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Abstract. The standard treatment for muscle invasive bladder cancer (MIBC) has been considered to be radical cystectomy
(RC) with pelvic lymphadenectomy. However morbidity and impact on quality of life is significant. Radiotherapy has been
used in MIBC patients who choose bladder preservation or who are unfit for RC with comparable outcomes. Evidence from
some prospective and large retrospective series supports the use of radiotherapy as an attractive alternative option. In this paper
we review the evidence and practice of bladder preservation strategies with radiotherapy for muscle invasive bladder cancer.
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BACKGROUND
Over 10,000 patients are diagnosed with bladder
cancer each year in the United Kingdom [1]. The
incidence is 17 per 100,000 of the population with
a male to female ratio of 5:2. Approximately one
third of patients have stage II or IIII muscle invasive bladder (MIBC) cancer. The majority (80–90%)
of those diagnosed with MIBC are primary presentations while 10–20% of patients having had a previous
history of mainly high risk superficial bladder cancer.
Up until recently, the standard definitive treatment
for MIBC has been considered to be radical cystectomy (RC) with pelvic node dissection. Evidence
supporting the use of neoadjuvant chemotherapy in
improving survival has been demonstrated in the
Advance Bladder Cancer (ABC) Metanalysis 2003,
2005 [31, 32]. Nevertheless, 5 year survival was
less than 50% in the metanalysis. Bladder cancer
survivors following radical cystectomy can have a
∗ Correspondence to: Dr. Arafat Mirza, 21 Stanton Avenue,
Manchester, M20 2PG, UK. Tel.: +44 07951861962; E-mail:
Arafat.mirza@nhs.net.

significant impact on their quality of life with an
ileal conduit leading to an altered body image, and
genitourinary or sexual dysfunction [46].
Radiotherapy has been most commonly used
with curative intent for patients considered unfit
for surgery. However, in the modern era, with
tri-modality management including maximal transurethral resection of bladder tumour (TURBT),
radiotherapy and a radiosensitiser, outcomes are similar to those from surgery [15]. Due to the relatively
better quality of life and the preservation of the
patient’s own bladder, bladder preservation treatment
strategy is becoming an attractive alternative.
There is no randomised controlled trial evidence
directly comparing surgery with bladder preservation. A UK-based multi-centre feasibility pilot study,
Selective bladder Preservation Against Radical Excision (SPARE), attempted to randomise patients with
complete response at cystoscopy following neoadjuvant chemotherapy, between surgery and radiotherapy [2]. However, the trial was closed due to poor
accrual. This reminds us of the inherent difficulties in
testing surgical versus non-surgical options for definitive treatment of cancer. Patients often find it hard
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to accept being randomised between two radically
different treatment approaches. The treatment pathway becomes very complex when multiple teams are
involved in delivering different components of treatment causing further difficulties in recruiting patients.
Closure of this trial suggests that we might never have
high quality evidence directly comparing chemoradiotherapy and radical cystectomy for MIBC.
National and international guidelines for bladder
cancer management have included bladder preservation as an effective alternative treatment for MIBC.
Recently published National Institute of Clinical
Excellence (NICE) Guidelines in the UK recommend that patients with MIBC suitable for radical
treatment should be offered a choice between radical
cystectomy and radiotherapy with a radiosensitiser
[3]. The guidelines recommend that a full discussion
between the patient, a Urologist who performs radical cystectomy and a clinical oncologist should take
place to facilitate decision making by the patient.
The patient should be informed of the lack of robust
evidence as to which of the two options is more
effective overall and of the potential impact on sexual
and bowel function as a result of the treatment. These
guidelines come from an independent review of the
published literature and a background where more
than 50% of patients are offered chemoradiotherapy
in some centres [4]. The National Comprehensive
Cancer Network Guidelines include Bladder preservation with chemoradiotherapy following maximal
TURBT as an alternative treatment option to radical
cystectomy for MIBC [5]. The European Association
of Urology Guidelines state that multimodality bladder preserving treatment for MIBC can be used as an
alternative treatment in selected, well informed and
compliant patients especially for whom cystectomy
is not an option [6].
We will review the available evidence for bladder preservation with radiotherapy, its advantages in
terms of morbidity and quality of life and the various
practices of delivering radiotherapy that have been
reported.

EVIDENCE FOR BLADDER
PRESERVATION STRATEGY SHOWING
SURVIVAL SIMILAR TO RADICAL
CYSTECTOMY
Bladder preservation was initially investigated in
cohort studies in the 1980s. In these studies patients
underwent an initial phase of neoadjuvant radiother-

apy or chemoradiotherapy followed by an assessment
of response. Patients who achieved a pathological
complete response were chosen for bladder preservation and underwent a further boost of radiotherapy.
Patients with incomplete response underwent radical
cystectomy. This strategy gave an overall survival of
59% at three years and 54% at 5 years [7, 8].
Based on similar protocols RTOG designed phase
I/II trials testing various chemotherapy and radiotherapy regimens and adjuvant chemotherapy [9–11]. All
these trials gave similar 3 year survival (61 to 83%).
Salvage cystectomy rates were 21 to 29%.
Large retrospective observational cohort studies
show inferior overall survival for patients undergoing
radiotherapy as the definitive treatment for MIBC [13,
14]. This is likely due to confounding factors. Patients
undergoing bladder radiotherapy tend to be older and
have multiple comorbidities. Another cause of bias in
the retrospective observational studies is discordance
between clinical and pathological stage with potential
understaging of patients undergoing bladder preservation. For instance, in a series publishing outcomes
of clinically T2N0 stage MIBC, 73% of patients were
upstaged on cystectomy to either T3, T4 or to node positive disease [12]. Appropriate statistical corrections
for the above mentioned confounding factors reveal
similar survival in patients undergoing bladder preservative therapy and radical cystectomy [13, 14]. Most
recently, a large population-based outcome study from
Canadaalsodemonstratedsimilar5yearcausespecific
survival (CSS) 40% in RC and 35% in radiotherapy
cases [15]. Cause specific survival may be a better
indicator of outcomes from bladder preservation as
patients tend to be older with multiple co-morbidities
who die of causes other than bladder cancer.
Two cancer centres in the United Kingdom have
published retrospective analyses and have shown similar outcomes from both the modalities of treatment.
Munroe et al showed overall survival at 10 years was
21.6% for radiotherapy against 24.1% for surgery for
MIBC [16]. Likewise, Kotwal et al reported overall
5-year survival rates for primary radical radiotherapy
and radical cystectomy at 34.6% and 41.3%, respectively. In this study, five year cause specific survival
rates (CSS) for radiotherapy and radical cystectomy
group were 56.8% and 53.4%, respectively. The difference was not statistically significant.
A case controlled study published this year also
showed similar outcomes from surgery and chemoradiotherapy for MIBC [17]. Thirty three patients
who were treated with chemoradiotherapy due to
poor fitness for surgery were matched with patients
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Study

James et al. 2012
[18]

Hoskins et al.
2010 [19]

Coppin et al. 1996
[21]

Housset et al.
1993 [8]

T2-T4a
N0/N1

T2-T4b N0

T2T4aT1G3

T2-T4a N0

Stage

Concurrent
chemoradiation
(cisplatin +
5-fluorouracil)

Cisplatin

Carbogen plus
Nicotinamide

Mitomycin and
5-Fluorouracil

Radiosensitiser

24 Gy in 8 fractions to
the pelvis over 17
days, 2 fractions per
day followed by
20 Gy to the bladder
in 8 fractions over
17 days, 2 fractions
per day

Radiotherapy alone
versus
Radiotherapy with
concurrent cisplatin

Radiotherapy +
nicotinamide Versus
Radiotherapy alone

Concomitant
chemoradiotherapy
(5-fluorouracilmitomycin) Versus
Radiotherapy alone

Protocol

Randomised controlled trials
64 Gy in 32 fractions
over 6.5 weeks or
52.5 Gy in 20
fractions over 4
weeks to the
Bladder
64 Gy in 32 fractions
over 6.5 weeks or
55 Gy in 20
fractions over 4
weeks to the
Bladder
40 Gy in 20 fractions
over 4 weeks to the
pelvis followed by
20 Gy in 10
fractions over 2
weeks to the
bladder
74%

Radiotherapy

Table 1
showing studies of definitive bladder radiotherapy
CR rate

Overall survival (3
years) 59%
specific survival
(3 years): 62%

47% vs 31%

81% vs 76%
(p = 0.3)

–

Results
OS (5 years): 48%
Vs 35%
(p = 0.16)
CSS (2 years):
67% Vs 54%
(p = 0.03)
OS (3 years): 59%
Vs 46%
(p = 0.04)
CSS (3 years):
54% Vs 43%
(p = 0.06)
OS (3 years): 47%
Vs 33% (NS)
LRR rate (5
years): 40 Vs
59% (p = 0.04)
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RTOG 85-12
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RTOG
95-06,
2000 [11]

RTOG
97-06,
2003 [9]

T2-T4a,
N0

T2-T4a
N0/Nx

T2-4,
N0-2/Nx

Stage

Concomitant
chemoradiotherapy
(cisplatin) +
adjuvant
chemotherapy
(CMV)

Concurrent
chemoradiation
(cisplatin +
5-fluorouracil)

40 Gy in 20 fractions to the
pelvis over 4 weeks with
cisplatin day 1 and 21
followed by 24 Gy in 12
fractions to the bladder
over 2.5 weeks with 3rd
dose of cisplatin
24 Gy in 8 fractions to the
pelvis over 17 days, 2
fractions per day followed
by 20 Gy to the bladder in 8
fractions over 17 days, 2
fractions per day
40.8 Gy in 12 fractions to the
bladder and 21.6 Gy in 12
fractions to the pelvis
followed by consolidation
of 24 Gy in 16 fractions
over 10 days with two
fractions per day

Protocol

List of non randomised trials
Concurrent
chemoradiation
(cisplatin)

Radiosensitiser

n: number of participants; CR: complete response; OS: overall survival; CSS: Cause specific survival; NS: non significant.

n

Study

Table 1
(Continued)

74%

67%

66%

CR rate

Overall survival (3 years):
61% radical
cystectomy: 25%

Overall survival (3 years):
83% radical
cystectomy: 29%

Overall survival (3 years):
64% radical
cystectomy: 21%

Result
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with similar age that underwent radical cystectomy
in the same year. Five year disease free survival
after surgery and chemoradiotherapy was 63.2% and
54% respectively. Fiver year overall survival was
54.8% and 56.6% after surgery and chemoradiotherapy respectively.
The two largest randomised controlled trials investigating the benefit of addition of radiosensitiser to
radical radiotherapy as the definitive treatment for
MIBC demonstrated overall survival of 48% 5 year
survival [BC2001 (Bladder Cancer 2001)] [18] and
59% 3 year survival [BCON (Bladder Carbogen
Nicotinamide)] [19]. Other randomised trials investigating inclusion of pelvic nodes in node negative
patients and partial bladder radiotherapy with escalated dose also showed similar survival of 53% and
58% [21, 39, 41]. These trials had bladder preservation rates of 50 to 85%.
These survival figures compare favourably with
those of a very large surgical series [20]. Five year
overall survival in this series of patients undergoing
radical cystectomy depending on cancer stage was
66% although 40% of the patients in this cohort had
superficial bladder cancer patients. A summary of the
important randomised and non randomised studies on
definitive bladder radiotherapy is listed in Table 1.

RADIOSENSITISING AGENTS
A number of agents have been shown to increase the
efficacy of radiotherapy when given concomitantly
with radiotherapy in MIBC. Cisplatin has been used
the longest. Up until BC2001 and BCON were published, a Canadian trial [21] was the only randomised
controlled phase 3 trial investigating a radiosensitising agent which had shown benefit of adding cisplatin
to radiotherapy in improving local control. The trial
did not have adequate power to demonstrate a survival
benefit. Several case series have been published showing benefit of concomitant cisplatin with radiotherapy
over radiotherapy alone [22–24].
Cisplatin is nephrotoxic drug and many bladder
cancer patients do not have adequate renal function
to receive cisplatin safely. BC2001 trial showed that
fluorouracil and mitomycin-C is a suitable choice for
radiosensitisation in MIBC in which hydronephrosis
and impaired renal function are commonly occurring
issues. With concomitant use of these drugs the 2
year locoregional disease free survival improved significantly from 54% to 67%. Secondary outcome of 5
year overall survival improved from 35% to 48% but
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this was not statistically significant. The BCON trial
showed radiotherapy along with carbogen and nicotinamide improved 3 year recurrence free survival from
43% to 54% and 3 year overall survival from 46% to
59% (both outcomes were statistically significant).
Gemcitabine which has an established role in MIBC
in the neoadjuvant and metastatic setting has shown
benefits when given concurrently with radiotherapy
in a multi-centre phase 2 trial with 50 patients [25].
Complete response rate was 88%, 3 year cause specific survival was 82% and 3 year overall survival was
75% [26].
Other radiosensitising agents which have been
investigated but are not part of standard treatment
include Paclitaxel, intra-arterial chemotherapy and
hyperthermia. Use of Paclitaxel as a concomitant
drug with RT was published in a case series of patients
not suitable for cisplatin chemotherapy [27]. Complete response was achieved in 24 out of 28 patients
that underwent TURBT 6 weeks after completion of
treatment. Intra-arterial chemotherapy with cisplatin
delivered concurrently with radiotherapy has been
used in some centres in Japan. In a case series of
T2-3 N- MIBC complete response rates of around
80% were achieved [28]. 5 year cause specific and
overall survival was 86% and 69%. Hyperthermia has
been considered to have a radiosensitising effect [29]
and has been investigated in various malignancies
including bladder. A RCT investigating radiotherapy
with hyperthermia and radiotherapy alone including patients with cervical, rectal and bladder cancer
showed improved outcomes especially in cervical
cancer [30]. Bladder cancer patients (n = 101) had a
CR rate of 73% with hyperthermia against 51% with
radiotherapy alone but there was no improvement in
local control or survival.

NEOADJUVANT CHEMOTHERAPY IN
BLADDER PRESERVATION STRATEGY
WITH CHEMORADIOTHERAPY
The role of neoadjuvant chemotherapy (NAC) with
cisplatin based combination in MIBC has been established since publication of metanalysis in 2003 [31]
and its update in 2005 [32]. Out of the 11 RCTs, 4 trials included patients with definitive radiotherapy. The
largest study in the analysis was the BA06 trial [33]
which was a randomised controlled trial that showed
6% absolute 10 year survival advantage with NAC.
Around half of the patients underwent definitive radiotherapy in this study. Reduction in relative risk of death
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from NAC in the radiotherapy group was 20% with
confidence interval of the hazard ratio just crossing 1.
Radiotherapy and cystectomy groups were not very
well balanced in terms of patient characteristics. Nevertheless an interaction analysis showed that there was
no evidence that NAC was any less effective when
combined with either radiotherapy or cystectomy.
None of the trials in the meta-analysis investigated
chemoradiotherapy as concurrent chemotherapy was
not an established practice at the time. Therefore, the
benefit of neoadjuvant chemotherapy with concurrent
chemoradiotherapy is not clearly defined.
RTOG 89-03 comparing neoadjuvant chemotherapy followed by concurrent chemoradiotherapy
versus chemoradiotherapy alone was prematurely
closed due to high rates of neutropenia and sepsis
[34]. No significant benefit was observed with neoadjuvant chemotherapy in terms of complete response
or survival. Phase II trials of neoadjuvant chemotherapy followed by chemoradiotherapy were undertaken
that showed overall survival at 5 years around 50%
[35, 36].
The BC2001 protocol allowed neoadjuvant
chemotherapy but did not mandate it. About onethird of patients received neoadjuvant chemotherapy.
In a pre-planned subgroup analysis the benefit of
chemoradiotherapy against radiotherapy alone in
locoregional control was consistent regardless of
neoadjuvant chemotherapy suggesting that neoadjuvant and concomitant chemotherapy confer separate
benefits. Therefore, the benefit of neoadjuvant
chemotherapy could be independent of the role
of concurrent chemotherapy. However until we
have more direct evidence, the role of neoadjuvant
chemotherapy in patients undergoing chemoradiotherapy will remain unclear.

5% in the chemoradiotherapy group. This is comparable to a large radical cystectomy series [20], where
local recurrence in patients with lymph node negative disease was 6% and 13% for organ confined and
extravesicular tumours, respectively. Even though the
BC2001 trial did not include patients with clinical
node positive disease, chances of occult metastasis in
radiological node negative disease exist. For instance,
in a surgical series of radical cystectomy in cT2N0
bladder urothelial cancers, occult positive lymph
nodes were found in 24% of patients [38]. Unplanned
inclusion of pelvic lymph nodes in the planning target
volume may explain the low rate of lymph node recurrence. Secondly, use of concomitant chemotherapy
may have targeted nodal micrometastatic disease.
In a randomised trial comparing pelvic nodal irradiation (45 Gy plus 20 Gy bladder boost) with bladder
only irradiation (65 Gy) rate of pelvic nodal relapse in
patients with complete response was similar in both
the groups at 15.8% and 17.6% [39]. Overall survival
was also similar at 51% Vs 52.9%. Higher rate of
pelvic nodal relapse compared to BC2001 is likely
to be because 50% patients were staged T3 and over
whereas in BC2001 it was 15%.
From the evidence so far there is no strong support
for irradiation of pelvic nodes in clinically node negative bladder cancers. Future direction on this subject
may be to investigate benefit of delivering higher than
conventional doses to the pelvic nodes which may now
be possible with advanced radiotherapy techniques.
Evidence on pelvic nodal irradiation in clinically
node positive bladder cancer is sparse. None of the
modern phase 3 randomised trials included node positive patients. RTOG 8802 [40] and 851210 phase 2
trials included handful of patients with node positive
disease but the numbers were too small to make any
meaningful conclusion.

PELVIC NODAL IRRADIATION IN
BLADDER CANCER

PARTIAL BLADDER IRRADIATION

Patients with pelvic lymph node metastases have a
worse prognosis [20]. Surgical series have shown that
survival improves with increasing number of lymph
nodes dissected [37]. Since definitive radiotherapy is
an effective treatment for bladder cancer and dissecting pelvic nodes seems to improve outcomes, it has
been suggested that including pelvic lymph nodes in
the radiation field may improve local control or even
survival.
In the BC2001 trial radiotherapy target was only
bladder. Pelvic lymph node recurrence rate was low at

Irradiation of the entire bladder is commonly practiced due to frequent multifocality of the tumour.
Partial bladder irradiation has been investigated in
order to reduce late toxicity and enable escalating
radiation dose to the tumour itself. Two randomised
trials can be mentioned here.
Cowan et al. [41] randomised patients into one of
three arms: the control arm with radiotherapy alone
to the whole bladder (52.5 Gy in 20 fractions over
4 weeks), and 2 study arms of partial bladder irradiation (bladder tumour with 1.5 cm margin) for the
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entire course of treatment. In the first study arm there
was dose escalation to 57.5 Gy in 20 fractions over 4
weeks. The second study arm had dose escalation and
acceleration at 55 Gy in 16 fractions over 3 weeks and
one day. The trial did not show any improvement in
local control rates with partial bladder dose escalated
radiotherapy.
The BC2001 trial [42] sub-study investigated partial bladder radiotherapy. In the control arm patients
received 64 Gy in 32 fractions or 55 Gy in 20 fractions to the entire bladder. In contrast to Cowan et al,
in this trial the study arm patients received standard
dose to the tumour with a margin and 80% reduced
dose to the rest of the bladder. Non inferiority of partial bladder irradiation could not be established as the
study had inadequate power from early closure due
to slow recruitment. Late radiation toxicity was similar in whole bladder and partial bladder irradiation
groups with RTOG Grade 3/4 GU toxicity at 2 years
2.4% and 5.4 respectively and GI toxicity 0% and 1%
respectively.

ADVANTAGES OF BLADDER
PRESERVATION IN TERMS OF QUALITY
OF LIFE
Radical cystectomy has significant morbidity
associated with it [43]. Major post operative complications rate within 30 days including small bowel
obstruction, sepsis and cardiorespiratory complications can up to 25%. Thirty day mortality is 2 to 3%.
Long term morbidity from radical cystectomy results
mainly from urinary (recurrent UTIs, renal stones,
uretero-ileal stricture, renal failure), gastrointestinal
(rectal incontinence, intestinal obstruction) and sexual dysfunction [44]. In another study late toxicity
(defined as more than 3 months after cystectomy)
was recorded in 46% of patients [45]. Toxicities
included ileus, intestinal anastomosis leakage, wound
problems, stoma problems, ureter/ureter anastomosis problems, urethral anastomosis problems, leakage
pouch and pelvic abscess requiring drainage.
Adverse effects from radiotherapy are also related
to urinary, bowel and sexual function. Acute genitourinary (GU) and gastrointestinal (GI) toxicity of
Grade 3 or 4 occurs in 30–40% of patients. However,
for most patients, these symptoms are transient with
complete resolution within a few months resulting
in Radiation Therapy Oncology Group (RTOG) late
toxicity of G3/4 at 1 year of 3.3% for GU and 1.3%
for GI symptoms [18].
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Radical cystectomy does have a significant impact
on quality of life despite major advancements in
surgical techniques. Quality of life was found to
be impaired with a radical cystecomy due to the
presence of a stoma and reduced sexual activity in
patients [46]. Long term results of bladder function
and quality of life in patients who received bladder preservation after 6.3 years of follow up showed
75% of patients maintained normal bladder function and 59% maintained satisfactory sexual function
[47]. In a case control study which reported quality of life, 74% of the patients in the radiotherapy
group had little or no distress from urinary symptoms
[48]. Moderate to severe distress from gastrointestinal symptoms was reported by 32% of radiotherapy
patients and 24% of cystectomy patients. 38% had
sexual intercourse in the previous month in the radiotherapy group compared with 13% in cystectomy
group. Interestingly, 46% of the patients reported that
they were willing to accept some reduction in survival
to remain symptom free. In another cross-sectional
multi-institutional study of 173 patients which compared long-term QOL in MIBC patients treated with
bladder preservation and radical cystectomy, bladder
preservation was associated with better general quality of life and bowel function compared to cystectomy
while urinary quality of life was equivalent between
the groups [49].

PATIENT SELECTION CRITERIA
In most of the retrospective series, patients who
had bladder preservation strategies were either those
who were medically unfit for radical cystectomy or
had unresectable tumour or those that actively sought
bladder preservation against the standard of care recommendation. There is currently no consensus on
criteria for identifying the best candidates for bladder
preservation [50–52].
Some bladder preservation protocols mandate
macroscopic complete trans-urethral resection of
bladder tumour (TURBT) [AFU 2013, NCCN 2014].
Complete resection of bladder tumour has been
shown to improve survival and reduce salvage cystectomy rate [53, 54]. However, a tumour that was
amenable to complete resection may represent a
lower T stage in itself. This suggests that a complete
TURBT may be a prognostic rather than predictive factor for response to treatment. It should be
noted that large randomised trials BC2001 and BCON
included patients with incomplete tumour resection
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(27% and 63% respectively) with clinical outcomes
similar to those of surgery.
Hydronephrosis can be present in 15–20% of
patients with bladder cancer at diagnosis [55, 56].
Presence of hydronephoris was shown to be associated with poorer disease specific survival and overall
survival in a univariate analysis but not on multivariate analysis [54]. Some authors deem hydronephrosis
as a relative contraindication for definitive bladder
radiotherapy [57, 58]. The BC2001 and BCON trials
did not have hydronephrosis in the exclusion criteria. However there were only 3 out of the over 300
patients in the trial who had hydronephrosis in the
BCON trial. BC2001 did not report on the number of
patients with hydronephrosis. In a phase II trial inves-

tigating concurrent gemcitabine with radiotherapy in
bladder cancer, which had 88% complete response
rate and 82% 3 year cancer specific survival, 5 out of
the 46 patients had hydronephrosis [25].
Hydronephrosis has been shown to be an
independent prognostic factor for recurrence free
survival even in surgical series [59]. Patients with
hydronephrosis tend to have more advanced disease with higher risk of extra vesicular disease and
pelvic nodal involvement. Therefore hydronephrosis is probably not a predictive factor for poor
outcomes from definitive bladder radiotherapy but
rather a prognostic factor for bladder cancer. A
retrospective series showed an increased risk of persistent tumour in patients with ureteric obstruction

Fig. 1. A typical 3 dimensional conformal radiotherapy plan for treating bladder cancer.
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following treatment with radiotherapy (51% Vs
25%) [60]. This series was of patients treated prior
to 1990 and the radiotherapy dose delivered was
variable. Radiotherapy techniques are much more
advanced now. Computer tomographic radiotherapy
planning and more recently image guided radiotherapy have improved the accuracy of treatment.
Figure 1 shows a typical Bladder radiotherapy plan.
Addition of radiosensitising agents has made radiotherapy more effective. Complete response rates can
be up to 90% with chemoradiotherapy [25, 39]. Mitomycin and 5-Flurouracil, Gemcitabine, Carbogen and
Nicotinamide have proven efficacy as radiosensitising agents and are safer in renal impairment compared
to cisplatin. Therefore we propose that hydronephrosis should not be considered a contraindication for
bladder preservative treatment.
Nomograms have been developed to identify
patients who might benefit the most from bladder preservation strategies [57]. In this nomogram,
hydronephrosis scores against undertaking bladder
preservation due to risk of inferior complete response
(CR) rate and disease specific survival rate. This
nomogram is based on a retrospective series of
patients who were otherwise medically fit to undergo
radical cystectomy but preferred to preserve their
bladder. Patients underwent cystoscopic assessment
for response after first phase of 40 Gy in 2 Gy per fraction of radiation. This dose is probably inadequate to
achieve a CR as in recent randomised phase III trials
with radiosensitisation, patients received an equivalent dose of 64 Gy in 2 Gy per fraction with the first
assessment of response at 3 months after completing
treatment.
Among other factors that are often used to identify
suitable patients for bladder preservation are multifocality of tumour and presence of carcinoma in
situ (CIS) with both these shown to increase risk of
local recurrence [61, 62]. In a series, 11 out of 19
patients who had CIS or Grade 2 dysplasia at initial
presentation developed new bladder tumour recurrence following a complete primary tumour response
after radical radiotherapy [63]. CIS associated with
the original MIBC is a strong predictor of subsequent
recurrence of superficial bladder tumours which can
be managed conservatively with little impact on
survival [64]. Thus presence of CIS should not necessarily be considered an absolute contraindication for
definitive bladder radiotherapy.
Careful assessment of baseline bladder function
should be undertaken prior to selecting patients for
bladder preservation strategies. Since the main advan-
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tage in preserving the bladder is focused on quality
of life, pre-existent distressful bladder symptoms,
which may indeed get worse following radiotherapy, may make bladder preservation futile in some
instances. Frank discussion with patients is however
very important as patients might still wish to preserve
their bladder and persevere with bladder symptoms.
Urothelial cell cancers can occur inside bladder
diverticulae. These tumours present some challenges
including difficulty in visualisation and access due to
narrow neck of the diverticulum. Absence of muscle
layer within the diverticular wall makes it difficult
to resect the tumour safely and to give a pathological stage to tumour. Patients with intradiverticular
urothelial cancers are generally considered poor candidates for bladder preservative treatment strategies.
The radiation target required to cover all the diverticulae may become quite large which may result in
increased normal tissue toxicity. Careful visualisation of the bladder mucosa with flexible cystoscopy
is integral to an effective surveillance following
chemoradiotherapy for bladder cancer. Bladder diverticulae make cystoscopic surveillance unreliable. One
explanation for development of bladder diverticulae
is excessive pressure inside the bladder from to outflow obstruction [65]. These patients may have a poor
baseline bladder function thus making bladder preservation strategies futile.
Lastly, patients who have had previous radiotherapy to the pelvis for rectal, anal, prostate, cervical or
endometrial cancers will not be suitable for bladder
preservation with radiotherapy.

BIOMARKERS FOR PREDICTING
RADIOTHERAPY RESPONSE
Controversy exists as to the selection of patients
for bladder preservation, with a number of prognostic
criteria such as hydronephrosis, presence of CIS and
a complete TURBT being used to determine radical
treatment. There has been recent interest in studying molecular markers that can predict response to
a particular cancer treatment. For a marker to be
considered predictive, its presence or absence should
demonstrate a clear difference in the outcomes of only
the treatment in question. If other treatment modalities also show variable outcomes then the marker
is likely to be prognostic rather than predictive. Furthermore, these markers need to be validated by more
than one study across different cohorts before it can
be put forward for clinical use. At least two such
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markers studied recently are worth a mention here in
relation to bladder preservation.
The MRE11 gene encodes a nuclear protein
involved in DNA double-strand break repair. Bladder
cancer patients with high expression of this protein respond better to radical radiotherapy than those
with low expression [66, 67]. This difference has not
been correlated with better outcomes in cystectomy
cohort. Presence of necrosis in TURBT material has
been shown to predict a greater benefit in terms of
overall survival by using hypoxia modifiers in the
BCON study [68]. Necrosis was shown to be a negative prognostic factor in a retrospective observational
study of bladder cancer patients undergoing cystectomy [69]. However in another retrospective series of
cystectomy patients necrosis was shown to be prognostic on univariate but not on multivariate analysis
[70].
FOLLOW UP
Rate of recurrence within the bladder after bladder preservation treatment with chemoradiotherapy
can be 20 to 25% [18, 19]. Most of these occur in
the first 2 to 3 years. Relapses within the bladder
can be potentially salvaged with appropriate treatment. Muscle invasive recurrences can be treated with
radical cystectomy with acceptable albeit slightly
higher complication rate [71]. Survival rates of up
to 50% can be achieved in patients undergoing salvage cystecomy [23]. Superficial bladder recurrences
can be managed with TURBT and intravesical therapies [64]. Therefore a robust cystoscopy surveillance
programme should be in place to detect early recurrences. There is no evidence for an optimal follow up
schedule. UK NICE guidelines recommend surveillance cystoscopy every 3 months for 2 years, every
6 months for the next 2 years and then yearly
thereafter.
CONCLUSION
Bladder preservative strategy is now considered
an effective alternative for treatment of MIBC
and finds its place in major national and international guidelines. Radical radiotherapy with a
radiosensitiser should be considered and offered
to all patients with MIBC not just those who are
considered medically unfit to undergo radical cystectomy or those who by themselves demand bladder
preservation.
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