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Simple Summary: Radical cystectomy represents the gold-standard treatment for organ-confined
urothelial carcinoma of the urinary bladder. However, it does not represent a treatment option for
some patients unfit for major surgery or wanting to preserve their bladder. In consequence, non-
surgical bladder-sparing multimodal strategies are gaining popularity. Among these, the combination
of transurethral resection, chemotherapy, and radiotherapy (namely trimodal therapy) represents
the most recognized and validated treatment option. However, some patients may only be eligible
for either chemotherapy or radiotherapy but not both. The aim of this study was to evaluate cancer-
specific mortality differences among these treatments. We ascertained that when radical cystectomy
is not an option, strict trimodal therapy that includes both chemotherapy and radiotherapy after
transurethral resection offers the best cancer control. Additionally, when strict trimodal therapy
cannot be delivered, chemotherapy represents the second-best option. Finally, radiotherapy without
chemotherapy offers the worst cancer control.

Abstract: Background: Trimodal therapy is considered the most validated bladder-sparing treatment
in patients with organ-confined urothelial carcinoma of the urinary bladder (T2NOMO0). However,
scarce evidence exists regarding cancer-specific mortality (CSM) differences between trimodal therapy
and other non-extirpative multimodal treatment options such as radiotherapy alone after transurethral
resection (TURBT + RT) or chemotherapy alone after transurethral resection (TURBT + CT). Methods:
Within the Surveillance, Epidemiology, and End Results database (2004-2020), we identified T2NOMO
patients treated with either trimodal therapy, TURBT + CT, or TURBT + RT. Temporal trends described
trimodal therapy vs. TUBRT + CT vs. TURBT + RT use over time. Survival analyses consisting of
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Kaplan—-Meier plots and multivariable Cox regression (MCR) models addressed CSM according to
each treatment modality. Results: 3729 (40%) patients underwent TMT vs. 4030 (43%) TURBT + CT
vs. 1599 (17%) TURBT + RT. Over time, trimodal therapy use (Estimating annual percent change,
EAPC: +1.2%, p = 0.01) and TURBT + CT use increased (EAPC: +1.5%, p = 0.01). In MCR models,
relative to trimodal therapy, TURBT + CT exhibited 1-14-fold higher CSM and TURBT + RT 1.68-
fold higher CSM. In a subgroup analysis, TURBT + RT was associated with 1.42-fold higher CSM
than TURBT + CT (p < 0.001). Conclusions: Strict trimodal therapy that includes both CT and
RT after TURBT offers the best cancer control. When strict trimodal therapy cannot be delivered,
cancer-specific survival outcomes appear to be superior with TURBT + chemotherapy compared to
TURBT + RT.

Keywords: bladder cancer; MIBC; urothelial carcinoma; non-surgical management; trimodal therapy;
TMT; chemotherapy; radiotherapy; cancer-specific mortality

1. Introduction

Radical cystectomy represents the gold-standard treatment for organ-confined urothe-
lial carcinoma of the urinary bladder (namely, cT2NOMO) [1]. However, radical cystectomy
is a major urologic surgery associated with complication rates ranging from 50-100% and
severe complication rates (defined as Clavien-Dindo grade > 3) ranging from 30-45% [2-5].
Moreover, mortality rates after radical cystectomy are recorded at between 2.1-3.2% at
30 days and 3.4-8.0% at 90 days [6,7]. As such, it may not represent a treatment option for
some patients unfit for major surgery. Additionally, radical cystectomy severely affects
multiple organ systems (urinary, bowel, and sexual), leading to a suboptimal quality of life
after surgery, especially regarding body image and sexual function [8].

For all the above reasons, non-surgical bladder-sparing strategies are gaining pop-
ularity for patients with organ-confined urothelial carcinoma of the urinary bladder [9].
Different strategies have been investigated over the years. The principal therapeutic op-
tions in our armamentarium include transurethral resection of the bladder tumor (TURBT),
chemotherapy (CT), and external beam radiation therapy (RT). However, current guidelines
strongly discourage the adoption of a single therapy as a definitive treatment in patients
with organ-confined urothelial carcinoma of the urinary bladder, as they are all associated
with dismal cancer control outcomes [1]. For example, approximately 50% of patients
treated with TURBT alone in the context of muscle-invasive bladder cancer will eventually
undergo radical cystectomy during long-term follow-up, with 50% cancer-specific mor-
tality in this group [10]. In consequence, when radical cystectomy is not an option, the
combination of two or more strategies is preferred.

Multimodal bladder-sparing treatments with TURBT plus either RT or CT have pre-
viously been investigated. In a prospective Phase 2 non-randomized comparative trial,
Solsona et al. evaluated long-term cancer control rates in patients treated with TURBT + CT
vs. radical cystectomy. Specifically, in patients treated with TURBT + CT, five-year cancer-
specific mortality and ten-year cancer-specific mortality were 64.5% and 59.8%, respectively,
with no significant difference compared to the radical cystectomy arm (p = 0.5) [11]. Simi-
larly, TURBT + RT has been the most used for bladder-sparing treatment in patients with
organ-confined urothelial carcinoma of the urinary bladder [12]. Subsequently, several
trials demonstrated the added value of chemotherapy administration in patients treated
with TURBT + RT in terms of cancer-specific survival [13]. Since then, the combination of
TURBT, RT, and CT, namely trimodal therapy, represented the most recognized and vali-
dated organ-sparing strategy for patients with organ-confined urothelial carcinoma of the
urinary bladder [9,12-15]. The rationale of this multimodal treatment is to achieve optimal
local control through the maximal resection of the bladder tumor plus the irradiation of
the resection bed with or without the adjacent lymph nodes. Additionally, the inclusion
of systemic chemotherapy serves a dual purpose: treating eventual micro-metastatic sites
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and acting as a radiosensitizer [1,9,12,13]. Despite neoadjuvant chemotherapy prior to
radical cystectomy showing better cancer-control outcomes, the role and setting of systemic
chemotherapy in the context of TMT are still under debate. Indeed, neoadjuvant chemother-
apy with concomitant RT is associated with higher rates of locoregional control [14,16].
Conversely, chemotherapy administration was not associated with lower metastasis-free
survival or disease-free survival at ten-year follow-up, thus suggesting that the role of
chemotherapy should be considered more in terms of radiosensitization [14]. Neverthe-
less, the synergic role of all three treatment modalities resulted in five-year cancer-specific
survival rates ranging from 50% to 85% and overall survival rates ranging from 35% to
75% [12,13,17-19].

However, of all candidates, some may tolerate RT and CT. Conversely, others may only
be eligible for either CT or RT, but not both. Consequently, in patients who are candidates
for a bladder-sparing multimodal treatment modality, the combination of all three is still
used (TURBT + RT, TURBT + CT, and trimodal therapy).

Although multiple studies have addressed cancer-specific mortality (CSM) after tri-
modal therapy, none have quantified CSM according to TMT that includes concomitant RT
and CT relative to CT alone or relative to RT alone, after TURBT. Moreover, no previous
studies have directly compared trimodal therapy use over time relative to CT alone or
RT alone after TURBT in such patients. We addressed these knowledge gaps and tested
for differences in the administration of these treatments in patients with organ-confined
urothelial carcinoma of the urinary bladder over time. We also hypothesized that no differ-
ences in CSM exist between TMT vs. CT or RT alone after TURBT. We relied on the most
contemporary Surveillance, Epidemiology, and End Results (SEER) database (2004-2020)
to test these hypotheses.

2. Materials and Methods
2.1. Population of Interest

The SEER database represents approximately 34.6% of the United States population
regarding demographic characteristics and cancer incidence rates [20]. In the current
manuscript, we selected patients with newly diagnosed and histologically confirmed
muscle-invasive urothelial carcinoma of the urinary bladder (International Classifica-
tion of Disease for Oncology [ICD-O-3] site code C67.0-C67.9) and organ-confined stage
(cT2NOMO) relying on the SEER database (2004-2020). Trimodal therapy was defined as
the combination of TURBT, CT, and RT. Death was defined according to the SEER mor-
tality code as CSM (death attributable to bladder cancer) or other-cause mortality (death
attributable to any other cause). The study focused on the three most prevalent non-surgical
bladder-sparing multimodal treatment options for organ-confined urothelial carcinoma
of the urinary bladder: trimodal therapy, TURBT + CT, and TURBT + RT. Patients who
underwent partial cystectomy, radical cystectomy with variant histology, non-organ con-
fined stage, metastatic disease, and unknown vital status information, unknown, and other
treatments, as well as all autopsy or death certificate cases, were excluded. All patients
needed to have undergone a pretreatment TURBT.

2.2. Variables and Outcome of Interest

The following variables of interest were recorded for all patients: age at diagnosis
(years), sex, tumor size, tumor grade, and treatment type. The primary endpoint of the
current study consisted of addressing CSM differences according to the treatment modality.
The cancer-specific mortality definition relied on the SEER cause of death code (death due
to bladder cancer).
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2.3. Statistical Analyses

The estimated annual percentage changes (EAPC) described temporal trends in tri-
modal therapy vs. TURBT + CT vs. TURBT + RT. Kaplan—-Meier plots depicted CSM
rates according to each treatment modality. Multivariable Cox regression models were
utilized to analyze CSM, with covariates including age at diagnosis, tumor size, tumor
grade, and treatment modality. The same methodology was used in a subgroup analysis
of TURBT + CT only vs. TURBT + RT only patients. All tests were two-sided, with a
significance level of p < 0.05. R software environment for statistical computing and graphics
(R version 4.2.2, R Foundation for Statical Computing, Vienna, Austria) was used for all
analyses [21].

3. Results
3.1. Descriptive Characteristics of the Study Population

Overall, we identified 9358 patients with organ-confined urothelial carcinoma of the
urinary bladder between 2004 and 2020 (Table 1). Of these, 3729 (40%) were treated with
trimodal therapy vs. 4030 (43%) with TURBT + CT vs. 1599 (17%) with TURBT + RT.
Relative to trimodal therapy, TURBT + CT patients were younger (median age 71 vs.
77 years), whereas TURBT + RT patients were older (median age 77 vs. 82 years, p < 0.001).
Median tumor size was the same in trimodal therapy and TURBT + CT patients (4.0 cm),
but larger in TURBT + RT patients (4.9 cm, p < 0.001).

Table 1. Baseline characteristics of 9358 patients with organ-confined urothelial carcinoma of the
urinary bladder treated with trimodal therapy (TMT) vs. chemotherapy after TURBT (TURBT + CT)
vs. radiotherapy after TURBT (TURBT + RT) from the Surveillance, Epidemiology, and End Results
database (2004-2020).

Characteristic TMT TURBT + CT TURBT + RT Value 2
3729 (40%) 1 4030 (43%) 1 1599 (17%) p-value
Age 77 (70, 82) 71 (63, 78) 82 (76, 86) <0.001
Size 4(30, 51) 4(27,51) 4.9 (30, 54) <0.001
Sex 0.002
Male 2789 (75%) 3079 (76%) 1150 (72%)
Female 940 (25%) 951 (24%) 449 (28%)
Grade 0.002
High grade 3608 (98%) 3821 (97%) 1509 (97%)
Low grade 67 (2%) 120 (3%) 43 (3%)

1 Median (IQR); n (%). 2 Kruskal-Wallis rank sum test; Pearson’s Chi-square test.

3.2. Rate of Trimodal Therapy vs. TURBT + CT vs. TURBT + RT in Patients with
Organ-Confined Urothelial Carcinoma of the Urinary Bladder

Relative to the entire cohort of 9358 patients with organ-confined urothelial carcinoma
of the urinary bladder, the proportion of trimodal therapy-treated patients increased over
time from 37.2 to 48.4% (EAPC: 1.2%, p = 0.01, Figure 1). Similarly, the proportion of
patients treated with TURBT + CT also increased from 33.1 to 41.3% (EAPC: 1.5%, p = 0.01).
Conversely, the proportion of TURBT + RT patients decreased over time from 29.7 to 10.3%
(EAPC: —6.0%, p < 0.001).
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Figure 1. Estimated annual percent changes (EAPC) depicting temporal trends in patients with
organ-confined urothelial carcinoma of the urinary bladder treated with trimodal therapy (TMT) vs.
chemotherapy after TURBT (CT) vs. radiotherapy after TURBT (RT).

3.3. Survival Analyses Addressing CSM in Patients with Organ-Confined Urothelial Carcinoma of
the Urinary Bladder According to Treatment Modality

Kaplan-Meier plots showed a median CSM of 60, 61, and 21 months in trimodal
therapy, TURBT + CT, and TURBT + RT patients, respectively (Figure 2). In multivariable
Cox regression models, relative to trimodal therapy, TURBT + CT independently predicted
1.14-fold higher CSM (95% Confidence Interval [CI]: 1.02, 1.25, p = 0.01, Table 2), after
most complete adjustments for age at diagnosis, tumor size, and tumor grade. Similarly,
TURBT + RT exhibited 1.68-fold higher CSM (95% CI: 1.49, 1.89, p < 0.001).

Table 2. Multivariable Cox regression models testing predictors of cancer-specific mortality in OC
UCUB patients according to treatment modality after adjustment for age at diagnosis, tumor size,
and tumor grade.

Characteristic HR! 95% CI 1 p-Value
Treatment
T™MT - - -
CT 1.137 1.029, 1.256 0.012
RT 1.682 1.491,1.898 <0.001

1 HR = Hazard Ratio, CI = Confidence Interval.
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Figure 2. Kaplan—-Meier analyses depicting CSM estimates in patients with organ-confined urothelial
carcinoma of the urinary bladder treated with trimodal therapy (TMT) vs. chemotherapy after TURBT
(CT) vs. radiotherapy after TURBT (RT).

3.4. Survival Analyses Addressing CSM in Patients with Organ-Confined Urothelial Carcinoma of
the Urinary Bladder According to Treatment Modality in the Subgroup of TURBT + CT vs.
TURBT + RT

In multivariable Cox regression models in the subgroup analysis comparing TURBT + RT
to TURBT + CT, TURBT + RT independently predicted 1.43-fold higher CSM (95% CI: 1.25,
1.63, p < 0.001) after most complete adjustments for age at diagnosis, tumor size, and tumor
grade (Table 3).

Table 3. Multivariable Cox regression models testing predictors of cancer-specific mortality in OC
UCUB patients treated with chemotherapy after TURBT (CT) vs. radiotherapy after TURBT (RT) after
adjustment for age, tumor size, and tumor grade.

Characteristic HR! 95% CI ! p-Value
Treatment modality
CT - - -
RT 1.428 1.249,1.632 <0.001

1 HR = Hazard Ratio, CI = Confidence Interval.

4. Discussion

Recently, bladder-sparing strategies such as trimodal therapy have become more
popular as they can achieve favorable cancer control outcomes with the preservation of
organ function and quality of life [9,22]. However, scarce information exists about the use
of CT or RT in isolation after TURBT, instead of CT and RT combination. Moreover, it is
unknown to what extent cancer control rates after TURBT with exclusive CT or TURBT with
exclusive RT may differ relative to strict trimodal therapy that includes both CT and RT after
TURBT. We addressed these knowledge gaps and made several noteworthy observations.

First, within the current cohort of 9358 patients with organ-confined urothelial carci-
noma of the urinary bladder, 3729 (40%) were treated with trimodal therapy, 4030 (43%)
with TURBT + CT, and 1599 (17%) with TURBT + RT. These rates were surprising, as
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trimodal therapy did not emerge as the most frequently used treatment modality. In-
deed, several previous population-based repositories addressed trimodal therapy as the
principal non-surgical bladder-sparing multimodal treatment modality for patients with
organ-confined urothelial carcinoma of the urinary bladder [23-25]. Instead, TURBT + CT
was used most frequently. This elevated rate of exclusive CT use after TURBT is unexpected.
For example, Deuker et al. evaluated RC vs. multimodal treatment modalities in T2ZNOMO
patients relying on the SEER database (2004-2016) [24]. In their study, the authors recorded
that TMT was the most frequently used treatment modality after the standard of care
(namely, RC). However, among all the non-surgical treatment modalities included, the
authors did not take into consideration the combination of TURBT plus CT. In consequence,
a direct comparison cannot be made. Unfortunately, this predominant use of CT alone
after TURBT relative to CT combined with RT cannot be directly compared to any previous
reports relying on other large-scale databases since they do not exist. Conversely, the much
lower TURBT + RT rate is consistent with expectations [24]. Indeed, Deuker et al. recorded
that RT after TURBT without CT was the least prevalent among all bladder-sparing multi-
modal treatments. However, the proportion of RT alone after TURBT recorded within the
current study cannot be compared with reports from sources other than the SEER database.

Second, we also recorded patients’ characteristics and differences between the three ex-
amined subgroups of the current study cohort. Specifically, relative to trimodal-therapy pa-
tients, TURBT + CT patients were significantly younger (median age 77 years vs. 71 years),
whereas TURBT + RT patients were older (median age 77 vs. 82 years). This observation is
also consistent with previous population-based studies from SEER and NCDB, where the
median age in TURBT + CT and TMT ranged from 70 to 77, while RT patients were much
older [23,24,26-28].

Third, we also addressed trimodal therapy use vs. TURBT + CT vs. TURBT + RT over
time. Specifically, we recorded a significant increase in trimodal therapy use over time from
37.2 to 48.4% (EAPC: +1.2%, p = 0.01). Conversely, TURBT + RT decreased over time from
29.7 to 10.3% (EAPC: —6.0%, p < 0.001). These observations are consistent with current
clinical practice, where in recent years, trimodal therapy has represented the most used
non-surgical bladder-sparing multimodal treatment. Moreover, these observations are also
consistent with previous population-based analyses relying on the SEER database, where
trimodal therapy use significantly increased over time in patients with organ-confined
urothelial carcinoma of the urinary bladder [24] Conversely, TURBT + RT decreased over
time from 29.7 to 10.3% (EAPC: —6.0%, p < 0.001). This observation is also consistent with
other previous population-based analyses that recorded decreased TURBT + RT use in
patients with organ-confined urothelial carcinoma of the urinary bladder. Interestingly, the
steepest inflection in TURBT + RT use was recorded after the publication of the BC2001
trial [13]. Consistently, trimodal therapy use heavily increased during the same time span.
Finally, within the current study, we recorded that TURBT + CT utilization increased from
33.1t041.3% (EAPC: 1.5%, p = 0.01). To the best of our knowledge, no previous studies have
evaluated TURBT + CT use over time in patients with organ-confined urothelial carcinoma
of the urinary bladder. In consequence, a direct comparison cannot be made. Additionally,
any direct comparisons cannot be made with other analyses from data sources other than
SEER. Ideally, other large-scale epidemiological databases such as NCDB should be used to
validate the recorded observations.

Fourth, we tested for CSM differences in patients with organ-confined urothelial
carcinoma of the urinary bladder according to trimodal therapy vs. TURBT + CT vs.
TURBT + RT. Specifically, relative to trimodal therapy, TURBT + CT showed virtually the
same CSM: median survival of 60 vs. 61 months, respectively. Conversely, TURBT + RT
patients exhibited significantly higher CSM: median survival of 21 months. However, after
multivariable adjustment for age, tumor size, and tumor grade, both TURBT + CT and
TURBT + RT independently predicted higher CSM compared to trimodal therapy (HR: 1.14
and 1.68, respectively). Thus, it could be postulated that worse survival may be achieved
when patients undergo CT alone after TURBT or RT alone after TURBT.
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Subsequently, we tested for CSM differences in a subgroup analysis comparing
TURBT + RT to TURBT + CT. Specifically, after multivariable adjustment for age, tumor
size, and tumor grade, TURBT + RT independently predicted 1.43-fold higher CSM relative
to TURBT + CT. To the best of our knowledge, no previous studies have investigated CSM
differences in patients with organ-confined urothelial carcinoma of the urinary bladder
treated with TURBT plus RT alone vs. TURBT plus CT alone using CSM as an endpoint. In
consequence, a direct comparison with other previous publications cannot be made since
they do not exist.

Taken together, these observations indicate that optimal cancer-control outcomes can
be reached in patients with organ-confined urothelial carcinoma of the urinary bladder
only when the most complete combination of non-surgical treatment modalities is offered:
namely, TURBT followed by CT and RT combination. In consequence, trimodal therapy
that relies on these three management components should be ideally recommended to all
individuals in whom radical cystectomy is either not applicable or cannot be considered.
However, in some select patients, either the RT component or CT cannot be given. Unfor-
tunately, clinical decision making and/or patient comorbidities and performance status
that could have influenced the treatment choice could not be accounted for in the SEER
database. Under such premises and considering the data in our possession, it could be
postulated that the combination of TURBT plus CT offers more favorable survival than
TURBT plus RT.

To the best of our knowledge, no previous studies have specifically quantified the
differences between trimodal therapies that rely on all three management elements compo-
nents (namely TURBT, CT, and RT). Consequently, a direct comparison cannot be made.
Indeed, no study relied on these three management components relative to CT or RT ad-
ministered in isolation after TURBT. Thus, the magnitude of survival disadvantage relative
to trimodal therapy cannot be compared with existing data. This consideration underlines
the novelty of the current analysis.

The results of the current study should be considered in light of existing data. These
data suggest that RT should ideally not be administered alone but should be accompanied
by CT [13,14,29,30]. For example, despite the evident limitation comparing the current
manuscript with randomized trials, our results are consistent with the evidence provided
by the BC2001 trial [13]. Specifically, the five-year survival outcomes from BC2001 (49%
in TMT vs. 37% TURBT + RT) are somewhat similar to the 5-year survival outcomes
from our analysis (50% in TMT vs. 30% in TURBT + RT). However, relative to the BC2001
trial, it was not possible to account for patient comorbidities and other relevant clinical
factors as could be inferred from the early divergence of the curves in our analysis. In a
more recent report evaluating 10-year oncologic outcomes in the BC2001 trial, Hall et al.
showed remarkable cancer-control benefits associated with the addition of CT to RT, such
as improved locoregional control (HR: 0.6), lower disease recurrence (HR:0.78), higher
cystectomy-free survival (HR:0.54), and lower CSM, although these were not statistically
significant (HR: 0.79, p = 0.11) [14]. These observations suggest a pivotal role for the
inclusion of CT in trimodal therapy regiments. Moreover, the pivotal role of CT in trimodal
therapy regiments is also consistent with recent large population-based repositories such as
SEER or the National Cancer Database (NCDB), where the addition of CT to RT resulted in
lower CSM and lower overall mortality [24,31]. For example, Korpics et al. evaluated the
survival benefit of concurrent chemotherapy in elderly patients with UCUB undergoing
radiotherapy from NCDB. In their study, the authors showed a statistically significant
and clinically meaningful survival benefit in patients receiving concomitant CT relative
to RT alone (HR:0.74, p < 0.001) [31]. Similar considerations were made by Deuker et al,,
where RT without CT resulted in dismal survival relative to RC and TMT [24]. It is of
note that a decrease in overall mortality after the addition of CT to TMT regiments could
only be documented in population-based data repositories that offer greater maturity than
randomized trials.
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Conversely, the results of the current study also indicate that a relatively small disad-
vantage is associated with the exclusive use of CT after TURBT instead of TURBT followed
by CT and RT. Unfortunately, other studies that examined cancer-control rates when ex-
clusive CT after TURBT is applied are extremely scarce [28,32-35]. Most of these studies
focused on evaluating cancer-control outcomes in a select population of patients who
were complete responders to neoadjuvant chemotherapy (namely, pT0). In this select
cohort of patients, five-year survival rates ranged between 69 and 90% [32-34]. Herr et al.
examined this modality in a small, single-arm study of 63 individuals who refused RC.
Here, TURBT was followed by cisplatin-based chemotherapy, with 36% five-year CSM
rates [35]. Additionally, Audenet et al. performed a large-scale NCDB-based analysis of
CT after TURBT [28]. Unfortunately, the authors did not provide CSM rates but rather
overall survival. Furthermore, they also did not compare cancer-control outcomes to other
non-surgical treatments as was performed in the current study. Consequently, the current
data regarding CT alone after TURBT represent a first and should ideally be validated in
future analyses.

Despite the novelty of our findings, several limitations need to be acknowledged. First,
it is retrospective in nature. However, this limitation is shared with most similar previous
reports addressing the oncologic control of trimodal therapy, which are retrospective in
nature. Indeed, in the absence of prospective comparative trials comparing bladder-sparing
strategies, only large-scale retrospective studies could provide valuable clinical evidence
among these therapies. The second limitation consists of the lack of detail about the specific
staging of the primary tumor. Indeed, within the SEER database, it is not possible to
assess tumor depth of invasion, eventual multifocality of the tumor, and eventual complete
resection after TURBT. Unfortunately, we cannot account for this information as it is not
available in the SEER database. Third, the SEER database does not provide information
about baseline comorbidities. Consequently, more detailed analyses where comorbidities
could be applied were not possible, thus possibly affecting survival outcomes in older
and more frail patients. Additionally, the type, dose, and timing of radiotherapy, as
well as chemotherapy, were not available. In consequence, the current observations are
only applicable to population-based analysis. Nonetheless, they provide valuable and
encouraging insight into trimodal therapy outcomes. Similarly, information regarding the
eventual administration of immune checkpoint inhibitors (ICIs) is also not available in
the SEER database. However, current guidelines do not recommend ICI administration
in T2NOMO patients. Indeed, since their approval in 2016, ICIs have been administered in
these patients only in the context of prospective trials [36]. Conversely, within the current
study, we included patients from 2004 to 2020. Therefore, taking the above considerations
into account, it is unlikely that a remarkable proportion of patients identified in the current
study were treated with ICIs. Moreover, the SEER database does not provide information
on the main purpose of non-surgical treatments (curative versus palliative purposes).
Last but not least, the characteristics of the SEER population reflect urothelial carcinoma
patients from the United States that may not be comparable to urothelial carcinoma patients
from other geopolitical regions. It is also possible that SEER patients do not reflect the
characteristics and treatment outcomes of patients treated in centers of excellence within
the United States.

5. Conclusions
When radical cystectomy is not an option, strict trimodal therapy that includes
both CT and RT after TURBT offers the best cancer control. When strict trimodal ther-

apy cannot be delivered, cancer-specific survival outcomes appear to be superior with
TURBT + chemotherapy compared to TURBT + RT.



Cancers 2024, 16, 1292 10 of 11

Author Contributions: Conceptualization, M.d.A., A.B. (Andrea Baudo) and C.S.; methodology,
M.d.A. and Z.T.; software, M.d.A.; validation, M.d.A., L.M.L]. and A.B. (Andrea Baudo); formal anal-
ysis, M.d.A.; investigation, M.d.A., ED.B. and C.S.; data curation, Z.T. and J.A.G.; writing—original
draft preparation, M.d.A.; writing—review and editing, A.B. (Andrea Baudo); visualization, ES.,
G.G, MM, N.L, 0.d.C, EKH.C,, A.B. (Alberto Briganti), L.C. and S.ES.; supervision, EM. and
PIK.; project administration, PLK. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable, as we relied on a population-based dataset
(SEER database).

Informed Consent Statement: Not applicable.
Data Availability Statement: The data presented in this study are available in this article.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

Witjes, J.A.; Bruins, HM.; Cathomas, R. European Association of Urology Guidelines on Muscle-invasive and Metastatic Bladder
Cancer: Summary of the 2020 Guidelines. Eur. Urol. 2021, 79, 82-104. [CrossRef]

Furrer, M.A.; Huesler, J.; Fellmann, A.; Burkhard, F.C.; Thalmann, G.N.; Wuethrich, P.Y. The Comprehensive Complication Index
CCI: A proposed modification to optimize short-term complication reporting after cystectomy and urinary diversion. Urol. Oncol.
Semin. Orig. Investig. 2019, 37, 291.e9-291.e18. [CrossRef] [PubMed]

Haas, M.; Huber, T.; Pickl, C.; van Rhijn, B.W.; Guzvi¢, M.; Gierth, M.; Breyer, J.; Burger, M.; Mayr, R. The comprehensive
complication index is associated with a significant increase in complication severity between 30 and 90 days after radical
cystectomy for bladder cancer. Eur. J. Surg. Oncol. 2021, 47, 1163-1171. [CrossRef]

Cicione, A.; De Nunzio, C.; Lombardo, R.; Trucchi, A.; Manno, S.; Lima, E.; Tubaro, A. Complications and quality of life of ileal
conduit, orthotopic neobladder and ureterocutaneostomy: Systematic review of reports using the Clavien-Dindo Classification.
Minerva Urol. Nefrol. 2020, 72, 408-419. [CrossRef]

Demaegd, L.; Albersen, M.; Muilwijk, T.; Milenkovic, U.; Moris, L.; Everaerts, W.; Van Poppel, H.; Van der Aa, F; Joniau, S.;
Akand, M. Comparison of postoperative complications of ileal conduits versus orthotopic neobladders. Transl. Androl. Urol. 2020,
9, 2541-2554. [CrossRef]

Mossanen, M.; Krasnow, R.E.; Zlatev, D.V,; Tan, W.S,; Preston, M.A; Trinh, Q.; Kibel, A.S.; Sonpavde, G.; Schrag, D.; Chung,
B.I; et al. Examining the relationship between complications and perioperative mortality following radical cystectomy: A
population-based analysis. BJU Int. 2019, 124, 40—46. [CrossRef]

Bochner, B.H.; Dalbagni, G.; Sjoberg, D.D.; Silberstein, J.; Keren Paz, G.E.; Donat, S.M.; Coleman, J.A.; Mathew, S.; Vickers, A.;
Schnorr, G.C,; et al. Comparing Open Radical Cystectomy and Robot-assisted Laparoscopic Radical Cystectomy: A Randomized
Clinical Trial. Eur. Urol. 2015, 67, 1042-1050. [CrossRef]

Clements, M.B.; Atkinson, T.M.; Dalbagni, G.M.; Li, Y.; Vickers, A.]J.; Herr, H.W.; Donat, S.M.; Sandhu, J.S.; Sjoberg, D.S.; Tin, A.L,;
et al. Health-related Quality of Life for Patients Undergoing Radical Cystectomy: Results of a Large Prospective Cohort. Eur.
Urol. 2022, 81, 294-304. [CrossRef] [PubMed]

De Angelis, M.; Basile, G.; Scornajenghi, C.M.; Asero, V.; Del Giudice, F; Moschini, M. Bladder-sparing strategies in patients with
clinically localized muscle-invasive bladder cancer. Curr. Opin. Urol. 2023, 33, 354-359. [CrossRef] [PubMed]

Herr, H-W. Transurethral Resection of Muscle-Invasive Bladder Cancer: 10-Year Outcome. J. Clin. Oncol. 2001, 19, 89-93.
[CrossRef]

Solsona, E.; Climent, M.A.; Iborra, I.; Collado, A.; Rubio, J.; Ricés, J.V.; Casanova, J.; Calatrava, A.; Monrds, J.L. Bladder
Preservation in Selected Patients with Muscle-Invasive Bladder Cancer by Complete Transurethral Resection of the Bladder Plus
Systemic Chemotherapy: Long-Term Follow-up of a Phase 2 Nonrandomized Comparative Trial with Radical Cystectomy. Eur.
Urol. 2009, 55, 911-921. [CrossRef] [PubMed]

Ploussard, G.; Daneshmand, S.; Efstathiou, J.A. Critical Analysis of Bladder Sparing with Trimodal Therapy in Muscle-invasive
Bladder Cancer: A Systematic Review. Eur. Urol. 2014, 66, 120-137. [CrossRef] [PubMed]

James, N.D.; Hussain, S.A.; Hall, E. Radiotherapy with or without Chemotherapy in Muscle-Invasive Bladder Cancer. N. Engl. |.
Med. 2012, 366, 1477-1488. [CrossRef] [PubMed]

Hall, E.; Hussain, S.A.; Porta, N. Chemoradiotherapy in Muscle-invasive Bladder Cancer: 10-yr Follow-up of the Phase 3
Randomised Controlled BC2001 Trial. Eur. Urol. 2022, 82, 273-279. [CrossRef] [PubMed]

Zlotta, A.R.; Ballas, L.K.; Niemierko, A.; Lajkosz, K.; Kuk, C.; Miranda, G.; Drumm, M.; Mari, A.; Thio, E.; E Fleshner, N;
et al. Radical cystectomy versus trimodality therapy for muscle-invasive bladder cancer: A multi-institutional propensity score
matched and weighted analysis. Lancet Oncol. 2023, 24, 669-681. [CrossRef]


https://doi.org/10.1016/j.eururo.2020.03.055
https://doi.org/10.1016/j.urolonc.2018.12.013
https://www.ncbi.nlm.nih.gov/pubmed/30638668
https://doi.org/10.1016/j.ejso.2020.09.040
https://doi.org/10.23736/S0393-2249.20.03641-3
https://doi.org/10.21037/tau-20-713
https://doi.org/10.1111/bju.14636
https://doi.org/10.1016/j.eururo.2014.11.043
https://doi.org/10.1016/j.eururo.2021.09.018
https://www.ncbi.nlm.nih.gov/pubmed/34629182
https://doi.org/10.1097/MOU.0000000000001113
https://www.ncbi.nlm.nih.gov/pubmed/37395512
https://doi.org/10.1200/JCO.2001.19.1.89
https://doi.org/10.1016/j.eururo.2008.08.027
https://www.ncbi.nlm.nih.gov/pubmed/18722046
https://doi.org/10.1016/j.eururo.2014.02.038
https://www.ncbi.nlm.nih.gov/pubmed/24613684
https://doi.org/10.1056/NEJMoa1106106
https://www.ncbi.nlm.nih.gov/pubmed/22512481
https://doi.org/10.1016/j.eururo.2022.04.017
https://www.ncbi.nlm.nih.gov/pubmed/35577644
https://doi.org/10.1016/S1470-2045(23)00170-5

Cancers 2024, 16, 1292 11 of 11

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Hussain, S.A.; Porta, N.; Hall, E.; Salawu, A.; Lewis, R.; Sreenivasan, T.; Wallace, J.; Crundwell, M.; Jenkins, P.; Tremlett,
J.; et al. Outcomes in Patients with Muscle-invasive Bladder Cancer Treated with Neoadjuvant Chemotherapy Followed by
(Chemo)radiotherapy in the BC2001 Trial. Eur. Urol. 2021, 79, 307-315. [CrossRef]

Hoskin, PJ.; Rojas, A.M.; Bentzen, S.M.; Saunders, M.I. Radiotherapy With Concurrent Carbogen and Nicotinamide in Bladder
Carcinoma. J. Clin. Oncol. 2010, 28, 4912-4918. [CrossRef] [PubMed]

Giacalone, N.J.; Shipley, W.U.; Clayman, R.H.; Niemierko, A.; Drumm, M.; Heney, N.M.; Michaelson, M.D.; Lee, R.].; Saylor, P]J.;
Wszolek, M.E,; et al. Long-term Outcomes After Bladder-preserving Tri-modality Therapy for Patients with Muscle-invasive
Bladder Cancer: An Updated Analysis of the Massachusetts General Hospital Experience. Eur. Urol. 2017, 71, 952-960. [CrossRef]
Kulkarni, G.S.; Hermanns, T.; Wei, Y. Propensity Score Analysis of Radical Cystectomy Versus Bladder-Sparing Trimodal Therapy
in the Setting of a Multidisciplinary Bladder Cancer Clinic. . Clin. Oncol. 2017, 35, 2299-2305. [CrossRef]

SEER Cancer Statistics Review 1975-2018. SEER. Available online: https:/ /seer.cancer.gov/archive/csr/1975_2018 /index.html
(accessed on 23 March 2023).

The R Project for Statistical Computing. Available online: https://www.r-project.org (accessed on 14 January 2023).

Mak, R.H.; Hunt, D.; Shipley, W.U. Long-Term Outcomes in Patients With Muscle-Invasive Bladder Cancer After Selective
Bladder-Preserving Combined-Modality Therapy: A Pooled Analysis of Radiation Therapy Oncology Group Protocols 8802,
8903, 9506, 9706, 9906, and 0233. J. Clin. Oncol. 2014, 32, 3801-3809. [CrossRef]

Williams, S.B.; Shan, Y.; Ray-Zack, M.D.; Hudgins, H.K ; Jazzar, U.; Tyler, D.S.; Freedland, S.J.; Swanson, T.A.; Baillargeon, J.G.;
Hu, ]J.C.; et al. Comparison of Costs of Radical Cystectomy vs Trimodal Therapy for Patients With Localized Muscle-Invasive
Bladder Cancer. JAMA Surg. 2019, 154, €191629. [CrossRef]

Deuker, M.; Krimphove, M.].; Stolzenbach, L.E,; Ruvolo, C.C.; Nocera, L.; Mansour, M.; Tian, Z.; Roos, EC.; Becker, A.; Kluth, L.A ;
et al. Radical Cystectomy vs. Multimodality Treatment in T2NOMO Bladder Cancer: A Population-based, Age-matched Analysis.
Clin. Genitourin. Cancer 2021, 19, e264—e271. [CrossRef]

de Angelis, M.; Baudo, A ; Siech, C.; Jannello, L.M.L; Di Bello, F,; Goyal, ].A.; Tian, Z.; Longo, N.; de Cobelli, O.; Chun, EK.H.; et al.
Trimodal therapy effect on survival in urothelial vs non-urothelial bladder cancer. BJU Int. 2024. online ahead of print. [CrossRef]
Barletta, F.; Tappero, S.; Panunzio, A.; Incesu, R.-B.; Garcia, C.C.; Piccinelli, M.L.; Tian, Z.; Gandaglia, G.; Moschini, M.; Terrone,
C.; et al. Differences in Cancer-Specific Mortality after Trimodal Therapy for T2NOMO Bladder Cancer according to Histological
Subtype. Cancers 2022, 14, 5766. [CrossRef] [PubMed]

Softness, K.; Kaul, S.; Fleishman, A. Radical cystectomy versus trimodality therapy for muscle-invasive urothelial carcinoma of
the bladder. Urol. Oncol. Semin. Orig. Investig. 2022, 40, 272.e1-272.€9. [CrossRef] [PubMed]

Audenet, F; Waingankar, N.; Ferket, B.S.; Niglio, S.A.; Marqueen, K.E.; Sfakianos, ].P.; Galsky, M.D. Effectiveness of Transurethral
Resection plus Systemic Chemotherapy as Definitive Treatment for Muscle Invasive Bladder Cancer in Population Level Data.
J. Urol. 2018, 200, 996-1004. [CrossRef] [PubMed]

Merten, R.; Ott, O.; Haderlein, M.; Bertz, S.; Hartmann, A.; Wullich, B.; Keck, B.; Kithn, R.; Rodel, C.M.; Weiss, C.; et al. Long-Term
Experience of Chemoradiotherapy Combined with Deep Regional Hyperthermia for Organ Preservation in High-Risk Bladder
Cancer (Ta, Tis, T1, T2). Oncologist 2019, 24, e1341-e1350. [CrossRef] [PubMed]

Efstathiou, J.A.; Bae, K.; Shipley, W.U.; Kaufman, D.S.; Hagan, M.P,; Heney, N.M.; Sandler, H.M. Late Pelvic Toxicity After
Bladder-Sparing Therapy in Patients With Invasive Bladder Cancer: RTOG 89-03, 95-06, 97-06, 99-06. J. Clin. Oncol. 2009, 27,
4055-4061. [CrossRef]

Korpics, M.C.; Block, A.M.; Martin, B.; Hentz, C.; Gaynor, E.R.; Henry, E.; Harkenrider, M.M.; Solanki, A.A. Concurrent
chemotherapy is associated with improved survival in elderly patients with bladder cancer undergoing radiotherapy. Cancer
2017, 123, 3524-3531. [CrossRef]

Robins, D.; Matulay, J.; Lipsky, M.; Meyer, A.; Ghandour, R.; DeCastro, G.; Anderson, C.; Drake, C.; Benson, M.; McKiernan, J.M.
Outcomes Following Clinical Complete Response to Neoadjuvant Chemotherapy for Muscle-invasive Urothelial Carcinoma of
the Bladder in Patients Refusing Radical Cystectomy. Urology 2018, 111, 116-121. [CrossRef]

Mazza, P.; Moran, G.W.; Li, G.; Robins, D.J.; Matulay, ].T.; Herr, H.W.; Decastro, G.J.; McKiernan, ].M.; Anderson, C.B. Conserva-
tive Management Following Complete Clinical Response to Neoadjuvant Chemotherapy of Muscle Invasive Bladder Cancer:
Contemporary Outcomes of a Multi-Institutional Cohort Study. J. Urol. 2018, 200, 1005-1013. [CrossRef]

Sternberg, C.N.; Pansadoro, V.; Calabro, F.; Schnetzer, S.; Giannarelli, D.; Emiliozzi, P.; De Paula, F.; Scarpone, P.; De Carli, P,;
Pizzo, M.; et al. Can patient selection for bladder preservation be based on response to chemotherapy? Cancer 2003, 97, 1644-1652.
[CrossRef] [PubMed]

Herr, H.W. Outcome of Patients Who Refuse Cystectomy after Receiving Neoadjuvant Chemotherapy for Muscle-Invasive
Bladder Cancer. Eur. Urol. 2008, 54, 126-132. [CrossRef] [PubMed]

Roviello, G.; Catalano, M.; Santi, R.; Palmieri, V.E.; Vannini, G.; Galli, I.C.; Buttitta, E.; Villari, D.; Rossi, V.; Nesi, G. Immune
Checkpoint Inhibitors in Urothelial Bladder Cancer: State of the Art and Future Perspectives. Cancers 2021, 13, 4411. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.eururo.2020.11.036
https://doi.org/10.1200/JCO.2010.28.4950
https://www.ncbi.nlm.nih.gov/pubmed/20956620
https://doi.org/10.1016/j.eururo.2016.12.020
https://doi.org/10.1200/JCO.2016.69.2327
https://seer.cancer.gov/archive/csr/1975_2018/index.html
https://www.r-project.org
https://doi.org/10.1200/JCO.2014.57.5548
https://doi.org/10.1001/jamasurg.2019.1629
https://doi.org/10.1016/j.clgc.2021.03.010
https://doi.org/10.1111/bju.16333
https://doi.org/10.3390/cancers14235766
https://www.ncbi.nlm.nih.gov/pubmed/36497246
https://doi.org/10.1016/j.urolonc.2021.12.015
https://www.ncbi.nlm.nih.gov/pubmed/35058142
https://doi.org/10.1016/j.juro.2018.06.001
https://www.ncbi.nlm.nih.gov/pubmed/29879397
https://doi.org/10.1634/theoncologist.2018-0280
https://www.ncbi.nlm.nih.gov/pubmed/31292267
https://doi.org/10.1200/JCO.2008.19.5776
https://doi.org/10.1002/cncr.30719
https://doi.org/10.1016/j.urology.2017.09.003
https://doi.org/10.1016/j.juro.2018.05.078
https://doi.org/10.1002/cncr.11232
https://www.ncbi.nlm.nih.gov/pubmed/12655521
https://doi.org/10.1016/j.eururo.2007.12.031
https://www.ncbi.nlm.nih.gov/pubmed/18248875
https://doi.org/10.3390/cancers13174411
https://www.ncbi.nlm.nih.gov/pubmed/34503220

	Introduction 
	Materials and Methods 
	Population of Interest 
	Variables and Outcome of Interest 
	Statistical Analyses 

	Results 
	Descriptive Characteristics of the Study Population 
	Rate of Trimodal Therapy vs. TURBT + CT vs. TURBT + RT in Patients with Organ-Confined Urothelial Carcinoma of the Urinary Bladder 
	Survival Analyses Addressing CSM in Patients with Organ-Confined Urothelial Carcinoma of the Urinary Bladder According to Treatment Modality 
	Survival Analyses Addressing CSM in Patients with Organ-Confined Urothelial Carcinoma of the Urinary Bladder According to Treatment Modality in the Subgroup of TURBT + CT vs. TURBT + RT 

	Discussion 
	Conclusions 
	References

