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Abstract Objective: To systematically review the most recent scientific literature regarding
modern strategies for organ preservation in the treatment of non-metastatic muscle-invasive
bladder cancer.
Methods: Literature search was made using PubMed, Google Scholar, EMBASE, Wiley Library,
and ClinicalTrials.gov following the recommendations of the Preferred Reporting Items for Sys-
tematic reviews and Meta-Analyses statement. The primary outcome was 5-year overall sur-
vival rate, which was addressed by a systematic review and meta-analysis. The risk of bias
and quality of evidence were assessed according to the Cochrane Collaboration and the
Grading of Recommendations, Assessment, Development and Evaluation system.
Results: The evidence is consistent in showing that 5-year survival of trimodality therapy is
similar to radical cystectomy in selected patients, ranging between 29% and 73%. Patients un-
dergoing bladder-sparing therapy were found to have better outcomes in terms of quality of
life and sociability than those undergoing radical cystectomy. Immunotherapy is establishing
itself as a strategy for organ-preservation treatment, showing complete response rates be-
tween 42% and 100%. However, most of these results have been obtained from ongoing clinical
trials. Furthermore, there are still no studies comparing the efficacy among the different
available therapies.
m (J.C. Bravo).
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Conclusion: Although radical cystectomy remains the gold standard treatment for muscle-invasive
bladder cancer, its significant morbidity has prompted the exploration of alternative therapies. In
this context, bladder preservation therapies, though supported by limited literature, emerge as a
potential alternative that could offer comparable oncological outcomes in selected patients.
ª 2025 Editorial Office of Asian Journal of Urology. Publishing services by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).
1. Introduction

Bladder cancer (BC) is the 7th most commonly diagnosed
cancer in males, whilst it drops to the 10th position when
both genders are considered [1]. In non-metastatic BC,
approximately 75% of patients present with disease
confined to the mucosa (pTa, carcinoma in situ [CIS]) or
submucosa (pT1), but most of the cancer-specific mortality
is associated with pT2eT4 tumors [2]. The current treat-
ment of clinically non-metastatic muscle-invasive BC (MIBC)
is associated with significant morbidity and mortality [3,4].
Since it generally affects elderly people with more comor-
bidities, postoperative complications are more likely to
occur [5]. MIBC only reaches a 50% 5-year survival rate
[5,6], despite aggressive treatment with radical cystectomy
(RC) and pelvic lymph node dissection, currently being the
gold-standard approach [5e11].

RC is related to infectious, genitourinary, gastrointestinal,
and wound-related complications, occurring in up to 58% and
perisurgical mortality up to 4.7% (at 90 days) of patients with
MIBC [3]. Additionally, sexual function and social and/or
economic aspects have a significant impact on quality of life
(QoL) [12,13]. All of these complications reflect the need for
bladder-sparing options for non-metastatic MIBC [3]. Several
bladder-sparing therapies have been described, including
chemotherapy (CMT), radiotherapy (RT), and trimodality
therapy (TMT) [14]. RT alone has been shown to have worse
outcomes when compared to chemoradiotherapy and TMT
[14,15]. On the other hand, CMT has shown a limited role as a
single or dual therapy compared to TMT [16]. While all
monotherapies are less effective than RC and are not
recommended as curative therapy [14e16], TMT has shown
favorable results. In fact, TMT, which consists of maximal
transurethral resection of bladder tumor (TURBT) followed by
RTwith concurrent radiosensitizing CMT, is currently themost
common bladder preservation strategy [5].

Immunotherapy (IMT) agents such as immune checkpoint
inhibitors (ICIs) have provided new perspectives in the
treatment of MIBC during the last years [17]. Among them,
inhibitors of programmed cell death protein 1 (PD-1), pro-
grammed death ligand 1 (PD-L1), and cytotoxic T-lympho-
cyte-associated antigen 4 (CTLA-4) are currently available
therapies with different results and indications [17].

Among the limitations of bladder-sparing strategies,
the evidence is still limited and heterogeneous in the
population and inclusion criteria. Additionally, cohorts are
small and do not have long-term follow-up, and there are
no prospective randomized studies comparing outcomes
between RC and TMT. Reviews and meta-analyses pub-
lished to date provide discordant results that preclude
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drawing concrete conclusions about therapies [18e20]. In
addition, IMT is a developing alternative for which few
published results exist and have not yet been included in
reviews as a therapy alone [21]. The aim of this study was
to systematically analyze the most recent scientific liter-
ature regarding organ preservation strategies in the
treatment of non-metastatic MIBC, comparing oncologic
and functional outcomes, and QoL between RC and TMT, in
addition to results of novel IMT agents for BC. Additionally,
a meta-analysis was performed to compare the 5-year
overall survival (OS) outcomes between both treatments
across multiple studies, enhancing the quality of the
conclusions.

2. Acquisition of evidence and analyses

The literature search was conducted using PubMed (access
date: August 27, 2023), Google Scholar (access date:
September 3, 2023), EMBASE (access date: September 11,
2023), Wiley Library (access date: September 11, 2023),
and ClinicalTrials.gov (access date: October 19, 2023). The
reporting of this systematic review was guided by the
standards of the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) statement [22]. The
protocol was registered with the International Prospective
Register of Systematic Reviews (PROSPERO), in accordance
with PRISMA guidelines (PROSPERO registration ID 574880).
The search was performed by two independent reviewers
using the keywords: “Radical cystectomy”, “Bladder-
sparing”, “Bladder cancer”, “Bladder preservation”,
“Muscle-invasive bladder cancer” or “MIBC”, “Trimodal
therapy”, “Immunotherapy”, and “Chemoradiation”. We
included original articles, retrospective studies, prospec-
tive studies, systematic reviews, meta-analyses, congress
abstracts (meeting-driven poster or oral communication),
and clinical trials between January 2012 and December
2024 involving RC, TMT, and IMT. Only articles in English
were included; however, the search was not limited by
language. We excluded letters, editorials, case reports,
prevalence studies, study protocols, narrative reviews or
qualitative studies, pre-clinical studies (non-human animal
models or in vitro studies), and non-peer-reviewed articles
except clinical guidelines. In addition, we excluded articles
that were duplicated on different platforms or with full
texts that were unable to be accessed. Finally, publications
that showed unsuitable participant criteria (patients
without diagnosis of MIBC or CIS, and without chemo-
radiotherapy, RC, TMT, or IMT [alone or concurrent]), un-
suitable technical or clinical outcomes (no report of
prognosis, progression, or survival), and unsuitable
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outcome-report format (no OS or survival curves,
disease-specific survival, disease-free survival [DFS],
salvage cystectomy [SC] reported at 3 years, 5 years, 10
years, or 15 years) were excluded.

After a first phase of evidence screening based on the
evaluation of titles and abstracts, 107 articles were
selected for independent evaluation of their full texts by
the reviewers. When there were disagreements on inclu-
sion, these were resolved by a third reviewer. According to
the inclusion and exclusion criteria, 21 articles were
included. The results and syntheses of each study are
described in Tables 1e4 and in the main text (narrative).
This systematic review process is described in the PRISMA
flow chart (Fig. 1).
Figure 1 The flowchart on the stages of inclusion of studies
in our systematic review according to the Preferred Reporting
Items for Systematic reviews and Meta-Analyses guidelines.

Table 1 The summary of results obtained for RC (nZ41 776).

Study Patient, na

Cahn et al., 2017 [40] 22 680

Kulkarni et al., 2017 [41] 56

Ritch et al., 2018 [42] 6606
Vlaming et al., 2020 [29] 431

Grossmann et al., 2022 [43] 572

Pfail et al., 2020 [44] 8288

Softness et al., 2022 [33] 1812

Qiu et al., 2022 [45] 891
Zlotta et al., 2023 [34] 440

OS, overall survival; DSS, disease-specific survival; yr, year; MIBC, mu
progressive MIBC; NAC, neoadjuvant chemotherapy; RC, radical cyste

a The number of patients who underwent RC and not the full coho
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For the bias risk evaluation of the studies, the Risk of
Bias 2 and the Risk Of Bias in Non-randomized Studies-of
Exposure (ROBINS-E) tools for randomized and
non-randomized studies according to Cochrane Collabora-
tion were used to assess the bias risk classification of the
studies [23e25]. The evaluation criteria domains included
randomization process or selection of participants, de-
viations from intended interventions or confounding fac-
tors, missing outcome data, measurement of the outcome
or exposure, and selection of the reported results. The
studies were classified as “high-bias risk”, “low-bias risk”,
and “unclear-bias risk”, or “some bias risk concerns” based
on the above criteria.

For quality evaluation of the studies included, the Grading
of Recommendations, Assessment, Development and Evalua-
tion (GRADE) standard in theCochraneCollaborationwas used
for quality classification [26]. The evaluation criteria domains
included risk of bias, imprecision, inconsistency, indirectness,
and publication bias, in addition to effect, dose response, and
residual confounding. A study with a score of “4 plus” was
considered high quality, “3 plus” moderate quality, “2 plus”
low quality, and “1 plus” very low quality based on the above
criteria. It should be noted that since completed randomized
clinical trials on this topic are scarce, none of the studies
achieved the maximum score of 4 plus.

For the evaluation and comparison of the target clinical
outcome, a meta-analysis including only studies that
compared TMT and RC was performed. GraphPad Prism
v10.2.3 (GraphPad Software, Boston, MA, USA) and MedCalc
Statistical Software version 19.2.6 (MedCalc Software bv,
Ostend, Belgium) were adopted for the figure drawing and
statistical analysis, respectively. Proportions, odds ratios,
and 95% confidence intervals were used to evaluate and
compare the survival rates or OS outcomes at 5 years
between TMT (intervention) and RC (control). A
random-effects model was used for the meta-analysis [27].
OS (%) DSS (%)

� 3-yr: 58
� 5-yr: 48

� NA

� 3-yr: 66
� 5-yr: 57.1

� 5-yr: 73.2

� 5-yr: 38 � NA
� 5-yr: 49
� 10-yr: 39

� NA

� 5-yr: 64 (primMIBC)
� 5-yr: 46 (secMIBC)

� 5-yr: 54 (primMIBC)
� 5-yr: 39 (secMIBC)

� 5-yr (NACþRC): 47.7
� 5-yr (RC): 45.7
� 5-yr (RCþAC): 38.5

� NA

� 5-yr: 53
� 10-yr: 40

� NA

� 5-yr: 73 � NA
� 5-yr: 66 � 5-yr: 80

scle-invasive bladder cancer; primMIBC, primary MIBC; secMIBC,
ctomy; AC, adjuvant chemotherapy; NA, not available.
rt.



Table 2 The summary of results obtained for trimodality therapy (nZ5582).

Study Pathological tumor stage Patient, na OS (%) DSS (%) SC (%b)

Efstathiou et al., 2012 [46] T2eT4 348 � 5-yr: 52
� 10-yr: 35
� 15-yr: 22

� 5-yr: 64
� 10-yr: 59
� 15-yr: 57

� 10-yr: 29

Zapatero et al., 2012 [47] T2eT4 72 � 5-yr: 73
� 10-yr: 60

� 5-yr: 82
� 10-yr: 80

� 5-yr: 12.5

Cahn et al., 2017 [40] T2eT3 1489 � 3-yr: 43
� 5-yr: 29

� NA � NA

Giacalone et al., 2017 [32] T2eT4 475 � 5-yr: 57
� 10-yr: 39
� 15-yr: 25

� 5-yr: 52
� 10-yr: 46
� 15-yr: 40

� 5-yr: 29

� 10-yr: 31

Kulkarni et al., 2017 [41] T2eT4 56 � 3-yr: 69.6
� 5-yr: 62.5

� 5-yr: 76.6 � 5-yr: 10

Ritch et al., 2018 [42] T2eT4 1733 � 5-yr: 30 � NA � 5-yr: 2
Softness et al., 2022 [33] T2eT3 236 � 5-yr: 44

� 10-yr: 33
� NA � NA

Qiu et al., 2022 [45] T2eT4 891 � 5-yr: 69 � NA � NA
Zlotta et al., 2023 [34] T2eT4 282 � 5-yr: 73 � 5-yr: 82 � 5-yr: 13

OS, overall survival; DSS, disease-specific survival; SC, salvage cystectomy; yr, year; NA, not available.
a The number of patients who underwent trimodality therapy and not the full cohort.
b The percentage of patients who required SC at 5 years or 10 years despite treatment with TMT.

Table 3 Summary of results obtained for non-clinical-trial publications on immunotherapy (nZ123).

Study Pathological
tumor stage

Patient, na Drug OS (%) DFS (%)

Hu et al., 2022 [52] T2eT4 33 � Tislelizumab (anti-PD-1) � NA � 1-yr: 93.94
Xu et al., 2023 [17] T2eT3 25 � Tislelizumab and toripalimab

(anti-PD-1)
� 1-yrb: 100 and 83.3 � 1-yrb: 94.7 and 83.3

Dahl et al., 2024 [53] T2eT4 65 � Trastuzumab (anti-HER2) � 1-yr: 25 � 1-yr: 15

OS, overall survival; DFS, disease-free survival; yr, year; PD-1, programmed cell death protein 1; HER2, human epidermal growth factor
receptor 2; NA, not available.

a The number of patients who underwent immunotherapy and not the full cohort.
b Results for tislelizumab and toripalimab, respectively.

Table 4 Summary of results obtained for clinical trials on immunotherapy (nZ166).

Study Pathological
tumor stage

Patient, na Drug CR (%)

Vaishampayan et al., 2020 [59] T2eT4 17 � Nivolumab (anti-PD-1) 42
Balar et al., 2021 [55] T2eT4 54 � Pembrolizumab (anti-PD-1) 83e100
Garcia del Muro et al., 2021 [58] T2eT4 32 � Durvalumab (anti-PD-1) and tremelimumab

(anti-CTLA-4)
81

Weickhardt et al., 2022 [56] T2eT4 27 � Pembrolizumab (anti-PD-1) 88
Vazquez-Estevez et al., 2022 [57] T2eT4 14 � Atezolizumab (anti-PD-L1) 100
Niu et al., 2022 [60] T2eT4 22 � Tislelizumab (anti-PD-1) 59

PD-1, programmed cell death protein 1; PD-L1, programmed death ligand 1; CR, complete response; CTLA-4, cytotoxic T-lymphocyte-
associated antigen 4.
a The number of patients who underwent immunotherapy and not the full cohort.
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Figure 3 The bar chart for results based on the Grading of
Recommendations, Assessment, Development and Evaluation
quality.
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3. Synthesis of evidence

After the search, evidence was collected from 21 articles
that included a total of 47 647 patients. Summarized in-
formation for each of them can be found in Tables 1e4.
Once the selection and analysis of articles were done, the
risk of bias and quality assessment were performed using
the Risk of Bias 2 tool, ROBINS-E tool, and GRADE classi-
fication for 15 of the 21 articles as shown in Fig. 2, Fig. 3,
and Supplementary Figure 1. The remaining six articles
were excluded from the analysis since they were partial
result reports from clinical trials, but were discussed in
the review. Overall, the risk of bias analysis showed higher
risk for the “randomization process or selection of pa-
tients” and “selection of reported results” domains, but
lower risk for the “missing outcome data” and “measure-
ment of the outcome or exposure” domains (Fig. 2).
Regarding the quality analysis, 53% of the articles were
classified as “low quality” and 47% as “moderate quality”
(Fig. 3 and Supplementary Figure 1).
Figure 2 Risk of bias assessment of included articles.
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3.1. TMT

Currently, the gold standard for treating MIBC is RC with
bilateral pelvic lymphadenectomy and urinary diversion. This
involves removal of the bladder and its surrounding tissues,
with an extended surgical time and hospital stay length, and
patients requiring 3months to 6months to recover to baseline
levels [5,16]. Nowadays, cisplatin-based neoadjuvant CMT
(NAC) is a therapeutic strategy used prior to primary cys-
tectomy in MIBC with methotrexate, vinblastine, doxorubicin
and cisplatin (MVAC), gemcitabine and cisplatin, and
dose-dense MVAC [28]. The reason for NAC is to treat micro-
metastatic disease at the time of diagnosis, when the burden
of disease is the lowest [28]. Adjuvant therapy, according to
American and European guidelines, lacks quality evidence to
support its impact on survival to date [6].

Despite being the main treatment, RC only provides
about a 49% 5-year survival [29] (Table 1). Regarding QoL
after RC assessed by SF-36 and QLC-C30 questionnaires,
most of the patients showed poor urinary and sexual
function along with impaired body image and emotional
status [30]. Furthermore, even patients suitable for RC
often choose to postpone this option [5]. Currently, TMT is
the most established bladder preservation strategy in
non-metastatic MIBC [16]. TMT protocols vary among
clinical trials and regions, but they broadly consist of
maximal TURBT followed by RT with concurrent radio-
sensitizing CMT [16]. In case of muscle-invasive residual
disease at restaging, SC should be performed [5,15,31].
Patient suitability for TMT is crucial for successful onco-
logical management. The main selection criteria are uni-
focal tumors <6 cm suitable for complete macroscopic
resection, cT2ecT3a tumors, absence of extensive CIS, no
bilateral hydronephrosis, and good bladder function [5].
The most relevant results of TMT to date are summarized
in Table 2.

Giacalone et al. [32] retrospectively analyzed 475 pa-
tients undergoing TMT. OS rates at 5 years, 10 years, and 15
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years were 57%, 39%, and 25%, respectively, being better for
cT2 (65%, 46%, and 29%, respectively) than for cT3 (42%, 26%,
and 17%, respectively). SC requirement rates at 5 years and
10 years were 29% and 31%, respectively. Six deaths occurred
due to treatment and one patient required cystectomy for
treatment-related toxicity [32]. Softness et al. [33] included
2048 patients with cT2ecT3 cN0 cM0 MIBC in their retro-
spective analysis, where 1812 were treated with RC and
236 with TMT. In their study, 5-year OS rates for RC and TMT
were 53% and 44%, while 10-year OS rates were 40% and 33%,
respectively. However, patients treated with RC were
significantly younger (64 years vs. 70 years, p<0.01) and had
a lower Charlson comorbidity index than patients treated
with TMT. Furthermore, RC patients were more likely to be
treated in academic centers. Interestingly, when sensitivity
analyses were applied to reduce confounding factors by
restricting the cohort to patients between 40 years and
70 years and Charlson comorbidity index of 0 points (1104
patients undergoing RC and 166 undergoing TMT), they found
a higher 5-year OS rate for TMT compared to RC, without
reaching statistical significance (65% vs. 57%, respectively;
pZ0.35) [33]. Selection criteria for TMT have recently been
updated by Zlotta et al. [34] in a multicenter retrospective
analysis including 722 patients with MIBC, with solitary tu-
mors <7 cm, clinical stage T2eT4 N0 M0, no or unilateral
hydronephrosis, no CIS, and no multifocal tumors; 440 pa-
tients underwent RC and 282 TMT. Notably, unlike other
studies, all patients had similar inclusion criteria, being all
suitable for both therapies. Similar rates were observed for
5-year metastasis-free survival (74% for RC and 75% for TMT;
pZ0.95). Additionally, 5-year cancer-specific survival was
80% for RC and 82% for TMT (pZ0.25), and 5-year DFS was
75% for RC and 73% for TMT (pZ0.93). Remarkably, 5-year OS
was significantly higher for TMT compared to RC (73% vs.
66%, respectively; pZ0.01). In fact, only 38 (13%) TMT pa-
tients underwent SC, of which 37 (97%) presented
muscle-invasive recurrence and there was only one (3%)
treatment-related toxicity. The 5-year cancer-specific sur-
vival of patients undergoing SC was equivalent to those
treated with TMTwithout the need for SC (85% vs. 84%) [34].
So far, this is the only study comparing RC with TMT in pa-
tients with updated and similar inclusion criteria, suitable
for both therapies, which reinforces the evidence that both
Figure 4 The forest plot for the 5-year survival rate under the ran
radical cystectomy; TMT, trimodality therapy.
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therapies have similar oncological outcomes when using
broad inclusion criteria [34].

A meta-analysis was performed with only studies that
compared the 5-year survival rates of TMT and RC which
included a total of 29 308 patients. A forest plot analysis
showed a high heterogeneity among studies (Cochran’s
QZ65.80 [p<0.001]; I2Z93.92%), and no significant dif-
ferences between TMT and RC (random effects; pZ0.4) as
shown in Fig. 4.

Concerning QoL, one Markov model simulation study
compared TMT versus RC by measuring quality-adjusted life
years (QALYs) and reported a gain of 0.59 QALYs with TMT
when compared to RC (7.83 vs. 7.24, respectively) [35]. Mak
et al. [36] performed a cross-sectional bi-institutional study
that compared the long-term QoL in MIBC patients treated
with TMT versus RC. Patients with non-metastatic cT2ecT4
MIBC, suitable for RC and disease free for 2 years, were
included in the study; 64 patients who received TMT and
109 patients who underwent RC answered the question-
naires 9 years and 7 years after the procedure, respectively.
The results showed that both TMT and RC patients had
acceptable long-term QoL, but TMT patients were associ-
ated with improved general aspects (high physical state
score, role, social, emotional, and cognitive functioning,
with less fatigue, pain, nausea, and vomiting), urinary
(bowel function), and sexual (sexual function and body
image) compared to RC ones [36]. Their study supported
that TMT could be a good alternative to RC for suitable
patients regarding QoL. In addition, Kool et al. [37]
compared cost-effectiveness between RC and TMT using
Markov model simulation, observing that life-years gained
at 5 years and 10 years were slightly higher for TMT when
compared to RC, with 4.1 years vs. 4 years and 6.53 life-
years vs. 6.40 life-years at 5 years and 10 years, respec-
tively. Additionally, the study analyzed QALYs at 5 years and
10 years, observing moderately higher values for TMT when
compared to RC (3.63 vs. 3.35 after 5 years and 5.68 vs. 5.33
after 10 years, respectively) [37]. Regarding costs, despite
being similar at 5 years, they differed at 10 years (33 286
USD vs. 40 197 USD) [25]. Meanwhile, Magee et al. [38] re-
ported median costs for RC and TMT of 30 577 USD and
18 979 USD, respectively, being significantly higher for RC
(p<0.001). However, the cost associated with follow-up and
dom-effects model. OR, odds ratio; CI, confidence interval; RC,
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care was higher for TMT than RC (3094 USD/year vs. 1974
USD/year, respectively) with a non-significant difference
(pZ0.09) [38]. Finally, Huddart et al. [39] compared several
outcomes of patients undergoing TMT versus RC in the Se-
lective Bladder Preservation Against Radical Excision feasi-
bility study, finding that patients undergoing TMT showed an
improvement in mean global health status and social func-
tioning, while they were reduced in the RC group [39].

3.2. New treatments using IMT associated with
other therapies

IMT, such as ICIs, has provided new perspectives in the
treatment of MIBC [17]. Current indications include TURBT
and ICIs as single or combined agents, as well as standard
NAC [38]. These treatment options may improve the effi-
cacy of standard CMT and become options for
cisplatin-ineligible patients [16,48]. Among bladder-sparing
therapies, IMT combined with chemoradiotherapy, RT, or
CMT has been assessed. These bladder-sparing therapies
involving IMT are associated with TURBT, where PD-1 in-
hibitors such as tislelizumab or pembrolizumab, in addition
to PD-L1 inhibitors such as atezolizumab and CTLA-4 in-
hibitors such as ipilimumab, have been the most used [17].

PD-1, PD-L1, and CTLA-4 are key proteins involved in the
regulation of the immune response against tumors [49,50].
These molecules have specific mechanisms that enhance or
inhibit T-cell function and their interaction with tumor cells
in the tumor microenvironment [51]. In IMT, antibodies
serve as inhibitors of these proteins, blocking their inhibi-
tory signals, allowing T-cell activation, and therefore
improving the ability of the immune system [49,50]. The
most relevant results of IMT to date are summarized
in Table 3.

Hu et al. [52] retrospectively evaluated neoadjuvant
therapy in patients undergoing RC, comparing IMT, CMT,
and immunochemotherapy in patients with MIBC. Although
this was not a bladder preservation trial, it did have a
subgroup of patients eventually not undergoing RC. In fact,
33 patients declined RC; therefore, TURBT was performed.
Of them, 10 patients received immunochemotherapy, 15
CMT, and eight IMT. After a median follow-up of 13 months,
31 (93.94%) achieved DFS while two patients treated with
immunochemotherapy and CMT did not achieve DFS [52]. In
another series, Xu et al. [17] retrospectively analyzed 25
patients with MIBC unable to undergo or refusing RC. They
were treated with TURBT and IMT, specifically tislelizumab
(19 patients) or toripalimab (six patients) in combination
with RT or CMT. For patients treated with tislelizumab, the
1-year OS and DFS were 100% and 94.7%, respectively, while
for patients treated with toripalimab, both were 83.3%.
Additionally, the authors mentioned that PD-L1 expression
and CMT had no impact on outcomes [17]. One of the lim-
itations of this study was that, although the number of
patients who received each drug was reported, the treat-
ment combination that each patient received was not
specified. Dahl et al. [53] reported the long-term survival
and toxicity results of the NRG Oncology RTOG 0524 study.
Their prospective study enrolled 65 patients divided into
two groups treated with daily radiation and weekly CMT
315
(paclitaxel) with or without IMT (trastuzumab), respec-
tively. Despite a lower 5-year OS within the IMT group
versus the non-IMT group (25% vs. 37.8%, respectively), the
5-year DFS was higher for IMT patients compared to non-IMT
patients (15% vs. 31.1%, respectively). There were 18
deaths in the IMT group and 33 in the non-IMT group, of
which 11 and 16 were due to disease, respectively [53].

A promising study of IMT with durvalumab with or
without RT in older patients with lymph node metastatic
disease not undergoing complete TURBT has recently been
reported by Joshi et al. [54]. Results showed a complete
response of 50%, a 1-year PFS of 73%, and 1-year and 2-year
OS of 83.8% and 76.8%, respectively [54].

Several clinical trials evaluating IMT in this clinical sce-
nario are currently underway, showing only initial results so
far (Table 4). One phase 2 trial, combining pembrolizumab
with gemcitabine and RT in patients refusing or not being
eligible for RC, estimated a 1-year DFS rate of 77% and
complete response rates of 83% to 100% [55]. Another
phase 2 study including 27 patients treated with pem-
brolizumab together with chemoradiation reported a com-
plete response rate of 88%, a 2-year metastasis-free
survival rate of 78%, and a freedom from locoregional
progression rate of 87%, with a median survival of 39
months [56]. Vazquez-Estevez et al. [57] evaluated atezo-
lizumab plus RT in 14 patients and observed a 100% com-
plete response rate [57]. Another phase 2 trial with
durvalumab plus tremelimumab combined with RT in 32
patients showed an 81% complete response with 6-month
DFS and OS rates of 76% and 93%, respectively, and only
two patients who went to salvage RC due to MIBC recur-
rence [58]. Meanwhile, the combination of nivolumab and
RT showed a complete response in six out of 14 patients
[59]. Finally, another study using tislelizumab associated
with NAC (paclitaxel) in 22 patients showed a complete
response in 13 of them and a partial response in nine [60].
Until the date of this review, there are no published studies
comparing the efficacy among available ICIs.

4. Discussion

To address the knowledge gap in bladder-sparing therapies
for non-metastatic MIBC, it is essential to possess
up-to-date information for informed treatment decision-
making. This review offers a comprehensive knowledge
base on this subject, identifying best practices, evaluating
the effectiveness of various therapeutic approaches, and
guiding treatment strategies to meet the specific needs of
each patient.

RC remains the gold standard treatment and the most
studied to date [6,8e11]. However, it is related to elevated
morbidity, with a large segment of patients not being able
to undergo the surgery, reflecting the need for alternatives
such as TMT and IMT [13,29,40,43,44]. However, it is diffi-
cult to compare all the selected studies with each other,
since there are key differences in their design: different
clinical variables and demographic characteristics, mixed
inclusion criteria, various outcome measurement method-
ologies, variability in healthcare center levels, and staff
expertise, among others.
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In this study, a meta-analysis was performed to assess the
survival of patients undergoing RC compared to TMT. Only
five articles were included in this section as they were the
only ones containing data that allowed statistical measure-
ment of both strategies. For the meta-analysis, a random-
effects analysis was chosen over a fixed-effect analysis for
three reasons: a) a high expectation of heterogeneity among
the study results as there are main differences in terms of
setting, design, populations, and patient selection, b)
broader generalizability of the effects as selected studies
show a sample of a larger population of studies and, c) the
potential variability in true effect sizes and uncertainty
across different studies due to between-study variability
[27,61,62]. TMT has a 5-year OS similar to that of RC in
selected patients, varying from 30%e73% to 38%e73%,
respectively. Although RC seems to be slightly superior when
directly comparing results of both therapies [33,40,42], they
become similar when the propensity analysis is performed
[33,41,45]. Notably, some articles even reported an inverse
trend, favoring TMT [33,34,41].

Regarding the quality of evidence, to date there is only
low and moderate quality, probably due to mainly retro-
spective studies on this topic and no complete clinical trials
that addressed these therapies, which may be associated
with the high risk of bias in patient-dependent domains, but
low risk in outcome-dependent domains. Interestingly, the
meta-analysis showed no significant difference between
the gold-standard therapy RC and the bladder-preservation
therapy TMT. Although the evidence available is heteroge-
neous, oncological outcomes of TMT are equivalent to those
of RC for selected patients [33,34,41,45,63]. However,
prospective randomized trials are still needed to draw
definitive conclusions. Unfortunately, the only prospective
controlled trial from the UK, the Selective Bladder Preser-
vation Against Radical Excision trial, failed to recruit
enough patients and had a premature closure [39,64].
However, given the results presented in this review, TMT is
an alternative for those patients who refuse RC and a
suitable strategy for bladder preservation for selected pa-
tients with MIBC [5,65]. In any case, selection of therapy
should be a decision made by a multidisciplinary team,
ensuring not only physical but also mental well-being, in
accordance with the patient’s preferences. In this topic,
the literature included in this review shows a modest
improvement for TMTwhen compared to RC with regards to
QoL, which is reflected in improved body image and sexual
function [30,35,37].

Regarding IMT, there is still little evidence available when
it comes to bladder-sparing treatments. The information
available so far comes from ongoing phase 2 trials, showing
initial results with complete response rates between 42% and
100% [55e60]. Although these results are promising, theymay
be biased due to patients’ inclusion criteria, as they mostly
include patients not eligible for RC because of their
morbidity, which increases their associated risks [55e60].
Even though there is still no confirmatory evidence for the
efficacy of IMT due to the low number of patients, the lack of
long-term follow-up, and the absence of clinical trials
comparing it with TMT or RC, IMT is still a promising alterna-
tive for bladder preservation in MIBC patients. The medical
community is currently awaiting the results of clinical trials
underway to evaluate its role in this clinical scenario [55e60].
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Limitations of this review are that information on TMT
comes from retrospective studies and in general, the co-
horts have disparities, due to, in most of the studies, the
patients who underwent TMT were those who were not
candidates for RC due to comorbidity burden. As for IMT,
the evidence is limited in bladder preservation therapy, so
the trials performed so far include few patients, who are
generally not candidates for other treatments, making
direct comparison with other treatments impossible.

5. Future directions

Just as IMT studies have used cellular approaches considering
PD-L1 and PD-1 proteins, new treatments are being devel-
oped to improve BC outcomes. For example, new strategies
including biomarkers [66] or IMT agents combined with RT or
CMT [67] as well as new devices [68] have shown promising
results, with 3-year OS rates of up to 50%. Other studies have
been considering genetic variability and the tumor micro-
environment based on disparities in gene expression profiles
and aggressiveness during tumor development [51]. Nowa-
days there is growing evidence regarding the tumor micro-
environment and different therapeutic responses among
patients; in vitro and in vivo studies (summarized in [51]) in
murine models have elucidated the bidirectional relation
between different tumor and non-tumor cell types within
the microenvironment. In this context, the strategy of
subdividing bladder tumors into subtypes by genetics or the
microenvironment may offer a more targeted and effective
therapy [69].

6. Conclusion

While RC remains the gold standard treatment for MIBC
despite its high morbidity burden, bladder preservation
therapies serve as an alternative that could offer equiva-
lent oncological outcomes in selected patients with lower
morbidity. This is the first study to analyze QoL between
both treatments, supporting the benefit of TMT in this re-
gard. So far, there are no high-quality data directly
comparing these treatments; therefore, the decision of
which strategy to use should be made by a multidisciplinary
team that considers the available evidence in conjunction
with patient preferences. In clinical practice, this offers an
alternative to classical management, which could favor
selected patients. Although IMT is increasingly being
incorporated into clinical trials with promising results,
there is still insufficient evidence for its routine use in
clinical practice. The next steps should be prospective
randomized comparative studies between the different
approaches to understand which may be best for each type
of patient.
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