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Abstract: Intravesical immunotherapy with bacille-Calmette-Guerin (BCG) is indicated in the treatment

of high-risk and intermediate-risk non-muscle invasive bladder cancer (NMIBC). Our goal is to describe the

various disease states following induction and maintenance BCG and to describe contemporary treatment

options and the current and projected clinical trial landscape for patients who recur following BCG therapy.
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Introduction

The definition of bacille-Calmette-Guerin (BCG) failure
must be specified in the context of previous treatments
and the time interval of recurrence. Valrubicin is the only
FDA approved intravesical agent in this setting and the
approval is restricted to patients with BCG refractory
carcinoma in situ (CIS) and those who refuse or are not
medically fit to undergo radical cystectomy. There are
multiple other intravesical therapies available for these
patients as well as others with Ta or T1 papillary urothelial
cancer. Device assisted treatments designed to improved
chemotherapy delivery are another option but await
approval in the US. Ongoing clinical trials are testing
strategies to augment the immune response including
pre-treatment BCG vaccination, immune checkpoint
inhibition, gene therapy and other novel delivery systems,
targeted agents (e.g., FRFR3 inhibitors) and combination
intravesical therapy (7able I).

BCG is a live-attenuated mycobacterium originally
developed as a vaccine against tuberculosis. Dr. Morales
first demonstrated its therapeutic potential in bladder
cancer in 1976 (1). While the initial application for
NMIBC included the co-administration of transdermal and
intravesical BCG, the current standard of care is full dose

© Translational Andrology and Urology. All rights reserved.

www.amepc.org/tau

induction intravesical therapy weekly for 6 weeks followed
by maintenance therapy (2).

BCG is approved by the US Food and Drug Administration
for treatment of patients with CIS and high-grade papillary
Ta and T1 urothelial bladder cancer. Meta analyses of
EORTC trials suggest that BCG with maintenance is also
an option for treatment of patients with multifocal and or
recurrent or large solitary Ta and T'1 low-grade disease (3,4).

In the current management of NMIBC at least eight
different BCG strains are being used which all have been
derived from the original BCG strain which was created
from the attenuation experiments by Drs. Calmette and
Guerin in 1921 at the Pasteur Institute in Lille,
France (5). When the lyophilized form of BCG entered
into mass production in 1961, the dispersion caused a drift
in the genotype and with resulting substrains that were
named after their site of origin and the manufacturer. The
strains that are most commonly used are TICE (Chicago)
and Connaught (Toronto). With a manufacturing shortage
of the latter, the TICE strain is the most commonly
available BCG strain at this time.

A Japanese study compared the efficacy of intravesical
BCG with the Tokyo strain or the Connaught strain in a
randomized study in 133 patients without prior intravesical
treatment. The complete response (CR) rate was 90.3% and
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Table 1 Ongoing clinical trials for optional treatments of BCG refractory urothelial carcinoma
Trial Phase Sponsor Trial status
Efficacy study of recombinant adenovirus for non-muscle invasive l/m Cold Genesys Open—recruiting
bladder cancer (BOND)
Study of BCG combined with PANVAC versus BCG alone course of Il National Cancer Institute  Open—recruiting
BCG in adults with high grade non-muscle invasive bladder cancer who
failed at least one course of BCG
ADO001 and intravesical gemcitabine in BCG-refractory primary or I/1l Memorial Sloan Kettering Open—recruiting
secondary carcinoma in situ of the bladder Cancer Center
Sunitinib malate in treating patients with recurrent transitional cell Il Case Cancer Center Ongoing—not
bladder cancer recruiting
Phase 2b, trial of intravesical DTA-H19/PEI in patients with intermediate- Ilb Case Cancer Center Ongoing—not
risk superficial bladder cancer recruiting
Radiation therapy and chemotherapy in treating patients with stage | Il Radiation Therapy Open—recruiting
bladder cancer Oncology Group
Dovitinib in BCG refractory urothelial carcinoma with FGFR3 mutations Il Hosier Cancer Research ~ Ongoing—not
or over-expression Network recruiting
Intravesical administration of Instiladrin (rAd-IFN with Syn3) in patients Il FKD Therapies Ongoing—not
with bladder cancer recruiting

BCG, bacille-Calmette-Guerin.

85.0% respectively, which was not statistically significantly
different. Despite randomization significantly more patients
with CIS were allocated to the Tokyo BCG arm (6).

A recent single center randomized clinical trial reported
a significant superiority in the treatment of NMIBC with
BCG Connaught versus BCG TICE significantly improving
S-year recurrence-free survival (7). This has been attributed
to a more effective TH-1 immune response as shown in
in vitro experiments in mice. A genomic analysis reported
in the same study, demonstrated significant differences
in the mutation patterns between the strains. While the
trial has many limitations in design and power, it raises a
provocative question regarding the potential that BCG
strain differences may affect relative efficacy in the absence
of maintenance BCG. The drift in the genome of BCG
has been comprehensively studied as a potential modulator
of vaccine efficacy (8). Investigators hypothesize that early
BCG strains may be more effective than BCG strains widely
used today likely due to independent tandem duplications
(DU1 and DU2).

The AUA, EAU, and NCCN guidelines recommend
treatment with BCG for high-grade non-muscle invasive
cancer including Ta high grade, CIS and/or T1 high-
grade disease, which do not meet the criteria for a primary
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cystectomy (9-11). BCG has been shown to have a durable
response rate of about 50% over a median follow-up of
4 years but this number drops to only 30% of patients who
are free of tumor recurrence or progression at 10 years. Level
I evidence supports the use of full dose BCG plus 3 years of
maintenance treatment in patients with high risk disease (12)
and meta-analyses suggest that BCG is superior to
Mitomycin or Epirubicin for intermediate risk disease but
only when administered with maintenance treatment (3,4).
SWOG 8507 randomized patients with high-risk disease
to BCG induction alone vs. induction plus maintenance
BCG for 3 years. Maintenance BCG was associated with
both reduced recurrence and disease worsening defined
as biopsy proven invasive cancer or a change in treatment
strategy implying progression or worsening of the disease
state. Five-year RFS was 60% vs. 41% with and without
maintenance treatment (2). EORTC 30962 compared low
dose vs. high dose and 1- vs. 3-year maintenance therapy
in a non-inferiority trial design. While the trial failed to
meet the primary endpoint, subset analyses in patients with
high-risk disease confirmed the requirement for full dose
and 3 years of maintenance and suggested that patients
with intermediate-risk disease could be treated with 1 year
of maintenance therapy with a similar efficacy as 3 years of
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maintenance (12).

The foremost challenge for the urologist who manages
patients on BCG is to recognize and accurately define
BCG failure and to determine the optimal treatment
strategy. Failure to intervene with definitive radical
cystectomy prior to progression to muscle invasive
cancer is associated with a significant reduction in long-
term survival probability (13). The definition of BCG
non-responders has been modified over time. O’Donnell
et al. have recommended the following categories (14):
intolerance to BCG describes the inability of a patient to
tolerate side effects from the treatment. Resistance to BCG
refers to a recurrence or persistence of bladder cancer at
3 months after the first induction cycle but of lesser degree
(stage or grade), which is absent at 6 months after either
a re-induction cycle of 6 weeks or a first maintenance
cycle of 3 weeks. Patients are refractory to BCG when
there is persistent disease after a second course of BCG
(either maintenance or second induction course). This also
includes any progression or worsening of the tumor with
regards to stage, grade and disease extent by 3 months after
the first cycle of BCG. Formerly called BCG relapse refers
to a recurrence of the disease after initial achievement of a
disease free state within 6 months of initiation of treatment.
A recurrence may be classified as early (within 12 months),
intermediate (12-24 months) or late (>24 months). The
2013 FDA/AUA Workshop on clinical trial design in
NMIBC expanded the patient population defined as BCG
refractory to include those treated with two induction
courses or induction plus 3 weeks of maintenance and fail
to achieve a CR within 6 months of initiation of BCG (15).
The FDA has also considered including patients who recur
within 6 months after an initial CR. Single arm phase II
trials may be considered for registration with this expanded
patient population. Patients who recur with T1HG after an
initial induction course may also be included in this group
considered BCG unresponsive. BCG failure is a unique
subset of patients with persistent TaHG or CIS after a single
induction course of BCG or recurrent disease more than
1 year after an initial CR. Phase III trials comparing BCG
to BCG plus an experimental drug should be considered in
this patient population.

What to do when BCG fails the patient?

Patients who recur after an initial CR to BCG or have
persistent disease not requiring a cystectomy after a single
induction course can be re-induced with a second induction
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course or proceed to maintenance therapy with three
weekly instillations. Patients who recur or have persistent
disease after two induction courses or induction plus
maintenance in general should not receive additional BCG.
Cystectomy is the standard of care in these patients. For
patients who refuse cystectomy or are at higher risk for
morbidity or mortality due to co-morbidites can be re-induced
with intravesical Valrubicin which is FDA approved for
patients with CIS who meet these criteria. While patients
with intermediate risk tumors i.e., multifocal and/or
recurrent low-grade disease should be offered intravesical
chemotherapy, any high-risk disease must be managed in a
more aggressive fashion.

The initial CR rate for patient with CIS is 55% at 3 months
following initiation of BCG therapy. Without any further
BCG, an additional 10-15% of patients will have a CR by
6 months. With the addition of 3 weeks of maintenance, the
6-month CR rate for these patients improves to 84% (2).
The message from these data from SWOG 8507 is that
one should wait until the 6-month evaluation time point
in order to determine whether a patient is refractory to
BCG. The exception is patients with persistent T1 disease
at the first evaluation at 3 months who should strongly
consider cystectomy. An algorithm is presented in Figure I
describing the management of disease states following BCG
therapy (16-18).

In a retrospective secondary analysis of the SWOG
8507 trial, we examined the association of a CR following
induction BCG with overall survival (19). The 5-year survival
probability was 77% for patients who had an initial CR
vs. 62% who did not. Age and history of prior intravesical
chemotherapy were also associated with worse survival.

In patients with a positive cytology but no visible disease
in the bladder it is imperative to consider extravesical
sites as the source of the malignant cells. This should
include staging of the upper urinary tract (UUT) and the
prostatic urethra as recommended by the EAU and NCCN
guidelines. A recent study from Giannarini et /. reported
that of 110 patients who were treated with a single or two
courses of BCG, 52% had a second primary tumor either
in the UUT or the prostatic urethra (20). Huguet ez a/.
found that the involvement of the prostatic urethra was the
strongest predictor for upstaging to muscle-invasive disease
in patients treated with cystectomy for BCG failure (21).
Moreover there is a clear association between the depth of
invasion in prostatic urothelial carcinoma and survival as
previously reported by our group and others (22). Ductal
CIS or lamina propria invasion of the prostatic urethra and
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CR: neg cysto/cytology
PR: neg cyto/+ cytology
NR: + biopsy

Cystx: Cystectomy

Algorithm

Induction BCG—weekly x6
6 weeks
Cysto, cytology + biopsy

CR PR NR

v v 2

BCG weekly x3 BCG weekly x3 Cystectomy BCG + IFN weekly x6
or weekly x6

CR  + cytology CR  + cytology CR PR NR

2 N A

BCG maint Biopsy BCG maint Biopsy BCG =+ IFN maint Biopsy Cystx
SWOG 8507 SWOG 8507 SWOG 8507

Figure 1 Algorithm for initial treatment with BCG and
subsequent therapy depending on response (SWOG 8507 Phase IIT
randomized trial comparing BCG induction and BCG induction

plus maintenance to 36 months). BCG, bacille-Calmette-Guerin.

prostatic stromal invasion were associated with a S-year
survival of 44% and 32% respectively while the 5-year
overall survival in the absence of any prostatic involvement
was about 64%. Transurethral resection biopsy adjacent
the verumontanum is imperative for the detection of CIS
and invasive prostatic urothelial carcinoma arising from the
prostatic urethra (23).

BCG failure—what next?

Radical cystectomy must be considered for patients who
fail to achieve a CR or recur after treatment with BCG,
but the best time point on when to abandon conservative
treatment and consider radical cystectomy is unclear.
There is a broad consensus among experts and this is also
reflected by the guidelines that any patient not tolerating
BCG or where BCG treatment is contraindicated should
be offered a radical cystectomy. Contraindications include
active tuberculosis or any form of congenital or acquired
immunosuppression including (package insert for TICE
http://www.fda.gov UCM163039):
(I) Cancer therapy related immunosuppression
(radiation or cytotoxic drug related);
(II) Long-term treatment of corticosteroids;
(III) Treatment with Remicade which is an inhibitor of
tumor necrosis factor and blocks T cell immunity.
Moreover any patient with a BCG refractory tumor or
any high-grade recurrence after BCG should be considered
for radical cystectomy. This is especially important in
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patients with a high grade T1 tumor who have a high risk
of progression. An analysis from Denzinger et a/. in 2008
revealed significant differences in the survival rates for
patients with initial T'1 high-grade tumors who opted for
an early versus a deferred cystectomy with a 10-year CSS
of 78% and 51%, respectively (24). In patients who opted
for BCG treatment and underwent deferred cystectomy the
median time in treatment delay from the initial TURBT to
cystectomy was 11.2 months. Notable predictors of worse
survival were delayed cystectomy and concomitant CIS.

For medically fit patients, radical cystectomy must be
performed prior to the development of muscle-invasive
disease. In a series of 3,200 patients who underwent RC
for CIS, 36% of patients were upstaged to invasive cancer
(pT1-T4) and 22.6% of patients were upstaged to muscle-
invasive disease (> p12). Cancer specific survival at 3, 5 and
10 years was 91%, 85% and 73 %, respectively (25).

There is no rationale for further BCG treatment after
two courses unless the recurrence takes place >1 year after
the last BCG treatment. However, there are several options
for second line therapy that are available for patients who
are medically unfit or unwilling to undergo cystectomy.
Several of these must still be considered experimental.

Boosting the immune response
Transdermal vaccination prior to BCG

The mechanisms involved in the immune response
generated by intravesical BCG immunotherapy for patients
with non-muscle-invasive bladder cancer (NIMBC) are
not completely understood, but evidence suggests a role
played by both innate and adaptive arms (26). BCG induces
a robust CD4 and CD8 T cell infiltrate and up-regulation
of cytokine induction such as interferon-y, IL-2 and IL-12,
which are associated with a predominant T-helper cells
(Th1) response. Previous trials have investigated the
concomitant use of intradermal vaccination and intravesical
therapy. The largest trial randomized 154 patients to
intravesical therapy (BCG Pasteur strain) with or without
combined intradermal inoculation (27). There was no
benefit with regards to recurrence-free or progression-free
survival similar to other trials (27-29).

Two clinical trials are in developments that revisit the
concept of intradermal application of BCG. The European
study BOOST and the US SWOG study PRIME will
independently evaluate the role of transdermal vaccination
with BCG and subsequent BCG intravesical treatment
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versus BCG alone. In a pre-clinical experiment mice were
treated with subcutaneous vaccination with BCG 3 weeks
before the initiation of the intravesical induction BCG,
which resulted in 100% survival compared to controls
and a modest delay in tumor growth and mortality (30).
The investigators found that an accelerated immune
response was associated with rapid recruitment of T-cells.
A retrospective analysis of a BCG treated patient cohort
revealed that a previous exposure to BCG and positive
Mantoux (PPD) test resulted in a better response to BCG.
While simultaneous intradermal and intravesical therapy
have been evaluated these upcoming trials might shine a
light on whether intradermal BCG followed in 3 weeks by
induction intravesical BCG treatment might provide better
treatment responses (27-29).

BCG plus interferon-a (INF-a)

The treatment of high-grade bladder cancer with INF-a
has been reported mostly as an intravesical therapy.
Interferon monotherapy does not appear to have an effect
on recurrence-free survival but has been shown to reduce
progression to a higher grade or stage (31).

With the goal of reducing toxicity of BCG the immuno-
modulator interferon-alpha has been studied in combination
with dose-reduced BCG and as an enhancer of the immune
response. A multicenter phase II trial led by the National
BCG/Interferon Investigator group and published in 2006
studied a combination of BCG and INF-a, which was
administered to patients who were BCG naive or previously
treated with one or two courses of BCG. All patients
received 50 million units of IFN a-2b and BCG dosage
was reduced in those previously treated with BCG or in
those patients deemed BCG intolerant. Inclusion criteria
allowed for patients with primary or recurrent bladder
cancer, previous intravesical chemotherapy and patients
who recurred after treatment with BCG. Of all 1,007
patients at 24 months, 59% and 45% were free of disease
in the BCG naive and the BCG failure group, respectively.
Patients who received three or more cycles of BCG had
an inferior outcome suggesting they had resistant disease.
Based on these results a third cycle of BCG is not warranted
as a general rule of practice. Importantly the study did not
prove an advantage of the combination treatment to BCG
monotherapy. A recent phase III trial however, showed no
benefit to the addition of interferon alpha in a BCG naive
population (32). Rosevear et al. reported in a subset analysis
data on patients with CIS from the same phase II trial.
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While initial response rates were similar, 24-month disease-
free rates were 60% in BCG naive patients and 57% or 23%
after one or two cycles of previous BCG (33). The treatment
response to the drug combination was also associated with a
significantly shortened disease-free survival in patients who
recurred <12 months following BCG treatment compared
to patients who recurred after >12 months. In practice many
clinicians may consider adding INF-a in the setting of a
relapse after 12 months or at the time of a second BCG
induction course if there is persistent disease after the first
6-week induction course.

Checkpoint inbibitors

The class of immunotherapy drugs under the common
term checkpoint inhibitors refers to monoclonal antibodies,
which block the pathways of CTLA-4 (cytotoxic T
lymphocyte antigen-4) or programmed cell death protein
1 (PD-1/PD-L1) (34). PD1 and CTLA-4 are negative
regulators of the T cell activity and their expression may be
up-regulated in the context of bladder cancer. Checkpoint
blockade can reverse this suppression and enhance anti-
tumor T cell activity. A single-arm phase II trial is planned
to assess the efficacy of first-line gemcitabine—cisplatin
with ipilimumab for metastatic urothelial cancer of the
bladder (NCT01524991).

Nivolumab, an anti PD-1 antibody, is currently being
evaluated in a phase II clinical trial to evaluate the efficacy
of a combined treatment with nivolumab plus/minus
ipilimumab in advanced or metastatic bladder cancer
(NCT01928394).

While these drugs essentially enhance the T-cell response
of cytotoxic CD8+ T-cells they may offer an opportunity
to modulate T-cell response with BCG immunotherapy as
well. Trials are planned to evaluate checkpoint inhibition
in combination with BCG and as monotherapy for patients
for whom BCG is no longer a treatment option (BCG
unresponsive).

Mycobacterium cell wall-DNA complex

The treatment with an intravesical mycobacterium cell
wall-DNA complex (MCNA) was first reported by Morales
et al. in 2009 after treatment of 55 consecutive mostly BCG
refractory patients as an alternative to BCG. The study was
the first to report treatment efficacy as well as safety of the
drug, which is formulated as an emulsion and diluted in
saline for an intravesical administration. With a dose of
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8 mg 46.4 % of patients had a CR at 12 and 26 weeks (35).
Adverse events were mild to moderate in 90% of patients.

MCNA is believed to activate cytokine induction similar
to BCG. More recently Morales ez 4/. published data from
an open label study with 129 patients from 25 study sites
after treatment failure with BCG. The dose regimen was
8 mg of MCNA and treatments were given on a 2-year
maintenance schedule similar to BCG. The overall disease-
free survival rate was 25% after 1 year and 19% after 2 years
but the best outcome was observed in patients with papillary
disease only (36).

Valrubicin

Valrubicin is the only FDA approved therapy for patients
with BCG refractory CIS or for patients who are intolerant.
The drug was approved in 1998 in patients in whom
“cystectomy would be associated with unacceptable
morbidity and mortality”.

In a phase II/III open-label study valrubicin was
administered in 6 or 9 weekly instillation of 800 mg to
patients with CIS (37). All patients had received at least one
course of BCG and were either intolerant or BCG refractory.
Thirty-five percent had no evidence of disease at the first
control at 3 months, which included cystoscopy, biopsy
and cytology. A positive cytology was allowed. A complete
remission at 6 months was achieved in 18% of patients but
the 2-year disease free probability was only 4% and 25% of
patients underwent radical cystectomy as definitive treatment.

Gemcitabine

Several Phase I and Phase II studies indicate both the
safety and potential efficacy of intravesical Gemcitabine.
Dalbagni et al. found that the majority of high-risk patients
who initially responded at 3 months had recurred by
12 months with a I-year RFS of 21% (38). This suggests
a potential role for maintenance gemcitabine therapy.
The cost of this regimen is very high at about $1,000 per
dose though gemcitabine is now off patent and the cost is
likely to decrease. A prospective randomized phase II trial
compared gemcitabine versus BCG in 80 patients with
persistent disease after one BCG induction course. 2-year
RFS were 19% and 3% respectively (39). The SWOG
S0353 phase II trial investigated the role of gemcitabine in
patients with NMIBC (intermediate and high-risk) after two
prior courses of BCG (40). The treatment schedule included
a 6 weeks induction treatment and monthly maintenance
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treatments up to 12 months. Forty-seven percent of patients
responded at 3 months and 28% were free of recurrence at
1 year and 21% after 2 years. The response rates are similar
to Valrubicin suggesting that this is an additional treatment
option for patients unfit for major surgery.

Mitomycin

Intravesical mitomycin has been shown to have a higher
efficacy when administered under optimized conditions
as shown in a randomized phase III clinical trial. In the
optimized arm, the dose and concentration were doubled
(40 mg/20 cc), bicarbonate was given the evening and
morning of treatment as MMC uptake in tissue is optimized
under alkaline conditions. Patients were kept NPO in order
to limit urine production and dilution of mitomycin. The
bladder was scanned after catheter placement in order to
minimize residual urine. Patients treated in the optimized
were compared to patients treated with 20 mg/20 cc and no
pharmacologic optimization demonstrated a longer median
time to recurrence with 29 months versus 12 months for
patients in the standard treatment arm (41).

Another promising approach has been device-assisted
therapy for intravesical mitomycin using induced
hyperthermia. Alfred Witjes er al. reported a response
rate of 92% in patients with CIS (42). The series included
BCG naive patients as well as patients with persistent or
recurrent disease after previous BCG therapy but resulted
in durable response rates which were around 50% after
2 years regardless of any previous BCG treatment. Side
effects were transient and most commonly reported as pain
and bladder spasms in about 13% of patients. Another
report from Colombo ez al. prospectively evaluated the
response rate in patients with intermediate to high-risk
bladder cancer in patients receiving thermo-chemotherapy
versus chemotherapy alone (43). This study also included
both BCG naive as well as BCG pretreated patients. All
patients received 8 weekly followed by 4 monthly treatments.
The 10-year disease free survival rates were 53% and 15%
respectively. Interestingly a history of multifocal tumor
occurrence was associated with a reduction of disease-
free survival only in patients treated with mitomycin alone
while it had no bearing on outcome in patients treated with
thermochemotherapy. The technology is not approved yet
in the United States.

The benefit of intravesical electromotive drug
administration (EMDA) of mitomycin has been recently
reported from a prospective randomized clinical trial in
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the setting of a preoperative instillation prior to TURBT.
The trial randomized 374 patients to mitomycin by passive
instillation, EMDA or no mitomycin. EMDA mitomycin
was administered preoperatively before the TURBT.
Ninety-seven patients of 374 patients had high-grade
tumors. The majority of patients had low or intermediate
risk tumors based on the EORTC calculator. The disease-
free interval for was significantly longer in patients treated
with EMDA with 52 months versus 16 and 12 months after
postoperative mitomycin or TURBT alone respectively.
These effects were sustained when the disease-free interval
was stratified by risk category with a significant benefit for
multifocal high-risk disease (44).

Doublet intravesical chemotherapy

Lightfoot et al. reported the combination of gemcitabine
and mitomycin as a sequential treatment retrospective case
review (45). Forty-seven patients who were unfit or unwilling
to undergo cystectomy were included in the analysis. Thirty-
six patients had undergone previous BCG treatment (one
or two cycles). The sequential regimen consisted of the
instillation of one gram of gemcitabine with subsequent
bladder drainage followed by instillation of 40 mg of
mitomycin. All patients received a 6-week induction course
and 1 year of monthly maintenance treatments. Response
rates were directly correlated with the number of prior
BCG treatments. Patients who were BCG refractory had
a CR rate of 69%. The recurrence-free survival was 50%
and 32% after 1 and 2 years of treatment. The retrospective
nature and heterogeneous patient population do not allow
for management recommendations but the concept of
combining treatment modalities with different targets is an
excellent opportunity for future drug trials. A new study from
the University of Iowa using the doublet gemcitabine and
docetaxel was recently reported in Bladder Cancer and found
treatment success of 32% at 2 years.

Docetaxel

Docetaxel is a taxane and used as a chemotherapy agent
in metastatic prostate and breast cancer. McKiernan et al.
have previously demonstrated that it can be safely used in
intravesical therapy and showed a 56% response rate in
patients with BCG refractory disease (46). More recently
Barlow et al. presented results from a single center analysis
of 54 patients who had failed at least one course of prior
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BCG with or without interferon (47). After the first
induction cycle 59% of patients had a CR to docetaxel.
One- and three-year recurrence-free survival rates were
40% and 25% respectively. The analysis did not reveal
a benefit for a monthly maintenance schedule for up to
9 months after the first three months control.

Abraxane

A recently published phase II trial evaluated treatment
response to nanoparticle albumin-bound paclitaxel
(Abraxane®). The 28 patients who were enrolled had
recurrent high-grade disease after at least on cycle of prior
intravesical treatment BCG + intravesical chemotherapy
and refused or were unfit for cystectomy. Nab-paclitaxel was
administered weekly for 6 weeks and after CR continued
on a monthly maintenance schedule for a total of 6 months.
Initial response rate was 35.7% at 6 weeks defined as a
negative biopsy and cytology. Recurrence-free survival was
30.6% at 2 years of follow-up (48).

Gene therapy

The basis of gene therapy relies on viral or non-viral
delivery systems that can safely transduce the urothelium
at high efficiency. Vectors can deliver genes of various sizes
depending on the packaging systems. One immunotherapy
approach is based on induction of high levels of interferon-
alpha endogenously secreted from transduced urothelial
and bladder tumor cells. The technique relies on utilization
of an adenoviral vector adenovirus (Ad)-IFN-a encoding for
a secreted gene product of interferon-alpha and therefore
bypassing the requirement to transduce every tumor
cell (49). Syn3 is used as an excipient to overcome the lack
of the coxsackie and adenovirus receptor (CAR), which is
frequently absent in urothelial cancer. An ongoing phase II
clinical trial is evaluating this treatment with the primary
endpoint of prevention of high-grade recurrence in a BCG
refractory patient population (NCT01687244). This trial
has completed accrual and if positive will be followed with a
single arm Phase II registration trial.

The adenovirus vector CG0070 is a replication
competent adenovirus, which stimulates production of
GM-CSEF, is currently studied in a phase II clinical trial
(NCTO01438112). The treatment concept is based on
enhancing the immune response by stimulating dendritic
and effector cells.
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Targeted therapies

The Cancer Genome Atlas Project has reported a
comprehensive integrated analysis of genomic data from
muscle-invasive bladder tumors (50). Twelve percent of
bladder tumors had FGFR3 mutations, which affected
kinase-activating sites. Activating point mutations of
FGEFR3 occur in up to 80% of patients with noninvasive
tumors suggesting this as a rationale target. A current phase
IT trial of the receptor tyrosine kinase inhibitor dovitinib
is directed at patients with BCG-refractory NMIBC with
FGFR3 mutations or overexpression (NCT01732107).

Over 40% of urothelial cancers of the bladder have
been shown to have alterations in the PI3K/AKT/mTOR
pathway (51). The mTOR pathway acts downstream of
the PI3K pathway and regulates metabolism of the cell
promoting growth and cell proliferation. The mTOR
inhibitor everolimus is being evaluated in a phase I/1I
trial in combination with intravesical gemcitabine for the
management of patients with BCG refractory bladder
cancer (NCT01259063).

Trial design for registration trials

In 2013 the AUA and the FDA held a workshop on trial
design for patients with non-muscle-invasive bladder. There
was consensus that clinical trials should include high-grade
papillary disease and CIS. The meeting also addressed the
challenges of defining standardized endpoints in the setting
of NMIBC. Uniformly this should include:

(I) Failure to achieve a CR in patients with CIS;

(II) Recurrence with CIS or papillary high-grade disease.

The panel recommended a definition of a successful
treatment as a 40-50% response rate at 6 months and
durable response rate of 30% at 18-24 months. Moreover
there was consensus that any clinical trial with BCG
refractory patients should not be placebo controlled as the
panel felt this was unethical due to the aggressive nature
of the disease. On the contrary placebo controlled trials
may be feasible for low-grade disease or perioperative
intravesical chemotherapy instillations (15).

Conclusions

BCG failure is one of the most complex and challenging
scenarios in urologic oncology. It is imperative for the
clinician to have a clear understanding of the indications
for BCG treatment and the definition of BCG failure.
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The utilization of drug combinations and device-assisted
treatments has the potential to improve treatment response.
Inhibition of immune checkpoints and targeted therapy
addressing central pathways of cell regulation are the
subject of multiple clinical trials and could help to define
new treatment algorithms. Patients who have failed BCG
treatment are at a high risk for disease progression and a
definitive treatment with cystectomy should be offered. The
hopetully transient shortage of BCG may become a recurring
problem in the future. It is imperative for any urologist to be
aware of the potential alternatives and their limitations.
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