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Abstract

Background—The treatment options for non-muscle invasive bladder cancer (NMIBC) remain
limited. BCG was the last major breakthrough in bladder cancer therapy almost 4 decades ago.
There have been improvements in the understanding of immune therapies and cancer biology,
leading to the development of novel agents. This has led to many clinical trials that are currently
underway to find the next generation of therapies for NMIBC.

Method—We reviewed clinicaltrials.org and pubmed.gov to find the recently completed and
ongoing clinical trials in NIMBC. Included in this review are clinical trials that are currently active
and trials that were completed in and after 2014.

Result—Many trials with BCG naive and BCG unresponsive/recurrent/refractory/failure NMIBC
patients are either currently underway or have been recently completed. A wide variety of novel
therapeutic agents are being investigated that range from cytotoxic agents to immunomodulatory
agents to targeted molecular therapies. Other approaches include cancer vaccines, gene therapies,
and chemoradiation potentiation agents. Novel drug delivery methods are also being tested.

Conclusion—This comprehensive update of current trials provides researchers an overview of
the current clinical trial landscape for patients with NMIBC.
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Introduction

Urothelial carcinoma of the bladder is the fourth most common malignancy in men, with
about 70% being non-muscle invasive bladder cancer (NMIBC). While NMIBC is
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associated with a higher than 88 percent survival rate over 5 years, up to 70 percent of
NMIBC recur after initial treatment, with 10-20 percent progressing to muscle-invasive
bladder cancer. [1] The high rate of recurrence with current therapies requires lifelong active
surveillance, making bladder cancer the most expensive cancer to treat from diagnosis to
death.[2]

The current standard of treatment for NMIBC is Transurethral Resection of Bladder Tumor
(TURBT) with or without intravesical therapy, such as Mitomycin C (MMC) or Bacillus
Calmette-Guerin (BCG), determined by the stage and grade of tumor. Intravesical BCG is
the standard of care for patients with intermediate to high risk NMIBC. However, it is
known that about 50% of patients fail BCG, significantly increasing the risk of progression
and death. [3] Patients who fail BCG then require either surgical removal of the bladder with
urinary diversion or chemotherapy and radiation, both of which have considerable morbidity.
Furthermore, the recent termination of future BCG production at Sanofi Pasteur threaten
global supply of BCG. [4] Given current therapies for bladder cancer have high rates of
progression and recurrence, definitive therapy requires drastic change in quality of life, and
the future potential for a BCG shortage, there are several reasons to urgently pursue new
therapies in NMIBC patients. [5] Here we present a review of current or recently completed
trials in NMIBC highlighting the many strategies being used to treat bladder cancer in both
BCG naive patients and patients who fail BCG.

This is a systematic review of currently active clinical trials and recently completed clinical
trials (between 2014-2017) in NMIBC. We queried clinicaltrials.gov and pubmed.gov using
the keywords ‘non-muscle invasive bladder cancer’ and ‘bladder cancer’ to search for the
trials. The last review of the trials was performed on February 12, 2017. The trials were
primarily categorized by the BCG status of the enrolled patients as self-described by the
trials on clinicaltrials.org, which may differ from the emerging definition as described by
Kamat et al.[6] Therefore, trials involving BCG refractory or BCG relapsing NMIBC have
been grouped under ‘BCG unresponsive’. Further organization is based on therapy type —
cytotoxic therapies, vaccines, gene therapy, immunomodulators, targeted therapy, and drug
delivery. Within each therapy type, the trials were organized by the study status — completed,
active with closed enrollment, and active with open enrollment.

BCG-Naive

As mentioned previously, the standard-of-care for intermediate- and high-risk non-muscle
invasive bladder cancer (NMIBC) includes transuretheral resection of bladder tumor
(TURBT) followed by intravesical immunotherapy with BCG.[7] In general, while most
patients are free of recurrence at 1 year with induction and maintenance BCG, as many as
75% develop a new tumor in 5 years, with a proportion progressing to muscle-invasive
bladder cancer.[7] Many clinical trials are exploring new treatment options for these
patients, and here we discuss the recently completed and currently ongoing trials in BCG
naive NIMBC patients (see table 1 and figure 1).
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Epirubicin: Epirubicin is a derivative of doxorubicin that is commonly used as a
chemotherapy agent in Europe and Japan post-TURBT, especially for patients
with low and intermediate risk NMIBC with low risk of progression.[8-10] For
intermediate and high-risk patients, BCG immunotherapy has been shown to be
superior to epirubicin in prolonging the time to first recurrence, preventing
distant metastasis, and improving overall survival, albeit at an increased risk of
toxicity.[11] The current phase 4 trial is evaluating the efficacy of immediate
intravesical instillation of epirubicin after TURBT in patients with primary or
recurrent NMIBC by assessing the rates of recurrence, progression, and/or death
from cancer over a 12-month period.

Mitomycin C with BCG: Mitomycin C is an antitumor agent that exerts its anti-
tumor effects via DNA alkylation. [12] While intravesical BCG therapy is
superior to MMC therapy in reducing rate of recurrence and tumor progression, a
phase I1 trial has found the combination of MMC with BCG to be better than
BCG therapy alone in improving recurrence-rates (42% vs. 58%). [13] The on-
going phase IlI trial is evaluating the efficacy of the MMC and BCG combination
intravesical therapy in high-risk NMIBC patients by assessing the disease free
survival over 5 years.

recMAGE-A3 with AS15: MAGE-A3 is a cancer-testis antigen, expressed in
various cancers including 40% of NMIBC.[14] Combining RecMAGE-A3 with
an immunostimulant, AS15, has shown to induce a significant antigen-specific
immune response and eliminate MAGE-A3 expressing tumors in an animal
model.[15]In the recently completed phase | trial, intravesical BCG instillation
with rec-MAGE-A3 + AS15 was found to be safe, tolerable, and effective in
increasing vaccine specific T-cells locally in the bladder.[16]

Percutaneous BCG vaccination: Patients with a pre-existing positive tuberculin
skin test have better recurrence-free survival rates than their counterparts with a
negative skin test after intravesical BCG therapy.[17] Similar findings have also
been reported in a murine orthotopic bladder cancer model.[17,18] The current
phase 2 trial (PRIME trial/SWOG 160) is evaluating the efficacy of combining
percutaneous BCG vaccine with the standard-of-care intravesical induction and
maintenance BCG instillation in NMIBC patients by measuring the complete
response rate at 12 months. Additionally, another strain of BCG, the Tokyo
Strain, has been added to evaluate its efficacy in the event that TICE BCG is no
longer available, as mentioned previously.

CAVATAK: CAVATAK, or Coxsackievirus A21 (CVA21), is an enterovirus
which can be used as an oncolytic agent. It binds to CVA21 receptors, also
known as intercellular adhesion molecule-1 (ICAM-1), that are upregulated on
NMIBC cells, and it exerts its antitumor effects via the lytic viral cycle. [19,20]
Interestingly, ICAM-1 expression is further enhanced in NMIBC when CVA21 is
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combined with Mitomycin C.[20] Hence, a recently completed phase I trial
combined CVA21 with mitomycin C in pre-TURBT patients, which was
tolerated well. [20]

TMX-101: TMX-101 is a formulation of imiquimod that is optimized for
intravesical delivery. Imiquimod is a toll-like receptor 7-agonist (TLR), which is
used as a topical chemotherapeutic agent for skin malignancies.[21] It has also
been shown to have anti-tumor activity in bladder cancer via apoptosis and
production of IL-6 and TNF-a cytokines.[21] Since TLR-7 is expressed on
bladder cancer cells, imiquimod is believed to have efficacy in treating bladder
cancer.[22] Its administration via intravesical instillation has also been found to
be safe and tolerable.[23] In the recently completed phase 2 trial involving
patients with carcinoma in situ (CIS), 2 out of 12 patients demonstrated negative
cytology and biopsy results at 6 weeks following treatment. [24]

ALT-803: ALT-803 is a recombinant fusion protein with enhanced IL-15
biological activity, which is critical in the development, proliferation and
activation of effector natural killer cells and CD-8"* T cells.[25,26] A preclinical
study consisting of a carcinogen-induced NMIBC rat model demonstrates that
the combination of intravesical BCG with ALT-803 reduces the tumor burden by
46% compared to control.[25] The ongoing phase I/11 trial is evaluating the
safety and efficacy of intravesical instillation of ALT-803 with BCG in high-risk
NMIBC. Efficacy will be evaluated by assessing the complete response rate over
a 4-year period.

GemRIS: GemRIS is a drug delivery system that allows for slow release of
“enclosed” gemcitabine upon intravesical instillation over a 7-day period.
Gemcitabine is part of the common chemotherapy regimen for invasive urothelial
cancer in the neo-adjuvant and palliative settings.[27] Its intravesical
administration has been shown to be safe and efficacious in improving
recurrence-free survival, with multiple doses being superior to a single dose.[28]
To enhance drug delivery over multiple days, the current phase 1b trial is
evaluating the safety of intravesical gemcitabine delivery using GemRIS over
7days in low to intermediate risk NMIBC patients.

BCG-Unresponsive

BCG-unresponsive refers to BCG-refractory or BCG-relapsing disease. More specifically,
BCG-refractory refers to 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 the induction therapy.[7] On the other hand, “BCG-relapse” refers to patients who
experience cancer recurrence after achieving a disease-free state at 6 months after treatment.
[7] These are relatively new definitions and may not be reflected in trials started before
2015. The standard-of-care for these patients remains radical cystectomy, which has been
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shown to have significant disease-specific survival advantage if performed “early” (within 2

years

of initial BCG treatment). [7,29] When cystectomy is not an option, Valrubicin is the

only FDA approved intravesical agent available, albeit only for BCG-refractory CIS, with
the disease-free response rate 16% at 12 months. [7] Therefore, many trials have emerged in
this space (Figure 1 and table 2). Based on consensus among bladder cancer specialists and
the FDA, adequate responses in BCG-unresponsive disease consist of an initial complete-
response rate of 40-50% at 6 months and a durable response rate of at least 30% for 18 to 24
months. [30]

1. Cytotoxic Drugs

2. Vaccine

a.

Cabazitaxel/Gemcitabine/Cisplatin: Multi-agent therapy is regularly used
systemically in patients with metastatic disease. However, there is growing
interest in using multiple agents intravesically, especially in patients who fail the
BCG therapy. Since gemcitabine acts by inhibiting DNA synthesis and agents
like docetaxel and MMC act via inhibition of cell division and DNA alkylation,
respectively, sequential intravesical chemotherapy is used with gemcitabine
given first followed by either docetaxel or MMC. In one series involving 45
patients with NMIBC recurrence after BCG therapy, the intravesical combination
of gemcitabine with docetaxel showed disease-free rates of 54% at 1 year and
34% at 2 years.[31] Similarly, a multi-institutional retrospective study of high-
risk NMIBC patients treated with sequential intravesical gemcitabine followed
by MMC demonstrated recurrence-free survival rates of 50% at 12 months.[32]
Given the encouraging outcomes, a phase I trial is underway to evaluate the
safety of various combinations of chemotherapeutic agents, such as cabazitaxel,
gemcitabine, and cisplatin when given intravesically in patients with BCG-
unresponsive NMIBC.

a. ALT-801: ALT-801 is a fusion protein between IL-2 and a T cell receptor that

recognizes surface peptide antigens derived from p53 when presented in the
context of HLA-A2.[33] This facilitates a greater cell-mediated immune
response by cytotoxic effector cells in a high expression p53 microenvironment
by bringing together tumor cells and immune-effector cells.[33] The ongoing
phase Ib/1l trial is evaluating the safety, tolerability, and efficacy of systemic
administration of ALT-801 with gemcitabine in patients who have failed BCG
therapy. The efficacy will be evaluated by looking at complete response rate over
the course of 13 weeks.

b. PANVAC: PANVAC is a pox viral vector-based vaccine that contains tumor

associated antigens - carcinoembryonic antigen (CEA) and mucin-1 (MUC-1),
and three T cell co-stimulatory molecules - B7-1, intracellular adhesion molecule
1 (ICAM-1), and lymphocyte function-associated antigen 3 (LFA-3).[26] This
vaccine has been shown to induce a CD4 and CD8 antigen specific response
against the aforementioned tumor associated antigens.[34] Given that CEA and
MUC-1 are over expressed in 76% and 93% of high grade bladder tumors,
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respectively, the ongoing trial is evaluating the 12 month recurrence-free survival
of combining PANVAC with BCG induction therapy in patients who have failed
initial BCG induction.[35,36]

CG-0700: CG0700 is a recombinant adenovirus that specifically targets the often
deregulated retinoblastoma tumor suppressor (Rb) pathway, allowing for
selective viral replication in tumor cells and local production of granulocyte
macrophage-colony stimulating factor (GM-CSF). [26,37] The local production
of GM-CSF helps in recruitment and maturation of myeloid cells and promotion
of local anti-tumor activity.[26] Its intravesical instillation has been shown to be
safe and tolerable, with a complete response rate of 48.6% at 10.4 months.[26]
The ongoing phase Il trial is evaluating the efficacy of CG-0700 in NMIBC
patients who have failed BCG therapy by looking at durable complete response
lasting at least 12 months.

rAd-1FN/Syn-3 (Instiladrin): rAd-IFN is a non-replicating recombinant
adenovirus vector containing the human IFN alpha-2b (IFNa2b) gene. The
addition of the novel excipient Syn-3 to Rad-IFNa markedly increases its
transduction of urothelium and NMIBC, allowing for high and durable IFNa in
urine.[38] This is believed to be critical given the short half-life of IFNa in urine
when added to BCG and the combination’s ability to improve upon response
rates seen with BCG alone in BCG-unresponsive patients.[7] The phase I and |1
trials involving rAd-IFN/Syn-3 have shown that it leads to detectable levels of
IFN-a in urine. [38,39] In fact, recurrence-free survival was 35% at 12 months in
the phase I trial. Expanding on these findings, the current phase I11 trial
evaluates the efficacy of rAD-IFN/Syn-3 in BCG-unresponsive NMIBC patients
by looking at the event-free survival at 12 months.

VPM1002BC: VPM1002BC is a live genetically modified Mycobacterium bovis
BCG that expresses the bacterial toxin listeriolysin. Studies in mice have shown
that the antigen-specific memory T-cell and T follicular helper T-cells associated
with specific antibody responses were higher using this recombinant form of
BCG, presumably through the pore-forming ability of the toxin that enhances
antigen presentation.[40] The ongoing phase I/1l trial is evaluating the safety,
tolerability, and efficacy of intravesical instillation of VMP1002BC along with
standard BCG therapy in patients with recurrent NMIBC. The efficacy will be
evaluated by assessing recurrence-free survival over 60 weeks.

Lenalidomide: Lenalidomide is a thalidomide derivative with anti-neoplastic,
antiangiogenic, and immunomodulatory properties.[41] It has been shown to
enhance the response to BCG in a murine model of bladder cancer.[41] The
ongoing phase Il trial is evaluating the efficacy of oral Lenalidomide with BCG
instillation in BCG failure NMIBC patients by assessing the 1-year progression-
free survival.
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Atezolizumab: Atezolizumab is an anti-Program Death — Ligand 1 (PD-L1)
humanized monocolonal immunoglobulin G1 antibody, which targets PD-L1 on
tumor cells. PD-L1 is an immune checkpoint that suppresses T-cell function by
binding to either program death (PD-1) or B7-1 on activated T lymphocytes and
other immune cells, preventing overstimulation of the immune system against
self-antigens. [42,43] Tumor cells have adapted by overexpressing PD-L1 and
use it to create a “molecular shield” to prevent effector cells from killing tumor
cells.[44] Inhibiting this interaction using Atezolizumab has recently been shown
to be efficacious in locally advanced or metastatic urothelial carcinoma, gaining
it an FDA approval. [44,45] The on-going phase Ib/11 trial is evaluating its safety,
tolerability, pharmacokinetics, immunogenicity, and anti-tumor activity when
given with and without intravesical BCG therapy in NMIBC patients who have
failed BCG. Additionally, an upcoming, inter-group, non-randomized, phase 2
trial will be evaluating its efficacy in treating BCG-unresponsive NMIBC
patients by looking at 18-month event-free survival.

ALT-803: As mentioned previously, it is a recombinant fusion protein with
enhanced IL-15 biological activity, an important interleukin in the development,
proliferation, and activation of NK cells and CD8 T cells.[25,26] The current
phase 11/111 trial is evaluating the 6-month complete response rate of ALT-803 in
patients with BCG-unresponsive NMIBC.

Pembrolizumab (MK-3475): Pembrolizumab is an antibody that targets
program death protein-1 (PD-1) on T cells, preventing its interaction with the
PD-L1 ligand, similarly to PD-L1 antibodies.[44] The ongoing phase Il trial is
evaluating its efficacy in BCG unresponsive NMIBC patients by looking at the
complete response rate and disease free survival over the course of 36 months. A
separate phase I trial will be evaluating the safety and maximum tolerated dose
of intravesical pembrolizumab when combined with intravesical BCG regimen in
patients with BCG-unresponsive NMIBC.

Oportuzumab Monatox (OM): OM is a recombinant fusion protein of a
humanized anti-epithelial cell adhesion molecule (EpCAM) antibody linked to
Pseudomonoas exotoxin A.[46] The EpCAM surface antigen is usually
overexpressed in higher grade tumors, including bladder cancer, allowing OM to
specifically target tumor cells.[26,46] A phase Il trial evaluated two OM dosing
strategies in BCG-refractory CIS patients and found complete response rates of
26.7% and 15.6% at 6- and 12-month intervals, respectively.[46] Its efficacy is
now being evaluated in a phase I11 trial of BCG-unresponsive NMIBC patients.

BGJ398- BGJ398 is a tyrosine kinase inhibitor targeting FGFR3, which is found
to be activated in approximately 75% of all cases of NMIBC.[47] The targeting
of activated FGFR3 in preclinical rat models of bladder cancer has shown
efficacy in inhibiting tumor growth. [48] The safety and efficacy of oral
administration of BGJ398 is now being evaluated in a phase I/11 trial of BCG
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refractory NMIBC patients using a marker lesion response at 7 weeks with
cystoscopy and cytology.

ABI-009: ABI-009 is an albumin-bound Rapamycin nanoparticle that allows the
hydrophilic rapamycin to better penetrate deeper tissues. Rapamycin is an mTOR
pathway inhibitor which has been shown to limit progression of NMIBC to
MIBC when given intravesically in a murine model of bladder cancer.[49]
Currently, an ongoing phase I/11 clinical trial is evaluating 12-month complete
response rate of ABI-009 in the setting of BCG-unresponsive NMIBC.

Chemohyperthermia with MMC: Hyperthermia has been shown to improve
penetration of the urothelium by chemotherapeutic agents, thereby improving the
efficacy of agents such as MMC in treating NMIBC. The 10-year disease-free
survival rate for this combination therapy has been found to be 53% compared to
15% for chemotherapy alone. [50] However, the combination has a significant
side effect profile such as urinary urgency and frequency, pain, and bladder
spasms. [51] Nevertheless, an ongoing phase 111 trial will be evaluating the
efficacy of chemohyperthermia using MMC in patients with NMIBC who have
failed BCG therapy.

Albumin-bound Paclitaxel Nanoparticles: Nanoxel is an aloumin bound
Paclitaxel nanoparticle (Nab-Paclitaxel) that has a fivefold solubility in aqueous
environments with improved penetration of epithelial tumor cells via albumin
receptor. [52] The phase 2 trial involving intravesical nab-paclitaxel treatment in
patients with BCG failure NMIBC showed minimal toxicity and durable
response rate of 35.7% at 1 year. [52] The current phase 11 trial aims to evaluate
the efficacy of intravesical nab-paclitaxel in BCG failure NMIBC patients by
looking at the 1 year recurrence-free rate.

7. Chemotherapy with Radiation

a.

Trimodality Therapy (TMT): TMT refers to visually complete TURBT,
followed by concurrent chemo-radiation involving agents such as 5-FU,
mitomycin C, paclitaxel, cisplatin, and carboplatin. In muscle-invasive bladder
cancer patients, it has been extensively evaluated in multiple non-randomized,
prospective and retrospective trials showing similar overall survival as radical
cystectomy.[53] Recent data indicates that TMT may also be efficacious in
recurrent high grade T1 tumor, with University of Erlangen reporting an 88%
complete response rate and a 19% progression rate in patients with T1G3
NMIBC tumors. [54] The current phase Il trial (RTOG 0926) aims to evaluate
the efficacy of TMT in NMIBC patients with persistent T1 disease who have
failed BCG therapy. The efficacy will be evaluated by looking at the rate of
freedom from radical cystectomy at 36 months. Of note, CIS is thought to be
radio-resistant, which led to exclusion of patients with CIS from the trial. [55]
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BCG-naive or -unresponsive

The trials discussed below include both the BCG naive and BCG-unresponsive patients, and
they have either been recently completed or are ongoing (Figure 1 and table 3).

1. Targeted Therapy

a.

Sunitinib: Sunitinib is a multi-targeted receptor tyrosine kinase inhibitor that
inhibits various key tyrosine kinases including vascular endothelial growth factor
(VEGF) receptors-1,-2, and -3.[56] The anti-tumor effects of Sunitinib in
advanced urothelial cancer is believed to be from inhibition of the VEGF axis.
[56] In the ongoing phase 1l trial, oral sunitinib is combined with intravesical
BCG instillation in high-risk NMIBC patients. The data from the study thus far
shows that 72% of patients have a complete response at 3 months with 77%
recurrence-free survival and 100% progression-free survival at 24 months.[57]

Enzalutamide: Enzalutamide is an androgen receptor antagonist that has been
used in the treatment of metastatic castrate resistant prostate cancer. While the
role of androgen in bladder tumorogenesis is unclear, it has been reported that
androgen receptor activation correlates with promotion of tumor growth.[58] A
preclinical study shows that enzalutamide can inhibit bladder cancer
proliferation, migration, and invasion in AR+ cell lines.[58] Additionally, it can
slow the growth of bladder tumors in AR+ xenografts.[58] The current non-
randomized, phase 2 study aims to evaluate the efficacy of enzalutamide in
preventing bladder cancer recurrence in patients with both AR+ or AR- NMIBC.
The efficacy will be evaluated by looking at recurrence-rate over a 12-month
period.

Ethacrynic Acid: Ethacrynic acid (EA) is a commonly used loop diuretic, but it
has also been shown to be cytotoxic via inhibition of glutathione S-transferase
(GST) and Wnt/p-catenin signaling. [59] Dysregulation of Wnt signaling is
implicated in various tumors including bladder cancer, where it has been shown
to be activated. [60] The current phase 1 trial aims to evaluate the safety and
efficacy of Ethacrynic acid when given immediately before TURBT in patients
with NMIBC.

Tamoxifen: Tamoxifen is a non-steroidal selective estrogen receptor modulator
that is mainly used in the treatment of breast cancer. While normal urothelium
has been shown to express estrogen receptor, expression of ERp has been noted
in up to 81% of bladder cancers, with increased levels of expression associated in
higher-grade tumors.[61] A preclinical study involving nitrosamine induced
bladder cancer in mice showed that tamoxifen treated mice had a reduced
incidence of bladder cancer of 10-14% compared to 76% in the control group.
[26,61] The ongoing phase Il trial is evaluating the efficacy of oral tamoxifen
citrate in patients with low to intermediate risk NMIBC by assessing the clinical
response of a marker lesion over a 4-year period.
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a. HS-410: HS-410 is an intra-dermally delivered vaccine derived from irradiated
cancer cells that are genetically engineered to secrete gp96 heat shock protein.
Gp96-cancer antigen complexes have been identified as efficient stimulators of
CD8 cytotoxic T cell production via tumor antigen cross-presentation on MHC
class 1.[62] The ongoing phase | and |1 trials aim to evaluate the safety and
efficacy of HS-410 with standard intravesical BCG in BCG-naive patients with
intermediate to high risk NMIBC. At the recent SUO Annual Meeting in 2016,
the investigators of this trial reported on 1-year recurrence-free survival across all
arms to be 84.6% with no difference between BCG alone and BCG with HS-410
arms. However, antigen-specific responses were only seen in patients who
received HS-410.

3. Drug Delivery

a. TC-3 hydrogel: TC-3 gel is a reverse thermal biodegradable gel that exists as a
free-flowing solution at room temperature and viscous hydrogel at body
temperature. Its ability to stay in the gel form at body temperature allows it to
serve as a sustained release drug reservoir inside the bladder by only dissolving
upon contact with the urine, improving drug contact duration.[26] An ongoing
phase 2 trial is evaluating the safety of intravesical instillation of escalating doses
of TC-3 gel with mitomycin C in NMIBC patients. A separate, ongoing trial is
evaluating the safety and efficacy of mitomycin C instillation using TC-3 in low
risk, recurrent NMIBC patients pre-TURBT. The efficacy will be evaluated by
assessing the ablative effect of the above treatment over 24 months.

Conclusion

In this review, we discussed the on-going and recently completed clinical trials involving the
BCG naive, BCG refractory/recurrent, and BCG naive or refractory NMIBC. NMIBC
remains a very challenging disease to treat, requiring extensive follow-up after diagnosis and
initial treatment. The patients who are in even more peril are those who have failed BCG
therapy, as they have a very high chance of progression. Given this high rate of recurrence
and progression, especially in the face of the potential BCG vaccine shortage, the need to
explore new avenues in treating NMIBC has never been more urgent. Evident by this review,
many novel treatments ranging from targeting specific mutations or gene amplifications to
gene therapy to immunotherapy are currently being tested in clinical trials in the setting of
NMIBC. As our understanding of bladder cancer continues to evolve and new therapeutic
approaches are developed, it will be crucial to utilize molecular subtyping in designing
future studies and predicting treatment response in patients, as evident by some recent work
in MIBC. [63] Additionally, going forward, it will be critical to standardize the clinical
outcomes across trials, as emphasized and described by Kamat et al. [6] The ongoing efforts
in this field are very encouraging, and the outlook for finding more effective therapies look
very promising.
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Highlights

Article reviews and summarizes the recently completed or ongoing clinical
trials in NMIBC

Total of 33 trials were reviewed, which included 8 trials that were specific to
BCG-naive patients, 18 trials that were specific for BCG-unresponsive
patients, and 7 trials that included both BCG-Naive or -Unresponsive

The following therapeutic approaches are being used in the trials: cytotoxic
agents, vaccines, gene therapy, immunonodulators, targeted therapy agents,
novel drug delivery mechanisms, and chemoradiation
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Figure 1.
A) The total number of clinical trials in NMIBC reviewed in this article. B) Summary of

recently completed or on-going clinical trials in BCG-Naive patients. C) Summary of
recently completed or on-going clinical trials in BCG-Unresponsive patients. D) Summary
of recently completed or on-going clinical trials in patients with either BCG-Naive or BCG-
unresponsive NMIBC.
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