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Bladder cancer is the 10th most frequently diagnosed cancer worldwide with 5-year survival rate around 70%.
The current first-line treatment for non-muscle invasive bladder cancer is transurethral resection of bladder
tumours followed by intravesical Mycobacterium Bovis Bacillus Calmette-Guérin (BCG) immunotherapy. How-
ever, tumor recurrence rate is still high ranging from 31% to 78% within five years. To avoid radical cystectomy,
intravesical combination therapies have been developed as salvage treatments to overcome BCG failure. Recent
advances in diagnostics thanks to tumor molecular profiling and in treatment such as development of immu-
notherapies provides more treatment options beyond BCG treatment. This also goes hand-in hand with formu-
lation advances to deliver these new therapies where traditional drug delivery systems might not be suitable,
which in turn is completed by challenges to deliver drugs via the intravesical route.

In this article the aim was to provide an in-depth analysis of the current developments of intravesical com-
bination therapies, ranging from relatively simple combinations of mixing existed intravesical therapeutic agents
(immunotherapies and chemotherapies) to the combined formulations containing advanced gene therapies and
targeted therapies, with special focus on therapies that have made it to the clinical trial stage. In addition, recent
attempts to utilize device-assisted treatments and novel drug delivery platforms are included. This review also
highlights the limitations that still need to be overcome such as the inadequate studies on newly explored drug
carriers and proposes potential directions for future work to overcome BCG-failure.

countries (Wong et al., 2018).
Bladder cancer can be classified into muscle invasive bladder cancer
(MIBC) or non-muscle invasive bladder cancer (NMIBC) (Matulewicz

1. Introduction

As a severe genitourinary cancer, bladder cancer is induced by the

abnormal cell proliferation in the urothelial lining of urinary bladders.
In 2020, bladder cancer became the 10th most commonly diagnosed
cancer in the whole world, which occupied about 3% of new cancer
cases and led to over 200,000 deaths (Sung et al., 2021). The 5-year
survival rate of bladder cancer is around 70%. The disease is more
common in men that it has become one of the five leading causes of
cancer death among men over 80 (Marcos-Gragera et al., 2015; Yoon
et al., 2020). The prevalence of bladder cancer can be regarded as the
reflection of the popularity of tobacco since smoking is one of the
leading risk factors of bladder cancer (Sung et al., 2021). Other risk
factors include being exposed to industrial pollution and family history,
which may explain the increased number of cases in high-income
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and Steinberg, 2020). Theoretically, the prognosis of bladder cancer
should be good, and the mortality rate should be low since majority of
cases are NMIBC (approximately 75%) (Kamat et al., 2016a; Sung et al.,
2021). But unexpectedly, the lifetime treatment cost of bladder cancer is
ranking top of all cancers and should be responsible for a financial
burden of about $3.98 billion in the US and €4.9 billion in Europe per
year (Leal et al., 2016; Mossanen and Gore, 2014). These might result
from the expensive cost owing to the difficulty of treating this cancer,
and the high recurrence rate within five years (ranging from 31% to
78%) (Sylvester et al., 2006).

As a temporary storage site of urine, it is crucial for the bladder to
strictly isolate urine from blood, and hence urothelium acts as
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impermeable barrier (Lewis, 2000). The special protein arrays and the
tightly knitted superficial umbrella cells in the surface of urothelium
prevent the permeability of urine into the underlying tissue of bladder
and thus inhibit the development of inflammation, fibrosis, and bladder
detrusor muscle over-activity (Akkad et al., 2007; Wan et al., 2018;
Zacche et al., 2015). On the other hand, urothelium hinders drug de-
livery through systemic administrations (Lewis, 2000; Moch et al.,
2014). Therefore, the intravesical drug delivery systems have become
the focus of bladder cancer treatments to overcome the bladder
permeability barrier (BPB).

Compared to the systemic delivery routes, intravesical drug delivery
is safer and can increase the bioavailability of drugs by sending lower
doses directly into the bladders (Yoon et al., 2020). Certainly, there are
also some drawbacks awaiting to be overcome. For instance, maintain-
ing the expected drug concentration in the bladder is challenging
because drug concentration can be easily changed by the continuous
emptying of urine (Joice et al., 2019). And the drug absorption through
the urothelium still needs to be further improved. Repeated intravesical
instillations can be adopted to maintain the needed drug concentration
but this would influence patient compliance. These challenges have
attracted research aiming at finding solutions.

After being firstly approved for treatment of bladder cancer by US
FDA in 1990, the intravesical Mycobacterium Bovis Bacillus Calmette-
Guérin (BCG) immunotherapy following transurethral resection of
bladder tumours (TURBT) remains the gold standard for treating NMIBC
(Lamm, 1995). The mechanism of action of BCG in bladder cancer is still
under investigation, but it is suggested that internalization of BCG in
cancer cells leads to secretion of cytokines and activation of the immune
system against the tumor (Redelman-Sidi et al., 2014). However, the
classic BCG treatment still has some non-negligible drawbacks. During
the latest decade, the shortage of BCG supply has become a latent
problem. Merck has declined the supply of the Tice strain of BCG since
the announcement of insufficiency in 2014, while Sanofi declared the
shortage of the Connaught strain in 2012 and shut the production
permanently in 2017 (Messing, 2017).

The adverse effects of BCG are also urgently awaiting to be handled.
Up to 90% of patients may undergo at least one adverse event when
receiving intravesical BCG therapy, and about 8% of them may have to
exit the treatment when encountering severe complications (Deca-
estecker and Oosterlinck, 2015; Koch et al., 2021). Local side effects
including cystitis, hematuria, urinary frequency, granulomatous pros-
tatitis, epididymitis, ureteral obstruction, and contracted bladder are
more common, which can influence 62.8-75.2% of patients, while sys-
temic complications such as general malaise, fever, sepsis, and allergic
reactions (skin rash, arthralgia, and arthritis) usually occur in a lower
proportion (30-40%) of patients (Brausi et al., 2014; Decaestecker and
Oosterlinck, 2015; Koch et al., 2021). Life-threatening adverse events
are rarely reported, but they still need to get more attention as
BCG-induced infections or immune reactions have been observed in
multiple organs including prostate, epididymis, testicles, glans penis,
liver, kidney, and lungs (Decaestecker and Oosterlinck, 2015; Koch
et al., 2021). Among all the extant shortcomings of BCG treatment, the
problem which keeps attracting more attention is the existence of BCG
failure. Although BCG therapy has shown great advantage by arousing
an initial complete response rate of nearly 80%, there are still 30-40% of
patients who cannot receive the optimal therapeutic effect (Sylvester
et al., 2006). A repeated course of intravesical BCG treatment might
benefit a certain number of patients, but for those who are unresponsive
or intolerant to BCG, failing to find an appropriate salvage treatment can
lead to recurrence and progression into MIBC and could eventually
result in fatal consequences (van Rhijn et al., 2009).

At present, radical cystectomy is widely recommended to patients
failing BCG treatments (Kamat et al., 2016b; van Rhijn et al., 2009).
Early cystectomy, just after BCG failure, for BCG unresponsive patients
has several advantages (Kikuchi et al., 2020). It improves the chances for
cure as the disease-free survival rate is 80-90% before progression to
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MIBC (Klaassen et al., 2018). Furthermore, as lymphadenectomy is a
part of cystectomy procedure, occult lymph node metastasis can be
treated and evaluated for proper management (Stein et al., 2001). In
addition, cystectomy eliminates the need for subsequent intravesical
treatment and makes follow-up regimen easier (Kikuchi et al., 2020).
But evidently, surgery is not suitable for all patients. The cost of surgery
is usually high and elderly patients cannot endure the comorbidities and
complications associated with cystectomy. In addition, it is associated
with high risk of mortality and morbidity, where it is shown in long term
study that mortality rate was 2.7% at 30 days and 7.2% at 90 days
(Nielsen et al., 2014). Also, it may result in unwanted side-effects as it is
highly invasive surgical procedures (Kikuchi et al., 2020). Intravesical
drug delivery is still an option to preserve their bladders using new
strategies of different therapeutic agents or device-assisted treatments.
However, evidence showed that inducing regulated cell death by a
single treatment can hardly kill bladder cancer cells completely as it can
lead to high tumour heterogeneity by pushing the cancer cells to prog-
ress more rapidly and soon acquire resistance with the help of gene
mutation (Guo et al., 2020). Hence, combination therapies are expected
to delay the development of resistance and be more effective since a
more complicated therapeutic mechanism might hinder cancer cells
from adapting. Recent studies have already demonstrated that combi-
nation therapies can successfully increase anti-cancer response and
reduce toxicity by putting multiple therapeutic agents together or
blending chemotherapies with device-assisted therapies (Peng et al.,
2021).

During the last decade, a variety of published reviews have focused
on the intravesical therapies for treating bladder cancer, and different
strategies for managing BCG failure have been investigated. However,
there has been a limited focus on the use of intravesical combination
therapies for BCG failure. Therefore, the aim of this review is to fill this
gap with an emphasis on the current state of the advanced intravesical
combination treatments, and combined formulations with the aid of
device-assisted therapies or novel drug delivery systems. Thus, this ho-
listic review is organized in three key steps:

- Providing a brief interlocution into the complexity of the classifica-
tion of bladder cancer and its impact on guiding choice of treatment

- Investigating the current landscape of intravesical bladder cancer
treatments within the last ten years and critically evaluating the
potential of the available intravesical combination treatments for
solving BCG failure

- Offering several novel approaches that can potentially be used in the
future.

This review is based on surveying and interrogating related articles
reporting original experimental results or other previous reviews on
intravesical combination therapies from two electronic databases -
PubMed and Web of Science. Keywords and Boolean Operators used for
restricting the range of searching were ‘intravesical’ as a fixed keyword
connected with a combination of the following Boolean Operators;
‘Bladder Cancer’, ‘Combination Therapies’, ‘Non-Muscle Invasive
Bladder Cancer’, ‘BCG failure’ and ‘Drug Delivery Systems’ Information
about the current clinical trials that has not been published was gathered
from ClinicalTrials.gov. Inclusion and exclusion criteria to further nar-
row down the search outcomes were used. Abstracts of articles pub-
lished between January 2010 and July 2021 were screened while papers
published before 2010 were not included in this study unless they refer
to the landmarks of fields or have specific connections with the current
research progresses. Only papers written in English were chosen for
further analysis, and articles investigating MIBC or treatments other
than intravesical therapies were excluded.

2. Staging, grading, and the risk stratification of NMIBC

Finding a correlation between the past studies and the present trials,
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and thus making further comparisons, requires an appropriate classifi-
cation of bladder cancer patients. After been divided into NMIBC and
MIBC, the staging, grading, and risk stratification of NMIBC are of great
prognostic value. Depending on the acceptance of BCG and the following
results, patients with NMIBC can be roughly classified into three groups:
BCG naive, BCG exposed, and BCG failure.

Patients with NMIBC but have never received BCG treatment can be
termed as BCG naive (Packiam et al., 2019) while under most situations,
NMIBC patients who have already received BCG therapies but not
reached the delimiting of BCG failure can be described as BCG exposed.
On the other hand, deciding the optimal therapeutic regime for patients
undergoing BCG failure can be difficult as the definition and classifica-
tion of BCG failure keep changing. BCG failure can be used to represent
patients with any recurrence or progression during or after BCG treat-
ments. In 2016, the International Bladder Cancer Group (IBCG) sug-
gested a standard classification system for BCG failure into four
categories, which are summarized in Table 1 (Kamat et al., 2017). This
classification system has been accepted by the European Association of
Urology (EAU) including the same four categories as IBCG classification
and updated in the latest guidelines on NMIBC (Babjuk et al., 2019).
However, in the guidelines from the Canadian Urological Association
(CUA), BCG unresponsive is replaced by BCG resistance which repre-
sents the recurrence that happens 3 months after BCG therapies but
vanishes subsequently by 6 months (Kassouf et al., 2015). No specific
classification of BCG failure can be found in the guidelines from the
American Urological Association (AUA), but the FDA has adopted the
concept of BCG unresponsive disease and correlative clinical trials have
been permitted (Chang et al., 2016). As demonstrated by the definition
in Table 1, the category BCG unresponsive encompasses diverse groups
of patients, which could add more challenges in the clinical setting.
Nonetheless, the FDA provides a detailed guidance on stratification of
patients in this category to assist in the development of new treatments.

On the other hand, staging of tumour is mainly based on the tumour,
node, metastasis (TNM) classification system, and the depth of tumour
invasion (T stage) plays the most important role in determining the stage
of NMIBC as the regional lymph nodes (N stage) and the distant me-
tastases (M stage) are absent (Matulewicz and Steinberg, 2020). The
Union for International Cancer Control (UICC) updated the TNM clas-
sification system in 2017 and suggested that bladder tumours in the
stage of Tis, Ta, or T1 can be put under the title of NMIBC (Tis refers to
“carcinoma in situ (CIS)”, Ta refers to “non-invasive papillary carci-
noma’, and T1 refers to “tumour invades subepithelial connective tis-
sue”) (Brierley et al., 2017).

The situation becomes a bit complicated when coming to the histo-
logical grading of NMIBC. In 1973, the World Health Organization

Table 1
The International Bladder Cancer Group (IBCG) classification system for BCG
failure (Kamat et al., 2017; Food and Drug administration, 2018).

Category Definition

BCG refractory patients fail to reach the recovery status by 6 months after the

maintaining or repeating BCG treatments

BCG relapsing recurrence happens to patients by 6 months after the disease-free
status has once been achieved
BCG patients who can hardly benefit from BCG therapies in most
unresponsive circumstances

According to FDA patients with either

- Persistent or recurrent CIS alone or with Ta/T1 within 12
month of therapy completion.

- Recurrent high-grade Ta/T1 within 6 months of therapy
completion.

- T1 high-grade disease at first evaluation following induction of
course of treatment

patients who cannot bear the BCG treatments because of the

severe adverse events or toxicity

BCG intolerant

Cis carcinoma in situ, Ta non-invasive papillary carcinoma, T1 tumor invades
subepithelial connective tissues.
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(WHO) published the grading system based on the cellular anaplasia of
urothelial carcinoma, and NMIBC could be stratified into Grade 1 (G1,
well differentiated), Grade 2 (G2, moderately differentiated), and Grade
3 (G3, poorly differentiated) (Mostofi et al., 2012). In 2004, WHO
updated the grading standard with the new categories of papillary
urothelial neoplasm of low malignant potential (PUNLMP), Low grade
papillary urothelial carcinoma (LG), and High grade papillary urothelial
carcinoma (HG) (Eble et al., 2004). However, the 2004/2016 grading
system failed to show distinct advantages when helping to predict the
recurrence and progression of tumours, so it has been recommended that
both the 1973 system and the 2004/2016 system should be taken into
consideration when grading the NMIBC patients (Babjuk et al., 2019;
Soukup et al., 2017).

The risk stratification of NMIBC can influence the diagnosis, design
of the therapeutic regimen, and prognostication. To date, the most
widely accepted method to determine the risk stratification is to use the
European Organisation for Research and Treatment of Cancer (EORTC)
risk tables, which adopt the grade, stage, tumour size, prior recurrence
rate, presence of concomitant CIS, and number of tumours as parameters
to predict the probability of recurrence and progression (Sylvester et al.,
2006). Based on this system, NMIBC can be classified into low-risk,
high-risk and intermediate-risk NMIBC (between the categories of low
and high-risk) (Babjuk et al., 2019). Recurrence after BCG treatments or
BCG failure usually occurs to intermediate- and high-risk NMIBC. It has
been suggested that low-risk NMIBC can be handled by single intra-
vesical instillation of chemotherapy or immunotherapy, but high-risk
NMIBC might need repeated instillations and maintenance treatments
with a duration of 3 years, and the management of intermediate-risk
NMIBC should be varied relying on specific situations, both of
single-dose treatment and induction intravesical therapy can be options,
and maintenance treatments can also be considered, with a shorter
duration of several months (Bree et al., 2021).

Earlier reviews mentioning intravesical therapies are summarized in
Table S1 and show a discussion of the situation of adopting intravesical
combination therapies for handling BCG failure. They also demonstrated
that utilizing intravesical therapies for handling NMIBC patients with
BCG failure has lately stimulated higher concern since more reviews
have been published during recent years (2019-2021). Among all those
research directions, the combinations of therapeutic agents have
attracted the most attention. Beginning with the existing BCG therapy, a
wide range of combined formulations with or without BCG have been
attempted. Based on the foundation of the existed therapeutic drugs,
device-assisted treatments have also been investigated for their capa-
bility of enhancing therapeutic efficacy. The utilization of novel intra-
vesical drug delivery systems are also under development, and some of
these attempts can be regarded as combination treatments, which pre-
dicts the future trend of dealing with BCG failure.

3. Recent developments in intravesical combination therapies

Various intravesical combinations for treating BCG failure have been
investigated over the last few decades and made it to the clinical trial
stage. The following section will introduce them under their corre-
sponding categories, as summarized in Fig. 1.

3.1. Combinations of multiple therapeutic agents

Combining different therapeutic agents should be the most
comprehensively investigated strategy to manage BCG unresponsive-
ness, and the present drug combinations can be sorted depending on the
mechanisms and varieties of the components. A summary of clinical
trials assessing this therapeutic combination for NMIBC is shown in
Table 2.

3.1.1. BCG augmented immunotherapies
Although the intravesical BCG treatment has remained the front-line
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Intravesical Combination Therapies

Combination of Multiple

Theraputic Agents

BCG Augmented Immunotherapies

Combinations of Intravesical
Immunotherapies

Combinations of Intravesical
Chemotherapies

Intravesical Immunotherapies
Combined with Chemotherapies

Intravesical Treatments in Combination
with Viral Gene Therapies or Vaccines

Intravesical Treatments in Combination
with Targeted Therapies

Intravesical Combination Therapies
Using Novel Drug Delivery Platforms

Device-assisted In travesical
Combination Therapies

Fig. 1. Overview of intravesical combination therapies according to type and mechanism of the therapeutic agents.

therapy for NMIBC for years, its therapeutic mechanism still cannot be
fully understood. Currently, the widely accepted assumption is that after
being instilled into human bladders, BCG can interact with the urothelial
cells directly and promote the release of cytokines as well as stimulate
the inflammation-mediated non-specific tumor response, and finally the
adaptive immune response would be activated and the killing of cancer
cells would be accelerated by inducing the T-cell mediated cytotoxic
reactions (Patard et al., 1993; Sapre and Corcoran, 2013). It has also
been proposed that BCG is capable of modulating gene expression which
might have a certain effect on the therapeutic efficacy of killing cancer
cells (Rahmat et al., 2018). For the BCG unresponsive patients who are
insensitive to the intravesical BCG monotherapies, one promising
strategy is combining BCG with different immunomodulators. These
immunomodulators have found to augment the innate immune response
activity of BCG.

One of the most intensively studied agents is the interferon-alpha
(IFN-a), especially the IFN-a2b. In the 1990s, IFN-a2b was expected to
become a single intravesical therapeutic agent for treating superficial
bladder cancer, but this project was terminated as IFN-a2b failed to
induce a satisfying tumour-free response (Glashan, 1990; Hudson and
Ratliff, 1995). Afterwards, other researches investigating IFN as a single
therapeutic agent are still ongoing, but more efforts have been paid on
evaluating the anti-tumour efficacy of combining IFN-a2b with BCG
(Joudi et al., 2006). Results showed that the combination of IFN-a2b and
BCG could help about 45% of patients with BCG failure to become
disease-free by 24 months after treatments (Joudi et al., 2006). None-
theless, the patients with BCG failure have not been further classified in
the present trials, and thus the therapeutic efficacy of the BCG plus
IFN-a2b combination on BCG unresponsive patients still needs to be
further investigated (Packiam et al., 2021).

Another promising formulation is the quadruple immunotherapy
(QIT), which refers to the combination of BCG, IFN, interleukin-2 (IL-2),
and granulocyte colony stimulating factor (GM-CSF). The design of such
combination therapy was based on previous evidence which proved that
apart from IFN, IL-2 and GM-CSF can also synergize with BCG and
enhance the cytotoxic T-cell response (Luo et al., 2003). Since GM-CSF is
usually sold as injections under the commercial name of Leukine (sar-
gramostim), this regimen needs to be administrated through both the
intravesical route and the system route. Results showed that the treat-
ment success was 53-55% for up to two years, about quarter of patients
needed to eventually receive radical cystectomy because of disease
progression (Steinberg et al., 2017). But it needs to be noticed that high
percentage of patients reporting side effects (Steinberg et al., 2017).
Overall, the results were not so impressive, but QIT still becomes an

option for patients with BCG failure, although further subclassification
of BCG failure has not been studied yet.

More recently, another immunomodulatory agent which has great
expectations is the N-803 (ALT-803/Anktiva). N-803 is a super-agonist
of IL-15, which can stimulate both innate and adaptive immune re-
sponses by promoting the proliferation and activation of natural killer
(NK) cells and CD8" T cells (Chamie et al., 2021). Using N-803 as a
mono-treatment is also under investigation, but more emphasis has been
laid on combining N-803 with BCG (Furuya et al., 2019). The latest
results of phase II and III clinical trials (NCT03022825)(ImmunityBio,
2022) demonstrated that the mixed formulation of N-803 and BCG has
achieved a complete response rate at any time of 72% in the BCG un-
responsive NMIBC patient group, and the possibility of maintaining this
complete response rate for at least 1 year was high (Chamie et al., 2021).
Together, these promising data illustrate the potential of N-803
becoming a favorable augmenting agent for BCG unresponsive patients.

3.1.2. Combinations of intravesical immunotherapies

Besides immunotherapeutic agents which augments the BCG effect,
others have been emerging during the past few decades for treating
NMIBC. They include humanized antibodies pembrolizumab, atezoli-
zumab, durvalumab, avelumab, and nivolumab. By blocking certain
immune checkpoints and up regulating the immune responses, immu-
notherapies are considered to be more bearable and thus have better
patient compliance (Peng et al., 2021). Although these agents may not
be able to augment BCG, combining them with each other is still a
practical approach to enhance efficacy and address drug resistance, and
therefore overcome the BCG failure.

Pembrolizumab, an immune checkpoint inhibitor that can activate
the anti-tumour immune response by blocking the Programmed Death-1
(PD-1), has been studied for years and finally be approved for treating
NMIBC patients with BCG failure by the FDA in 2020 (Bree et al., 2021).
But before that, scientists have already put forward the suggestion of
uniting pembrolizumab with other drugs. The study of the combination
of intravenous pembrolizumab and intravesical BCG has already pro-
ceeded into a phase III clinical trial (KEYNOTE-676/NCT03711032)
(Merck Sharp & Dohme Corp, 2022) since the results of the phase I trial
are quite promising (with a disease-free survival rate of 78%)(Alanee
et al., 2019). Meanwhile (from February 2017), a phase I clinical trial of
examining the possibility of administrating both of the pembrolizumab
and BCG intravesically for treating high-risk and BCG refractory NMIBC
is also ongoing (NCT02808143) (Meeks, 2020) among a small group of
patients) and results of both experiments are still waiting to be released.

Another PD-1 inhibitor expected to become an NMIBC treatment is
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A summary of the current clinical trials assessing combinational intravesical therapy for NMIBC patients with BCG failure.

Treatments

Patient population

Results Reference

BCG Augmented-
Immunotherapies

Combinations of
Intravesical
Immunotherapies

Combinations of
Intravesical
Chemotherapies

Reduced dose or the standard dose (50 mg)
of intravesical BCG directly mixed with 50
million units of IFN-a2b

- The maintenance treatments included

another 3 courses of 3-week BCG (reduced

dose) plus IFN-a2b intravesical instillations
at 3, 9, and 15 months after the induction
completion

Quadruple immunotherapy (QIT) which is

combination of BCG, IFN, interleukin-2 (IL-

2), and granulocyte colony stimulating fac-

tor (GM-CSF)

- Treatment was 6 QIT, once a week. The

therapies included weekly intravesical

instillations containing one-third of the
standard dose of BCG, 50 million units of

IFN, and 22 million units of IL-2, followed by

a 250 pg GM-CSF

Maintenance treatments should be arranged

at 3, 9, and 15 months after the completion

of induction.

- Combination with N-803 (ALT-803/Anktiva)

which is immunomodulatory agent acting as

a super-agonist of IL-15, which can stimulate

both innate and adaptive immune responses.

Intravesical solutions of N-803 mixed with

BCG and saline every week for 6 consecutive

weeks, whether followed by a 3-week

maintenance treatment or a 6-week re-
induction course would be decided by the
first disease assessment

The rest of the maintenance courses would

be set at month 6, 9, 12, and 18 (the third

period) and month 24, 30, and 36 (the fourth
period).

Combination of intravenous pembrolizumab

and intravesical BCG.

intravesical instillations containing 50 mg

BCG once a week for 6 weeks, combining

with intravenous infusions having 200 mg

pembrolizumab every three weeks (or 400

mg pembrolizumab every 6 weeks for BCG

naive patients)

- The following maintenance therapies would

be set at month 3, 6, 12, 18, 24, 30, and 36,

once a week for 3 weeks.

Combination of both pembrolizumab and

BCG intravesically

Combination of BCG and atezolizumab

Weekly BCG intravesical instillations

combined with intravenous infusions

containing 1200 mg atezolizumab once
every 3 weeks for 12 weeks in total

- Combination of BCG and APL-1202 (methi-

onine aminopeptidase 2 inhibitor)

Oral administrations of 250 mg APL-1202

three times a day (750 mg in total) for 5-7

days before the first instillation of BCG, and

the daily dosing of APL-1202 and weekly
dosing of BCG would be given in parallel for
another 11 weeks.

-Combination of Nivolumab (the PD-1 inhibi-

tor) plus BMS-986205 (the IDO1 inhibitor)

plus intravesical BCG

-The doses are flexible and would be altered

under specific conditions.

- Combination of gemcitabine and mitomycin
C.

- 1000 mg gemcitabine was first given and
stayed for 90 min and then drained,
immediately followed by 40 mg mitomycin C
which stayed for another 90 min.

- Combination of gemcitabine with docetaxel

1106 patients were enrolled
into either the BCG failure
group or the BCG naive group

52 patients (45 of whom had
accepted one BCG treatment
and 7 of whom had accepted
multiple BCG therapies
before)

180 high grade NMIBC
patients

1525 high-risk NMIBC
patients who are BCG
unresponsive

9 patients with high-risk and
BCG refractory NMIBC

24 high-risk NMIBC patients
who were either BCG
unresponsive or BCG
relapsing

6 Patients who were resistant
to BCG monotherapy

69 high-risk NMIBC patients
who are BCG unresponsive

47 high grade NMIBC
patients with BCG failure

45 BCG failure patients

The combination of IFN-a2b and BCG
could help about 45% of patients with
BCG failure to become disease-free by
24 months after treatments

Joudi, Smith, and
O’Donnell (2006)

The treatment success was 55% after 1 (R. L. Steinberg et al.,
year and 53% after two years, about 2017)

25% of patients needed to eventually

receive radical cystectomy because of

disease progression. But it needs to be

noticed that 90% of patients reported

side effects, and 6% of them failed to

tolerate the full treatments

Phase II and III clinical trials
demonstrated that the mixed
formulation of N-803 and BCG has
achieved a complete response rate at
any time of 72% in the BCG
unresponsive NMIBC patient group,
and the possibility of maintaining this
complete response rate for at least 12
months is around 59%.

ImmunityBio (2022)

Phase I trial results were promising
with a disease-free survival rate of 78%

(Kamat et al., 2020;
Merck Sharp &
Dohme Corp, 2022)

Results are still waiting to be released Meeks (2020)

(Hoffmann-La Roche,
2021)

Results have not been published yet

Results have not been published yet AsierisPharma (2020)

Results have not been published yet (Bristol-Myers Squibb,

2022)

complete response rate of 68%, and the
1-year and 2-year recurrence-free
survival were 48% and 38%,
respectively.

Lightfoot et al. (2014)

(R. L. Steinberg et al.,
2015)

(continued on next page)
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Table 2 (continued)
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Treatments

Patient population

Results

Reference

Intravesical
Immunotherapies
Combined with
Chemotherapies

Intravesical Treatments in
Combination with Viral
Gene Therapies or
Vaccines

Intravesical Treatments in
Combination with
Targeted Therapies

First received intravesical instillations of
1000 mg gemcitabine for 90 min, followed
by 37.5 mg docetaxel for another 120 min.
Combination of cabazitaxel, gemcitabine,
and cisplatin.

Cabazitaxel on Monday, gemcitabine on
Wednesdays, and cisplatin every other
Friday for 6 weeks.

The dose of gemcitabine has been fixed to be
2000 mg, while the doses of cabazitaxel and
cisplatin kept changing, and the intravesical
solutions should be retained in bladders for
1-2 h.

Combination of gemcitabine and BCG.
Twice-weekly gemcitabine at week 1, 4, 7,
and 10 (the dose is decided by specified
assessments) while BCG would be given once
a week at week 2, 3, 5, 6, 8, and 9 (50 mg for
each dose)

Combination of gemcitabine and
pembrolizumab.

4 cycles of treatments (3 weeks for each
cycle), intravenous infusions of
pembrolizumab would be given on day 1 of
cycle 1 to 4, and intravesical instillations of
gemcitabine hydrochloride would be
received on day 1, 8, and 15 of cycle 1 and 2.
During the stage of maintenance,
pembrolizumab and gemcitabine would be
given once every 3 weeks for 12 cycles.
Combination of cetrelimab with TAR-200, a
gemcitabine-releasing intravesical system.
TAR-200 is inserted by catheter into the
bladder on Day 0 and dosed every 21 days up
to the first 24 weeks, then every 12 weeks
through Week 99.

Cetrelimab dosed every 3 weeks through
Week 78 (18 months).

Combination of both or either TAR-200 or
Cetrelimab alone were studied
Combination of pembrolizumab and
CG0070.

6 weekly intravesical instillations of
CG0070, followed by bladder washes with
dodecyl maltoside (DDM, the enhancer).
From week 12, patients who show complete
response to the treatment would receive
another 3 weekly treatments, or otherwise, 6
weekly treatments.

From week 24 to week 48, patients would get
3 weekly treatments every 3 months, and
then every 24 weeks thereafter. Meanwhile,
pembrolizumab would be given
intravenously since day 1, every 3 weeks,
and continue for no more than 2 years.
Combination of PANVAC and BCG

As the treatment started at week 3,
participants in the combination therapy
group were given 6 weekly intravesical
administrations of BCG in total, while the
subcutaneous injections of PANVAC were
given at week 3, 7, 11, and 15.
Combination of vicinium and durvalumab
Intravenous injections of 1500 mg
durvalumab once every 4 weeks for 12
months, while 30 mg vicinuim would be
received intravesically weekly for 12 weeks.
During the maintenance treating course, the
same doses of durvalumab and vicinium
would be administrated once every 3 months
or every other week, respectively, for up to 2
years.

Combination of everolimus and gemcitabine

18 patients who were BCG
unresponsive or BCG
relapsing

68 high grade NMIBC
patients who are BCG
relapsing

161 BCG unresponsive
NMIBC patients

200 high-risk BCG
unresponsive NMIBC patients

37 participants who had
failed previous BCG
treatment

32 high grade NMIBC
patients who had failed in at
least 1 BCG treating course

40 high grade NMIBC
patients

Treatment success of 66% at the
beginning, and 54% for 1 year, 34% for
2 years after the initial induction.

The complete response rate was
estimated to be 89%, and the
recurrence-free survival rate was 0.83
at 1 year, and 0.64 at 2 years.

The results are still pending

The results are still pending

The results are still pending

The results might be released in 2022.

Results have not been published yet

Trial might last until the coming of
2024.

such combination failed to demonstrate
an improved efficacy as most
participants withdrew during the

(Decastro et al., 2020;
James M. McKiernan,
2022)

Memorial Sloan
Kettering Cancer
Center (2021)

National Cancer
Institute (2022b)

(Janseen Research
and Development,
2022)

CG Oncology (2022)

(Vladimir Valera
Romero, 02020)

(National Cancer
Institute (NCI),
2022a)

(Dalbagni et al., 2017;
Memorial Sloan
Kettering Cancer,
2018)

(continued on next page)
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Table 2 (continued)
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Treatments

Patient population

Results Reference

Intravesical Combination
Therapies Using Novel
Drug Delivery Platforms

- Combining albumin-bound rapamycin
nanoparticles (ABI-009) with gemcitabine

- treating course of 6 weeks, patients would
have received weekly intravesical
instillations of 200 mg ABI-009 for 1 h, fol-
lowed with 2000 mg intravesical gemcita-
bine for another 1 h after eliminating the
previous treatment.

29 participants

treating course because of the
insufferable toxicity

With the help of albumin, ABI-009 is
expected to deliver the drug directly
into tumour cells via albumin receptors
across the epithelial cells and thus
increase drug uptake.

The results are still pending.

(Sparreboom et al.,
2005; Aadi, 2021)

atezolizumab, which has also been testing for its probability of handling
BCG failure by combing with BCG. During a phase Ib/II clinical trial
started from June 2016, with high-risk NMIBC patients who were either
BCG unresponsive or BCG relapsing received BCG intravesical in-
stillations combined with intravenous infusions of atezolizumab
(NCT02792192) (Hoffmann-La Roche, 2021). The trial should be
completed in September 2020, but no results have been published yet.

APL-1202 is a methionine aminopeptidase 2 (MetAP2) inhibitor that
has become the world’s first oral therapy for NMIBC (Asieris Pharma-
ceuticals, n.d.) From November 2018 to June 2020, a phase Ib clinical
trial assessed the safety of the combination of APL-1202 and BCG
(NCT03672240) (AsierisPharma, 2020) with patients who were resis-
tant to BCG monotherapy were given APL-1202 intravesical BCG and the
results are still pending.

The up-regulated expressions of programmed cell death-ligand 1
(PD-L1) and indoleamine 2,3-dioxygenase 1 (IDO1) found in NMIBC
tumour cells inspired researchers to combine more than one immune
checkpoint inhibitor together (Witjes et al., 2019). An ongoing phase II
clinical trial (began from August 2018) is evaluating the combination of
Nivolumab (the PD-1 inhibitor) plus BMS-986205 (the IDO1 inhibitor)
plus intravesical BCG among high-risk NMIBC patients who are BCG
unresponsive (NCT03519256)(Bristol-Myers Squibb, 2022), the doses
are flexible and would be altered under specific conditions.

3.1.3. Combinations of intravesical chemotherapies

Unlike immunotherapeutic agents, chemotherapeutic agents induce
cytotoxicity to cancer cells directly and thus produce cell death (Yoon
et al., 2020). Intravesical chemotherapies for bladder cancer have been
intensively researched for at least 40 years, and the currently available
drugs include valrubicin, gemcitabine, cisplatin, methotrexate, doce-
taxel, vinblastine, doxorubicin, and mitomycin C (Chehroudi and Black,
2020). Among all those agents, valrubicin is the only FDA-approved
salvage treatment for NMIBC patients who are suffering from BCG re-
fractory (Steinberg et al., 2000) But later research revealed that the
complete response rate of valrubicin might decline to 4% at 2 years after
treatment, which makes it rarely recommended (Dinney et al., 2013).

When it comes to combination therapies, putting multiple chemo-
therapeutic agents together can be dangerous as the enhanced tissue
irritating activity can lead to severe cystitis (suggested by the earlier
formulation of combining doxorubicin with mitomycin C) (Fukui et al.,
1989). During the last two decades, gemcitabine, a deoxynucleotide
analog that can incorporate with replicating DNA and therefore hinder
further DNA synthesis, has attracted more attention because it is easier
to be tolerated and more cost-effective (Messing et al., 2018). A series of
related formulations has been attempted.

In 2006, gemcitabine was first reported to be combined with mito-
mycin C, which can also prevent DNA synthesis by cross-linking with
DNA moieties (Maymi et al., 2006). Then, the following assessments of
this regimen were carried out among multiple institutions. Between
2000 and 2010, a trial for high grade NMIBC patients with BCG failure
received sequential combination intravesical therapies of gemcitabine
and mitomycin C was conducted. Results demonstrated a complete
response rate of more than two third of the patients and good 1 and

2-year recurrence-free survival (Lightfoot et al., 2014). Another more
recent similar study (from 2005 to 2011) presented a disease-free rate of
37% at 22 months after treatment (Cockerill et al., 2016).

Nevertheless, the global shortage of mitomycin C hampered the
foregoing therapy to be further developed (Velaer et al., 2016). Subse-
quently, a new sequential regimen of combining gemcitabine with
docetaxel (an anti-mitotic chemotherapeutic agent which can stop cell
division) has been formulated. The first trial was set between June 2009
and May 2014 for BCG failure patients (BCG refractory, relapsing, and
intolerant were all covered). Intravesical gemcitabine and docetaxel
were tested, and the reported results illustrated a treatment success
(Steinberg et al., 2015) these results were confirmed by other re-
searchers in 2017 with a 1-year recurrence-free survival rate of 49% and
a 2-year recurrence-free survival rate of 34% among patients who were
BCG unresponsive or BCG relapsing, with no serious adverse events
reported (Milbar et al., 2017). The efficacy of gemcitabine plus doce-
taxel as maintenance therapy among BCG unresponsive patients has also
been evaluated between 2013 and 2018, and the results showed that the
disease-free survival rates were 81% and 32% at 12 months and 24
months, respectively (Daniels et al., 2020).

In December 2014, a phase I clinical trial started to investigate the
use of intravesical cabazitaxel, gemcitabine, and cisplatin (CGC) for
NMIBC patients with BCG refractory (NCT02202772) (James M.
McKiernan, 2022), and the preliminary investigation suggested that the
CGC triple agents’ regimen can be well tolerated (DeCastro et al., 2017).
The complete response rate was high with the equally encouraging
recurrence-free survival rate (Decastro et al., 2020).

Recent studies have suggested a role of androgen receptors over-
expression in bladder cancer and that antiandrogen can be combined
with other chemotherapeutic agents. However, research is still in early
stages and focuses on MIBC (Tyagi et al., 2019).

3.1.4. Intravesical immunotherapies combined with chemotherapies

As more therapeutic agents for treating NMIBC have come into
practice, combining immunotherapeutic agents with chemotherapeutic
agents becomes an appealing strategy. But it remains challenging as
improper combinations might result in severe side effects. For instance,
combining BCG with mitomycin C was supposed to reduce BCG re-
lapsing, but turned out to be more toxic than BCG monotherapy (Solsona
et al., 2015).

In recent years, more intravesical chemoimmunotherapies have been
explored to deal with the situation of BCG failure. So far, a number of
formulations have progressed into phase I or II clinical trials. One is a
combination of intravesical gemcitabine and BCG (NCT04179162)
(Memorial Sloan Kettering Cancer Center, 2021) which began in
November 2019 with high grade NMIBC patients who are BCG relapsing.
The other potential chemoimmunotherapy refers to combining intra-
vesical gemcitabine with intravenous pembrolizumab (NCT04164082)
(National Cancer Institute, 2022a). Started from January 2020 with BCG
unresponsive NMIBC patients. The results of both trials are still pending
and might be released around 2023. The most recent clinical trial
(SunRISe-1) has studied the combination of cetrelimab with TAR-200, a
gemcitabine-releasing intravesical system. The study started in
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December 2020 in 200 participants with high-risk BCG-unresponsive
NMIBC and primary study completion is expected in 2024
(NCT04640623) (Janseen Research and Development, 2022).

Studies have also found that knockdown of androgen receptors in-
creases intracellular BCG quantity resulting in a higher cytotoxicity,
which means that combining antiandrogenic drugs and BCG could be a
possible treatment to enhance the efficacy of BCG (Fanghong et al.,
2003; Ide and Miyamoto, 2021; Mizushima et al., 2020; Shang et al.,
2015).

3.1.5. Intravesical treatments in combination with viral gene therapies or
vaccines

Gene therapy has been attracting great interest, especially for
treating cancer. It can act upon tumor cells directly or induce anti-tumor
immune responses by delivering and integrating the transferred genetic
material into the host genome (Narayan and Dinney, 2020). Intravesical
gene therapies for NMIBC are still under development, and two potential
representatives are rAd-IFN-a/Syn3 (also known as nadofaragene fir-
adenovec or Instiladrin, a replication-deficient recombinant adenovirus
encoding the IFN-aab complementary DNA (cDNA), along with the
enhancer Syn3) and CGO070 (a replication-competent oncolytic
adenovirus expressing GM-CSF), both have exhibited promising
anti-tumor efficacy in clinical trials and are expected to be approved by
the FDA soon (Bree et al., 2021; Khaled et al., 2020).

Similarly, intravesical gene therapeutic agents have got involved in
combination therapies, as well. The combination of intravesical CG0070
and intravenous pembrolizumab is being investigated in a phase II
clinical trial for its capability of managing BCG unresponsive NMIBC
(NCT04387461) (CG Oncology, 2022).

The cancer vaccine is also a popular concept awaiting further
development. PANVAC is a pox viral vector-based vaccine containing
genes that have been demonstrated to be capable of inducing CD4 and
CD8 antigen-specific immune response against two common cancer-
associated antigens: carcinoembryonic antigen and mucin-1, and also
three human T cell co-stimulatory molecules helping to augment im-
mune response (Brancato et al., 2014). The phase II clinical trial for
comparing the efficacy of the combination of PANVAC and BCG to BCG
monotherapy was conducted from December 2013 to May 2019, 32 with
high grade NMIBC patients but the final findings have not been released
yet.

3.1.6. Intravesical treatments in combination with targeted therapies

Targeted cancer therapies are expected to cause less harm to normal
cells by aiming at specific targets on cancer. A variety of targeted
therapeutic agents have been explored as salvage treatments for NMIBC,
those include vicinium, rapamycin, tamoxifen, metformin, pemagitinib,
sunitinib, and lenalidomide (Packiam et al., 2019). Still, some combi-
nation therapies involving targeted therapies for handling BCG failure
have emerged. Vicinium (oportuzumab Monatox, or VB4-845), the most
intensively studied intravesical targeted therapeutic agent for BCG un-
responsive NMIBC, is a recombinant fusion protein with a fragment of
humanized anti-epithelial cell adhesion molecule (EpCAM) antibody
fused with Pseudomonas exotoxin A (Biggers and Scheinfeld, 2008). By
targeting the EpCAM surface marker overexpressed in urothelial carci-
noma, vicinium can be selectively internalised by cancer cells and lead
to cell death (Biggers and Scheinfeld, 2008). An ongoing phase I clinical
trial began in June 2018 is assessing the combination of vicinium and
durvalumab among high grade NMIBC patients who failed in the prior
BCG therapies (NCT03258593). Durvalumab is given by intravenous
injections while vicinuim is received intravesically and this trial might
last until the coming of 2024.

There was another attempt of combining oral everolimus (a
mammalian target of rapamycin (mTOR) inhibitor) with intravesical
gemcitabine as an alternative therapy for BCG refractory NMIBC pa-
tients (Dalbagni et al., 2017). However, during the phase I/II clinical
study which was set between December 2010 and June 2017
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(NCT01259063) (Memorial Sloan Kettering Cancer, 2018), such com-
bination failed to demonstrate an improved efficacy as most participants
withdrew during the treating course because of the insufferable toxicity
(Dalbagni et al., 2017), and no further study has been carried out.

3.2. Using novel drug delivery platforms for intravesical combination
therapies

To overcome the shortcomings of intravesical therapies, new drug
delivery systems have been explored. Nanoparticles with their surfaces
modification and hydrogels have demonstrated to be capable of pro-
longing retention time and enhancing cell penetration (Yoon et al.,
2020). However, limited reports on intravesical combination therapies
delivered by novel platforms can be found when it comes to managing
NMIBC with BCG failure, probably because the studies of most of such
combinations are still in the preclinical stage.

Currently, there is one phase II clinical trial assessing the therapeutic
effect of combining albumin-bound rapamycin nanoparticles (ABI-009)
with gemcitabine among BCG refractory patients (NCT02009332)
(Aadi, 2021) given intravesically. The nanoparticles are expected to
deliver the drug directly into tumour cells via albumin receptors
increasing drug uptake (Sparreboom et al., 2005). The trial started in
April 2014, but results are still pending.

3.3. Device-assisted intravesical combination therapies

Device-assisted therapies intend to improve the efficacy of drugs
with an external or internal devices. The probability of integrating
device-assisted therapies with the existed therapeutic agents for NMIBC
has been explored for several years, and currently utilized techniques
include hyperthermia, photodynamic therapy, electromotive drug
administration, and radiotherapy. However, studies investigating the
efficacy of those therapies among patients undergoing BCG failure are
not common.

Combining hyperthermia with intravesical chemotherapy (chemo-
hyperthermia) has drawn the most attention and is probably the only
devices-assisted intravesical combination therapy for managing BCG
failure to date. By controlling the temperature of the solution within the
bladder to be in the range of 40-44 °C, intravesical hyperthermia can
boost the efficacy and uptake of drugs by raising blood perfusion and
cause DNA damage and cell apoptosis by changing intracellular meta-
bolism instead of inducing direct tumor tissue ablation (Liem et al.,
2016). Various methods have been adopted for developing heating de-
vices, which include microwave-induced heating (Synergo),
conductive-based heating (Combat BRS/HIVEC, and Unithermia), and
local/regional heating (BSD-2000, and AMC 70 MHz system) (Liem
et al., 2016). Capacitive hyperthermia systems are also common heating
devices but have not been used for treating NMIBC yet (Liem et al.,
2016). Clinical trials comparing the efficacy of combining Synergo with
mitomycin C or epirubicin to other monotherapies among patients with
BCG failure started from the beginning of the 21st century, but the re-
sults kept varying between different trials. In recent years, more com-
binations such as putting Unithermia, Combat BRS, or BSD-2000 with
mitomycin C together have also been attempted, suggesting new options
for managing BCG failure. Nonetheless, it needs to be noticed that
mitomycin C was demonstrated to have higher toxicity and thus lead to
severer side effects when under increased temperature, so there are still
various uncertainties with the future of chemohyperthermia (Kiss et al.,
2015). A summary of the current clinical trials assessing chemo-
hyperthermia as an alternative treatment for NMIBC patients with BCG
failure is shown in Table 3.

4. Limitation of current approaches to intravesical combination
therapies

In general, the process of developing intravesical combination
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Table 3
A summary of the current clinical trials assessing chemohyperthermia as an alternative treatment for NMIBC patients with BCG failure.
Trial description Treatments Patient population Results Mean Reference
follow-up
(months)
Multicentre, adjuvant Synergo: 42 + 2 °C Recurrence after BCG treatments. (111 1- year recurrence free survival rate: 16 Nativ et al.
participants accepted therapies between 85% (2009)

Single centre,
prophylaxis, ablative

Single centre,
prophylaxis, ablative

Single centre,
prophylaxis, ablative

Multicentre

Phase III, multicentre,
comparing
chemohypert-hermia
to BCG monotherapy

Pilot, adjuvant

Single centre, phase I/1II,

Prophylactic scheme: 6 weekly
instillations of 2 x 20 mg
mitomycin C

Maintenance: another 6
instillations of 2 x 20 mg
mitomycin C every 4-6 weeks.
Synergo: 42 + 2 °C

Prophylaxis scheme: 6 weekly
instillations of 2 x 20 mg
mitomycin C

Ablative scheme: 8 weekly
instillations of 2 x 40 mg
mitomycin C

Maintenance: 6 monthly
instillations of 2 x 40 mg
mitomycin C

Synergo: 42 + 2 °C

Prophylaxis scheme: 6 to 8
weekly instillations 2 x 20 mg
mitomycin C or 2 x 25 mg
epirubicin

Ablative scheme: 6 to 8 weekly
instillations of 2 x 40 mg
mitomycin C or 2 x 50 mg
epirubicin

Maintenance: 2 x 20 mg
mitomycin C or 2 x 25 mg
epirubicin, received every 6
weeks for 1 year

Synergo: 42 + 2 °C
Prophylaxis scheme: 6 weekly
instillations of 2 x 20 mg
mitomycin C

Curative scheme: 12 weekly
instillations of 2 x 40 mg
mitomycin C

Synergo: 40.5-44 °C

Induction: 4 to 8 weekly
instillations of 40 mg
mitomycin C
Maintenance: 1 instillation
every 4-8 weeks

Synergo: 42 + 2 °C

Induction: 6 weekly
instillations if 2 x 20 mg
mitomycin C

Maintenance: 1 instillation
every 6 weeks for the first year
and 1 instillation every 8 weeks
for the second year

Control: 6 weekly 50 mg BCG
instillations

Maintenance: 3 consecutive
weekly instillations at 3, 6, 12,
18, and 24 month

BSD-2000: 42 + 2 °C
Induction: 6 weekly
instillations of 40 mg
mitomycin C

Maintenance: 4 monthly
instillations of 40 mg
mitomycin C

Unithermia: 42.5 =1 °C

2001 and 2008)

BCG refractory high-risk NMIBC. (30
participants accepted therapies between
January 2006 and December 2009)

BCG refractory. (160 participants
accepted therapies between 2002 and
2013)

Recurrence after BCG treatments. (21
participants accepted therapies between
2003 and 2009)

Different kinds of NMIBC patients were
included. (150 participants accepted
therapies between January 2000 and
December 2016, 50 of them were BCG
unresponsive)

Recurrence after BCG treatments. (104
participants accepted therapies between
May 2010 and July 2013)

BCG refractory. (15 participants accepted

therapies between November 2008 and
August 2010)

2- year recurrence free survival rate:
56%

Progression rate: 3%

Recurrence free survival rates of 14
prophylaxis scheme versus ablative
scheme: 43.75% versus 42.85%

Overall 12-month disease free

survival rate: 77%

Overall 24-month disease free
survival rate: 55%

1-year recurrence free survival rate: 76
60%

2-year recurrence free survival rate:

47%

Progression rate: 4%

Disease free survival rate: 29% 50

6- month complete response rate of 35.8
BCG unresponsive group: 46.0%
3- year recurrence rate of BCG

unresponsive group: 17.4%

cystectomy-free rate of BCG

unresponsive group: 71.4%

Overall survival rate of BCG

unresponsive group: 76.0%

24- month disease free survival rate 36
of chemohymerthermia group versus
control group: 35% versus 41%

Recurrence rate: 67% 38

Disease free survival rate: 44.1% 41
Recurrence rate: 35.3%

Volpe et al.
(2012)

Arends et al.
(2014)

Kiss et al.
(2015)

Van
Valenberg
et al. (2018)

Tan et al.
(2019)

Inman et al.
(2014)

Soria et al.
(2016)

(continued on next page)
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Trial description Treatments Patient population Results Mean Reference
follow-up
(months)
adjuvant Induction: 6 weekly Recurrence after BCG treatments. (34 Progression rate: 23.5%
instillations of 40 mg participants accepted therapies between
mitomycin C January 2009 and April 2011)
Multicentre Combat BRS: 42 + 1 °C BCG unresponsive and intermediate- or 3-month complete response rate: 14 De Jong et al.

high-risk NMIBC. (55 participants
accepted therapies between October 2014

Induction: 4 to 6 weekly
instillations of 80 mg
mitomycin C
Maintenance: 6 monthly
instillations of 80 mg
mitomycin C

and November 2017)

70%
1-year recurrence/progression rate:
53%

(2018)

therapies for managing NMIBC patients with BCG failure is challenging.
Several attempts have been abandoned because of failing to induce a
satisfying therapeutic efficacy or insufferable adverse effects, but a va-
riety of combinations with different working mechanisms have entered
the stage of clinical practices. Hence, intravesical combination treat-
ments has successes. However, there are still issues found in the many
studies.

Regarding the patient populations of the clinical trials investigating
intravesical combination treatments, it is noticed that sometimes at least
one of the grading or risk stratification of NMIBC is absent, and the
criteria of enrolling patients with BCG failure are varying. This can lead
to the first limitation, which is the missing unified standard for regis-
tering and sorting of BCG failure patient enrollment.

From all the 17 effective intravesical combination therapies dis-
cussed above (except chemohyperthermia), six mentioned the grading
of NMIBC and all of them investigated high grade NMIBC), while six
mentioned about the risk stratification of NMIBC. As for the classifica-
tion of BCG failure, three targeted BCG refractory, five targeted BCG
unresponsive, one targeted BCG unresponsive and relapsing, one tar-
geted BCG relapsing, one targeted multiple types of BCG failure, and six
did not specifically classify BCG failure. Among all the nine thermo-
chemotherapies discussed, two investigated high-risk NMIBC, two
investigated intermediate- and high-risk NMIBC, four were intended to
manage recurrence after BCG treatments, three targeted BCG refractory,
one targeted BCG unresponsive, and one was evaluated in all kinds of
NMIBC patients. Overall, the situation of trials neglecting or obscuring
the grading or risk stratification of NMIBC exists, and the most con-
cerned category of BCG failure is BCG unresponsive while the study field
of BCG intolerance is usually unfulfilled.

Except for the trials carried out in the early years when the stratifi-
cation and classification of NMIBC and BCG failure were not discussed,
the confused sorting of patient population which still exists in the recent
clinical trials might partly result from the inconsistent definition and
classification of BCG failure among different associations. As interpreted
before, the EAU accepted the classification system of BCG refractory,
BCG relapsing, BCG unresponsive, and BCG intolerance from the IBCG,
while the CUA substituted BCG resistance for BCG unresponsive, and the
only FDA adopted category is BCG unresponsive. So, it becomes un-
derstandable to find that the terms like “resistance” or “recurrence” are
being used. BCG unresponsive has produced the most research interest
because it is the most widely accepted category around the world, and
the absence of BCG intolerance might result from lacking certain patient
population due to life-threatening adverse events induced by BCG are
seldom reported, and sometimes BCG intolerant patients might be mixed
with other BCG failure patients. Nonetheless, further research of
developing treatment of BCG failure would be hindered and unbalanced
and the comparison of one drug or combined formulation across trials
carried out in different countries or regions would be difficult if the
situation of lacking uniform standards for trial design and participant
selection continues.

Unlike other combinations like simply putting multiple drugs

10

together or utilizing device-assisted therapies, the number of clinical
trials using intravesical drug delivery platforms to aid the treating of
BCG failure is extremely limited. This probably results from several
problems that have been impeding the study of similar drug delivery
tools for a long time. Firstly, it has to be admitted that nanoparticles and
hydrogels that have been proposed for helping the treatment of bladder
cancer are still newly emerged techniques even though they have been
researched as drug delivery tools dealing with different diseases for
quite a few years. If compared to some therapeutic agents and device-
assisted therapies which have been approved to the market for de-
cades, the treating experiences and therapeutic outcomes of using
nanoparticles or hydrogels are still not enough. Also, the current in vitro
and in vivo models for mimicking bladder cancer need to be further
improved, the cell-based models can barely reflect the clinical realities
as the stratification of human bladder cancer cells is still under discus-
sion, and until now the most commonly used animal models for bladder
cancer are xenograft tumor models using rodent species (which are also
the prime animals for intravesical models), these models can hardly
provide enough details to support novel drug delivery systems in
heading to the clinical trials. Another problematic condition is that there
are no preclinical models which can simulate BCG failure due to the
inexplicable mechanisms and heterogeneity of the causes of BCG failure,
which further hinders the research of BCG failure managements.

5. Future directions in intravesical combination therapies

This covers approaches that are either in the preclinical stage or
shown potential in other types of bladder cancer and could be promising
for NMIBC with BCG failure.

5.1. Device assisted therapies

Combined device-assisted therapies other than thermochemo-
therapies have been explored to treat bladder cancer. Although some of
them were not described above since they might only include a single
drug, or target MIBC or not to be administrated intravesically as this
review especially focuses on intravesical combination treatments
handling NMIBC with BCG failure. Nonetheless, the path leading to the
future can still be found within them.

Photodynamic treatment involves using light to activate the tumour
cells which have already been targeted by photosensitisers adminis-
trated before, and therefore induce anti-cancer efficacy (Waidelich et al.,
2001). Photosensitisers 5-aminolevulinic acid (5-ALA) and its derivative
hexaminolevulinate (HAL) delivered by intravesical instillations have
been investigated to manage BCG refractory (Bader et al., 2013; Wai-
delich et al., 2001) A newly explored intravesical photosensitising agent
named TLD1433 for handling BCG refractory or BCG intolerance is still
under development (Theralase, 2022). Combination with these photo-
sensitisers is envisaged to be carried out in the future. Electromotive
administration refers to guiding and accelerating the delivery of drugs
by applying electrical current (Racioppi et al., 2018) At present, the
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electromotive administrated intravesical mitomycin C has been assessed
for its effect of treating BCG refractory, which is promising for
combining formulations with similar modes (Racioppi et al., 2018).
Radiotherapy is a common anti-tumour strategy that can take effect by
inducing radiation with high energy to the targeted tumour sites. Ra-
diation therapies have been performed for different cancers solely or in
combination with other drugs. Recently, radio-chemotherapies have
been explored for handling NMIBC with BCG failure. The combination of
cisplatin, fluorouracil, and mitomycin C with concurrent radiation
therapy following TURBT has proceeded into a phase II clinical trial
among patients undergoing BCG failure (Theralase, 2022). Although the
drugs are being administrated through the intravenous route, adapting
the formulation into intravesical administration can still be practical.

5.2. Novel drug delivery platforms

The exploration of utilizing novel drug delivery platforms also keeps
heading forward and preclinical experiments evaluating targeting drug
carriers are still processing. They may not be focusing on BCG failure yet
as mimicking BCG failure in the preclinical stage is not yet possible, but
their existences are suggesting the following directions and their po-
tentials are awaiting being proved in the future. These include the
following systems.

5.2.1. Nanoparticles

Intravesical nanoparticles have attracted great attention for treating
bladder cancer due to their nano-scale sizes which can help them to
penetrate through the BPB and their capability of being tailored to gain
multiple functions when necessary. In addition to the albumin-bound
nanocarriers discussed earlier, several nanoparticles carrying com-
bined formulations for treating bladder cancer are being developed.
Inspired by the difficulty of controlling the optimal ratio of the com-
ponents in a combination therapy, nanoparticles have been explored to
become precise ratiometric co-loading and co-delivery vehicles (Miao
et al., 2014). After being loaded with gemcitabine monophosphate and
cisplatin, such a system showed significant anti-cancer efficacy in an in
vivo bladder tumour model (Miao et al., 2014). Similarly, bifunctional
pH-sensitive nanovectors delivering curcumin and small interfering
RNA (siRNA) have demonstrated promises in treating bladder cancer
during in vitro and in vivo trials (Xing et al., 2014). With the aid of the
acid-labile Zn(II)-O bond conjugated to the carriers, such formulation
can target drug release in the tumour intracellular acidic environment
and thus protect siRNA from enzymatic degradation (Xing et al., 2014).
What is more, nanocarriers encapsulating superparamagnetic iron oxide
have been designed to prolong the retention time by its mucoadhesive
property with the help of an external magnetic field (Huang et al., 2012).
Superparamagnetic iron oxide can also help visualise tumour sites under
magnetic resonance imaging (MRI), thus assist in diagnosis (Huang
et al., 2012). Since most of these formulations were applied to animal
models by intravenous injections, intravesical drug delivery can be their
next to be applied to.

5.2.2. Hydrogels

Hydrogels have become prospective intravesical reservoirs for car-
rying drugs. Relying on the anatomical features of bladders, hydrogels
with various mechanisms of increasing extending retention time have
been designed, which include the mucoadhesive hydrogels (such as
spreading-around systems, localised-adhering systems, and magnetic
systems) and the floating hydrogels (using microbubble producers) (Qiu
et al., 2020). In addition, the combinations of nanoparticles and
hydrogels can be more effective and promising drug delivery systems.

5.2.3. Implantable devices

To further increase the retention time and reduce the frequency of
instillations and thus improve patient compliance, intravesical
implantable devices has been introduced. In recent years, implantable
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devices have been evaluated for treating interstitial cystitis and bladder
pain. Consisting of flexible shape-memory wires or tubes, such equip-
ment can release drugs with a sustained profile for days or even weeks
inside the bladder (Lee and Choy, 2016). At the end of the treatments,
these devices need to be removed via the catheter again, which can be
risky, but this shortcoming has been partly solved with the application of
biodegradable materials (Xu et al., 2021). Currently, 3-dimensional (3D)
printing has also been used for producing similar equipment, which
might help to simplify the manufacturing process and offer more pos-
sibility of individualised tailoring (Xu et al., 2021). Although implant-
able devices have not been utilized for treating bladder cancer, they can
be easily adapted by changing the loaded drugs, including the combi-
nation therapies.

Concluded from the research progresses described above, the general
orientation is heading toward the development of personalised medi-
cine. It has been widely accepted that one formulation cannot satisfy the
needs of all patients. As the realisation of personalised medicine would
rely on the genomic profiles of individuals and diseases, further research
focusing on the genetic characteristics of bladder cancer is needed.
Nonetheless, different associations have not reached the final consensus
on the molecular subtypes of bladder cancer (Kamat et al., 2016a). To
date, the mostly accepted categorisation of bladder cancer divides it into
the basal subtype and the luminal subtype depending on the gene
expression patterns, the former is distinguished by its squamous and
sarcomatoid histopathological features and often results in tumour
metastasis, while the latter shows papillary features and FGFR3 muta-
tions, which also correlates to NMIBC (Kamat et al., 2016a). To further
clarify the molecular characterisations of bladder cancer as well as to
look for the reasons behind BCG failure more studies are needed.

6. Conclusion

Developing novel treatments for NMIBC remains to be an active
research area, and the existence of BCG failure among intermediate- or
high-risk NMIBC patients is still awaiting solutions. For those who are
reluctant or unsuitable to accept radical cystectomy, various bladder
preserving strategies are under investigation, and among all these tac-
tics, intravesical combination therapies seem to be holding considerable
promises as they are expected to overcome the BPB and hinder the
progress of drug resistance. Based on the foundation paved by
combining immunotherapies and chemotherapies, the current landscape
of handling BCG failure has partly changed to utilizing gene therapies
and targeted therapies. Moreover, device-assisted treatments and novel
drug delivery platforms have shown their potential, suggesting new
directions waiting for more efforts in the future. There are also some
limitations that need to be solved, such as lacking realistic in vitro and in
vivo models for studying the safety and efficacy of the newly emerged
formulations. Nonetheless, overall, the development of intravesical
combination therapies for handling BCG failure should be heading to-
wards a promising path since the understanding of bladder cancer and
correlative studies keeps moving forward.

Funding support

S.H acknowledges the funding of PhD study from the Newton
Mosharafa fund.

Declaration of competing interest
The authors have no conflict of interest.
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ejphar.2022.175024.


https://doi.org/10.1016/j.ejphar.2022.175024
https://doi.org/10.1016/j.ejphar.2022.175024

Y. Li et al.

References

Aadi, L., 2021. Phase 1/2 study of ABI-009 in nonmuscle invasive bladder. Cancer
[WWW Document]. URL. https://clinicaltrials.gov/ct2/show/NCT02009332.

Akkad, T., Pelzer, A.E., Mitterberger, M., Rehder, P., Leonhartsberger, N., Bartsch, G.,
Strasser, H., 2007. Influence of intravesical potassium on pelvic floor activity in
women with recurrent urinary tract infections: comparative urodynamics might lead
to enhanced detection of dysfunctional voiding. BJU Int. 100, 1071-1074. https://
doi.org/10.1111/§.1464-410X.2007.07120.x.

Alanee, S., El-Zawahry, A., McVary, K., Deebajah, M., Sana, S., Robinson, K., Rao, K.,
2019. MP43-09 phase I trial of intravesical Bacillus Calmette-Guérin combined with
intravenous pembrolizumab in high grade nonmuscle invasive bladder cancer.

J. Urol. 201 https://doi.org/10.1097/01.ju.0000556232.21454.29.

Arends, T.J.H., Van Der Heijden, A.G., Witjes, J.A., 2014. Combined
chemohyperthermia: 10-year single center experience in 160 patients with
nonmuscle invasive bladder cancer. J. Urol. 192, 708-713. https://doi.org/10.1016/
j.juro.2014.03.101.

AsierisPharma, 2020. Study of APL-1202 in non-muscle invasive bladder cancer patients
who are resistant to one induction course of BCG treatment (NMIBC) [WWW
Document]. URL. https://clinicaltrials.gov/ct2/show/NCT03672240.

Babjuk, M., Burger, M., Compérat, E.M., Gontero, P., Mostafid, A.H., Palou, J., van
Rhijn, B.W.G., Rouprét, M., Shariat, S.F., Sylvester, R., Zigeuner, R., Capoun, O.,
Cohen, D., Escrig, J.L.D., Hernandez, V., Peyronnet, B., Seisen, T., Soukup, V., 2019.
European association of Urology guidelines on non-muscle-invasive bladder cancer
(TaT1 and carcinoma in situ) - 2019 update. Eur. Urol. https://doi.org/10.1016/j.
eururo.2019.08.016.

Bader, M.J., Stepp, H., Beyer, W., Pongratz, T., Sroka, R., Kriegmair, M., Zaak, D.,
Welschof, M., Tilki, D., Stief, C.G., Waidelich, R., 2013. Photodynamic therapy of
bladder cancer - a phase I study using hexaminolevulinate (HAL). Urol. Oncol. 31,
1178-1183. https://doi.org/10.1016/j.urolonc.2012.02.007.

Biggers, K., Scheinfeld, N., 2008. VB4-845, a conjugated recombinant antibody and
immunotoxin for head and neck cancer and bladder cancer. Curr. Opin. Mol.
Therapeut. 10, 176-186.

Brancato, S.J., Stamatakis, L., Apolo, A.B., Fowler, S., Schlom, J., Gulley, J.L.,
Agarwal, P.K., 2014. A randomized, prospective, phase II study to determine the
efficacy of BCG given in combination with panvac versus BCG alone in adults with
high grade non-muscle invasive bladder cancer who failed at least one induction
course of BCG. J. Clin. Oncol. 32 https://doi.org/10.1200/jc0.2014.32.15 suppl.
tps4590. TPS4590-TPS4590.

Brausi, M., Oddens, J., Sylvester, R., Bono, A., Van De Beek, C., Van Andel, G.,
Gontero, P., Turkeri, L., Marreaud, S., Collette, S., Oosterlinck, W., 2014. Side effects
of bacillus calmette-guérin (BCG) in the treatment of intermediate- and high-risk Ta,
T1 papillary carcinoma of the bladder: results of the EORTC genito-urinary cancers
group randomised phase 3 study comparing one-third dose with full dose an. Eur.
Urol. 65, 69-76. https://doi.org/10.1016/j.eururo.2013.07.021.

Bree, K.K., Brooks, N.A., Kamat, A.M., 2021. Current therapy and emerging intravesical
agents to treat non-muscle invasive bladder cancer. Hematol. Oncol. Clin. N. Am. 35,
513-529. https://doi.org/10.1016/j.hoc.2021.02.003.

Brierley, James D., Gospodarowicz, Mary K., Wittekind, C. (Eds.), 2017. TNM
Classification of Malignant Tumours. John Wiley & Sons.

Bristol-Myers Squibb, 2022. A study of nivolumab or nivolumab plus experimental
medication BMS-986205 with or without Bacillus calumette-guerin (BCG) in BCG
unresponsive bladder cancer that has not invaded into the muscle wall of the
bladder. CheckMate 9UT) [WWW Document]. URL. https://clinicaltrials.gov/ct2/sh
ow/NCT03519256.

CG Oncology, 1., 2022. Study of CG0070 given in combination with pembrolizumab. In:
Non-Muscle Invasive Bladder Cancer. Unresponsive to Bacillus Calmette-Guerin
(CORE-001) [WWW Document]. URL. https://clinicaltrials.gov/ct2/show/NC
T04387461.

Chamie, K., Chang, S., Gonzalgo, M.L., Kramolowsky, E.V., Sexton, W.J., Reddy, S.K.,
Bhar, P., Garner, C., Soon-Shiong, P., 2021. Phase II/1II clinical results of IL-15RaFc
superagonist N-803 with BCG in BCG-unresponsive non-muscle invasive bladder
cancer (NMIBC) carcinoma in situ (CIS) patients. J. Clin. Oncol. 39, 510. https://doi.
0rg/10.1200/JC0.2021.39.6_suppl.510.

Chang, S.S., Boorjian, S.A., Chou, R., Clark, P.E., Daneshmand, S., Konety, B.R.,
Pruthi, R., Quale, D.Z., Ritch, C.R., Seigne, J.D., Skinner, E.C., Smith, N.D.,
McKiernan, J.M., 2016. Diagnosis and treatment of non-muscle invasive bladder
cancer: AUA/SUO guideline. J. Urol. 196, 1021-1029. https://doi.org/10.1016/j.
juro.2016.06.049.

Chehroudi, A.C., Black, P., 2020. Emerging intravesical therapies for the management of
bacillus calmette-guérin (bcg)-unresponsive non-muscle-invasive bladder cancer:
charting a path forward. Can. Urol. Assoc. J. 14 (6), 204-213. https://doi.org/
10.5489/CUAJ.6101.

Cockerill, P.A., Knoedler, J.J., Frank, 1., Tarrell, R., Karnes, R.J., 2016. Intravesical
gemcitabine in combination with mitomycin C as salvage treatment in recurrent
non-muscle-invasive bladder cancer. BJU Int. 117, 456-462. https://doi.org/
10.1111/bju.13088.

Dalbagni, G., Benfante, N., Sjoberg, D.D., Bochner, B.H., Machele Donat, S., Herr, HW.,
McCoy, A.S., Fahrner, A.J., Retinger, C., Rosenberg, J.E., Bajorin, D.F., 2017. Single
arm phase I/1I study of everolimus and intravesical gemcitabine in patients with
primary or secondary carcinoma in situ of the bladder who failed bacillus calmette
guerin (NCT01259063). Bladder Cancer 3, 113-119. https://doi.org/10.3233/BLC-
170095.

Daniels, M.J., Barry, E., Milbar, N., Schoenberg, M., Bivalacqua, T.J., Sankin, A.,

Kates, M., 2020. An evaluation of monthly maintenance therapy among patients
receiving intravesical combination gemcitabine/docetaxel for nonmuscle-invasive

12

European Journal of Pharmacology 926 (2022) 175024

bladder cancer. Urol. Oncol. 38 https://doi.org/10.1016/j.urolonc.2019.07.022, 40.
el7-40.e24.

De Jong, J.J., Hendricksen, K., Rosier, M., Mostafid, H., Boormans, J.L., 2018.
Hyperthermic intravesical chemotherapy for BCG unresponsive non-muscle invasive
bladder cancer patients. Bladder Cancer 4, 395-401. https://doi.org/10.3233/BLC-
180191.

Decaestecker, K., Oosterlinck, W., 2015. Managing the adverse events of intravesical
bacillus Calmette-Guérin therapy. Res. Rep. Urol. 7, 157-163. https://doi.org/
10.2147/RRU.S63448.

DeCastro, G.J., Sui, W., Pak, J.S., Abate-Shen, C.T., Lee, S.M., Anderson, C.B., Holder, D.,
McKiernan, J.M., 2017. A phase I trial for the use of intravesical cabazitaxel,
gemcitabine, and cisplatin (CGC) in the treatment of BCG-refractory nonmuscle
invasive urothelial carcinoma of the bladder. J. Clin. Oncol. 35, 313. https://doi.
0rg/10.1200/JC0O.2017.35.6_suppl.313.

Decastro, G.J., Sui, W., Pak, J.S., Lee, S.M., Holder, D., Kates, M.M., Virk, R.K., Drake, C.
G., Anderson, C.B., James, B., Abate-Shen, C.T., McKiernan, J.M., 2020. A phase I
trial of intravesical cabazitaxel, gemcitabine and cisplatin for the treatment of
nonmuscle invasive bacillus calmette-guérin unresponsive or recurrent/relapsing
urothelial carcinoma of the bladder. J. Urol. 204, 247-253. https://doi.org/
10.1097/JU.0000000000000919.

Dinney, C.P.N., Greenberg, R.E., Steinberg, G.D., 2013. Intravesical valrubicin in patients
with bladder carcinoma in situ and contraindication to or failure after bacillus
Calmette-Guérin. Urol. Oncol. 31, 1635-1642. https://doi.org/10.1016/.
urolonc.2012.04.010.

Eble, J.N., Sauter, G., Epstein, J.I., Sesterhenn, I.A., 2004. Pathology and Genetics of
Tumours of the Urinary System and Male Genital Organs: World Health Organization
Classification of Tumours. Int. Agency Res. Cancer.

Fanghong, C., Peter, L., Guangjian, Z., Yoshiki, I., A, S.E.E.-W., 2003. Androgen
dependent regulation of bacillus calmette-guerin induced interleukin-6 expression in
human transitional carcinoma cell lines. J. Urol. 170, 2009-2013. https://doi.org/
10.1097/01.ju.0000092238.15685.10.

Food and Drug administration, 2018. BCG-unresponsive Nonmuscle Invasive Bladder
Cancer: Developing Drugs and Biologics for Treatment Guidance for Industry [WWW
Document]. URL. https://www.fda.gov/media/101468/download.

Fukui, I., Sekine, H., Kihara, K., Yamada, T., Takeuchi, S., Yokokawa, M., Kawai, T.,
Hosoda, K., Ohwada, F., Suzuki, S., Oshima, H., 1989. Intravesical combination
chemotherapy with mitomycin C and doxorubicin for carcinoma in situ of the
bladder. J. Urol. 141, 531-533. https://doi.org/10.1016/50022-5347(17)40882-2.

Furuya, H., Chan, O.T.M., Pagano, 1., Zhu, C., Kim, N., Peres, R., Hokutan, K., Alter, S.,
Rhode, P., Rosser, C.J., 2019. Effectiveness of two different dose administration
regimens of an IL-15 superagonist complex (ALT-803) in an orthotopic bladder
cancer mouse model. J. Transl. Med. 17, 29. https://doi.org/10.1186/512967-019-
1778-6.

Glashan, R.W., 1990. A randomized controlled study of intravesical alpha-2b-interferon
in carcinoma in situ of the bladder. J. Urol. 144, 658-661. https://doi.org/10.1016/
50022-5347(17)39547-2.

Guo, P., Wang, L., Shang, W., Chen, J., Chen, Z., Xiong, F., Wang, Z., Tong, Z., Wang, K.,
Yang, L., Tian, J., Xu, W., 2020. Intravesical in situ immunostimulatory gel for triple
therapy of bladder cancer. ACS Appl. Mater. Interfaces 12, 54367-54377. https://
doi.org/10.1021/acsami.0c15176.

Hoffmann-La Roche, 2021. Safety and pharmacology study of atezolizumab alone and in
combination with bacille calmette-guérin (BCG) in high-risk non-muscle-invasive
bladder cancer (NMIBC) participants [WWW Document]. URL. https://clinicaltrials.
gov/ct2/show/NCT02792192.

Huang, C., Neoh, K.G., Xu, L., Kang, E.T., Chiong, E., 2012. Polymeric nanoparticles with
encapsulated superparamagnetic iron oxide and conjugated cisplatin for potential
bladder cancer therapy. Biomacromolecules 13, 2513-2520. https://doi.org/
10.1021/bm300739w.

Hudson, L.A., Ratliff, T.L., 1995. Failure of Intravesical interferon-alfa-2b for the
treatment of patients with superficial bladder cancer previously failing intravesical
BCG therapy. Urol. Oncol. 1. 3, 115-118.

Ide, H., Miyamoto, H., 2021. Sex hormone receptor signaling in bladder cancer: a
potential target for enhancing the efficacy of conventional non-surgical therapy.
Cells 10, 1169. https://doi.org/10.3390/cells10051169.

ImmunityBio, I., 2022. QUILT-3.032: a multicenter clinical trial of intravesical Bacillus
calmette-guerin (BCG) in combination with ALT-803 in patients with BCG
unresponsive high grade non-muscle invasive bladder. Cancer [WWW Document].
URL. https://clinicaltrials.gov/ct2/show/NCT03022825.

Inman, B.A., Stauffer, P.R., Craciunescu, O.A., Maccarini, P.F., Dewhirst, M.W.,
Vujaskovic, Z., 2014. A pilot clinical trial of intravesical mitomycin-C and external
deep pelvic hyperthermia for non-muscle-invasive bladder cancer. Int. J. Hyperther.
30, 171-175. https://doi.org/10.3109/02656736.2014.882021.

Janseen Research and Development, 2022. A study of TAR-200 in combination with
cetrelimab, TAR-200 alone, or cetrelimab alone in participants with non-muscle
invasive bladder cancer (NMIBC) unresponsive to intravesical Bacillus calmette-
guerin who are ineligible for or elected not to undergo Ra [WWW Document]. URL.
https://clinicaltrials.gov/ct2/show/study/NCT04640623.

Joice, G.A., Bivalacqua, T.J., Kates, M., 2019. Optimizing pharmacokinetics of
intravesical chemotherapy for bladder cancer. Nat. Rev. Urol. 16, 599-612. https://
doi.org/10.1038/541585-019-0220-4.

Joudi, F.N., Smith, B.J., O’Donnell, M.A., 2006. Final results from a national multicenter
phase II trial of combination bacillus Calmette-Guérin plus interferon a-2B for
reducing recurrence of superficial bladder cancer{star, open. Urol. Oncol. https://
doi.org/10.1016/j.urolonc.2005.11.026.


https://clinicaltrials.gov/ct2/show/NCT02009332
https://doi.org/10.1111/j.1464-410X.2007.07120.x
https://doi.org/10.1111/j.1464-410X.2007.07120.x
https://doi.org/10.1097/01.ju.0000556232.21454.29
https://doi.org/10.1016/j.juro.2014.03.101
https://doi.org/10.1016/j.juro.2014.03.101
https://clinicaltrials.gov/ct2/show/NCT03672240
https://doi.org/10.1016/j.eururo.2019.08.016
https://doi.org/10.1016/j.eururo.2019.08.016
https://doi.org/10.1016/j.urolonc.2012.02.007
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref8
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref8
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref8
https://doi.org/10.1200/jco.2014.32.15_suppl.tps4590
https://doi.org/10.1200/jco.2014.32.15_suppl.tps4590
https://doi.org/10.1016/j.eururo.2013.07.021
https://doi.org/10.1016/j.hoc.2021.02.003
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref12
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref12
https://clinicaltrials.gov/ct2/show/NCT03519256
https://clinicaltrials.gov/ct2/show/NCT03519256
https://clinicaltrials.gov/ct2/show/NCT04387461
https://clinicaltrials.gov/ct2/show/NCT04387461
https://doi.org/10.1200/JCO.2021.39.6_suppl.510
https://doi.org/10.1200/JCO.2021.39.6_suppl.510
https://doi.org/10.1016/j.juro.2016.06.049
https://doi.org/10.1016/j.juro.2016.06.049
https://doi.org/10.5489/CUAJ.6101
https://doi.org/10.5489/CUAJ.6101
https://doi.org/10.1111/bju.13088
https://doi.org/10.1111/bju.13088
https://doi.org/10.3233/BLC-170095
https://doi.org/10.3233/BLC-170095
https://doi.org/10.1016/j.urolonc.2019.07.022
https://doi.org/10.3233/BLC-180191
https://doi.org/10.3233/BLC-180191
https://doi.org/10.2147/RRU.S63448
https://doi.org/10.2147/RRU.S63448
https://doi.org/10.1200/JCO.2017.35.6_suppl.313
https://doi.org/10.1200/JCO.2017.35.6_suppl.313
https://doi.org/10.1097/JU.0000000000000919
https://doi.org/10.1097/JU.0000000000000919
https://doi.org/10.1016/j.urolonc.2012.04.010
https://doi.org/10.1016/j.urolonc.2012.04.010
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref26
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref26
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref26
https://doi.org/10.1097/01.ju.0000092238.15685.10
https://doi.org/10.1097/01.ju.0000092238.15685.10
https://www.fda.gov/media/101468/download
https://doi.org/10.1016/S0022-5347(17)40882-2
https://doi.org/10.1186/s12967-019-1778-6
https://doi.org/10.1186/s12967-019-1778-6
https://doi.org/10.1016/s0022-5347(17)39547-2
https://doi.org/10.1016/s0022-5347(17)39547-2
https://doi.org/10.1021/acsami.0c15176
https://doi.org/10.1021/acsami.0c15176
https://clinicaltrials.gov/ct2/show/NCT02792192
https://clinicaltrials.gov/ct2/show/NCT02792192
https://doi.org/10.1021/bm300739w
https://doi.org/10.1021/bm300739w
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref35
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref35
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref35
https://doi.org/10.3390/cells10051169
https://clinicaltrials.gov/ct2/show/NCT03022825
https://doi.org/10.3109/02656736.2014.882021
https://clinicaltrials.gov/ct2/show/study/NCT04640623
https://doi.org/10.1038/s41585-019-0220-4
https://doi.org/10.1038/s41585-019-0220-4
https://doi.org/10.1016/j.urolonc.2005.11.026
https://doi.org/10.1016/j.urolonc.2005.11.026

Y. Li et al

Kamat, A.M., Hahn, N.M., Efstathiou, J.A., Lerner, S.P., Malmstrom, P.U., Choi, W.,
Guo, C.C., Lotan, Y., Kassouf, W., 2016a. Bladder cancer. Lancet 388 (10061),
2796-2810. https://doi.org/10.1016/50140-6736(16)30512-8.

Kamat, A.M., Sylvester, R.J., Bohle, A., Palou, J., Lamm, D.L., Brausi, M., Soloway, M.,
Persad, R., Buckley, R., Colombel, M., Alfred Witjes, J., 2016b. Definitions, end
points, and clinical trial designs for non-muscle-invasive bladder cancer:
recommendations from the International Bladder Cancer Group. J. Clin. Oncol. 34
(16), 1935-1944. https://doi.org/10.1200/JCO.2015.64.4070.

Kamat, A.M., Colombel, M., Sundi, D., Lamm, D., Boehle, A., Brausi, M., Buckley, R.,
Persad, R., Palou, J., Soloway, M., Witjes, J.A., 2017. BCG-unresponsive non-muscle-
invasive bladder cancer: recommendations from the IBCG. Nat. Rev. Urol. 14,
244-255. https://doi.org/10.1038/nrurol.2017.16.

Kamat, A.M., Shore, N., Hahn, N., Alanee, S., Nishiyama, H., Shariat, S., Nam, K.,
Kapadia, E., Frenkl, T., Steinberg, G., 2020. KEYNOTE-676: phase III study of BCG
and pembrolizumab for persistent/recurrent high-risk NMIBC. Future Oncol. 16
(10), 507-516. https://doi.org/10.2217/fon-2019-0817.

Kassouf, W., Traboulsi, S.L., Kulkarni, G.S., Breau, R.H., Zlotta, A., Fairey, A., So, A.,
Lacombe, L., Rendon, R., Aprikian, A.G., Robert Siemens, D., Izawa, J.L, Black, P.,
2015. Cua guidelines on the management of non-muscle invasive bladder cancer.
J. Can. Urol. Assoc. 9, E690-E704. https://doi.org/10.5489/cuaj.3320.

Khaled, D., Taylor, J., Holzbeierlein, J., 2020. Salvage therapy for non-muscle-invasive
bladder cancer: novel intravesical agents. Urol. Clin. 47 (1), 119-128. https://doi.
org/10.1016/j.ucl.2019.09.014.

Kikuchi, E., Hayakawa, N., Fukumoto, K., Shigeta, K., Matsumoto, K., 2020. Bacillus
Calmette-Guérin-unresponsive non-muscle-invasive bladder cancer: its definition
and future therapeutic strategies. Int. J. Urol. 27, 108-116. https://doi.org/
10.1111/iju.14153.

Kiss, B., Schneider, S., Thalmann, G.N., Roth, B., 2015. Is thermochemotherapy with the
Synergo system a viable treatment option in patients with recurrent non-muscle-
invasive bladder cancer? Int. J. Urol. 22, 158-162. https://doi.org/10.1111/
iju.12639.

Klaassen, Z., Kamat, A.M., Kassouf, W., Gontero, P., Villavicencio, H., Bellmunt, J., van
Rhijn, B.W.G., Hartmann, A., Catto, J.JW.F., Kulkarni, G.S., 2018. Treatment strategy
for newly diagnosed T1 high-grade bladder urothelial carcinoma: new insights and
updated recommendations. Eur. Urol. 74, 597-608. https://doi.org/10.1016/j.
eururo.2018.06.024.

Koch, G.E., Smelser, W.W., Chang, S.S., 2021. Side Effects of Intravesical BCG and
Chemotherapy for Bladder Cancer: what They Are and How to Manage Them.
https://doi.org/10.1016/j.urology.2020.10.039. Urology.

Lamm, D.L., 1995. BCG immunotherapy for transitional-cell carcinoma in situ of the
bladder. Oncology 9 (10), 947-52, 955, discussion 955-65.

Leal, J., Luengo-Fernandez, R., Sullivan, R., Witjes, J.A., 2016. Economic burden of
bladder cancer across the European union. Eur. Urol. 69, 438-447. https://doi.org/
10.1016/j.eururo.2015.10.024.

Lee, S.H., Choy, Y. Bin, 2016. Implantable devices for sustained, intravesical drug
delivery. Int. Neurourol. J. 20 (2), 101-106. https://doi.org/10.5213/
inj.1632664.332.

Lewis, S.A., 2000. Everything you wanted to know about the bladder epithelium but
were afraid to ask. Am. J. Physiol. Ren. Physiol. 278 (6), F867-F874. https://doi.
org/10.1152/ajprenal.2000.278.6.f867.

Liem, E.LLM.L., Crezee, H., de la Rosette, J.J., de Reijke, T.M., 2016. Chemohyperthermia
in non-muscle-invasive bladder cancer: an overview of the literature and
recommendations. Int. J. Hyperther. 32 (4), 363-373. https://doi.org/10.3109/
02656736.2016.1155760.

Lightfoot, A.J., Breyer, B.N., Rosevear, H.M., Erickson, B.A., Konety, B.R., O’Donnell, M.
A., 2014. Multi-institutional analysis of sequential intravesical gemcitabine and
mitomycin C chemotherapy for non-muscle invasive bladder cancer. Urol. Oncol. 32
https://doi.org/10.1016/j.urolonc.2013.01.009, 35.e15-35.e19.

Luo, Y., Chen, X., O’'Donnell, M.A., 2003. Role of Th1 and Th2 cytokines in BCG-induced
IFN-y production: cytokine promotion and simulation of BCG effect. Cytokine 21,
17-26. https://doi.org/10.1016/51043-4666(02)00490-8.

Marcos-Gragera, R., Mallone, S., Kiemeney, L.A., Vilardell, L., Malats, N., Allory, Y.,
Sant, M., Hackl, M., Zielonke, N., Oberaigner, W., Eycken, E. Van, Henau, K.,
Valerianova, Z., Dimitrova, N., Sekerija, M., Zvolsky, M., Dusek, L., Storm, H.,
Engholm, G., Magi, M., Aareleid, T., Malila, N., Sepp4, K., Velten, M., Troussard, X.,
Bouvier, V., Launoy, G., Guizard, A.V., Faivre, J., Bouvier, A.M., Arveux, P.,
Maynadié, M., Woronoff, A.S., Robaszkiewicz, M., Baldi, 1., Monnereau, A.,
Tretarre, B., Bossard, N., Belot, A., Colonna, M., Molinié, F., Bara, S., Schvartz, C.,
Lapotre-Ledoux, B., Grosclaude, P., Meyer, M., Stabenow, R., Luttmann, S.,

Eberle, A., Brenner, H., Nennecke, A., Engel, J., Schubert-Fritschle, G., Kieschke, J,
Heidrich, J., Holleczek, B., Katalinic, A., Jénasson, J.G., Tryggvaddttir, L.,
Comber, H., Mazzoleni, G., Bulatko, A., Buzzoni, C., Giacomin, A., Sardo, A.S.,
Mazzei, A., Ferretti, S., Crocetti, E., Manneschi, G., Gatta, G., Amash, H., Amati, C.,
Baili, P., Berrino, F., Bonfarnuzzo, S., Botta, L., Salvo, F. Di, Foschi, R., Margutti, C.,
Meneghini, E., Minicozzi, P., Trama, A., Serraino, D., Zucchetto, A., Angelis, R. De,
Caldora, M., Capocaccia, R., Carrani, E., Francisci, S., Pierannunzio, D., Roazzi, P.,
Rossi, S., Santaquilani, M., Tavilla, A., Pannozzo, F., Busco, S., Bonelli, L.,

Vercelli, M., Gennaro, V., Ricci, P., Autelitano, M., Randi, G., Ponz De Leon, M.,
Marchesi, C., Cirilli, C., Fusco, M., Vitale, M.F., Usala, M., Traina, A., Zarcone, M.,
Vitale, F., Cusimano, R., Michiara, M., Tumino, R., Rossi, P.G., Vicentini, M.,
Falcini, F., Iannelli, A., Sechi, O., Cesaraccio, R., Piffer, S., Madeddu, A., Tisano, F.,
Maspero, S., Fanetti, A.C., Zanetti, R., Rosso, S., Candela, P, Scuderi, T., Stracci, F.,
Rocca, A., Tagliabue, G., Contiero, P., Tos, A.P.D., Tognazzo, S., Pildava, S.,
Smailyte, G., Calleja, N., Micallef, R., Johannesen, T.B., Rachtan, J., G6zdz, S., Me
zyk, R., Baszczyk, J., Kepska, K., Bielska-Lasota, M., Forjaz de Lacerda, G., Bento, M.
J., Antunes, L., Miranda, A., Mayer-Da-silva, A., Nicula, F., Coza, D., Diba, C.S.,

13

European Journal of Pharmacology 926 (2022) 175024

Primic-Zakelj, M., Almar, E., Mateos, A., Errezola, M., Larranaga, N., Torrella-
Ramos, A., Garcia, J.M.D., Marcos-Navarro, Sanchez, M.J., Molina, E., Navarro, C.,
Chirlaque, M.D., Moreno-Iribas, C., Ardanaz, E., Galceran, J., Carulla, M., Lambe, M.,
Khan, S., Mousavi, M., Bouchardy, C., Usel, M., Ess, S.M., Frick, H., Lorez, M.,
Herrmann, C., Bordoni, A., Spitale, A, Konzelmann, 1., Visser, O., Aben, K.,
Coleman, M., Allemani, C., Rachet, B., Verne, J., Easey, N., Lawrence, G., Moran, T.,
Rashbass, J., Roche, M., Wilkinson, J., Gavin, A., Fitzpatrick, D., Brewster, D.H.,
Huws, D.W., White, C., 2015. Urinary tract cancer survival in Europe 1999-2007:
results of the population-based study EUROCARE-5. Eur. J. Cancer 51, 2217-2230.
https://doi.org/10.1016/j.ejca.2015.07.028.

Matulewicz, R.S., Steinberg, G.D., 2020. Non-muscle-invasive bladder cancer: overview
and contemporary treatment landscape of neoadjuvant chemoablative therapies.
Rev. Urol. 2292) 43-51.

Maymi, J.L., Saltsgaver, N., O'Donnell, M.A., 2006. 840: intravesical sequential
gemcitabine-mitomycin chemotherapy as salvage treatment for patients with
refractory superficial bladder cancer. J. Urol. 175, 271. https://doi.org/10.1016/
S0022-5347(18)33076-3.

McKiernan, James M., 2022. Intravesical cabazitaxel, gemcitabine, and cisplatin (CGC)
in the treatment urothelial carcinoma of the bladder (CGC) [WWW Document]. URL.
https://clinicaltrials.gov/ct2/show/NCT02202772.

Meeks, Joshua, 2020. Pembrolizumab and BCG solution in treating patients with
recurrent non-muscle-invasive bladder. Cancer [WWW Document]. URL. https://c
linicaltrials.gov/ct2/show/NCT02808143.

Memorial Sloan Kettering Cancer, 2018. RAD001 and intravesical gemcitabine in BCG-
refractory primary or secondary carcinoma in situ of the bladder [WWW Document].
URL. https://clinicaltrials.gov/ct2/show/NCT01259063.

Memorial Sloan Kettering Cancer Center, 2021. Bacillus calmette-guérin (BCG) and
gemcitabine in people with high-grade non-muscle invasive bladder. Cancer That
Came Back After BCG Treatment [WWW Document]. URL. https://clinicaltrials.
gov/ct2/show/NCT04179162.

Merck Sharp & Dohme Corp, 2022. Efficacy and safety of pembrolizumab (MK-3475) in
combination with Bacillus calmette-guerin (BCG) in high-risk non-muscle invasive
bladder cancer (HR NMIBC) (MK-3475-676/KEYNOTE-676) [WWW Document].
URL. https://clinicaltrials.gov/ct2/show/NCT03711032.

Messing, E.M., 2017. The BCG shortage. Bladder Cancer 3 (3), 227-228. https://doi.org/
10.3233/BLC-179018.

Messing, E.M., Tangen, C.M., Lerner, S.P., Sahasrabudhe, D.M., Koppie, T.M., Wood, D.
P., Mack, P.C., Svatek, R.S., Evans, C.P., Hafez, K.S., Culkin, D.J., Brand, T.C.,
Karsh, L.I., Holzbeierlein, J.M., Wilson, S.S., Wu, G., Plets, M., Vogelzang, N.J.,
Thompson, I.M., 2018. Effect of intravesical instillation of gemcitabine vs saline
immediately following resection of suspected low-grade non-muscle-invasive
bladder cancer on tumor recurrence SWOG S0337 randomized clinical trial. JAMA,
J. Am. Med. Assoc. 319, 1880-1888. https://doi.org/10.1001/jama.2018.4657.

Miao, L., Guo, S., Zhang, J., Kim, W.Y., Huang, L., 2014. Nanoparticles with precise
ratiometric Co-loading and Co-delivery of gemcitabine monophosphate and cisplatin
for treatment of bladder cancer. Adv. Funct. Mater. 24, 6601-6611. https://doi.org/
10.1002/adfm.201401076.

Milbar, N., Kates, M., Chappidi, M.R., Pederzoli, F., Yoshida, T., Sankin, A., Pierorazio, P.
M., Schoenberg, M.P., Bivalacqua, T.J., 2017. Oncological outcomes of sequential
intravesical gemcitabine and docetaxel in patients with non-muscle invasive bladder
cancer. Bladder Cancer 3, 293-303. https://doi.org/10.3233/BLC-170126.

Mizushima, T., Jiang, G., Kawahara, T., Li, P., Han, B., Inoue, S., Ide, H., Kato, I,
Jalalizadeh, M., Miyagi, E., Fukuda, M., Reis, L.O., Miyamoto, H., 2020. Androgen
receptor signaling reduces the efficacy of Bacillus calmette-guérin therapy for
bladder cancer via modulating rab27b-induced exocytosis. Mol. Cancer Therapeut.
19, 1930-1942. https://doi.org/10.1158/1535-7163.MCT-20-0050.

Moch, C., Salmon, D., Rodriguez Armesto, L., Colombel, M., Pivot, C., Pirot, F., 2014.
Bladder tissue permeability and transport modelling of intravesical alum, lidocaine
hydrochloride, methylprednisolone hemisuccinate and mitomycin C. Int. J. Pharm.
464, 91-103. https://doi.org/10.1016/].ijpharm.2014.01.021.

Mossanen, M., Gore, J.L., 2014. The burden of bladder cancer care: direct and indirect
costs. Curr. Opin. Urol. 24 (5), 487-491. https://doi.org/10.1097/
MOU.0000000000000078.

Mostofi, F.K., Davis, C.J.J., Sesterhenn, I.A., 2012. Histological Typing of Urinary
Bladder Tumours. Springer Berlin Heidelberg. ISBN:9783642598715.

Narayan, V.M., Dinney, C.P.N., 2020. Intravesical gene therapy. Urol. Clin. 47 (1),
93-101. https://doi.org/10.1016/j.ucl.2019.09.011.

National Cancer Institute (NCI), 2022a. Testing the addition of an anti-cancer drug,
pembrolizumab, to the usual intravesical chemotherapy treatment (gemcitabine) for
the treatment of BCG-unresponsive non-muscle invasive bladder. Cancer [WWW
Document]. URL. https://clinicaltrials.gov/ct2/show/NCT04164082.

National Cancer Institute (NCI), 2022b. Durvalumab and Vicineum in Subjects with
High-Grade Non-muscle-invasive Bladder Cancer Previously Treated with Bacillus
Calmette-Guerin (BCG) [WWW Document]. URL. https://clinicaltrials.gov/ct2/sh
ow/NCT03258593.

Nativ, O., Witjes, J.A., Hendricksen, K., Cohen, M., Kedar, D., Sidi, A., Colombo, R.,
Leibovitch, 1., 2009. Combined thermo-chemotherapy for recurrent bladder cancer
after Bacillus calmette-guerin. J. Urol. 182, 1313-1317. https://doi.org/10.1016/j.
juro.2009.06.017.

Nielsen, M.E., Mallin, K., Weaver, M.A., Palis, B., Stewart, A., Winchester, D.P.,
Milowsky, M.I., 2014. Association of hospital volume with conditional 90-day
mortality after cystectomy: an analysis of the National Cancer Data Base. BJU Int.
114, 46-55. https://doi.org/10.1111/bju.12566.

Packiam, V.T., Werntz, R.P., Steinberg, G.D., 2019. Current clinical trials in non-muscle-
invasive bladder cancer: heightened need in an era of chronic BCG shortage. Curr.
Urol. Rep. 20, 84. https://doi.org/10.1007/s11934-019-0952-y.


https://doi.org/10.1016/S0140-6736(16)30512-8
https://doi.org/10.1200/JCO.2015.64.4070
https://doi.org/10.1038/nrurol.2017.16
https://doi.org/10.2217/fon-2019-0817
https://doi.org/10.5489/cuaj.3320
https://doi.org/10.1016/j.ucl.2019.09.014
https://doi.org/10.1016/j.ucl.2019.09.014
https://doi.org/10.1111/iju.14153
https://doi.org/10.1111/iju.14153
https://doi.org/10.1111/iju.12639
https://doi.org/10.1111/iju.12639
https://doi.org/10.1016/j.eururo.2018.06.024
https://doi.org/10.1016/j.eururo.2018.06.024
https://doi.org/10.1016/j.urology.2020.10.039
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref52
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref52
https://doi.org/10.1016/j.eururo.2015.10.024
https://doi.org/10.1016/j.eururo.2015.10.024
https://doi.org/10.5213/inj.1632664.332
https://doi.org/10.5213/inj.1632664.332
https://doi.org/10.1152/ajprenal.2000.278.6.f867
https://doi.org/10.1152/ajprenal.2000.278.6.f867
https://doi.org/10.3109/02656736.2016.1155760
https://doi.org/10.3109/02656736.2016.1155760
https://doi.org/10.1016/j.urolonc.2013.01.009
https://doi.org/10.1016/S1043-4666(02)00490-8
https://doi.org/10.1016/j.ejca.2015.07.028
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref60
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref60
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref60
https://doi.org/10.1016/S0022-5347(18)33076-3
https://doi.org/10.1016/S0022-5347(18)33076-3
https://clinicaltrials.gov/ct2/show/NCT02202772
https://clinicaltrials.gov/ct2/show/NCT02808143
https://clinicaltrials.gov/ct2/show/NCT02808143
https://clinicaltrials.gov/ct2/show/NCT01259063
https://clinicaltrials.gov/ct2/show/NCT04179162
https://clinicaltrials.gov/ct2/show/NCT04179162
https://clinicaltrials.gov/ct2/show/NCT03711032
https://doi.org/10.3233/BLC-179018
https://doi.org/10.3233/BLC-179018
https://doi.org/10.1001/jama.2018.4657
https://doi.org/10.1002/adfm.201401076
https://doi.org/10.1002/adfm.201401076
https://doi.org/10.3233/BLC-170126
https://doi.org/10.1158/1535-7163.MCT-20-0050
https://doi.org/10.1016/j.ijpharm.2014.01.021
https://doi.org/10.1097/MOU.0000000000000078
https://doi.org/10.1097/MOU.0000000000000078
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref74
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref74
https://doi.org/10.1016/j.ucl.2019.09.011
https://clinicaltrials.gov/ct2/show/NCT04164082
https://clinicaltrials.gov/ct2/show/NCT03258593
https://clinicaltrials.gov/ct2/show/NCT03258593
https://doi.org/10.1016/j.juro.2009.06.017
https://doi.org/10.1016/j.juro.2009.06.017
https://doi.org/10.1111/bju.12566
https://doi.org/10.1007/s11934-019-0952-y

Y. Li et al.

Packiam, V.T., Richards, J., Schmautz, M., Heidenreich, A., Boorjian, S.A., 2021. The
current landscape of salvage therapies for patients with bacillus Calmette-Guérin
unresponsive nonmuscle invasive bladder cancer. Curr. Opin. Urol. 31, 178-187.
https://doi.org/10.1097/MOU.0000000000000863.

Patard, J.J., Chopin, D.K., Boccon-Gibod, L., 1993. Mechanisms of action of bacillus
Calmette-Guérin in the treatment of superficial bladder cancer. World J. Urol. 11 (3),
165-168. https://doi.org/10.1007/bf00211413.

Peng, M., Xiao, D., Bu, Y., Long, J., Yang, Xue, Lv, S., Yang, Xiaoping, 2021. Novel
combination therapies for the treatment of bladder cancer. Front. Oncol. 10, 1-13.
https://doi.org/10.3389/fonc.2020.539527.

Qiu, H., Guo, H., Li, D, Hou, Y., Kuang, T., Ding, J., 2020. Intravesical hydrogels as drug
reservoirs. Trends Biotechnol. 38 (6), 579-583. https://doi.org/10.1016/].
tibtech.2019.12.012.

Racioppi, M., DI Gianfrancesco, L., Ragonese, M., Palermo, G., Sacco, E., Bassi, P.F.,
2018. ElectroMotive drug administration (EMDA) of Mitomycin C as first-line
salvage therapy in high risk “bCG failure” non muscle invasive bladder cancer: 3
years follow-up outcomes. BMC Cancer 18, 1224. https://doi.org/10.1186/s12885-
018-5134-7.

Rahmat, J.N., Esuvaranathan, K., Mahendran, R., 2018. Bacillus Calmette-Guérin induces
rapid gene expression changes in human bladder cancer cell lines that may modulate
its survival. Oncol. Lett. 15, 9231-9241. https://doi.org/10.3892/01.2018.8462.

Redelman-Sidi, G., Glickman, M.S., Bochner, B.H., 2014. The mechanism of action of
BCG therapy for bladder cancer—a current perspective. Nat. Rev. Urol. 11, 153-162.
https://doi.org/10.1038/nrurol.2014.15.

Sapre, N., Corcoran, N.M., 2013. Modulating the immune response to Bacillus Calmette-
Guérin (BCG): a novel way to increase the immunotherapeutic effect of BCG for
treatment of bladder cancer? BJU Int. 112, 852-853. https://doi.org/10.1111/
bju.12261.

Shang, Z., Li, Y., Zhang, M., Tian, J., Han, R., Shyr, C.-R., Messing, E., Yeh, S., Niu, Y.,
Chang, C., 2015. Antiandrogen therapy with hydroxyflutamide or androgen receptor
degradation enhancer ASC-J9 enhances BCG efficacy to better suppress bladder
cancer progression. Mol. Cancer Therapeut. 14, 2586-2594. https://doi.org/
10.1158/1535-7163.MCT-14-1055-T.

Solsona, E., Madero, R., Chantada, V., Fernandez, J.M., Zabala, J.A., Portillo, J.A.,
Alonso, J.M., Astobieta, A., Unda, M., Martinez-Pineiro, L., Rabadan, M., Ojea, A.,
Rodriguez-Molina, J., Beardo, P., Muntanola, P., Gomez, M., Montesinos, M.,
Martinez Pineiro, J.A., 2015. Sequential combination of mitomycin C plus bacillus
calmette-guérin (BCG) is more effective but more toxic than BCG alone in patients
with non-muscle-invasive bladder cancer in intermediate- and high-risk patients:
final outcome of CUETO 93009, a randomiz. Eur. Urol. 67, 508-516. https://doi.
org/10.1016/j.eururo.2014.09.026.

Soria, F., Milla, P., Fiorito, C., Pisano, F., Sogni, F., Di Marco, M., Pagliarulo, V., Dosio, F.,
Gontero, P., 2016. Efficacy and safety of a new device for intravesical
thermochemotherapy in non-grade 3 BCG recurrent NMIBC: a phase I-1I study.
World J. Urol. 34, 189-195. https://doi.org/10.1007/s00345-015-1595-3.

Soukup, V., Capoun, O., Cohen, D., Hernandez, V., Babjuk, M., Burger, M., Compérat, E.,
Gontero, P., Lam, T., MacLennan, S., Mostafid, A.H., Palou, J., van Rhijn, B.W.G.,
Rouprét, M., Shariat, S.F., Sylvester, R., Yuan, Y., Zigeuner, R., 2017. Prognostic
performance and reproducibility of the 1973 and 2004/2016 world Health
organization grading classification systems in non-muscle-invasive bladder cancer: a
European association of Urology non-muscle invasive bladder cancer guidelines
panel syst. Eur. Urol. 72, 801-813. https://doi.org/10.1016/j.eururo.2017.04.015.

Sparreboom, A., Scripture, C.D., Trieu, V., Williams, P.J., De, T., Yang, A., Beals, B.,
Figg, W.D., Hawkins, M., Desai, N., 2005. Comparative preclinical and clinical
pharmacokinetics of a cremophor-free, nanoparticle albumin-bound paclitaxel (ABI-
007) and paclitaxel formulated in cremophor (taxol). Clin. Cancer Res. 11,
4136-4143. https://doi.org/10.1158/1078-0432.CCR-04-2291.

Stein, J.P., Lieskovsky, G., Cote, R., Groshen, S., Feng, A.-C., Boyd, S., Skinner, E.,
Bochner, B., Thangathurai, D., Mikhail, M., Raghavan, D., Skinner, D.G., 2001.
Radical cystectomy in the treatment of invasive bladder cancer: long-term results in
1,054 patients. J. Clin. Oncol. 19, 666-675. https://doi.org/10.1200/
JCO.2001.19.3.666.

Steinberg, G., Bahnson, R., Brosman, S., Middleton, R., Wajsman, Z., Wehle, M., 2000.
Efficacy and safety of valrubicin for the treatment of Bacillus Calmette-Guerin
refractory carcinoma in situ of the bladder. The Valrubicin Study Group [published
correction appears in J Urol 63 (3), 761-767, 2008, 179(1), 386]. J Urol.

Steinberg, R.L., Thomas, L.J., O’Donnell, M.A., Nepple, K.G., 2015. Sequential
intravesical gemcitabine and docetaxel for the salvage treatment of non-muscle
invasive bladder cancer. Bl. cancer 1, 65-72. https://doi.org/10.3233/BLC-150008.

Steinberg, R.L., Nepple, K.G., Velaer, K.N., Thomas, L.J., O’Donnell, M.A., 2017.
Quadruple immunotherapy of Bacillus Calmette-Guérin, interferon, interleukin-2,
and granulocyte-macrophage colony-stimulating factor as salvage therapy for
non-muscle-invasive bladder cancer. Urol. Oncol. 35, 670. https://doi.org/10.1016/
j.urolonc.2017.07.024 e7-670.e14.

Sung, H., Ferlay, J., Siegel, R.L., Laversanne, M., Soerjomataram, I., Jemal, A., Bray, F.,
2021. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA A Cancer J. Clin. 71,
209-249. https://doi.org/10.3322/caac.21660.

14

European Journal of Pharmacology 926 (2022) 175024

Sylvester, R.J., Van Der Meijden, A.P.M., Oosterlinck, W., Witjes, J.A., Bouffioux, C.,
Denis, L., Newling, D.W.W., Kurth, K., 2006. Predicting recurrence and progression
in individual patients with stage Ta T1 bladder cancer using EORTC risk tables: a
combined analysis of 2596 patients from seven EORTC trials. Eur. Urol. 49, 466-477.
https://doi.org/10.1016/j.eururo.2005.12.031.

Tan, W.S., Panchal, A., Buckley, L., Devall, A.J., Loubieére, L.S., Pope, A.M., Feneley, M.
R., Cresswell, J., Issa, R., Mostafid, H., Madaan, S., Bhatt, R., McGrath, J., Sangar, V.,
Griffiths, T.R.L., Page, T., Hodgson, D., Datta, S.N., Billingham, L.J., Kelly, J.D.,
2019. Radiofrequency-induced thermo-chemotherapy effect versus a second course
of Bacillus calmette-guérin or institutional standard in patients with recurrence of
non-muscle-invasive bladder cancer following induction or maintenance Bacillus
calmette-guérin Th. Eur. Urol. 75, 63-71. https://doi.org/10.1016/j.
eururo.2018.09.005.

Theralase, 1., 2022. Intravesical photodynamic therapy (PDT) in BCG refractory/
intolerant non-muscle invasive bladder cancer (NMIBC) patients [WWW Document].
URL. https://clinicaltrials.gov/ct2/show/NCT03945162.

Tyagi, A., Chandrasekaran, B., Kolluru, V., Rai, S., Jordan, A.C., Houda, A., Messer, J.,
Ankem, M., Damodaran, C., Haddad, A., 2019. Combination of androgen receptor
inhibitor and cisplatin, an effective treatment strategy for urothelial carcinoma of
the bladder. Urol. Oncol. Semin. Orig. Investig. 37, 492-502. https://doi.org/
10.1016/j.urolonc.2019.03.008.

Valera Romero, Vladimir, 2020. Study of Bacillus calmette-guerin (BCG) combined with
PANVAC versus BCG alone in adults with high grade non-muscle invasive bladder.
Cancer Who Failed At Least 1 Course of BCG [WWW Document]. URL. https://clinic
altrials.gov/ct2/show/NCT02015104.

van Rhijn, B.W.G., Burger, M., Lotan, Y., Solsona, E., Stief, C.G., Sylvester, R.J., Witjes, J.
A., Zlotta, A.R., 2009. Recurrence and progression of disease in non-muscle-invasive
bladder cancer: from epidemiology to treatment strategy. Eur. Urol. 56 (3), 422-430.
https://doi.org/10.1016/j.eururo.2009.06.028.

Van Valenberg, F.J.P., Kajtazovic, A., Canepa, G., Liidecke, G., Kilb, J.I., Aben, K.K.H.,
Nativ, O., Madaan, S., Ayres, B., Issa, R., Alfred Witjes, J., 2018. Intravesical
radiofrequency-induced chemohyperthermia for carcinoma in situ of the urinary
bladder: a retrospective multicentre study. Bladder Cancer 4, 365-376. https://doi.
org/10.3233/BLC-180187.

Velaer, K.N., Steinberg, R.L., Thomas, L.J., O’'Donnell, M.A., Nepple, K.G., 2016.
Experience with sequential intravesical gemcitabine and docetaxel as salvage
therapy for non-muscle invasive bladder cancer. Curr. Urol. Rep. 17, 38. https://doi.
org/10.1007/511934-016-0594-2.

Volpe, A., Racioppi, M., Bongiovanni, L., D’Agostino, D., Totaro, A., D’Addessi, A.,
Marangi, F., Palermo, G., Pinto, F., Sacco, E., Bassi, P.F., 2012.
Thermochemotherapy for non-muscle-invasive bladder cancer: is there a chance to
avoid early cystectomy? Urol. Int. 89, 311-318. https://doi.org/10.1159/
000341912.

Waidelich, R., Stepp, H., Baumgartner, R., Weninger, E., Hofstetter, A., Kriegmair, M.,
2001. Clinical experience with 5-aminolevulinic acid and photodynamic therapy for
refractory superficial bladder cancer. J. Urol. 165, 1904-1907. https://doi.org/
10.1097/00005392-200106000-00015 n.d.

Wan, Q., Xiong, G., Liu, G., Shupe, T.D., Wei, G., Zhang, D., Liang, D., Lu, X., Atala, A.,
Zhang, Y., 2018. Urothelium with barrier function differentiated from human urine-
derived stem cells for potential use in urinary tract reconstruction. Stem Cell Res.
Ther. 9, 304. https://doi.org/10.1186/s13287-018-1035-6.

Witjes, J.A., Gschwend, J., Palou, J., Meng, M., Chang, S., Shore, N., Konety, B.,
Steinberg, G., Nishiyama, H., Taylor, J.A., Elegbe, A., Lambert, A., Zhu, L., Ishii, Y.,
Maeda, T., Raybold, B., Grossfeld, G., Fischer, B., Rutstein, M., Hahn, N., 2019.
PT124 - a phase 2, randomized study of nivolumab or nivolumab plus BMS-986205
with or without intravesical bacillus Calmette-Guerin in patients with bacillus
Calmette-Guerin-unresponsive, high-risk, non-muscle invasive bladder cancer:
CheckMate 9UT. Eur. Urol. Suppl. 18 https://doi.org/10.1016/51569-9056(19)
31328-4 e1833-e1834.

Wong, M.C.S., Fung, F.D.H., Leung, C., Cheung, W.W.L., Goggins, W.B., Ng, C.F., 2018.
The global epidemiology of bladder cancer: a joinpoint regression analysis of its
incidence and mortality trends and projection. Sci. Rep. 8, 1129. https://doi.org/
10.1038/541598-018-19199-z.

Xing, Z.H., Wei, J.H., Cheang, T.Y., Wang, Z.R., Zhou, X., Wang, S.S., Chen, W., Wang, S.
M., Luo, J.H., Xu, A.W., 2014. Bifunctional pH-sensitive Zn(ii)-curcumin
nanoparticles/siRNA effectively inhibit growth of human bladder cancer cells in
vitro and in vivo. J. Mater. Chem. B 2, 2714-2724. https://doi.org/10.1039/
3th21625j.

Xu, X., Goyanes, A., Trenfield, S.J., Diaz-Gomez, L., Alvarez-Lorenzo, C., Gaisford, S.,
Basit, A.W., 2021. Stereolithography (SLA) 3D printing of a bladder device for
intravesical drug delivery. Mater. Sci. Eng. C 120, 111773. https://doi.org/10.1016/
j.-msec.2020.111773.

Yoon, H.Y., Yang, H.M., Kim, C.H., Goo, Y.T., Kang, M.J., Lee, S., Choi, Y.W., 2020.
Current status of the development of intravesical drug delivery systems for the
treatment of bladder cancer. Expet Opin. Drug Deliv. 17 (11), 1555-1572. https://
doi.org/10.1080/17425247.2020.1810016.

Zacche, M.M., Srikrishna, S., Cardozo, L., 2015. Novel targeted bladder drug-delivery
systems: a review. Res. Rep. Urol. 7, 169-178. https://doi.org/10.2147/RRU.
S$56168.


https://doi.org/10.1097/MOU.0000000000000863
https://doi.org/10.1007/bf00211413
https://doi.org/10.3389/fonc.2020.539527
https://doi.org/10.1016/j.tibtech.2019.12.012
https://doi.org/10.1016/j.tibtech.2019.12.012
https://doi.org/10.1186/s12885-018-5134-7
https://doi.org/10.1186/s12885-018-5134-7
https://doi.org/10.3892/ol.2018.8462
https://doi.org/10.1038/nrurol.2014.15
https://doi.org/10.1111/bju.12261
https://doi.org/10.1111/bju.12261
https://doi.org/10.1158/1535-7163.MCT-14-1055-T
https://doi.org/10.1158/1535-7163.MCT-14-1055-T
https://doi.org/10.1016/j.eururo.2014.09.026
https://doi.org/10.1016/j.eururo.2014.09.026
https://doi.org/10.1007/s00345-015-1595-3
https://doi.org/10.1016/j.eururo.2017.04.015
https://doi.org/10.1158/1078-0432.CCR-04-2291
https://doi.org/10.1200/JCO.2001.19.3.666
https://doi.org/10.1200/JCO.2001.19.3.666
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref95
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref95
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref95
http://refhub.elsevier.com/S0014-2999(22)00285-0/sref95
https://doi.org/10.3233/BLC-150008
https://doi.org/10.1016/j.urolonc.2017.07.024
https://doi.org/10.1016/j.urolonc.2017.07.024
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.eururo.2005.12.031
https://doi.org/10.1016/j.eururo.2018.09.005
https://doi.org/10.1016/j.eururo.2018.09.005
https://clinicaltrials.gov/ct2/show/NCT03945162
https://doi.org/10.1016/j.urolonc.2019.03.008
https://doi.org/10.1016/j.urolonc.2019.03.008
https://clinicaltrials.gov/ct2/show/NCT02015104
https://clinicaltrials.gov/ct2/show/NCT02015104
https://doi.org/10.1016/j.eururo.2009.06.028
https://doi.org/10.3233/BLC-180187
https://doi.org/10.3233/BLC-180187
https://doi.org/10.1007/s11934-016-0594-2
https://doi.org/10.1007/s11934-016-0594-2
https://doi.org/10.1159/000341912
https://doi.org/10.1159/000341912
https://doi.org/10.1097/00005392-200106000-00015
https://doi.org/10.1097/00005392-200106000-00015
https://doi.org/10.1186/s13287-018-1035-6
https://doi.org/10.1016/S1569-9056(19)31328-4
https://doi.org/10.1016/S1569-9056(19)31328-4
https://doi.org/10.1038/s41598-018-19199-z
https://doi.org/10.1038/s41598-018-19199-z
https://doi.org/10.1039/c3tb21625j
https://doi.org/10.1039/c3tb21625j
https://doi.org/10.1016/j.msec.2020.111773
https://doi.org/10.1016/j.msec.2020.111773
https://doi.org/10.1080/17425247.2020.1810016
https://doi.org/10.1080/17425247.2020.1810016
https://doi.org/10.2147/RRU.S56168
https://doi.org/10.2147/RRU.S56168

	Intravesical combination therapies for non-muscle invasive bladder cancer: Recent advances and future directions
	1 Introduction
	2 Staging, grading, and the risk stratification of NMIBC
	3 Recent developments in intravesical combination therapies
	3.1 Combinations of multiple therapeutic agents
	3.1.1 BCG augmented immunotherapies
	3.1.2 Combinations of intravesical immunotherapies
	3.1.3 Combinations of intravesical chemotherapies
	3.1.4 Intravesical immunotherapies combined with chemotherapies
	3.1.5 Intravesical treatments in combination with viral gene therapies or vaccines
	3.1.6 Intravesical treatments in combination with targeted therapies

	3.2 Using novel drug delivery platforms for intravesical combination therapies
	3.3 Device-assisted intravesical combination therapies

	4 Limitation of current approaches to intravesical combination therapies
	5 Future directions in intravesical combination therapies
	5.1 Device assisted therapies
	5.2 Novel drug delivery platforms
	5.2.1 Nanoparticles
	5.2.2 Hydrogels
	5.2.3 Implantable devices


	6 Conclusion
	Funding support
	Declaration of competing interest
	Appendix A Supplementary data
	References


