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Bladder cancer is stratified into non-muscle invasive 
bladder cancer (NMIBC) and muscle-invasive bladder cancer 
(MIBC) by the penetration of the tumor into the muscular 
layer; this is the pivotal marker for determining the treat-
ment strategy [1]. Approximately 75%–80% of bladder can-
cers are diagnosed as NMIBC. Transurethral resection of 
bladder tumors (TUR-Bs) is the initial treatment of choice 
for tumor resection and staging. NMIBC can be classified 
into low, intermediate, and high-risk groups according to the 
pathologic stage, grade, tumor size, multiplicity, concomitant 
carcinoma in situ (CIS), lymphovascular invasion, and the 
presence of variant histology [2]. In intermediate and high-
risk NMIBC, intravesical Bacillus Calmette-Guérin (BCG) 
administration is strongly recommended. The American 
Urological Association guideline recommends one year of 
maintenance BCG therapy for patients with intermediate-
risk and three years for patients with high risk.

Dr. Morales was the first to use intravesical BCG ther-
apy to treat bladder cancer. Since then, intravesical BCG 
therapy following TUR-B has been the mainstream treat-
ment in NMIBC for intermediate to high-risk patients. The 
mechanism of BCG treatment is explained by the activation 
of  the immune system and its direct cytotoxicity. Direct 
cytotoxicity triggers tumor cell death promoting antigen 
presentation and cytokine release that activates anti-tumor 
immunity, mediated by NK cells, macrophages, and CD8+ 
cytotoxic T-cells [3].

BCG failure is defined according to each definition. BCG 
intolerance refers to persistent bladder cancer due to the in-
ability to receive adequate BCG administration because of 
its toxicity. BCG unresponsiveness includes BCG refractory 
and relapsing. BCG refractory refers to the persistence of 
high-grade tumors after six months of BCG administration 
despite receiving adequate therapy or any stage of disease 
progression within three months of  the first BCG cycle. 

BCG relapsing is the recurrence of high-grade tumors after 
achieving a disease-free state after six months of adequate 
BCG therapy [2].

The BCG unresponsive rates ranged from 30%–50%. The 
standard therapy for unresponsive BCG in high-risk blad-
der cancer is radical cystectomy. Nevertheless, intravesical 
therapy using various chemotherapeutics can be attempted 
in patients deemed unfit for that procedure [4].

Valrubicin is a chemotherapeutic semisynthetic analog 
of the anthracycline doxorubicin, administered directly into 
the urinary bladder. In a pivotal phase III open-label study, 
valrubicin was administered weekly for six weeks, and in a 
phase II/III open-label study, valrubicin (800 mg) was intra-
vesically administered for six or nine weeks. In both studies, 
valrubicin showed a complete response rate of 18% in CIS 
patients after BCG failure [5]. Valrubicin was approved by 
the United States Food and Drug Administration for BCG 
refractory bladder cancers with the CIS stage treatment.

Gemcitabine is another chemotherapeutic agent used in 
the neoadjuvant or adjuvant settings for MIBC treatment 
and metastatic bladder cancers. In a retrospective study, 
intravesical gemcitabine instillation led to a cumulative 
5-year disease progression in 19% of the patients with BCG 
refractory disease and 22% of the patients with other types 
of BCG failure. Among 69 patients, 25 achieved a complete 
response, 19 achieved a partial response, and 20 showed no 
response. Generally, most patients were tolerant to intravesi-
cal gemcitabine treatment [6]. In a phase II trial of intravesi-
cal gemcitabine in patients refractory to BCG, gemcitabine 
showed potential as an alternative treatment for patients 
who are ineligible for a radical cystectomy. Patients with re-
fractory or intravesical BCG-intolerant bladder cancer were 
administered 2,000 mg of  intravesical gemcitabine twice 
weekly for three consecutive weeks. Of a total of 30 eligible 
patients, 15 achieved a complete response. However, 12 pa-
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tients experienced recurrences, with a median recurrence-
free survival of 3.6 months. The one-year recurrence-free 
rate for patients with complete response was 21%. Subse-
quently, 11 patients underwent radical cystectomy following 
intravesical gemcitabine treatment [7]. In another phase 
II trial for BCG failure, after at least two prior courses of 
intravesical BCG treatment, 2,000 mg of gemcitabine was 
intravesically injected weekly for six consecutive weeks, 
then monthly for up to 12 months. Of the 47 patients evalu-
ated, 47% showed a complete response at 3-month follow-up 
cystoscopy. The one- and two-year recurrence-free survival 
rates were 28% and 21%, respectively [8]. The gemcitabine 
and mitomycin C combination treatment was also evaluated. 
In a retrospective multicenter study, 1,000 mg of gemcitabine 
was intravesically administered, retained for 90 minutes, 
and then treated with 40 mg of mitomycin C and retained 
for another 90 minutes. In a total of 47 patients, complete re-
sponse rate was seen in 68%. Furthermore, one- and two-year 
recurrence-free survival rates were 48% and 38%, respective-
ly. During the median follow-up period of 26 months, 30% of 
the patients were free from recurrence without progression 
[9].

Docetaxel exerts an anti-tumor effect by inhibiting mi-
crotubule depolymerization in cancers. Intravesical docetaxel 
was evaluated in patients with BCG failure. In a retrospec-
tive study, 75 mg of docetaxel was administered into the 
empty bladder and retained for 2 hours. In patients with 
a complete response, docetaxel was administered every six 
weeks during the induction period and monthly after three 
months. In a total of 33 patients, 61% achieved a complete 
response. One- and two-year recurrence-free survival rates 
were 45% and 32%, respectively [10]. Another study on in-
travesical docetaxel treatment for BCG refractory patients 
showed comparable results. In patients with a complete re-
sponse, 75 mg of docetaxel was administered intravesically 
every six weeks and every nine months for maintenance 
therapy. Of 13 patients, 10 achieved a complete response; six 
were recurrence-free at the 13-month median follow-up [11].

Nanoparticle albumin-bound (nab)-paclitaxel is improved 
for greater solubility and lesser toxicity than traditional 
taxanes. A phase II study on nab-paclitaxel showed durable 
responses in patients with NMIBC unresponsive to BCG. Ev-
ery six weeks, the enrolled patients were administered 500 
mg of nab-paclitaxel intravesically; maintenance treatments 
were applied every six months in the complete response cas-
es. Of 28 enrolled patients, 35.7% showed complete response 
and maintained substantial responses for 12 months. At a 
mean follow-up of 21 months, 67.8% of patients ended the 
study without progression or metastasis [12].

Immunotherapy has revolutionized cancer treatment 
and is expanding the application of urologic oncology, es-
pecially bladder cancers. The KEYNOTE-057 trial revealed 
the efficacy of  Pembrolizumab monotherapy in patients 
with NMIBC unresponsive to BCG. In an open-label, single-
arm, phase II study, 200 mg of Pembrolizumab was intra-
venously injected every three weeks for up to 24 months. 
Of 101 eligible patients, 96 were evaluated for efficacy, and 
39 patients (41%) achieved a complete response at the end 
of 3 months. The median duration of a complete response 
was 16.2 months. Furthermore, 18 of the 39 patients with a 
complete response remained recurrence-free at 12 months [13]. 
The SWOG S1605 study is ongoing and presented interim 
analysis results. In this study, 1,200 mg of atezolizumab was 
intravenously injected every three weeks for one year. Of 
172 enrolled patients, 128 were eligible for efficacy analysis; 
20 of the 74 patients (27%) with CIS achieved a complete re-
sponse at six months. The 12-month recurrence-free survival 
rate in the patients with a complete response was 54%.

Targeted therapies like Vicinium and Adstiladrin were 
also evaluated. Vicinium is a combinatorial protein of epi-
thelial cell adhesion molecule antibodies and Pseudomonas 
Exotoxin A, which inhibits protein synthesis. In a phase II 
study, 30 mg of Vicinium was administered intravesically 
every six or 12 weeks. It showed a complete response in 20 
out of 46 patients (44%). At the end of the study, the overall 
disease-free rate was 16% [14]. The results of the phase III 
trial on Vicinium are in progress. In this phase III, single-
arm study, Vicinium was administered twice weekly for six 
weeks, then once a week for six weeks. For up to two years, 
biweekly maintenance treatment was continued in patients 
with a complete response. The three-month complete re-
sponse rate was 40%, while 52% remained consistent for 12 
months of follow-up. The rate of radical cystectomy was 10% 
for the complete responders at three months versus 32% for 
non-responders.

Adstiladrin (nadofaragene firadenovec-vncg) has a thera-
peutic strategy; whereby a copy of the human interferon al-
fa-by gene is delivered to the urothelium. This is done by the 
non-replicating, recombinant, adenovirus vector, rAd-IFNα, 
and mediated by Syn3, a polyamide surfactant that enhanc-
es viral transduction. In a phase III multicenter, open-label 
trial, 75 mL of Adstiladrin was administered intravesically 
with repeated doses at three, six, and nine months without 
a high-grade recurrence. In a total of 198 eligible patients, 
157 patients were evaluated for the analysis and 151 patients 
were evaluable for the efficacy analysis. Among them, 103 
patients had CIS, 55 (53.4%) of them showed a complete re-
sponse at three months, and 25 (45.5%) remained disease-free 
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for 12 months [15]. On December 16, 2022, the FDA approved 
Adstiladrin for the treatment of high-risk BCG unrespon-
sive NMIBC, with CIS or without papillary tumors.

Intravesical Valrubicin, Adstiladrin, and systemic Pem-
brolizumab are approved by the FDA for BCG unresponsive 
NMIBC. Other than radical cystectomy, procedures for BCG-
failure treatment to preserve the bladder are ongoing. In the 
future, it is expected that an enhanced drug delivery system 
would facilitate the therapeutic effects of alternative treat-
ments in BCG-failure bladder cancers.

CONFLICTS OF INTEREST

The authors have nothing to disclose.

FUNDING

The editorial was funded by Ministry of Science and ICT 
(no. 2022R1A2C1012657).

AUTHORS’ CONTRIBUTIONS

Research conception and design: all authors. Data acqui-
sition: Seung-hwan Jeong. Data analysis and interpretation: 
all authors. Drafting of the manuscript: Seung-hwan Jeong. 
Critical revision of the manuscript: all authors. Obtaining 
funding: Ja Hyeon Ku. Supervision: all authors. Approval of 
the final manuscript: all authors.

Seung-hwan Jeong , Ja Hyeon Ku
Corresponding Author: Ja Hyeon Ku

ORCID: https://orcid.org/0000-0002-0391-2342
Department of Urology, Seoul National University  

Hospital, Seoul National University College of Medicine, 
Seoul, Korea

E-mail: kuuro70@snu.ac.kr

REFERENCES

1.	 Sanli O, Dobruch J, Knowles MA, Burger M, Alemozaffar 
M, Nielsen ME, et al. Bladder cancer. Nat Rev Dis Primers 
2017;3:17022.

2.	 Taylor J, Becher E, Steinberg GD. Update on the guideline 
of guidelines: non-muscle-invasive bladder cancer. BJU Int 
2020;125:197-205.

3.	 Redelman-Sidi G, Glickman MS, Bochner BH. The mecha-
nism of action of BCG therapy for bladder cancer--a current 
perspective. Nat Rev Urol 2014;11:153-62.

4.	 Yates DR, Brausi MA, Catto JW, Dalbagni G, Rouprêt M, Shar-

iat SF, et al. Treatment options available for bacillus Calmette-
Guérin failure in non-muscle-invasive bladder cancer. Eur Urol 
2012;62:1088-96.

5.	 Dinney CP, Greenberg RE, Steinberg GD. Intravesical valrubi-
cin in patients with bladder carcinoma in situ and contraindi-
cation to or failure after bacillus Calmette-Guérin. Urol Oncol 
2013;31:1635-42.

6.	 Sternberg IA, Dalbagni G, Chen LY, Donat SM, Bochner BH, 
Herr HW. Intravesical gemcitabine for high risk, nonmuscle 
invasive bladder cancer after bacillus Calmette-Guérin treat-
ment failure. J Urol 2013;190:1686-91.

7.	 Dalbagni G, Russo P, Bochner B, Ben-Porat L, Sheinfeld J, 
Sogani P, et al. Phase II trial of intravesical gemcitabine in bac-
ille Calmette-Guérin-refractory transitional cell carcinoma of 
the bladder. J Clin Oncol 2006;24:2729-34.

8.	 Skinner EC, Goldman B, Sakr WA, Petrylak DP, Lenz HJ, Lee 
CT, et al. SWOG S0353: phase II trial of intravesical gem-
citabine in patients with nonmuscle invasive bladder cancer 
and recurrence after 2 prior courses of intravesical bacillus 
Calmette-Guérin. J Urol 2013;190:1200-4.

9.	 Lightfoot AJ, Breyer BN, Rosevear HM, Erickson BA, Konety 
BR, O'Donnell MA. Multi-institutional analysis of sequential 
intravesical gemcitabine and mitomycin C chemotherapy for 
non-muscle invasive bladder cancer. Urol Oncol 2014;32:35.
e15-9.

10.	 Barlow LJ, McKiernan JM, Benson MC. The novel use of in-
travesical docetaxel for the treatment of non-muscle invasive 
bladder cancer refractory to BCG therapy: a single institution 
experience. World J Urol 2009;27:331-5.

11.	 Barlow L, McKiernan J, Sawczuk I, Benson M. A single-insti-
tution experience with induction and maintenance intravesical 
docetaxel in the management of non-muscle-invasive bladder 
cancer refractory to bacille Calmette-Guérin therapy. BJU Int 
2009;104:1098-102.

12.	 McKiernan JM, Holder DD, Ghandour RA, Barlow LJ, Ahn JJ, 
Kates M, et al. Phase II trial of intravesical nanoparticle albu-
min bound paclitaxel for the treatment of nonmuscle invasive 
urothelial carcinoma of the bladder after bacillus Calmette-
Guérin treatment failure. J Urol 2014;192:1633-8.

13.	 Balar AV, Kamat AM, Kulkarni GS, Uchio EM, Boormans 
JL, Roumiguié M, et al. Pembrolizumab monotherapy for the 
treatment of high-risk non-muscle-invasive bladder cancer 
unresponsive to BCG (KEYNOTE-057): an open-label, single-
arm, multicentre, phase 2 study. Lancet Oncol 2021;22:919-30. 
Erratum in: Lancet Oncol 2021;22:e347.

14.	 Kowalski M, Guindon J, Brazas L, Moore C, Entwistle J, Cizeau 
J, et al. A phase II study of oportuzumab monatox: an immu-
notoxin therapy for patients with noninvasive urothelial carci-
noma in situ previously treated with bacillus Calmette-Guérin. 

https://orcid.org/0000-0002-8076-3643
https://orcid.org/0000-0002-0391-2342


106 www.icurology.org

Jeong and Ku

https://doi.org/10.4111/icu.20230042

J Urol 2012;188:1712-8.
15.	 Boorjian SA, Alemozaffar M, Konety BR, Shore ND, Gomella 

LG, Kamat AM, et al. Intravesical nadofaragene firadenovec 

gene therapy for BCG-unresponsive non-muscle-invasive blad-
der cancer: a single-arm, open-label, repeat-dose clinical trial. 
Lancet Oncol 2021;22:107-17.


