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Abstract
Background and Purpose  BCG unresponsive bladder cancer is an inherently resistant disease state for which the preferred 
treatment is radical cystectomy. To date, no effective intravesical therapies exist for patients who possess these resistant 
tumors. For this reason, many research groups are actively investigating/testing novel therapeutic agents to aid in bladder 
preservation for this patient population. This review article describes our 15-year experience developing and testing IFN-
based gene therapy.
Methods  A comprehensive review was performed of all studies pertaining to IFN-based gene therapy for non-muscle inva-
sive bladder cancer from 2003 to 2018.
Results and Conclusions  Over the past two decades, gene therapy has evolved into a powerful tool in our fight against cancer. 
After overcoming the initial barriers associated with gene delivery to the bladder, we have made significant strides forward 
in developing this novel therapeutic strategy for the treatment of this inherently resistant disease state. Our results to date 
are very encouraging; however, much work lies ahead to better understand and optimize this novel approach for treating 
non-muscle invasive bladder.
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Background

Bladder cancer is the second most common genitourinary 
malignancy in the United States with 70,030 new cases 
and 16,870 deaths in 2017 [1, 2]. Approximately 70% of 
newly diagnosed bladder cancers are non-muscle invasive 
(NMIBC) for which the current standard initial treatment 
is transurethral resection followed by intravesical therapy. 
Radical cystectomy is an option for refractory or persistent 
tumors [3–5]. The key to successful management of NMIBC 
is preventing recurrence and progression, which can occur 
in 70% and 10–20% of patients, respectively [1]. To achieve 
this goal, a variety of intravesical therapies are utilized in the 
management of this disease, BCG being the optimal choice 
for intermediate-risk and high-risk patients [4]. Despite 
the importance of intravesical treatment for NMIBC, only 
four agents (including BCG) have been approved in the past 
60 years [6–8]. Although BCG has stood its ground as a 
frontline immunotherapy for decades, a significant num-
ber of patients with NMIBC eventually progress to a BCG 
unresponsive state [9]. BCG unresponsive patients pose a 
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significant challenge to those managing NMIBC. Radical 
cystectomy remains the preferred treatment in these high-
risk patients; however, being such an invasive and potentially 
morbid procedure not all patients are willing to accept it 
and prefer repeated attempts at intravesical therapy despite 
proven futility in the majority of cases. It is clear that more 
effective therapies are needed for the treatment of this dis-
ease state.

Significant effort has been, and continues to be put forth 
in developing therapy for BCG unresponsive bladder cancer. 
This review article describes our 15-year experience devel-
oping IFN-based gene therapy to treat this disease. Herein, 
we describe our experience from the early days of preclinical 
work to a current phase III clinical trial, and beyond.

Prior to describing our experience with gene therapy 
development, we must first understand the evolution of the 
BCG unresponsive definition and current Food and Drug 
Administration (FDA) expectations for trial design/out-
comes in this disease state.

The evolution of the BCG unresponsive definition 
and current clinical trial expectations

Prior to 2005, no formal definition of BCG unresponsive 
disease existed. The definition was simply based on the treat-
ing physicians’ interpretation of their patients disease state 
[10]. In 2005, following a meeting of bladder cancer experts, 
the definition of “BCG refractory” disease was developed as 
non-improving or worsening disease at 3 months after initial 
BCG, or failure to achieve a disease-free state by 6 months 
after initial BCG with either maintenance or re-induction 
[11]. The current terminology, “BCG unresponsive” dis-
ease was coined in 2015 to broaden the definition cover-
ing both refractory and relapsing disease [12]. In 2018, the 
FDA defines BCG unresponsive disease as: “persistent or 
recurrent CIS alone or with recurrent Ta/T1 disease within 
12 months of completion of adequate BCG therapy, or recur-
rent high-grade Ta/T1 disease within 6 months of comple-
tion of adequate BCG therapy, or T1 high-grade disease at 
the first evaluation following an induction BCG course” 
[13]. It is of utmost importance that when using this termi-
nology treating physicians ensure that patients have received 
an “adequate” amount of BCG. The FDA defines adequate 
BCG therapy as “at least 5/6 doses of initial induction plus 
at least 2/3 maintenance doses or alternatively at least 5/6 
doses of an initial induction plus at least 2/6 doses of an re-
induction” [13].

Due to the heterogeneous nature of the disease and strict 
criteria for defining various disease states, the FDA has pub-
lished guidelines for industry to aid in drug development for 
BCG unresponsive NMIBC [13]. In this document, the FDA 
highlights the intricacies of, and differences between BCG 
unresponsive papillary disease and CIS that is unresponsive 

to BCG. They set forth what is expected of new therapeutics, 
both intravesical and systemic treatments. They state that the 
only appropriate trial endpoint is complete response (CR) for 
patients with CIS, defined as negative cystoscopy and nega-
tive cytology. Positive cystoscopy with biopsy proven benign 
or low-grade NMIBC/negative cytology, or the presence of a 
positive/suspicious cytology with a negative biopsy are not 
considered to be a treatment failure. Recurrence is simply 
defined as anything not meeting the aforementioned criteria 
[13].

Contemporary research in the management of BCG 
unresponsive NMIBC

To address a significant unmet need for new therapies in 
NIMBC, many research groups are actively testing novel 
therapeutic strategies for this disease. Although it has been 
decades since the last drug approval, many are optimis-
tic that the landscape of NMIBC management is about to 
change. Siddiqui et al. recently published a review of 18 
completed/ongoing clinical trials in BCG unresponsive dis-
ease since 2014 [14]. Interestingly, significant variety exists 
in the treatment mechanisms underlying these therapies 
ranging from vaccines to enhanced drug delivery systems 
to gene therapy, which is the focus of this review.

Choosing the correct therapy—interferon (IFN) 
as a treatment for NMIBC

Historically, many intravesical agents have been tested in 
hopes of preventing recurrence and progression in NMIBC, 
and recombinant human interferon-α amongst them 
(rhIFNα). Interferon is a pleiotropic cytokine that has been 
shown to be cytotoxic and antiangiogenic in bladder can-
cer [15, 16]. Early work by our group showed that systemic 
administration of rhIFNα to bladder tumor-bearing mice was 
associated with decreased angiogenic factors such as basic 
fibroblast growth factor (bFGF) and vascular endothelial 
growth factor (VEGF) [17, 18].

Over the past several decades, rhIFN has been used as 
a monotherapy and in combination with other intravesi-
cal agents [19–22]. Early studies examining the efficacy of 
rhIFNα monotherapy noted moderate anti-tumor responses 
in patients with CIS; however, its use in T1 disease was 
found to be inferior when compared to standard intravesical 
therapy [21, 23].

The potential for synergistic anti-tumor activity when 
rhIFNα is used in combination with BCG has been assessed 
in several clinical trials, two of which assessed its activity in 
“BCG failure” patients [19, 24]. Although they report rela-
tively high disease-free rates following combination therapy, 
these results are misleading. A significant number of patients 
classified as “BCG failures” only received one prior course 
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Fig. 1   a Depiction of sus-
tained urothelial exposure with 
AdIFNα/Syn3 compared with 
rhIFNα. b Effect of intra-
vesical treatment with AdIFNα/
Syn3 in an orthotopic bladder 
cancer model (figure used with 
permission [40]). c Prolonged 
IFNα levels are seen with gene 
therapy (AdIFNα) compared to 
recombinant IFNα (IntronA) 
following intravesical treatment 
(figure used with permission 
[40])
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of BCG, therefore, not meeting contemporary definitions of 
this disease state [19, 24]. Furthermore, a recent Cochrane 
review assessing combination BCG/rhIFNα found no clear 
benefit for prevention of recurrence or progression when 
compared to BCG monotherapy [25].

The limitations seen with intravesical rhIFNα therapy 
are likely a result of short drug exposure time rather than 
its inherent anti-tumor activity. The limited dwell time that 
occurs with intravesical therapy does not allow for the devel-
opment of a significant immunological response. rhIFNα 
monotherapy does not provide the necessary treatment dura-
bility with most patients relapsing within the first year of 
treatment [26]. To overcome this limitation, we have invested 
our research efforts into gene therapy in hopes of creating an 
environment within the bladder in which the urothelium is 
exposed to IFNα for sustained periods (Fig. 1a).

Gene therapy concept and definitions

Gene therapy can be defined as the therapeutic delivery 
of nucleic acid into a host’s cell to treat a disease [27]. 
Although originally developed to treat genetic diseases, the 
majority of gene therapy research today focuses on the treat-
ment of cancer [28]. Following the first successful therapeu-
tic gene transfer for melanoma almost 30 years ago, gene 
therapy has evolved into a strategic tool in our armamen-
tarium against cancer [29, 30].

Gene therapy can be divided into two broad categories: 
therapies targeting the tumor cell and therapies targeting 
the immune system. Our focus has been the latter, so-called 
‘immunogene therapy’. Immunogene therapy is a term used 
when the genetic material delivered elicits and/or modu-
lates the host’s immune response [31]. The fundamental 
basis of immune therapy involves the host’s immune sys-
tem mounting an anti-tumor response against foreign tumor 
cells. Cytokines, such as IFNα, are pleiotropic and possess 
the ability to impede tumor cell growth directly and acti-
vate both the innate and adaptive immune response against 
tumor cells [31]. Ideally, the goal with any antineoplastic 
agent is to maximize the effect in the target tissue with mini-
mal systemic side effects. Systemic cytokine therapy has 
been used successfully in several malignancies; however, 
widespread adoption has not occurred secondary to serious 
adverse events associated with its administration [32, 33]. 
We know from prior work testing intravesically delivered 
rhIFNα that local cytokine delivery appears to be well toler-
ated, reassuring us that it will be tolerated as a local therapy 
via gene transfer [20].

The bladder serves as an ideal organ for gene therapy. 
It is a defined cavity that provides direct contact between 
vector and tumor cells at the same time allowing relatively 
easy access to urine and tissue to monitor effect and perform 
correlative studies. Despite these favorable conditions for 

gene transfer, early trials investigating gene therapy in blad-
der cancer were disappointing with effective gene delivery 
being the major barrier [34].

Overcoming ‘the barrier’ to gene therapy in bladder 
cancer—the discovery of Syn3

The bladder urothelium possesses a unique protective layer 
called the “glycosaminoglycan layer” (GAG). This layer is 
composed of a thick layer of glycoproteins and proteogly-
cans covering the surface of urothelial cells [35]. Although 
the exact function of this layer is unknown, many believe it 
to serve as a barrier to infection and other harmful urinary 
constituents. As a result, successful intravesical gene therapy 
must overcome this natural barrier to allow for viral trans-
duction to the underlying urothelium.

In efforts to enhance gene transduction within the blad-
der, early studies used harsh chemical reagents such as etha-
nol and acetone to serve as a detergent in hopes of increas-
ing gene delivery [36]. Although they witnessed enhanced 
transgene expression, the harsh nature of these chemicals 
would not prove feasible in a clinical setting. In 2001, Con-
nor et al. tested a variety of chemical detergents in vivo in 
hopes of identifying a less toxic reagent that would enhance 
β-galactosidase transgene expression [37]. In doing so, 
they identified a candidate compound called “BigCHAP”. 
Interestingly, researchers noted significant heterogeneity 
in the results using different lots of the Big CHAP com-
pound, which led to further bioanalysis. This revealed three 
impurities in the bioactive version of BigCHAP of which 
one, impurity no. 3, was found to be the active component. 
Further chemical modification of this impurity led to the 
develop of ‘Syn3’, a compound proven to enhance transgene 
delivery and expression [38]. This discovery laid the founda-
tion for further preclinical work assessing the safety, feasi-
bility, and efficacy of gene transfer in bladder cancer.

Preclinical testing of gene therapy for bladder 
cancer

Preclinical work performed by Iqbal et al. in 2001 showed 
that a recombinant adenovirus expressing human interferon-
α2b was able to produce biologically active protein both 
in  vitro and in  vivo. rAdIFNα2b, originally known as 
“IACB”, was effective in suppressing tumor growth in both 
primary and metastatic tumor models [39].

At this time, with the recent discovery of the excipient 
Syn3 and a proven antineoplastic gene therapeutic construct 
(rAdIFNα), we began assessing the efficacy of these agents 
as an intravesical treatment strategy for bladder cancer. In 
2004, Benedict et al. used an orthotopic model of human 
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bladder cancer in nude mice to test the delivery/efficacy of 
AdIFNα/Syn3 [40]. In this model, tumor presence within the 
bladder was confirmed by green fluorescence and treatment 
was initiated with 1 × 1011 P/mL AdIFNα/Syn3 instillations 
into the bladder on 2 consecutive days. With this model, 
we were able to demonstrate high urinary IFN levels and 
marked tumor regression following treatment (Fig. 1b/c). 
Interestingly, the rAdIFNα2b treatment also had cytotoxic 
effects on cells that were previously shown to be resistant 
to rhIFNα. Perhaps, one of the most important findings was 
the durability of IFNα levels following intravesical instilla-
tion. Elevated bladder tissue IFNα levels were noted for at 
least 7 days following AdIFNα/Syn3 compared with rhIFNα, 
which lasted less than 12 h (Fig. 1c). This important dis-
covery emphasized the benefit of gene therapy in overcom-
ing the issue of durability with intravesically administrated 
rhIFNα [40].

From our preclinical work, at least three mechanisms 
mediating the anti-tumor effects of IFNα-based gene ther-
apy have emerged. In 2002, Izawa et al. demonstrated that 
inhibition of tumorgenicity by AdIFNβ was related to inhi-
bition of angiogenesis factors and neovascularization, con-
firming the antiangiogenic effects of IFN observed in our 
early work [41]. Other preclinical work has demonstrated 
that rhIFNα-induced TRAIL leads to cell death via an IRF-
1-dependent mechanism in human bladder cancer cells [15]. 
TRAIL-mediated cell death appears a likely factor in the 
clinical setting as well with elevated TRAIL levels noted 
in patients with detectable urinary IFNα following trans-
duction [42]. A third, less understood mechanism involves 
soluble bystander factor(s) that are secreted by both AdIFNα 
infected tumor cells and normal urothelial cells. Our hypoth-
esis is that this bystander effect is selectively cytotoxic to 
tumor cells, but not normal urothelial cells [43, 44]. We 
recognize that invading immune response cells would likely 
be past the transduction window by the vector (24 h) and 
expressed IFN protein is unlikely to be directly transferred 
to such cells via the ‘bystander effect’. However, whether 
there are downstream immune mechanisms contributing 
to AdIFNα’s bystander effects on the tumor microenviron-
ment remains unknown. Our prior preclinical data were 
generated in human xenografts in nude mice [40]. We are 

now conducting mechanistic and correlative studies using 
spontaneous and syngeneic mouse models that may provide 
insight into the immune mechanisms underlying AdIFNα’s 
anti-tumor activity.

From bench to bedside: preparation for phase I 
testing

In a study evaluating the dosing regimens for this novel 
agent, Connor et al. examined the pharmacodynamics and 
efficacy of re-dosing rAdIFNα2b in immunocompetent rats 
[45]. High and sustained levels of IFNα were found in the 
urine and bladder tissue following intravesical therapy. Mini-
mal levels were detected in systemic circulation. In this re-
dosing experiment, we demonstrated that longer intervals 
between doses allowed for a dampened immune response, 
therefore, facilitating increased duration and magnitude of 
adenoviral gene expression [45].

Prior to initiating a phase I clinical study, several unan-
swered questions needed to be addressed. Are two con-
secutive doses necessary? What is the ideal dose? Does 
efficacy correlate with urinary IFN levels? To address 
these questions, we examined single dosing and three dif-
ferent concentrations of AdIFNα2b/Syn3 in an orthotropic 
bladder cancer model [46]. In doing so, we found that the 
lowest dose was relatively ineffective at inhibiting bladder 
tumor growth when compared to the higher doses. Fur-
thermore, we found that a single instillation was as effec-
tive as two consecutive instillations providing the ration-
ale for single instillation only in human studies. Another 
important finding was that tumor response correlated with 
sustained elevation of IFNα levels in the urine. The use 
of this correlation in our human trials would allow for 
quantification of gene transfer. Table 1 summarizes select 
preclinical studies from the development of AdIFNα/Syn3.

A previous concern with using adenoviral vectors in 
gene therapy was the feasibility of large-scale produc-
tion to meet potential market demand [47]. Until recently, 
this shortcoming hindered the clinical application of this 
novel therapeutic technique. Fortunately, we were able to 
overcome this obstacle by developing technology to aid 
in large-scale adenoviral production, in turn allowing us 

Table 1   Select preclinical studies in the development of AdIFNα/Syn3

Author Year Main findings

Iqbal et al. [39] 2001 rAdIFNα2b produced biologically active protein both in vitro and in vivo
rAdIFNα2b was effective in suppressing tumor growth

Yamashita et al. [38] 2002 Syn 3 described as a novel excipient to enhance transgene expression within the bladder
Benedict et al. [40] 2004 rAdIFNα2b/Syn3 causes marked tumor regression in an orthotopic bladder cancer model
Tao et al. [46] 2006 Single instillation (vs. two) of rAdIFNα2b/Syn3 causes tumor regression

Tumor response correlates with urinary IFNα levels
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to perform the clinical studies detailed below. Adenovi-
ral vectors provide several other unique advantages as 
well. Adenovirus provides high transduction efficiency 
in humans but lacks the associated DNA machinery to 
integrate the transgene and hence does not carry the inte-
grational mutagenic risks of random retroviral and lenti-
viral vectors. The resultant short-term expression of the 
interferonα-2b protein peaks within 48 h and declines 
thereafter over the next 14 days. Adenoviral mediated 
short-term expression trigger’s interferons pleiotropic 
effects while minimizes the possibility of interferon con-
ditioning and induction of PDL1 response mechanisms 
in the tumor (Plote, 2018 under review). Induction of 
such checkpoints is undesirable as it negates downstream 
immune mediated anti-tumor effects.

Phase I clinical study—rAdIFNα2b/Syn3

A phase I clinical study of “SCH721015/SCH209702” 
(rAdIFNα2b/Syn3) was initiated in April 2011 [48]. The 
primary endpoint was safety with secondary endpoints 
being effective gene transfer and preliminary evidence of 
clinical activity at 3 months. Seventeen patients with disease 
recurrence following two cycles of BCG (defined as 6-week 
induction followed by a 3-week maintenance or a second 
induction) were enrolled in the study. Following a single 
treatment dose, safety was evaluated for 12 weeks and effi-
cacy of gene transfer assessed by measuring urinary IFNα 
levels. Preliminary drug efficacy was assessed at 3 months.

Overall, the therapy was well tolerated with no dose-
limiting toxicities. Lower urinary tract symptoms (LUTS) 
mainly in the form of urgency were noted in 88% of patients, 
but were well managed with anticholinergics. Effective 
gene transfer was noted in all patients except those receiv-
ing the lowest dose. Detectable levels of IFNα were noted 
in patient’s urine for up to 10 days. Of the 14 patients 
treated with effective dosage and confirmed gene transfer 
(i.e., detectable urinary IFNα), six (43%) experienced a 
CR at 3 months with two remaining disease-free at 29 and 
39 months, respectively [48].

Phase II clinical study—Instiladrin®

The encouraging results from the Phase I trial led to the ini-
tiation of a multi-center Phase II study governed by the Soci-
ety of Urologic Oncology Clinical Trials Consortium (SUO-
CTC). In this single-arm trial, 40 BCG unresponsive patients 
at 13 centers were randomized to two dosages of AdIFNα/
Syn3 every 3 months for 1 year, while CR was maintained. 
The primary endpoint was defined as 25% freedom from 
high-grade recurrence (biopsy mandated) at 12 months [49]. 
Evidence of effective gene transfer was found in all trial 
patients with detectable levels of urinary IFNα2b at 24 h. 
The primary outcome was similar between the two dosage 
groups with 7 (33%) and 7 (37%) achieving 12-month RFS 
in the low- and high-dose groups, respectively, although the 
median time to recurrence seemed to favor the high dose. 
In the 14 patients with 12-month RFS, durable responses 
were seen with no documented bladder recurrence before 
21 months and some lasting beyond 36 months. Importantly, 
AdIFNα/Syn3 appears to act on both papillary and CIS BCG 
unresponsive lesions. Subset analyses demonstrated 50% and 
30% 12-month RFS for papillary and CIS lesions, respec-
tively [49]. This represents a significant gain in the manage-
ment of BCG unresponsive disease, particularly for those 
with CIS whose only approved option is Valrubicin with a 
12-month RFS of just 10% [50].

Similar to the phase I study, the most common adverse 
events were LUTS. Importantly, no patients discontinued 
therapy due to toxicity, and AEs were similar in both the 
high- and low-dose groups. Serum IFNα2b levels were 
extremely low and there was no measurable IFNα2b DNA, 
both indicators of systemic biosafety. Table 2 summarizes 
published clinical studies using Instiladrin.

Phase III multi‑institutional study—Instiladrin®

A multi-institutional phase III registration trial of Instiladrin 
was initiated in late 2016. This trial population consisted 
of high-grade BCG unresponsive patients of whom at least 
100 must have CIS. The primary endpoint is twofold: per-
cent of CIS patients with CR at 3 months and second, the 

Table 2   Published clinical studies of AdIFNα/Syn3 (Instiladrin)

DLTs Dose-limiting toxicities, CR Complete response, HG High grade

Author Year Phase Primary and secondary endpoints Main findings

Dinney et al. [48] 2013 I 1°—safety
2°—assessment of gene transfer and early efficacy

rAdIFNα2b/Syn3 was well tolerated with no DLTs
Gene expression was confirmed with dose depend-

ent urinary IFNα levels
43% experienced a CR at 3 months

Shore et al. [49] 2017 II 1°—25% freedom from HG recurrence at 
12 months (biopsy mandated)

rAdIFNα2b/Syn3 was well tolerated
Effective gene transfer was found in all patients
35% of patients were free of recurrence at 2 months
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durability of CR. Secondary endpoints include percent RFS 
at 3, 6, 9, and 12 months for Ta/T1 lesions without CIS. In 
this trial, intravesical treatment with Instiladrin was admin-
istered every 3 months for 1 year, while CR was maintained 
and those who remained a CR at 12 months are eligible for 
3 years of maintenance treatment. Accrual for this trial com-
pleted in Q2 2018 and we keenly await the results.

Current and future work optimizing IFN‑based gene 
therapy for bladder cancer

Although results thus far are very encouraging, much work 
lies ahead to better understand and optimize this novel 
therapeutic strategy. As we enter the world of personalized 
medicine, it is crucial that with this new therapy that we 
optimize patient selection. Our current work is focused on 
identifying biomarkers that will predict sensitivity or resist-
ance to IFNα-based gene therapy. Candidate markers such as 
various cytokines, miRNA’s, intrinsic molecular subtypes, 
and immune biomarkers are all being investigated from the 
Phase I and II trials correlative data.

As detailed above, our prior preclinical work was per-
formed in human xenografts and, therefore, not suitable to 
assess the immune activity of AdIFNα/Syn3 therapy. To 
address this, we have tested IFN-based therapy in synge-
neic immunocompetent mouse models assessing immune 
cell infiltrate and modulation of the immune checkpoint 
marker PDL-1 (Plote 2018 under review). We found both 
to be markedly increased following rhIFN treatment, pro-
viding rationale to test combination therapy with immune 
checkpoint blockade. Using the same syngeneic mouse 
tumor model, we tested combination therapy with poly:IC 
(a TLR3 agonist which acts as a synthetic analogue of IFN) 
and anti-PDL1 and demonstrated significant improvement 
in survival with combination therapy (Plote, 2018 under 
review). A phase I/II clinical trial to test the combination 
of intravesical Instiladrin with systemic anti-PD1 therapy is 
currently being developed.

In addition to the work above, we are testing novel vec-
tors for the delivery of IFNα in NMIBC. Lentivirus (LV) is 
another potential vector for intravesical delivery of IFNα, 
which unlike adenovirus, can integrate into the host genome 
allowing for continual production and sustained levels of 
IFNα. Our preliminary work using this vector has shown that 
LV-IFNα effectively upregulates IFNα target genes includ-
ing PDL-1, is cytotoxic to murine bladder cancer cell lines 
in vitro, and improves the survival of BBN tumor-bearing 
mice. Therefore, LV appears to be a promising vector for 
intravesical gene delivery and warrants further research.

Other gene therapy approaches in NMIBC

In addition to our research group, others are working dili-
gently to move this field forward by way of novel therapeutic 
targets and innovative techniques. Recently, Packiam et al. 
published interim results of their gene therapeutic construct, 
CG0070 oncolytic vector [51]. In this model, an oncolytic 
adenovirus targets Rb-negative bladder cancer cells for 
destruction via direct tumor lysis and/or immune mediated 
killing [51]. They assessed the oncolytic activity of CG0070 
in a cohort of BCG unresponsive patients. With this being 
an interim analysis, only 6-month CR rates were available 
and found to be 47% in patients with BCG unresponsive 
NIMBC. Although intriguing, these results are limited by 
small sample size, short follow-up and a rigorous dosing 
schedule. The lack of Rb-status is also a significant limi-
tation to this study, as this is the integral to the proposed 
mechanism of action [51].

Summary

BCG unresponsive bladder cancer represents an advanced 
state of disease in which no effective therapies exist to aid 
in bladder preservation. Our work developing and optimiz-
ing IFNα-based gene therapy over the past 15 years is now 
coming to fruition with promising results from phase I and II 
clinical trials and pending results from a phase III trial. After 
overcoming the initial barriers associated with gene delivery 
to the bladder, we have made significant strides forward in 
developing this novel therapeutic strategy for treatment of 
this inherently resistant disease.
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