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Discussion and future perspectives

This thesis has mainly focussed on new strategies for optimisation of diagnosis and ultimately 
improvement of therapy of urothelial carcinoma (UC). However, we must realise that these 
studies are just a small fraction of all research that is directed towards bladder and upper 
tract urothelial cancer. Although we were able to demonstrate the value of haematuria clinics 
and optical techniques in the diagnosis (and treatment) of UC, some questions remain to be 
answered: 
1. What other techniques are being investigated for better UC diagnosis?
2. How can we further reduce the high early recurrence rate in non-muscle invasive bladder 

cancer (NMIBC)?
3. Is there a future for application of optical diagnostics in the upper urinary tract (UUT)?

Optimising diagnosis of urothelial carcinoma

Haematuria clinics
Over the last decade more and more specially developed haematuria clinics have been 
established in Europe, with the UK acting as a pioneer. These clinics are designed to reduce 
delay in the diagnostic process with their primary objective being the detection of (bladder) 
cancer. For patients, haematuria is a disturbing symptom which may frighten them of having 
cancer, and therefore it is desirable to exclude or confirm that diagnosis as soon as possible. In 
addition, the outcome of patients with cancer may be improved if the disease is detected at an 
earlier stage. Most clinics combine initial history taking with physical examination, imaging of 
the upper tract (either by ultrasound, intravenous urography or CT urography) and cystoscopy 
with or without cytology in one visit [1-4]. Because of the substantial workload of evaluating 
patients presenting with haematuria (up to 20% of the referrals to a urology department [5]), 
cost-effectiveness is particularly important. Therefore, we need to critically analyse the value of 
each of the diagnostic tests directed towards these patients. Recent studies have shown that 
there is a limited role for cytology in the initial evaluation of patients presenting with haematuria 
[3,6]. This can be explained by to the low prevalence of primary CIS (e.g. not concomitant with 
papillary UC) in this population in addition to the low sensitivity for low-grade bladder tumours 
(that likely will be detected at cystoscopy). In Chapter 3 we have demonstrated that for cases with 
microscopic haematuria ultrasound is sufficient to study the upper tract, but that CT urography 
is warranted in cases with gross haematuria. Because CT urography and ultrasound both lack 
sensitivity for detection of bladder tumours [7-9], cystoscopy cannot be omitted in the primary 
evaluation. In future, the use of Narrow Band Imaging (NBI)-assisted cystoscopy in haematuria 
clinics should be considered because it may increase the detection rate of bladder tumours 
in this population. Since NBI cystoscopy does not require special patient preparation such as 
fluorescent instillations and because it can be performed with flexible and rigid cystoscopes, this 
is a technique that can easily be incorporated in haematuria clinics. In addition, further research 
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needs to focus on the imaging protocol of CT-urography, e.g how many phases are necessary 
for reliable urinary tract evaluation? This will certainly be a challenging task due to the low 
prevalence of UUT UC in haematuria patients. 

Molecular markers
As outlined in Chapter 1, the current gold standard of bladder cancer diagnosis relies on 
two investigations: cystoscopy and cytology. The former aims at visualising bladder tumours 
or suspicious lesions whereas the latter aims to detect the malignant cells shed in the urine. 
Because it has been shown that frequent follow-up cystoscopies are experienced as bothersome 
by many patients [10,11], it is desirable to have a reliable urine-based test that has the potential 
to replace follow-up cystoscopy. However, when interrogating patients that are at least 1 
year in follow-up for bladder cancer, almost 90% of them will prefer flexible cystoscopy if the 
sensitivity of a urinary test is lower than 90% [12]. It is well established that urinary cytology 
cannot replace cystoscopy because of its low sensitivity for low-grade tumours and its high 
inter- and intraobserver variability. Therefore, a considerable part of research in the field of 
bladder cancer has focussed on finding a potentially more reliable urine-based test: molecular 
markers. The popularity of studying molecular markers is demonstrated by a PubMed search 
for (“Urinary Bladder Neoplasms”[Mesh] AND “Tumor Markers, Biological”[Mesh]) AND “urine 
“[Subheading]) which revealed 574 hits, with 1/3 of al these hits being published in the last 
5 years. However, only a few of these tests became available for clinical practice. Molecular 
tests are based on detection of tumour-associated molecules, altered gene expression or 
chromosomal alterations. They are not only designed to replace cystoscopy in the follow-up, 
but also to be used for screening of bladder cancer or to serve as prognosticators. Nevertheless, 
for screening haematuria home testing is the starting point until now [13,14], as in the ongoing 
bladder cancer screening programmes [15]. Several markers exist to date, among which BTA stat, 
BTA-TRAK, NMP-22, BLCA-4, BLCA-1, Quanticyt, Survivin, FGFR3 and UroVysion test (FISH). Some 
are point-of-care tests whereas other markers require a well-equipped molecular diagnostic 
lab to perform the analysis. Most of these markers have a significantly higher sensitivity than 
cytology, and some can detect tumours before they are visible at cystoscopy. However, specificity 
still is lower than of cytology [16]. Another problem encountered with these markers is that 
although some of these perform overall better than cytology, they miss the high grade cancers 
sometimes. At the moment, no single urine test can replace cystoscopy for diagnosis and in the 
field of prognosis more research is needed. Maybe the diagnostic accuracy can be improved by 
combining two or more of these markers. However, this may exceed cost-effectiveness because 
most urinary molecular diagnostics are fairly expensive. 

Optical diagnostics: new players in the field 
In Chapter 5 we have reviewed 4 optical diagnostics that aim at improving visualisation of 
bladder tumours (Photodynamic diagnosis (PDD), NBI) or at providing a real-time prediction 
on pathological diagnosis, also referred to as “optical biopsy” (Ramans Spectroscopy (RS), 
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Optical Coherence Tomography (OCT)). Although most research has focussed on these 4, other 
optical techniques recently have entered the field. One of these techniques is endocytoscopy. 
This technique aims to enable real-time microscopic imaging of mucosa in vivo. The working 
mechanism is simple: it is based solely on high-level magnification using optical lenses in 
combination with topical application of a contrast agent (in general methylene blue). The 
technique can be integrated within an endoscopy system or probe-based and advanced through 
the working sheet of a regular endoscope. Depending on the device used, the magnification 
capability is x450 or x1125, the imaging depth 50 µm or 5 µm and the field of view 300x300 µm 
or 120x120 µm [17]. Thus, endocytoscopy is limited to the most superficial mucosal layer. Only 
one study on the value of this technique for bladder cancer diagnosis has been published so far 
with a very restricted number of patients included (N=5) [18]. These patients were scheduled for 
transurethral resection of a bladder tumour. Prior to resection, the bladder was filled with air; 
methylene blue was sprayed on the tumour via a ureter catheter inserted in the working channel 
of the cystoscopy and subsequently the endocytoscopy probe was inserted through that channel 
and placed in contact with the lesion of interest. This technique provided high resolution images 
of living bladder cancer cells that were easily distinguished from normal urothelium, according 
to the authors [18]. The histological grade was diagnosed correct in 4 out of 5 tumours. The 
two most obvious limitations of this technique are the difficulties of acquiring optimal staining 
in addition to the only superficial imaging depth, which prohibits tumour staging. The probably 
limited value of this technique for bladder cancer diagnosis is underlined by the fact that no 
papers have been published since the above referred first report in 2006. 
Another new and more promising optical technique on the horizon is confocal laser 
endomicroscopy. It enables obtaining high-resolution en-face images with depth selectivity by 
using fluorescent dyes as contrast agents. In a confocal laser microscope, a laser beam is focused 
by an objective lens into a small focal volume within or on the surface of a specimen. Scattered 
and reflected laser light from the illuminated spot is then re-collected by the objective lens. A 
beam splitter reflects some portion of the light into the detection apparatus. After passing a 
pinhole, the light intensity is detected by a photo detection device, transforming the light into 
an electrical signal that is recorded by a computer. The detector aperture obstructs the light that 
is not originating from the focal point, which results in sharper images and permits obtaining 
images of planes at various depths within the sample [19]. This technique produces en-face 
images parallel to the tissue surface up to 60-240 µm in depth, with lateral resolution down to 
0.7-1 µm and a field of view of 240-475 µm in diameter, depending on the system used [19,20]. 
With the recent development of flexible optical probes that can be passed through the working 
channel of a cystoscope, endoscopic application of this technique became possible. Two ex 
vivo studies and one in vivo study (all on human bladder tissue) have been published to date, 
including 4, 18 and 27 patients, respectively [19-21]. For endoscopic use, the contrast agents can 
be delivered via two routes: intravenously or intravesically. The in vivo study demonstrated that 
intravesical instillation of the contrast agent (fluorescein sodium) via a transurethral catheter 
was feasible and safe, when left indwelling for 5 minutes. However, after approximately 15 
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minutes the contrast disappeared, probably due to bladder irrigation. In that same study, other 
patients received the contrast agent intravenously. The problem encountered with intravenous 
administration was excretion of the contrast into the bladder after 10 minutes, which interfered 
with cystoscopic visualization [21]. The 3 studies showed that the images obtained with 
confocal endomicroscopy are of sufficient resolution to distinguish cell size and differences in 
architecture between normal mucosa and low and high grade UC. Although refinement of the 
administration of contrast agents is needed, these preliminary results seem promising. However, 
the major drawback of this technique is the limited imaging depth, which may prohibit accurate 
staging if the lamina propria cannot be visualised. For comparison, OCT provides cross-sectional 
images with lower resolutions (around 10 µm) but a greater imaging depth (3000-4000 µm). 
Nevertheless, for grading and diagnosis of CIS and Ta tumours imaging depth may be sufficient. 
Objective criteria for identification of normal urothelium and UC need to be developed before 
future studies can focus on the diagnostic accuracy of the technique. Due to the limited field 
of view, this technique probably needs to be reserved for characterisation of lesions of interest 
that are identified by white light cystoscopy or other techniques such as NBI or PDD. 
In addition to these new optical diagnostics, the value of combining two existing optical 
techniques has been investigated. A group from the Netherlands has assessed whether the 
relatively high false-positive rate of PDD could be reduced by immediate measurement of the 
fluorescent positive lesions with RS. The authors performed RS ex vivo on 92 bladder biopsies 
without 5-ALA and 38 biopsies with 5-ALA. They showed that the presence of 5-ALA in the 
biopsies negatively affected Raman spectra. However, significant differences were still observed 
in the Raman spectra of benign and malignant samples with 5-ALA, thus indicating the potential 
of Raman spectroscopy for discriminating bladder cancer in the presence of 5-ALA [22]. Some 
groups have investigated the combination of PDD with OCT, for the same purpose as the 
abovementioned. Their preliminary results show that this combination effectively increased the 
specificity of PDD, albeit in rat bladders [23,24]. Recently, the first human in vivo study was 
published. The authors investigated the added value of OCT on PDD by assessing changes in 
diagnostic accuracy. On a per-lesion basis, sensitivity and specificity changed from 69.3% and 
83.7% for WL, to 97.5% and 78.6% for PDD, and 97.5% and 97.9% for PDD combined with OCT 
[25]. Although further research is warranted, this combination of optical diagnostics may solve 
the frequently encountered problem of high false-positivity in PDD (and maybe also NBI). 
A new application of an optical diagnostic tool discussed in Chapter 5 was recently published: 
Raman molecular imaging on urine specimens [26]. This combines the molecular chemical 
analysis of Raman spectroscopy with microscopic visualisation. The authors analysed urine 
samples from 340 patients (with and without UC of the bladder) and obtained Raman spectra 
from on average 5 cells on a slide. Cancer cells showed a distinct peak that was not present 
in the spectrum of normal cells, and the height of this peak even correlated with grade.  The 
overall sensitivity and specificity of the validation set (166 cases) was 92% and 91%, respectively. 
Interestingly, sensitivity for low grade cancers was 81%, significantly higher than sensitivity 
obtained with urinary cytology. Although these first results need to be verified by further 
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investigations, this fusion of optical diagnostics in a urine based test may be a promising tool for 
future UC diagnosis.
 
Reducing recurrence rate in NMIBC: strategies to tackle this challenge

The optical techniques discussed in part II of this thesis seem promising tools to improve not only 
diagnosis of bladder cancer, but also treatment. Both PDD and NBI can enhance the visualisation 
of bladder tumours and thereby contribute to accomplish a more complete resection. The 
specially developed endoscopes that are required for PDD are currently available from 3 major 
providers (Karl Storz, Richard Wolf and Olympus) and for NBI until now only from Olympus. 
Because PDD requires an instillation with a fluorescent agent before the technique can be 
performed, it is expected that NBI will be less expensive, on the condition that both techniques 
are equally effective. For that same reason it seems more user friendly, because NBI can be 
applied at any time without the need for special patient preparation. However, clear conclusions 
cannot be drawn because no comparative studies have been initiated yet. Techniques such as 
OCT, RS and possibly also confocal endomicroscopy can aid in providing an “optical biopsy” 
which, among other things, may be useful for analysis of resection margins. For PDD many trials 
already have shown its benefit, but more long-term results are awaited. The encouraging results 
for NBI, OCT and RS, albeit still preliminary, definitely warrant further investigation. 

Standard TUR: technique and indications for re-TUR
Although optical techniques can be helpful in reducing early recurrence rate, one must not 
forget the importance of standard TUR technique. From the combined analysis of seven phase 3 
EORTC-GU trials conducted by Brausi and colleagues we have learned that the quality of the TUR 
is an independent prognostic factor for recurrence in NMIBC [27]. Therefore, it is imperative 
to set clinical standards for TUR and to train residents in performing a dedicated TUR [28]. The 
development of video cystoscopy has had a major influence on training TUR. Because both 
teacher and trainee had access to the endoscopic view simultaneously, direct feed-back became 
possible. As minimal standard for a high quality TUR the following recommendations should be 
taken into account. A good planning of the TUR should be performed and all tumours identified 
by initial cystoscopy should be recorded on a bladder diagram. During TUR optimal visibility 
using high-quality equipment with 30 and 70 degrees lenses is necessary, the bladder should not 
be over distended and good haemostasis is essential. Small tumours can be resected en bloc and 
larger tumours (>1cm) should be resected in fractions, e.g. the exophytic part of the tumour, the 
underlying bladder wall with detrusor muscle and the margins of the resected area, all send to 
the pathologist in separate containers [29]. This will facilitate the pathologist to define tumour 
stage and will remind the urologist to sample muscle tissue. Extremely important, the urologist 
has to aim for complete removal of all visible tumours. 
It also has been advocated to repeat the TUR within 2 to 6 weeks after initial TUR in selected 
cases. Obviously, this re-TUR must be performed if the initial resection was incomplete, hence 
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if there was tumour left behind. Single centre studies have demonstrated that in 28.5-78% 
of patients residual tumour was found in the re-TUR specimen [30-35]. This wide range can 
probably be explained by differences in quality of the initial resection as well as by patient 
selection: inclusion of T1 tumours only, exclusion of patients without muscle in the specimen of 
1st TUR etc. A second important reason to advise re-TUR is if muscle was absent in the pathology 
specimen or in case of high grade disease. This is based on the observation that in 7.5-30% of 
patients who underwent a re-TUR the initial pathology result was upstaged [30-35], and based 
on this, treatment strategy was changed in 7.5-17.6% of all patients who had a re-TUR [30-
32,34]. 
In fact, these re-TUR data clearly demonstrate how poor we are performing in our initial TUR. 
In what other cancer treatment is it advised in the guidelines to do a standard re-resection or 
second-look? Therefore, we should focus more on optimising our technique to perform a good 
quality initial TUR. This could be accomplished by the help of these new optical imaging tools 
discussed above. We need to do a better resection, so that a re-TUR may become obsolete. In 
addition, if recurrence rates can be reduced adjuvant instillations may become redundant. This 
again would be beneficial for the patients (due to a better quality of life) and the economics (due 
to reduced healthcare costs).

Developments in adjuvant intravesical therapy
When striving for fewer recurrences it seems most logical to focus on improving and optimising 
the initial treatment. Nevertheless, until that goal has been reached finding better adjuvant 
treatment strategies can also be helpful. In the field of adjuvant intravesical therapy effort has 
been taking place in two directions: a search for new chemotherapeutic agents and for new 
devices that can improve performance of the existing agents [36]. 
Two drugs used in the systemic treatment of muscle-invasive bladder cancer, have recently 
been investigated for the intravesical application in NMIBC: gemcitabine and docetaxel. Both 
drugs were well tolerated [37,38] and preliminary efficacy studies showed promising response 
rates [39-43]. Clearly, further studies are needed to evaluate the safety and efficacy of these 
agents. Apaziquone (EOquin), a derivative of MMC, is another new agent under investigation 
for its potential in the treatment of NMIBC. It requires activation by cellular reductase enzymes, 
which are found in higher concentration in tumour tissue compared to normal tissue, suggesting 
selective therapy. Intravesical use is shown to be safe, with side effects comparable to the other 
chemotherapeutic agents [44]Department of Urology (659. The first marker lesion study has 
shown a promising ablative response rate of 67% [45] which sustained at 24 months follow-up 
with a recurrence free survival of 49.5% for those patients with a initial complete response and 
of 39% overall [46]. 
The combination of bladder wall hyperthermia and intravesical chemotherapy is a relatively 
new treatment modality, also known as thermochemotherapy (Synergo® system, medical 
enterprises Ltd, Amsterdam, the Netherlands). In theory, it offers several anticancer advantages 
over chemotherapy alone: drug uptake is improved by increased cellular permeability, drug 
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reaction with DNA is increased and DNA repair is inhibited [47]. The hyperthermia of 42 +/-2 °C 
is established by a microwave applicator inserted in the bladder through a specially developed 
intravesical catheter that also enables temperature measurements and chemotherapy instillation. 
This modality has been investigated both as ablative therapy and prophylactic treatment. 
Although local side effects appear to be worse compared with intravesical chemotherapy alone, 
the preliminary clinical results seem promising [47-50]. 
Electromotive drug administration is another technique in development aiming at increasing 
the drug diffusion across the bladder wall by using intravesical chemotherapy in combination 
with an external electrical source to temporarily breach the urothelial barrier of the bladder 
[36]. Only few clinical studies on the value of this device for the treatment of NMIBC have been 
published to date. Most remarkable results were obtained with a randomised clinical trial on 
212 patients. This study demonstrated that intravesical administration of sequential BCG and 
electromotive mitomycin in patients with high risk NMIBC improved disease-free interval, 
recurrence and progression rate with 48 months, 16.0% and 12.6%, respectively, compared to 
BCG alone. Side-effects of this treatment were comparable to BCG alone [51].
Although these new agents and techniques show hopeful preliminary results, more evidence is 
needed especially on long-term results before these can be implemented in the management of 
NMIBC. In general, it would be very interesting to assess the effect on recurrence rates of adjuvant 
intravesical instillations compared to complete resection. Therefore, a randomised study on 
patients with NMIBC should be conducted comparing two treatment arms: standard TUR with 
adjuvant intravesical instillations versus standardised TUR assisted by optical diagnostics (e.g. 
PDD or NBI). Probably the early recurrence rates will be equal (if not lower for the latter arm), 
but the results on longer term cannot be speculated. 

Optical diagnostics: is there a future for application in the 
upper urinary tract (UUT)?

From our analysis of the PALGA registration we have learned that there is a trend towards 
increased surgical treatment of UUT urothelial carcinoma (UC) (Chapter 4). Especially endoscopic 
surgery, either percutaneous or ureteroscopic, is being performed more often. Formerly, this 
technique was reserved for patients with renal function impairment or significant comorbidity, 
but nowadays it is also suited for patients meeting the following tumour characteristics: small, 
low grade and non-invasive tumours [52]. To select patients for endoscopic therapy, preoperative 
assessment of the abovementioned parameters is necessary. Whereas the size of the tumour 
usually can be deferred from the current imaging modalities (CT or MR-urography, retrograde 
pyelography) or direct endoscopic inspection, stage and grade cannot. Since we know that 
biopsies from the UUT obtained via ureteroscopy often are too small or of poor quality for 
correct staging [53], and selective UUT urine cytology is of limited diagnostic value [54], current 
pre-operative diagnosis relies on establishment of the grade of a UUT tumour based on a biopsy. 
Although it seems that grade and stage of UUT tumours are closely related [55,56], a non-
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invasive method to obtain reliable information on stage and grade is highly desirable. From the 
optical techniques discussed in Chapter 5 both Optical Coherence Tomography (OCT) and Raman 
Spectroscopy (RS) may be of use for this in the future. For RS no reports on application of this 
technique in the UUT have been published so far. For OCT in only two papers the feasibility of 
ex vivo OCT application in a porcine ureter is described [57,58]. Because of the limited freedom 
of movement in the ureter and renal pelvis, it seems that a rotating optical probe (beaming light 
like a light house) is best used instead of a forward looking probe.     
Endoscopic therapy can consist of laser ablation or endoscopic resection or fulguration [52,59].  
Contemporary series reported recurrence rates after endoscopic treatment for UUT tumour(s) 
between 33 and 100%, with a median of 55% [52]. Like for bladder cancer, adjuvant therapy with 
topical chemo- or immunotherapeutic agents such as Mitomycin C or BCG can be administered to 
the UUT in an attempt to decrease recurrence rates. These agents can be instilled via antegrade 
or retrograde fashion, i.e. through a nephrostomy tube via gravity or through a ureteral 
cathether, respectively [60]. No large prospective series are available, but in small retrospective 
cohort studies or case series with heterogeneous patient characteristics the efficacy of these 
agents in the UUT has not been proven [61]. Because of the absence of evidence for adjuvant 
instillations, radically removing all visible lesions is the only approach to accomplish a tumour-
free status and thus of utmost importance. Likewise as for bladder tumours, Photodynamic 
diagnosis (PDD) or Narrow Band Imaging (NBI) could be helpful to improve the visualisation of 
the tumours to accomplish a more complete resection/fulguration. For successful application of 
PDD in the UUT several hurdles need to be overcome. First, realizing adequate contact time of 
the fluorescent agent with the UUT is challenging. In theory, hexaminolevulinate would be more 
appropriate than 5-ALA, because the latter requires a longer instillation time. Alternatively, the 
fluorescent agent can be administered orally, which has been done in two case series of 4 patients 
each and appeared to be feasible and safe [62,63]. In general, much higher concentrations in 
the urothelium can be achieved with topical administration of the agent (i.e. instillation via 
nephrostomy tube or ureteral catheter) than with oral administration [64]. Another theoretical 
problem to be encountered in the use of PDD in the UUT is false-positivity due to the inevitable 
tangential illumination of the mucosa [65]. Therefore, PDD does not seem the ideal technique to 
improve visualisation of tumours in the UUT. Conversely, NBI is neither dependent on instillation 
of fluorescent agents, nor is hampered by tangential illumination. The first preliminary report 
on NBI in the UUT has recently been presented at an international urologic congress, and this 
approach seems feasible and promising [66]. In this study 27 patients underwent diagnostic 
flexible URS with both standard white light and NBI. From these, 13 patients appeared to have 
UUT-UC and in 5 out of those (38.4%) additional diagnostic information was obtained by NBI. 
Five out of 35 overall diagnosed tumours were exclusively detected by NBI (14.2%) and in 
another 3 tumours, the tumour field appeared more extensive in NBI mode. Obviously, much 
more evidence is needed before this technique can be adapted in daily clinical practice or in 
the guidelines. The low incidence of UUT-UC prohibits the setup of large randomised studies 
towards this subject, but smaller prospective preferably multicenter trials may also provide a 
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sufficient level of evidence.
Because UC has a high tendency to recur, both in the lower and upper tract, meticulous follow-
up of those patients who underwent conservative endoscopic surgery is warranted. Often 
cross-sectional imaging, retrograde ureteropyelography and direct inspection of the UUT via 
ureterorenoscopy are performed alternating. Also for this indication improved visualisation of 
recurrences in the UUT is highly desirable and thus NBI-assisted diagnostic ureterorenoscopy 
may be valuable. 

In conclusion, although many studies are ongoing in the field of research on optimising diagnosis 
of UC, cystoscopy and cytology remain the gold standard for bladder cancer detection so far. 
In the future, optical diagnostics such as RS, OCT, confocal endomicroscopy, and NBI may find 
their way into the clinic. Until RS and OCT systems that report their results in an objective (thus 
user friendly) way become available, these techniques probably will only be used in reference 
centres. However, NBI is a straightforward technique that may be applied also in non-reference 
urological units. Maybe a combination of optical diagnostics will be used in the future: RS or 
OCT could be used to evaluate positive lesions detected with NBI or PDD and thereby improve 
specificity of these techniques. Haematuria clinics have been founded but further research is 
needed to define an evidence based investigation protocol. The battle to reduce early recurrences 
continues and optical techniques (including PDD) seem very promising weapons to accomplish 
complete resection alongside new developments in intravesical treatment that can be of value. 
However, we must definitely not forget the importance of performing a state-of-the-art TUR. In 
upper tract UC a rising trend in endoscopic treatment was noted and thus a need for improved 
pre-operative diagnostics. Mainly NBI, OCT and RS seem promising tools for this. 
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