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Abstract

Introduction Patients with BCG-unresponsive non-muscle-invasive bladder cancer (NMIBC) face a high risk of disease
progression. While radical cystectomy (RC) remains the recommended standard of care, many patients are unfit for or
unwilling to undergo radical surgery, leading to bladder-sparing strategies spreading in real-world practice. This study aims
to describe the oncological outcomes of patients diagnosed with BCG-unresponsive NMIBC treated with gemcitabine/
docetaxel (Gem/Doce), electromotive drug administration of mitomycin C (EMDA/MMC), further BCG, or upfront RC.
Methods We included patients diagnosed with BCG-unresponsive NMIBC treated across 21 European centers (2009-2024)
with either intravesical Gem/Doce, EMDA/MMC, further BCG, or upfront RC. Cumulative incidence curves were used to
estimate the risk of recurrence, high-grade recurrence, progression, cancer-specific and overall mortality. Multivariable Cox
regression models were used to assess the association between treatment type and the risk of recurrence and progression.
Results Ofthe 361 patients, 104 (28%) received Gem/Doce, 58 (16%) EMDA/MMC, 150 (42%) further BCG, and 49 (14%)
underwent RC. Overall median follow-up was 73 months. Recurrence and high-grade recurrence rates were comparable
between Gem/Doce and EMDA/MMC (adjusted HR: 1.30 and 0.40, respectively; both p>0.5). The 2-year risk of progres-
sion was 15% with Gem/Doce, 20% with EMDA/MMC, and 30% with further BCG (p<0.001). In multivariable analysis,
Gem/Doce was associated with a significantly lower risk of progression compared to further BCG (adjusted HR: 0.19, 95%
CI10.09-0.43; p<0.001). The 2-year cancer-specific mortality was 0% for both Gem/Doce and EMDA/MMC, 4% for BCG,
and 7% for RC, with corresponding other-cause mortality rates of 3%, 8%, 11%, and 8%, respectively.

Conclusions In real-world practice, our study indicates that both Gem/Doce and EMDA/MMC represent viable treatment
bladder-sparing options for patients with BCG-unresponsive NMIBC who refuse or are unfit for RC. For patients eligible
and consenting to surgery, RC remains the guideline-endorsed standard. Prospective trials are warranted to define the opti-
mal therapeutic algorithm for this challenging patient population.

Keywords Non-muscle invasive bladder cancer - Bacillus Calmette-Guerin - BCG-unresponsive - Oncological
outcomes - Survival - Bladder-sparing therapy - Gemcitabine and Docetaxel - EMDA
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Introduction

Bacillus Calmette-Guérin (BCG) is the gold standard intra-
vesical therapy for patients with high-risk non-muscle-inva-
sive bladder cancer (NMIBC) after transurethral resection
of the bladder tumor (TURBT) [1]. However, approximately
30—40% of patients will eventually experience disease
recurrence or progression despite adequate BCG exposure
and are therefore classified as BCG-unresponsive, a defini-
tion established by the International Bladder Cancer Group
(IBCG) and adopted by regulatory agencies and clinical
guidelines [2, 3].

For these patients, radical cystectomy (RC) is widely
recognized as the gold standard treatment, offering the best
long-term cancer control [1, 4]. In particular, RC is associ-
ated with excellent oncological outcomes in appropriately
selected patients, especially when performed early in the
disease course. Nevertheless, RC is a morbid procedure,
and some patients are either medically unfit or unwilling to
undergo it [5]. This has led to increasing interest in bladder-
sparing alternatives, particularly in the real-world setting,
where surgical eligibility and patient preferences play a sig-
nificant role in clinical decision-making [6].

Despite the recommendation to enroll patients with BCG-
unresponsive NMIBC in clinical trials, several intravesi-
cal therapies have been adopted off-trial in routine clinical
practice. Among these, sequential intravesical administra-
tion of gemcitabine and docetaxel (Gem/Doce) has shown
promising efficacy and safety in single-center series, with
encouraging results in terms of recurrence-free and pro-
gression-free survival [7, 8]. Electromotive drug adminis-
tration of mitomycin C (EMDA/MMC) represents another
technique aimed at improving drug delivery and efficacy
via enhanced penetration of the bladder wall using electric
current [9, 10]. Meanwhile, some patients continue to be
treated with additional courses of BCG despite guideline
recommendations against this approach, either due to lack
of alternatives, physician’s decision or patient’s ineligibility
for RC [11].

Notably, the comparative effectiveness of these diverse
bladder-sparing approaches remains poorly investigated.
While some retrospective and prospective series have
reported favorable outcomes with Gem/Doce or EMDA/
MMC, very few studies have directly compared multiple
treatment strategies, including RC, in a contemporary, mul-
ticenter setting [11]. As such, there is a clear need for real-
world evidence to inform clinical decision-making for this
challenging population.

In this multicenter collaborative study involving 21
European tertiary referral centers, we sought to compare the
oncological outcomes of four different treatment strategies
administered to patients with BCG-unresponsive NMIBC
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between 2009 and 2024: (1) intravesical Gem/Doce, (2)
EMDA/MMC, (3) further BCG, and (4) upfront radical
cystectomy. By leveraging a large, real-world dataset, this
study aims to provide clinically relevant insights into the
comparative effectiveness of available therapeutic options
for BCG-unresponsive NMIBC in contemporary urologic
practice.

Materials and methods
Study design and dataset construction

Following institutional review board approval (GO/URC/
ER/mm prot. n. 79/DG), data were retrospectively collected
and handled in accordance with anonymization procedures
as defined by the General Data Protection Regulation. The
Young Academic Urologists Urothelial Carcinoma Working
Group served as the central data repository [12].

For this analysis, we included patients with BCG-unre-
sponsive NMIBC, defined according to the criteria estab-
lished by the Food and Drug Administration (FDA) and the
IBCG. Eligible patients were identified from three indepen-
dent sources: (1) those treated with intravesical GemDoce
were drawn from the EuroGemDoce initiative, a multicenter
database involving 15 European centers; (2) patients who
received additional BCG or underwent RC were selected
from a multicenter cohort of BCG-treated patients from 8
European institutions [2, 4]; and (3) patients treated with
EMDA/MMC were identified from a dedicated dataset
including two hospitals, one in Italy and one in Switzerland
[9, 14].

To ensure data consistency and relevance to contem-
porary practice, we included only patients diagnosed with
BCG-unresponsive NMIBC following complete TURBT
and BCG intravesical therapy between 2009 and 2024.
Patients with missing data for clinically relevant variables
were excluded. A detailed overview of the patient selection
process is provided in Supplementary Fig. 1.

Treatment protocols

The EMDA/MMC treatment protocol consisted of 30-min
intravesical instillations of MMC using the Physion Mini
30N2 device, delivering a current of 20-23 mA. MMC was
prepared at a concentration of 40 mg (0.04%) [w/v] in dis-
tilled water. Patients underwent an induction course of up
to eight weekly EMDA/MMC instillations, followed by a
planned maintenance regimen of 12 monthly sessions [9,
14].

The Gem/Doce protocol varied slightly across partici-
pating centers. Some institutions administered oral sodium
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bicarbonate pre-treatment to optimize urine pH. The dwell-
ing times for both gemcitabine and docetaxel also differed by
center. Induction therapy typically consisted of six weekly
instillations. In patients without disease recurrence at first
follow-up, maintenance therapy was offered, consisting of
monthly instillations for either 10 or 24 months, depending
on institutional practice [8].

Further BCG instillations were administered at the dis-
cretion of the treating physician after the diagnosis of BCG-
unresponsive disease, while patients undergoing RC were
treated according to international guidelines, with surgery
including bilateral pelvic lymph node dissection.

Follow-up protocols followed the international guide-
lines recommendation [1].

Variables and endpoint definitions

The dataset included demographic and pathological vari-
ables such as age, sex, tumor stage, presence of carcinoma in
situ (CIS), date of BCG-unresponsiveness, date of progres-
sion, date of RC, and dates of cancer-specific and all-cause
death. Tumor grading was reported using both the 1973 and
2004/2016 World Health Organization classification sys-
tems. Adequate BCG exposure was defined as at least five
out of six induction instillations plus at least two out of three
maintenance instillations or a second induction course.

BCG-unresponsive  NMIBC was defined according
to contemporary guideline-recommended criteria and
included both BCG-refractory disease and early high-grade
recurrences after adequate BCG. BCG-refractory disease
included T1 high-grade/G3 tumors at 3 months, persistent
Ta/T1 high-grade or CIS at 3—6 months after induction, re-
induction, or first maintenance, and the development of any
new high-grade tumor during BCG maintenance. In addition,
patients with high-grade Ta/T1 recurrence within 6 months
of adequate BCG or CIS recurrence within 12 months of
adequate BCG exposure were classified as BCG-unrespon-
sive. Patients with prior or concurrent muscle-invasive dis-
ease (>T2) were excluded [1, 13].

Recurrence was defined as any recurrence during follow-
up and was assessed only for patients treated with EMDA/
MMC or Gem/Doce where recurrence was systematically
available. Progression was defined as the first diagnosis
of muscle-invasive (>T2) or metastatic disecase. Metasta-
sis was defined as the presence of any distant lymph node,
visceral, or bone lesion suspicious for metastatic disease at
any imaging. RC during follow-up was recorded to evalu-
ate bladder preservation. Cancer-specific mortality (CSM)
was defined as death directly attributable to bladder cancer.
Patients were censored at the last known follow-up visit if
the event of interest had not occurred.

Statistical analyses

All statistical analyses were conducted in accordance with
international reporting guidelines [15].

First, descriptive statistics were used to summarize base-
line characteristics. Continuous variables were reported as
medians and interquartile ranges (IQR) and compared using
the Wilcoxon rank-sum test. Categorical variables were
compared using the chi-square or Fisher’s exact test, as
appropriate.

Second, cumulative incidence functions were used to
estimate the risk of NMIBC recurrence (limited to EMDA/
MMC and Gem/Doce), progression to muscle-invasive dis-
ease or metastatic disease, and progression to metastatic
disease only. Competing risk cumulative incidence curves
were used to plot the cancer-specific and non-cancer related
death. Follow-up time was calculated from the date of treat-
ment exposure (e.g. start of treatment or RC for patients
receiving RC after BCG-failure).

Third, multivariable Cox regression analyses (MVA)
were performed to assess the association between treat-
ment type and each outcome of interest, including recur-
rence, high-grade recurrence, and progression, adjusting for
tumor stage, age, sex, year of BCG failure, and Charlson
Comorbidity Index (CCI). The models were adapted to the
number of events available for each outcome, maintaining
a consistent variable inclusion order to avoid overfitting.
Proportional hazards assumptions for all Cox models were
evaluated using Schoenfeld residuals, and no significant
violations were detected.

Finally, a sensitivity analysis restricted to patients in the
Gem/Doce group with at least 12 months of follow-up but
also including those who experienced an early event (e.g.,
within 12 months) was performed to validate findings.

Statistical significance was considered at p<0.05. For all
statistical analyses, R software environment for statistical
computing and graphics was used (version 4.5.1; http://ww
w.r-project.org/).

Results
Descriptive characteristics of patient population

A total of 361 patients with BCG-unresponsive NMIBC
treated between 2009 and 2024 were included in the final
analysis. Of these, 104 (28%) patients received intravesi-
cal Gem/Doce, 58 (16%) were treated with EMDA/MMC,
150 (42%) received further BCG instillations, and 49 (14%)
underwent RC.

Baseline clinical and pathological characteristics are
summarized in Table 1. The median age was comparable
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Table 1 Baseline characteristics Characteristics No. of patients (%)
of 361 patients Qiagnosed with Gemcitabine/Docetaxel EMDA  Further Radical p value
BCGraponive WIBC
it Gormortabine /gjceeta‘gi No. of patients 104 (100) 58 (100) 150 49 (100)
EMDA, further BCG or radical (100)
cystectony Year of treatment <0.001
2009-2014 0 (0) 26 (45) 21(14) 15(1)
2015-2020 0 (0) 32(55) 81(54) 21(43)
2021-2024 104 (100) 0 (0) 48 (32) 13(27)
Gender 0.004
Male 74 (71) 45(79)  131(87) 38(78)
Age 0.2
Median (IQR) 73 (66-79) 74 74 72 (64-77)
(67-82)  (66-79)
Charlson Comorbidity
Index*
Median (IQR) 4(3-5) 6(5-7) 547 4(4-6) <0.001
Smoking <0.001
Never 23 (22) 0(0) 38 (25) 10(20)
Current 15 (14) 5(8.6) 0(0) 0(0)
Former 65 (63) 45(78)  40(27) 11(22)
Unknown 1(1.0) 8(14)  72(48) 28(57)
Histology at last positive <0.001
TURBT before treatment
Tis 22(21) 0 (0) 50(33)  9(19)
TaHG 49 (47) 28(48) 56(38) 10(20)
TIHG 33(32) 30(52) 44(29) 30(61)
Concomitant CIS 9(8.7) 34(59) 48(32) 10(20) <0.001
Number of lines after
BCG-unresponsive
Bold values indicate statistically l 82(83) >8 (100) - -
significant p value (p < 0.05) 2 13.(13) 0(0) - -
*Computed including bladder >3 44 0(0) B B
cancer diagnosis Unknown 5 -
BCG Bacillus-Calmette Guérin, | 0How-up after BCG unre- <0.001
IQOR Interquartile range, EMDA sponsive diagnosis
Electromotive Drug Administra- Median (IQR) 12 (8-20) 51 24 34 (15-52)
tion (40-77)  (5-46)

across groups, ranging from 72 to 74 years. A higher CCI
was observed among patients treated with EMDA/MMC
(median 6, IQR 5-7) compared to those who received Gem/
Doce (median 4, IQR 3-5), further BCG (median 5, IQR
4-7), or RC (median 4, IQR 4-6) (p<0.001). Patients in
the Gem/Doce group were more frequently treated in recent
years (100% between 2021-2024), whereas EMDA/MMC
was largely administered between 2009-2014 (45%) and
2015-2020 (55%) (p<0.001).

The distribution of histological stage at last TURBT also
varied, with a higher proportion of T1 high-grade (HG) dis-
ease in the RC group (61%) and EMDA/MMC group (52%)
compared to Gem/Doce (32%) and further BCG (29%)
(p<0.001). Overall median follow-up was 73 months.

@ Springer

Treatment allocation and decision-making

Table 2 reports the reasons for choosing Gem/Doce or
EMDA/MMC. Cystectomy refusal was the most common
reason across both groups (55% for Gem/Doce, 58% for
EMDA/MMC). A substantial proportion of EMDA/MMC
patients were deemed unfit for surgery (42%) compared to
the 34% of patients in the Gem/Doce group.

Oncological outcomes
Risk of recurrence for EMDA/MMC and Gem/Doce
A total of 67 (42%) of patients experienced high-grade

recurrence. The 1 and 2-year high-grade recurrence risk was
25% vs. 30%, and 45% vs. 46% for Gem/Doce vs. EMDA/
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Table 2 Clinical rationale for treatment selection among patients
receiving Gemcitabine/Docetaxel (n=104) or EMDA-MMC (n=58)

Reason No. of patients (%)
Gemcitabine/Docetaxel EMDA
104 (100) 58

(100)

Declining radical cystectomy 50 (55) 28(58)

Unfit for radical cystectomy 31(34) 20(42)

due to comorbidities or

safety

Not eligible for clinical trial ~ 3(3.3) 0(0)

Other 7(7.7) 0(0)

Unknown 13 10

EMDA Electromotive Drug Administration

MMC (all p>0.05), respectively. (Supplementary Fig. 2,
Supplementary Fig. 3). Gem/Doce was associated with sim-
ilar recurrence (adjusted hazard ratio (HR): 1.30, 95% CI
0.36-4.62) and high-grade recurrence (HR: 0.40, 95% CI
0.11-1.48) risk profile compared to EMDA/MMC. (Fig. 2).

Progression to muscle-invasive or metastatic disease

A total of 78 patients (25%) experienced disease progres-
sion during follow-up. The 2-year progression risk was

A)

Strata — BCG — EMDA — Gemoitabine/Docetaxel

Cumulative risk of progression (0.1 scale)

0 3 6 9 12 15 18 21 24 27 30 33 3 39 42
Months

Number at risk

BcG| 150 115 104 93 84 82 75 73 68 59 52 49 41 39 3
EMDA{ 58 57 54 5 3

Strata
°

76 64 45 29 23 18 16 12 11 118
0 3 6 9 12 15 18 21 24 27 30 3 3 39 42

15% for Gem/Doce, 20% for EMDA/MMC, and 30% for
further BCG (p<0.001). (Fig. 1A). In MVA, treatment
with Gem/Doce was associated with a significantly lower
risk of progression compared to further BCG (HR: 0.19,
95% CI 0.09-0.43, p<0.001). In contrast, EMDA/MMC
was not associated with a statistically significant reduction
in progression risk compared to further BCG (HR: 0.67,
95% CI 0.34-1.33, p=0.3) (Fig. 1A, Fig. 2). Progression to
metastatic disease alone occurred in 16 patients (5%) who
underwent bladder-sparing treatment after BCG-unrespon-
siveness. At 2 years, the risk of metastasis was 5% for Gem/
Doce, 4% for EMDA/MMC, and 3% for further BCG, with
no statistically significant differences observed (p>0.05,
Fig. 1C, Supplementary Fig. 2).

Radical cystectomy during follow-up

At 2 years, the rate of subsequent RC was higher among
patients initially treated with Gem/Doce (16%) or EMDA/
MMC (17%), compared to those receiving further BCG
(7%) (Fig. 1B). However, at the 7-year mark, the cumulative
RC rate among BCG-treated patients rose to 18%, closely
approaching that of the EMDA/MMC group (23%).

B)

Strata — BOG — EMDA — Gemcitabine/Docetaxel

Cumulative risk of metastases (0.1 scale)

[ 3 6 9 12 1 18 21 24 27 30 33 3 39 42
Months

Number at risk
150 147 136 93 84
58 57 57 57 54

Strata
m

Strata — BCG — EMDA — Gemcitabine/Docetaxel

Cumulative risk of cystectomy (0.1 scale)

Number at risk

109 97
58 57

Strata

79 76 73 64 57 54 45 43 42

26 22 19 14 11 11

18 21 24 27 30 33 36 39 42
Months

Fig. 1 Risk of A progression; B metastases; C radical cystectomy according to type of management in patients treated with either gemcitabine/

docetaxel, EMDA/MMC or further BCG for BCG-unresponsive NMIBC
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Fig. 2 Competing cumulative risk
cumulative of cancer and other
causes death

BCG
EMDA
Gem/Doce
RC

~~~~~~~~~ Cancer-specific death
—— Other causes death

Cumulative incidence proportion (0.1 scale)

0.00 0.05 0.10 0.15 0.20 0.25 0.30
|

=}

_ : Il ———
,,,,,,,,,,, iy )

_ | [ SN

]'I ,_! ””””””””””””
T T T T T
0 10 20 30 40
Months
Number at risk:

150 97 78 60 43
58 58 54 46 38
104 60 22 11 7
49 42 34 30 19

Treatment strategies following disease progression or
high-grade recurrence were available for 57 out of 128
patients (45%). Notably, chemoradiotherapy was adminis-
tered in 17% (n=7) of patients in the EMDA/MMC group
compared to 8.3% (n=3) in the Gem/Doce group. Among
patients treated with BCG, 11 (38%) received other adju-
vant intravesical therapies, while 9 (15%) were managed
with observation alone (e.g. TURBT and further surveil-
lance) due to comorbidities, despite being candidates for RC
(Fig. 3, Supplementary Table 1).

Cancer-specific mortality and other cause mortality

By the end of follow-up, a total of 84 (23%) patients had
died. The 2-year competing risk of death from bladder can-
cer was 0% for Gem/Doce, 0% for EMDA/MMC, 4% for
BCG, and 7% for RC. The corresponding 2-year risk of
death from other causes was 3%, 8%, 11%, and 8%, respec-
tively (Fig. 4).

Sensitivity analysis

In sensitivity analyses, restricted to patients in the Gem/
Doce group with at least 12 months of follow-up but also
including those who experienced an early event within
12 months (n=56, median follow-up 17 months (IQR:
13-28), the results were largely consistent with the main
findings (Supplementary Figs. 4 and 5).
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Discussion

In this multicenter, real-world cohort of patients with BCG-
unresponsive NMIBC, Gem/Doce and EMDA/MMC were
associated with low short-term rates of progression and
metastasis, with cystectomy rates in the range expected for
bladder-preserving strategies. These findings support their
use for carefully selected, well-informed patients who are
ineligible for or decline RC. [16] Importantly, our compari-
sons should be interpreted in the context of confounding by
indication, patients undergoing RC in this cohort harbored
more adverse baseline disease, and era effects, as EMDA/
MMC was implemented earlier under different TURBT, sur-
veillance, and referral standards. Accordingly, these data are
not intended to demonstrate non-inferiority to RC; rather,
they provide realistic outcome estimates to guide counsel-
ing when RC is not pursued. This study offers several key
insights.

First, despite their distinct mechanisms of action, both
EMDA/MMC and Gem/Doce demonstrated similar efficacy
in reducing the risk of recurrence, including high-grade
disease. EMDA/MMC enhances intravesical drug delivery
through electric current-induced iontophoresis, promot-
ing deeper drug penetration compared to passive diffusion
[17, 18]. In contrast, the combination of gemcitabine and
docetaxel leverages synergistic cytotoxicity, with preclini-
cal and early clinical studies supporting improved efficacy
over either agent alone [19]. Our results are consistent with
previous reports, including a 2-year recurrence-free survival
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Recurrence

|
|
EMDA/MMC 203

|
|
|
Gemcitabine/Docetaxel T
|
|

High-grade recurrence

|

|
EMDA/MMC 20

|

I

|

Gemcitabine/Docetaxel O T

|

|

Progression
|

Further BCG Q
Gemcitabine/Docetaxel ~— =—@—— :
|
EMDA/MMC —_—
0.10 0.25 0.50 1.IOO 2.00 4.00

Fig. 3 Forest plots depicting the HRs and 95% confidence intervals
derived from multivariable models assessing the association between
type of treatment and recurrence, high-grade recurrence, progression
to muscle invasive or metastatic disease. All multivariable models
were adjusted for [tumor stage, age, sex, year of failure, smoke, Charl-
son Comorbidity Index] based on the number of levels to avoid of
overfitting

of 46%-58% with Gem/Doce [7, 11], and 62% with EMDA/
MMC in BCG-unresponsive patients [ 10]. While differences
in patient selection and protocols limit direct comparison,
both approaches appear to provide meaningful real-world
benefit in this setting.

Second, both EMDA/MMC and Gem/Doce were asso-
ciated with significantly lower risks of disease progression
compared to further BCG, which is normally not recom-
mended by major international guidelines [1, 20, 21] for
BCG-unresponsive NMIBC. These findings are reinforced
by data from Taylor et al., who reported a 2.6-fold increased
risk of progression in patients receiving additional BCG
following a BCG-unresponsive diagnosis [11] and under-
scores the limited efficacy of re-challenging with BCG
once resistance is established supporting the adoption of
EMDA/MMC and Gem/Doce as more effective bladder-
sparing options [2]. In addition, the observed lower progres-
sion rates in both groups suggest that, in carefully selected
patients, bladder preservation remains a viable goal [6].

Third, differences in mortality patterns should be inter-
preted with caution, given the design of the study. The
EMDA/MMC cohort, with follow-up extending back to
2009, inherently accumulated a greater number of non-can-
cer-related deaths, a phenomenon often observed in cohorts
with prolonged surveillance. Moreover, nearly 40% of this
cohort were deemed unfit for RC and had higher CCI scores,
reflecting both a less favorable baseline profile and selec-
tion criteria that differ from contemporary practice. Patients
undergoing RC presented with more aggressive disease at
baseline, with over 60% harboring T1 high-grade tumors
at the time of BCG-unresponsive diagnosis yet exhibited a
lower incidence of non-cancer-related mortality compared
to the BCG and EMDA/MMC groups. This finding likely
reflects selection bias, with RC candidates being younger
and having lower CCI scores. As expected, however, the
risk of CSM was marginally higher in the RC group com-
pared to other treatment groups, consistent with the more
advanced disease burden at the time of treatment selection.

Notably, patients treated with Gem/Doce demonstrated
the highest overall survival in our cohort, a finding that
likely reflects both favorable patient selection and the rela-
tively shorter follow-up inherent to this group. Indeed, Tay-
lor et al. reported comparable survival outcomes with longer
follow-up, even when comparing Gem/Doce to additional
BCG in the BCG-unresponsive setting [11]. Moreover,
emerging multicenter evidence suggests no significant dif-
ference in overall survival between patients managed with
RC versus bladder-sparing approaches [22], further sup-
porting the role of conservative management in appropri-
ately selected patients in the real-world setting.

We observed a lower rate of subsequent RC among
patients receiving additional BCG, likely reflecting their
earlier placement within the treatment algorithm compared
to those in the Gem/Doce and EMDA/MMC groups. Sup-
porting this, the RC rate in the BCG cohort rose from 7%
at 3 years to 23% at 7 years, suggesting that many of these
patients received further intravesical therapies before pro-
ceeding to RC. Among those who failed additional BCG,
38% underwent further intravesical treatment, compared to
just 3% in the Gem/Doce group and none in the EMDA/
MMC group. While the decision to proceed with RC is mul-
tifactorial, shaped by clinician judgment, institutional expe-
rience, and regional practice norms, these findings highlight
the individualized and stepwise nature of treatment selection
in this setting. Notably, the 2-year risk of metastatic progres-
sion remained low across all bladder-sparing approaches,
with rates consistently below 5%. Unfortunately, our data-
set did not allow for comparable assessment of post-RC
metastatic progression. Nevertheless, by reporting progres-
sion, metastatic events, and subsequent RC rates, we pro-
vide decision-relevant outcomes for clinicians and patients
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Initial BST [ BCG [ GemDoce [ EMDAMMC

BCG
(n=150)

Gem/Doce
(n=104)

EMDA/MMC
(n=58)

G recurrence or progre
(n=128)

recurrence/progre
(n=84)

Radical cystectomy!|
(n=27)

adder—sparing management

(n=42)

Unknown
(n=71)

gression or HG-rect
(n=172)

irrence

Initial BST

Fig. 4 Sankey diagram of patients with BCG-unresponsive NMIBC
showing flow from the initial bladder-sparing strategy (BCG, Gem/
Doce, EMDA/MMOC) to disease status (recurrence or progression) and

weighing bladder preservation against early cystectomy.
Importantly, RC rates across groups should be interpreted
in the context of treatment sequencing, institutional practice
norms, and patient characteristics; they do not imply treat-
ment superiority or inferiority but rather reflect complex,
multifactorial decision-making in real-world management
of BCG-unresponsive NMIBC.

Taken together, our findings provide real-world estimates
of available day-to-day bladder-preserving strategies for
BCG-unresponsive NMIBC. RC remains the gold-standard
and most definitive oncologic treatment, offering the high-
est likelihood of durable disease control. However, it is not
universally applicable or acceptable in routine practice; in
our cohort, nearly half of those eligible for RC and managed
with EMDA/MMC or Gem/Doce declined surgery. Mean-
while, the therapeutic landscape is rapidly evolving,
KEYNOTE-057 (pembrolizumab), IL-15 plus BCG com-
binations, gene therapy (e.g., nadofaragene firadenovec),
and TAR-200 all underscore momentum toward nonsurgi-
cal options [23-26]. In this context, intravesical Gem/Doce
and EMDA/MMC remain pragmatic options, particularly in
settings where newer agents are not yet approved or reim-
bursed in Europe [27, 28], but they should be viewed as

@ Springer

HG/Proc_:';ression

Final management

onward to final management (radical cystectomy or bladder-sparing
management). Flow widths are proportional to the number of patients.
Node labels report counts for each stratum

complementary strategies rather than replacements for RC
in appropriately selected patients.

This study is not devoid of limitations. Follow-up in the
Gem/Doce cohort was shorter, which may have led to an
underestimation of long-term recurrence risk. To address
this, we performed a sensitivity analysis restricted to patients
with>12 months of follow-up, including those experienc-
ing early events, and the results remained consistent. Data
completeness and the rigor of data collection varied across
cohorts. The Gem/Doce dataset benefited from contem-
porary, standardized multicenter collection (2021-2024),
whereas the further BCG and RC cohorts were extracted
from a broader historical BCG database that was not origi-
nally designed to capture granular recurrence or metastatic
outcomes. This explains the absence of recurrence data
after BCG rechallenge, the lack of metastatic information
following RC, and the treatment contamination observed in
the further BCG group (38%). As such, readers should be
aware that the comparator cohorts contain greater amounts
of missing information, which may introduce information
bias. Moreover, information on the specific BCG strains and
protocols used across centers and on potential dose reduc-
tions during periods of global shortages was not available.
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Although the vast majority of patients were treated with
full-dose BCG according to local practice, the absence of
detailed data on strain type and dosing heterogeneity rep-
resents an additional limitation. Outcome definitions were
standardized across centers, and follow-up adhered to
international NMIBC guidelines; however, TURBT qual-
ity parameters and pathological review were not centrally
standardized due to the multicenter retrospective design.
These elements introduce potential variability in staging
accuracy and pathological interpretation, which should be
considered when interpreting comparative outcomes. Treat-
ments were administered over different time periods, which
could have influenced patient selection and outcome ascer-
tainment, given the dynamic changes in guidelines recom-
mendations over the years; however, we attempted to reduce
these limitations by adjusting multivariable models for the
year of BCG failure, and by using a uniform definition of
BCG-unresponsive disease across all cohorts. The retro-
spective nature of the study precludes causal inference and
carries risks of selection bias and unmeasured confounding.
Additionally, although all participating centers were high-
volume academic institutions, generalizability to other set-
tings may be limited.

Conclusion

Our findings indicate that Gem/Doce and EMDA/MMC
represent reasonable bladder-preserving alternatives for
well-selected, well-informed patients with BCG-unrespon-
sive NMIBC who are unfit for or decline radical cystec-
tomy. Both approaches were associated with a lower risk of
progression compared with further BCG, offering meaning-
ful options for patients seeking nonsurgical management.
Nevertheless, radical cystectomy remains the guideline-
endorsed definitive treatment for eligible candidates, and
prospective comparative trials are needed to define the opti-
mal therapeutic algorithm for this complex population.
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