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Abstract: The role of radiotherapy (RT) in the management of urinary bladder cancer has undergone several alterations along the last decades. Recently, many protocols have been developed supporting the use of multi-modality
therapy, and the concept of organ preservation began to be reconsidered. Advances in radiotherapy planning, verification, and delivery provide a method to optimize radiotherapy for bladder cancer and overcome difficulties which
have previously limited the success of this treatment. They offer the opportunity to enhance the therapeutic ratio by
reducing the volume of normal tissue irradiated and by increasing radiation dose or using more intensive fractionation and synchronous chemotherapy regimes. These techniques have a large potential to improve the therapeutic
outcome of bladder cancer. In the near future, it should be possible to offer selected patients with muscle-invasive
bladder cancer an organ-sparing, yet effective combined-modality treatment. In this review, we aim to present the
role of radiotherapy in the management of muscle invasive bladder cancer. Alternative methods of improving treatment accuracy such as helical tomotherapy, adaptive radiotherapy and radiochemotherapy are also discussed.
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Introduction
Carcinoma of the bladder of all histologic types
remains a major global health issue, with more
than 385,000 new cases worldwide in 2008
[1]. In the USA, approximately 14,100 people
per year will die of this disease, accounting for
2.5% of all cancer-related mortality [2].
Transitional cell carcinoma (TCC) represents
over 90% of bladder cancers and less common
types include squamous cell carcinoma, adenocarcinoma and small cell carcinoma [3].
Bladder cancer can be clinically classified by
stage as either muscle invasive or non-muscleinvasive based on involvement of the detrusor
muscle. Around 70-85% of patients present
with superficial disease and are now commonly
named non-muscle invasive bladder cancer
(NMIBC) [4]. Muscle invasive bladder cancer
(MIBC) (T2-T4), on the other hand, represents a
potentially grave danger, with long-term survival of approximately 50% [5, 6].
Radical cystectomy with urinary diversion has
long been considered the standard of treat-

ment for MIBC [7]. Contemporary series
described 5-year overall survival rates of
45-67% with radical cystectomy alone with
recurrence-free survival ranging from 62-71%
[8-10]. Despite aggressive and often early intervention, many patients with MIBC treated by
surgery alone still remain at considerable risk
for recurrence and death from bladder cancer.
The majority of recurrences occur within 3 years
of surgery and 75% of these patients fail with
distant metastases [11].
Radiotherapy (RT) is an alternative treatment
with comparatively good results for those who
are too frail to undergo cystectomy or for those
who refuse operation [12, 13] (Table 1). Hayter
et al. [14] reported 20,906 new cases of bladder cancer diagnosed in Canada. Among
patients with MIBC, no difference in survival
was seen between those treated with RT and
those who underwent cystectomy. The 5-year
cause specific survival for radiation-treated
patients was 41%. About one-quarter of
patients receiving RT could survive 5 years
while retaining the bladder. Radical RT with cystectomy for salvage is comparable with initial
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Table 1. Radiotherapy alone for invasive bladder cancer
Study
Moonen et al. (1998)
Piet et al. (2008)
Jenkins et al. (1988)
Moonen et al. (1994)
Yavuz et al. (2004)
Horwich et al. (2005)

Patients (n)
379
92
182
40
87
229

Stage
Treament (Gy)
3-to 5-year OS (%) 3-to 5-year LCR (%)
T1G3-T3a RT alone 50-75 Gy
40.3
T2-T4
RT alone 55 Gy
36
56
T2-T3
RT alone
40
T1G3-T3a
TUR + RT 30 Gy
86
84
T1-T4
RT alone 67.5 Gy
46
64
T2-T3
AF (60.8 Gy) n = 129
54 VS. 47
CF (64 Gy) n = 100
37 VS. 40

OS = overall survival, DSS = disease-specific survival, RT = radiotherapy, TUR = transurethral resection, AF = accelerated fractionation, CF = conventional fractionation.

cystectomy and has the advantage of preserving normal bladder function [15, 16].
Multiple institutions and cooperative groups
have played a role in developing and refining
the modern approach to radiotherapy-based
bladder preservation [6, 17]. Bladder preservation with aggressive transurethral surgery
(TUR), systemic chemotherapy, and RT has
resulted in 5-year survival rates approximately
equivalent to those after cystectomy (60%),
with 40% of patients surviving with an intact
bladder [15]. Comparing approaches by TUR
plus chemotherapy alone with TURBT plus
concurrent chemotherapy and radiotherapy,
the 5-year survival rates with a preserved
bladder for all patients entered ranges from
20-33% when radiotherapy was not used and
from 41-45% when radiotherapy was used
[18]. Thus, the use of radiotherapy concurrent
with chemotherapy after TUR increases the
probability of surviving without invasive tumor recurrence. This review will focus on
the current application of the radiotherapy in
MIBC, and the evidence to support this
management.
Conventional radiotherapy
Usually, RT is fractionated in 1.8 to 2 Gy per
day, 5 days a week. A total dose of 45 to 50 Gy
is delivered to the pelvis and 55 to 70 Gy to the
bladder tumor bed, achieving advantageous
rates of local control [19].
A Canadian study reported long follow-up
results of patients with MIBC treated with radical RT [20]. 247 patients received RT alone.
36 patients received RT and concurrent cisplatin chemotherapy, and 57 patients received
neoadjuvant chemotherapy followed by RT.
Complete response (CR) rate was 63.5% for
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the whole group. 10-year overall, cause-specific survival and local control rate were 19%,
35%, and 32%. In 131 patients with disease
limited to the bladder wall (T2N0M0), 10-year
cause-specific survival and local relapse-free
rates cause-specific survival were 68% and
60%.
Between 1996 and 2000, Kotwal et al. [21]
compared outcomes between patients receiving either radical surgery or RT as therapeutic
treatment for bladder cancer. There was no
difference in overall, cause-specific, and
distant recurrence-free survival at 5 years
between the two groups, despite the RT group
being older (median age, 75.3 years vs. 68.2
years). In a more recent cohort, the median
age of RT patients was higher than in the
above-mentioned cohort and the patients
undergoing radical cystectomy were significantly younger than the RT patients (median age,
67.9 years vs. 78.4 years), nevertheless, treatment modality did not influence survival.
Radical RT is a feasible treatment option for
these patients, with the advantage of organ
preservation.
Conventional RT concurrent with chemotherapy, or alone, provides benefits for locally
advanced bladder cancer patients. However,
patients developed grade 3 or 4 hematologic
toxicity or pelvic toxicities in the studies where
radiation was delivered by conventional RT
techniques. In the RTOG 95-06 study, 21% of
patients with MIBC who underwent TUR plus
concomitant chemotherapy and RT had grade
3 or 4 hematologic toxicity and 15% had 3
bowel toxicity [22]. The conventional RT, in
which the dose cannot be reduced to critical
organs, and thus, causes unavoidable side
effects.
Am J Cancer Res 2015;5(2):854-868
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Three-dimensional conformal radiation therapy
(3D-CRT) and intensity modulated radiation
therapy (IMRT)
Great advance in techniques for both medical
imaging and conformal dose delivery has taken
place during the last decades. Advances in RT
delivery such as 3D-CRT and IMRT have been
devised to concentrate the radiation on the target organ, deliver high enough doses to the
tumor to stop its growth without inducing unacceptably high rates of normal tissue adverse
effects.
3D-CRT
Shen et al. [23] studied the efficacy, late complications and prognostic factors of 3D-CRT for
bladder cancer. Between 1995 and 2007, 109
patients with primary bladder cancer were retrospectively analyzed. The median age was 68
years. 3D-CRT was given with a median total
dose of 49.2 Gy (39.3-62.2 Gy) after TUR. The
1, 3 and 5-year local control rate were 63%,
47% and 42%, respectively. The 1, 3 and 5-year
overall survival rate were 80%, 48% and 37%,
respectively. Among the 109 patients, 33 died
of tumor progression or metastasis. 42 showed
local recurrence and 22 had lymph node metastasis. Grade 1, 2, 3 and 4 radiation related
early urological side effects were 22%, 59%,
12% and l%, respectively. The corresponding
late urological side effects were 29%, 28%, 2%
and l%, respectively.
IMRT
Turgeon et al. [24] reported their experience
with bladder preserving treatment using IMRT
for elderly patients with MIBC. 24 patients with
a median age of 79 years were eligible. A CR
was confirmed in 83% of the patients. The overall and cancer-specific survival rates at 3 years
were 61% and 71%, respectively. Of the surviving patients, 75% have a disease-free and functioning bladder. Only 4% of the patients
occurred acute grade 3 gastrointestinal or genitourinary toxicities, and acute grade 3 or 4
hematologic toxicities, liver toxicities, or both
were experienced by 17% of the cohort. No
patient experienced grade 4 gastrointestinal or
genitourinary toxicity.
Hsieh et al. [25] found that IMRT provided good
locoregional progression free survival particu-
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larly in the elderly bladder cancer group. The
median patient age was 80 years old. The
median survival was 21 months (5 to 26
months). Of the 19 eligible patients, 17 (89.5%)
had no local recurrence. The 2-year overall survival rates for T3-T4 was 35.4%.
Compared to standard CRT, IMRT techniques
give even better shaping of the dose distribution around the tumor, with potentially larger
reductions in normal tissue late effects and/or
larger increases in tumor control. Meijer et al
[26] reported 20 patients with T2-T4N0M0
invasive bladder carcinoma. The IMRT treatment was very well tolerated; all treated
patients completed their prescribed regimen
without interruption. No grade 3 toxicities were
observed. van Rooijen et al. [27] also mentioned the similar report with IMRT for bladder
cancer that a statistically significant dose
decrease to the small intestines can be
achieved while covering both tumor.
However, the potential negative of IMRT include
the increased time required for RT delivery and
the associated risk of bladder filling and changes in bladder shape and size. The magnitude of
bladder filling during treatment delivery has
recently been demonstrated to be approximately 1 cm3 per minute, but with wide inter
patient variation [28]. Another disadvantage of
IMRT is the increased number of monitor units
(MU) needed, which results in a greater integral
body dose, with a potential increased risk of
second malignancies [29]. Nevertheless,
Ruben et al. [30] found that the effect on secondary cancer induction by spreading out the
low to intermediate dose with IMRT is small.
While IMRT increases the MU demand compared to 3D-CRT, the smaller field size and
reduced average filed intensity have been
reported to reduce the scatter more than sufficiently to compensate for any increase in head
leakage.
Helical tomotherapy (HT)
Helical tomotherapy (HT), an image-guided
IMRT that was developed at the University of
Wisconsin, USA, delivers highly conformal dose
distributions to the targets, concurrent with
critical organ sparing [25]. Several studies have
been published comparing HT with other IMRT
manners [31, 32]. It introduces the ring gantry
concept into RT using a combination of a mega-
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voltage (MV) CT scanner and a therapeutic linear accelerator [33]. Radiation is emitted as a
fan beam by a linear accelerator mounted on
the rotating gantry and is modulated by a fast
pneumatically driven binary slit collimator.
During treatment, the patient is moved through
the gantry bore while the gantry is rotating continuously resulting in a helical dose application.
HT can achieve highly conformal dose distributions at various locations for many different
tumor entities [33-35]. Besides these abilities
in terms of achievable dose distributions, HT
offers a unique system of image guidance. The
realization of a ring gantry enabled the integration of MV-CT imaging. Owing to the shape and
location, the extent of bladder tumors make
them well suited for HT.
Hsieh et al. [25] reported their clinical experience with bladder cancer patients treated with
IMRT or HT for organ preservation, focusing on
feasibility of HT, clinical outcome, and early toxicities. They enrolled 19 bladder cancer
patients, 9 in the IMRT and 10 in the HT group.
The patients received 64.8 Gy to the bladder
with or without concurrent chemotherapy. The
median survival was 21 months. The actuarial
2-year overall survival for the IMRT and HT
group were 26.3% vs. 37.5%, respectively; the
2-year disease-free survival were 58.3% vs.
83.3%, respectively. Three of 19 patients (16%)
experienced grade 3/4 anemia, two in the IMRT
group and one in the HT group. HT had statistically significantly better organ sparing results.
The HT system with its integrated MV-CT allows
the treatment of standard cases in an excellent
way, treat multiple targets faster than conventional techniques when several target points
were necessary. It was possible to achieve
highly conformal dose distributions for targets
of all sizes and multiple targets within one procedure. This was feasible even if the desired
immobilization was not possible due to obesity,
claustrophobia, pain, or neurologic impairment.
Long-term follow-up is needed to confirm these
preliminary findings.
Volumetric-modulated arc therapy (VMAT)
VMAT is a new modality of IMRT, allows for
change in the dose rate, speed of gantry rotation, and multi-leaf positions (MLC) during rotation of the gantry in a full 360 degree arc. It was
recently introduced in clinical practice for com-
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paring with conventional RT modalities in various malignancies, including brain, head and
neck, prostate, anal canal, and cervix tumors [36-38]. In VMAT, gantry speed, MLC position and dose rate are dynamically varied during rotation of the gantry yielding a fast and
highly conformal treatment delivery [39].
RapidArc (Varian Medical Systems, Palo Alto,
CA) utilises the optimisation algorithm first
described by Otto, K [40] to plan VMAT. This
technology has recently been implemented
clinically and is becoming more widely practicable in radiotherapy centres. The advantage
of VMAT is a large reduction in the number of
MUs, with an associated reduction in treatment
time.
Foroudi et al. [37] compared the tumor control
and normal tissue complication probabilities of
3D-CRT with IMRT and VMAT plans for 15
patients with T2-4N0M0 bladder cancer. Mean
planning time for 3D-CRT, IMRT and VMAT was
30.0, 49.3, and 141.0 minutes respectively.
The mean PTV conformity index (CI) for 3D-CRT,
IMRT and VMAT was 1.32, 1.05, and 1.05. The
PTV homogeneity index (HI) was 0.080 for
3D-CRT, 0.073 for IMRT and 0.086 for VMAT.
Tumor control and normal tissue complication
probabilities were similar for them. Average
treatment delivery time were 2:25 min (range
2:01-3:09) for 3D-CRT; 4:39 min (range 3:416:40) for IMRT; and 1:14 min (range 1:13-1:14)
for VMAT. VMAT is associated with faster delivery times than 3D-CRT and IMRT. Cozzi et al.
[38] found that RapidArc improved dose homogeneity and sparing of the rectum, bladder and
small bowel in the medium to high dose region.
The improved sparing of the bladder, rectum
and pelvis bone at medium to high doses using
VMAT as compared with IMRT is expected to
further reduce the acute and late toxicities,
especially for patients requiring a local boost
and concurrent/sequential chemotherapy.
A number of studies in other tumor sites have
shown that VMAT results in similar plan quality
with substantially reduced treatment times
compared to IMRT [40, 41]. Given the benefits
in terms of reduced MU as well as treatment
time, VMAT appears to be the ideal technology
to be used with daily image guided or adaptive
radiotherapy for MIBC. This reduction in treatment delivery time is clinically relevant in relation to patient comfort and infra-fraction
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motion. Faster delivery could improve patient
adherence to treatment and reduce intra-fractional motion. In addition, the higher delivery
efficiency also allowed for more time to carry
out image-guided radiotherapy, further reducing the treatment margin and toxicity. At present, there is very little in the literature, regarding the optimal planning of bladder using VMAT.
The clinical significance of these differences
with regard to dosimetry and radiation delivery
efficiency needs to be further investigated.
Adaptive radiotherapy (ART)
Adaptive radiotherapy is one of the new
approaches that make extensive use of new
technology. It is generally defined as the use of
high quality images acquired of the patient during or just prior to treatment delivery for modification of treatment plans and thereby deal with
treatment variations caused by organ motion.
Methods of both offline ART, where a single
adaptive treatment plan is generated using
various repeated CT or cone-beam computed
tomography (CBCT) scans; and online ART,
where the daily treatment plan is chosen from a
library of pre-planned treatment plans based
on CBCT imaging, have been studied [42, 43].
The former is a common strategy for head and
neck cancer where complex decisions and a
complete replan may be necessary [44]. In the
latter case the images are directly utilised not
only to move the patient in the correct position
but also to affect the treatment plan executed
on the day. Adaptive treatment strategies of
bladder cancer have been investigated among
several research groups [42-45].
Foroudi et al. [42] concluded that an offline
adaptive treatment strategy yields a higher
conformity index and improves clinical target
volume (CTV) dose coverage compared to conventional planning. The NKI group reported 21
patients with solitary T1-T4N0M0 bladder cancer treated with offline adaptive radiotherapy
using repeat CT [45]. The offline adaptive procedure proved to be effective and treatment
volumes were reduced by 40%.
Radiotherapy for bladder cancer has been
demonstrated by several groups to benefit significantly from online adaptive radiotherapy
[45-48]. Due to the daily variation in bladder
volume it is possible to prepare plans for different bladder sizes and select the most appropri-
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ate plan for the patient as he/she presents on
the day. The plans can either be prepared with
predetermined margins or based on results of
daily volumetric imaging during the first week of
treatment [48, 49]. Prior to delivery of every
fraction, the best plan is selected by treatment
staff based on insitu volumetric imaging such
as CBCT.
A comparisons were made between adaptive
and conventional treatment on the basis of CTV
coverage and normal tissue sparing [48]. 27
patients with T2-4 transitional cell carcinoma
of the bladder were treated with daily online
adaptive image-guided RT using CBCT. Mean
volume of normal tissue receiving a dose > 45
Gy was 29%, less with adaptive RT compared
with conventional RT. The mean volume of normal tissue receiving > 5 Gy was 15%, less with
adaptive RT compared with conventional RT.
Online adaptive radiotherapy is feasible in an
academic radiotherapy center. The volume of
normal tissue irradiated can be significantly
smaller without reducing CTV coverage.
Vestergaard et al. [46] compared the normal
tissue sparing potential of two ART strategies:
daily plan selection (PlanSelect) and daily plan
re-optimisation (ReOpt). Seven patients with
bladder cancer were included in the study. For
the PlanSelect strategy, a patient-specific
library of three plans was generated, and the
most suitable plan based on the pre-treatment
CBCT was selected. For the daily ReOpt strategy, plans were re-optimised based on the CBCT
from each daily fraction. Accumulated dose distributions for the ART strategies as well as the
non-adaptive RT were calculated. Compared to
non-adaptive RT, the volume receiving more
than 57 Gy (corresponding to 95% of the prescribed dose) was reduced to 66% (range
48-100%) for PlanSelect and to 41% (range
33-50%) for ReOpt. This study demonstrated a
considerable normal tissue sparing potential of
ART for bladder irradiation, with clearly superior
results by daily adaptive re-optimisation.
McDonald et al. [50] assessed the target coverage and normal tissue sparing of ART strategies. Conformal plans were developed for 25
patients. The mean coverage of the clinical target volume by the 95% isodose was 99%. The
mean reduction in the volume of normal tissue
treated to 95% of the prescription dose was
219 cm3 compared with the previous institu-
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tional standard approach. Good concordance
in plan selection is shown with clinical implementation of the adaptive strategy. Adequate
target coverage was achieved with reduction in
the volume of normal tissue irradiated to a high
dose compared with the previous standard
approach.

continuous low-dose rate (CLDR) and pulsed
dose rate (PDR). At 1, 3 and 5 years, the local
recurrence-free survival was 91%, 80% and
75%, metastasis-free survival was 91%, 80%
and 74%, disease-free survival was 85%, 68%
and 61% and overall survival survival was 91%,
74% and 62%, respectively.

In the attempt to minimize radiation-induced
side effect to normal tissues, ART has emerged
as an alternative method to conventional RT.
The effect of ART on spared volume of the
bowel at the selected dose level is determined
and compared with the traditional non-adaptive
RT with constant margins based on a single set
of treatment planning images. In addition the
CTV coverage is compared between both adaptive and non-adaptive techniques to get a confidence of not missing the target when introducing more complicated adaptive procedures into
daily RT practice. The strategy provides adequate target coverage with an associated
reduction in normal tissue irradiation. Using the
published dose-volume dependency of small
bowel toxicity [51], it can be estimated that the
probability of grade ≥ 2 acute gastrointestinal
toxicity (diarrhoea) requiring frequent medications was reduced from a normal tissue complication probability of 35% to as low as 7% on
average. In order to show the clinical significance of ART in the treatment of bladder cancer and reducing the acute bowel toxicity, a
long-term close follow-up and larger number of
patients would be required.

De Neve et al. [54] have reported the results
from 32 patients selected for implantation in a
retrospective study. Treatment schedule included external radiotherapy with 12 Gy in two to
three fractions followed by implantation of 4 to
6 cesium-filled needles in the tumor under general or spinal anesthesia. The dose of brachytherapy was median 53 Gy. This group of
patients was retrospectively compared to
patients with stage T1 and T2 receiving radical
radiotherapy or preoperative radiotherapy and
cystectomy. Bladder cancer-specific survival
was improved to 76% in the brachytherapy
group compared to 50% and 49% in the two
other groups.

Brachytherapy
Brachytherapy, as an alternative to externalbeam (EBRT) treatment, allows a high dose of
radiation to be delivered focally to a small area
of the bladder with relative sparing the rest of
the bladder wall and organs in the close neighborhood, such as the small intestine.
Several radiation oncologists have reported
good results with the combination of limited
surgery after external beam radiotherapy
(EBRT) followed by brachytherapy in MIBC [5256]. Koning et al. [52] collected data from 12 of
13 departments in a multicenter database,
resulting about 1040 patients: 811 males and
229 females with a median age of 66 years
(range 28-92 years). Results were analyzed
according to tumor stage and diameter, histology grade, age and brachytherapy technique,
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In conclusion, EBRT followed by brachytherapy,
combined with limited surgery, offers excellent
results in terms of bladder sparing for selected
groups of patients suffering from bladder
cancer.
Dose and fractionation
The regimes most commonly employed in conventional treatment of the whole bladder are
60-66 Gy in 30-33 fractions [57, 58]. A Dutch
review [59] emphasized the importance of the
treatment dose in which 10 Gy increments in
the final dose of RT yielded an increase of about
50% in local control rate in three years.
Expansion of the radiation dose using conventional fractionation results in increased normal
tissue toxicity, particularly gastrointestinal, and
may lengthen treatment time. Attempts to
increase the effective radiation dose delivered
have therefore focused more on dose intensification using accelerated hyperfractionation.
Accelerated hyperfractionated fractionation:
Accelerated RT implies in the administration of
the same number of fractions in a shorter period of time, in other words, an equivalent higher
total dose [60].
A Poland research institute evaluated the toxicity, clinical efficiency and survival rate of TUR,

Am J Cancer Res 2015;5(2):854-868

Radiotherapy for muscle-invasive bladder cancer
candidates were medically inoperable, with
Patients
Study
Stage
Treament (Gy)
Outcome
poor performance sta(n)
tus, and with age ranged
McLaren et al. (1997)
65
T2-T4 30 Gy/5F (n = 53)
OS 9 months
from 75 to 88 years.
36 Gy/6F (n = 12)
A dose of 36 Gy in 6
Turgeon et al. (2008)
24
T2-T3
50 Gy/20F
3-year OS 61%
weekly fractions was
3-year DSS 71%
prescribed. The gastroKouloulias et al. (2013)
58
T1-T2
36 Gy/6F
PFS 14 months
intestinal acute toxicities were 13/58 (22.4%)
Fosså et al. (1991)
39
T4
30 Gy/10F
OS 7.5 months
and 5/58 (5.6%), for
Salminen et al. (1992)
94
T1-T4
30 Gy/6F
DSS 13.3 months
grade I and II respec5-year OS 13%
tively. The genitourinaOS = overall survival, DSS = disease-specific survival, PFS = progression-free survival.
ry acute toxicities were
19/58 (32.7%) and
neoadjuvant chemotherapy and accelerated
10/58 (17.2%), for grade I and II respectively. In
hyperfractionated radiotherapy in patients with
terms of clinical outcome, 55/58 patients
MIBC [61]. Between 2004 and 2009, 35
(94.8%) reported palliation of haematuria,
patients with histologically proven invasive carwhile 19 out of 58 reported no change in frecinoma of the bladder (T2-T4aN0-1M0), were
quency and dysuria. All patients reported sigselected for the bladder-sparing protocol. The
nificant improvement (P < 0.01) for pain, conoverall actuarial survival rates at 3 and 5 years
cerning the visual analogue score before and
were 75% and 66%, respectively. Diseaseafter radiotherapy. The median progression
specific actuarial survival rates at 3 and 5 years
free survival was 14 months.
were 81% and 71%, respectively.
McLaren et al. [64] reported a study of 55
Yavuz et al. [62] evaluated the toxicity and clinielderly patients (median age 78 years), to minical effectiveness of accelerated superfractionmise acute radiation affects and maximise
ated radiotherapy in locally invasive carcinoma
patient tolerance and convenience in this frail
of the bladder. 87 patients (unsuitable or refusgroup, who underwent weekly scheme with 6
ing cystectomy) with invasive bladder cancer
Gy per session, while the total dose ranged
were selected. Initially, the whole pelvis was
from 30-36 Gy. Totally 13% of the patient
treated by 1.8 Gy conventional daily fractions
noticed an improvement at a 1 month review.
up to a total dose of 45 Gy. A small field boost
92% of patients with haematuria were comcovering gross disease was added as a second
pletely palliated compared to only 24% of those
daily fraction (1.5 Gy) during the last 3 weeks of
with dysuria and frequency. Median overall surthe 5-week schedule up to a total dose of 67.5
vival was as low as 9 months (range 2-41
Gy. The interfraction interval was a minimum of
months). Grade 3 acute urinary and bowel
6 h. The 3-year actuarial local control, distant
treatment related toxicity recorded in 18% and
disease control, cause-specific survival, and
9% of patients.
overall survival rate was 64%, 78%, 58%, and
Turgeon et al. [24] reported 24 patients with a
46%, respectively. For Stage T2 and T3, the
3-year local control rate was 77% and 48%,
median age of 79 years were eligible. The overrespectively.
all and cancer-specific survival rates at 3 years
were 61% and 71%, respectively. Of the survivHypofractionated: Hypofractionated RT which
ing patients, 75% have a disease-free and funcconsists of the administration of larger daily
tioning bladder. It is possible to deliver hypofractions (2.5 Gy to 6 Gy, in general) was also
fractionated RT to the bladder with an
studied. One study evaluated acute toxicity and
acceptable acute toxicity rate in a poor progsymptoms palliation of a weekly hypofractionnostic patient group.
ated 3D-CRT schedule as radical treatment in
elderly patients with organ confined bladder
Radiotherapy and chemotherapy
cancer [63] (Table 2). 58 patients who diagnosed with bladder cancer were treated with
Effective chemotherapeutic agents, working
external 3D-CRT between 2005 and 2011. All
locally as radio-sensitizers (and systemically by
Table 2. Hypofractionated Radiotherapy for bladder cancer
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preventing metastatic growth), are fundamental for an organ-sparing approach. Cisplatin
alone or in combination has been the most frequently used radiosensitizer [65], while paclitaxel and gemcitabine more recently have been
added to the choices of chemotherapeutic
agents. Chemotherapy attempts to eliminate
local and systemic disease and increase RT
effect on locoregional control (Table 3).
Concomitant chemotherapy may sensitize bladder tumors and increase response. Improved
local control will reduce the need for cystectomy and add opportunity to bladder preservation, and a survival benefit of combination chemotherapy with methotrexate, vinblastine,
adriamycin and cisplatin (MVAC) has been documented in randomized phase III trial [66].
MVAC was for many years the preferred regime;
however, patients experienced high toxicity levels. Newer chemotherapy regimes have
attempted to offer analogous or better efficacy
in terms of overall survival, response rates, and
time to disease progression while decreasing
toxicity.

had a tumour response with downstaging
received consolidation chemoradiotherapy to
64.3 Gy, with the same chemotherapy regimen.
When the tumor was stage T1 or worse after
induction chemoradiotherapy, cystectomy was
recommended. Of 46 patients in the paclitaxel
group, 31 completed the entire protocol with
adjuvant chemotherapy. Of 47 patients in the
fluorouracil group, 25 completed the entire protocol. 5-year overall survival was 71% in the
paclitaxel group and 75% in the fluorouracil
group. 5-year bladder-intact survival was 67%
in the paclitaxel group and 71% in the fluorouracil group. Overall, this randomised study
showed that cisplatin with either paclitaxel or
fluorouracil in combination with radiotherapy
achieves good results in terms of cancer control and bladder preservation.

In a British multicenter phase III trial, 360
patients with MIBC underwent RT with or without synchronous chemotherapy [1]. The regimen consisted of fluorouracil during fractions 1
to 5 and 16 to 20 of radiotherapy and mitomycin C on day 1. At 2 years, rates of locoregional
disease-free survival were 67% in the chemoradiotherapy group and 54% in the radiotherapy
group. Five-year rates of overall survival were
48% in the chemoradiotherapy group and 35%
in the radiotherapy group. Grade 3 or 4 adverse
events were slightly more common in the
chemoradiotherapy group than in the radiotherapy group during treatment (36.0% vs. 27.5%, P
= 0.07) but not during follow-up (8.3% vs.
15.7%, P = 0.07).

A phase II trial estimated the response of MIBC
to concurrent chemoradiotherapy of weekly
gemcitabine with 4 weeks of radiotherapy [68].
Fifty patients with transitional cell carcinoma,
stage T2-3N0M0 after TUR and magnetic resonance imaging, were recruited. All patients
completed RT, 46 patients tolerated all four
cycles of gemcitabine. 47 patients had a posttreatment cystoscopy, 44 (88%) achieved a
complete endoscopic response. At a median
follow-up of 36 months, 36 patients were alive,
and 32 of these had a functional and intact
bladder. By using Kaplan-Meier analyses,
3-year cancer-specific survival was 82%, and
overall survival was 75%. Similarly, Atasoy et al.
[69] reported twenty-six patients were recruited to determine the efficacy and the toxicity of
low dose weekly gemcitabine with radiation
therapy. Median follow-up was 51 months
(range 14-118 months). CR rate was 62.5%.
The 5-year local progression-free survival, disease-specific survival and overall survival rates
were 40.6%, 59.5% and 58.5%, respectively.

RTOG 0233 trial assessed effectiveness, safety, and tolerability of paclitaxel or fluorouracil
when added to radiation plus cisplatin followed
by adjuvant chemotherapy for patients [67].
Ninety three patients with T2-4a transitional
cell carcinoma were randomly allocated to
receive paclitaxel plus cisplatin (paclitaxel
group) or fluorouracil plus cisplatin (fluorouracil
group). All patients had TUR and twice-daily
radiotherapy to 40.3 Gy, along with allocated
chemotherapy, followed by cystoscopic and
biopsy assessment of response. Patients who

An alternative approach to radiosensitization
would be to address tumor hypoxia, as reported
in another phase III trial in the United Kingdom
[70]. In that trial, 333 patients were randomly
assigned to undergo either RT alone or RT with
synchronous nicotinamide and carbogen.
Analysis of the primary outcome of 3-year
locoregional relapse-free survival did not meet
statistical significance (54% for combined therapy vs. 43% for RT alone; hazard ratio, 0.88;
95% CI, 0.76 to 1.01; P = 0.06), although significant improvements in 3-year overall survival
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Table 3. Radical radiotherapy or radiochemotherapy for invasive bladder cancer
Patients
3-to 5-year
Stage
Experimental arm
Control arm
(n)
OS (%)
Rödel et al. (2002)
415
T1-T4
TUR + RCT (DDP/CBP/PF) n = 289
TUR + RT n = 126
51
Atasoy et al. (2014)
26
T2-T4a
RCT (GEM)
58.5
James et al. (2012)
360
T2-T4a
RCT (MMC + 5Fu) n = 182
RT alone n = 178
48 VS. 35
Choudhury et al. (2011)
50
T2-T3
RCT (GEM)
75
Mitin et al. (2013)
93
T2-T4a TUR + RCT (DDP + TAX) + GTP n = 46 TUR + RCT (DDP + 5Fu) + GTP n = 47 71 VS. 75
Hoskin et al. (2010)
333
T1G3-T4a
RCT (CON) n = 168
RT alone n = 165
59 VS. 46
Kaufman et al. (2000)
34
T2-T4a
TUR + RCT (PF)
83
Nowak-Sadzikowska et al. (2013)
35
T2-T4a
TUR + NEO (GP/GC) + RT + DDP
75 VS. 66
Study

3-to 5-year
DSS (%)
56
59.5
82

81 VS. 71

OS = overall survival, DSS = disease-specific survival, TUR = transurethral resection, RCT = radiochemotherapy, RT = radiotherapy, GEM = gemcitabine, MMC = mitomycin C, CON =
carbogen and nicotinamide, NEO = neoadjuvant, MCV = methotrexate, cisplatin, vinblastine, DDP = cisplatin, CBP = carboplatin, PF = cisplatin and fluorouracil, GP = gemcitabine,
cisplatin, GC = gemcitabine, carboplatin, GTP = gemcitabine + paclitaxel + cisplatin-.
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were reported (59% for combined therapy vs.
46% for RT alone; hazard ratio, 0.86; 95% CI,
0.74 to 0.99; P = 0.04). No increase in the rate
of acute toxic effects was noted with combined
therapy.

for those invasive bladder cancer patients managed by bladder preservation after TUR and
concurrent chemoradiotherapy.

Quality of life (QoL)

Short courses of hypofractionated regimens
have been used for palliation of local symptoms, as many fractions are burdensome for
the patients. Improving Outcomes in Urological
Cancers published by the National Institute of
Clinical Excellence stated that palliative care is
an integral part of the management of patients
with urological cancers and should be available
if needed to provide symptom control as well as
social, spiritual, and psychological support
[77].

A radical cystectomy has been considered the
gold standard treatment for invasive bladder
cancer. Although complications and mortality
rates have decreased due to advances in surgical techniques and perioperative patient care,
the operation have the potential for lowering
the quality of life (QoL) [71, 72]. The loss of
one’s own bladder function can be considered
a major kind of mutilation [73, 74]. Therefore, a
lot of patients experience great anxiety regarding the removal of their bladder. The bladder
preservation therapy offers a curative option to
patients medically unfit for radical surgery and
an alternative conservative treatment for
selected patients who are potential candidates
for cystectomy. Lagrange et al. [75] evaluated
bladder preservation and functional quality
after concurrent chemoradiotherapy for MIBC
in 53 patients. Pelvic irradiation delivered 45
Gy, followed by an 18 Gy boost. Patients initially
suitable for surgery were evaluated with macroscopically complete TUR after 45 Gy, followed
by radical cystectomy in case of incomplete
response. The questionnaire, specific items on
bladder function and the late effects in normal
tissues, were used to evaluate QoL before
treatment and 6, 12, 24, and 36 months after
treatment. Median follow-up was 8 years.
Bladder was preserved in 67% of patients.
Satisfactory bladder function was reported for
100% of patients with preserved bladder and
locally controlled disease 6-36 months after
the beginning of treatment. Satisfactory bladder function was reported for 35% of patients
before treatment and for 43%, 57%, and 29%,
respectively, at 6, 18, and 36 months.
A study with long-term follow-up (median 6.3
years) evaluated QoL and bladder function
assessed by urodynamics [76]. They surveyed
71 surviving patients who received bladder
preservation therapy, 75% of the patients
retained normal bladder function. Urinary flow
problems were reported in 6% of patients,
urgency in 15% and urinary leakage in 19%.
This prospective evaluation supports the published retrospective data suggesting good QoL
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A research assessed short and mid-term clinical efficacy of RT to achieve hemostasis in
patients with bladder-cancer related gross
hematuria who were unfit for surgery [78].
Thirty-two patients were included for hemostatic RT. The standard treatment was 30 Gy in 10
fractions over 2 weeks. More severe patients
underwent a hypofractionated regimen, with
20 Gy in 5 fractions over a one week period. At
2 weeks, 69% of patients were hematuria-free.
Subgroup analysis showed that 79% of patients
undergoing hypofractionated regimen were
hematuria-free. A total of 54% were hematuriafree with the standard regimen. Based on
tumor stage, hematuria was controlled at 2
weeks for 57% of non-muscle invasive tumors
and 72% of muscle-invasive tumors. After 6
months, 69% of patients had relapsed, regardless of tumor stage or therapy schedules.
McLaren et al. [79] reported the effect of 36 Gy
in 6 fractions to 65 patients unsuited for surgery. Palliation was achieved in 52% of patients.
Similar results were confirmed in a study by
Salminen including 94 symptomatic patients
treated with 30 Gy in 6 fractions with 2 fractions/week. Pain was reduced in 68% and
urgency in 55% of the patients [80]. However,
less encouraging results have been achieved in
a prospective study by Fosså et al. [81] including mostly patients with T4 tumors and concurrent distant metastases using 30 Gy in 10 fractions. We considered that the difference was
because in the latter the majority of patients
had occured advanced cancer and distant
metastases. Palliative treatment must strike
the right balance between efficacy, convenience, toxicity and duration.
Am J Cancer Res 2015;5(2):854-868

Radiotherapy for muscle-invasive bladder cancer
Conclusions
In all organ-sparing management, RT remains
the principal part of the local treatment. With
further development of both RT and the other
modalities in these programmes, it may in the
near future be possible to offer selected
patients a multimodality conservative treatment and resulted in good long-term bladder
function and low rates of salvage cystectomy,
all of which are important to the elderly, relatively frail group of patients.
Recent advances in the techniques of radiotherapy treatment planning, verification, and
delivery offer the possible to overcome obstacles that have previously restricted the achievement of bladder RT. The current techniques
using HT, VMAT and ART allow a greater doseescalation to the treatment targets, with lower
doses to the normal surrounding tissues and,
consequently, less treatment related toxicity.
The advantage of reducing the volume of normal tissue irradiated will enable clinicians to
enhance the effectiveness of RT by increasing
radiation dose, exploring intensive fractionation and combination regimens with systemic
therapies.
Improve QoL with organ preservation is a significant consideration for patients with bladder
cancer. The newest modern technologies have
been applied to improve QoL while achieving
comparable long term survival. Optimization of
radiotherapy delivery in combination with
newer systemic therapies may allow for future
improvements and adoption of an organ preservation strategy for a larger number of patients
with bladder cancer. These strategies need full
cooperation of urologists, radiation and medical oncologists.
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