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Summary Treatment options for nonmuscle invasive
urothelial carcinoma of the bladder (NMIBC) unre-
sponsive to Bacillus Calmette-Guérin (BCG) instilla-
tions are currently limited and often total resection of
the bladder is the only therapeutic option for these
patients. Thus, novel treatment options that are safe
and effective are needed to avoid the substantial treat-
ment morbidity, impact on the quality of life and the
significant surgical risk associated with radical cys-
tectomies. Besides intravesical cytotoxic therapies,
immune checkpoint inhibitors, cytokines or cancer
vaccines, different approaches of intravesical applica-
tion of adenoviruses are being evaluated in BCG-un-
responsive NMIBC. Recently, intravesical nonreplicat-
ing adenovirus vector-based gene therapy with nad-
ofaragene firadenovec, which induces intravesical in-
terferon expression, was approved for the treatment of
BCG-unresponsive NMIBC by the US Food and Drug
Administration after a recently published phase III
trial. In this short review, different adenoviruses that
are currently being investigated in BCG-unresponsive
NMIBC are discussed and the therapeutic potential of
nadofaragene firadenovec is highlighted.
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Introduction

Bladder cancer is the 10th most common cancer
worldwide overall, but incidence and mortality rates
are up to four times higher in men compared to
women. Geographically incidence rates are higher
in western and developed countries and are strongly
correlated with smoking habits and tobacco use [1].
According to the GLOBOCAN database, there were
an estimated 573,278 new cases worldwide in 2020,
while mortality was high with 212,536 bladder cancer-
related deaths [1]. While roughly a quarter of patients
are diagnosed with either localized or even metastatic
muscle-invasive urothelial cancer, 75% of patients ini-
tially present with nonmuscle invasive disease stages
and sole infiltration of the mucosae (Ta and carci-
noma in situ (CIS)) or submucosa (T1) [2, 3]. As the
prognosis of muscle-invasive urothelial bladder can-
cer (MIBC) is generally considered poor with 5-year
cancer-specific survival (CSS) rates ranging between
85% and 35% in localized or locally advanced stages
and 7% at stage IV, CSS of non-muscle invasive blad-
der cancer (NMIBC) is substantially more favorable
with >90% of patients alive after 5 years [4].

Today, transurethral resection of the primary tu-
mor followed by Bacillus Calmette-Guérin (BCG) or
chemotherapy instillations is the standard of care for
the treatment of NMIBC [5], but up to 50% of pa-
tients do not respond to BCG instillations or develop
recurrent disease [6]. In this case, total bladder re-
section with high morbidity, a substantial impact on
the quality of life and a significant surgical risk is rec-
ommended [2]. Thus, there is an urgent need for the
establishment of reliable and effective second-line op-
tions in the treatment of localized BCG-unresponsive
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NMIBC in order to treat patients who are too frail or
who decline radical cystectomy [5].

In the setting of BCG-unresponsive NMIBC, several
clinical trials investigating intravesical cytotoxic ther-
apies, such as docetaxel and gemcitabine [7, 8], im-
mune checkpoint inhibitor therapy [9, 10], cytokines
[11] or cancer vaccines [5] are currently underway. Yet
another approach is the use of modified adenoviruses
which are currently being tested and are nearly on the
doorstep of clinical routine.

Adenoviruses as potential treatment for BCG-
unresponsive NMIBC

CG0070—cretostimogene grenadenorepvec

CG0070 is a conditionally replicating oncolytic sero-
type 5 adenovirus which replicates under the con-
trol of the tumor-selective E2F-1 promotor. In tu-
mors with deficiency of the well-known tumor sup-
pressor retinoblastoma gene (Rb), which frequently
occurs across various cancers, E2F-1 is highly active.
This leads to the amplification of the virus proteins
of CG0070 as well as of GM-CSF, whereby the gene
is embedded in the virus DNA, thereby inducing fur-
ther systemic anti-tumor immunity in addition to its
direct cytotoxic effect [12, 13]. The interim analy-
sis of an ongoing phase II trial including 45 patients
with carcinoma in situ, or high-grade Ta or T1 tumors
reported a 6-month complete response rate of 47%
in the overall study population and a tolerable safety
profile with the occurrence of mainly bladder-related
adverse events [14].

Nadofaragene firadenovec

Another approach is to use adenoviruses as vectors
for gene therapy in NMIBC. Early research suggested
that recombinant human interferon-α (INFα) inhibits
angiogenesis and induces cell death via TNF-related
apoptosis-inducing ligand (TRAIL) in a STAT-1/RIF-1
dependent manner in vitro [15]. As such, the intrav-
esical application of INFα-2b was subsequently tested
in several clinical trials. However, results were dis-
appointing since the efficacy of intravesical INFα-2b
instillation remained behind the expectations gained
from in vitro and in vivo experiments [16]. For in-
stance, in 2002, Jajala et al. [17] compared the effi-
cacy of a single posttransurethral resection instillation
of either INFα-2b or epirubicin in 200 patients with
Ta or T1 bladder cancer. While epirubicin showed
a clear benefit in the prevention of intravesical tu-
mor recurrence with a more than 2-fold relative risk
reduction and only 46% of patients experiencing dis-
ease recurrence, 68% of patients receiving INFα-2b re-
lapsed within 3 years [17]. Moreover, addition of INFα
to BCG treatment showed no additional benefit over
BCG alone [18].

The discrepancy between in vitro and in vivo ex-
periments and results from clinical trials investigating
intravesical INFα instillations in NMIBC was mainly
attributed to the rather short exposure time of the
urothelial cells to INFα (not more than 2h), which
may not be enough to provoke a strong and durable
immune response [16].

This resulted in the development of a nonrepli-
cating adenovirus vector-based gene therapy using
the novel excipient Syn3, aiming to directly deliver
human INFα-2b gene sequences to urothelial cells,
thus inducing INFα-2b production directly at the tu-
mor site and achieving longer exposure times [16].
This concept showed promising results both in vitro
and in in vivo murine bladder cancer models with
the achievement of high urinary INFα-2b levels and
tumor responses [19, 20]. Mechanistically, the previ-
ously mentioned inhibition of angiogenesis by INFα,
TRAIL-mediated cell death and soluble bystander fac-
tors were identified as the modes of action of INFα-
2b-based gene therapy [15, 16, 21–23].

Ultimately, intravesical application of nadofara-
gene firadenovec, a nonreplicating recombinant ade-
novirus vector containing the human INFα-2b gene,
was tested in both phase I and phase II trials, which
reported a tolerable safety profile and efficacy for the
prevention of high-grade recurrence after 12 months
(35% without recurrence) in patients with BCG-unre-
sponsive NMIBC [24, 25].

The results of a recently performed single-arm
phase III trial of repeated intravesical nadofaragene
firadenovec gene therapy in 157 BCG-unresponsive
patients with NMIBC finally led to the approval by
the Food and Drug Administration (FDA) in the USA
in December 2022 [26, 27]. In the study, unrespon-
siveness to BCG treatment was defined as persisting
carcinoma in situ and high-grade Ta or T1 tumors
after 6 months of adequate BCG treatment as well as
recurrence of Ta or T1 or carcinoma in situ after 6
or 12 months of BCG treatment. Patients underwent
transurethral resection of visible bladder tumors at
study enrollment and were subsequentially intraves-
ically instilled with 75mL nadofaragene firadenovec
(3× 1011 viral particles per mL). If no recurrence was
evident at the follow-up visits, patients received fur-
ther doses of nadofaragene firadenovec after 3, 6, and
9 months, respectively. Patients were monitored for
recurrence by urine cytology and cystoscopy every
3 months and had additional bladder biopsies after
12 months [27]. Overall, the rate of complete response
after 3 months, i.e., after one application nadofara-
gene firadenovec, was 60% with a median duration
of response or high-grade recurrence-free survival of
7.3 months. Of patients with carcinoma in situ, 53.4%
showed complete response after 3 months of treat-
ment with a median duration of complete response of
9.7 months. The impressive efficacy of nadofaragene
firadenovec treatment was also evident in the high-
grade Ta or T1 cohort, where response rates were as
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high as 72.9% with a median recurrence-free survival
of 12.4 months. After 12 months, 44% of patients in
this group were still without signs of recurrence [27].
Treatment was well tolerated with 66% of patients
experiencing grade 1 or grade 2 adverse events, and
only 4% documented grade 3 adverse events. The
most common relevant adverse events in the study
were fatigue (20%), bladder spasm (15%), micturi-
tion urgency (14%), chills (12%), dysuria (11%), and
pyrexia (10%) [27].

Considering that besides radical cystectomy not
many other options may be offered to patients who
do not respond to BCG, the results of the study are
encouraging and treatment with nadofaragene firade-
novec may spare patients the substantial treatment
morbidity, impact on the quality of life, and the sig-
nificant surgical risk of cystectomy. Since half of
the patients included in the study were older than
71 years and may not even be considered fit for
surgery, nadofaragene firadenovec may be an impor-
tant therapeutic option with a favorable safety profile
in patients who would otherwise be difficult to treat.

Conclusion

Given the promising results of the discussed phase III
trial and the recent FDA approval of nadofaragene fi-
radenovec, gene therapy using adenovirus vectors is
on the doorstep of clinical routine in the treatment of
BCG-unresponsive NMIBC and may be of particular
interest as a novel therapeutic option for elderly and
frail patients.

Take home message

Gene therapy with nadofaragene firadenovec in BCG-
unresponsive nonmuscle invasive bladder cancer is on
the doorstep of clinical routine and may particularly rep-
resent a novel therapeutic option for elderly and frail pa-
tients.
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6. Soukup V, Čapoun O, Cohen D, Hernández V, Babjuk M,
BurgerM,etal. Prognosticperformanceandreproducibility
of the 1973 and 2004/2016world health organizationgrad-
ing classification systems in non-muscle-invasive bladder
cancer: a European association of urology non-muscle
invasivebladdercancerguidelinespanelsystematicreview.
EurUrol. 2017;72(5):801–13.

7. Barlow LJ, McKiernan JM, Benson MC. Long-term sur-
vival outcomes with intravesical docetaxel for recurrent
nonmuscle invasive bladder cancer after previous bacillus
Calmette-Guérintherapy. JUrol. 2013;189(3):834–9.

8. Milbar N, Kates M, Chappidi MR, Pederzoli F, Yoshida T,
Sankin A, et al. Oncological outcomes of sequential
Intravesical gemcitabine and docetaxel in patients with
non-muscle invasive bladder cancer. Bladder Cancer.
2017;3(4):293–303.

9. Kamat AM, Bellmunt J, Choueiri TK, Nam K, De Santis M,
Dreicer R, et al. KEYNOTE-057: phase 2 study of pem-
brolizumabforpatients (pts)withbacillusCalmetteGuerin
(BCG)-unresponsive, high-risknon-muscle-invasiveblad-
dercancer(NMIBC). JClinOncol. 2016;34(15):TPS4576.

10. Black PC, Catherine T, Lerner SP, McConkey DJ, Lucia MS,
WoodsM,etal. S1605: phaseIItrialofatezolizumabinBCG-
unresponsive nonmuscle invasive bladder cancer. J Clin
Oncol. 2018;36(6):TPS527.

11. Fishman MN, Thompson JA, Pennock GK, Gonzalez R,
Diez LM, Daud AI, et al. Phase 1 trial of ALT-
801, an interleukin-2/T cell receptor fusion protein
targeting p53 (aa264-272)/HLA-A*0201 complex, in pa-
tients with advanced malignancies. Clin Cancer Res.
2011;17(24):7765–75.

12. Ramesh N, Ge Y, Ennist DL, Zhu M, Mina M, Ganesh S,
et al. CG0070, a conditionally replicating granulocyte
macrophage colony-stimulating factor—armed oncolytic
adenovirusfor thetreatmentofbladdercancer. ClinCancer
Res. 2006;12(1):305–13.

13. Burke JM, Lamm DL, Meng MV, Nemunaitis JJ, Stephen-
son JJ, Arseneau JC, et al. A first in human phase 1 study
of CG0070, a GM-CSF expressing oncolytic adenovirus, for
thetreatmentofnonmuscle invasivebladdercancer. JUrol.
2012;188(6):2391–7.

14. Packiam VT, Lamm DL, Barocas DA, Trainer A, Fand B,
Davis RL, et al. An open label, single-arm, phase II
multicenter study of the safety and efficacy of CG0070 on-
colytic vector regimen in patients with BCG-unresponsive
non–muscle-invasivebladder cancer: interimresults. Urol
Oncol. 2018;36(10):440–7.

15. Papageorgiou A, Dinney CPN, McConkey DJ. Interferon-
alpha induces TRAIL expression and cell death via an IRF-
1-dependent mechanism in human bladder cancer cells.
CancerBiolTher. 2007;6(6):872–9.

16. DupliseaJJ,MokkapatiS,PloteD,SchlunsKS,McConkeyDJ,
Yla-HerttualaS,etal. Thedevelopmentof interferon-based
gene therapy for BCG unresponsive bladder cancer: from
benchtobedside.WorldJUrol. 2019;37(10):2041–9.

17. Rajala P, Kaasinen E, Raitanen M, Liukkonen T, Rintala E,
Finnbladder Group. Perioperative single dose instilla-
tion of epirubicin or interferon-alpha after transurethral
resection for the prophylaxis of primary superficial blad-
der cancer recurrence: a prospective randomized multi-
center study—FinnBladder III long-term results. J Urol.
2002;168(3):981–5.

K Adenoviruses in BCG-unresponsive NMIBC 191



short review

18. Shepherd AR, Shepherd E, Brook NR. Intravesical bacil-
lus Calmette-Guérin with interferon-alpha versus intrav-
esical bacillus Calmette-Guérin for treating non-muscle-
invasive bladder cancer. Cochrane Database Syst Rev.
2017;3(3):CD12112.

19. Iqbal Ahmed CM, Johnson DE, Demers GW, Engler H,
Howe JA, Wills KN, et al. Interferon alpha2b gene delivery
using adenoviral vector causes inhibition of tumor growth
inxenograftmodels fromavarietyof cancers. CancerGene
Ther. 2001;8(10):788–95.

20. Benedict WF, Tao Z, Kim CS, Zhang X, Zhou JH, Adam L, et
al. Intravesical Ad-IFNalpha causes marked regression of
humanbladdercancergrowingorthotopicallyinnudemice
and overcomes resistance to IFN-alpha protein. Mol Ther.
2004;10(3):525–32.

21. Benedict WF, Fisher M, Zhang XQ, Yang Z, Munsell MF,
Dinney CNP. Use of monitoring levels of soluble forms of
cytokeratin18 in theurineofpatientswithsuperficialblad-
der cancer following intravesical Ad-IFNα/Syn3 treatment
inaphaselstudy. CancerGeneTher. 2014;21(3):91–4.

22. Izawa JI, Sweeney P, Perrotte P, Kedar D, Dong Z, Slaton JW,
etal. Inhibitionof tumorigenicityandmetastasisofhuman
bladder cancer growing inathymicmiceby interferon-beta
gene therapy results partially from various antiangiogenic
effects including endothelial cell apoptosis. Clin Cancer
Res. 2002;8(4):1258–70.

23. Zhang X, Dong L, Chapman E, Benedict WF. Conditioned
medium from Ad-IFN-alpha-infected bladder cancer and
normal urothelial cells is cytotoxic to cancer cells but not
normal cells: further evidence for a strongbystander effect.
CancerGeneTher. 2008;15(12):817–22.

24. Dinney CPN, FisherMB,NavaiN, O’DonnellMA, Cutler D,
Abraham A, et al. Phase I trial of intravesical recombinant

adenovirusmediatedinterferon-α2bformulatedinSyn3for
bacillus Calmette-Guérin failures in nonmuscle invasive
bladdercancer. JUrol. 2013;190(3):850–6.

25. Shore ND, Boorjian SA, Canter DJ, Ogan K, Karsh LI,
Downs TM, et al. Intravesical rAd-IFNα/Syn3 for patients
with high-grade, bacillus Calmette-Guerin-refractory or
relapsed non-muscle-invasive bladder cancer: a phase II
randomizedstudy. JClinOncol. 2017;35(30):3410–6.

26. U.S. Food and Drug Administration. FDA approves
first gene therapy for the treatment of high-risk, non-
muscle-invasive bladder cancer. 2022. https://
www.fda.gov/news-events/press-announcements/fda-
approves-first-gene-therapy-treatment-high-risk-non-
muscle-invasive-bladder-cancer. Accessed23Mar2023.

27. Boorjian SA, Alemozaffar M, Konety BR, Shore ND,
Gomella LG, Kamat AM, et al. Intravesical nadofaragene
firadenovec gene therapy for BCG-unresponsive non-
muscle-invasivebladder cancer: a single-arm, open-label,
repeat-doseclinical trial. LancetOncol. 2021;22(1):107–17.

Publisher’sNote SpringerNature remainsneutralwith regard
to jurisdictional claims in published maps and institutional
affiliations.

7For latest news from interna-
tional oncology congresses see: 
http://www.springermedizin.at/
memo-inoncology

192 Adenoviruses in BCG-unresponsive NMIBC K

https://www.fda.gov/news-events/press-announcements/fda-approves-first-gene-therapy-treatment-high-risk-non-muscle-invasive-bladder-cancer
https://www.fda.gov/news-events/press-announcements/fda-approves-first-gene-therapy-treatment-high-risk-non-muscle-invasive-bladder-cancer
https://www.fda.gov/news-events/press-announcements/fda-approves-first-gene-therapy-treatment-high-risk-non-muscle-invasive-bladder-cancer
https://www.fda.gov/news-events/press-announcements/fda-approves-first-gene-therapy-treatment-high-risk-non-muscle-invasive-bladder-cancer

	Next generation drugs in urothelial cancer: adenoviruses in the treatment of BCG-unresponsive nonmuscle invasive bladder cancer
	Summary
	Introduction
	Adenoviruses as potential treatment for BCG-unresponsive NMIBC
	CG0070—cretostimogene grenadenorepvec
	Nadofaragene firadenovec

	Conclusion
	References


