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Abstract: Radical cystectomy (RC) is the treatment of choice and is strongly recommended 
for patients with pT2-4aN0M0 bladder cancer in both the European Association of Urology 
(EAU) and American Urological Association (AUA) muscle-invasive bladder cancer 
(MIBC) guidelines. RC is a challenging operation, with significant perioperative and post-
operative morbidity and mortality, having short-term complication rates between 14.4% and 
21.7%, and long-term oncological survival rates ranging from 60% after 5 years to 43% after 
10 years. The impact on quality of life (QoL) in patients after treatment for bladder cancer is 
significantly worse than in other pelvic cancers. Although RC is strongly recommended as 
the gold standard, there is a need for bladder-sparing options in MIBC. Attempts to improve 
mortality and morbidity rates after RC have been made by implementing Enhanced Recovery 
After Surgery (ERAS), robot-assisted RC, and sexual function-preserving techniques. None 
of these significantly improves QoL or functional outcome. Because of the invasiveness of 
RC, other therapeutic options have been evaluated. Transurethral resection of the bladder 
tumor (TURB) plays an important role in the diagnostic evaluation of MIBC and has also 
been reviewed as a curative option, although the oncological results appear inferior to RC. 
Furthermore, improved radiotherapy (RT) and widely used chemotherapy, both as mono-
therapeutic options in bladder cancer, are not as effective as radical surgery, with lower 
survival rates. Trimodality treatment (TMT) in bladder cancer combines TURB with che-
motherapy and RT. The goal of TMT is preserving the bladder and QoL without compromis-
ing oncological outcome. A 2018 review showed no difference in overall survival rates 
between RC and TMT (30.9% vs 35.1%), with lower survival rates after RC than TMT in the 
first year of follow-up, probably due to higher postoperative mortality. For a selected group 
of patients, TMT is to be recommended, and it is the most favorable option out of the organ- 
sparing strategies in MIBC. 
Keywords: bladder cancer, cystectomy, trimodality treatment, oncological outcome, 
functional outcome, organ preservation

Introduction
Radical cystectomy (RC) is the standard treatment for certain stages of bladder cancer. 
For the high-risk group of patients with non-muscle invasive bladder cancer (NMIBC), 
both the European Association of Urology (EAU) and American Urological Association 
(AUA) guidelines recommend treatment with bacille Calmette–Guérin (BCG).1,2 

However, even in these patients RC is carried out. Yafi et al, for example, reported on 
2287 RCs performed in Canada between 1998 and 2008, and the distribution of clinical 
staging was NMIBC in 26.3% (cTis in 4.8%, cTa in 2.9%, and cT1 in 18.6%).3 The 
reasons for performing an RC include unresectable non-invasive tumors and BCG 
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unresponsiveness. Indeed, the latter situation is one of the 
reasons for recommending RC. The AUA guideline recom-
mends RC in fit patients with high-grade T1 tumors after BCG 
induction, or T1 tumors with carcinoma in situ (CIS), lympho-
vascular invasion (LVI), or variant histologies (VH).2 This 
translates into a moderate recommendation, with grade 
C evidence strength. The EAU guideline is more stringent in 
its recommendation: an immediate RC should be discussed or 
even offered to patients in the case of the highest risk of tumor 
progression (eg, LVI, CIS in the prostatic urethra, or VH) and 
BCG failures (both recommendations are strong).1 In the 
current era, BCG unavailability may also be a reason to con-
sider RC in an earlier stage of the disease. The EAU guideline 
mentions some bladder-sparing alternatives, albeit in patients 
who are not fit for or who are unwilling to undergo RC: other 
forms/combinations of intravesical chemotherapy, micro-
wave-induced chemohyperthermia, electromotive drug 
administration (EMDA), or intravesical or systemic immu-
notherapy within clinical trials. All of these alternative blad-
der-sparing strategies are, however, considered oncologically 
inferior to RC.

At the other end of the scale, in patients with metastatic 
bladder cancer, RC is indicated for palliative reasons, such 
as hematuria of renal obstruction. In many palliative indi-
cations, there are bladder-sparing alternatives such as pain-
killers in case of pain, radiotherapy (RT) in case of 
hematuria, and drains and catheters in case of obstruction.

In muscle-invasive bladder cancer (MIBC), RC is 
strongly recommended for patients with pT2-4aN0M0 blad-
der cancer in both the EAU and the AUA MIBC 
guidelines.4,5 RC is thought to have the highest cure rate, 
although no randomized controlled trial (RCT) has ever been 
performed comparing RC with any other form of treatment 
for MIBC. RC, however, is a major operation, the most 
challenging operation in oncological urology, with signifi-
cant perioperative and postoperative morbidity and mortality. 
Knorr et al published a series of 969 RC operations in 8 years 
(between 2011 and 2018) in a tertiary care center.6 The 30- 
and 90-day major complication rates were 14.4% (n=140) 
and 21.7% (n=210), respectively, and comorbidity was 
a predictive factor for complications. Mortality was 9 and 
26 in 30 and 90 days, respectively (0.9% and 2.6%). The 
authors mention that their rates are comparable to the litera-
ture, but this was a high-volume center, and minor complica-
tions and complications after 90 days were not included. It 
seems fair to conclude RC is indeed a major operation, 
usually carried out in an older patient population with 

a smoking history and cardiac complaints due to smoking, 
which is one of the risk factors for bladder cancer.

In the context of long-term complications, 90 days 
after RC, Hautmann et al presented the grades and rates 
of long-term complications in 923 neobladders during 25 
years in a tertiary center.7 Of the 923 patients, 377 (41.8%) 
showed long-term complications during a medium follow- 
up of 72 months. Most of the reported complications were 
diversion related, varying from tumor- and non-tumor- 
related ureteroileal stenosis (11.05%) to incisional hernia 
after a midline transperitoneal incision (4.4%), febrile 
urinary tract infection (UTI) due to failed neobladder 
emptying (13.6%), and metabolic complications with 
sodium substitution in 33% of the patients 1 year after 
surgery. Furthermore, rare and unexpected complications 
occurred, including neovesicointestinal fistula, neobladder 
rupture, reservoir stone formation, and subneovesical 
obstruction. In conclusion, even in the most experienced 
hands the long-term complication rates of RC and neo-
bladder formation are not negligible.

In addition to complications of RC in invasive bladder 
cancer, another non-oncological but important issue after 
RC is the impact on quality of life (QoL) after treatment. 
QoL in patients after bladder cancer is significantly worse 
than in other pelvic cancers. Sexual problems are com-
monly reported, together with financial difficulties.8 The 
impact on QoL can be reduced with orthotopic lower 
urinary tract reconstruction after RC.9 A high percentage 
of patients (87%) with an orthotopic bladder demonstrate 
unaltered spontaneous and residual-free voiding as well as 
pad-free continence during both day and night.10 However, 
the use of clean intermittent catheterization (CIC) was still 
seen in cases with occasional mucus obstruction, residual 
urine after spontaneous voiding, and hypercontinence. 
These highly positive functional results came from the 
category of men with >20 years’ follow-up, which 
included the youngest and fittest patients at the time of 
RC and the time of the survey presented by Hautmann 
et al. Therefore, they must be interpreted in the context of 
some limitations, since these functional results would pre-
sumably be worse for low-volume centers or an older 
patient population with comorbidities.

When critically evaluating complications and impact 
on QoL caused by RC, we have to put this operation into 
context with regard to oncological results and survival in 
the evaluation of long-term clinical outcomes. For 
instance, a group of 1054 patients treated with RC for 
bladder cancer was presented by Stein et al.9 The 
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recurrence-free survival and overall survival (OS) for all 
patients at 5 years was 68% and 66%, and 60% and 43% 
at 10 years, respectively. Invasion of the muscle layer by 
the cancer is directly correlated with an increased patho-
logical stage and higher chance of lymph-node-positive 
disease. Both are associated with higher recurrence rates 
and worse survival. Survival for patients with lymph- 
node-positive disease was 35% and 34% at 5 years, 
and 31% and 23% at 10 years. Therefore, pathological 
stage is an important determinant of survival in patients 
undergoing RC.

Although RC is strongly recommended in guidelines as 
the treatment of choice for MIBC, there are clear issues 
such as short- and long-term complications, functional 
outcomes, and impact on QoL, as well as limited survival 
in spite of this radical treatment, and there has been no 
improvement in survival of bladder cancer patients for 
decades.11 All in all, there seems to be room for improve-
ment in this guideline treatment of choice.

The objective of this report is to review different 
organ-sparing strategies and treatment options in patients 
with non-metastatic MIBC, comparing oncological and 
functional outcomes from different organ-sparing strate-
gies with the current treatment of choice recommended by 
different MIBC guidelines.

How to Decrease or Improve 
Morbidity After RC?
Several attempts have been made to improve early recov-
ery since the introduction of RC in bladder cancer patients. 
One of these is the introduction of Enhanced Recovery 
After Surgery (ERAS) as a perioperative approach for 
patients undergoing major abdominal surgery, such as 
RC. ERAS is a multimodal concept aiming to reduce 
surgical stress and facilitate postoperative recovery.12 

These protocols contain multiple key elements such as 
preoperative counseling, analgesic regimens, early mobili-
zation after surgery, and avoidance of a nasogastric tube. 
While ERAS protocols attempt to reduce morbidity after 
RC, their implementation has been limited or unavailable. 
In 2020, Williams et al presented a systematic review 
identifying 11 studies with 2077 patients from six centers 
regarding ERAS protocols and RC outcomes.13 ERAS 
pathways for patients undergoing RC reduced the length 
of hospitalization, time to recovery of bowel function, and 
complications, with no increase in mortality.

In addition to striving for early recovery using the 
multimodal approach of ERAS, a lot of research has 
analyzed the differences in surgical approach in RC, ie, 
open radical cystectomy (ORC) versus robot-assisted radi-
cal cystectomy (RARC). For several decades, since the 
introduction of robotic surgery, the use of RARC has 
gained popularity as surgical treatment in bladder cancer. 
This increasing popularity is probably due to its improved 
ergonomics, potentially decreased morbidity, and the 
reduction of postoperative complications. Still, the ques-
tion remains as to whether RARC is inferior to ORC in the 
treatment of bladder cancer.

Soria et al evaluated the perioperative as well as 30- 
and 90-day complication rates of RARC versus ORC in 
a large multicenter cohort of 1197 patients treated for 
bladder cancer with RC at 25 institutions between 1971 
and 2015.14 The choice of surgical technique was based on 
surgeon’s preference, institutional policy, and patient and 
tumor characteristics. RARC was associated with reduced 
blood loss, increased operation time, and shorter length of 
stay. Conversely, RARC was also associated with an 
increased likelihood of readmission. However, there were 
no differences in complication rate, reoperations, or mor-
tality between these surgical approaches. This evidence is 
supported by Sathianathen et al, who reviewed five RCTs 
comparing RARC to ORC.15 They supported the findings 
of a reduction in blood loss and a reduction in length of 
stay, both of which were clinically insignificant. Their 
results support the idea that the individual surgeon is 
more important than his or her tools. Therefore, it is safe 
to say that there are no apparent differences in safety and 
morbidity between ORC and RARC, despite the growing 
popularity of RARC. Both surgical techniques are largely 
comparable in terms of oncological outcomes, complica-
tion rates, and QoL outcomes.

Wijburg et al, in 2021, published their multicenter 
comparative effectiveness study comparing RARC versus 
ORC in terms of 90-day complications, health-related 
QoL, and clinical outcomes.16 The study showed no sta-
tistically significant differences between RARC and ORC 
in terms of effectiveness, therefore supporting the results 
of previous RCTs and systematic reviews.

In light of improving functional outcome in patients 
undergoing RC, there are different sexual function- 
preserving surgical techniques which focus on improving 
sexual and voiding function. Technical variations range 
from prostate-sparing RC to other procedures where only 
capsule, seminal vesicle, or neurovascular bundles are spared 
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during cystectomy. The evidence for these surgical techni-
ques suggests that they may yield better sexual outcomes in 
male patients than standard RC, without compromising 
oncological outcomes.17 However, the quality of evidence 
is low for sexual-preserving cystectomy techniques in men. 
The same was investigated in a study by Veskimäe et al in 
women, comparing pelvic organ-preserving radical cystect-
omy (POPRC), such as neurovascular bundle-preserving, 
vagina-preserving, or genitalia-sparing variations, with stan-
dard RC.18 For a select group of patients, POPRC may 
potentially be comparable to standard RC for oncological 
outcomes while improving the quality of sexual life. 
However, well-designed RCTs and prospective multicenter 
studies with valid data collection are needed before these 
organ-sparing surgical techniques can be implemented in the 
treatment of MIBC.

Bladder Sparing
As stated in the Introduction, RC is strongly recommended 
in the treatment of MIBC. But since the invasiveness of 
this surgical treatment comes with challenges in terms of 
complications and functional outcomes, other therapeutic 
options are evaluated.

Transurethral resection of the bladder (TURB) plays an 
important role in the diagnostic evaluation of MIBC since it 
enables histopathological diagnosis and staging.4 In 2001, 
Herr reported the 10-year outcome of radical TURB as mono-
therapy in the case of MIBC in 151 patients with a reTURB 
without invasive tumor (T0 or T1).19 Of these patients, 99 
received TURB as definitive therapy and 52 had RC, with 
a 10-year disease-specific survival (DSS) of 76% and 71%, 
respectively. Of note, patients with T1 on reTURB had worse 
outcome than those with T0 (82% vs 57% survival, p=0.003). 
Moreover, 34 of these 99 patients had a new invasive bladder 
tumor, of which 18 were salvaged with cystectomy, whereas 
16 died of the disease. Herr concluded that radical TURB for 
MIBC was a successful bladder-sparing strategy in selected 
patients who have no residual tumor on repeat vigorous resec-
tion of the primary site. In line with Herr, a prospective study 
by Solsona et al analyzed the oncological outcomes of 133 
patients with MIBC undergoing radical TURB as monother-
apy with negative biopsies after restaging.20 The bladder was 
preserved, with progression-free survival of 75.5%, 64.9%, 
and 57.8% at 5, 10, and 15 years, respectively. In the 15-year 
follow-up period, approximately 30% of the patients experi-
enced disease progression, of which 7.7% was associated with 
metastasis. However, progression was associated with a high 
mortality rate of 67.5%. The authors concluded that TURB as 

monotherapy in MIBC can be a reliable therapeutic approach 
after complete tumor resection, including negative biopsies in 
the tumor bed, and this approach can be considered an option 
when patients are unfit for or do not favor cystectomy. Still, 
TURB alone as a curative option is not recommended since it 
requires meticulous patient selection and information, as well 
as persistent bladder follow-up, and the oncological results 
appear to be inferior to RC.4

With improvements in external beam radiotherapy 
(EBRT) techniques, there has been renewed interest in 
EBRT for the treatment of bladder cancer. These techni-
ques result in better coverage of the target organ (bladder 
and possibly nodes) with lower doses to the surroundings. 
Hafeez et al, for example, reported on 55 patients who 
were unfit for cystectomy, of whom 48 completed EBRT 
with acceptable toxicity, with only 17% local progression 
after 2 years.21 These results show good local control with 
acceptable toxicity. Prognostic factors for EBRT are well 
known: tumor size, presence of hydronephrosis or CIS, 
and radicality of the initial TURB. In spite of this, how-
ever, EBRT monotherapy has been surpassed by the 
improved outcomes after trimodality bladder-preserving 
treatment (or trimodality therapy, TMT), as will be dis-
cussed in the next section. In all, in spite of technical 
improvements in EBRT, EBRT monotherapy is not as 
effective as radical surgery or TMT.

Chemotherapy is widely used as neoadjuvant therapy 
in bladder cancer. Although chemotherapy in the neoadju-
vant setting is able to result in a pT0 status after cystect-
omy (an event sometimes even used as a surrogate 
endpoint in trials), chemotherapy as monotherapy seldom 
results in long-term remission. A large retrospective ana-
lysis of a National Cancer Database cohort showed 
a 5-year OS of 32.9% (36.2% in stage cT2) in over 1500 
patients treated with multiagent chemotherapy after 
TURB.22 Since this is clearly less than with radical sur-
gery or TMT, chemotherapy monotherapy is also not 
recommended as standard treatment in bladder cancer.

Another bladder-sparing technique considered is partial 
cystectomy (PC). Despite renewed interest in bladder- 
sparing techniques, the EAU guideline does not mention 
PC. The AUA considers PC as a therapeutic option in 
a highly select group of patients, where the selection 
criteria include accessible tumor location, size <3 cm, no 
multifocal CIS, no hydronephrosis, adequate bladder func-
tion, and no residual T1 or higher stage disease.5 The most 
recent review, by Knoedler et al, summarizes the literature 
regarding PC for bladder cancer in terms of utilization, 
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outcomes, recurrence, and complications of PC.23 About 
7–10% of all cystectomies in the USA are performed 
partially. With regard to oncological outcomes, no differ-
ence was found between RC and PC in 10-year metastasis- 
free survival (61% vs 66%) or cancer-specific survival 
(58% vs 63%). These numbers only apply to appropriately 
selected patients. Close surveillance after PC is necessary 
since the median time from PC to salvage RC was 1.6 
years owing to early recurrence. Of these patients, 61.2% 
had organ-confined disease, whereas 19.4% had extravesi-
cal disease and 19.4% had lymph-node metastasis. Current 
data indicate that 15.8% of patients experience an in- 
hospital complication, with a mortality rate of 1.8%. 
Those patients who died had higher comorbidity indices. 
It is likely that younger, healthier patients are more likely 
to undergo RC. For medically unfit patients, PC can be 
offered as a therapeutic option, but there are no RCTs 
consisting of head-to-head trials on PC as a beneficial 
treatment in MIBC.

Trimodality Bladder-Preserving 
Treatment
Trimodality bladder-preserving treatment (TMT) in blad-
der cancer combines TURB with chemotherapy and RT. 
The goal of TMT is preserving the bladder and QoL with-
out compromising oncological outcome. The rationale 
behind combining TURB with RT is to achieve maximal 
local tumor control in the bladder and adjacent nodes. The 
addition of systemic chemotherapy has the potential to 
improve locoregional control since it works as 
a radiosensitizer, and not specifically to address microme-
tastases, which are targeted by (neo)adjuvant platinum- 
based combination chemotherapy.4,5

Maximal resection of the visible tumor with TURB is the 
first step in TMT. In this case, patient selection is critical, 
meaning patients with T2 tumors, good bladder function, and 
no CIS. Even in the case of an initial presumed complete 
resection, a second TURB has been suggested to reveal 
tumor in more than 50% of patients. In addition to TURB, 
a conventional radiation schedule includes radiation fields of 
the pelvis (with bladder and/or bladder tumor boost), bladder 
only, or partial bladder only, with an initial dose of 40–45 Gy. 
Concurrently with RT, different chemotherapy regimens are 
used in TMT, but most evidence exists for cisplatin and 
mitomycin C plus 5-fluorouracil (5-FU). Adding chemother-
apy with RT may sensitize tumor cells to radiation, thus 
increasing cell kill in a synergistic fashion. This has the 

potential to improve locoregional control, and may provide 
additional benefit for the control of occult metastatic disease 
at an early stage.

The question of whether TMT has the same oncologi-
cal outcomes as RC remains unanswered, since no rando-
mized trials have been published on the treatment of 
MIBC. Five-year OS rates vary from 36% to 74%, respec-
tively, with salvage cystectomy rates of 10–30%. A small 
retrospective study by Kulkarni et al showed that TMT in 
56 patients provided midterm survival outcomes compar-
able to RC in selected bladder cancer cases.24 Patients 
suitable for TMT had solitary tumors <5 cm, minimal to 
no hydronephroses, good bladder function, and no CIS. 
The median follow-up was 4.51 years, with 20 deaths in 
the RC group and 22 deaths in the TMT group (p=0.84). 
The 5-year DSS rates for RC and TMT were 73.2% and 
76.6%, respectively (p=0.49). Salvage cystectomy was 
performed in six (10.7%) of the 56 patients treated with 
TMT. This study demonstrates the excellent and compar-
able results of TMT in selected patients with MIBC, but 
has some limitations, including a selection bias based on 
clinical factors and the small number of patients (112), 
with a relatively short follow-up period of 4.51 years.

To address the overarching question of OS in TMT 
versus RC, Kaushik et al conducted a large propensity 
score-weighted comparative analysis using the National 
Cancer Database.25 Data from 15,854 patients who 
received RC and 4050 patients who were treated with 
TMT were available for analysis. The median OS for the 
entire cohort was 30.5 months, and was longer in those 
who were treated with RC than in the patients receiving 
TMT (36.2 vs 24.2 months). The 5-year OS for RC was 
40.4% versus 29.4% in patients receiving TMT. Covariates 
associated with a decreased OS included advanced age, 
higher comorbidity scores, T3 and T4 stages versus T2, 
and positive lymph nodes. An interesting and significant 
interaction of treatment type and time was identified: OS 
was shorter after RC than TMT in the first year follow-up. 
This increased risk may partly be related to higher com-
plication and mortality rates following RC.

Another, more recent, large systematic review and meta- 
analysis on oncological outcomes after TMT versus RC was 
conducted by Fahmy et al.26 They extracted data on 3402 
patients treated with TMT and 26,891 patients with RC, all 
diagnosed with MIBC. For the entire cohort, the OS and DSS 
were not significantly different between RC and TMT: 10-year 
OS 30.9% vs 35.1% and 10-year DSS 50.9% vs 57.8%, 
respectively. Approximately 75% achieved complete response 
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to TMT. Complete responders had a lower risk of undergoing 
RC during follow-up. With regard to recurrence after treat-
ment, RC resulted in lower recurrence rates, which may sug-
gest that the bladder remains a potential source of disease 
recurrence. Comparing oncological outcomes from TMT 
with RC remains difficult, considering, among other factors, 
differences in patient selection. There are no successfully 
completed RCTs comparing the outcomes of TMT with RC. 
Reviewing the available studies regarding bladder-preserving 
strategies such as TURB, EBRT, chemotherapy, and PC as 
monotherapy provides no strong evidence for their use as an 
alternative to RC in MIBC. In addition, no high-quality evi-
dence is available comparing QoL between the different treat-
ment options. TMT seems to be an option in patients with 
MIBC who are unfit for RC. Recently available data,24–26 

however, suggest that the long-term oncological outcome 
after TMT may be comparable to that after RC, and TMT 
may, therefore, be a valid alternative in the treatment of MIBC. 
One of the main arguments for TMT in operable patients is to 
avoid functional drawbacks regarding sexual and voiding 
function. However, there are not enough data regarding 
TMT and QoL after bladder-preserving treatment compared 
to RC.

In conclusion, a trimodal bladder-preserving treatment is 
to be recommended in patients with MIBC who are medi-
cally unfit for RC, or those who desire bladder preservation 
because of possible functional drawbacks after RC.
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