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HIGHLIGHTS GRAPHICAL ABSTRACT

o High-risk non-muscle invasive bladder
cancer (NMIBC) represents a heteroge-
neous group with differing outcomes.
The gold standard treatment for these Device assisted
patients is the intravesical installation of chemotherapy
Bacillus Calmette-Guérin (BCG).

e BCG upregulates cytokine activity and T
cell differentiation to induce cytotoxicity
and phagocytosis in bladder cancer cells.

e The definition of BCG-resistant bladder
cancer may vary depending on different
guidelines.

e Research on new therapies for BCG-
resistant non-muscle-invasive diseases
is required.
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ARTICLE INFO ABSTRACT
Managing Editor: Peng Lyu Bladder cancer encapsulates a wide spectrum of disease severities, with non-muscle invasive bladder cancer
(NMIBC) representing an entirely different entity from muscle-invasive disease. Bacillus Calmette-Guérin (BCG) is
Keywords: one of the most successful intravesical treatment methods for patients diagnosed. However, a considerable pro-
Cystectomy ) portion of patients fail to respond to BCG treatment. Given the propensity for recurrence in patients with high-risk
Hyperthermia bladder cancer, these patients present with surgical dilemmas. There is currently no gold standard for salvage
Induced : . . . A . .
Immunotherapy treatn.lent post-BCG falluFe or unified deﬁmtlo{l as to w.hat tha_t means. In. this review, we discuss the mechanisms
Mycobacterium bovis of action and pathophysiology of BCG, potential theories behind BCG failure, and the scope of novel treatments
Non-muscle-invasive bladder cancer for this surgical conundrum.
Introduction most common cancer in men and the 10th most common cancer, glob-
ally.! This complex and heterogeneous disease ranges from solitary,
Bladder cancer imposes a significant global health burden. In 2020, non-invasive low-grade tumors that can be cured with surgical excision
approximately 570,000 new cases were diagnosed, making it the sixth as a day-case endoscopic procedure to muscle-invasive disease with a
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high risk of metastatic disease despite chemotherapy and radical treat-
ment with a poor prognosis of 50 % survival in 5 years.

Of patients diagnosed with bladder cancer, 75 % present with su-
perficial disease, namely, non-muscle invasive bladder cancer.? Although
NMIBC is often associated with favorable outcomes, further subclassifi-
cation into high- and low-risk diseases can assist in predicting recurrence,
progression, and survival rates. Low- and high-risk NMIBC can be
considered two biologically different entities with different targeted
treatment approaches. Carcinoma in situ (CIS) is a prime example.
Despite being non-invasive, its aggressive nature and high risk of pro-
gression to muscle-invasive cancer imply that accurate and prompt his-
tological diagnosis is essential to allow tailoring of management to
achieve optimal patient outcomes.

Intravesical Bacillus Calmette-Guérin immunotherapy uses live
attenuated Mycobacterium tuberculosis to induce cytotoxic effects on ma-
lignant urothelial cells. It is considered the current gold standard adju-
vant therapy for superficial bladder tumors with a high risk of recurrence
and progression. The European Association of Urology (EAU) guidelines
suggest that intermediate-risk patients should receive 1 year of full-dose
BCG therapy and that high-risk patients should receive up to 3 years of
this treatment.® However, BCG therapy fails in about 40 % of patients
with NMIBC.* This presents a significant clinical dilemma for the treat-
ment of high-grade T1 bladder cancer and CIS, given their greater pro-
pensity for progression to muscle-invasive disease.

In this review, we discuss the mechanisms of action of BCG in the
treatment of bladder cancer, the definition of BCG failure, and provide an
overview of the treatment options available for patients with BCG-
resistant high-risk NMIBC.

Bacillus Calmette-Guérin mechanisms of action

BCG is arguably one of the most successful immunotherapeutic agents
for treating high-risk NMIBC. Numerous studies have investigated the
specific mechanism underlying the efficacy of BCG in treating bladder
cancer. Currently, no factors predicting BCG treatment failure have been
identified. Both the EAU and American Urology Association (AUA)
guidelines have added additional stratification criteria, with the addition
of the fourth-highest risk NMIBC group. It is recommended that this
group is offered upfront radical cystectomy, as they may have an
increased risk of disease progression, despite BCG treatment. However,
this remains a recommendation, and some surgeons still offer the gold-
standard BCG treatment as a first-line treatment, particularly for older
patients and those with comorbidities. A clear and thorough under-
standing of these pathways is crucial for combating BCG resistance and
facilitating the improvement of these patients. We expound on some of
the primary hypotheses below.

Side effects and tolerability of intravesical Bacillus Calmette-
Guérin treatment

Although BCG is the main treatment modality for high-risk patients
with NMIBC, not all patients are able to complete the treatment course
due to local or systemic side effects.

Lamb et al. reported a dropout rate of >35 % in their initial BCG-
treatment cohort. The most common side effects included dysuria and
frequency, which were present in 95 % and 83 % of patients, respec-
tively. Less common symptoms included hematuria, fever, and nausea.’
Although less common, systemic side effects are often serious and
potentially life-threatening. Sepsis due to severe pneumonitis or prosta-
titis requires specialist attention and long antibiotic courses. Most of
these side effects are due to BCG entering the bloodstream through the
bladder if administered too early after transurethral resection of a
bladder tumor (TURBT) or via traumatic catheterization.®” To minimize
the risk of this occurrence, BCG administration should be deferred for at
least 6-8 weeks post-TURBT. In addition, BCG therapy should be with-
held in cases of traumatic catheterization or active infection. Other
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long-term effects of BCG treatment include bladder fibrosis and
contracture, although these occurrences are extremely rare and have only
been documented in case reports.®°

Mechanisms underlying cell apoptosis and necrosis

An in vitro study of human cells has shown that BCG increases the
production of the intrinsic apoptotic pathway protein caspase-8 by
upregulating toll-like receptor (TLR)-7. Yu et al. demonstrated that TLR
activation plays a central role in the maturation of key immune
modulators, including type-1 T helper cells, by the production of
interleukin-12 and various other cytokines.l0 TLR overexpression in
non-muscle-invasive urothelial cancer cells has been shown to inhibit
urothelial cell proliferation, increase phagocytic activity, and result in a
pro-apoptotic effect. Interestingly, lower-grade urothelial cancer cells
appeared to express TLR-7 at higher concentrations than high-grade
tumor cells. This phenomenon may contribute to the development of
BCG-resistant diseases.

Sandes et al. studied the role of lysosomal hydrolase cathepsin B (CB)
in the induction of apoptosis. They illustrated that BCG could activate
pro-caspase-9 and the apoptotic BID protein by upregulating lysosomal
CB to induce apoptosis in transitional cancer cell lines.!! Furthermore,
electron microscopy of tumor cells pretreated with apoptosis inhibitors
has shown that BCG induces caspase-independent ultrastructural changes
via the upregulation of high-molecular group box protein 1 (HMGB1).'2
These findings suggested that BCG induces a direct cytotoxic effect on
bladder cancer cells via both apoptosis and necrosis.

Immune modulation

The attachment of BCG to urothelial cells is the initial step in an
immune-mediated response. Fibronectin attachment protein, expressed
on the cell wall surface of BCG, binds to fibronectin, a protein found in
both healthy and malignant urothelial cells.'> The ability of bladder
cancer cells to internalize BCG is a key step in its antitumor activity.
Multiple studies have suggested that phagocytosis plays a role in the
internalization of BCG, with poorly differentiated cell lines being more
susceptible than well-differentiated cell lines. In vitro studies conducted
by Bevers et al. have demonstrated the ability of poorly differentiated cell
lines, such as J82, to upregulate the cytokine interleukin (IL)-6, which
plays a key role in the process of BCG internalization.'* This upregulation
increases the expression of fibronectin receptor subunits, thereby
increasing BCG adherence to transitional cancer cells.'®

Once internalized, the cellular response to BCG is primarily modu-
lated by TLR. BCG stimulates a variety of TLR molecules, including TLR-
1, -4, -7, and -9. Once activated, TLR molecules potentiate activation of
the nuclear factor (NF)-kB pathway. NF-kB is an inducible transcription
factor responsible for regulating gene transcription in a wide array of
innate and adaptive immune pathways. It promotes cytokine transcrip-
tion and naive T cell differentiation into CD4" T helper and CD8"
cytotoxic T cells.'® Through these mechanisms, BCG exerts its immune
effects and potentiates the cytotoxicity and phagocytosis of cancer cells.

Urine cytology after BCG instillation has revealed the presence of
cytokines, such as IL-6 and -8. These cytokines are thought to recruit
neutrophils. Besides their active role in phagocytosis, neutrophils release
tumor necrosis factor-related apoptotic ligands (TRAILs). This discovery
highlights the ability of BCG to stimulate a tumor-specific response.>

Finally, BCG stimulates macrophage production, which expresses
nitric oxide. Unregulated NO production increases oxidative stress and
deoxyribonucleic acid (DNA) damage and disrupts cellular energy
metabolism and calcium homeostasis because of altered gene expression
and p53 activation.'® These changes are brought about by the activation
of poly (adenosine diphosphate [ADP]-ribose) polymerase (PARP),
adenosine triphosphate (ATP) depletion, and induction of the mito-
chondrial transition pore, which alters ion gradients and causes cellular
swelling. The extent of cell injury is the key to determining whether a cell
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undergoes necrosis or apoptosis. A significant disruption of mitochon-
drial ATP synthesis generally results in cell death via necrosis, while cells
undergo apoptosis when mitochondrial ATP synthesis is maintained.'®

BCG has a prominent immunotherapeutic profile, with activation of a
multitude of key immune pathways, resulting in cell death via both
apoptosis and necrosis.

Definition of Bacillus Calmette-Guérin failure

The term “BCG failure” has been inconsistently defined in the liter-
ature. This refers to the recurrence or progression of the disease after BCG
therapy. The EAU guidelines consider BCG treatment to have failed in the
following situations: (1) wherever muscle-invasive disease is detected
during follow-up; (2) if a high-grade non-muscle-invasive tumor is pre-
sent after either 3 or 6 months; or (3) if the disease shows any worsening,
such as a higher number of recurrences, higher grade of disease, or
appearance of CIS despite the initial presence of a response.'” The EAU
uses four individual terms: BCG-unresponsive, BCG-refractory,
BCG-relapsing, and BCG-intolerant, to classify BCG failure further, as
outlined in Table 1.'® Interestingly, low-grade recurrence is not included
in the BCG failure classification.

The timing, number of instillations, and grade of disease at recurrence
influence the decision to continue BCG therapy or to abandon it and
consider other treatment options. In a patient's treatment course, it is
critical not to delay appropriate further intervention, that is, radical
cystectomy. For example, the early recurrence of high-grade T1 disease
with CIS after BCG therapy is associated with far worse outcomes than
delayed recurrence of low-grade disease, prompting the need for earlier
intervention. Previously published data have reported an increased risk
of progression and metastasis in patients with two prior BCG failures as
compared to those with only one failure.'® Similarly, CIS recurrence
within 12 months of BCG therapy confers a risk of worse outcomes than
CIS recurrence after 12 months.

Guidelines for the appropriate management of BCG-refractory dis-
eases also appear to differ. The EAU guidelines suggest a second course of
BCG if high-grade T1 disease is present at the primary 3-month cystos-
copy check-up. In contrast, the National Cancer Institute (NCI) recom-
mends that such patients be referred for radical cystectomy.'” Herr and
Sogani demonstrated that the inability to attain a disease-free state by 6
months after BCG instillation corresponded to an increase in tumor
recurrence and progression. They also found that early cystectomy, <2
years after the initial BCG treatment, offered a greater survival advantage
than later treatment, with 92 % and 56 % survival rates at 96 months,
respectively.?’

Accurate comparison of study results regarding treatment outcomes is
challenging due to the varied definition of BCG failure. Therefore, a data-
driven, uniform definition of BCG-unresponsive disease is required to

Table 1
“BCG failure classification.”'®

BCG failure stratification Definition

BCG-unresponsive HG T1 at the first evaluation following induction BCG (3
months)

Recurrent HG Ta/T1 within 6 months of adequate BCG
treatment

Recurrent CIS within 12 months of the last adequate
BCG treatment

HG T1 at the first evaluation following induction BCG (3
months)

Persistent/recurrent HG Ta/CIS following adequate BCG
(6 months)

HG recurrence after reaching a disease-free state within
6 months of receiving adequate BCG

Disease recurrence/persistence after failure to receive
adequate BCG therapy due to severe adverse effects

BCG-refractory

BCG-relapsing

BCG-intolerant

BCG: Bacillus Calmette-Guérin; CIS: Carcinoma in situ; HG: High-grade; Ta:
Tumor invading the bladder mucosa; T1: Tumour invading the lamina propria.
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construct a timely escalation pathway for patients at increased risk of
progression.

Bacillus Calmette-Guérin failure mechanism and predictive
biomarkers

In the context of this limited treatment window and in the era of
global BCG shortages, predicting or identifying patients who will not
respond to BCG therapy has become increasingly important. Targeting
BCG therapy in patients who are likely to gain an advantage can reduce
their exposure to local and systemic side effects. The development of
predictive biomarkers that can be measured prior to the start of treatment
to evaluate the likelihood of a response to a specific therapy and to
monitor the effectiveness of treatment is increasingly of interest. Bio-
markers focus on detecting tumor microenvironment (TME) molecular
changes that can be measured in tissues, serum, and, uniquely in bladder
cancer, in urine. The TME is affected by genetic, immune, and metabolic
changes.?! Tissue biomarkers such as p53 and Ki67, which are potent cell
cycle regulators, have been examined as possible predictors of BCG
success.?? Studies have suggested that p53 is not predictive; however,
Ki67 has been demonstrated to predict recurrence following BCG ther-
apy. These markers were examined in panels after BCG therapy to predict
progression or recurrence; however, no correlation was observed.?? Im-
mune TME is another area of interest. Pichler et al. noted that a pre-
treatment TME with high concentrations of CD25™ regulatory T cells and
tumor-associated macrophages (TAMs), and decreased Th2-predominant
CD4" levels were predictive of worse recurrence-free survival (RFS)
post-therapy.? Lim et al. demonstrated that the TME of BCG-responders
was enriched with active CD8PDL-1(—) and non-regulatory
CD4"FOXP3(—) T cells; however, the TME of non-responders was
enriched with exhausted CD8"PDL-1(+) T cells.?*

Serum biomarkers, such as circulating tumor cells (CTC), circulating
tumor DNA (ct-DNA), and serum ribonucleic acid (RNA) have been
examined for use in bladder cancer. A systematic review demonstrated
that six serum microRNAs (miRNAs: miR-21, miR-143, miR-155, miR-
214, and miR-222) were predictive of early disease recurrence and pro-
gression in NMIBC.?® Urine biomarkers have focused on the mechanisms
of BCG response. In one pilot study, patients with higher levels of IL-8,
measured 6-h post-BCG instillation, had a lower rate of progression and
recurrence.?? Interestingly, however, higher baseline levels of IL-8 in urine
and peripheral blood leukocytes correlated with a higher risk of tumor
recurrence, which highlights the complexity of baseline and stimulated
cytokine expression and kinetics.?? Cytokine panels have been developed
to overcome these limitations. One such panel is the Cytokine Panel for
Response to Intravesical Therapy (CyPRIT) nomogram, which uses nine
inducible urinary cytokines and was developed at the MD Anderson
Cancer Center to predict the likelihood of recurrence, with 85.5 % accu-
racy.% The second urinary biomarker is UroVysion, which uses a fluo-
rescence in situ hybridization (FISH) assay to detect aneuploidy in
chromosomes 3, 7, and 17 with the loss of chromosome 9p21. Studies
conducted during BCG therapy and follow-up suggested that a positive
FISH result at any time is suggestive of recurrence and progression.22
Currently, no predictive biomarkers have been approved for bladder
cancer by the Food and Drug Administration (FDA). This reflects the
heterogeneity of NMIBC and the complexity of the mechanism of action of
BCG, and the difficulty in the prediction of the elicited immune response.

Current treatment options

Although radical cystectomy remains the default treatment option for
patients in whom BCG treatment fails, other bladder preservation options
are becoming available, and many studies have concluded that these
treatments are safe and effective.

Tables 2 and 3 summarize these studies, and provide more detail on
the current treatment options recommended by the American and Eu-
ropean guidelines.
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Table 2
Studies in Bacillus Calmette-Guérin failure treatment options with published results.
Type of therapy Progress Results Outcome
Intravesical
Interferon + BCG*’ Phase IT No benefit over BCG alone Not in practice
Mitomycin combined with BCG for Phase I Not published Not in practice
bladder cancer®®
Gemcitabine®” Phase II Disease free: Used per clinician discretion
3 months, 47 %
1 year, 28 %
2 years, 21 %
Docetaxel*® Single-institution study Complete response after induction, Used per clinician discretion

Combination of gemcitabine and
docetaxel

Under investigation

Device assisted
Radiofrequency-induced thermo-
chemotherapy (Synergo® system)>’
Recirculation of heated
chemotherapy called HIVEC®?

Phase III

Multi-center prospective study

EMDA + MMC* Phase II

Intravesical immunotherapy
NCT 02808143%° (Intravesical) pembrolizumab and BCG
solution for treating patients with

recurrent NMIBC

NCT 03759496 Intravesical administration of
durvalumab (MEDI4736) to patients
with HR NMIBC. A phase II study with

correlative

59 %
1-year RFS, 40 %
3-year RFS, 25 %

No significant difference in DFS
between treatment arms

Median DFS, 17.7 months

1-year cumulative incidence rate of
disease recurrence/progression, 53 %
3-year DFS

TaG3, 75 %

T1G3, 71.4 %

CIS, 50 %

TaT1G3 + CIS, 25 %

Recommended by EAU guidelines

Used per clinician discretion

Used per clinician discretion

To determine the maximum tolerated
dose of pembrolizumab when
administered intravesically in
combination with BCG in patients with
high-risk or BCG-refractory NMIBC
To assess the maximum tolerated dose
of durvalumab given intravesically to
patients with BCG-refractory NMIBC
— Possibility of a rate of high-grade
relapse-free after the initiation of
durvalumab
- Efficacy of intravesical
administration of durvalumab in
patients with BCG-refractory NMIBC

Completed and results published

Completed and results published

BCG: Bacillus Calmette-Guérin; CIS: Carcinoma in situ; DFS: Disease-free survival; EAU: European Association of Urology; EMDA: Electromotive drug administration;
HIVEC: Hyperthermic intravesical chemotherapy; MMC: Mitomycin C; NCT: National Clinical Trial; NMIBC: Non-muscle-invasive bladder cancer; RFS: Recurrence-free

survival.

Microwave-induced hyperthermia with intravesical mitomycin C installation

Patients who develop recurrence during BCG treatment or those who
cannot tolerate the side effects have limited alternative options. One
emerging treatment involves the use of microwave-induced hyperther-
mic mitomycin C (MMC). It involves the administration of a combination
of intravesical MMC and radiofrequency energy at 915 MHz to induce
cell death. Medical Enterprise (Synergo) machines have been used for
>15 years and have been reported to have good oncological outcomes.
This technology utilizes an 18-French (Fr) urethral catheter that is
inserted while the patient is in the clinic. Two cycles of chemotherapy
(40 mg MMC) are administered through the catheter, for 30 min. The
bladder wall is heated to a temperature of around 40.5-41.5 °C. The
catheter is connected to a machine via thermocouples to control tem-
perature changes. A study published in the Journal of Urology demon-
strated a clear increase in the efficacy of chemotherapeutic MMC when
combined with localized hyperthermia, as opposed to standard intra-
vesical chemotherapy. One potential explanation is that tumor cells
demonstrate a higher rate of MMC uptake under hyperthermic conditions
or that the drug itself becomes more activated at higher temperatures.>*
A systematic review of published data showed a 59 % reduction in the
recurrence of non-muscle-invasive disease with heated MMC compared
to MMC alone.*®
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Overall, hyperthermic MMC has been shown to be a well-tolerated
treatment with few side effects, providing scope as a salvage treatment
in patients in whom BCG treatment has failed.

Intravenous immunotherapy

Recently, several promising developments have been achieved in
systemic immune checkpoint inhibitors for BCG-unresponsive bladder
cancer. Immune checkpoints are cell surface molecules that influence
immune responses. In bladder cancer, programmed cell death protein 1
(PD-1) and its ligand (PDL-1), which downregulate the immune response
to cells, have been of particular interest. PD-1 is expressed on T and B
lymphocytes and macrophages, whereas PDL-1 is expressed on antigen-
presenting cells. The binding of PD-1 to PDL-1 prevents T cell activa-
tion. Inhibitors of PD-1 and PDL-1 prevent binding and, therefore, allow
T cell activation. Currently, the Food and Drug Administration (FDA) has
approved several PD-1 and PDL-1 inhibitors for use in bladder cancer.
These are primarily used as second-line therapies in advanced disease.*®
Only pembrolizumab has obtained FDA approval for use in
BCG-unresponsive diseases with CIS.?” The approval was based on the
Keynote 057 phase II trial data,®® which demonstrated a complete
response in 46 % of patients, lasting at least 12 months. Investigation into
other PD-1 and PDL-1 immune checkpoint inhibitors is ongoing, with



H. Maroof et al.

Cancer Pathogenesis and Therapy 2 (2024) 74-80

Table 3
Studies in Bacillus Calmette-Guérin treatment failure that are awaiting results, publication, or in recruitment phase.”®
Trial No. Study title Primary aims Status
NCT 02365818 Safety and efficacy of CG0070 oncolytic virus To study the safety and efficacy of CG0070, an Completed and results submitted but not
regimen for high-grade NMIBC after BCG oncolytic virus expressing GM-CSF, in patients with published
failure high-grade NMIBC in whom BCG therapy failed and
who refused cystectomy.
NCT 02202772 Intravesical cabazitaxel, gemcitabine, and CGC To assess the safety, toxicity, and efficacy of a novel Recruiting
in the treatment of urothelial carcinoma of the multidrug intravesical regimen consisting of CGC in
bladder the treatment of BCG-resistant non-muscle-invasive
urothelial carcinoma of the bladder.
NCT 04172675 A study of erdafitinib versus investigator choice To evaluate RFS in participants treated with Active, not recruiting
of intravesical chemotherapy in participants erdafitinib vs. investigator's choice, for participants
who received BCG and recurred with high-risk with high-risk NMIBC who harbor FGFR mutations
NMIBC or fusions, and who developed recurrence after BCG
therapy.
NCT 05644041 Intravesical gemcitabine in patients with To gain a better understanding of the use of Recruiting
NMIBC gemcitabine intravesical chemotherapy for NMIBC
in a prospective cohort of patients.
NCT 04752722 LEGEND study: EG-70 in NMIBC patients BCG- To evaluate the safety and efficacy of intravesical Recruiting
unresponsive and High-Risk NMIBC administration of EG-70 and its effect on bladder
incompletely treated with BCG or BCG-naive tumors in patients with NMIBC.
This study consists of two phases; a phase 1 dose-
escalation to establish safety and recommend the
phase 2 dose, followed by a phase 2 study to
establish the effectivity of the treatment.
The study will include patients with NMIBC who are
unresponsive to BCG therapy and for whom radical
cystectomy is recommended, or HR NMIBC patients
who are BCG-naive or have received incomplete
BCG treatment.
NCT 02844816 Atezolizumab in treating patients with To estimate complete response at 25 weeks after Active, not recruiting

recurrent BCG-unresponsive NMIBC

registration for those with a CIS component and to

evaluate event-free survival at 18 months in
patients with BCG-unresponsive HR NMIBC treated
with atezolizumab.

BCG: Bacillus Calmette-Guérin; CGC: Cabazitaxel, gemcitabine, and cisplatin; CIS: Carcinoma in situ; GM-CSF: Granulocyte-macrophage colony-stimulating factor; FGFR:
Fibroblast growth factor receptor; NCT: National Clinical Trial; NMIBC: Non-muscle-invasive bladder cancer; RFS: Recurrence-free survival.

several phase II and III trials due to report results in the next few years.
The SWOG S1605 phase II trial with atezolizumab showed promising
preliminary results, with a 41.1 % complete response at 3 months. The
PREVERT phase II trial is currently investigating avelumab in combina-
tion with radiotherapy (RT). Durvalumab in combination with RT or BCG
is currently being analyzed in an ADAPT-BLADDER phase II study.
Nivolumab monotherapy and its use in combination with BCG is being
investigated in the CheckMate 9UT trial,>® while pembrolizumab in
combination with BCG therapy is under investigation in the Keynote-676
trial.*°

A second promising immunotherapy is gene therapy, with the novel
intravesical agent nadofaragene firadenovec, which was approved by the
FDA in January 2023*' and was discussed in the EAU guidelines 2023.'8
With nadofaragene firadenovec, the human interferon alpha 2b
(IFNa-2b) gene is transfected into cancer cells via the non-replicating
adenovirus. The gene is incorporated into cellular DNA, resulting in
the synthesis and expression of the human IFNa-2b protein, increasing
IFNo levels in urine, which has an apoptotic effect on cancer cells. In a
single-arm, open-label, repeat-dose clinical trial, a complete response
was observed at 3 months in 53.4 % of patients following the adminis-
tration of one dose.**

Radical cystectomy

Radical cystectomy remains the treatment of choice for BCG-resistant
bladder cancer, particularly in patients with CIS, as per the EAU guide-
lines. Similarly, Canadian guidelines outline that patients with high-risk
NMIBC should be presented with the option of cystectomy in the first
instance. The advantage of this treatment is clear, with several studies
highlighting improved disease-free survival in patients referred directly
for cystectomy after initial recurrence. However, cystectomy is a major
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procedure linked to significant morbidity, and therefore may not be an
option for patients with co-existing health conditions. Further research
into viable, less-invasive treatment options is required. Cystectomy is not
suitable for frail and older patients or for those who are keen to preserve
their bladders. With advances in robotic surgery, the morbidity associ-
ated with cystectomy has decreased. However, it carries a 3 % risk of
death within 30 days.**

Over the long term, the EAU guidelines quote morbidity with urinary
diversion in 45 % of patients at 5 years, which increases to 94 % at 15
years.** Complications include vitamin B12 deficiency, metabolic
acidosis, worsening of renal function, upper urinary tract (UUT) in-
fections, UUT morphological changes, urolithiasis, and ureteroenteric
anastomosis.*> Complications can affect patients’ quality of life post-
operatively, requiring further health care services, including further
surgery.

This study had several limitations. A uniform definition of BCG-
resistant bladder cancer is lacking. Research on this topic is limited. In
turn, BCG outcomes may vary depending on individual definitions of
“BCG failure.”

Conclusions and future directions

BCG therapy continues to play a significant role in the treatment of
NMIBC. Patients with BCG-non-responsive NMIBC represent a hetero-
geneous group with differing outcomes based on the speed and nature
of disease recurrence. Various urological bodies use different criteria
to define such disease, with varied guidelines for ongoing
management.

However, the literature has consistently proven that muscle-invasive
diseases have significantly worse outcomes when treatment is delayed.
Nevertheless, as radical cystectomy has significant morbidity, further
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research is required to improve patient selection into less invasive
treatment options. Bladder preservation therapies either in the form of
intravesical therapy or systemic treatment remain under investigation
with variable oncological advantages.

Furthermore, studies that look into the clinical and histological pa-
rameters that could be used to identify patients at high risk of recurrence
and progression to muscle-invasive disease are ongoing. Further research
into new treatment methods and the identification of predictive bio-
markers are required to improve survival outcomes in patients with BCG-
resistant bladder cancer. Further advances and molecular subtyping have
facilitated the selection of patients with muscle-invasive bladder cancer
to receive neoadjuvant chemotherapy, with the hope that a similar
pattern could be followed in NMIBC. In addition, the advancement of
gene therapy might present a breakthrough in the treatment of this
challenging condition. However, these studies are in their inception, and
further research is required.
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