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Abstract.
BACKGROUND: With the exception of the FDA-approved valrubicin and pembrolizumab, there are no standard second-line
treaments for BCG-unresponsive high-risk non-muscle invasive bladder cancer (NMIBC).
OBJECTIVES: To provide a systematic review of the novel intravesically administered therapeutic agents for the salvage
treatment of BCG-unresponsive NMIBC.
METHODS: Online search of the PubMed, EMBASE and Web of Science databases was performed. The endpoints of
this review were to evaluate the efficacy of the agents in terms of complete response rates (CR) and durability of CR,
overall survival, recurrence-free survival and cancer-specific survival and to report on their toxicity profile. A search on
Clinicaltrials.gov was performed to identify ongoing clinical trials.
RESULTS: 14 studies were included in this review. The critical clinical need for the development of an effective, safe and
durable intravesical drug for the salvage treatment of high-risk NMIBC seems to be met mainly by intravesical gene therapy;
in fact, data support the FDA-approved nadofaragene firadenovec as a potentially important therapeutic advancement in
this context. Promising results are also being obtained by the combination of N-803/BCG and by innovative drug delivery
systems.
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CONCLUSIONS: Considering the plethora of novel intravesical treatments that have completed phase II evaluation, one
can reasonably expect that clinicians will soon have at their disposal new agents and treatment options for BCG-unresponsive
NMIBC. In the near future, it will be up to the urologist to identify, for each specific patient, the right agent to use, based on
safety, results and cost-effectiveness.
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INTRODUCTION

Up to 80% of bladder cancers (BCa) are non-
muscle invasive at first diagnosis [1]. Although
transurethral resection of the bladder (TURB) by
itself can eradicate a papillary Ta or T1 tumour
completely, these tumours commonly recur and
can progress to muscle-invasive BCa (MIBC). It is
therefore necessary to consider adjuvant instillation
therapy or, in specific cases with a very high risk of
progression, immediate radical cystectomy (RC) [1].

Adjuvant treatment with intravesical bacillus
Calmette–Guérin (BCG) is recommended for high-
risk (HR) non-muscle invasive bladder cancer
(NMIBC) and for intermediate-risk NMIBC, espe-
cially after mitomycin C failure [2]. However, up
to 50% of the patients fail to maintain a response
within 5 years of BCG treatment [3]. BCG failure
is generally defined as any high grade (HG) disease
occurring during or after BCG therapy, under which
several categories have been defined by the U.S.
Food and Drug Administration (FDA). For example,
NMIBC may not respond at all (BCG refractory) or
may relapse after initial response (BCG relapsing).
All BCG refractory tumours and those who develop
T1/Ta HG recurrence within 6 months of completion
of adequate BCG exposure, or develop carcinoma in
situ (CIS) within 1 year of completion of adequate
BCG exposure are defined as BCG-unresponsive.
Furthermore, some patients have to discontinue BCG
because of side effects (BCG intolerance).

For patients with NMIBC in whom BCG therapy
has failed RC may be the best treatment; however, it
is associated with Clavien grade III/IV complication
rate of almost 14% in the robotic and 19% in the open
RC group, associated with a 2% risk of mortality [4].
Furthermore, RC can lead to substantial loss in health
related quality of life (QoL) from adapting to urinary
diversion, including altered body image and loss of
sexual function [5].

In order to overcome the morbidity of RC or for
patients unfit or unwilling to undergo major surgery,
several agents have been tested as second-line treat-

ment for patients who do not respond, or have
recurring disease, after BCG. Repeat-BCG therapy
seems appropriate for non-HG and even for some HG
recurrent tumours (namely those relapsing beyond
one year after BCG exposure (cases which do not
meet the criteria of BCG-unresponsive disease)) [6].
Di Lorenzo et al. [7] reported on 40 patients receiv-
ing BCG reinduction: 87.5% of patients failed to
respond to BCG reinduction at one year; one patient
died of systemic disease, 37.5% of the patients had
disease progression and had to undergo cystectomy
and 40% underwent radiation therapy plus systemic
chemotherapy after one year.

Intravesical valrubicin has been approved by FDA
for use in patients with CIS in whom BCG therapy
had failed. However, it has demonstrated suboptimal
efficacy. The 3-mo CR rate was 18%. Kaplan-Meier
analysis indicated a probability of disease-free status
of 22% at 6 months, 10% at 1 year, and 4% at 2 years.
Probability of cystectomy was 12% at 6 months, 24%
at 1 year, and 30% at 2 years [8].

Promising results from early-phase trials have been
reported for intravesical taxane [9–10] and gemc-
itabine [7, 11].

Pembrolizumab, an immune checkpoint inhibitor
was approved in patients with BCG-unresponsive,
high-risk NMIBC. The single-arm KEYNOTE-057
trial included 96 patients with CIS with or without
high-grade Ta or T1 cancer and documented a CR
rate of 41% (95% CI 31–51), with a median response
duration of 16.2 months (0-longer than 30.4 months)
and 19% durable CR rate at 12 months. However,
the drug is associated with systemic immune-related
side-effects and the indication does not include
patients with high grade Ta or T1 tumors [12].

Overall, based on the available data, there are
scarce therapeutic modalities in case of BCG-failure
and it is not really clear, which subgroup of patients
who do not respond, or have recurring disease,
after BCG would benefit more from a specific new
agent. However, there is emerging literature report-
ing prospective data on novel intravesical therapeutic
agents.
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The objective of this paper is to provide a system-
atic review of these agents focusing on their efficacy
and toxicity profiles.

MATERIALS AND METHODS

Search strategy

Two authors (ADA, GC) performed an indepen-
dent online search of the PubMed, EMBASE and
Web of Science databases according the PRISMA
checklist. All the available clinical trials evaluating
intravesical therapies to treat recurring NMIBC after
previous intravesical BCG were evaluated.

The following keywords were used for the search:
“bacillus Calmette-Guerin” or “BCG,” “non-muscle
invasive bladder cancer” or “NMIBC” or “urothe-
lial carcinoma,” “BCG-refractory bladder cancer” or
“BCG failure” or “BCG unresponsive” and “intrav-
esical therapy” were used for publication years
2000–2023.

Studies that were not in the English lan-
guage, included MIBC patient populations, lacked
a post-treatment evaluation of response, referred to
“traditional” intravesical chemotherapeutics agents
or those on systemic immunotherapy for NMIBC
were excluded.

Initial evaluation was based on the title and abstract
of the article. Pre-selected outcomes were subjected
to full-text review. Eligible publications were sub-
jected to full-text assessment, including a manual
search of the reference lists. A standardized data col-
lection template containing the trial’s background
information was used by a single reviewer (GC) to
collect the data from each report. The obtained data
were then confirmed by the other authors.

Finally, a search on Clinicaltrials.gov was per-
formed in order to identify ongoing clinical trials on
these new intravesical agents.

Data extraction

Data were extracted independently by two authors
(ADA, GC) and reviewed by a third author (GG). The
extracted data included: year of publication, source
of the data, time period of the study, total number of
patients, study design, BCG maintenance schedule,
cancer stage (carcinoma in situ (CIS) with or without
papillary disease versus papillary disease), complete
response (CR) rates for 3, 6, 12, and 24 months post-
treatment evaluation, progression rates, RC rates, and
toxicity profiles.

Primary endpoints

The primary endpoint of this systematic review
was to evaluate the efficacy of the novel intraves-
ical agents in terms of CR and durability of CR,
overall survival (OS), recurrence-free survival (RFS),
progression-free survival (PFS) and cancer-specific
survival (CSS). The secondary endpoint was to report
on the toxicity profile of these agents. Finally, the
ongoing clinical trials of these new intravesical agents
are reported.

RESULTS

Search results

The initial online search of electronic databases
yielded 364 publications that were evaluated by title
with or without assessment of the abstract. 144 fur-
ther publications were identified through the related
manuscripts search, for a total of 508 papers. Follow-
ing the application of the exclusion criteria, 14 studies
were included in this review [13–26]. The selection
process is explained in the PRISMA flow diagram in
Fig. 1. Six ongoing trials have been also identified.

Novel intravesical treatments

The main novel agents for the salvage intravesi-
cal treatment of NMIBC after BCG-failure that have
been identified through the search of literature, as
well as their mechanism of action, are summarized
in Table 1 [27–37]. Efficacy and toxicity profiles are
summarized in Table 2.

Nadofaragene firadenovec (rAd-IFNa/Syn3)
Three studies [13–15] have evaluated the safety

and preliminary efficacy of this agent that was
FDA-approved for adult patients with HR BCG-
unresponsive NMIBC with CIS with or without
papillary tumors on December 2022. Dinney et al.
[13] enrolled 17 patients with recurrent NMIBC after
BCG and administered a single treatment of rAd-
IFNa/Syn3. The authors did not encounter any dose
limiting toxicity; urgency was the most common
adverse event (88%), followed by headache (59%),
fatigue (47%) and nausea (35%). High and prolonged
dose related urine IFNa and Syn3 levels were mea-
sured, proving the efficacy of the gene transfer. The
12-mo CR rate was 29%.
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Fig. 1. PRISMA flowchart.

Shore et al. [14] evaluated the efficacy of this treat-
ment in terms of 12-mo HG RFS in a phase 2 study.
43 patients with HG BCG-refractory or relapsed
NMIBC were randomly assigned to receive 1011 viral
particles (vp) or 3 × 1011 vp/ml. The overall 12mo
HG RFS was 35%. Interestingly, of the 14 patients
who were recurrence free at 12 months, 10/14 (71%)
had an anti-adenovirus antibody response (defined as
4 times the predose titer) compared with 11/25 (44%)
who experienced recurrence.

Recently, Boorjian et al. [15] presented the results
of a phase 3, multicenter, open-label, repeat-dose
single-arm trial on the efficacy of rAd-IFNa/Syn3 in
the management of BCG-unresponsive BCa. Eligible
patients received a single intravesical 75 ml dose of
rAd-IFNa/Syn3 (3 × 1011 viral particles/mL). Repeat
dosing at 3, 6 and 9 months was done in the absence
of HG recurrence.

The 3-mo CR rate for CIS was 53.4% (55/103
patients; 95% CI 43,3–63,3) and 25 of 103 patients
(24,3%) remained HG recurrence-free at 12 months.
Median duration of CR was 10 months. 73 of 103
patients (71%) developed recurrent HG NMIBC and
five (5%) progressed to MIBC (≥pT2).

In the HG Ta or T1 cohort, 35 of 48 patients
(72,9%; 95% CI 58,2–84,7) were HG recurrence-
free at month 3 and 21 patients (43,8%; 95% CI
29,5–58,8) were recurrence-free at month 12. Thus,
21 of 35 (60%) patients with HG Ta or T1 NMIBC
who were HG recurrence-free at 3 months maintained
that status at 12 months. Median duration of HG RFS
was 12.35 months.

Concerning the entire studied population, HG RFS
at 1 year was 30.5%. Progression to muscle invasion
was observed in 5% of patients in the CIS cohort
and 6% of patients in the HG Ta/T1. 40/151 patients
(26%) underwent RC by the 12th month. Median
time to cystectomy for the CIS cohort was 9 months
(IQR 4.9–11.0) and 8 months (5.8–13.1) for the HG
Ta/T1 cohort. Patients who achieved a CR had a sig-
nificantly longer median time to RC compared with
those who did not (11.4 months, IQR 7.7–14.9) versus
6.4 months, 4.2–10.6; p = 0,043). The authors further
confirmed the safety profile of nadofaragene firade-
novec, with only three patients stopping treatment
due to an adverse event, no treatment-related deaths,
and no pattern of immune-related adverse events
noted. The dosing schedule of nadofaragene firaden-
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Table 1
Main novel agents for the salvage intravesical treatment of NMIBC after BCG-failure

Nadofaragene Firadenovec
(rAd-IFNa/Syn3) (A
viral-vector-based gene therapy
that induces endogenous
production of local IFNa)

Replication deficient recombinant viral-vector-based gene therapy that provides a copy of the
human interferon alfa-2b gene to urothelial cells. Syn3 is a polyamide surfactant that
promotes viral transduction of the urothelium. Their combination in rAd-IFNa/Syn3 causes
tumor regression by triggering local rather than systemic production of interferon alfa-2b; in
this way the agent provides the potential for high, sustained levels of IFNa by inducing
endogenous production that may enhance efficacy [27–30].

CG0070 (selective oncolytic
adenovirus kills tumor cells
through local GM-CSF synthesis
)

Cretostimogene Grenadenorepvec (CG0070) is a cancer-selective oncolytic adenovirus
engineered to preferentially replicate in tumor cells. It destroys tumors by selective replication
in Rb-pathway defective tumor cells, and kills tumor cells through immunogenic cell death
and local GM-CSF synthesis [31].

Paclitaxel-hyaluronic acid
(Originated from the chemical
conjugation of paclitaxel with
HA higher cytotoxic activity, up
to 800-fold, compared to
paclitaxel alone)

Oncofid-P-B is a novel compound under development by Fidia Farmaceutici S.p.A. that
originates from the chemical conjugation of paclitaxel with HA, leading to several
physico-chemical improvements over paclitaxel alone, such as water solubility and bladder
muco-adhesive properties [19]. Moreover, Oncofid-P-B acts by a unique mechanism of action
which leads to a significant increase of paclitaxel activity in superficial bladder tumors due to
the specific binding of the HA mojety to CD44, its natural receptor, over-expressed on the
surface of several tumors, including bladder carcinoma [32]. The higher cytotoxic activity, up
to 800-fold, of Oncofid-P-B in comparison to paclitaxel alone has been documented in human
bladder cancer lines overexpressing CD44 [32].

Nab-paclitaxel (is a novel agent
in the taxane family modified
with the addition of albumin
particles to increase solubility
and facilitate drug delivery)

Taxanes inhibit microtubule depolymerization and disrupt the mitotic spindle, thereby
blocking cell division and inducing apoptosis [33].
Nab-paclitaxel is a novel agent in the taxane family which has been modified with the
addition of albumin particles to form nanoparticles to increase solubility and facilitate drug
delivery to tumor cells via biological interactions with albumin receptors that mediate drug
transport across epithelial cells. It has greater water solubility and an accelerated drug
transport method into tumor cells accross epithelial cells [34, 35].

VPM1002BC (A modified
mycobacterium BCG)

Modified mycobacterium BCG for the treatment of NMIBC. The genetic modifications are
expected to result in better immunogenicity and less side effects [23, 24].

Vicinium (Oportuzumab
Monatox, VB4-845) (A fusion
protein inhibits protein synthesis)

Vicinium is a fusion protein consisting of an Epithelial Cell Adhesion Molecule
(EpCAM)-specific antibody fragment fused to Pseudomonas Exotoxin A, a potent inhibitor of
protein synthesis [25].

N-803 (mutated IL-15 based
immunostimulatory fusion
protein compound)

IL-15 is a proinflammatory cytokine critical for the generation, maintenance and homeostasis
of T cell responses. It can boost CD4+ and CD8+ T cell and NK proliferation, activation and
function. The IL-15 superagonist N-803 has been developed as a way to enhance the innate
and cellular immune responses to HIV and consequently the antiviral activity [36]. It has also
demonstrated antitumor activity across a spectrum of diseases, including BCa [37]. In the
latter case, the compound shows a promising antitumor activity in combination to BCG, but a
low efficacy when administered alone.

ovec (one intravesical treatment every 3 months) was
demonstrated to be convenient for both patients and
physicians.

CG0070 (monotherapy and combination with
checkpoint inhibitors)

Monotherapy activity of CG0070 in NMIBC after
BCG failure has been established in the studies
V0046 [16] and BOND-002 [17].

In the first phase 1 trial (V0046) 35 patients with
high-risk, BCG-failure NMIBC (CIS-containing or
papillary) received single or multiple (every 28 days
x 3 or weekly x 6) intravesical infusions of CG0070
at 1 of 4 dose levels (1 × 1012, 3 × 1012, 1 × 1013

or 3 × 1013 viral particles). Response to treatment
was based on cystoscopic assessment and biopsy or
urine cytology. CG0070 demonstrated a CR rate of
48.6% at 3 months and met the safety/efficacy out-

comes, with the target dose and schedule identified
for a subsequent phase 2 study [16].

Next, CG0070 monotherapy was evaluated in a
phase 2 trial (BOND-002) of 45 patients with BCG-
failure NMIBC (CIS containing) [17]. In the interim
analysis, the 6-mo CR was achieved in 47% of
patients.

The phase 3 trial NCT04452591 (BOND-003) is
ongoing [38]. The objective of this trial is to evaluate
the activity of intravesical administration of CG0070
in patients with tissue pathology confirmed NMIBC
who have BCG unresponsive disease, with either CIS
with or without Ta/T1 disease. The estimated enrolle-
ment is 110 patients while the study completion date
is July 2025.

A further therapeutic modality for BCG-
unresponsive NMIBC is represented by the
combination of CG0070 with an immune checkpoint
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Table 2
Summary of study design, oncologic efficacy and adverse events of the novel salvage intravesical treatments for NMIBC after BCG-failure

Study Agent Participants
No.

Study
Design

Maintenance
therapy

Cancer Stage 3/6-Mo
efficacy

12-Mo
efficacy

≥24-Mo
efficacy

Cystectomy,
%

Toxicities/
adverse events

Dinney et al
(2013)

rAdeIFN-
a/Syn3

17 Phase I 29% received
maintenance

35% CIS, 24%
CIS/Ta, 6%
CIS/T1, 35%
Ta

41% 3-mo CR 29% CR 23.5% CR 59 Urgency 88%
Headache 54%
Fatigue 47%
Nausea 35%

Shore et al
(2017)

rAdeIFN-
a/Syn3

40 Phase II 3 treatments at mo
4, 7, and 10

52.5% CIS,
10% CIS/Ta,
12.5%
CIS/T1, 10%
Ta, 15% T1

42.5% 6-mo
HG RF

35% HG RF 35 Urgency 40%
Dysuria 40%
Fatigue 32.5%
Hematuria 25%

Boorjian et al
(2021)

rAdeIFN-
a/Syn3

151 Phase III 3 treatments at mo
3, 6, and 9

52% CIS, 13
CIS/Ta, 3%
CIS/T1, 22%
Ta,10% T1

59.6% 3-mo
CR
47.7% 6-mo
HG RF

30.5% HG RF 26 Fatigue 20%
Bladder spasm
15%
Urgency 14%

Burke et al
(2012)

CG0070 35 Phase II 63% received
scheduled
multidose
treatment

23% CIS, 6%
CIS/Ta, 20%
CIS/T1, 43%
Ta, 9% T1

48.6 % 3-mo
CR

Dysuria 71.4%
Hematuria 43%
Urinary
frequency 43%
Urgency 34%

Packiam et al
(2018)

CG0070 45 Phase II
Interim
results for
patients
with BCG-
unresponsive
NMIBC
who
refused
cystec-
tomy

24 pure CIS, 8
CIS + Ta, 4
CIS + T1, 6
Ta, 3 T1

47% 6-mo CR Urinary bladder
spasms 36%
Hematuria 28%
Dysuria 25%
Urgency 22%
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McKiernan et
al (2011)

Nab-Paclitaxel 18 Prospective
Phase I

Induction: 6 x
weekly instillation
of nab-paclitaxel
with starting dose
150 mg to 500mg

28% 6-wk CR Dysuria 28%

McKiernan et
al (2014)

Nab-paclitaxel 28 Phase II 6 treatments in 6
mo

46% CIS,
7% CIS/Ta,
18% CIS/T1,
14% Ta,
14% T1

35.7% 6-wk
CR

35.7% CR 30.6% RF 26 Grade 1 14%
Grade 2 18%

Robins et al.
(2017)

Nab-paclitaxel 28 Phase II 500mg/100mL of
nab-paclitaxel in 6
weekly
intravesical
instillations

Recurrent CIS,
Ta, and T1
urothelial
carcinoma

36% 6-wk CR 36% CR 18% CR at
3 yrs

39 NR

Bassi et al.
(2011)

Paclitaxel-
hyaluronic
acid

16 Phase I No Not specified 60% CR at 1
week after the
last instillation

39% overall

Hurle et al
(2022)

Paclitaxel-
hyaluronic
acid

20 Phase I 12 monthly
instillations

CIS±Ta-T1 65% 3mo CR
60% 6 mo CR

40% CR 35 15%
drug-related
AEs

Rentsch et al.
(2022)

VPM1002BC 6 Phase I No CIS Ta-T1 NR NR NR NR Anemia 33%
Alguria 33%

Rentsch et al.
(2022)

VPM1002BC 42 Phase I/II Six weekly
intravesical
instillations
followed by
maintenance for 1
yr (3 instillations
at 3, 6, and 12 mo
after the first
instillation)

T1 7 (17.5)
T1/CIS 5
(12.5) Ta 6
(15.0) Ta/CIS
5 (12.5) CIS
17 (42.5)-HG
urothelial
carcinoma 40
(100.0)

RFS rate in the
bladder was
49.3% at
60wks after
trial
registration
(95%
confidence
interval [CI]
32.1–64.4%)

RFS
47.4%
(95% CI
30.4–62.6%]
at 2 yr
RFS
43.7%
(95% CI
26.9–59.4%)
at 3 years
after trial
registra-
tion.

37.5 Frequency/
urgency 16.7%
Genitourinary
infection 33%

(Continued)
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Table 2
(Continued)

Study Agent Participants
No.

Study
Design

Maintenance
therapy

Cancer Stage 3/6-Mo
efficacy

12-Mo
efficacy

≥24-Mo
efficacy

Cystectomy,
%

Toxicities/
adverse events

Kowalski et al.
(2012)

Vicinium 46 Phase II
study

Up to 3
maintenance
cycles of 3 weekly
administrations
every 3 months.

CIS±Ta-T1 40% 3-mo CR
26.7% 6-mo
CR

15.6% CR Renal+urinary
disorders 63%

Chamie K et al
(2023)

N-803+BCG 82 cohort A Phase II/III BCG plus N-803
weekly for 6
consecutive weeks
(initial induction
treatment period).
After the first
disease
assessment,
eligible patients
will receive either
a 3-week
maintenance
course or a 6-week
re-induction
course (second
treatment period)
at Month 3.
Eligible patients
will continue to
receive
maintenance
treatment in the
third treatment
period at Months
6, 9, 12, and 18.

CIS±Ta-T1 (cohort A)
55% 3mo CR
56% 6mo CR

45% 12mo CR Dysuria
Pollakiuria
Haematuria
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inhibitor. CORE1 trial (phase 2) is a single arm
study of CG0070 combined with pembrolizumab
in patients with NMIBC unresponsive to BCG.
All patients received CG0070 induction weekly
(1 × 1012 vp/mL) for 6 weeks, followed by a
second induction course weekly for 3 weeks in
responders and 6 weeks in non-responders. All
responders subsequently received a maintenance
course weekly for 3 weeks. Patients concurrently
received pembrolizumab every 6 weeks (as opposed
to the usual 3 weeks) at a dose of 400 mg through
year 2. Impressively, an overall CR rate of 85% was
observed that was longitudinally maintained with 6-,
9-, and 12-month CR rates of 82%, 81%, and 68%,
respectively. Adverse events were predominantly
transient, grade 1-2 and local (genitourinary) [39].

Paclitaxel-hyaluronic acid
Bassi et al. [18] provided the first phase 1 study on

paclitaxel-hyaluronic acid bioconjugate (ONCOFID-
P-B™) given by intravesical instillation to 16 patients
with BCG-refractory CIS. The solution was admin-
istered for 6 consecutive weeks. At 1 week after
the last instillation CR rate was 60%. No dose
limiting toxicity occurred at any drug level evalu-
ated. A total of 11 adverse events were reported by
7 patients.

In another phase 1 trial, Hurle et al. [19] evalu-
ated the safety and efficacy of Oncofid P-B in 20
patients with CIS ± Ta-T1, unresponsive or intoler-
ant to BCG, and unwilling or unfit for cystectomy.
The drug was administered by intravesical instillation
for 12 consecutive weeks (intensive phase) followed,
in CR patients, by 12 monthly instillations (main-
tenance phase). The CR was defined as a negative
cystoscopy, negative biopsy of the urothelium and
negative cytology. At the end of the intensive phase,
15 of the 20 enrolled patients (75%), achieved the
CR. Patients still in CR after 3, 6, 9 and 12 months of
maintenance phase were 13 (65%), 12 (60%), 9 (45%)
and 8 (40%), respectively. Only seven (5 mild and 2
moderate) drug-related adverse events were reported
in three patients.

Nanoparticle albumin-bound paclitaxel
In 2011 McKiernan et al. [20] provided the first

phase 1 trial to evaluate the dose limiting toxicity
and maximum deliverable dose of intravesical nab-
paclitaxel. A total of 18 patients (13 men, 5 women)
were enrolled in the study. Grade 1 local toxicities
were experienced by 10 (56%) patients with dysuria
being the most common, and no grade 2, 3 or 4 drug

related local toxicities were encountered. 6-wk CR
rate was 28%.

McKiernan et al. [21], assessed the efficacy
of the drug in patients with recurrent CIS, T1
and Ta urothelial carcinoma in whom at least 1
prior regimen of intravesical BCG failed. Patients
received 500 mg/100 ml nab-paclitaxel administered
in 6 weekly intravesical instillations plus monthly
maintenance treatments for 6 months for complete
responders. A total of 28 patients were enrolled in the
study. 6-wk CR rate was 35.7%. At 1 year all of these
responses remained durable after maintenance ther-
apy. At a mean followup of 21 months (range 5–47)
19/28 (67.8%) patients retained their bladders with-
out progression or distant metastases. Only grade 1-2
adverse events were noted in 9 of 28 (32.1%) patients.

Robins et al. [22] reported the long-term follow-up
results of the trial reported in [14]. The CR rate was
36% at 6-wk assessment. Three-year RFS rate was
18% while the five-year OS and CSS rates were 56%
and 91%, respectively. RC-free survival was 61%.

VPM1002BC
Rentsch et al. [23] reported on patient safety of the

first intravesical application of VPM1002BC
in humans. Six patients with BCG failure
received a treatment of 6 weekly instillations
with VPM1002BC. No DLT (dose limiting toxicity)
occurred during the DLT-period. No grade ≥ 3
adverse events occurred. Excretion of VPM1002BC
in the urine was limited to less than 24 hours.

Rentch et al. also provided the first phase 1-2
trial reporting on the efficacy, safety, tolerability
and quality of life of intravesical VPM1002BC for
the treatment of NMIBC recurrence after conven-
tional BCG therapy [24]. Patients were scheduled
for standard treatment of six weekly instillations
with VPM1002BC followed by maintenance for
1 yr. Treatment was stopped in cases of recur-
rence. The RFS rate in the bladder was 49.3%
at 60wks after trial registration (95% confidence
interval [CI] 32.1–64.4%) and remained at 47.4%
(95% CI 30.4–62.6%] at 2 yr and 43.7% (95%
CI 26.9–59.4%) at 3 years after trial registration.
Treatment-related adverse events were mainly of
grade 1-2. No grade ≥ 4 adverse events occurred.

Vicinium (Oportuzumab Monatox, VB4-845)
In Phase 1 and 2 studies, intravesical Vicinium

demonstrated good safety profile and meaningful
clinical activity in BCG-unresponsive high-grade
NMIBC. In the study of Kowalski et al. [25] 46



246 A.D. Asimakopoulos et al. / Salvage Intravesical Treatment for High-Risk NMIBC

patients received 1 induction cycle of 6 (cohort 1)
or 12 (cohort 2) weekly intravesical oportuzumab
monatox instillations of 30 mg, followed by up to
3 maintenance cycles of 3 weekly administrations
every 3 months. 3-mo CR rate was 41% in cohort
1 and 39% in cohort 2; the overall CR rate was 44%.
For complete responders, median time to recurrence
was 274 and 408 days in cohorts 1 and 2, respec-
tively. The most common adverse events were mild
to moderate reversible bladder symptoms.

Moreover, the single-arm multicenter registra-
tional phase III VISTA trial (NCT02449239) has been
completed and presented as a congress abstract [40].
The CR rate of the evaluable CIS patients (n = 89)
at 3 months was 40%. Of the 3-month CIS respon-
ders, 52% remained disease-free for 12 months.
The recurrence-free rates of the evaluable papillary
patients (n = 38) at 3, 12 and 24 months were 71, 50
and 37%, respectively. Overall, the rate of RC was
10% (6 of 63) for the 3-month responders. Vicinium
was well tolerated with 52% of patients experiencing
treatment-related adverse events, the majority being
grade 1–2.

The FDA denied the biologic license application
in August, 2021 for Vicinium for the treatment of
BCG-unresponsive NMIBC.

A phase I study completed accrual testing the com-
bination of Vicinium with Durvalumab in high-grade
NMIBC pretreated with BCG and the results are
pending [41].

ALT-803 (N-803)
In a recent open-label, multicenter study [26],

patients with BCG-unresponsive bladder CIS with
or without Ta/T1 papillary disease were treated with
intravesical N-803 plus BCG (cohort A) or N-803
alone (cohort C). Patients with BCG-unresponsive
HG Ta/T1 papillary NMIBC also received N-803
plus BCG (cohort B). In cohort A, at the 3-, 6-, and
12-month response assessments, CR rates were 55%
(45 of 82 patients; 95% CI = 43.5% to 65.9%), 56%
(46 of 82 patients; 95% CI = 44.7% to 67.0%), and
45% (37 of 82 patients; 95% CI = 34.1% to 56.5%),
respectively. At 24 months in patients with CR,
the Kaplan–Meier estimated probability of avoiding
cystectomy and of DSS was 89.2% and 100%, respec-
tively. The efficacy population in cohort B consisted
of 72 evaluable patients with a median follow-up
duration of 20.7 months (range, 2.9 to 37.1 months).
DFS rates at 12, 18, and 24 months were 55.4%
(95% CI = 42.0% to 66.8%), 51.1% (95% CI = 37.6%
to 63.1%), and 48.3% (95% CI = 34.5% to 60.7%),

respectively, by Kaplan–Meier analysis. The cystec-
tomy rate was 7% (5 of 72 patients). Concerning
cohort C, CR at 3 months was achieved in only 2
(20%) of 10 patients who were administered N-803
alone. Six patients underwent reinduction. Only one
patient (10%) maintained a CR at 6 months. On the
basis of protocol-defined stopping rules, cohort C
was discontinued for futility and enrollement was
stopped. The most frequently reported adverse events
for patients who received BCG plus N-803 (cohorts A
and B, n = 161) were those expected for intravesical
instillation of BCG and included dysuria, pollakiuria,
and haematuria. The FDA issued a complete response
letter on May 11, 2023 regarding the biologic license
application.

Other agents
a) TAR-200.
The GemRIS device, developed by Taris Biomedi-

cal, is a drug delivery system designed for prolonged
intravesical drug delivery. The device consists of a 5-
cm semipermeable silicone tube that functions as an
osmotic pump and slowly releases dissolving gem-
citabine tablets [42]. Pharmacokinetically, 60–70%
of the drug load is delivered over 2 wk, compared to
the 2-h conventional dwell time for intravesical drugs
[43].

The GemRIS device is inserted via an 18 F urethral
catheter and self-coils into a pretzel shape intraves-
ically [44]. A phase 1 marker lesion trial among 12
NMIBC patients was recently conducted. In one of
two arms, patients received the device on day 0 for
7 d, a second device on day 21 for 7 d, followed by
TURB on day 28. The second arm investigated two
21-d courses of the device without a holiday between
treatment courses and TURB on day 42. Patients were
followed for 2 yr for safety, tollerability and RFS.
Results from this trial have not yet been reported [45].

In AUA 2023 the first results from the randomized
trial SunRISe-1 in patients with BCG-unresponsive
HR NMIBC (CIS patients (+/– papillary disease)
who did not receive a RC) receiving TAR-200 in
combination with Cetrelimab, TAR-200 alone, or
Cetrelimab alone were presented. From an efficacy
standpoint, 73% of patients in the TAR-200 arm
achieved a CR while the CR rate in the cetrelimab
arm was 38%. Overall, most AEs in the TAR-200
group were grade ≤ 2. 9% of patients discontinued
TAR-200 and 4% cetrelimab due to treatment-related
adverse events [46].

b) Intravesical immune therapy.
One in vivo study in a mouse model demon-

strated a similar efficacy between intravesical
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administration of PD-1 inhibitor and systemic anti-
PD-1 drug [47]. Two further small studies of
intravesical Pembrolizumab (NCT 02808143) and
Durvalumab (NCT03759496) in patients with HG
BCG-unresponsive NMIBC are recruiting [48].

c) TARA-002.
TARA-002 is a lyophilized biological prepara-

tion for instillation containing cells of Streptococcus
pyogenes (Group A, type 3) su strain treated with
benzylpenicillin. The safety and toxicity profile
of TARA-002 in adults with HG NMIBC is cur-
rently being evaluated by the ongoing phase 1a/b
ADVANCED-1 trial [49]. In the month of July 2023,
the new TARA-002-101-Ph1b/2 (ADVANCED-2)
trial has been posted. This trial is an open-label
Phase 1b/2 dose expansion study planned to investi-
gate the safety and anti-tumor activity of intravesical
treatment of high-grade CIS NMIBC (±Ta/T1)
with intravesical instillation of TARA-002 in adult
patients. Participants will be enrolled into one of 2
cohorts:

Cohort A:

• Participants with CIS (±Ta/T1) who are unable
to obtain intravesical BCG, or

• Participants with CIS (±Ta/T1) who have not
received intravesical BCG for 24 months prior
to CIS diagnosis

Cohort B:

• Participants with CIS (±Ta/T1) who are BCG
unresponsive after completion of adequate BCG
therapy (minimum 5/6 doses induction and 2/3
doses maintenance or 2/6 doses reinduction)

The study plans to enroll 102 patients and to be
completed in May 2026 [50].

DISCUSSION

BCG is the standard therapy after TURB
for high-risk NMIBC. However, post-BCG recur-
rence/progression occurs frequently and noncystec-
tomy options are limited.

The only US FDA-approved bladder-sparing
treatment options for BCG-unresponsive high-risk
NMIBC are intravesical thiotepa (which is not used
anymore due to its lack of efficacy), intravesical
valrubicin, characterised by questionable efficacy,
intravenous pembrolizumab [48, 51] and nadofara-
gene.

Several other treatments have been evaluated with-
out definitive outcomes. Further BCG therapy is
not recommended. Mycobacterium phlei cell wall-
nucleic acid complex (MCNA), although promising
in preliminary reports of efficacy [52] did not receive
FDA approval as the results were not confirmed by a
phase 3 trial [48]. Cytotoxic intravesical chemother-
apic agents, alone or in combination, have also
been adopted for the management of NMIBC after
BCG-failure. The use of intravesical gemcitabine and
doxetaxel has been evaluated by some studies that,
although promising lack recent updates [7, 9]. Con-
cerning these two drugs, there is more recent interest
on their sequential administration that although sup-
ported by retrospective studies [53], lacks prospective
validation.

Device-assisted instillation of mitomycin c,
through thermo-chemotherapy or electromotive drug
administration have also provided interesting results
[48], that warrant further clinical investigation.

Widespread adoption of these agents has been
hampered by small sample sizes, heterogeneous
cohorts, lack of long-term results and of solid
prospective validation.

Currently, no established and effective intravesi-
cal therapies are available for those patients whose
tumors recur after BCG. Thus, according to the EAU
guidelines [54], treatments other than RC in this
setting must be considered oncologically inferior to
RC. Nevertheless, many innovative agents are in the
pipeline, and hopefully will be ready to be used
soon in a routine setting. Overall, these emerging
bladder-sparing treatments appear to have 12-month
efficacy ranging between 29–60%, combined with a
favourable toxicity profile, characterised mainly by
low-grade adverse events and no treatment-related
deaths.

In particular, the phase 3 trial reported efficacy
and the manageable adverse event profile may render
the nadofaragene firadenovec the new gold standard
for patients with BCG-unresponsive NMIBC [55],
especially for those unwilling to undergo or unfit for
RC. This agent showed first-of-its-kind efficacy for
gene therapy, with a 3 mo CR rate of nearly 60% in
all enrolled and treated patients. At 12 mo, 30.5%
of all patients were free from HG recurrence. The
results compare favorably to pembrolizumab. 94.7%
of patients did not progress to muscle invasion during
the study, and of those who did, salvage cystectomy
was feasible.

Phase 1 trials have been published for paclitaxel-
hyaluronic acid (Oncofid-P-B™). Only a phase II
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“marker lesion” study on the ablative activity of the
Oncofid-P-B has been published. The paper reports
a CR rate of 45% after the induction cycle with a
very good tolerability and safety profile. However,
the paper is not followed by a full-text publication
yet [56].

Phase 1-2 trials for intravesical nanoparticle albu-
min bound paclitaxel demonstrated a 12 mo CR rate
of 36% and 18% at 3 year and RC-free survival was
61% accompanied by only grade 1 local toxicities
[22]. To our knowledge, no phase 3 studies are avail-
able on these agents.

Concerning the recombinant mycobacterium BCG
VPM1002BC, both phase 1 and 2 trials have been
conducted already. At 1 year after starting treatment,
almost half of the patients remained recurrence-free.
The 3-yr outcome of 43.7% of the patients remaining
without recurrence is promising. Again, no phase 3
trials have been conducted yet.

Phase 1 and 2 trials have also documented
an adequate safety profile and promising activity
for intravesical CG0070 (a GM-CSF expressing
oncolytic adenovirus) while the phase 3 trial
NCT04452591 (BOND-003) is ongoing [38].

Similarly, the final analysis of the results of the
phase 3 VISTA trial (NCT02449239) on Vicinium,
that are promising but only published as a congress
abstract, is pending until final publication is available.

FDA-approved pembrolizumab and nadofaragene
represent the most robust and promising advances
made in the last 20 years for patients with HR NMIBC
who do not respond, or have recurring disease, after
BCG. Considering the options that are currently
under scrutiny, with multiple promising local and sys-
temic agents that are currently in phase I-III trials, one
can reasonably expect that clinicians will soon have
at their disposal new agents and treatment options for
salvage therapy after BCG failure.

FUTURE DIRECTIONS

The inherent properties of the bladder pose the
biggest obstacle to developing effective intravesi-
cal treatments for NMIBC. Current research is now
focusing on methods to improve the delivery of
intravesical therapies, through the development of
innovative intravesical drug delivery devices [45],
nanocarriers that are used to optimize targeted
drug delivery, reverse thermosensitive hydrogels that
increase the dwell time of intravesical drugs as well
as (magnetic) mucoadhesives [42].

CONCLUSIONS

The critical clinical need for the development of
an effective, safe and durable intravesical drug for
the salvage treatment of high-risk NMIBC seems to
be met mainly by gene therapy. In this context, data
support nadofaragene firadenovec as a potentially
important therapeutic advancement for a historically
difficult-to-treat disease. N803/BCG and innovative
drug delivery systems seem promising as well. Con-
sidering the plethora of novel intravesical treatment
that are currently emerging, it will be up to the urol-
ogist and future research to identify, for each specific
patient, the right agent to use, based on safety, results
and cost-effectiveness.
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