
The standard of care for intermediate-risk and high-risk 
non-muscle-invasive bladder cancer (NMIBC) after tran-
surethral resection is intravesical immunotherapy with 
BCG1,2 (BOX 1). Although the majority of patients are free 
from recurrence at 1 year after treatment3, as many as 75% 
will develop a new tumour within 5 years4 and a propor-
tion of these patients will experience disease progression 
to muscle-invasive bladder cancer5,6, which greatly affects 
their survival. When patients experience bladder cancer 
recurrence after BCG, nonsurgical options are limited. 
In fact, the FDA and EMA have approved only two addi-
tional agents for intravesical therapy of bladder cancer 
since 1959: thiotepa7 and valrubicin8, neither of which 
are truly effective salvage options. Here the International 
Bladder Cancer Group (IBCG) presents a Review of the 
existing and emerging treatment strategies for patients 
with bladder cancer who do not respond to BCG.

Definitions
The definition of what truly defines failure of BCG ther-
apy is of critical importance when evaluating patients 
who have tumour recurrence after BCG immunotherapy, 
as the prognosis of patients who develop a new tumour 
after optimal treatment with BCG is different from that of 
patients who recur after suboptimal or inadequate ther-
apy. Similarly, the prognosis of patients who recur with a 
low-grade papillary tumour is distinctly better than those 

who develop a high-grade tumour or T1 recurrence9, 
which affects subsequent clinical management (BOX 1). 
A few principles must, therefore, be remembered when 
considering patient management. Firstly, BCG induction 
therapy must be followed by maintenance therapy to be 
considered optimal and/or adequate immunotherapy, 
especially in patients with high-risk disease. Several 
studies have shown that a 6-week induction course of 
BCG followed by 3-week BCG maintenance instillations 
at regular intervals is crucial for reducing recurrence and 
progression of bladder cancer10–15. The prototypical treat-
ment course (as studied in SWOG 8507, EORTC 30911, 
and EORTC 30962) follows the 6-week induction course 
with three weekly intravesical instillations at 3, 6, 12, 
18, 24, 30, and 36 months (maintenance)10,15,16. Other 
maintenance regimens (for example, monthly or quar-
terly instillations) have been studied and shown to be 
no  better than induction alone17–19. Thus, contempo-
rary guidelines recommend 1–3 years of maintenance 
with three weekly instillations based on tumour-specific 
recurrence and progression risks20–22. From a clinical 
trial design perspective, adequate BCG therapy can 
be defined as the receipt of ≥5 of six intended weekly 
induction treatments (one induction course) followed 
by at ≥2 additional weekly maintenance treatments 
(one main tenance course)8,23 or a second re-induction 
 instillation23,24 in a 6-month time period.
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Abstract | Intravesical immunotherapy with live attenuated BCG remains the standard of care 
for patients with high-risk and intermediate-risk non-muscle-invasive bladder cancer (NMIBC). 
Most patients initially respond, but recurrence is frequent and progression to invasive cancer is 
a concern. No established and effective intravesical therapies are available for patients whose 
tumours recur after BCG, representing a clinically important unmet need. Development and 
discovery of treatment options for BCG-unresponsive NMIBC is a high priority in order to 
decrease the morbidity, burden of health-care expenditures, and mortality related to bladder 
cancer. This Review of treatment options after BCG failure focuses on principles of optimal 
management emerging therapies, thus enabling a synthesis of recommendations for 
management for such patients.
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BCG intolerant 
Scenario when a patient 
cannot receive BCG owing to 
treatment-related adverse 
effects.

BCG refractory 
Presence of persistent 
high-grade cancer 6 months 
after the start of induction 
therapy, or cancers that have 
progressed by grade or stage 
3 months after the start of 
induction therapy.

BCG relapse 
Indicates cancer recurrence 
after achieving a disease-free 
state at 6 months after 
treatment.

Secondly, after understanding the definition of ade-
quate BCG treatment, the different types of BCG failure 
must be defined (FIG. 1). The term “BCG intolerant” — an 
uncommon situation today, with contemporary under-
standing of the adverse effects of BCG25 — indicates 
a scenario when a patient cannot receive BCG owing 
to treatment-related adverse effects21. “BCG refractory” 
indicates the presence of persistent high-grade cancer 
6 months after the start of induction therapy, or  cancers 
that have progressed by grade or stage26 3 months after 
the start of induction therapy. “BCG relapse” indicates 
cancer recurrence after achieving a disease-free state at 
6 months after treatment. Among the relapsing patients, 
those whose tumour recurs within 6 months of the 
last BCG exposure seem to have as poor a prognosis 
as those who are BCG refractory, and the IBCG and 
Genitourinary American Society of Clinical Oncology 
(GU ASCO) Group have, therefore, adopted the term 

“BCG unresponsive” to denote this combined group of 
patients with BCG-refractory tumours and those who 
are BCG relapsing within 6 months of their last BCG 
exposure8,23. When evaluating the results of agents in 
single-arm studies, this group is the population of most 
interest, especially to regulatory bodies.

Thirdly, the definition of optimal clinical trial design 
and end points in studies evaluating BCG unrespon-
sive patients is an important consideration. Previous 
trials can be considered limited owing to their hetero-
geneous inclusion criteria, but several clinical trials 
are active (TABLE 1). As of 2017, radical cystectomy is 
the only standard salvage therapy available for patients 
with BCG-unresponsive NMIBC. Thus, in light of the 
high risk of cancer progression in this setting, pla-
cebo comparators are unethical and single-arm trial 
designs are acceptable8. In turn, threshold response 
rates are necessary to differentiate positive from 
nega tive trials. Disease-free response rates of 30% 
and 25% at 12 months and 18 months, respectively, 
for papillary tumours (or complete response rates for 
carcinoma in situ (CIS)), have been proposed by the 
IBCG8. Prior recommendations from the AUA and 
FDA had suggested a threshold response rate of 30% at 
18–24 months but these patients were not in the truly 
BCG-unresponsive group24. These target response rates 
are relevant to enable estimates of each respective out-
come. Sample size calculations are based on expected 
event rates in the control arm and predetermined α 
(type I error), β (type II error, or false negative rate), and 
power (1- β) of the clinical trial8.

A number of current recommendations for the opti-
mal management of BCG-unresponsive disease have 
been made by guideline groups and expert panels (FIG. 2). 
The European Association of Urology (EAU) guide-
lines state that patients with BCG failure are unlikely 
to respond to further BCG therapy and that radical 
cystectomy is, therefore, the preferred option and that 
other treatment strategies are considered oncologically 
inferior1. However, the EAU does state that a repeat 
BCG induction course or intravesical chemotherapy are 
viable options for intermediate-risk tumours, because 
they are low-grade with a reduced risk of progression21. 
Joint recommendations from the EAU and International 
Consultation on Urologic Diseases (ICUD–EAU) state 
that the best option for BCG-refractory and BCG-
relapsing disease might be a repeat induction BCG 
course, although radical cystectomy is also indicated 
in this setting. Although ICUD–EAU does not endorse 
salvage intravesical gemcitabine, valrubicin, or IFNα, 
the group states that hyperthermic chemotherapy is 
promising27. Guidelines from the American Urological 
Association (AUA) state that BCG-unresponsive 
patients should be offered radical cystectomy but not 
additional BCG. Patients with persistence or recur-
rence after a single induction course (in other words, 
inadequate BCG treatment) should be offered either 
a second induction course or maintenance BCG22. 
Inclusion in a clinical trial is an important alternative, 
given the dire need for effective new treatments in  
this scenario8,22,27.
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Key points

• Intravesical immunotherapy in the form of BCG is the only effective adjuvant therapy 
for high-risk NMIBC (non-muscle-invasive bladder cancer) that reduces progression 
of disease

• Response to salvage therapies after BCG are highly dependent on pattern of tumour 
recurrence after BCG, especially with regards to dose, duration, and schedule of BCG 
administration and timing of tumour recurrence after BCG therapy

• For a patient to be considered BCG-unresponsive, they must have received ≥1 
induction course (6 weeks) and one maintenance course (3 weeks) and either have 
refractory tumour (no disease-free interval) or have recurrence of high-grade tumour 
within 6 months of their last BCG exposure

• In true BCG-unresponsive patients, the only standard therapy is radical cystectomy

• No salvage medical or intravesical treatments have been shown to have durable 
efficacy in true BCG-unresponsive patients, although some show efficacy in select 
subgroups of patients

• Options presented to patients who have high-grade tumour recurrence after 
adequate BCG therapy should factor in the risk of invasive and metastatic disease, 
balanced with the potential benefit of bladder salvage
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BCG unresponsive 
Denotes the group of 
patients with BCG-refractory 
tumours and those who are 
BCG-relapsing within 6 months 
of their last BCG exposure.

Type I error, α
Probability of incorrectly 
rejecting a true null hypothesis 
(false positive).

Type II error, β
Probability of incorrectly 
accepting a false null 
hypothesis (false negative).

Power, 1- β
The chance that a study will 
successfully demonstrate a 
true result.

Evaluating BCG-unresponsive disease
Before offering bladder-sparing therapies for patients 
with BCG-unresponsive disease, optimal staging of 
the patient’s tumour must be confirmed. The IBCG, 
consistent with most experts, recommends evaluation 
of sanctuary sites, especially in patients with positive 
cytology and no visible tumour in the bladder. This 
evaluation includes evaluation (by biopsy) of the pro-
static urethra and upper urinary tract (by imaging and 
selective cytological sampling), as these can be positive 
for cancer in up to half of cases8,22,28. Enhanced optical 
imaging of the bladder mucosa with blue light and/or 
narrow band imaging (NBI)22 is also recommended, 
as it not only improves risk stratification but also pro-
vides an opportunity for more complete endoscopic  
resection.

Surgical options after BCG failure
The optimal salvage treatment after BCG failure is rad-
ical cystectomy. A retrospective series from Herr et al.29 
showed that, in patients with NMIBC who experienced 
disease recurrence or progression after BCG, those who 
underwent early cystectomy (within 2 years of initial 
BCG) had substantially longer disease-specific survival 
than those who underwent delayed surgery (and who 
more frequently had progressed to muscle-invasive dis-
ease). However, another retrospective study found that 
pathological and survival outcomes after radical cystec-
tomy were not different between patients with NMIBC 
who had prior BCG or BCG plus salvage intravesical 
chemotherapy. Although this study did not detect a 
relationship between time to radical cystectomy and 
pathological upstaging or survival, it did find that the 
presence of T1 lesions after salvage intravesical chemo-
therapy (but not after BCG) was negatively associated 
with survival30. Taken together, these data suggest that 

immediate cystectomy after BCG failure is not man-
datory, but rather that prudent and expeditious radical 
cystectomy after an attempt at salvage intravesical ther-
apy can be an effective strategy. However, every attempt 
must be made to stage high-risk NMIBC properly: for 
example, in a multi-institutional analysis of 243 patients 
who had CIS only (refractory to prior intravesical thera-
pies) and who underwent radical cystectomy, 36% were 
upstaged (≥pT1), 6% had lymph nodes with metastatic 
involvement, and 9% had pathological lymphovascular 
invasion, another adverse prognostic factor31.

Radical cystectomy should not be undertaken lightly, 
owing to the morbidity and mortality associated with 
the procedure. For example, the 90-day major compli-
cation rate is 17%32 and 90-day mortality after radical 
cystectomy has been reported to range from 2–10%33–35, 
prompting clinicians to pursue less-invasive salvage 
treatments in the setting of BCG failure. Clinical consid-
erations including the quality and duration of life must 
be considered, as must the desires of the patient.

Chemoradiation after BCG
Radiotherapy has historically had a limited role in the 
management of NMIBC. A historic series reported 42% 
5-year recurrence-free survival (RFS) in 92 patients 
with T1 tumours using radiotherapy, although major 
late toxicities were common36. A randomized trial of 
radiotherapy versus conservative and intravesical adju-
vant therapies for patients with high-grade T1 tumours 
showed no oncological benefit to radiation, leading the 
authors to conclude that radiotherapy is an inappropriate 
adjuvant therapy for NMIBC37.

In 2016, combination chemoradiotherapy was 
 studied38. In a nonrandomized trial of 141 patients, 
complete response rates of 88% were observed follow-
ing chemoradiotherapy (platinum-based) with overall 
progression rates of 19% and 30% at 5 years and 10 years, 
respectively. Five-year disease-specific survival was 
83%38. In a study of 18 patients with T1 tumours who 
progressed to T2 despite receiving BCG and were subse-
quently treated with chemoradiotherapy, 54% of patients 
were alive with intact bladders and were free of invasive 
recurrence at a median follow-up duration of 7 years39 
The authors concluded that chemoradiotherapy might 
be a viable alternative to immediate cystectomy in the 
management of patients with T1 recurrences after BCG.

However, radiation is not appropriate if extensive 
CIS is present40. The ongoing phase II trial RTOG 0926 
(NCT00981656)41 is evaluating the ability to preserve the 
bladder in patients treated with radiation therapy with 
cisplatin versus radiation therapy with 5-fluorouracil 
(5-FU) and mitomycin C (MMC) following BCG fail-
ure. Thus, chemoradiotherapy might emerge as a valid 
alternative for select BCG unresponsive patients who are 
unfit for radical cystectomy.

Chemotherapy after BCG failure
Intravesical chemotherapy after BCG failure has been 
attempted with several agents, either alone or in combi-
nation with each other or with BCG (TABLE 1). Although 
FDA-approved, intravesical thiotepa has been shown 

Box 1 | Risk classification of NMIBC and risk-adapted treatment algorithms

Low-risk NMIBC
• Ta (papillary) tumour that is solitary AND low-grade AND primary

• Initial treatment with TURBT + single postoperative intravesical chemotherapy 
instillation

Intermediate-risk NMIBC
• Low-grade Ta tumours that are multiple and/or recurrent

• Enumerate risk factors
 - Multiple
 - Large (>3 cm)
 - Recur early (within 12 months)
 - Recur frequently (multiple per year)

• Initial treatment varies by number of risk factors
 - If 0: treat as a low-risk tumour
 - If 1–2: TURBT + intravesical chemotherapy + maintenance* or TURBT + induction 
BCG + maintenance* BCG

 - If 3–4: treat as a high-risk tumour
High-risk NMIBC
• T1 or high-grade or CIS

• Initial treatment with TURBT + induction BCG + maintenance BCG

CIS, carcinoma in situ; NMIBC, non-muscle-invasive bladder cancer; TURBT, transurethral 
resection of bladder tumour. *Full dose for 1 year.
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to be inferior to BCG for treatment-naive NMIBC7. 
Valrubicin is the only approved agent for intravesical 
use in BCG-refractory CIS when cystectomy is not an 
option — for example, if the patients refuses surgery 
or is medically unfit. A single-arm pivotal study of 
patients with BCG-failure (70% of whom had ≥2 prior 
BCG courses) treated with intravesical valrubicin was 
reported by Steinberg et al.42, in which 81% of patients 
were classified as having a 3–24 month interval between 
the last intravesical treatment and starting valrubicin. 
Thus, what proportion of the study cohort was truly 
BCG-unresponsive is unclear. The primary outcome 
was disease-free response rate at 6 months, which was 
21%42. However, updated outcomes from both this trial 

and an accompanying single-arm study showed that 
the 6-month response rate was lower, at 18%43, and a 
multicentre retrospective analysis suggested that the 
12-month response rate to valrubicin is even lower: 
just 16.4%44. Taken together, these data suggest that val-
rubicin is a suboptimal salvage therapy in the setting of 
BCG failure.

Gemcitabine has been extensively studied as a sal-
vage intravesical chemotherapeutic option. A phase I 
study of 18 patients with NMIBC who had failed 
≥1 BCG courses showed an early (before 6 months) 
response rate of 39%45. In a phase II trial of 30 patients 
after BCG (20 of whom had undergone ≥2 prior BCG 
courses), the disease-free response rate at 12 months 
was 21%46. A multicentre phase II study including 58 
patients who had undergone ≥2 prior BCG courses 
(SWOG S0353) demonstrated a 12-month disease-free 
rate of 28% and a 24-month disease-free rate of 21%47. 
Although the efficacy of gemcitabine for true BCG-
unresponsive NMIBC is not known, additional trials 
have shown that intravesical gemcitabine might be bet-
ter than additional BCG for NMIBC that recurs after 
a single course of BCG48, and that patients with high-
grade recurrences have improved disease-free survival 
when treated with gemcitabine as opposed to MMC49.

Intravesical taxanes have also been studied in the 
BCG-unresponsive setting. Data in 18 patients with 
NMIBC who had failed at ≥1 BCG course and who 
enrolled in a phase I study of intravesical docetaxel, 
showed a 1-year disease-free rate of approximately 50% 
and 22% of patients were free from disease at 4 years50. 
Reporting updated outcomes from an expanded 
cohort, Barlow et al.51 showed response rates of ~40% 
at 1 year and 25% at 3 years after treatment. In a simi-
lar patient population, nanoparticle albumin-bound 
paclitaxel (abraxane, thought to have increased intra-
vesical bioavailability compared with docetaxel) as 
salvage intravesical chemotherapy demonstrated a 
disease-free response rate at 1 year of 36% in the 28 
patients evaluated52.

Thus, although intravesical chemotherapies have 
some activity after BCG, the overall consensus is 
that response rates are suboptimal and not durable. 
Furthermore, the trials are not entirely translatable 
to all patients with BCG-unresponsive disease, as 
many of those classified as ‘BCG failures’ might never 
have received adequate BCG in the first instance. 
Consequently, optimized chemotherapy or combination 
chemotherapies are being studied in this setting.

Combination chemotherapy
Combination chemotherapy has been used to treat 
meta static disease for decades and is now being applied 
to NMIBC, especially in patients after failure of BCG 
treatment. Based on mechanisms of action, the com-
binations have evolved around sequential intra vesi-
cal gemcitabine followed by intravesical docetaxel 
or MMC. In one series, 45 patients with recurrent 
NMIBC after BCG therapy were given intravesical gem-
citabine 1 g/50ml for 1.5 h followed by intravesical 
docetaxel 37.5 mg/100ml for 2 h weekly for 6 weeks. 
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Responder
(≤ low-grade Ta)

High-grade Ta,
high-grade T1,

or CIS 

Late recurrence of
high-grade or T1 or CIS

(>6 months of last
BCG exposure)

Early recurrence of
high-grade or T1 or CIS

(≤6 months of last
BCG exposure)

≤ low-grade
Ta or CIS

Progression by stage
or grade at 3 months

BCG
unresponsive

BCG
refractory

See
Figure 2

Continue BCG
maintenance at

6, 12, 18, 24,
30, 36 months

6-month evaluation
after induction 

plus first maintenance
course

Maintenance BCG
(3 weekly instillations)

first course at
3 months 

3-month evaluation
after induction

(6 weekly instillations)

BCG Induction plus
maintenance

High-risk non-muscle invasive
bladder cancer after TUR (or

reTUR when indicated)

Cannot tolerate
treatment (toxicity)

BCG
intolerant

BCG
relapsing

Figure 1 | Classification of patients with high-risk NMIBC after intravesical BCG and 
types of BCG failure. Distinct categories of clinical responses to BCG are determined 
by treatment duration/sequence, clinical response, and timing of clinical response, which 
are represented in the flowchart. CIS, carcinoma in situ; NMIBC, non-muscle-invasive 
bladder cancer; TUR, transurethral resection.
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The regimen was well tolerated, and 89% of patients 
completed the treatment course53. At first cystoscopic 
evaluation, 66% of patients were free from disease 
and were given monthly maintenance. Disease-free 
rates were 54% at 1 year and 34% at 2 years. In Lamm’s 
experience with 46 BCG-failure patients given hyper-
thermic gemcita bine (200 mg/10 cc with a warming 
balloon) and docetaxel 20 mg/10 cc, 49% of patients 
remained disease free at a median follow-up duration 
of 25 months (D. Lamm, unpublished work). Both 
tolerance and efficacy of the treatments were better 
than that of concurrently-treated patients who were 
managed with combination intravesical therapy with 
doxo rubicin and/or MMC. A multi-institutional study 
of a patient cohort with high-risk NMIBC treated with 
sequential intra vesical gemcitabine followed by MMC 
reported that 55% (26 of 47) of these patients had failed 
≥2 BCG courses and RFS was 50% in such patients at 
12 months54. However, these analyses were retrospective 
and remain to be validated in prospective studies.

Electromotive intravesical chemotherapy
Electromotive administration (EMDA) enables opti-
mization and deep penetration of chemotherapeutics55. 
EMDA uses an intravesical electrode and grounding 
pad on the anterior abdominal wall and a 15–20 mA 
current applied for 20–30 min, causing the agent to be 
transported across the bladder urothelium and stroma 
via iontophoresis56. Contemporary translational work 
has shown that EMDA increases MMC penetration 
into superficial and deep tissue layers of human blad-
ders with invasive bladder cancer, compared with con-
ventional intravesical administration57. A three-armed 
prospective randomized trial in 398 patients with treat-
ment-naive NMIBC who underwent either transurethral 
resection of bladder tumour (TURBT) alone, TURBT 
plus MMC, or EMDA/MMC plus TURBT demonstrated 
that EMDA/MMC plus TURBT was associated with sig-
nificantly increased disease specific survival compared 
with the other groups (log-rank P <0.001), even in the 
subset of patients with high-risk NMIBC and multifocal 
disease58.

A clinical trial by Di Stasi and colleagues59 reported 
that sequential BCG + EMDA/MMC was more effective 
than BCG alone in patients with treatment-naive T1 
NMIBC. However, information regarding the efficacy 
of EMDA/MMC or sequential BCG + EMDA/MMC 
in BCG-unresponsive patients is sparse (TABLE  2). 
One group reported 93% RFS with sequential 

BCG + EMDA/MMC at 2 years in patients with high-risk 
NMIBC, but some of the patients included in the study 
were treatment naive60. Thus, although a large body of 
emerging evidence suggests that EMDA is likely to be 
a useful tool in the armamentarium against NMIBC, 
its specific role in the BCG-unresponsive setting needs 
to be elucidated. To this end, another study evaluated 
outcomes of EMDA/MMC in 13 patients with high-
risk recurrent NMIBC (pT1G3 and Tis) who had failed 
BCG. After a 6-week course of weekly EMDA/MMC, 
three patients (23%) remained  recurrence-free at the 
12-month assessment61.

Chemohyperthermia
Hyperthermia is known to potentiate the effect of 
various chemotherapeutic agents and this strat-
egy of  chemohyperthermia (CHT) using local 
radiofrequency- induced hyperthermia has been used 
for intra vesical chemotherapy with agents including 
MMC or epirubicin62. Various devices are available, 
but the most extensively studied is the Synergo system, 
which uses a 915 MHz intravesical microwave applica-
tor located in the catheter to heat the bladder wall63. 
Typically, the treatment aims to achieve a bladder wall 
temperature >41 °C for at least two sessions of 20 min 
each, while circulating a solution of MMC.

The majority of studies with radiofrequency-induced 
CHT have been in patients who have undergone various 
different prior intravesical therapies —none, chemo-
therapy, or BCG. However, some studies with large 
proportions of patients with BCG-unresponsive disease 
(varying from 67% to 100%) have been performed62,64–67. 
In one retrospective report of 111 BCG-unresponsive 
patients with a median follow-up duration of 16 months 
(range 2–72 months), CHT was associated with 1-year 
and 2-year RFS of 85% and 56%, respectively; progres-
sion was seen in 3% of cases64. Another study including 
38 patients with BCG-unresponsive tumours reported 
similar results for both recurrence and progression65.

Witjes et al.68 specifically reported on 49 patients 
with CIS treated with radiofrequency-induced CHT. 
In this patient population, an initial complete response 
rate (proven by both biopsy and cytology) was 92% 
at 6 months and an ongoing response rate was 51% at 
27 months. No differences in patient response rates 
were observed between patients categorized as failing 
prior BCG treatment and those who were not catego-
rized as such (P = 0.63). A report of 56 patients with 
high-grade T1 tumours treated with CHT also showed 
similar efficacy among patients classified as BCG-
failures and non-failures, with a 4-year recurrence rate 
of 46% and 44%, respectively69. Overall, 2-year recur-
rence rates after CHT for BCG-unresponsive patients 
vary between 25% and 53%63,70. Data regarding progres-
sion are scarce, but vary between 3% and 4% based on 
five studies62,64–66,68, although progression was reported 
in up to 36% of patients in one study in which the defi-
nition of progression included initiation of any further 
treatment67.

Only one publication is currently in existence 
comparing radiofrequency-induced CHT with BCG 

Table 1 | Results of intravesical chemotherapy after BCG failure

Agent Outcomes Studies

Valrubicin 18–21% disease free at 6 months Steinberg et al.42

16% disease free at 12 months Dinney et al.43

Gemcitabine 21–28% disease free at 12 months Dalbagni et al.45

21% disease free at 24 months Dalbagni et al.46

Docetaxel 40% disease free at 12 months Laudano et al.50

Abraxane 36% disease free at 12 months McKiernan et al.52
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— a randomized controlled trial comparing 1 year of 
each treatment in 190 patients with intermediate-risk or 
high-risk NMIBC71. Although outcomes with both treat-
ments were comparable for patients with CIS (complete 
response (CR) rates of 88.9% and 85.7% were reported 
for CHT and BCG, respectively (P >0.1) for papil-
lary tumours), patients who received CHT achieved a 
24-month RFS of 81.8% compared with 64.8% in the 
BCG-treated group. Progression was reported as <2% of 
patients in both groups. Although they are encouraging, 
these results should be interpreted with caution with 
regard to BCG-unresponsive patients, as a large propor-
tion of papillary tumours were not high grade and prior 
BCG treatment within 48 months was an exclusion cri-
terion of the study — in fact 95% of patients in this trial 
were BCG naive.

Immunotherapy after BCG failure
Repeat BCG
BCG and other immunotherapies have the potential to 
be effective for highly selected patients with NMIBC 
who fail initial BCG treatment. If a patient has persistent 
disease after a single induction course of BCG, a second 
induction course is associated with a 43–63% response 
rate72–74. However, additional (≥3 courses) are not rec-
ommended owing to toxic effects75 and increased onco-
logical risks; ≥3 induction courses are associated with 
only a 20% response rate and 80% rate of progression 
or metastatic cancer72,73,76. These data have been sup-
ported in subsequent studies; for example, for patients 
with persistent NMIBC despite ≥2 BCG courses, the 
hazard ratios for failure of additional BCG ranged from 
1.54 to 2.74 depending the presence of papillary-only 

Figure 2 | Recommendations for management of patients after BCG failure. Management approaches for patients 
who do not respond to BCG or recur after BCG are determined by the timing and duration of prior BCG therapy as 
well as timing of clinical recurrence. CIS, carcinoma in situ; MMC, mitomycin C; NMIBC, non-muscle-invasive bladder 
cancer.
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Intradermal priming 
Intradermal injection of BCG 
vaccine in order to induce 
BCG-specific memory T cells

NMIBC versus CIS77. Thus, if a patient is truly BCG-
unresponsive and their high-grade bladder cancer per-
sists after one or two courses of BCG, additional BCG is 
not recommended.

IFNα
IFNα has been shown to have a direct antitumour effect 
in preclinical models of bladder cancer78, and a multi-
centre phase II trial has suggested that BCG plus IFNα 
might be effective in certain patients with prior BCG 
exposure, namely those who had not received more than 
just induction BCG79. Although this report had multiple 
design concerns — not least of which was the inclusion of 
BCG-naive patients — these data led to the clinical prac-
tice of using BCG + IFNα for BCG-relapsing NMIBC, 
particularly after a disease-free interval ≥12 months80. 
However, further data demonstrate that BCG + IFNα is 
not more effective than BCG alone81. Importantly, among 
truly BCG-unresponsive patients, the response rate to 
BCG + IFNα at 24 months is only 23%82, which is similar 
to the historic BCG data. Thus, IFNα has a limited role 
in this setting at the current time.

Historical immunotherapies
Keyhole-limpet haemocyanin and bropirimine. Two 
immunotherapeutic agents are of historical importance: 
keyhole-limpet haemocyanin (KLH) and bropirimine. 
KLH is an immune stimulant that is intravesically and 
intracutaneously administered and has shown effective-
ness in multiple preclinical mouse models83. However, in 
a randomized trial of 283 patients that compared KLH 
to MMC (including patients with intermediate-risk 
and high-risk NMIBC but excluding those with CIS), 
patients in the KLH treatment arm were found to have a 
significantly higher risk of cancer recurrence (adjusted 
HR 2.32, P <0.001)84. Bropirimine is an oral agent that 
induces type I interferon signalling. Initial studies sug-
gested that its efficacy was equivalent to intravesical 
BCG in patients with treatment-naive CIS85, but subse-
quent data failed to demonstrate any additive effect to 
BCG in these patients86.

Emerging immunotherapies
BCG intradermal priming. One re-emerging therapy for 
BCG-unresponsive NMIBC involves BCG  intradermal 
priming to augment response to BCG itself. BCG  priming 
 — essentially by intradermal injection of BCG vaccine, 
similar to what is done during vaccination for tubercu-
losis in many developing countries — leads to a BCG-
specific memory T cell response that, in turn, leads to 
increased bladder infiltration by cytotoxic CD8+ T cells 
upon repeated BCG exposure87. This observation par-
allels clinical data that suggest that, among patients 
with NMIBC, individuals with prior intradermal BCG 
vaccination benefit from improved response rates87,88, 
although this observation is not uniform89. To formally 
test the hypothesis that prior BCG vaccination induces 
a memory T cell response that can increase the bladder 
specific T cell response to intravesical BCG, the ran-
domized PRIME trial (NCT02326168)90 will soon report 
3-month response rates to BCG induction courses with 
or without intradermal BCG vaccination.

MCNA. Mycobacterium phlei cell wall–nuclei acid com-
plex (MCNA) is derived from a nonpathogenic myco-
bacterium and has been shown to have direct antitumour 
and indirect cytokine-mediated effects against bladder 
tumours91. In a single-arm phase III trial including 129 
patients BCG-refractory or BCG-relapsing disease 
treated with induction and maintenance MCNA, the 
disease-free response rate at 12 months after treatment 
was 25%92. However, MCNA is not currently approved 
for NMIBC.

Immune checkpoint blockade
Immune checkpoint blockade is rapidly gaining inter-
est in many solid tumours, including bladder cancer. 
Atezolizumab, an anti-PD-L1 antibody, has been approved 
by the FDA for use in patients with cisplatin- resistant 
metastatic urothelial carcinoma93,94. Atezolizumab and 
other anti-PD-L1 antibodies are also being  studied 
in early stages of bladder cancer, including BCG-
unresponsive disease. For example, the KEYNOTE-057 

Table 2 | Studies of EMDA–MMC

Publication Study design Treatment type n Included tumours

Brausi et al.55 Prospective phase II MMC versus EMDA–MMC 28 Ta–T1

Riedl et al.132 Case series EMDA–MMC 16 Ta–T1, CIS

Colombo et al.133 Prospective non-randomized Therapeutic 80 Single recurrent 
low-grade Ta–T1

Di Stasi et al.61 Randomized controlled trial MMC versus BCG versus 
EMDA–MMC

108 T1, CIS

Di Stasi et al.59 Randomized controlled trial BCG versus sequential 
BCG + EMDA–MMC

212 CIS

Gan et al.60 Retrospective Sequential BCG + EMDA–MMC 151 Ta–T1, CIS

Di Stasi et al.58 Randomized controlled trial TURBT alone versus MMC 
versus EMDA–MMC

352 Ta–T1

Bachir et al.134 Post hoc cost effectiveness 
analysis of a prospective trial

BCG versus sequential 
BCG + EMDA–MMC

212 T1

CIS, carcinoma in situ; EMDA, electromotive drug administration; MMC, mitomycin C; TURBT, transurethral resection of bladder 
tumour.
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trial (NCT02625961)95 is evaluating the response rate to 
systemic administration of pembrolizumab, an anti-PD-1 
antibody, in BCG-unresponsive patients who are not 
 eligible for or refuse radical cystectomy96.

Viral gene therapy
Viral gene therapy represents another frontier in 
immuno therapy for BCG-unresponsive NMIBC. 
CG00700 is an oncolytic adenovirus that expresses a 
GMCSF transgene and selectively replicates in retino-
blastoma (Rb)-deficient cells. In a multicentre phase I 
trial including patients with BCG-refractory or BCG-
relapsing disease, CG00700 treatment was associated 
with a 49% response rate at 10.4 months; patients with 
Rb-deficient tumours (assessed via Rb-phosphorylation) 
seemed to have even higher response rates97. A single- arm 
phase III study (NCT02365818)98 is currently recruiting 
patients with NMIBC after BCG failure and will assess 
response rates at 18 months, as well as PD-1 and PD-L1 
immunohistochemistry scores of tumour cells and infil-
trating immune cells.

Instiladrin (rAd-IFNα/Syn3) is a replication- deficient 
adenovirus that expresses an IFNα transgene, and could 
also be used to treat BCG-unresponsive NMIBC99. rAd-
IFNα/Syn3 was studied in a phase I trial of patients with 
BCG-unresponsive tumours and a complete response 
rate of 36% was noted at 12 months after treatment100. 
In a multicentre phase II trial, a simi lar 12-month 
response rate (35%) was noted101, and emerging RNA 
sequencing data of patient tumours both before and 
after treatment suggest that up to one-third of patients 
with immune-depleted tumours demonstrate enrich-
ment of infiltrating T cell markers and immune check-
point molecules after therapy102. A single arm phase III 
trial (NCT02773849)103 will evaluate response rates at 
12 months and will also study tissue and urine genomic 
biomarkers associated with response.

Photodynamic therapy
Photodynamic therapy involves the activation of a 
photo sensitizer agent administered to the patient using 
specific wavelengths of light applied topically (in this 
case in the bladder). PDT may also be called photo-
radiation therapy, phototherapy, or photochemother-
apy. In a study of 24 patients with NMIBC who had 
failed ≥2 BCG courses and who received photodynamic 
therapy consisting of oral 5-aminolevulinic acid fol-
lowed by 60 min of intravesical argon irradiation of the 
bladder using a cystoscopic approach, 50% of patients 
were disease free after a median follow-up duration of 
11 months104. However, this treatment regimen proved to 
be excessively cardiotoxic, with 80% of patients experi-
encing hypotension or tachyarrhythmias. Another 
group reported results from 17 patients who underwent 
photodynamic therapy using intravesical instillation of 
hexaminolevulinic acid followed by photo activation 
(60–120 min via cystoscopic xenon light)105. Only 12 of 
17 patients had undergone prior BCG, yet the 12-month 
response rate was only 12%. These high levels of toxicity 
have meant that photodynamic therapy has not become 
widely used in bladder cancer. However newer agents 

with a higher therapeutic index and lower toxicity are 
being developed and could provide an effective salvage 
option for BCG-unresponsive NMIBC.

Future directions
Targeted therapies
Among the many targets for therapy in bladder  cancer106, 
most of the activity has been around inhibitors or anti-
bodies against angiogenesis, epidermal growth factor 
receptor (EGFR), fibroblast growth factor receptor 3 
(FGFR3), and mechanistic target of rapamycin (mTOR) 
pathways107. Whereas most of these studies are focused 
on the metastatic setting108–110, others — such as a trial 
of dovitinib, a dual inhibitor of vascular– endothelial 
growth factor receptor 3 (VEGFR3) and FGFR3 
(NCT01732107)111 are also underway in patients with 
superficial tumours resistant to BCG therapy (TABLE 3).

The mTOR inhibitor RAD001 (everolimus) is being 
investigated in combination with intravesical gemcita-
bine in a phase I/II trial that includes patients with CIS 
who are BCG-intolerant, BCG-unresponsive, or BCG-
relapsing (NCT01259063)112 VB4-845 (vicinium), is a 
targeted intravesical therapy containing a pseudomonal 
exotoxin conjugated to a moiety that targets epithe-
lial cell adhesion molecule (EpCAM). In a phase I trial 
of 64 patients with BCG-intolerant or BCG-relapsing 
NMIBC, the disease-free survival at 3 months was 
39%113. A phase III trial of vicinium in BCG-unresponsive 
patients (NCT02449239)114 is ongoing, and will evaluate 
disease-free response rate at 24 months as a primary 
outcome.

Other trials of targeted agents include oral sunitinib 
in patients with NMIBC that is recurrent after prior 
BCG exposure (NCT01118351)115, which is completed 
but not yet reported116. ALT-801 — a p53-specific T cell 
receptor fused to IL-2 that has shown modest activity in 
patients with p53-expressing solid tumours117 — is being 
trialled in combination with gemcitabine (both systemi-
cally administered) in NMIBC patients with BCG failure 
(NCT01625260)118.

Other ongoing trials
A potential limitation of the effectiveness of intravesical 
therapy is short duration of drug exposure and contact 
with the urothelium. In order to overcome this obstacle, 
preclinical studies have investigated the possibility of 
increasing tissue cisplatin levels by intravesical delivery, 
for example, via a thermosensitive hydrogel119. MitoGel 
is a thermosensitive hydrogel containing MMC that is 
currently being investigated in upper tract urothelial 
carcinoma (NCT02701023)120. Taris GemRIS is an inves-
tigational intravesical drug delivery system that elutes 
gemcitabine and is also undergoing formal evalu ation in a 
phase Ib trial for patients with low-risk and intermediate- 
risk NMIBC (NCT02720367)121. In this study, the GemRIS 
device is delivered cystoscopically and remains indwelling 
for the first week of treatment, is removed, and is then rein-
serted for another week after a week without treatment. 
Finally, GemRIS is removed at the time of TURBT. These 
agents have not been evaluated in the BCG-unresponsive 
setting but might  warrant formal study.
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Cancer vaccines are also under investigation in 
NMIBC. Vesigenurtacel-L is an intradermal vaccine 
composed of irradiated cancer cells that secrete the cellu-
lar heat shock protein gp96, which induces a tumour-spe-
cific memory T-cell response122. Vesigenurtacel-L in 
combination with BCG has been shown to induce T cell 
infiltration into tumours of patients with NMIBC, 
particularly in those who respond to therapy123. Early 
reported results of a phase I/II study suggest that addi-
tion of Vesigenuracel-L to BCG does not add to the 
response seen with BCG alone (NCT02010203)124. 
PANVAC is a poxviral vaccine that expresses trans-
genes for tumour antigens mucin-1 (MUC-1) and 
carcinoembryonic antigen (CEA), as well as a set of 
co-stimulatory molecules (B7.1, LFA-3, and ICAM-1) 
to enhance the antitumour T cell response125. A phase II 
trial (NCT02015104)126 is ongoing to evalu ate the effect 
of BCG versus BCG + PANVAC in BCG-refractory 
NMIBC (TABLE 3).

Novel molecules
Several novel agents that have shown promise in pre-
clinical studies might become relevant for both investi-
gational and routine clinical use in the future. Second 
mitochondria-derived activator of caspase (smac, also 
known as diablo homologue, mitochondrial) mimetics 
inhibit inhibitors of apoptosis proteins (IAP); these mol-
ecules have been shown to enhance bladder cancer cell 
death in vitro in the setting of gemcitabine chemother-
apy127 or inflammatory cytokines (such as tumour necro-
sis factor ligand superfamily member 10 (TRAIL))128. 
In addition, bladder tumours frequently express EGFR, 

and the targeted toxin construct DAB398EGF leverages 
this attribute in order to selectively deliver diphtheria 
toxin to cancer cells via toxin conjugation to EGF; this 
treatment has been shown to be effective when admin-
istered intravesically in an orthotopic mouse model129. 
Other investigators have demonstrated that cystoscop-
ically delivered gold nanoparticles conjugated to an 
EGFR antibody can selectively bind and then heat-kill 
bladder cancer cells after activation by infrared light130. 
Further work is needed, however, before we can move 
these agents into the clinic for primetime use.

Conclusions
BCG-unresponsive NMIBC is a particularly high-risk 
disease state, defined as the presence of high-grade 
tumours that are either refractory to BCG treatment 
(cancer progression at 3 months or persistent high-grade 
disease at 6 months after initiation of induction BCG 
(with six instillations, given once a week) and one main-
tenance BCG dose of three instillations (given once a 
week for 3 weeks), or that relapse within 6 months of the 
most recent BCG exposure. Nonsurgical treatments for 
this disease state are needed, as radical cystectomy is cur-
rently the only effective salvage option for these patients, 
but is associated with considerable morbidities and mor-
tality. Enhanced intravesical chemotherapy and immune 
treatments are promising developments. Widespread 
clinical acceptance and use of emerging therapies will 
require novel agents and well-designed trials to demon-
strate meaningful oncological benefit, which has been 
defined by expert consensus as disease-free rates of 
>30% at 12 months and 25% at 18 months.

Table 3 | Active clinical trials for patients with NMIBC after BCG failure

Trial name Description End point Study population

RTOG 0926 (NCT00981656)41 RT + cisplatin versus 
RT + 5-FU + MMC

Freedom from radical 
cystectomy

BCG failure

PRIME (NCT02326168)90 BCG versus BCG + prior 
intradermal BCG vaccination

3-month CR rate Intermediate-risk (≥1 
risk factor from BOX 1) 
or high-risk NMIBC

KEYNOTE-057 (NCT02625961)95 Pembrolizumab (anti-PD-1) CR, RFS BCG-unresponsive

BOND2 (NCT02365818)98 CG00700 (GM-CSF expressing 
oncolytic adenovirus)

18-month CR rate BCG failure

NCT02773849 (REF. 103) rAd-IFNα/Syn3 (instiladrin) 12-month RFS BCG-unresponsive

NCT01732107 (REF. 111) Dovotinib (anti-FGFR3) 6-month CR rate BCG-refractory

NCT02449239 (REF. 114) VB4-845 (vicinium) 24-month RFS BCG-unresponsive

NCT01259063 (REF. 112) RAD001 (everolimus) + intravesical 
gemcitabine

12-month RFS BCG failure

NCT02009332 (REF. 131) ABI-009 (albumin-bound 
rapamycin nanoparticles)

3-month, 12-month 
CR rate

BCG failure

NCT01625260 (REF. 118) ALT-801 (p53-specific TCR/IL-2 
fusion protein) plus gemcitabine

RFS BCG failure

NCT02015104 (REF. 126) PANVAC ([oxviral vaccine 
expressing CEA, MUC-1, and 
immune co-stimulants) + BCG

RFS BCG-refractory

5-FU, 5-fluourouracil; BCG, Bacille Calmette–Guerin; CEA, carcinoembryonic antigen; CR, complete response; FGFR3, fibroblast 
growth factor receptor 3;  GM-CSF, granulocyte macrophage colony-stimulating factor; MMC, mitomycin C; NMIBC, 
non-muscle-invasive bladder cancer; PD-1, programmed cell death protein 1; RFS, recurrence free survival; RT, radiation therapy; 
TCR, T cell receptor.
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