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Introduction and Background

Non-muscle invasive bladder cancer (NMIBC) is a challenging disease to treat. These 

patients are typically treated with transurethral resection (TUR) followed in most cases by 

intravesical therapy, to reduce the risk of disease recurrence and progression while 

maintaining a functional bladder.1 Unfortunately, the majority of patients remain at risk for 

tumor recurrence and nearly a third progress to muscle-invasive disease.2 Additional 

intravesical options are urgently needed to mitigate the risk of progression to secondary 

muscle invasive bladder cancer and early cystectomy.

Managing NMIBC with BCG

BCG was initially developed as a vaccine for tuberculosis, and it is a live attenuated drug 

derived from Mycobacterium bovis. The use of BCG for the treatment of cancer can be 

traced back to the observations of Pearl in 1929, when patients with a diagnosis of 

tuberculosis were noted to have lower rates of cancer at the time of their autopsies.3 In 1976, 

Morales and colleagues published the landmark study describing the first use of BCG to 

treat bladder cancer intravesically.4 The intravesical introduction of BCG causes an infection 

of urothelial and tumor cells through a fibronectin-mediated process.5 This, in turn, 

promotes a local immune response facilitated by granulocytes, macrophages, and T-helper 
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cells. Anti-tumor responses result partly from the antigen-processing functions of these 

phagocytic cells. Several cytokines, including tumor necrosis factor-α (TNF), interferon 

(IFN), and interleukin (IL)-1, IL-2, IL-6, IL-8, IL-10, IL-12, and IL-17 participate in the 

immune stimulation process as demonstrated by post-BCG urine analysis.6,7 More recently, 

the role of autophagy in generating an epigenetic reprogramming of monocytes (“trained 

immunity”) has also been implicated in the mechanism of generating an intravesical BCG-

stimulated host response.8

The anti-tumor activity of BCG is therefore derived from both the adaptive and innate 

immune systems of the patient. Intravesical administration stimulates an immune response 

via cytokine release, including IL-2, TNF, IFN-γ, and IL-12 among others. CD4+ T cells 

and CD8+ cytotoxic T-cells produce much of the adaptive anti-tumor response, while the 

innate immune system is driven by natural killer cells, neutrophils, dendritic cells and 

macrophages.

In clinical trials, intravesical BCG has demonstrated initial complete response rates that vary 

between 55-65% for papillary tumors and 70-75% for CIS.9,10 Despite the benefits 

demonstrated in both decreased progression and recurrence rates, over one-third of patients 

“fail” BCG therapy and an additional 40% of initial responders are found to have relapsed 

within 5 years of treatment.11

Understanding the genomics of non-muscle invasive bladder cancer

Advances in whole genome sequencing technology have vastly improved our insights into 

the complexity and heterogeneity of bladder cancer. In particular, parallel efforts to 

comprehensively characterize the molecular composition of muscle-invasive disease have 

revealed that MIBC can be broadly grouped into basal and luminal subtypes that are similar 

to those found in breast cancer, with distinct clinical features.12–14 Efforts to similarly 

characterize NMIBC have also been undertaken, with mutations identified in the TERT 

promoter,15 FGFR3,16–18 PIK3CA,19 and STAG220. Hurst and colleagues described two 

genomic subtypes for stage Ta tumors; one group (named Genomic Subtype 1) was 

characterized by no detectable copy-number alterations, while the second group (Genomic 

Subtype 2) was defined by a loss of chromosome 9q.21

Gene therapy definitions

Gene therapy refers to the delivery of nucleic acid into a host’s cell in order to produce a 

therapeutic effect.22 The FDA definition of gene therapy notes that they include products 

that “mediate their effects by transcription and/or translation of transferred genetic material 

and/or by integrating into the host genome…administered as nucleic acids, viruses, or 

genetically engineered microorganisms.”23 Gene therapy can thus either target tumor cells 

directly to repair mutated tumor suppressor functions, or it can modulate the host’s immune 

response to generate an anti-tumor response (so called “immunogene therapy”).24 Early 

gene therapy studies attempted to replace a defective gene with a normal copy of the 

affected gene and focused on treatment of genetically inherited diseases such as cystic 

fibrosis or muscular dystrophy.25
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Most research efforts today focus on using gene therapy to treat human malignancies. The 

most common gene transfer vectors used in clinical trials include adenoviral, retroviral, and 

naked plasmid vectors, and there are currently over 1,800 approved gene therapy clinical 

trials worldwide.23

Early gene therapy efforts in bladder cancer

Initial gene therapy efforts focused on ways to restore the normal function of tumor 

suppressor genes in urothelial cell carcinoma. Specifically, p53 and retinoblastoma (RB), 

two tumor suppressor genes that are known to be mutated in 40-60% of bladder cancers and 

which confer a worse prognosis, were targeted using replication-deficient adenoviral vectors 

by our group at the MD Anderson Cancer Center.26–28 Both p53 and RB are involved in the 

regulation of normal cell cycle functions as well as programmed cell death. Human 

epithelial cells, including urothelial cell carcinoma cells, are uniquely susceptible to an 

adenoviral infection due to the presence of the coxsackie/adenovirus receptor (CAR).29 In 

pre-clinical studies, in vivo transfer of wild-type human p53 into urothelial cancer cells was 

shown to inhibit the growth of these cells, putatively through the completion of a previously 

defective apoptotic pathway.28 Replication-deficient adenoviral vectors work by infecting 

cells during the cell cycle but cannot replicate in vivo29 Transferred genes can thus persist 

within the infected cell for about two weeks.30

Intravesical instillation of adenoviral vectors was initially carried out using a reporter gene 

to verify successful viral-mediated transfection within animal models. Morris and colleagues 

intravesically delivered an adenoviral vector containing β-galactosidase into the bladders of 

rats, subsequently assessing the efficiency of gene transfer and the impact of this “gene 

therapy” on the histology of the affected cells.31 They found that not only was the 

adenovirus-mediated gene transfer effective, bladder architecture was histologically 

indistinguishable from normal controls without any evidence of cystitis or systemic spread 

of the infection (as determined by PCR-based assessments for the gene product within the 

kidneys, heart, and lung extracts from the intravesically treated rats).31

Kuball et al conducted an open-label, single-center phase I study evaluating both 

intratumoral injection as well as intravesical instillation of recombinant-adenovirus/p53 

(SCH 58500), which encoded the wild-type p53 human cDNA.32 This was conducted in 

patients with invasive bladder cancer who were scheduled for radical cystectomy, so as to 

allow for the evaluation of post-cystectomy tissue sampling to understand treatment 

response. The agent was delivered intravesically through a catheter in two sequential 

administrations, with a dwell time of 60 minutes for each instillation. Prior to instillation the 

bladders were primed with a transduction-enhancing agent called Big CHAP.33 Eight 

patients ultimately received intravesical instillation and underwent cystectomy with tissue 

available for analysis. Key findings included grade 2 and 3 urethral and vesical burning 

reported by patients during instillation and dwell-time within the bladder, but no systemic 

toxicities were observed. Detectable p53 transgene expression was identified in seven of 

eight bladder tumors that had received an intravesical instillation. Although this study was 

not designed to establish clinical efficacy, it represented a novel proof-of-concept for the 

safety and biologic feasibility of intravesical gene therapy in humans with bladder cancer.32
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Our group at MD Anderson also conducted a phase I, dose-escalation study using Ad5CMV-

p53, administered intravesically to cystectomy-ineligible patients with measurable, locally 

advanced urothelial cell carcinoma of the bladder.34 In this study, wild-type human p53 

cDNA was combined with a cytomegalovirus (CMV) promoter and a replication-defective 

adenoviral vector. Instillations were performed daily through a Foley catheter at different 

doses and patients were monitored for adverse events for at least 12 months. Thirteen 

patients were treated (10 with prior muscle-invasive bladder cancer and three with extensive 

recurrent superficial disease after BCG).34 None of the patients in this trial experienced 

dose-limiting toxicity, and the most common complaint was bladder spasms, observed most 

often in the higher dose levels. Two out of seven patients with assessable tissue samples 

showed vector-specific p53 expression after treatment, and both had received the higher 

dosing schedule.34 Overall, the low efficiency of gene transfer was in part attributed to the 

protective glycosoaminoglycan (GAG) layer of the bladder mucosa, as well potentially 

lower levels of CAR expression within the patients treated. In addition, detecting p53 

staining was made more challenging by the fact that most patients in the study had 

abnormally high p53 staining at baseline, likely due to the advanced disease state of the 

included study population. Nevertheless, the study provided confidence as to the general 

safety of intravesical gene therapy and highlighted some important limitations that future 

trials would need to consider.

Priming the bladder for intravesical gene therapy

The urothelium of the bladder is a complex, multilayer surface that is tasked with providing 

a barrier from pathogens and urinary waste products.35 The superficial part of surface is also 

known as the GAG layer and is comprised of a hydrophilic, polyanionic barrier of 

glycoproteins and proteoglycans. The main components of the GAG layer include 

chondroitin sulfate and hyaluronic acid, and these in part work to provide protection against 

the unwanted internalization of ions, solutes, water, and urinary bacteria that may be present 

in excreted urine.35 Dysfunction of the GAG layer has been implicated in interstitial cystitis 

and the development of chronic pelvic pain syndrome.35

Successful intravesical gene therapy requires a means to permeate the GAG layer such that 

the underlying urothelium can be accessed for efficient viral transduction. As noted earlier, 

the non-ionic detergent Big CHAP was an early transduction-promoting agent used in initial 

intravesical adenoviral vector clinical studies, described first by Connor and colleagues.33 

Further investigation of this agent led to the discovery of “Syn3,” a polyamide compound 

demonstrated to improve intravesical gene delivery.36 This compound would prove to be 

essential in overcoming the intravesical gene transduction limitations encountered in 

previous clinical trials.

Immunogene therapy using interferon

Immunogene therapy refers to the delivery of genetic material for the purpose of modulating 

a host immune response. In immunogene therapy, tumor-induced immunosuppression can be 

altered, and antigen-specific antitumor responses can be stimulated. Therapies such as high-

dose IL-2 have been used effectively in treating renal cell carcinoma, albeit with significant 
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systemic adverse events. Interferon-α (IFNα) belongs to the family of cytokine proteins and 

works to pleiotropically impede tumor cell growth. IFNα has been demonstrated to augment 

the response of T helper type 1 immune responses when combined with BCG, and as such 

its use as combination therapy with BCG has been explored in several trials. In a national 

multi-institutional phase II trial evaluate the combination of IFNα and BCG in patients with 

non-muscle invasive disease, 59% of BCG-naïve and 45% of prior BCG unresponsive 

patients remained disease free at 24-months.37 A hypothetical way to potentiate the 

immunogene effect of IFNα may be to deliver it within a gene therapy/adenoviral construct, 

ideally increasing transfection rate of IFNα into urothelial cells and stimulating an immune 

response by virtue of the adenovirus vehicle itself (Figure 1). Unlike the delivery of systemic 

cytokines such as IL-2 therapy, intravesically delivered IFNα has been established as well 

tolerated by patients and is likely well tolerated even through gene therapy.

Pre-clinical studies conducted by Iqbal and colleagues in 2001 found that recombinant 

adenovirus expressing human IFNα2b could generate biologically active interferon 

expression in both rat models as well as in vitro.38 Recombinant AdIFNα2b was also able to 

generate an anti-tumor response in xenografts. Benedict and colleagues subsequently 

demonstrated that intravesical instillation of adenovirus-encoding IFNα along with Syn3 

into athymic mouse models growing KY7/GFP human bladder tumors led to marked tumor 

regression.39 High levels of IFN protein were identified in both urine and bladder tissue 

following intravesical exposure. Cytotoxicity to bladder cancer cell lines were demonstrated 

following Ad-IFN instillation, and IFN levels were noted for at least 7 days following 

treatment. This data provided some of the initial steps justifying further evaluation of 

utilizing intravesical Ad-IFNα/Syn3 to treat non-muscle invasive bladder cancer (Figure 1).
39

Several questions remained. First, how did IFN-based gene therapy generate tumor cell 

cytotoxicity? Izawa and colleagues answered this question in part with data that 

demonstrated the fact that IFN triggered an indirect antiangiogenic effect, caused in part by 

downregulating the expression of the angiogenesis factors bFGF and MMP-9 within tumor 

cells.40 Neovascularization of tumor cells was therefore restricted, and secondarily led to 

tumor cell apoptosis. A second component of IFN-stimulated cytotoxicity is driven by 

TRAIL-mediated apoptosis, which Papageorgiou and colleagues reported occurred through 

an IRF-1 dependent mechanism.41 Indeed, elevated TRAIL levels have also been noted in 

patients with detectable urinary IFNα levels following treatment.42 A second question 

related to selection of the appropriate dosing strategy when using Ad-IFNα intravesically. 

Tao and colleagues showed that single instillations were just as effective as sequential 

instillations and identified a dosing floor using an orthotopic bladder cancer model. A dose 

of 1 x 1011 particles/mL along with Syn3 was found to be effective in reducing the size of 

tumors.43,44

Human trials using Adenovirus-mediated interferon-based gene therapy

The results of the first phase I clinical trial evaluating the safety and toxicity of intravesical 

rAd- IFNα/Syn3 was published in 2013.45 In the study, patients with non-muscle invasive 

(Ta, Tis, T1) disease who had recurred following at least 2 cycles of BCG were enrolled to 
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receive one of five dosing cohorts, using a standard dose-escalation design. Patients were 

monitored daily for adverse events up to 5 days after treatment, and after 12 weeks of 

therapy, underwent cystoscopy with bladder biopsy and urine cytology. A total of 17 patients 

were enrolled in the study. No dose limiting toxicities were identified, nor were there any 

significant treatment-related adverse events. The most common complaints following 

therapy included urinary urgency, headache, fatigue, and nausea. Lower urinary tract 

symptoms, which were encountered by 88% of patients, were well managed with 

anticholinergic therapy. Efficiency of gene therapy was assessed by detecting levels of IFNα 
protein in the urine. All but the lowest dose were able to generate detectable IFNα protein 

levels. Out of the 14 patients treated with effective dosing and who had confirmed gene 

transfer (as evidenced by detectable urinary IFNα), six (43%) had a complete response (CR) 

at 3 months with 2 remaining disease free at 29 and 39 months.

In the phase II setting, conducted between 2012 and 2015 by the Society of Urologic 

Oncology Clinical Trials Consortium (SUO-CTC), 40 patients from 13 centers with a 

diagnosis of high-grade BCG-refractory or relapsed non-muscle invasive bladder cancer (Ta, 

Tis, T1) were randomized to receive either a low-dose (1 x 1011 viral particles/mL) or high-

dose (3 x 1011 viral particles/ml) of rAdIFNα/Syn3 intravescially.46 The study was multi-

institutional, and patients were treated every 3 months for 1 year, at which point they 

received a study-mandated biopsy from the location of the index tumor and at least 5 random 

bladder biopsies from protocol-specified locations. The primary endpoint of the phase II trial 

was 25% freedom from high-grade recurrence at 12 months, and evidence of effective gene 

transfer was found in all trial patients as determined by measurable levels of IFNα-2b in the 

urine of patients. There appeared to be no significant difference between the two dosing 

arms, although the median time to recurrence slightly favored the high-dose group (6.5 mos 

vs 3.5 mos). Importantly, rAdIFNα/Syn3 appeared to act on both papillary and CIS BCG-

unresponsive lesions; a subset analysis demonstrated a 50% high-grade recurrence free 

survival (HG RFS) rate for papillary tumors at 12 months, and a 30% HG RFS rate for CIS 

lesions. The latter is particularly important given the paucity of treatment options available 

for patients with CIS; the only approved agent aside from BCG remains valrubicin, which 

has only a 10% 12-month RFS rate.47 Long-term follow-up data from the phase II trial 

remains pending.

In late 2016, a multi-institutional phase III trial for rAdIFNα/Syn3 (Adstiladrin®, 

previously Instiladrin®) was initiated to evaluate the efficacy of the therapy in treating 

patients with high-grade BCG unresponsive non-muscle invasive disease, 100 of whom must 

have CIS. In addition to determining the CR rate as well as CR-durability among patients 

with CIS, the trial seeks to understand the percent of high-grade recurrence free survival at 

3-month intervals up to 1 year in patients with Ta/T1 lesions without CIS. This trial 

completed accrual in the second quarter of 2018 and data is maturing.

Ongoing efforts to optimize interferon-based gene therapy

The role of combination therapy with gene therapy constructs is currently unknown and an 

area of ongoing area interest to our group. Plote et al evaluated the immunologic 

mechanisms that mediated interferon-stimulated immune responses using poly:IC, a toll-like 
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receptor 3 agonist that acts as a synthetic analogue of interferon.48 Among the key findings 

included the fact that interferon drives an inflammatory response driven by both innate and 

adaptive immune cells, including increased CD8 T cells, NK cells, and CD11b+Ly6G+ cells.
48 In addition, mice containing MB49 urothelial tumors that were treated with a combination 

of poly:IC and anti-PD-1 monoclonal antibody showed prolonged survival, decreased 

angiogenesis, and enhanced MAPK/AKT signaling.48 Thus efforts to combine immune 

checkpoint inhibitors along with intravesical viral-mediated interferon may further 

potentiate an anti-tumor response and warrant additional study.

Our lab is also investigating the role of urine-derived biomarkers following treatment with 

intravesical gene therapy to better predict which patients may most benefit from intravesical 

gene therapy. Analysis of the immune cells that are shed within the urine of patients with 

NMIBC may provide an opportunity to identify patients who would most benefit from a 

cytokine-based intravesical treatment versus an alternative form of therapy. Correlative data 

from the Phase I and II rAdIFNα/Syn3 studies are being used to explore the role of urinary 

biomarkers further.

Finally, the use of vectors other than adenovirus are also under investigation. Lentivirus in 

particular holds promise. Lentivirus is more efficient than adenovirus at viral transfection, in 

part due to its ability to infect non-dividing cells. Further, lentiviral IFN constructs can 

integrate into the host’s genome to allow for the continual production and sustained release 

of IFNα. Preliminary data, recently presented at the 2019 Genitourinary Cancers 

symposium, showed that LV-IFNα effectively increases the expression of IFNα in vitro and 

in vivo along with concomitant TRAIL-mediated cytotoxicity to infected urothelial cancer 

cells. Efforts at further elucidating the mechanism of this agent remain ongoing.49

Other intravesical gene therapy agents under investigation

CG0070 is a replication-competent adenovirus that selectively replicates in Rb-pathway-

defective bladder tumor cells, in addition to stimulating the expression of granulocyte-

macrophage colony-stimulating factor (GM-CSF). Burke et al reported the results of a phase 

1 study in which CG0070 was administered to 35 patients with recurrent NMIBC following 

at least one prior course of intravesical BCG.50 Patients received either a single dose or 

multi-dose intravesical course, and safety was assessed. The agent was found to have no 

dose-limiting toxicities with the most frequently reported adverse event being dysuria. CR 

was achieved in only 50% of patients with CIS (4 of 8 patients), and in 41.2% of patients 

with CIS +/− Ta/T1 (7 of 17 patients).50 All patients had high detectable levels of GM-CSF 

in the urine following treatment.50

In the phase II setting, CG0070 was administered 14 days following the most recent biopsy 

in patients with NMIBC (Ta, T1, CIS) who were BCG-unresponsive and had refused 

cystectomy.51 The agent was co-instilled with 0.1% dodecyl maltoside (DDM), a nonionic 

surfactant used to enhance transduction (similar to the role played by Syn3 in the rAdIFN 

studies). Therapy was administered intravesically every week for 6 weeks for both induction 

and maintenance courses. At 3 months, two patients had progressed to muscle-invasive 

disease, 1 patient had baseline persistence of CIS, and the other had T1 disease.51 At 6 
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months the CR rate was 47%, which included a 58% CR rate for pure CIS.51 12-month data 

has yet to be published, but interim results were reported at the 2018 American Urological 

Association Annual Meeting; the CR rate was noted to be 30%, with CIS-containing tumors 

having a 27% CR (n=45) while pure Ta/T1 tumors had a 38% CR (n=16). Ten patients 

underwent cystectomy, of whom 6 patients were found to have progressed to muscle-

invasive disease.52 Table 1 summarizes the key clinical studies published to date 

investigating the use of intravesical gene therapy for bladder cancer.

Conclusions

BCG unresponsive non-muscle invasive bladder cancer remains a challenging disease to 

treat. Intravesical gene therapy represents a promising novel approach to management and 

will likely expand to include combination therapies. Additional insights into the mechanisms 

that underlie intravesical gene transduction and immune modulation, along with a more 

granular understanding of the molecular defects that occur in NMIBC tumor biology are also 

likely to provide us with additional therapeutic targets in the future.
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KEY POINTS

• Non-muscle invasive bladder cancer (NMIBC) is usually treated with 

transurethral resection followed by intravesical bacillus Calmette-Guerin 

(BCG).

• For patients who develop BCG-unresponsive disease but cannot tolerate 

surgery, there are few effective salvage intravesical options, with valrubicin 

only conferring a 10% complete response rate at 12 months.

• Gene therapy refers to the delivery of nucleic acid into a host’s cell in order to 

produce a therapeutic effect, and intravesical gene therapy can modulate both 

the host’s immune response and generate an anti-tumor response 

(“immunogene therapy”).

• Adenoviral vectors can be used to efficiently deliver gene therapy into both 

normal and tumor cells within the urinary bladder, and recombinant Ad-

IFNα2b has demonstrated encouraging results in both the phase I and phase II 

settings for patients with BCG-unresponsive NMIBC.

• Combination of other agents with intravesical gene therapy constructs and the 

identification of novel biomarkers to aid in treatment selection remains an 

area of ongoing research.
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SYNOPSIS

Non-muscle invasive bladder cancer (NMIBC) is a challenging disease to treat, with few 

effective salvage intravesical options available for patients who develop BCG-

unresponsive disease. Although radical cystectomy with pelvic lymphadenectomy 

remains the gold standard treatment for these patients, there remains an unmet need for 

other options for those who are unable or unwilling to undergo surgery. To this end, 

intravesical gene therapy is emerging as a potential alternative with promising early data 

and ongoing efforts to better understand the mechanisms of action to optimize therapy.

Narayan and Dinney Page 13

Urol Clin North Am. Author manuscript; available in PMC 2021 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Mechanisms of action of intravesical rAdIFNα2b/Syn3 gene therapy.
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Table 1.

Key clinical studies involving intravesical gene therapy

Author Year Setting Agent Patient Population

Kuball et al32 2002 Phase I rAd-p53 (SCH-58500) MIBC patients scheduled for RC

Pagliaro et al34 2003 Phase I rAd5-CMV-p53 Cystectomy-ineligible locally advanced UCC

Burke et al50 2012 Phase I CG0070 Recurrent NMIBC after at least 1 prior intravesical BCG dose

Dinney at al45 2013 Phase I rAdIFNα2b/Syn3 BCG-unresponsive patients with NMIBC

Shore et al46 2017 Phase II rAdIFNα2b/Syn3 BCG-unresponsive patients with NMIBC

Packiam et al51 2018 Phase II CG0070 BCG-unresponsive patients with NMIBC who had refused cystectomy

MIBC: muscle-invasive bladder cancer; NMIBC: non-muscle invasive bladder cancer; RC: radical cystectomy; UCC: urothelial cell carcinoma
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