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Introduction: Non—muscle-invasive bladder cancer
(NMIBC) is a common malignancy worldwide. While
Bacillus Calmette-Guérin (BCG) is standard of care
for treatment for most patients with high-risk NMIBC,
many will either not respond to BCG initially or
will eventually develop BCG-unresponsive disease.
A treatment option in BCG-unresponsive disease
is nadofaragene firadenovec-vncg (Adstiladrin), a
nonreplicating adenoviral vector-based gene therapy
approved by the US Food and Drug Administration
(EDA) for the treatment of adults with high-risk BCG-
unresponsive NMIBC with carcinoma in situ with or
without papillary tumors.

Objective: To review safety outcomes of participants
who received the FDA-approved dose of nadofara-
gene firadenovec (3 x 10" wvp/mL) across phase 2
(NCT01687244) and phase 3 (NCT02773849) studies.

Methods: Data from the phase 2 and phase 3 studies
were collected and analyzed. The findings were reported

using descriptive statistics to summarize the key
outcomes observed across studies.

Results: Common adverse events (AEs) among nad-
ofaragene firadenovec recipients were leakage of fluid
around the urinary catheter, fatigue, bladder spasm,
chills, dysuria, and micturition urgency. Most study
drug—related AEs were mild and localized, with no grade
4 or 5 study drug—related AEs observed in either study.
Study drug—related AEs were generally transient, with
most study drug—related AEs having a median duration
of <2.0 days in the phase 3 study. Discontinuation rates
due to study drug—related AEs were low, with none
(0%) in the phase 2 study and three (1.9%) in the phase
3 study. No specific postmarketing surveillance was
required by the FDA besides routine pharmacovigilance
monitoring; no new real-world safety signals have been
observed.

Conclusion: Nadofaragene firadenovec demonstrated a
favorable and tolerable safety profile across its clinical
study program, allowing for broad patient selection
among those with high-risk BCG-unresponsive NMIBC.
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Introduction

Bladder cancer ranks as the ninth most common
cancer globally and the sixth most common
cancer in the United States.”” Bacillus

Received date 09 December 2024
Accepted for publication 21 February 2025
Published online 18 March 2025

*Corresponding Author: Badrinath R. Konety. E-mail:
badrinath.konety@allina.com

Calmette-Guérin (BCG) therapy has been the
cornerstone of treatment for non-muscle-invasive
bladder cancer (NMIBC) for several decades, with
initial complete response rates varying between 55%
and 65% for papillary tumors and 70% to 75% for
carcinoma in situ (CIS).”* However, despite high
initial response rates, a substantial proportion of
patients may experience recurrence and progression
of disease during long-term follow-up, ultimately
becoming BCG unresponsive.”” Radical cystectomy
is considered definitive treatment in the setting of
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BCG-unresponsive disease; the invasive nature and
the accompanying morbidity and mortality make
it unsuitable for certain patients.”” In addition,
many patients prefer to forgo or delay radical
cystectomy to avoid potential lifelong consequences
of the procedure and the resultant decreases in
health-related quality of life” Bladder-preserving
treatment options are essential for patients who
cannot undergo or prefer to avoid radical cystectomy:.
While four therapies are approved by the US Food
and Drug Administration (FDA) for high-risk BCG-
unresponsive NMIBC with CIS with or without
papillary tumors, a global unmet need remains.'’"

Nadofaragene firadenovec-vncg (rAd-
IFNo./Syn3; Ferring Pharmaceuticals A/S) is an
intravesical gene therapy approved by the FDA for
patients with high-risk BCG-unresponsive NMIBC
with CIS with or without papillary tumors.”” National
Comprehensive Cancer Network (NCCN) guidelines
also support the use of nadofaragene firadenovec
in select patients with high-grade papillary Ta/T1
only tumors without CIS.” Nadofaragene firadenovec
consists of rAd-IFNa, a nonreplicating adenoviral
vector-based gene therapy that delivers the
gene encoding human IFNo2b to uroepithelial
cells of the bladder wall. The drug formulation
also contains Syn3, a polyamide surfactant that
enhances viral transduction of the urothelium. "
Expression of IFNo2b protein causes antitumor
effects through various mechanisms, which include
cytotoxic, immune-mediated, and antiangiogenic
effects.”” Across four clinical studies, more than 200
participants have been treated with nadofaragene
firadenovec.” "

Nadofaragene firadenovec is an effective therapy
for patients with BCG-unresponsive NMIBC, with
more than half of participants with CIS + Ta/T1
tumors experiencing a complete response within 3
months of a single dose in the phase 3 CS-003
study” The phase 2 (NCT01687244) and phase 3
(NCT02773849) studies included prespecified safety
endpoints, with monitoring periods of 4 years and
5 years following administration of the first dose
of nadofaragene firadenovec, respectively. This brief
report reviews the clinical safety data of nadofara-
gene firadenovec across the phase 2 and phase 3
studies.”

Safety of Nadofaragene Firadenovec

Methods of phase 2 and phase 3 studies
Key study demographics from the phase 2 and phase
3 studies are reported in Table 1, and key study
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parameters are reported in Table Al. The phase 2
study enrolled participants with CIS (with or with-
out high-grade Ta/T1) and high-grade Ta/T1 only
and assigned them to low- and high-dose treatment
arms of 1 x 10" vp/mL and 3 x 10" vp/mL,
respectively. Participants were monitored for 4 years
following administration of the first dose of nadofara-
gene firadenovec, with prespecified safety endpoints
(Table 1). All adverse events (AEs) were documented
for up to 12 months, after which only serious
study drug-related AEs and/or procedure-related
AEs were collected. Based on the clinical safety and
efficacy profile of the high-dose (3 x 10" vp/mL)
arm in the phase 2 study, this dosage was used in
the single-arm CS-003 phase 3 study, which enrolled
participants into two cohorts: CIS (with or with-
out high-grade Ta/T1) and high-grade Ta/T1 only.
Participants in the phase 3 study were monitored
for 5 years after administration of the first dose of
nadofaragene firadenovec, with prespecified safety
endpoints. All AEs were documented for up to 24
months, after which only serious study drug-related
and/or procedure-related AEs were collected. For
patients who had disease progression and agreed,
follow-up data on long-term survival and time to
cystectomy was collected annually for up to 5 years
or until consent was withdrawn. For all patients,
serious adverse events (SAEs) were followed up until
resolution and AEs were followed up for a maximum
of 30 days after the withdrawal from study visit.
For both studies, an AE was protocol-defined as any
untoward medical occurrence associated with the use
of a drug in humans. An AE was defined as serious
if it resulted in death, was life-threatening, resulted
in hospitalization, caused a significant disruption in
normal life functions, caused a congenital anomaly
or birth defect, or jeopardized the participant and
required intervention to prevent a negative outcome.
All AEs and SAEs were assessed for relationship to
the study drug or study procedure. The severity of
each AE was graded according to National Cancer
Institute Common Terminology Criteria for Adverse
Events, version 4.03.

Full methods, statistical analyses, and outcomes
for each study have been reported previously.”**
To better describe data across multiple studies, the
safety data reported here include only participants
who received the same FDA-approved dose of 3 x
10" vp/mL.

Phase 2 study results
Nineteen participants received at least one dose of
nadofaragene firadenovec 3 x 10" vp/mL in the
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TABLE 1. Key study design parameters

Phase 2 study (n = 19°)

Open-label, multicenter, parallel-arm

Study design
study
Follow-up period
treatment period

Key demographics
Sex

Male, n (%) 14 (74)

Female, n (%) 5 (26)
Race, n (%)

White 18 (95)

Black or African American 0

Asian 1(5)

Age, median (IQR), years 73 (62-81)
Previous BCG courses, n (%)

1 1(5)

2 12 (63)

>3 6 (32)
Primary tumor classification at enrollment, n (%)

CIS 9 (47)

CIS + Ta 1(5)

CIS+T1 3(16)

Ta 2 (11)

T1 4(21)

3 years following an initial 12-month

Phase 3 study (n = 157)

Open-label, multicenter, repeat-dose
study

4 years following an initial 12-month
treatment period

129 (82)
28 (18)

146 (93)
8(5)

3(2)

71 (66-77)

6 (4)
73 (46)
78 (50)

81 (52)
21 (13)
5(3)

35 (22)
15 (10)

Note: BCG, Bacillus Calmette-Guérin; CIS, carcinoma in situ; IQR, interquartile range. *Key demographics from the phase 2
study include data from the 19 participants in the high-dose arm only (3 x 10!! vp/mL).

phase 2 study. Among these, all 19 (100%) experi-
enced at least one AE, with the highest AE severity
being grade 1 or 2 for most participants (84.2%). There
were four grade 3 study drug-related events (abdom-
inal pain, dysuria [n = 2], and acute renal failure)
reported in three participants (15.8%); no grade 4 or 5
AEs were reported.

Sixteen participants (84.2%) reported at least one
study drug-related AE. The most common study
drug-related AEs included fatigue, micturition
urgency, dysuria, and chills (Table2). Two
participants (10.5%) experienced a total of two grade
3 SAEs, of which one was related to study drug
(acute renal failure), which resolved with routine
medical care. All SAEs occurred only once. There
were no dose interruptions or discontinuations
that were attributed to a study drug-related AE.
One participant discontinued treatment due to a
grade 3 SAE, which was assessed to be a symptom
of disease progression and unrelated to study
drug administration. There were no recorded SAEs
deemed to be treatment related following the initial

12-month treatment period for up to 3 years of
follow-up. No deaths were assessed as related
to nadofaragene firadenovec during long-term
follow-up.

No clinically significant changes in mean values
of laboratory parameters or vital signs, electrocardio-
gram (ECG) findings, or physical examination were
found over the course of the study. Participants in
the low-dose arm demonstrated similar rates of AEs,
with no additional safety signals reported.

Phase 3 study results (CS-003)

A total of 157 participants (CIS £ Ta/T1 cohort, n
= 107 participants; high-grade Ta/T1 only cohort,
n = 50 participants) received at least one dose of
nadofaragene firadenovec 3 x 10" vp/mL. Of these,
42 participants (26.8%) continued treatment after
12 months, and 31 participants (19.7%) continued
treatment at or after 24 months. Among the safety
population (N = 157), 146 participants (93.0%) expe-
rienced an AE: 101 in the CIS cohort and 45 in
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TABLE 2. Study drug-related AEs in phase 2 and phase 3 studies of nadofaragene firadenovec*

Participants with studydrug-related AEs, n (%)

Product leakage around the catheter during instillation

Fatigue

Bladder spasm
Micturition urgency
Chills

Dysuria

Pyrexia

Syncope
Hypertension
Urinary incontinence
Pollakiuria
Hematuria
Nocturia

Acute renal failure
Abdominal pain

Phase 2° (n = 19) Phase 3¢ (n = 157)
Gradelor2 Grade3 Gradelor2 Grade3

12 (63.2) 4(21.0) 104(662)  6(3.8)
* * 39 (24.8) 0
6 (31.6) 0 31 (19.7) 0
* * 25 (15.9) 1(0.6)
5 (26.3) 0 23 (14.6) 2(1.3)
5 (26.3) 0 18 (11.5) 0
4(21.0) 2(105) 19 (12.1) 0
5 (26.3) 0 16 (10.2) 0
0 0 0 1(0.6)
0 0 2 (1.3) 1(0.6)
1(5.3) 0 6 (3.8) 1(0.6)
5 (26.3) 0 12 (7.6) 0
1(5.3) 0 7 (4.5) 0
4(21.1) 0 5(3.2) 0
0 1(63) * *
1(5.3) 1(53)  1(0.6) 0

Note: AE, adverse event. *AE not collected as a preferred term in study protocol. * Participants were followed for up to
4 years in the phase 2 study (1-year treatment period followed by 3-year follow-up period) and for up to 5 years in the
phase 3 study (1-year treatment period followed by 4-year follow-up period). Study drug-related AEs reported in table
include those occurring in >25% of all treated participants in the phase 2 study (high- and low-dose), those occurring
in >10% of all treated participants in the phase 3 study, and all grade 3 AEs across both studies to facilitate indirect
comparisons across studies. PParticipants in the high-dose (3 x 10'! vp/mL) cohort only. All AEs were documented
for up to 12 months, after which only serious study drug-related AEs and/or procedure-related AEs were collected.
¢All AEs were documented for up to 24 months, after which only serious study drug-related and/or procedure-related
AEs were collected. One participant experienced a study drug-related AE of an unknown grade and is not included in

the table.

the high-grade Ta/T1 cohort. There were 58 par-
ticipants (36.9%) with dose interruptions, with 54
dose interruptions (34.4%) involving an AE. Study
drug-related AEs were experienced by 111 partici-
pants (70.7%) (Table 2). Most study drug-related AEs
were transient and grade 1 or 2 in severity. There
were only six grade 3 study drug-related events (two
cases of micturition urgency and one case each of
bladder spasm, urinary incontinence, syncope, and
hypertension).

The most common study drug-related AEs
included leakage of fluid around the catheter during
instillation (24.8%), fatigue (19.7%), and bladder
spasm (16.5%). There were no grade 4 or 5 study
drug-related AEs, and most study drug-related AEs
were of a short median duration (<2.0 days). In total,
79 (50.3%) participants had a study procedure-related
AE. The most common study procedure-related AEs
included leakage of fluid around the urinary catheter
(20.4%), bladder spasm (10.2%), and micturition

urgency (7.6%). Study procedure-related AEs had a
short median duration of <1.0 day.

SAEs were reported in 19 participants (12.1%).
One SAE was assessed as being related to study drug
by the investigator but not by the sponsor (syncope).
Three SAEs were related to study procedure (one case
each of sepsis, pyrexia, and hematuria). Only three
participants (1.9%) discontinued treatment due to a
study drug-related AE (grade 3 bladder spasm, grade
2 instillation site discharge, grade 2 benign neoplasm
of the bladder); none of these events were assessed as
being serious. Laboratory parameters were collected
as part of routine safety monitoring, and transient
abnormalities in blood glucose, triglycerides, cre-
atine, phosphate, and hemoglobin were reported.
However, these changes were largely not deemed
clinically significant by site investigators. There were
also no notable changes in vital signs, ECG param-
eters, or physical examination results across either
cohort. No new safety signals were observed follow-
ing the initial 12-month treatment period and for up
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to 4 years of follow up, and no deaths were assessed
as being related to nadofaragene firadenovec.

Nadofaragene firadenovec was approved for use
in the United States in December of 2022. Since mar-
ket authorization, all reported side effects have been
mild, nonserious, and consistent with experience in
the phase 2 and phase 3 studies.

Discussion

Safe and efficacious bladder-preserving treatments
for NMIBC represent a global unmet need because
there are few available options approved world-
wide for patients with BCG-unresponsive NMIBC
who are not eligible for or who are unwilling to
undergo radical cystectomy. Patient factors such as
risk group, comorbidities, and intolerances are all
considerations when selecting treatment for NMIBC,
and well-tolerated therapies help alleviate concerns
about AEs. Nadofaragene firadenovec was well tol-
erated, with mild grade 1 or 2 study drug-related
AEs reported for most participants, and no grade 4
or 5 study drug-related AEs observed in phase 2 or
phase 3 clinical studies with up to 4 years of follow-
up following the initial one-year treatment period.
The median duration of AEs was generally short,
with the majority of study drug-related AEs having a
median duration of <2 days in the phase 3 study. No
study drug-related AEs led to discontinuation in the
phase 2 study and only three (1.9%) discontinuations
were seen due to study drug-related AEs in the phase
3 study.

Since nadofaragene firadenovec is administered
intravesically, most AEs were limited to transient
bladder-related events. Several bladder-related AEs
such as pollakiuria, urinary urgency, hematuria, and
bladder spasm have been observed in studies of
other intravesically administered therapies such as
BCG, gemcitabine, and docetaxel, suggesting some
of these AEs may be characteristic of intravesical
administration as a whole.””* Some AEs may be
mitigated with supportive medical therapy, such as
premedication with an anticholinergic agent to pre-
vent urinary urgency, fully thawing the medication
and allowing it to come to room temperature (as cold
fluids may cause bladder spasms), and appropriate
catheterization techniques to avoid bladder pain and
hematuria.”

There were no reports of grade 4 or 5 study
drug-related AEs during the treatment or monitoring
phases in either the phase 2 or 3 clinical studies of
nadofaragene firadenovec, with a median duration
of follow-up in the phase 3 study of 50.8 months.

Importantly, no additional risk mitigation measures
and safety-related postmarketing requirements were
imposed by the FDA beyond appropriate labeling and
routine pharmacovigilance activities.’

A potential concern is that delaying cystectomy
could lead to the development of muscle-invasive or
metastatic bladder cancer. The rate of progression to
muscle-invasive disease during long-term follow-up
was 16% (3 of 19 participants in the high-dose arm)
in the phase 2 study and 3% (5 of 151 participants
in the efficacy analysis set) in the phase 3 study.
In the phase 2 study, reports of progression were
collected after treatment discontinuation and after
first recurrence of high-grade disease, while in the
phase 3 study, reports of progression were collected
only at the time of first disease recurrence and not
at any time point afterwards. Therefore, the num-
ber of reports of progression cannot be compared
between the studies. However, the low rate of muscle-
invasive progression in the phase 3 study suggests
nadofaragene firadenovec did not put participants at
increased risk for progression and subsequent death
from delayed cystectomy.”

This analysis is a retrospective report of safety
data from phase 2 and phase 3 studies. Due to differ-
ences in methodology and data collection parameters
between the two studies, an integrated safety analysis
and direct comparisons were not conducted. Detailed
AE profiles after study drug administration were
available for up to 1 year after the first dose in the
phase 2 study and up to 2 years after the first dose
in the phase 3 study, after which only SAEs related to
the study drug were collected.

In summary, this safety review highlights nad-
ofaragene firadenovec as a safe and well-tolerated
bladder-preserving therapeutic option for patients
with BCG-unresponsive NMIBC. Continued research
on real-world safety, patterns of use, and patient
and provider experiences with nadofaragene firade-
novec is ongoing in the phase 4 ABLE-41 study
(NCT06026332).”
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TABLE Al. Additional study design parameters

Phase 2 study Phase 3 study
Number of participants 40 total 157 total
receiving atleastonedose 4 30 with CIS + HG Ta/T1 107 with CIS + HG Ta/T1
of nadofaragene ¢ 10with HG Ta/T1 50 with HG Ta/T1
firadenovec
Key inclusion criteria ¢ Underwent visually complete resection of papillary e Underwent visually complete resection of papillary
lesions by TURBT lesions by TURBT

. >18 years old with HG BCG refractory or

relapsed NMIBC

. Minimum of 3 months since last BCG therapy or
intravesical treatment, with the exception of cytotoxic
agents administered as a single instillation

immediately after TURBT

. >18 years old with histologically confirmed
BCG-unresponsive NMIBC

ECOG performance status <2

Hemoglobin >10 g/dL

WBC >4000 cells/uL

ANC >2000 cells/puL

Platelet >100,000 cells/uL

ALT and AST <1.5 x ULN

(Continued)
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TABLE Al. Additional study design parameters

Phase 2 study

BCG treatment definitions

Key exclusion criteria .
.
.
.
.
.
Study arms .
.
Treatment administration .
.
.
.
Primary efficacy endpoint .
Safety endpoints

BCG-refractory:

Inability to achieve a disease-free state at 6 months
after adequate induction BCG therapy with either
maintenance or reinduction at 3 months

Adequate induction: >5/6 treatments

Adequate maintenance: >2/3 treatments

Evidence of muscle-invasive or metastatic disease
Prior treatment with adenovirus-based drugs
Clinically significant and unexplained elevated liver
or renal function tests

Evidence of muscle-invasive or metastatic disease
Current systemic therapy for bladder cancer or
current or prior pelvic external beam radiotherapy
Severe cardiovascular disease

Low dose: 1 x 10! vp/mLrAd-IFN (n = 21)

High dose: 3 x 10! vp/mL rAd-IFN (n = 19)

Participants received either low- or high-dose
rAd-IFN/Syn3 in a total volume of 75 mL with a
1-hour retention time

Participants without recurrence of HG disease at
months 3, 6, and 9, as evaluated by cytology,
cystoscopy, and biopsy (if clinically indicated) were
then retreated at months 4, 7, and 10

At 12 months, a final efficacy evaluation was
performed, including a biopsy from the index tumor
site and at least 5 random biopsies

Long-term follow-up assessment period began
following final study assessment (a month 13 visit or
withdrawal from study) and ran for 3 years

Freedom from HG disease recurrence at 12 months,

defined by a negative for cause or end of study biopsy

Phase 3 study
BCG-unresponsive:

. Persistent HG recurrence within 12 months of
BCG initiation

. Relapse with CIS within 12 months of last
BCG treatment

. Relapse with HG Ta/T1 within 6 months of last
intravesical treatment

. Received at least two previous courses of BCG within
12-month period

. >5/6 induction treatments and >2/3 maintenance
treatments or >2/6 instillations of second induction

. Evidence of muscle-invasive or metastatic disease

. Prior treatment with adenovirus-based drugs

. Clinically significant and unexplained elevated liver
or renal function tests

. Evidence of muscle-invasive or metastatic disease

. Current or prior pelvic external beam radiotherapy

within 5 years of entry

. CIS + HG Ta/T1 (n = 107; CIS cohort)

. HG Ta/T1 (n = 50; papillary cohort)

¢ Both cohorts received 3 x 10'! vp/mL rAd-IFN

. Participants received 3 x 10! viral particles per mL
rAd-IEN in total volume of 75 mL with a 1-hour
retention time

. Participants without recurrence of HG disease, as
evaluated by cytology, cystoscopy, and biopsy (if
clinically indicated), were retreated at months 3, 6,
and 9. Participants with recurrence of HG Ta/T1 at
months 3, 6, or 9 were removed from the study

. Primary efficacy assessment was performed at 12
months. Participants had a biopsy of five sites (dome,
trigone, right and left lateral wall, and posterior wall)
in the bladder. Participants with no evidence of
high-grade recurrence could continue receiving
nadofaragene firadenovec once every 3 months at the
discretion of their treating physician through a 4-year
treatment and monitoring phase

. Proportion of participants with a complete response
in the CIS cohort at any time within 12 months after
the first dose of nadofaragene firadenovec

For both studies, safety endpoints include type, incidence, relatedness, and severity of AEs and severe (grade 3) AEs, as

assessed by National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.03

Note: AE, adverse event; ALT, alanine transaminase; ANC, absolute neutrophil count; AST, aspartate transaminase; BCG, Bacillus Calmette-Guérin; CIS,
carcinoma in situ; ECOG, Eastern Cooperative Oncology Group; HG, high-grade; NMIBC, non—muscle-invasive bladder cancer; TURBT, transurethral
resection of bladder tumor; ULN, upper limit of normal; WBC, white blood cell.
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