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Radical cystectomy is long considered as the "gold standard" in the management of local-
ized muscle-invasive bladder cancer (MIBC), and curative intent radiotherapy is relegated
to those with either inoperable tumors or with multiple co-morbidities precluding surgery.
This is despite a large volume of data showing equal survival between the two modalities
of treatment in this setting. In this work we seek to dispel some common myths surround-
ing curative intent radiotherapy as part of a bladder preservation strategy in MIBC. Base-
less claims of inferior outcomes and perceived contraindications for bladder preservation
are debunked along with unfounded doubts relating to hypofractionation. Finally, we cau-
tion against using response to neoadjuvant chemotherapy as a predictive biomarker for
treatment selection and conclude by recommending that trimodality bladder preservation
be offered as a therapeutic option that is in clinical equipoise with radical cystectomy.
Semin Radiat Oncol 33:56−61 � 2022 The Authors. Published by Elsevier Inc. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/
4.0/)
Introduction

For decades, surgery has been considered as the gold stan-
dard treatment for localized muscle-invasive bladder can-

cer (MIBC).1 There is evidence from the last century of
equivalence between surgery and radiotherapy (RT).2-4

These studies showed that despite differences in age, stage
and performance status, disease-free survival was similar
with no significant differences. With the advent of radiosen-
sitization showing superiority over radiation alone, it is only
in the last few years that the international community has
started to accept that bladder preservation has an essential
role in the treatment of MIBC for many patients.

Although key opinion leaders advocate the discussion and
use of bladder preserving techniques, there remains a persis-
tent gap in implementing this in routine clinical practice,5,6

and the reasons for this are poorly understood. It is critical
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to understand why this discrepancy exists and bust those
myths to ensure that patients are getting the right opportuni-
ties for optimal treatment. There are multiple patient and
tumor factors coupled with a lack of definitive evidence
resulting in clinicians preferentially recommending radical
cystectomy when bladder preservation would be an equally
valid alternative. Here, baseless claims in the management of
MIBC are explored with relevant contemporary evidence.
Myth #1: Surgery is Better Than
Radiotherapy (Seeking Level 1
Evidence)
Although some international guidelines like NCCN and
NICE include both surgery and bladder preservation as the
preferred first-line treatment options for MIBC, most of the
other international guidelines (ESMO, ASCO/ASTRO, EAU)
still favor RC as the preferred option despite the lack of
robust evidence1,5-7 (Table 1).

First, there are no randomized phase III trials directly
comparing surgery and radiotherapy. The only trial to
attempt to answer this question is SPARE (Selective bladder
Preservation Against Radical Excision), which was closed
early. The early closure of the trial has been attributed to sev-
eral factors, including the complexity of patient referral and
management pathways and the importance of the patient’s
own preference in a trial that randomizes patients to two
https://doi.org/10.1016/j.semradonc.2022.10.007
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Table 1 Compares International Guidelines and Their Recommendations for Bladder Preserving Treatment

Guidelines (2021) Surgery
(Level of Evidence)

Chemoradiotherapy
(Level of Evidence)

Terminology Used in the Guidelines for
Bladder Conservation Therapy

NCCN Level 1 Level 1 Bladder preservation with concurrent
chemoradiotherapy

NICE Level 1 Level 1 Radiotherapy with a radiosensitiser
ASTRO/ASCO/AUA/SUO Grade B* Grade Cy Bladder preservation approaches
ESMO/EAU Level 1 Level 2 Organ preservation approach

NCCN = National Comprehensive Cancer Network NICE = National Institute for Health Care and Excellence; AUA = American Urological
Association; ASCO = American Society of Clinical Oncology; ASTRO = American Society for Radiation Oncology; SUO = Society of Urologic
Oncology; ESMO = European Society of Medical Oncology; EAU = European Association of Urology
* Moderate certainty
y Low certainty

Table 2 Retrospective Series Comparing RT vs RC

Study Sample Size Median Age Outcomes

RC RT RC RT RC RT

Booth et al
1994-2008

3879 (74%) 1379 (26%) 72 78 5-year OS
36% (95% CI 34-37%)

5-year OS 26%
(95% CI 23-28%) (P < 0.001)

Munro et al
1993-1996

96 (24%) 302 (76%) 71 66 10-year all-cause survival
24.1% (95% CI 16.5-32.5)

10-year all-cause survival
21.6% (95% CI 17.4-26.1)

Kotwal et al
1996-2000

72 (43%) 97 (57%) 75.3 68.2 5-year CSS 53% 5-year CSS 57%

CSS, Cancer specific survival; OS, Overall survival.
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distinct treatment options. Interestingly, a substantial pro-
portion of participants opted for RT, declining the randomi-
zation suggesting their priority. The authors concluded that
an RCT (Randomized Controlled Trial) of surgery versus
radiotherapy in MIBC was not feasible in the UK due to pre-
conceived solid clinician and patient preference.8

Three retrospective series2-4 compared RT only vs surgery
(Table 2) in a relatively elderly population, confirming the
equivalence of RT to radical cystectomy despite patients not
receiving radiosensitization and having suboptimal bladder
preservation treatment in comparison to contemporary man-
agement.

All three studies confirm no difference in CSS when com-
paring surgery to RT. Differences in OS are likely to be
explained by the differences in median age and performance
status/comorbidities at diagnosis. Notably, the RT groups in
all 3 of these series were elderly population with greater mor-
bidity; radiotherapy techniques were basic, and concomitant
or neoadjuvant chemo was not used. However, despite all of
this, long-term survival was the same in all three series.

Other evidence that is used to justify the superiority of RC
compared to RT includes population-based databases. In a
population-based Surveillance, Epidemiology and End
Results (SEER) analysis, when a stringent definition of blad-
der preservation therapy (any RT (often low dose) vs radical
XRT vs chemoRT) was applied, the superiority between radi-
cal cystectomy and bladder conservation therapy was lost.9

Similarly, in an analysis done by Bekelman et al., the
reported improved survival with RC compared with trimo-
dality therapy (TMT) using propensity matching score
became nullified when instrumental variable analysis, which
theoretically accounts for both measured and unmeasured
confounding, was used.10 These confirm the limitations of
comparative analyses using highly heterogenous data with
known and unknown confounders, lack of follow up, and
missing data. All these parameters should be carefully con-
sidered when citing these studies in treatment guidelines.

Finally, a systematic overview of 13,396 patients in total
comparing TMT with RC concluded that TMT was associ-
ated with better clinical outcomes for patients with MIBC.11

Thirty-one retrospective and prospective trials were reviewed
with comparable median ages (66 years compared with
65 years, respectively). The median 5-year overall survival
rate was 57% in the TMT group when compared with 52%
(P = 0.04), 51% (P = 0.02) in the whole group receiving neo-
adjuvant chemotherapy and RC or the group treated with
RC alone, respectively. The hazard risk (HR) of mortality of
patients treated with TMT versus RC was 1.22 (95% confi-
dence interval = 1.13-1.32) with an absolute benefit of 5% in
favor of the radiotherapy group. Multivariate analysis con-
firmed concurrent radio-sensitization was significantly supe-
rior compared to both RC alone and RC + chemotherapy.
The evidence for bladder preservation therapy is evolving,
and in the absence of level 1 evidence, a multidisciplinary
approach with patient preference should be encouraged.
Myth #2: Perceived
Contraindications for Bladder
Preservation

Certain entrenched ideas have influenced the inclusion and
exclusion criteria for ideal candidates for bladder



Table 3 Baseline Characteristics of Patients in BC2001 and BCON Studies

BC2001
ChemoRT Arm

BCON
BCONRT Arm

Sex
Male 140 (78.7) 132(80%)
Female 38 (21.3) 32(20%)
Age - Yr
Median 71.2 74
Pathological stage of primary tumour— no. (%)

1 (0.6) 16 (10)
1 143 (80.3) 112 (68)
2 15 (8.4) 29 (18)
3a 11 (6.2) 7 (4)
3b 7 (3.9)
4a
Transitional-cell carcinoma— no. (%) 175 (98.3)
Tumour resection— no. (%)
Complete resection 95 (53.4) 61 (37)
Incomplete resection 67 (37.6) 57 (35)
Neoadjuvant chemotherapy planned. no. (%).
Yes 61 (34.3) NA
No 117 (65.7)
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preservation. Moderate or severe hydronephrosis, incom-
plete TURBT with concurrent or extensive multifocal or CIS,
large tumors >6 cm, locally advanced disease (T3/4), poor
response to neoadjuvant chemotherapy, and rare variant his-
tology are often a justification for avoiding radiotherapy in
favor of cystectomy. These prognostic features should not be
mistaken as predictive as evidence comes from subgroup
analyses from retrospective studies rather than planned anal-
yses from prospective studies.

Two randomized phase 3 controlled trials BC2001 and
BCON (the Bladder Carbogen Nicotinamide) revolutionised
the management of MIBC by providing robust evidence of
concurrent radio sensitization in a heterogeneous group of
patients (Table 3)12,13. BC2001 reported, with the median
follow-up of 49 months, a 33% relative reduction in the risk
of loco-regional recurrence with a reduction of almost 50%
in invasive recurrence when chemotherapy was added to
radical radiotherapy dose. More importantly, the benefits
were consistent in subgroup analysis and were not affected
by neo-adjuvant chemotherapy. Similarly, the BCON trial
showed that the addition of concurrent carbogen and
nicotinamide to radiotherapy improved 3-year relapse free
survival from 43% to 54% (P = 0.06) and OS from 46% to
59% (P = 0.04) in patients with locally advanced
disease. Importantly, the local control rates were high in
both trials despite high proportions of patients having
incomplete resections.

Another myth is that complete TURBT is required for suc-
cessful bladder preservation, however, data from both BCON
and BC2001 suggest that a complete TURBT is not essential
for bladder preservation, and incomplete resection should
not be an exclusion criterion. Incomplete TURBT is probably
best viewed as a surrogate for a higher stage and, therefore,
will also predict a poorer outcome with surgery or bladder
preservation. It is often cited by urologists that salvage cys-
tectomy is hazardous in a pre-irradiated pelvis. Salvage
cystectomy is considered a difficult operation, with higher
complication and mortality rates by some. However, in a
large retrospective cohort of patients treated with cystectomy
between 1970 and 2005, no significant difference in 30 day
mortality or postoperative complications were seen between
primary radical cystectomy and a postirradiation salvage cys-
tectomy patients.14 In a pooled analysis of RTOG trials, esti-
mates of 5-year rates of muscle-invasive local recurrence
requiring salvage cystectomy was around 10%-15% and
around 80% had an intact bladder following TMT. Further-
more, after radiotherapy, approximately 75% of surviving
patients maintain a functional urinary bladder.15

Bladder cancer is predominantly a disease of the elderly
with a median age of presentation at 75. The strong associa-
tion of smoking and bladder cancer means that patients are
likely to have more cardiac and respiratory comorbidities
that may preclude treatment with RC, with radiotherapy the
only curative therapeutic option. A systematic review that
compared outcomes in elderly and younger patients showed
disease-specific survival worsening with age with RC but no
difference in 5-year disease-specific survival in RT trials
between those over and under 75, strengthening the role of
RT in older patients.16 It is important to note that the 5-year
overall survival of radiotherapy alone in BCON and BC2001
was 39% and 35% respectively. Generally, bladder cancer
patients are often under-treated.17 It is crucial to recognize
the inoperable, less fit elderly patients unsuitable for radio-
sensitization can be treated effectively with radiotherapy
alone. While radiotherapy alone is a curative therapeutic
option, radiosensitization with Carbogen and nicotinamide
can be offered to most patients unfit for concurrent chemora-
diotherapy, since it is very well-tolerated. The main toxicity
with this approach is nausea and vomiting due to nicotin-
amide, which can be omitted without a significant impact on
efficacy as suggested by data from the BCON trial, in which
35% of patients did not receive the full dose of



Table 4 Ideal Candidates for Bladder Preservation

Ideal Candidates for RT Relative Contraindications Poor Prognostic Factors
but not Predicting
Treatment (Surgery vs RT)

Bladder function No significant urinary
symptoms Good bladder
function

Poor bladder function Poor
bladder capacity <100ml

Co-morbidities Inflammatory bowel disease
Previous pelvic RT
Genetic predisposition to
radiosensitivity

Performance status >2

Tumour factors T2 . T3/4
Large tumours
Hydronephrosis

Response to neoadjuvant
chemotherapy

Good response Poor response
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nicotinamide.13 Shorter radiotherapy regimens are an alter-
native to radical radiotherapy protocols with acceptable tox-
icity and survival rates of over 12 months.18

There are some relative contraindications for radiother-
apy, including active inflammatory bowel disease, radiation
hypersensitivity syndromes like ataxia telangiectasia, history
of previous pelvic radiotherapy and radiotherapy should be
cautiously used in those with a poor bladder capacity of
fewer than 100 ml or those with significant urinary symp-
toms (Table 4).
Myth #3: Bladder Preservation is
Unsuitable for Patients With a Poor
Response to Neoadjuvant
Chemotherapy
There is a strong debate in the uro-oncology world, ques-
tioning the importance of bladder preservation in the neo-
adjuvant chemotherapy era, particularly if there is a poor or
stable response with chemotherapy. In a systematic review
and meta-analysis from 2005, the benefit from neoadjuvant
chemotherapy was demonstrated to be independent of the
type of local treatment−−radiotherapy or cystectomy.19

A randomized controlled trial by the Southwest Oncology
Group comparing the use of three cycles of neoadjuvant che-
motherapy−methotrexate, vinblastine, doxorubicin, and cis-
platin (MVAC) with no neoadjuvant treatment before radical
cystectomy in patients with MIBC, showed that there was a
statistically significant improvement in the pathological com-
plete response of 23% (P < 0.001).20 However, there was no
difference in 5-year overall survival in the MVAC group.
Another phase 3 trial in 2011 tested CMV (cisplatin, metho-
trexate, and vinblastine) in a similar trial design demon-
strated the 6% improvement in 10-year OS (P = 0.037).21

More importantly, on further interaction analyses, there was
no evidence that neoadjuvant CMV had a greater or lesser
effect in patients undergoing RT or cystectomy. These stud-
ies were completed before the adoption of radiosensitization.
The role of neoadjuvant chemotherapy has not been fully
explored in patients having contemporary radiation with a
radiosensitizer.

The RTOG 8903 group conducted a phase III clinical trial
to study the benefit of neoadjuvant chemotherapy before
chemoradiotherapy, suggesting that neoadjuvant chemother-
apy did not improve survival outcomes22 but, the trial was
prematurely closed, citing the high rates of severe neutrope-
nia and sepsis. Only two-thirds of the patients recruited to
the experimental arm completed the treatment without any
protocol deviation.

In the BC2001 trial, one-third of patients who received
chemoradiotherapy had undergone prior neoadjuvant plati-
num-based chemotherapy. The use of neoadjuvant chemo-
therapy did not impact loco-regional disease-free survival
outcomes as the benefit appeared consistent in preplanned
subgroup analyses. The data suggest that neoadjuvant and
concurrent chemotherapy confer separate benefits on distant
and local control, respectively.

The choice of neoadjuvant chemotherapy regimen has
also evolved. Instead of using the MVAC or CMV regimens,
trials from the past 2 decades have increasingly investigated
the use of gemcitabine and cisplatin (GC) because of the
favorable toxicity profile with similar survival outcomes.23

Recently, the GETUG/AFU V05 VESPER Trial comparing the
efficacy of gemcitabine and cisplatin versus dose-dense
methotrexate, vinblastine, doxorubicin, and cisplatin (dd-
MVAC) in MIBC patients suitable for radical cystectomy has
been presented with a significant improvement in progres-
sion-free survival at three years, the primary endpoint.24

Inadequate response to initial neoadjuvant chemotherapy is
a poor prognostic marker, and some clinicians would con-
sider an immediate RC, though there is limited evidence that
RC is a better treatment in this group. The presence of resid-
ual tumor during cystoscopy following neoadjuvant chemo-
therapy would depend on the completeness of the initial
TURBT in addition to a response to neoadjuvant chemother-
apy. Consequently, it is not a robust predictive biomarker to
guide patient selection between radical cystectomy and tri-
modality bladder preservation.25
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Myth#4: The Need for a Protracted
Course of Radiotherapy
Across the world, both conventional fractionation (64 Gy in
32 fractions over 6.5 weeks) and moderate hypofractionation
(55 Gy in 20 fractions over 4 weeks) are standards of care
options with the choice varying between different countries
departments and clinicians. However, the custom has been
that conventional fractionation should be the standard of
care.

In an individual patient data meta-analysis of the BC2001
and BCON trials, Choudhury et al. showed the superiority
of the hypofractionated regime in terms of invasive loco-
regional recurrence with comparable overall survival and no
increase in side-effects.26 In the BCON trial, 63.5% of
patients receiving 20 fractions had invasive loco-regional
control at three years compared to 56.2% for patients receiv-
ing conventional 32 fractions. Similarly, in the BC2001 trial
77.5% of patients receiving hypofractionation had invasive
loco-regional control by 3 years, relative to 74.2% for those
receiving 32 fractions of radiotherapy. Furthermore, hypo-
fractionated schedule can be safely delivered with radiosensi-
tization with no increase in long term side-effects.

There is a radiobiological rationale that may account for
the superiority of hypofractionation; that accelerated repopu-
lation in a rapidly proliferating tumor like MIBC is more
important than the a/b ratio or that the a/b ratio of MIBC is
lower than previously thought. The reality is that it is likely
to be a combination of both factors and that classical radiobi-
ology is more complicated than had been thought. In such
cases, reducing the overall treatment time becomes crucial in
improving treatment outcomes. Mathematical modeling has
suggested that accelerated repopulation kicks in after 5
weeks for MIBC, implying that treatment is best completed
in less than 5 weeks.27

The study supports the adoption of a hypofractionated
regimen for the standard of care for bladder preservation in
patients with MIBC for three reasons. First, due to superior
local control rate with potential radiobiological advantage.
Second, there are clear health economic benefits when
adopting this strategy with radio-sensitization, with particu-
lar importance in future pandemic preparations. Third, this
will allow for equality of distribution of resources, particu-
larly in countries with limitations and in periods of severe
clinical pressure.
Conclusion
Other areas of controversy include which radiosensitizer is
superior, whether additional radiation boost to the tumor bed
is advantageous, and the role of pelvic nodal irradiation in
patients with locally advanced bladder cancer. A multidisci-
plinary approach is critical to ensuring that patients make an
informed decision between radical cystectomy and bladder
preservation. It is essential that preconceived ideas about age,
comorbidities and other tumor factors do not result in under-
treatment or inappropriate avoidance of bladder preservation.
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