymph node >2cm but not >5cm, or multiple lymph nodes, non >5cm
N3 Metastasis in a lymph node >5cm

M: Metastasis

Mx Distant metastasis cannot be assessed
M0 No evidence of distant metastasis
M1 Distant metastasis

Another important prognostic factor, besides stage, is grade. The 1973 World Health Organisation 
(WHO) grading system is most commonly used for this [16]. This system discriminates well 
differentiated (G1), moderately differentiated (G2) and poorly differentiated (G3) UC. In 2004, 
the WHO and International Society of Urological Pathology (ISUP) published a new grading 
system in an attempt to reduce the inter-observer variability, frequently encountered in the 
1973 system [17]. This system differentiates between papillary urothelial neoplasms of low 
malignant potential (PUNLMP) and low-grade or high-grade UC. The PUNLMP lesions lack the 
cytological features of malignancy, but the cells do show a papillary configuration. Until the 
system is validated by more clinical trials, it is recommended to use it together with the 1973 
system. The two systems are compared in Figure 2.
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Nowadays, IVU has been replaced by CT-urography in many centers. CT-urography does not 
require bowel preparation, has a high diagnostic accuracy and also provides information on 
possible invasive growth of the bladder or UUT tumour and lymph nodes or metastatic deposits. 
Disadvantages of CT-urography are its high radiation dose and relatively high costs [18]. Another, 
however invasive, technique for evaluation of the upper urinary tract is retrograde uretero-
pyelography, a combination of cystoscopic administration of a contrast agent via the ureteral 
orifices and abdominal X-ray. At the moment it is questioned whether imaging of the upper 
urinary tract should be performed in all cases of bladder cancer and if so, which modality should 
be used. The European Association of Urology (EAU) guideline recommends IVU or CT-urography 
in selected cases such as tumours located in the trigone and in case of a muscle invasive bladder 
cancer [19].

Endoscopy
Endoscopy enables direct visualisation of the urothelium. White light cystoscopy is the gold 
standard for detection of bladder tumour(s) in combination with urinary cytology. Cystoscopy 
may also be valuable in diagnosis of UUT tumours: it will help in localising the side of the tumour 
in case bloody efflux is seen from one of the orifices. Also, it can rule out synchronous bladder 
tumours. However, for detection of UUT tumours ureterorenoscopy (URS) is essential to ensure 
accurate diagnosis. Most UC’s present as papillary lesions, but solid lesions or a mixed type can 
also be seen. CIS is often not visible macroscopically, but it can present as mucosal velvety red 
spots, although these could be confused with sequelae of urinary tract infections or intravesical 
instillations. In case a tumour is seen in the UUT, a biopsy can be taken to obtain pathological 
diagnosis [20]. Although staging on these small samples often is impossible, grading usually 
can be performed. Since grade and stage are closely related, a biopsy may thus provide useful 
information [21]. 

Cytology
Urinary cytology is based on a pathologists’ interpretation of morphological changes 
of urothelial cells. It can be performed on freshly voided urine, on a bladder barbotage specimen 
or on selective urine from the upper tract sampled via ureteral catherisation. Voided urine can 
contain malignant cells from the complete urinary tract, while a bladder barbotage only contains 
cells from the bladder mucosa. In the diagnosis of UUT tumours, voided cytology plays a minor 
role due to its limited sensitivity, especially in low grade cancers [1,20]. The diagnostic accuracy 
of selectively sampled urine from the upper tract is somewhat higher, but is still associated with 
a high number of false-positives and – negatives [1]. However, for detection and follow-up of 
bladder cancer cytology is an important tool. Specificity of urine cytology is very high and for 
high grade tumours, sensitivity is also high (>90%). For low grade tumours, sensitivity is limited 
to 30-65%. Thus a negative result can not exclude the presence of a low-grade cancer. Another 
limitation of cytology is its high inter- and intraobserver variability [22]. Cytological evaluation can 
be hampered if the number of cells present in the specimen is low, which is more likely to occur 



8 | Chapter 1

on voided urine specimen compared to a barbotage specimen [23]. Furthermore, interpretation 
can be difficult in case of concomitant urinary tract stones, infection or intravesical therapy.

Treatment of UC of the upper urinary tract
Nephroureterectomy with excision of the ureteral orifice and bladder cuff still is the standard 
treatment option for UC of the UUT. This can be performed either in an open fashion or 
laparoscopically in combination with endoscopic resection of the ureteral orifice [24,25]. 
Historically, conservative surgical techniques were reserved for patients with a functional 
or anatomical solitary kidney or in those not fit for radical surgery. Nowadays, conservative 
surgical treatment is also accepted in selected cases. The major advantage of this treatment is 
of course the preservation of renal function. For distal ureteral tumours, distal ureterectomy 
(distal ureter resection with bladder cuff followed by ureteral reimplantation) can be 
performed without compromising oncologic outcome [1,24]. Endoscopic treatment (either 
ureteroscopic or percutaneous) is an option for low-grade, low-stage tumours [1,21,24]. A 
retrograde ureteroscopic approach has the advantage of maintaining a closed urinary system, 
i.e. the urothelial barrier is not breached hence reducing the risk of tumour seeding. However, 
for relatively larger tumours located in the renal pelvis antegrade percutaneous approach is 
advocated. Tumours can be mechanically removed via biopsy forceps, stone basket (with care) or 
resection with a ureteroscopic resectoscope, or fulgurated by use of electrocautery or vaporised 
by laser energy [26]. In addition to endoscopic treatment of these tumours, a local chemo- or 
immunotherapeutic agent can be administered to the UUT in an attempt to reduce tumour 
recurrence by eradicating microscopic tumour left behind. These agents (mainly Mitomycin C or 
bacille Calmette-Guérin) can be administered retrograde via a ureteric catheter or antegrade via 
a percutaneous nephrostomy tube. The true benefit of topical therapy for the UUT is difficult to 
assess because large prospective or randomised studies are lacking and most reports are case 
series on heterogeneous groups of patients [27]. 

Initial treatment of non-muscle invasive UC of the bladder 
Transurethral resection (TUR) is the primary treatment for bladder tumours and has both a 
diagnostic and therapeutic objective: to obtain tissue for histopathological diagnosis and 
to completely remove all visible tumours. TUR starts with a thorough cystoscopy in order to 
identify all lesions to be resected. Subsequently, all visible tumours are resected and/or areas 
suspect for CIS are biopsied. In case of positive urine cytology and negative cystoscopy, random 
bladder biopsies including biopsies of the prostatic urethra in the male should be taken in order 
to exclude CIS. 
Administration of a single intravesical instillation of chemotherapy after TUR decreases the 
risk of tumour recurrence by 39% in patients with Ta or T1 bladder cancer and is therefore 
recommended in all patients with NMIBC [28]. Mitomycin C (MMC) and Epirubicin are most 
commonly used and are comparable with regard to efficacy. Timing is important though; the 
instillation should preferably be administered within 24 hours following TUR. In case of bladder 
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perforation or extensive TUR, it should not be administered due to the risk of local and systemic 
complications. The rationale behind the immediate post-operative instillation is to eradicate 
microscopic tumour left behind or to destroy circulating tumour cells that could implant at sites 
where the urothelium has been damaged, both factors that are believed to be responsible for 
early recurrences.
It has been demonstrated that based on the specimen obtained from the initial TUR in 7.5-
30% of patients bladder tumours may be understaged [29-33]. This is particularly harmful if 
T2 disease was initially diagnosed as T1 disease, due to the different therapeutic approaches 
of these two tumour stages. In addition, there is a substantial risk of residual tumour after the 
initial TUR: in 30-78% of patients residual tumour is found at re-TUR [29-34]. The site of the 
residual tumours has been assessed in some studies and more tumours were found to be at 
the site of the original tumour (residual tumour) than at a different site (overlooked tumour) 
[29,30,33]. To improve pathologic accuracy and to increase local tumour control, a second or re-
TUR can be performed [35]. Re-TUR should be considered in case of incomplete first resection, 
e.g. in multiple or large tumours or when muscularis propria was not present in the pathology 
specimen. Furthermore, it is recommended in case of high grade Ta or any T1 bladder tumour(s) 
[19]. Preferably, the re-TUR should be performed 2-6 weeks after the initial TUR. It has been 
shown that by doing so, the recurrence-free survival can be increased [36].

Adjuvant treatment of non-muscle invasive UC of the bladder 
After primary treatment, approximately 15-60% of patients with NMIBC will develop
recurrent disease in the first year and 1-45% will progress to muscle-invasive disease in the first 
5 years [37]. Many studies have been conducted to identify prognostic factors for recurrence 
and progression to muscle-invasive disease in patients with NMIBC, with sometimes conflicting 
results. The EORTC-GU group has conducted a multivariate analysis on prognostic factors in 
2596 patients with primary NMIBC in order to develop tables to calculate the risk of recurrence 
and progression in an individual patient [37]. This analysis revealed that the most important 
prognostic factors for recurrence were number of tumours, tumour size and prior recurrence 
rate, whereas the most important prognostic factors for progression were stage, presence of 
concomitant CIS and grade. A scoring system was developed based on these six factors, in order 
to calculate the total scores for recurrence and progression in an individual patient (Table 3). 
These total scores correspond to a certain risk for recurrence and progression at 1 and 5 years 
(Table 4). Based on these risk tables, low-, intermediate- and high risk groups can be defined 
(last column of Table 4). 
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Table 3. EORTC Risk tables for NMIBC: weights used to calculate the recurrence and progression scores

Factor Recurrence Progression

Number of tumours
single 0 0
2-7 3 3
≥ 8 6 3

Tumour size
< 3 cm 0 0
≥ 3 cm 3 3

Prior recurrence rate
Primary 0 0
≤ 1 recurrence/year 2 2
> 1 recurrence/year 4 2

T category
Ta 0 0
T1 1 4

CIS
No 0 0
Yes 1 6

Grade
G1 0 0
G2 1 0
G3 2 5

Total score 0-17 0-23

Table 4. EORTC Risk tables for NMIBC: probability of recurrence and progression according to total score

Recurrence score Prob recurrence

1 year (95%CI)

Prob recurrence

5 years (95%CI)

Risk group

0 15% (10-19%) 31% (24-37%) Low
1-4 24% (21-26%) 46% (42-49%) Intermediate
5-9 38% (35-41%) 62% (58-65%) Intermediate
10-17 61% (55-67%) 78% (73-84%) High
Progression score Prob progression 1 year 

(95%CI)
Prob progression 5 

years (95%CI)
Risk group

0 0.2% (0-0.7%) 0.8% (0-1.7%) Low
2-6 1.0% (0.4-1.6%) 6% (5-8%) Intermediate
7-13 5% (4-7%) 17% (14-20%) High
14-23 17% (10-24%) 45% (35-55%) High

These individualized risk tables can help the urologist in making management decisions. However, 
these risk tables have not yet been validated externally. In addition, the tables are based on the 
WHO 1973 grading system, which is known for its low reproducibility. Furthermore, 20% of 



11General introduction |

Chapter

1
patients from the analysis initially received no treatment, less than 10% received an immediate 
instillation of chemotherapy, a re-TUR was not performed in high-risk patients, and BCG was 
given without maintenance instillations. Therefore, the predicted recurrence and progression 
rates of the risk tables might be higher compared to current clinical practice. 
The need for adjuvant intravesical instillations depends on the patient’s risk of recurrence and 
progression to muscle-invasive disease. In patients with a low risk of recurrence and progression 
no further adjuvant treatment is recommended following one immediate adjuvant instillation 
following TURB. In patients with a high risk of progression, i.e. those with a high grade tumour 
or CIS, further adjuvant treatment with intravesical immunotherapy is recommended. For the 
remaining intermediate risk patients, either further intravesical chemotherapy or immunotherapy 
is recommended [19,38].
Adjuvant intravesical chemotherapy reduces the risk of recurrence with 14-26%, but not the 
risk of progression or survival [39]. There are no differences in efficacy between the available 
intravesical chemotherapeutic agents whereas side-effects are mostly mild and transient. 
Despite the large amount of research on adjuvant intravesical chemotherapy, the optimal dose, 
schedule and duration of treatment have not yet been determined. It seems that long-term 
instillations, e.g. during more than 1 year, only outperform short-term instillations when an 
immediate post-operative instillation was not administered [40]. 
Intravesical immunotherapy by administration of bacille Calmette-Guérin (BCG), a live attenuated 
strain of Mycobacterium bovis, causes an inflammatory immunologic response in patients with 
NMIBC [41]. In bladder cancer patients at high risk of tumour recurrence, intravesical BCG 
instillations reduce recurrence risk significantly (31% reduction compared to MMC). In patients 
at low risk of recurrence, this effect was not observed [42]. In all patients with CIS, Ta and 
T1 bladder cancer, BCG instillations reduce the risk of progression to muscle-invasive disease 
equally (a reduction of 37% in the odds of progression), but only when a form of maintenance 
instillations has been given [43]. Compared to intravesical chemotherapy, BCG induces greater 
toxicity [42]. Of all patients receiving BCG instillations, approximately 11% have to stop treatment 
due to mild side-effects (irritative bladder symptoms, haematuria) and approximately 5% due to 
severe side-effects (fever, BCG-induced lung infection, liver toxicity, sepsis) [44]. The optimal dose 
of BCG has not yet been defined, nor the optimal schedule of instillations. An induction course 
of 6 weekly instillations is advised, but the maintenance schedules vary widely. The South-West 
Oncology Group proposed maintenance schedule of 3 weekly instillations at 3,6,12,18,24,30 
and 36 months is generally used, but many patients cannot complete this intensive scheme. In 
the EORTC-GU group different treatment schedules are now evaluated in a recently completed 
randomized trial 30962 (full dose 1 year versus 3 years - versus 1/3 dose 1 year versus 3 years). 
BCG is indicated in patients at high risk of progression and is the first-line treatment in patients 
with CIS. In intermediate risk patients either BCG or chemotherapy can be administered [19].
Cystectomy is the treatment of choice for patients with CIS not responding to adequate 
BCG treatment [19]. The timing of cystectomy remains a challenge and is still controversial. 
There are no prospective trials comparing immediate cystectomy with BCG, but for some 
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patients immediate cystectomy will be overtreatment [45]. Immediate cystectomy after TUR as 
primary treatment option for CIS patients is advised especially in case of concomitant high grade 
papillary tumours. 

Follow up
For UUT tumours the follow-up strategy is highly dependent on the initial treatment. If radical 
nephroureterectomy has been performed, local recurrence is rare and follow up should mainly 
focus on detecting distant metastases and/or metachronous tumours in the bladder [46]. In 
case of conservative surgical management, follow-up needs to be timely and thorough. A check 
URS is advised in all these patients, usually at 3 months after surgery. Further follow up should 
be tailored based on the risk of recurrence according to the stage, grade and multiplicity of 
the tumours, and may consist of alternating CT-urography or retrograde pyelography and URS. 
Cystoscopy should also be part of the follow-up because of the high incidence of subsequently 
developing bladder tumours [46].
The high number of recurrence and progression of NMIBC, even in the long term, 
demand meticulous follow-up. Assessment should include a history with special focus on voiding 
symptoms and haematuria, cystoscopy and cytology. There is no role for urinary markers in 
the follow-up since no urinary marker available to date meets the requirements to replace 
cystoscopy. Early recurrences are a very important prognostic factor and therefore, the first 
follow-up cystoscopy should be performed 3 months after the TUR in every patient with NMIBC. 
Further follow-up schemes are based on the risks of recurrence and progression [19]. The 
following schedule for follow-up is proposed by the EAU. In patients with low-risk tumours and 
no recurrence on cystoscopy at 3 months, the next follow-up assessment can be performed 9 
months later and then yearly up to 5 years. In patients with high risk tumours assessment should 
be performed every 3 months following TUR for the first 2 years, every 4 months in the third year, 
every 6 months up to the fifth year and annually thereafter. For patients with an intermediate 
risk tumour, the schedule lies in between [19]. The AUA recommends a likewise schedule with 
assessment every 3 months in the first 2 years, every 6 months for the subsequent 2-3 years 
and annually thereafter [38]. The risk of upper urinary tract tumours increases in patients with 
multiple and high-risk tumours. Therefore, it is advised to evaluate the upper urinary tract every 
year in high risk patients [19].  

What items need to be addressed in research on UUT-UC?
Besides the direct endoscopic inspection with URS, various imaging modalities for the detection 
of UUT tumours exist, such as CT- or MR-urography, IVU, ultrasound and retrograde uretero-
pyelography and all have their pros and cons. Although recent publications demonstrated that 
CT-urography outperforms IVU in terms of diagnostic accuracy for detection of UUT tumours 
[47,48], 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. 
It is yet unclear when to apply which tool, especially in the evaluation of patients presenting 
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with haematuria (which may be a sign of UUT tumours). 
As expressed before, valuable data on epidemiology of UUT-UC is sparse. Munoz et al [49] and 
Mellemgaard et al [50] have previously described an increase in incidence of UUT-UC in the 
USA and Denmark, respectively. Whether such trends in incidence occurred in the Netherlands 
is not known so far. In terms of treatment, organ preserving surgery has entered the field of 
possible treatment strategies in the past years, albeit only for selected cases. Because UUT-UC is 
quite rare, most publications on type of treatment are single center experiences with a limited 
number of patients, prohibiting a valid analysis on trends in surgical treatment. 

What challenges are we facing in bladder cancer management?
Although 70-80% of bladder cancer patients present with non-muscle invasive disease, which 
has a relatively good prognosis in terms of cancer-specific survival, in approximately 75% of 
these patients the cancer will eventually recur [37]. Remarkably, in up to 45% of patients the 
recurrence presents already at the first follow up cystoscopy (at 3 months after TUR) [51]. This 
may be explained by several theories: floating cancer cells may implant during TUR thereby giving 
rise to new tumour formation or recurrences may rapidly occur just based on the aggressive 
tumour biology. For these reasons early intravesical instillations are administered to the patient. 
However, it is commonly believed that most early recurrences actually are rest-tumours that 
have been left behind at TUR (residual tumour) or tumours that have been completely missed at 
initial TUR (overlooked tumours) [51], which strongly emphasises the importance of adequate 
cystoscopic visualisation in order to perform a complete TUR. 
Cystoscopy was first attempted in 1806 by Philipp Bozzini [52]. His “Lichtleiter” was composed 
of aluminum tubes with several angled mirrors to project the internal image to the human eye 
and a single candle to serve as a light source [52]. Since this first prototype many advancements 
have been made, among which the development of resectoscopes, video cameras, charge 
coupled devices (CCDs) and flexible scopes [53]. Despite these important developments, 
cystoscopy still has its limitations. Although operator dependent, the sensitivity and specificity 
of standard white light cystoscopy range from 62-84% and 43-98%, respectively [54]. Especially 
the detection of small papillary bladder tumours and satellite lesions as well as carcinoma in 
situ (CIS) is known to be suboptimal with white light cystoscopy [54]. In order to decrease the 
number of residual or overlooked tumours it is therefore important to improve the endoscopic 
visualisation of bladder tumours. 
Another hurdle in the management of bladder cancer to date is the lack of real-time pathological 
information at cystoscopy. Once a tumour has been detected by white light cystoscopy, it can be 
difficult to accurately predict the stage or grade based on its visual appearance [55]. Although 
cytology may provide insight in the grade of a detected bladder tumour, it will take at least 
a few days before results are available. Nevertheless, many urologists nowadays will opt for 
surveillance once a small papillary tumour recurs in a patient with a history of low grade, non 
muscle invasive bladder cancer [56]. In order to increase the safety of this strategy (i.e. not 
to defer active treatment of high grade or invasive lesions) it is desirable to have some kind 
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of real-time pathological information during cystoscopy. Besides surveillance, some urologists 
nowadays choose to fulgurate a small recurrence with laser, under local anesthesia in an out-
patient setting [57,58]. Although this is of course less invasive to the patient than a standard 
TUR, due to lack of tissue specimen no pathological confirmation is available. Again, real-time 
pathological information is desirable in this setting to increase the safety of the treatment. In 
addition, real-time pathological information is desired to discriminate between inflammatory 
lesions (e.g. due to previous instillation therapy) and CIS, which both can present as red lesions. 
Cytology can not solve this problem: although it is very sensitive to detect high grade UC such as 
CIS, in the presence of inflammation its sensitivity is decreased.

In summary, the ideal imaging mode for detection of UUT tumours in patients presenting with 
haematuria needs to be sorted out. In addition, valuable data on trends in epidemiology and 
treatment strategies of UUT-UC are missing. In the current management of UC of the bladder 
there is a strong need for improved endoscopic visualization and real-time pathological 
information of bladder tumours. 
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