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Bladder cancer 

 

This whitepaper covers the clinical use of Nanovi’s BioXmark in patients with bladder cancer. We 

present the clinical evidence demonstrating that BioXmark® can support high precision 

radiotherapy.    

1. Background 

In North America and Europe, bladder cancer ranks 5th based on incidence with approximately 

294,000 new cases and 9th based on mortality with approximately 88,000 deaths in 2020. The 

incidence and mortality is higher for men than for women, with men accounting for approx. 3 out 

of 4 new cases and deaths [1]. 

 

90-95% of bladder cancers are urothelial carcinomas. Urothelial carcinomas can be categorized as 

low-grade or high-grade. Patients rarely die from low-grade bladder cancer, whereas almost all 

deaths result from high-grade disease [2]. Bladder cancer is also grouped into muscle-invasive and 

non muscle-invasive cancer and metastatic cancer. Each group differs in clinical behavior, primary 

management and outcome [3]. 

 

2. Radiation therapy  

Radiation therapy can have different aims. It may be given with curative intent in cases with 

localized disease. It can be given as neoadjuvant therapy for tumor shrinkage before surgery or 

may be used as part of adjuvant therapy, to prevent tumor recurrence after surgical resection of 

the primary malignant tumor. Radiation therapy is synergistic with chemotherapy. It may also be 

used as palliative treatment, where cure is not possible [3,4]. 

 

The total dose of radiation used in radiation therapy varies depending on the cancer being treated 

and is fractionated into smaller doses for several reasons. Fractionation allows healthy cells time 

to recover, while tumor cells are generally less efficient in repair between fractions. Fractionation 

also allows tumor cells that were in a relatively radio-resistant phase of the cell cycle during one 

treatment to cycle into a sensitive phase of the cycle before the next fraction is given. One 

fractionation schedule that is increasingly being used and continues to be studied is 

hypofractionation. This is a radiation treatment in which the total dose of radiation is divided into 

fewer and larger doses. This type of radiation therapy necessitates a high degree of accuracy since 

just a single fraction missing the target will mean a huge decrease in total amount of radiation to 

the tumor and an equally high dose wrongly delivered to healthy tissue [3,4]. 
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2.1 Radiotherapy for bladder cancer 

The use of radiotherapy for bladder cancer depends on the staging. Patients with non muscle-

invasive cancers are in most cases treated with transurethral section of the bladder (TURB) 

followed by intravesical chemotherapy [2]. For this group of patients radiotherapy is rarely used. 

For patients with muscle-invasive cancer, treatment options can broadly be divided into those that 

remove the bladder and those that spare it. The main treatments are either neoadjuvant 

chemotherapy followed by radical cystectomy or radiotherapy with concomitant chemotherapy 

(with radical cystectomy in case of tumor recurrence). Successful bladder-preserving approaches 

have evolved during the past three decades [3]. Originally reserved for inoperable patients, 

advancements in radiotherapy technology and radio sensitizing chemotherapy gave rise to 

chemoradiation as equivalent treatment alternative to a radical cystectomy [5]. There are no 

randomized trials that directly compare the bladder-preserving chemoradiation therapy approach 

with radical cystectomy, thus the relative effectiveness of these two treatments is unknown [2]. 

However, indirect comparison based on meta-analyses data has demonstrated similar survival and 

loco-regional tumor control rates [5]. Thus, today radiotherapy plays an important role in the 

treatment of this group of patients. 

 

3. Fiducial markers background 

A fiducial marker is an object placed in the field of view of an imaging system that appears in the 

image produced, for use as a point of reference. Methods to secure a target reference point in 

radiation therapy have a long history and were initially seen in the form of a cross penciled or 

tattooed mark on the skin of the patient to guide the entry point of the radiation beam. Later, 

when Image Guided Radiation Therapy (IGRT) was introduced, bony structures in close relation to 

the tumor were used as landmarks on images for patient set-up at the point of treatment and as a 

guide for better target precision. Most of the imaging modalities available at the point of 

treatment are however not able to differentiate sufficiently between different soft tissues, 

including the tumor and the surrounding non-cancerous tissue. Furthermore, inter fractional and 

intra-fractional movement of the tumor target complicates the precise delivery of the radiation 

dose to the tumor [4,6,7]. 

 

For a fiducial marker to be a relevant tool through all phases of radiation therapy the following 

features are needed: 

• Feasible to implant with low risk of procedure related complications 

• Visibility on relevant imaging modalities 

• Positional stable throughout the entire treatment course and through follow-up 

Advantages of using fiducial markers 
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• Identification of tumor target location with greater accuracy for better treatment planning, 

treatment and follow-up 

• Maximization of radiation to the tumor target and minimization of radiation to healthy 

surrounding tissue 

• Fiducial markers make it possible to locate the tumor target despite day-to-day variation 

on the treatment unit and help overcome the challenge of inter-fractional target 

movement 

• Fiducial markers make it possible to live monitor tumor motion during a fraction of 

radiation treatment and help overcome the challenge of intra-fractional target movement 

• Fiducial markers allow the precise re-identification of the tumor target in the time of 

follow-up 

 

3.1 Fiducial markers for bladder cancer 

Delivering precision radiotherapy maximizing radiation to the tumor target and minimizing 

radiation to healthy surrounding tissue is challenging for bladder cancer as the bladder is a mobile, 

deformable structure and bladder volume can vary markedly during a course of radiotherapy [8,9] 

and motion can be dependent on the location of the tumor in the bladder wall and can vary up to 

3 cm [8]. This means that large margins are needed to secure tumor tissue is targeted thereby 

increasing radiation to healthy tissue [5]. 

 

In order to assist with tumor delineation and daily planning CT fiducial markers are utilized in 

bladder cancer. Currently applied fiducial markers include golds seeds, titanium clips, hydrogel or 

Lipiodol [8]. 

 

The safety and feasibility of fiducial of gold seed marker placement in the bladder has been 

demonstrated in several studies [10–12]. An increase in target accuracy has also been reported. In 

a study with 20 patients, Biancia et al. concludes that their results suggest a significant advantage 

in using intravesical fiducial markers to determine daily translational corrections [12], and in a 

study with 18 patients, Garcia et al. concludes that bladder fiducial markers improve targeting 

accuracy, and may increase treatment efficacy and reduce morbidity from collateral radiation [11]. 

A challenge with gold seed markers can be the positional stability – in a review article by Nolan 

and Forde [8], reference is made to studies where the loss during treatment is ranging from 2% to 

41%, when assessed on various imaging modalities [10–12]. Another challenge is that these 

marker need to implemented by a rigid cystoscope, which is less convenient for the patient and 

means it can be difficult to reach all locations in the bladder [5]. 
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The safety and feasibility of using titanium clips has also been demonstrated [13,14]. Hulshof et al. 

demonstrated how titanium clips could help with target delineation in a study with 19 patients 

[13]. The positional stability of the clips was a challenge for the reliability for positional verification 

on the cone beam scan, with half of the clips lost after 1 week. However, the study concludes that 

when combined with positional verification during an adaptive margin strategy for focal bladder 

boost irradiation, the method signifies a major improvement in the accuracy of external beam 

radiotherapy for bladder cancer. 

 

In a more recent retrospective study Shahbaz et al. [14] showed how titanium endoclips can be 

used as fiducial markers in trimodality bladder preserving therapy on 15 patients with muscle 

invasive bladder carcinoma. 49 endoclips were applied and all clips remained through the course 

of the radiotherapy and were removed thereafter. The clips were applied with a rigid cystoscope 

and it is described that they were easy to apply all over the bladder. It is concluded that the 

patient cohort showed favorable outcomes with the use of endoclips. 

 

The feasibility and safety of using Lipiodol has been demonstrated in several studies [15–20]. 

Lipiodol is a radiopaque oil-like product used and approved as a contrast agent; a medicinal 

product used off label as a device. Nolan and Forde [8] report that several studies have reported 

increased accuracy when using a Lipiodol registration on kV CBCT. Nolan and Forde conclude that 

the superior set up accuracy has translated into margin reduction and organ at risk sparing and 

that Lipiodol can work well with adaptive planning. A disadvantage of Lipiodol is fading/blurring of 

the liquid marker spots, with Nolan and Forde reporting a positional stability between 76% - 100%. 

The fading or blurring means a less accurate delineation of the tumor borders and impaired usage 

of the marker in online image guidance during the treatment period [5]. Wortel et al. [21] report 

that “based on an analysis of 55 Lipiodol markers in the most recent 15 patients in our department 

(unpublished data), Lipiodol was insufficient for accurate tumor delineation in 12 of 15 patients 

and it only helped in 2 patients for positional verification during the whole course. The main 

reasons for this inadequacy were a too small volume of Lipiodol or a too large or irregular volume, 

due to blurring. Both disadvantages can be overcome by implantation under fluoroscopy, but this is 

often not available in a routine cystoscopy room. Therefore, there is a need for liquid markers for 

routine clinical purpose that will present as a dot on the CT scan and will not blur, migrate, or 

dissolve during the treatment period”. 

 

Wortel et al. [21] performed a study and evaluated the feasibility and technical performance of 

cystoscopy-guided placement of hydrogel markers in patients with bladder cancer referred for 

radiotherapy. A total of 107 hydrogel spots were implanted in 32 patients with bladder cancer. 

Their results showed that “on the simulation CT scan 76.6% of the implanted markers were 

sufficient for tumor delineation. At start of treatment 52.3% were visible on the CBCT and 
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adequate for positional verification on a routine basis. The washout rate during treatment was 

9.3%. At the end of treatment 46.7% of implanted spots were visible on CBCT scan and adequate 

for routine positional verification. At patient level, in 31.2% of cases, use of hydrogel fiducials 

showed adequate performance throughout the whole course”. Wortel et al. concludes that the 

results leave room for improvement and states that “the current results call for a search for a 

better liquid fiducial in bladder cancer treatment, with improvement of visibility on CT and CBCT 

scan (higher density) and less blurring, migration, and wash out”. 

 

4. Clinical use of BioXmark® 

In a recent prospective, single center study, de Ridder et al. evaluated the performance of 

BioXmark® in IGRT for muscle-invasive bladder cancer [5]. 

 

In the study, 20 patients with muscle-invasive bladder cancer had BioXmark® injected around the 

tumor using a flexible cystoscopy. Minimum number of markers implanted were 3 and maximum 5 

with a median of 4 markers. Markers were implanted in an outpatient setting with a flexible 

cystoscope. 

 

Primary endpoints of the study were “safety of the marker implantation procedure, marker visibility 

and positional stability of the fiducial markers over time”. The visibility was evaluated on planning 

CT and weekly CBCT during treatment. “Accepted criteria for performance and clinical applicability 

were that 75% of the markers had to remain visible and positionally stable from the CT acquisition 

for RT planning to the last CBCT without causing grade three toxicity (CTCAE v4.0)”. Secondary 

endpoints were “the appearance of blurring (i.e. diffuse spread out of the liquid through the bladder 

wall instead of a single dot), time needed for implantation and possibility for automatic online 

matching for IGRT (XVI Elekta)”. 

 

The results showed that of the 76 markers, 60 markers (79% CI 70-88%) were visible on treatment 

planning CT. All visible markers on the planning CT continued to be visible in the same position 

during the treatment course to the last CBCT.  All separate spots were continuously classified as 

clearly visible without artifacts, no migration occurred and the markers did not fade. No blurring 

occurred and all markers present could be used for delineation, patient setup and for automatic 

marker matching.  

Fig. 2 below (image and text copied directly from figure 2 of the publication by de Ridder et al. [5]) 

shows BioXmark® in a patient. The implantation of the markers showed there was a learning curve 

leading to better results with more patients. No grade three or higher toxicity was reported.  
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The clinical performance of 79% was above the preset threshold of 75%, although overlapped by 

the confidence intervals of the limits of significance (95% CI). However, it is noted that the bar was 

set high and that the results showed a learning curve for implanting the markers with the lost 

markers mainly being due to the learning curve of the implanting technique. 

The study demonstrated that BioXmark® has advantages compared to other fiducial markers. De 

Ridder et al. states: “Compared to other liquid markers available for endoscopic procedures, the 

use of BioXmark® seems to need some more training, as discussed before. But, in our view, there 

are many advantages of this marker compared to other markers, i.e. no blurring, fading, or 

migration, with all visible BioXmark® marker dots on CT acquisition remaining detectable and 

stable on CBCTs during the whole treatment period. Implantation in the wall of the bladder can be 

performed in an outpatient setting by every urologist after following a short learning curve and 

getting used to the specific characteristics of the liquid marker and the injection technique.” 
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The study concludes that the marker showed sustained visibility and positional stability during 

treatment phases and appears to be safe and easy to inject. Further it is concluded that the “novel 

liquid BioXmark® marker seems to be a very promising tool in daily-adaptive IGRT for bladder 

preserving chemoradiotherapy in muscle invasive bladder cancer”. 

 

5. Conclusion 

The use of BioXmark® in the bladder is safe and technically feasible. 

 

Implantation of BioXmark® in the wall of the bladder can be performed in an outpatient setting by 

urologists following a short learning curve. 

 

BioXmark® has sustained visibility and positional stability in the bladder with no blurring through 

the radiotherapy treatment. 

 

BioXmark® enables precision radiation therapy in bladder cancer. 

 

 

--o-- 
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