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Latest advances in cone-beam CT for 
bladder radiotherapy

 review

compared RT alone to surgery alone and a UK 
trial designed to answer this question closed 
early due to poor patient recruitment [7]. In the 
absence of randomized data, the relative results 
of surgery and RT have been much debated. In 
modern series, utilizing 3D conformal RT tech-
niques, 5-year survival with radical RT alone 
is 51% [8], which is similar to that achieved in 
surgical series [9]. A recent UK series reported 
similar survival for RT and surgery [10].

Using chemotherapy both in the neoadjuvant 
setting [11] and also concomitantly [6,12] with 
RT has shown evidence of improved outcomes; 
however, little attention has been previously paid 
to the technical aspects of RT. The emergence 
of new technologies, in particular, cone-beam 
CT (CBCT) scanning, will provide solutions 
to some of the challenges of RT planning and 
delivery for bladder cancer.

 � What are the challenges?
As with all RT treatment, the aim is to deliver 
an individualized treatment plan as accurately 
as possible. Treatment plans deliver the highest 
possible dose to the tumor but at the same time 
must effectively avoid nearby normal tissues, 
thus reducing the possibility of acute and late 
side effects. 

Target coverage
The greatest challenge with bladder RT is due 
to the variation in shape and size of the blad-
der during the course of treatment. The bladder 
can be displaced between fractions due to rectal 

Radiotherapy in bladder cancer
Bladder cancer is a common disease and causes 
significant mortality and morbidity. A total of 
12,100 cases are diagnosed per year in the UK, 
of which 20% are muscle invasive at the time of 
diagnosis [101].

Radical cystectomy is regarded by many as 
the ‘gold-standard’ therapy for muscle-invasive 
bladder cancer [1]. Surgical removal of the blad-
der may result in local control, but patients will 
need reconstructive bladder surgery or an ileal 
diversion, and a small proportion of patients 
go on to develop local relapse of disease [2,3]. 
Although complications of radical cystectomy 
have decreased as surgical techniques have 
advanced, the potential for early and late mor-
bidity and mortality remains [4]. Furthermore, 
cystectomy is unsuitable for a significant number 
of patients owing to coexisting medical prob-
lems (often smoking related such as cardiac dys-
function or chronic airways disease), by virtue 
of age/performance status or the pathological 
and/or anatomical nature of the tumor [5].

In these patients and in those who do not 
wish to have major surgery and urinary diver-
sion, radical radiotherapy (RT) can be used as 
an alternative to cystectomy. RT, when suc-
cessful, can result in cancer cure and leave an 
intact functional bladder. It does suffer from 
the problem of treatment-related toxicity and 
that durable disease control is only achieved 
in approximately two out of three patients [6], 
with those failing needing salvage cystectomy. 
No published randomized trials have directly 

Bladder cancer is a common disease that can be effectively treated using radiotherapy. However, accuracy 
of radiotherapy is limited by movement of the bladder both between and during radiotherapy fractions 
due to filling and external factors. Cone-beam CT (CBCT) allows bladder size and shape to be analyzed 
immediately prior to treatment to ensure it is accurately encompassed within the radiotherapy treatment 
field by moving the treatment couch. CBCT has also allowed development of adaptive radiotherapy 
techniques that adjust the radiotherapy plan to account for changes in bladder filling and position, 
enabling maintenance of tumor coverage while minimizing radiation to nearby normal tissues. In this 
article, we explore the use of CBCT and how it has enabled the development of these advanced 
radiotherapy techniques.
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distension (Figure 1) and the size changes due to 
continual filling of the bladder during treatment 
(Figure 2). Adaptation of treatment plans to take 
these forms of movement into account would 
increase treatment accuracy.

Normal tissue toxicity
Whole-bladder RT results in a large pelvic 
volume being irradiated with consequent irra-
diation of neighboring normal tissues. Nearby 
structures, particularly the small bowel, rectum 
and femoral heads, limit the dose that can be 
given to the bladder owing to their lower tol-
erance to radiation [13]. By more accurately 
identifying the area to be treated at the time 
of treatment planning and again immediately 
before treatment delivery, it is anticipated that 
normal tissue toxicity experienced by patients 
could be either reduced or maintained while the 
dose delivered to the tumor is increased.

CBCT: background
 � Target verification

At the time of treatment delivery, traditionally, 
patients receiving bladder RT are aligned in the 
treatment position relative to the linear accelera-
tor (linac) isocenter (the point in space within 
the RT target from which set-up measurements/
adjustments are made) using wall-mounted 
lasers in the treatment room, which are directed 
to skin tattoos on the patient. Invariably, use 
of surface marks as a surrogate for underlying 
internal anatomy is associated with a degree 
of set-up error. Until recently, the standard 
approach for set-up verification was to match 
the bony anatomy of a treatment image derived 
from the treatment beam (mega voltage [MV] 
portal images) with a digitally reconstructed 
radiograph derived from the planning CT scan. 
The major drawback to portal imaging is that 
the image contrast only permits assessment of 
bony anatomy (Figure 3) rather than soft-tissue 
structures. Treatment delivery based on bony 
anatomy is only accurate if the target maintains 

a stable relationship in relation to the bony 
anatomy from the planning stage throughout 
the course of treatment. If not, soft-tissue defini-
tion is required to optimize accurate verification 
of the target position prior to treatment delivery.

Cone beam CT is a relatively new technology 
allowing 3D volumetric images to be acquired and 
reconstructed following a single linac gantry rota-
tion with the patient in the treatment position [14]. 
Due to the volumetric nature of CBCT acquisi-
tion, the images are subject to a higher degree of 
scatter than diagnostic CT and, consequently, the 
image quality is not quite as good. There are two 
approaches to integrating CBCT into the linear 
accelerator for image acquisition: one uses the MV 
treatment beam and electronic portal imaging 
detector (EPID) to produce MV CBCT images; 
the other approach uses a gantry-mounted kilo-
voltage (kV) source at a 90o angle to the treatment 
beam, opposite an additional EPID (Figure 4). The 
significant advantage of kV CBCT is the improved 
image contrast produced by lower-energy beams 
and, thus, improved visualization of soft-tissue 
structures compared with MV CBCT [15]. 

 � Correction strategies
At the time of treatment delivery, the objective is 
to accurately deliver the planned dose distribu-
tion to the target. In bladder RT, the standard 
strategy to correct for geometric discrepancy 
between the planned and delivered dose distri-
bution has been with ‘off-line’ assessment. An 
error each day is usually considered to consist of 
two components: a ‘systematic’ component due 
to a persistent difference in positioning between 
planning and treatment and a ‘random’ com-
ponent due to day-to-day fluctuations. Taking 
verification images daily for several days allows 
off-line assessment of whether there are any per-
sistent (systematic) set-up errors that can then be 
adjusted before subsequent treatments. This pro-
cess does not account for random errors; how-
ever, assessment of verification imaging ‘on-line’ 
prior to treatment delivery provides the potential 
for intervening and correcting for both system-
atic and random set-up errors caused by daily 
variation, thus maximizing geometric accuracy 
of treatment delivery [102]. 

In addition to the CBCT technology of 
acquiring volumetric images with soft-tissue 
structure definition, advances in image recon-
struction and registration software permit rapid 
assessment of variation between the verification 
images and the reference planning images. 
Therefore, it is now feasible to scan a patient in 
the treatment position and implement an on-line 

A B

Figure 1. Planning CT images showing displacement of bladder due to 
rectal distension. (A) Empty rectum; (B) full rectum.
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couch correction to reposition the isocenter 
moments before treatment delivery. Such on-line 
corrections allow maximal geometric accuracy 
on a daily basis during a course of treatment. 

Bladder variation: population, 
individualized & adaptive  
RT strategies 

 � Measurement of bladder variation
The bladder is a highly deformable organ sub-
ject to many factors influencing filling, including 
baseline hydration, oral fluid intake, renal func-
tion, concomitant medication, time since last 
void, bladder inflammation and obstruction. It 
is also a mobile structure within the pelvis and its 
position is influenced by surrounded structures 
such as the rectum [16]. A number of studies have 
demonstrated size, shape and positional changes 
using repeat diagnostic CT scans at regular inter-
vals, typically weekly, during the course of RT 
[17–25]. The documented interfractional bladder 
variation is a challenge to accurate RT delivery 
and has necessitated a large isotropic (symmetric) 
safety margin of 1.5–2 cm to be added to the clin-
ical target volume (CTV) to create the planning 
target volume (PTV). For any one individual, on 
a given day of treatment, this safety margin may 
be overgenerous and result in a large volume of 
normal tissue being irradiated. The studies have 
also demonstrated that a margin of this magni-
tude is inadequate for some fractions, with up 
to 89% of treatments delivered with a degree of 
‘missing’ of the target (Figure 5) [21]. A drawback to 
assessing bladder variation on weekly diagnostic 
CT scans is the separation in time and place from 
treatment delivery; however, more recent studies 
using CBCT reveal similar variation [26–28].

 � Adjusting for patient positioning 
errors: isocenter shift
With the availability of CBCT it is now feasible 
to scan the patient, assess the patient position 
and implement a couch correction to reposition 

the isocenter moments before treatment delivery. 
One study demonstrated that without the abil-
ity to optimally shift the treatment isocenter, an 
isotropic margin of 3 cm was required to ensure 
the bladder CTV was covered on all subse-
quent images, but with CBCT-guided isocenter 
intervention an isotropic margin of 1.6 cm was 
adequate [24]. The average shift required in this 
study for the considerable reduction in safety 
margin was 0.7 cm and its direction was random. 

A CBCT-guided isocenter shift allows for 
reduction in patient set-up error in addition to 
reducing error owing to displacement of a consis-
tent volume within the pelvis (Figure 6), for exam-
ple, due to changes in rectal filling, as it allows a 
correction in three planes (Figure 4). On its own, 
an isocenter shift is not able to fully correct for 
internal motion due to changes in shape and vol-
ume of the target. Strategies to account for this 
are discussed below.

 � Adjusting for bladder volume 
changes: anisotropic margins
The observed population variation in size and 
shape of the bladder over time with filling is 
consistently greater in certain directions. Studies 
have documented that the greatest variations with 
bladder filling are in the cranial and anterior 
directions with minimal variation in the lateral 
and caudal directions [21–23,25,27]. These studies 
have led to development of population-based 
anisotropic CTV to PTV margins, greatest in 

 

Figure 2. Two planning CT images revealing the difference in presumed 
empty bladder as reported by the same patient on different occasions.

Pre-isocenter shift

 A B C

Figure 3. Comparison of electronic portal imaging, digitally reconstructed radiograph and 
cone-beam CT images of the bladder. (A) Electronic portal imaging; (B) digitally reconstructed 
radiograph; (C) cone-beam CT image.
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the directions of most variation to account for the 
differential bladder motion with filling. Regular 
CBCT soft-tissue verification permits maximal 
benefit from implementation of anisotropic mar-
gins, by ensuring the population-based aniso-
tropic margins remain valid for any individual 
patient throughout a course of treatment. 

 � Individualization of treatment
As the bladder is an organ subject to such large 
day-to-day changes in size and shape between 
treatment fractions (interfraction variation), 
strategies to address the consequent uncertainty 
are required to improve RT delivery. There is the 
potential to reduce the margin required around 
the target if the volume variation can be reduced. 
For example, one study demonstrated that if the 
bladder volume could be maintained to within 
150% of the volume observed on the initial plan-
ning scan then isotropic margins could be safely 
reduced from 1.5 to 1 cm [29]. Predictive factors 
would be useful to assess an individual at the 

treatment planning stage, to try to identify a group 
of patients for whom a smaller margin would be 
adequate. However, studies have so far failed to 
identify a reliable predictive factor. For example, 
patient age, pretreatment urinary toxicity score, 
post-voiding bladder volume at planning, increase 
in bladder volume over 30 min and tumor position 
within the bladder were assessed and not found to 
be predictive pretreatment factors [27]. The option 
of bladder catheterization to stabilize the bladder 
volume during a course of treatment would be a 
simple measure requiring minimal technology to 
implement; however, it has a number of drawbacks 
including patient discomfort and increased risk of 
urinary tract infection. 

Rather than trying to predict and account 
for all potential target motion at the treatment 
planning stage, the availability of CBCT has 
led to the development of individualized adap-
tive RT strategies aimed at maintaining target 
coverage while reducing the amount of normal 
tissue irradiated. 

 � Composite volume technique
The composite volume technique was first 
described as a strategy for improving prostate RT 
treatment delivery [30] but has since been investi-
gated in bladder RT [31]. In this study, 21 patients 
receiving RT for bladder cancer were treated using 
a 2-cm isotropic margin around the target for the 
first 2 weeks. Daily CBCT scans from the first 
5 days were assessed at the end of the week. After 
fusion with the planning CT scan, the target was 
contoured on each scan and then maximal excur-
sion of the target on all of these scans was used 
to define an adaptive volume to which a 1-cm 
(i.e., smaller) isotropic margin was added to cre-
ate the adaptive PTV (Figure 7). Implementation 
of this new adaptive plan from the third week 
of treatment was associated with maintenance of 
target coverage on subsequent imaging despite an 
average 40% reduction in the PTV. The target in 
this study was a partial bladder volume around 
the tumor but the technique also lends itself to 
whole-bladder treatment planning. CBCT is 
important both in defining the adaptive volume 
and in ensuring validity of the composite vol-
ume on a regular, but not necessarily daily, basis 
during the treatment course. 

 � ‘Plan of the day’ selection
Given the degree of interfraction variation 
observed in bladder RT patients and the unpre-
dictable nature of these variations, the availabil-
ity of more than one plan at treatment delivery 
for best fit ‘plan of the day’ selection appears 

Figure 4. Elekta Synergy Linac with 
integrated kilo voltage cone-beam CT. 
Three planes (X: left–right; Y: superior–inferior; 
and Z: anterior–posterior) of treatment couch 
adjustability demonstrated for repositioning 
isocenter (circle).

Figure 5. Planning target volume contour 
visible on cone-beam CT demonstrates 
degree of miss of target (cone-beam CT 
clinical target volume).
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attractive. As plan of the day implies, daily 
imaging with CBCT is required for implemen-
tation of this adaptive strategy to permit appro-
priate soft-tissue-based plan selection (Figure 8). 
Published studies have varied approaches to cre-
ating a library of plans with differing degrees 
of individualization. An early study developed 
a library of three plans by varying the margin 
added in the superior direction to the CTV (0.5, 
1.0 and 1.5 cm) [32]. Plan of the day selection in 
this cohort of 20 patients revealed target cover-
age could be maintained with a mean reduc-
tion in the PTV of 31 cm3 compared with the 
standard plan (1.5-cm superior margin). With 
the reduction in treatment volume superior to 
the target volume, this suggests potential for 
reduced irradiation of small bowel with this 
strategy. Interobserver concordance in the plan 
of the day selection was 70% in this study [32].

The margins applied around the target to create 
the various PTVs used for the library of plans can 
be population-based. An example of one of the 
adaptive strategies recently published was based 
on a library of small, intermediate and large plans 
with the CTV expanded using population-based 
margin data needed to encompass 50, 70 and 
90% of the population [33]. However, further indi-
vidualization can be considered in development of 
the library of plans either by using patient-specific 
information at the treatment planning stage or 
early on in the treatment course. 

 � Individual interfraction variation 
Similar to the composite volume approach, infor-
mation from daily CBCT acquired during the 
first week of treatment can be used to develop a 

patient-specific library of plans for implementa-
tion later on in the treatment course. Two groups, 
who have recently published on this approach, 
have used the composite volume strategy to cre-
ate one of the selection volumes [33,34]. One of 
these studies demonstrated that implementation 
of CBCT image-guided plan of the day selec-
tion improved target coverage with a significant 
mean reduction in the volume of irradiated 
normal tissue compared with the conventional 
approach [34]. Similarly, the other study also 
modeled adequate target coverage with reduction 
in volume of tissue irradiated to a high dose [33].

 � Adaptive-predictive  
organ localization 
For bladder RT planning, our standard prac-
tice is to perform a single snap-shot CT scan 
after the patient has voided. By carrying out 

 B C

Pre-isocenter shift Post-isocenter shift

Figure 6. Cone-beam CT (green) co-registered with planning CT scan (pink); 
pre- and post-isocenter shift.

 A B C

A

Figure 7. The first five cone-beam CT scans can be used to create a composite clinical 
target volume and then a planning target volume. (A) Contoured clinical target volumes 
(CTVs) from planning scan and first five daily cone-beam CTs (CBCTs) following fusion of CBCTs 
with planning CT images; (B) Composite CTV (green) contoured around maximal excursion; and 
(C) composite planning target volume (red), here with an additional 3-mm margin on 
composite CTV.
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an additional interval CT scan, for example, 
half an hour later, time-dependant bladder fill-
ing information can be gained for each patient 
at the treatment planning stage. The observed 
volumetric changes of the bladder can be used 
as a model of the anticipated bladder variation 
for each individual. The advantage of creating a 
library of patient-specific plans prior to the start 
of a course of RT is that it can be implemented 
from the first day of treatment [35] rather than 
later in the treatment course, such as on day 
8 [34] . Although CBCT images are not required 
for the development of the individualized plans, 
on-line CBCT imaging prior to each fraction 
remains essential for implementation of plan 
of the day selection. 

As plan development does not rely on acquisi-
tion of CBCT early on in the treatment course, 
this technique lends itself well to hypofrac-
tionated RT with fewer overall treatments. 
Arguably, with a small number of larger frac-
tions, image guidance and geometric accuracy 
with each treatment become even more impor-
tant. The adaptive-predictive organ localiza-
tion (A-POLO) methodology, with creation of 
patient-specific small, medium and large plans, 
has been modeled in 15 patients receiving hypo-
fractionated bladder RT with one fraction each 
week for 5–6 weeks [27]. The results revealed 
that 24% of fractions would have benefited 
from improved target coverage by selection of 
the large plan over the standard or interme-
diate plan and 54% of fractions could have 
maintained target coverage with selection of 
the small plan rather than the standard plan, 
with a reduction in irradiation of surrounding 
normal tissue. Overall, 78% of the hypofrac-
tionated treatments would have benefited from 
the A-POLO plan of the day approach. In this 
study, the interobserver concordance rate in 

plan selection was 76%, consistent with ear-
lier reports [32]. Studies of A-POLO in clinical 
practice are underway in our center and initial 
results from the first 14 patients receiving hypo-
fractionated RT demonstrate an inter-observer 
plan selection concordance rate of 92%, and 
maintenance of adequate target coverage with a 
mean reduction in PTV of 42% compared with 
a conventional approach [36].

Tumor boost & fiducial markers
 � Partial bladder treatment & reduced 

high-dose volume
Conventional RT aims to deliver 64 Gy in 
32 fractions to the whole bladder. It has been 
postulated that the development of bladder 
cancer is associated with a mucosal field change 
within the bladder and treatment should there-
fore include all bladder mucosa. However, the 
need to treat the whole bladder rather than the 
tumor alone has not been clearly established and 
this belief is questioned by the successful use 
of interstitial RT, which delivers a high, local-
ized dose to the tumor only [37]. Data, including 
those of a randomized controlled trial in prostate 
cancer [38], have shown that shielding normal 
tissue can reduce side effects and possibly allow 
dose escalation.

There is little available data on the relative 
tolerance of the whole versus part of the bladder 
to radiation. It is widely accepted that the radia-
tion tolerance of a whole bladder for develop-
ment of a contracted scarred bladder known as 
the TD5/5 (5% risk at 5 years) is approximately 
65 Gy, but there is suggestion that if part of the 
bladder is irradiated, the TD5/5 may be as high 
as 75–80 Gy [13,39], although these estimates 
may be flawed as bladder motion is not taken 
into account [40]. Our own experience of two-
phase RT treatment to the bladder (52 Gy to 

 A B C

Figure 8. Creation of a library of plans, here visible on planning CT images, permits the 
planning target volume providing optimal coverage of the clinical target volume to be 
selected for each day of treatment following cone-beam CT assessment. (A) Axial CT slice; 
(B) sagittal CT slice; (C) coronal CT slice. Blue: large planning target volume (PTV); green: small PTV; 
red: intermediate PTV; yellow: clinical target volume.
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whole bladder followed by a 12-Gy tumor boost) 
showed a 50% reduction in severe late toxicity 
(Radiation Therapy Oncology Group grade 3 
and 4 complication rates: 41 vs 22%; p = 0.034) 
compared with patients receiving conventional 
whole-bladder treatment to the same total dose 
(64 Gy) [41]. 

Partial bladder irradiation allows the full dose 
to be delivered to the tumor while the healthy 
bladder is, to varying degrees, spared [42]. A RT 
planning study at our hospital (Royal Marsden 
Hospital, Surrey, UK) has shown a 50% reduc-
tion in the volume of bladder treated above 
60 Gy when only part of the bladder received 
the full dose of 64 Gy [43]. In addition to reduc-
ing the volume of bladder receiving a high dose, 
it is also possible to reduce volumes of small 
bowel and rectum receiving a high dose with 
anticipated reductions in toxicity [44].

The problems currently associated with 
partial bladder irradiation are:

 � Difficulty visualizing the bladder tumor at 
planning CT scan due to previous transure-
thral resection of bladder tumor or shrinkage 
of radiologically visible tumor following neo-
adjuvant chemotherapy. This difficulty can be 
reduced by availability of an accurate bladder 
map drawn by the urologist at the time of 
initial transurethral resection of bladder tumor;

 � Bladder variability during treatment causing 
geographical miss of the high-dose volume 
(resulting in under treatment of target volume 
and over treatment of nearby structures that 
receive the dose instead).

Thus, bladder RT could benefit greatly from 
better demarcation of tumor position at the 
time of planning and also at the time of treat-
ment to ensure target coverage. If treatment 
accuracy is improved, the size of safety margins 
applied could be reduced, with a correspond-
ing reduction in the volume of nearby normal 
tissues irradiated.

 � MRI virtual cystoscopy
Studies are underway to investigate the use of 
MRI virtual cystoscopy in helping delineate 
the site of bladder tumor. Both MRI images 
and bladder maps based upon virtual cysto-
scopic findings can be used to determine the 
tumor site and, consequently, may allow better 
definition of the area to receive a tumor boost. 
However, this is only potentially useful at the 
planning stage of RT treatment and cannot be 
used during treatment to verify the bladder or 
tumor position.

 � Fiducial markers
For all of its advantages, the quality of CBCT 
does not allow good definition of the extent 
of the gross tumor within the bladder, which 
is difficult to distinguish even on diagnostic-
quality CT scans. Implanted fiducial markers 
have previously been investigated in many other 
types of cancer as surrogate markers of tumor 
position. Radio-opaque gold seeds [45] or tita-
nium clips [46] are the most widely used form of 
fiducial marker and their insertion into a target 
organ allows easy identification of tumor posi-
tion in 2D or 3D imaging. These markers can 
be inserted into bladder mucosa via rigid cystos-
copy to provide a surrogate marker of the extent 
of bladder tumor (Figure 9).

The markers can be used at treatment plan-
ning to assist the clinician in determining the 
tumor site to be encompassed in the treatment 
field. This is particularly important if a higher 
dose is to be delivered to a bladder tumor. In 
addition, these markers can be identified at the 
time of treatment delivery to allow improved 
accuracy. CBCT images taken immediately 
before treatment allow comparison with the 

 

A

B

Figure 9. Fiducial markers in situ. (A) Gold 
seeds and (B) Lipiodol®.
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planning scan so that the couch can sub-
sequently be moved immediately before treat-
ment to ensure the high-dose target volume is 
treated accurately and that the low-dose volume 
is adequately spared. 

Lipiodol® (Guerbet) is a liquid contrast 
medium used mainly for lymphography and 
hysterosalpingography. It has also been used 
as a fiducial marker for tumor localization in 
lung and prostate patients and, more recently, 
for tumor demarcation in bladder patients 
for image-guided RT (Figure 9). Lipiodol can 
be injected into the bladder wall via a flexible 
cystoscope, which allows access to all parts of 
the bladder (compared with a rigid cystoscope) 
and is better suited to poor performance sta-
tus patients who are unsuitable for the gen-
eral anesthetic necessary for rigid cystoscopy. 
Lipiodol use combined with CBCT scanning 
has been demonstrated to be a feasible method 
for monitoring bladder tumor position changes 
during treatment [47,48].

It has been demonstrated that the tumor-laden 
bladder wall is less mobile than the unaffected 
part of the bladder [25] and that changes in tumor 
volume may be less pronounced than the volume 
changes seen in the bladder as a whole. It may 
also be the case that as the tumor regresses during 
the course of RT, the bladder wall becomes more 
compliant. The use of the combination of CBCT 
and fiducial markers makes it possible to observe 
movement of the tumor as well as of the entire 
bladder and to adapt treatment as necessary.

Alternative fiducial marker systems that do 
not utilize CBCT are in development with the 
aim of achieving real-time tumor tracking dur-
ing treatment delivery, such as Calyspo® radio-
frequency transponders for prostate cancer [49]. 
Tracking during treatment may be associated 
with additional benefit although further studies 
are required. 

Pitfalls & problems
 � Limits to margin reduction  

with CBCT
When considering the possible margin reductions 
that image guidance may allow, it is important 
to remember that target-volume delineation vari-
ability remains an important limiting source of 
error. Studies have documented that contouring 
variations of pelvic organs are larger on CBCT 
compared with diagnostic CT images [50]. In 
addition, to allow for a degree of intrafraction 
bladder motion and filling, a small margin such 
as 0.3 cm [27] will still be required after an on-line 
match, immediately prior to treatment. 

 � Image quality & artifact
All CBCT scans are inherently more prone to 
artifact than conventional radiographs because 
the images are reconstructed from many sepa-
rate detector measurements. Typical artifacts 
seen are: streaking, shading, rings or distortion. 
CT artifact can arise from patient-related fac-
tors such as presence of metallic materials or 
movement, owing to the scanner or due to the 
method of image reconstruction employed. In 
comparison with diagnostic CT images, there is 
a compromise in achievable image quality when 
working with CBCT. The cone beam with the 
EPID detection system causes an increased scat-
ter artifact, although scatter correction methods 
have been developed to deal with this issue. Soft-
tissue contrast is better in kV CBCT scans owing 
to the prevalence of photoelectric absorption, 
but these interactions are also responsible for the 
presence of artifact from metallic objects within 
the patient. Conversely, MV CBCT scans do not 
show such good soft-tissue definition as those 
with kV CBCT, but are less prone to artifact due 
to metallic objects (or any other high-electron-
density object) owing to the predominance of 
Compton scatter as the attenuation mechanism 
at the higher-beam energies. 

In the pelvis, causes of artifacts subject to 
more day-to-day variation include motion arti-
fact from peristalsis and artifact due to bowel 
gas. Pockets of bowel gas within the bowel 
and rectum occur frequently and can signifi-
cantly compromise CBCT image quality, mak-
ing interpretation difficult on any given day 
(Figure 10) [51]. 

 � CBCT imaging radiation dose
There are also concerns that the increased radia-
tion dose from the CBCT scans in addition to 
the prescribed therapeutic radiation could prove 
detrimental to the patient. The typical CBCT 
scan delivers a further 15 mSv of radiation. This 
represents a small percentage increase in overall 
radiation exposure to the patients and a recent 
study has demonstrated that the radiation expo-
sure to the patient was reduced by using CBCT 
and adaptive strategies (due to smaller irradiated 
volume) in comparison to conventional RT [52].

 � Resource considerations
There is undoubtedly a cost implication for 
many hospitals, not just as a capital outlay for 
new equipment, but also its associated software. 
Furthermore, the time taken to deliver image-
guided and/or adaptive RT is longer than for 
standard RT. The extended treatment time slots 
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required to provide this treatment unit are likely 
to result in a decrease in patient throughput on 
the treatment unit. 

In addition, the staff need to be educated to 
use the new equipment. In our center, we have 
a number of senior radiographer staff trained to 
assess a bladder CBCT image and compare it to 
the reference planning CT scan. They are capa-
ble of performing any necessary treatment couch 
movement and are able to choose an optimal 
plan of the day. Confident and timely decision 
making after CBCT acquisition is paramount for 
maximal benefit as any undue delay may allow 
for further patient movement and/or bladder fill-
ing. This advanced competency requires specific 
training and clinician support, particularly in 
the early stages of implementation. 

There are also additional cost implications 
depending on the adaptive strategy used for each 
patient. Additional clinician time is required for 
creating a composite volume, as the planning 
requires analysis and contouring of multiple 
CTVs on the CBCTs acquired. Creation of a 
library of plans for plan of the day selection is 
usually less demanding on clinician time, but 
requires additional physics time for the genera-
tion of multiple plans for each patient. Having 
multiple plans available for a patient also requires 
strong governance mechanisms to ensure that 
the appropriate/correct treatment plan is selected 
each day.

Future perspective
 � Dose escalation

Introduction of advanced RT techniques has led 
to improved clinical outcomes in other tumor 
sites, for example, with tumor dose escalation 
in prostate cancer [53] and conformal avoid-
ance of critical structures in head and neck 
cancer [54]. Clinical trials of the use of CBCT 
image-guided and adaptive RT are required to 
assess the potential clinical benefit to be gained 
from improved accuracy and individualization 
of treatment delivery. Adequate target coverage 
combined with reductions in the PTV and/or 
reduction in the volume of normal tissue treated 
has now been demonstrated in a number of stud-
ies using CBCT in bladder RT [24,31–34,36]. This 
raises the question of whether isotoxic dose-
escalation studies are now feasible. The dose–
response curve observed for transitional cell car-
cinoma estimates an a:b ratio of 10–13 Gy [55]. 
This implies that dose escalation will result in 
improved outcome using standard 1.8–2 Gy 
per fraction. However, dose escalation with the 
availability of image guidance should be pursued 

cautiously as conventional RT techniques have 
most likely allowed some geographical miss or 
accidental sparing of the normal bladder tis-
sue with its associated reduction in toxicity. By 
targeting the bladder more precisely, there is a 
possibility that bladder toxicity is increased even 
before the dose is escalated, purely for the reason 
that the bladder is fully included in the target 
volume that receives its prescribed dose.

 � Integration of CBCT with other RT 
techniques & systemic therapies 
In addition to image-guided adaptive strategies 
discussed above, additional questions about the 
RT technique remain to try to gain maximum 
therapeutic benefit. For example, it may be that 
there is a patient subgroup that only requires a 
tumor volume alone to be treated rather than 
any whole-bladder treatment, but another 
patient subgroup may benefit for the inclusion 
of pelvic lymph nodes using highly conformal 
intensity-modulated RT in addition to treat-
ment of the bladder. Another question is whether 
dose escalation is best approached with standard 
fractionation or whether a concomitant boost 
technique (delivering higher than the standard 
2 Gy per fraction to the boost region) [56] is 
prefer able. Now that there is published evidence 
of improved outcomes from bladder RT with 
the addition of concomitant chemotherapy [6] 
and concomitant administration of radiosensi-
tizers [57], the gain from these systemic thera-
pies may be additive with potential gains from 
CBCT image guidance. 

 � Developmental strategies: 
immediate replanning &  
dose-guided RT
Ultimately, it may be possible to use the informa-
tion from the daily CBCT images to monitor 
the accuracy of treatment by provision of infor-
mation on the delivered dose distribution. With 

Figure 10. Bowel gas artifact reducing 
image quality of cone-beam CT.
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technical advances in deformable registration 
and optimization algorithms, immediate replan-
ning based on this information may become 
practical in the not too distant future [58]. 

Conclusion
The increasing availability of CBCT within the 
RT delivery room has expanded our horizon. 
There is opportunity to take a quantum leap in 
the delivery of RT to bladder cancer to make this 
treatment one suitable for the 21st century. The 
development of innovative correction and adap-
tive protocols to correct for bladder and patient 
motion will allow us to deliver truly personal-
ized RT treatments; these promise real gains in 
terms of minimizing treatment toxicity for simi-
lar cure rates or allowing isotoxic treatments for 

improved cure rates via treatment intensification 
(either by RT dose escalation and/or concomi-
tant therapies). These improved treatments may 
allow RT to challenge the supremacy of radical 
surgery as the local treatment of choice for this 
patient group.
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Executive summary

Radiotherapy in bladder cancer
 � Radical radiotherapy plays an important role in the multimodality approach to bladder-preserving treatment of muscle-invasive 

bladder carcinoma.
 � The bladder is a challenging radiotherapy target owing to the degree of interfraction variation observed in volume and position.

Cone-beam CT background
 � Cone-beam CT (CBCT) can now provide 3D soft-tissue information just prior to treatment delivery, allowing assessment of the bladder in 

relation to the treatment plan.
 � Image reconstruction and registration software advances now make ‘on-line’ correction of patient position a reality allowing for maximal 

geometric accuracy of treatment delivery.

Bladder variation: population individualized & adaptive
 � CBCT now allows a multitude of new correction strategies from optimal isocenter repositioning to individualized adaptive radiotherapy 

techniques, including composite volumes and ‘plan of the day’ selection.

Tumor boost & fiducial markers
 � Insertion of fiducial markers around the tumor bed will aid development of a partial bladder boost volume and permit monitoring of the 

boost volume position throughout the treatment course.

Pitfalls & problems
 � CBCT images are subject to artifact, which can make interpretation difficult and, furthermore, the associated imaging radiation dose 

remains a subject of debate.
 � Implementation of CBCT and adaptive techniques are associated with a number of resource implications.

Future perspective
 � Individualized radiotherapy strategies using CBCT will potentially permit smaller treatment volumes, reduce normal tissue toxicity and 

increase the feasibility of dose-escalation studies with anticipated improvement in treatment outcome.
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