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Abstract: Non-muscle-invasive bladder cancer (NMIBC) is characterized by a high rate of cure,
but also by a non-negligible probability of recurrence and risk progression to muscle-invasive
disease. NMIBC management requires a proper local resection and staging, followed by a risk-
based treatment with intravesical agents. For many years, the current gold standard treatment
for patients with intermediate or high-risk disease is transurethral resection of the bladder (TURB)
followed by intravesical bacillus Calmette–Guérin (BCG) instillations. Unfortunately, in about
half of high-risk patients, intravesical BCG treatment fails and NMIBC persists or recurs early.
While radical cystectomy remains the gold standard for these patients, new therapeutic targets are
being individuated and studied. Radical cystectomy in fact can provide an excellent long-term
disease control, but can deeply interfere with quality of life. In particular, the enhanced immune
checkpoints expression shown in BCG-unresponsive patients and the activity of immune checkpoints
inhibitors (ICIs) in advanced bladder cancer provided the rationale for testing ICIs in NMIBC.
Recently, pembrolizumab has shown promising activity in BCG-unresponsive NMIBC patients,
obtaining FDA approval. Meanwhile multiple novel drugs with alternative mechanisms of action
have proven to be safe and effective in NMIBC treatment and others are under investigation. The
aim of this review is to analyse and describe the clinical activity of new emerging drugs in BCG-
unresponsive NMIBC focusing on immunotherapy results.

Keywords: non-muscle-invasive bladder cancer; BGC-unresponsive; immunotherapy; immune-
checkpoint inhibitors; pembrolizumab

1. Introduction

Bladder cancer (BC) represents the tenth most common cancer worldwide and the fifth
diagnosed in high-income countries [1]. It has been found that three-quarters of BC patients
present at the diagnosis with Non-Muscle-Invasive Bladder Cancer (NMIBC), a localized
disease restricted to the mucosa (Ta or carcinoma in situ, CIS, according to AJCC/TNM
staging of bladder cancer) or invading the lamina propria (T1). The remaining patients have
a muscle-invasive bladder cancer (MIBC) or a metastatic BC, with poorer prognosis [2,3].
Cancer-specific 5-year survival is estimated to be more than 90% in NMIBC, this percentage
drops to 50% to 82% in MIBC treated with radical cystectomy (RC), while only a small
percentage of metastatic BC patients is alive at 5 years from diagnosis [4].

NMIBC management is characterized for a major part of patients by a locoregional
intravesical approach. A diagnostic–therapeutic cystoscopy with transurethral resection
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of the bladder (TURB) is indicated in case of Ta or T1 tumours and multiple bladder
biopsies are recommended to detect CIS [5,6]. Further treatment should be tailored to the
risk of recurrence and/or progression into MIBC. International guidelines recommend
a clinical–pathological classification of NMIBC into low-, intermediate-, and high-risk
groups [5–7]. Low-risk NMIBC (primary, low-grade Ta or T1 tumour, without CIS) do
not usually require any further treatment after TURB and a single immediate intravesical
instillation of chemotherapy, usually mitomycin C (MMC). Patients with high grade Ta or
T1 are included in intermediate or high-risk group and the current gold standard treatment
is TURB followed by six-weekly induction of intravesical bacillus Calmette–Guérin (BCG)
instillation followed by maintenance [7]. CIS is a high-grade tumour with a more than
50% chance of disease progression [8]. In case of CIS presence, patients are included in
the high-risk group. Standard treatment is intravesical BCG instillation with a higher
complete response (CR) rates and a longer duration of response compared to intravesical
chemotherapy [9].

However, in about half of patients, intravesical BCG treatment fails and high-risk
NMIBC persists, in case of BCG-refractory tumour, or recurs after a CR, in case of BCG-
relapsing tumour [10]. BCG-unresponsive NMIBC includes both patients with BCG-
refractory tumours and early BCG-relapsing tumours (within six months of their last BCG
instillation) and has the highest risk of disease progression. An additional category, defined
as BCG-intolerant NMIBC, includes patients with disease recurrence after a suboptimal
therapy due to a BCG-related adverse events [2].

BCG-unresponsive tumours do not benefit from further BCG instillations and cur-
rent guidelines recommend early RC with urinary diversion as a preferred option [5–7].
This major surgical procedure can provide an excellent long-term disease control, but can
negatively impact on quality of life and not all patients are eligible for or accept this proce-
dure [11,12]. Non-surgical alternatives until recently have been ineffective and their benefit
is rather to postpone the BC than to achieve a long-term disease control. The intravesical
administration of valrubicin, an anthracycline, is the only medical treatment approved by
Food and Drug Administration (FDA) with a CR rate of 21%, mostly temporary [13].

Several other intravesical chemotherapeutic agents have been investigated as gemc-
itabine, docetaxel, nanoparticle albumin-bound (nab)-paclitaxel, the sequential instillation
of gemcitabine and docetaxel, or MMC, obtaining suboptimal and not lasting response
rates [14–18]. Recently, immunotherapy with pembrolizumab, an anti-Programmed cell
Death protein 1 (PD1) monoclonal antibody (mAb), has demonstrated promising antitumor
activity in BCG-unresponsive NMIBC in the phase II trial KEYNOTE-057 obtaining FDA
approval [19]. Meanwhile, several novel agents with different mechanisms have proven to
be safe and effective in the treatment of NMIBC (Table 1) and more agents are currently
under investigation.

The aim of this review is to describe the clinical activity of new emerging drugs in
BCG-unresponsive NMIBC, focusing on immune checkpoint inhibitors (ICIs).

Table 1. Key positive clinical trials enrolling patients with BCG-unresponsive NMIBC.

Agent/
Target

NCT/
Acronym Phase Primary

Endpoint Patients Enrolled Median Follow
Up Results

Pembrolizumab *
ICI

Anti-PD1
IgG4/kappa

NCT02625961
KEYNOTE-057

[19]
II

CRR of
high-risk
NMIBC

Cohort A
(CIS):101 pts

Cohort B
(Non-CIS): 47 pts

36.4 mos.

Cohort A: 41%
(39 out of 96 pts,

95% CI
30.7–51.1%)

Atezolizumab
ICI

Anti-PD-L1 IgG1

NCT02844816
SWOG S1605

[20]
II

CRR at 25
weeks in

CIS-cohort

CIS cohort: 70 pts
pre-planned

Non-CIS cohort:
65 pts pre-planned

NR
CIS cohort: 27%
(20 out of 74 pts,

95% CI NR)
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Table 1. Cont.

Agent/
Target

NCT/
Acronym Phase Primary

Endpoint Patients Enrolled Median Follow
Up Results

Nadofaragene
firadenovec

rAd-IFNa2b/Syn3

NCT02773849
[21] III CRR at 12 mos.

in CIS-cohort

CIS-cohort: 107 pts
Non-CIS cohort:

50 pts
19.7 mos.

CIS-cohort:
53.4% (55 out of

103 patients,
95% CI

43.3–63.3%)
Oportuzumab

Monatox
EpCAM scFv
linked to ETA

NCT02449239
[22] III CRR in

CIS-cohort
126 pts

CIS-cohort: 89 pts NR CIS-cohort: 40%
(95% CI NR)

* FDA approved. NCT, Number Clinical Trial; ICI, Immune Checkpoint Inhibitor; PD1, Programmed cell Death
protein-1; IgG, Immunoglobulin G; CRR, Complete Response Rate; NMIBC, Non-Muscle-Invasive Bladder Cancer;
CIS, Carcinoma In Situ; mos., months; pts, patients; PD-L1, Programmed death-Ligand 1; NR, Not reported;
rAd-IFNa2b, non-replicating recombinant adenovirus type 5 (Ad5)-vector encoding the interferon alpha-2b;
EpCAM, Epithelial Cell Adhesion Molecule; scFv, single-chain Fragment variable; ETA, Pseudomonas exotoxin A;
BCG, Bacillus Calmette–Guérin.

2. Immunotherapy in NMIBC: From BCG to the New Horizons of ICIs
2.1. BCG Administration Drives an Antitumour Innate and Adaptative Immune Response in NMIBC

BCG is a live attenuated strain of Mycobacterium bovis, its activity on NMIBC was firstly
demonstrated by Morales and colleagues in 1976 [23]. The BCG mechanism of action is
still not completely understood; however, it is known that BCG exposure of urothelium
and bladder-resident macrophages elicits an inflammatory and immune response against
tumoral cells [24–26]. The presumed mechanism is explicated in Figure 1.

The activation of antigen-presenting cells (APC) and urothelial cells following BCG
internalization induces the release of several cytokines as Interleukin (IL)-1b, IL-8, IL-15, IL-
18 and chemokine as CXC motif chemokine ligand 10 (CXCL10), Granulocyte-Macrophage
Colony-Stimulating Factor (GM-CSF), CC-motif Chemokine ligand 2 (CCL2), and CCL3
activating the innate and adaptive immune response [27]. Local innate immunity activa-
tion leads to recruitment of macrophages, granulocytes, fibroblasts, dendritic cells, and
lymphocytes, which form typical epithelioid and gigantocellular granulomas. In addition,
neutrophils, Cluster of differentiation 8 (CD8) + T cells, and Natural Killer (NK) cells may
have a direct antitumour effect, inducing the production of reactive oxygen species (ROS),
antimicrobial enzymes and pro-apoptotic factors [28–30]. Concurrently, BCG causes the
expression of the major histocompatibility complex (MHC) class II presenting BCG antigens
on APC and urothelial cells driving the activation of adaptative immunity [31,32]. A promi-
nent T Helper (TH) 1 cells-mediated immune response, associated with the secretion of IL-2,
IL-12, Interferon (IFN)-γ, and Tumour Necrosis Factor (TNF) correlates with a response to
BCG instillation. On the contrary, TH2 cells activation, characterized by the releasing of
IL-4, IL-5, IL-6, and IL-10, is associated with an immunosuppressive microenvironment
enrich of T regulatory cells (Treg), which is associated to a BCG-unresponsive state [24,33].

Several randomized controlled studies and large meta-analysis have clearly demon-
strated that intravesical BCG after TURB, administered with an induction schedule of
6 weekly instillations, followed by additional maintenance every 3 to 6 months over 1 to
3 years is significantly superior compared to TURB alone or TURB followed by intravesical
chemotherapy in NMIBC recurrence prevention. BCG treatment provides an high rate of
CR in both patients with high-risk papillary tumours and with CIS and lowers tumour
progression risk, representing the standard treatment for these patients [34].
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Figure 1. BCG instillation elicits both innate and adaptative immune response against urothelial
cancer cells. BCG, Bacillus Calmette–Guérin; DC, Dendritic Cell; IL, Interleukin; CXCL10, C-X-C
motif Chemokine Ligand 10; GM-CSF, Granulocyte-Macrophage Colony-Stimulating Factor; CCL2,
C-C Motif Chemokine Ligand 2; CCL3, C-C Motif Chemokine Ligand 3; PML, Polymorphonuclear
Leukocytes; Th, Helper T cell; Treg, Regulatory T cell; Mφ, Macrophage; CD8, Cluster of Differ-
entiation 8; NK, Natural Killer; ROS, Reactive Oxygen Species; IFN-γ, Interferon-γ; TNF, Tumour
Necrosis Factor.

2.2. PD-L1 and PD-1 Expression Is Associated to BCG Immune-Resistance

The main resistance mechanism to BCG treatment is linked to an intrinsic or an
acquired immune resistance. The interaction of PD-1, expressed by T cells, with its ligand
Programmed Death-Ligand 1 (PD-L1), normally expressed by a subset of macrophages and
inducible on activated T, B and NK cells, endothelial cells, and other non-malignant cells
in an inflammatory milieu is a major immune checkpoint pathway involved in immune
homeostasis, down-regulating T cell response in case of chronic antigen exposure. Cancer-
related overexpression of PD-L1 lets cancer cells to evade immune response, inducing T cell
anergy. The use of PD-1 or PD-L1-directed mAb, can prevent their interaction and restore T
cell activity against cancer cells [35,36].

Kates and colleagues showed in an analysis on tissue microarrays of paired pre- and
post-BCG bladder samples that BCG-unresponders patients had in 25–30% of cases a pre-
treatment enrichment of PD-L1 + cells, high density of CD8+ T cells, and lacked of CD4+ T
cells. On the contrary, PD-L1 expression was nearly absent among BCG responders [37].
Pierconti et al. confirmed these results. PD-L1 expression in tumour cells and in immune
cells was higher in BCG-unresponsive CIS patients than in BCG-responders, suggesting
that PD-L1 expression could help to identify CIS that would fail BCG therapy [38]. In
addition, BCG treatment could enhance PD-L1 and PD-1 expression. Hashizume et al.
observed that PD-L1 expression levels increased after BCG. Similarly, Fukumoto et al.,
testing PD-1 staining in a cohort of NMIBC treated with BCG, found that PD-1 expression
was superior in BCG-unresponsive tumors compared with pretreatment tumors from the
same patients, hypothesizing that BCG could induce this immune checkpoint. Furthermore,
PD-1 expression was correlated with worse clinical outcomes [39,40]. BCG instillation



Cells 2022, 11, 357 5 of 16

seems to induce the expression of PD-L1 in tumour and inflammatory cells trough the
induction of CD8+ T cells, which are the major responsible of IFN-γ production [39].
Chevalier and colleagues reported an increasing number of PD-L1-expressing CD4+ T cells
(PD-L1+ Tregs) in BCG-resistant patients [41], while Copland et al. demonstrated that BCG
treatment causes the up-regulation of PD-L1 expression on APCs inducing the secretion
of some cytokines as Il-6, IL-10, leading to STAT3 phosphorylation and ultimately PD-L1
expression [42].

2.3. ICIs for the Treatment of Advanced Urothelial Cancer

The high tumoral mutational burden (TMB) of urothelial cancer, similar to melanoma
and non-small-cell lung cancer, and the expression of immune checkpoint PD-1 and PD-L1
both by immune cells and microenvironmental cells constitute the biological rational for
the activity of ICIs in bladder cancer [43,44]. Nowadays ICIs represent the standard second-
line therapy in patients with advanced or metastatic urothelial cancer who progressed
on first-line platinum-based chemotherapy. Pembrolizumab, an anti-PD-1 mAb, accord-
ing to results of phase III trial KEYNOTE-045 is the preferred option [45,46]. First-line
immunotherapy does not provide a statistical significant survival benefit compared to
platinum-based chemotherapy, even when it was given in association; however, avelumab,
an anti-PD-L1 monoclonal IgG, as maintenance in patients who did not have disease pro-
gression with first-line chemotherapy, gets the approval on the basis of JAVELIN Bladder
100 [46,47]. Moreover, nivolumab, another PD-1 mAb was recently granted FDA approval
for the adjuvant treatment of patients with urothelial carcinoma who are at high risk of
recurrence after RC on the basis of results of CheckMate-274, and several trials are in-
vestigating the role of ICIs in neoadjuvant and perioperative setting [46,48]. Clinical or
biological markers predictive of response are still lacking; however, PD-L1 expression and
elevated TMB status seem to be correlated with an increased response rate [49].

2.4. ICIs Activity in BCG-Unresponsive NMIBC

The enhanced immune checkpoint expression shown in BCG-unresponsive patients
and the efficacy of ICIs in advanced BC represented the rationale for testing them in NMIBC.
Pembrolizumab was investigated in the phase II KEYNOTE-057 trial (Table 1). In the cohort
A of the study, intravenous pembrolizumab was administered for up to 24 months in
patients with BCG-unresponsive CIS patients, who resulted ineligible or declines RC. After
a median follow-up of 36.4 months, 41% of patients (95% CI 30.7–51.1%) achieved a CR
assessed by cystoscopy and urine cytology. Eleven of 39 patients with CR (28%) were
disease-free at data cut-off analysis. Results of the study cohort B, which enrolled patients
with BCG-unresponsive NMIBC without CIS, have not been published yet. Safety profile
was consistent with other studies testing pembrolizumab; serious treatment-related adverse
events (G3 or G4 according to World Health Organization, WHO) were rare [19]. On the
basis of these results, in January 2020, FDA approved pembrolizumab for the treatment of
patients with BCG-unresponsive CIS who are ineligible for or who decline RC [19].

Atezolizumab was tested in the phase II SWOG S1605 trial (Table 1). One hundred
and thirty-five patients with BCG-unresponsive NMIBC were enrolled, 70 of them had
been diagnosed with CIS, and atezolizumab was given them every 3 weeks up to complete
one year of treatment. Thirty patients had a CR at 3 months (41.1%; 95% CI 29.7–53.2%)
and 19 at 6 months (26.0%; 95% CI 16.5–37.6%) [50]. In the overall population, 29 patients
(29%; 90% CI 22–36%) were free of recurrence or progression at 18 months, the percentage
of event-free survival was greater in non-CIS patients than in CIS patients. The treatment
was globally well tolerated. Serious grade adverse events occurred in 17% of patients and
there were two treatment-related deaths [20].

Several clinical trials are now ongoing testing different ICIs in BCG-unresponsive
NMIBC (Table 2). Durvalumab, an anti-PD-L1 Immunoglobulin G1 (IgG1) mAb, camre-
lizumab, an anti PD-1 ICI, and HX008 (pucotenlimab), a new recombinant anti-PD-1 mono-
clonal IgG4 are being tested as monotherapy respectively in NCT04738630, NCT04706598,
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NCT03759496. ADAPT-BLADDER study (NCT03317158) is investigating durvalumab
activity in association with radiotherapy, while PREVERT trial (NCT03950362) activity of
avelumab. Durvalumab is, furthermore, being evaluated in association with an anti-CTLA4
mAb, tremelimumab in RIDEAU study (NCT05120622). SunRISe-1 study (NCT04640623)
endpoints are to assess the efficacy and safety of TAR-200, an intravesical gemcitabine-
delivery system, in association with an anti PD-1 mAb, cetrelimab, or of these two drugs
alone in BCG-unresponsive high-risk NMIBC. NCT04164082 trial investigates the combina-
tion of pembrolizumab and gemcitabine.

Table 2. Ongoing clinical trials testing ICIs (in bold font) alone or in combination in NMIBC.

NCT/Acronym Status Phase Drug(s) Control Primary Endpoints
(a) BCG-unresponsive or BCG-intolerant NMIBC

NCT05120622
Rideau Recruiting 1, 2 Durvalumab,

tremelimumab — TRAEs, MTD

NCT04738630 Recruiting 2 HX008
(Pucotenlimab) — CRR, EFS

NCT04706598 Recruiting 1, 2 Camrelizumab — MTD, RFS
NCT04640623

SunRISe-1 Recruiting 2 TAR-200,
Cetrelimab

TAR-200 or
Cetrelimab CRR

NCT04387461
CORE-001 Recruiting 2 CG0070,

Pembrolizumab — CRR

NCT04164082 Recruiting 2 Pembrolizumab,
gemcitabine — CRR in CIS subpopulation,

EFS
NCT03950362

PREVERT Not yet recruiting 2 Avelumab, RDT — RFS

NCT03759496 Recruiting 2 Durvalumab — MTD, RFS

NCT03519256
CheckMate 9UT

Active, not
recruiting 2

Nivolumab,
BMS-986205
(Linrodostat

mesylate)
Nivolumab CRR, DoR

NCT03317158
ADAPT-

BLADDER
Recruiting 1, 2 Durvalumab, RDT — RP2D, RFS

NCT04149574
CheckMate 7G8 Recruiting 3 Nivolumab, BCG BCG EFS

NCT04106115
DURANCE Not yet recruiting 1, 2

Durvalumab,
S-488210/S-488211

vaccine
— DLT, DFSR

NCT03892642
ABC Trial

Active, not
recruiting 1, 2 Avelumab, BCG — DLT

(b) BCG-naïve NMIBC
NCT04922047
TACBIN-01 Recruiting 1, 2 Tislelizumab,

BCG — DLT

NCT04730232 Recruiting 2 Tislelizumab,
nab-paclitaxel — CRR

NCT04165317 *
CREST Recruiting 3 Sasanlimab, BCG BCG EFS, CRR

NCT03799835
ALBAN Recruiting 3 Atezolizumab, 1y

BCG BCG RFS

NCT03711032 *
KEYNOTE-676 Recruiting 3 Pembrolizumab,

BCG BCG CRR, EFS

NCT03528694
POTOMAC

Active, not
recruiting 3 Durvalumab, BCG BCG DFS

(a) Enrolling patients with BCG-unresponsive or BCG-intolerant NMIBC. (b) Enrolling patients with BCG-naïve
NMIBC. * Enrolling patient with either BCG-unresponsive or BCG-naïve NMIBC. NCT, Number Clinical Trial;
BCG, Bacillus Calmette–Guérin; NMIBC, Non-Muscle-Invasive Bladder Cancer; TRAEs, Treatment-Related
Adverse Events; MTD, Maximum Tolerated Dose; CRR, Complete Response Rate; EFS, Event-Free Survival;
RFS, Recurrence-Free Survival; CIS, Carcinoma In Situ; RP2D, Recommended phase 2 dose; DLT, Dose-Limiting
Toxicity.
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As explicated before, BCG-resistance could be linked to an immunosuppressive state
induced by the expression of immune checkpoint, and BCG itself could enhance PD-1
and PD-L1; this provides the grounds for trials that are testing anti-PD1 or anti-PD-L1
antibodies in association with BCG as front-line therapy in NMIBC in BCG-naïve patients or
in patients not reaching a CR after BCG induction (Table 2). KEYNOTE-676 (NCT03711032)
is a phase III trial assessing pembrolizumab activity in combination with BCG in patients
with persistent high-risk NMIBC after BCG induction. CheckMate 7G8 (NCT04149574) and
POTOMAC (NCT03528694) studies testing respectively nivolumab and durvalumab have
a similar design. NCT03892642 is a phase I/II trial planned to evaluate BCG in association
with avelumab as induction treatment. The primary endpoint of the phase I of the trial
was the completion of a full induction course. The primary endpoint was reached, the
combination of BCG with an ICI was reported to be safe and well tolerated, and phase II is
still ongoing [51]. The NCT04730232 study is testing tislelizumab in association with nab-
paclitaxel chemotherapy, while in the DURANCE trial (NCT04106115), it is in combination
with S-488210/S-488211, a cancer multi-peptide vaccine able to stimulate a cytotoxic T cell
(CTL) response against urothelial cancer cells [52].

3. Alternative Targets: The Way to Develop New Effective Drugs

The deep improvement in the knowledge regarding the biological mechanisms respon-
sible for neoplastic cells progression and BCG resistance mechanisms has led to identifica-
tion of new targets (Figure 2); consequently, several innovative agents were developed and
are now under investigation in the treatment of NMIBC (Table 3).
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Figure 2. Main targets of novel drugs being investigated in BCG-unresponsive NMIBC. TPH, Trypto-
phan; KYN, Kynurenine; IFNα2b, Interferon α2b; DC, Dendritic Cell; PD1, Programmed cell Death
protein 1; PD-L1, Programmed Death-Ligand 1; mAb, monoclonal Antibody; GM-CSF, Granulocyte-
Macrophage Colony-Stimulating Factor; FGFR, Fibroblast Growth Factor Receptor; TKI, Tyrosine
Kinase Inhibitors; IDO1, Indoleamine 2,3-Dioxygenase 1; IL-15Rα, Interleukin-15 receptor α; MHCII,
Major Histocompatibility Complex Class II; TCR, T Cell Receptor; TLR7, Toll-like Receptor 7; EpCAM,
Epithelial Cell Adhesion Molecule; CD3, Cluster of Differentiation 3.
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Table 3. Clinical trials testing novel or emerging drugs (in bold font) alone or in combination in
NMIBC.

NCT/Acronym Status Phase Drug(s) Target or
Mechanism

Primary
Endpoints

(a) BCG-unresponsive or BCG-intolerant NMIBC

NCT05014139 Not yet recruiting 1 Enfortumab
Vedotin

ADC against
Nectin-4 TRAEs, DLT

NCT04917809 Not yet recruiting 2 Erdafitinib FGFR-TKI ORR

NCT04799847 Not yet recruiting 1, 2 Catumaxomab
Bispecific

(anti-EpCAM,
anti-CD3) Ab

DLT, TRAEs

NCT04498702 Completed 2 APL-1202 MetAP2 inhibitor RFR

NCT04452591
BOND-003 Recruiting 3 CG0070 Oncolytic

adenovirus CRR

NCT04172675 Recruiting 2
Erdafitinib vs.

gemc-
itabine/MMC

FGFR-TKI RFS

NCT03914794 Recruiting 2 Pemigatinib FGFR1-3-TKI CRR

NCT03022825
QUILT-3.032 Recruiting 2, 3 BCG, ALT-803 IL-15 superagonist CRR, DFR

NCT02009332 Completed 1, 2 Nab-sirolimus,
gemcitabine mTOR inhibitor DLT, CRR

NCT01731652 Completed 2 Vesimune TLR-7 agonist CRR

NCT02371447 Active, not recruiting 1, 2 VPM1002BC Modified BCG DLT, RFR

(b) BCG-naïve NMIBC

NCT04736394
ASCERTAIN Not yet recruiting 3 APL-1202 vs.

epirubicin MetAP2 inhibitor EFS

NCT02138734 Recruiting 1, 2 ALT-803, BCG IL-15 superagonist CRR, DFS

(a) Enrolling patients with BCG-unresponsive or BCG-intolerant NMIBC. (b) Enrolling patients with BCG-
naïve NMIBC. NCT, Number Clinical Trial; BCG, Bacillus Calmette–Guérin; NMIBC, Non-Muscle-Invasive
Bladder Cancer; ADC, Antibody-Drug Conjugate; TRAEs, treatment-related Adverse Events; DLT, Dose-Limiting
Toxicity; MMC, Mitomycin C; FGFR, Fibroblast Growth Factor-receptor; TKI, Tyrosine Kinase Inhibitor; ORR,
Objective Response Rate; EpCAM, Epithelial Cell Adhesion Molecule; CD3, Cluster of Differentiation 3; Ab,
Antibody; MetAP2, Methionyl Aminopeptidase 2; RFR, Recurrence-free Rate; CRR, Complete Response Rate; RFS,
Recurrence-Free Survival; IL-15, Interleukin-15; DFR, Disease-Free Rate; mTOR, Mammalian Target of Rapamycin;
TLR-7, Toll-Like Receptor 7; EFS, Event-Free Survival.

3.1. Emerging Immune Modulators in NMIBC
3.1.1. Nadofaragene Firadenovec

IFN-α is a cytokine able to block tumour cell growth directly inducing apoptosis, and
indirectly through angiogenesis inhibition and stimulation of both innate and adaptive
immune response against bladder cancer cells [53]. Intravesical instillation of IFN-α2b
demonstrated to be well tolerated and to have a dose-related clinical activity; however,
the duration of response is poor due to the rapid voiding elimination [54]. Nadofaragene
firadenovec (rAd-IFNa/Syn3) is an intravesical adenovirus vector-based gene therapy
that carries human recombinant IFN-α2b gene into the bladder epithelium, allowing a
constant IFN-α2b intravesical concentration [55]. Intravesical nadofaragene firadenovec
was evaluated in a phase I and in a phase II study enrolling BCG-unresponsive NMIBC,
proving to be safe and active [56,57]. The results of these studies provided the basis for
the phase III trial. In this study, 53.4% (95% CI 43.3–63.3%) of BCG-unresponsive NMIBC
patients with CIS had a CR at 3-months evaluation and 24.3% of patients had a CR lasting
more than one year. In the cohort of patients without CIS, 35 of 48 patients (72.9%; 95% CI
58.2–84.7%) were recurrence free at 3 months, and 21 patients (43.8%; 95% CI 29.5–58.8%) at
12 months (Table 1). The trial confirmed the drug good tolerability, most frequent adverse
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events were transient, bladder-related and classified as either grade 1 or 2, with no new
concerns [21]. At the extended follow-up analysis, with a mean of 23.5 months, 30 of the
55 patients achieving a CR remained recurrence free; the reported cystectomy-free survival
was 69.8% (95% CI 54.3–80.9%) [58,59].

3.1.2. CG0070

CG0070 is a conditionally replicating oncolytic adenovirus which selectively repli-
cates in retinoblastoma (Rb) pathway–defective bladder tumour cells, which carry the
coding DNA for human GM-CSF. Two mechanisms of action are recognised: the direct
antineoplastic activity, killing the host cells, in which it replicates, and the indirect activity,
inducing a specific, long-lasting antitumor immune response trough GM-CSF [60]. In a
phase II trial, 45 of 66 BCG-unresponsive NMIBC patients treated with CG0070 completed
a 6-months follow up. Overall, 6-month CR was 47% (95% CI 32–62%), 58% in the CIS
group and 33% in the Ta/T1 group. Treatment proved to be safe and treatment–related
adverse events were most commonly bladder-related [61]. CG0070 is currently under
investigation as monotherapy in the phase III registration trial (BOND-003, NCT04452591)
and in association with pembrolizumab in a phase II trial (CORE-001, NCT04387461). Both
trials are enrolling BCG-unresponsive NMIBC.

3.1.3. BMS-986205 (Linrodostat Mesylate)

Indoleamine-2,3-dioxygenase 1 (IDO1) is an enzyme involved in the conversion of
tryptophan to kynurenine and has a key immunoregulatory role. Tryptophan starvation,
reducing the capacity of protein synthesis, induces anergy of T cells, while the production
of kynurenine, trough the activation of aryl-hydrocarbon receptor, causes an immunosup-
pressive state regulated by IL-10 and Treg cells [62]. Several IDO1-inhibitors are currently
under investigation in different BC setting. Linrodostat mesylate (BMS-986205), a selective
and potent oral IDO1-inhibitor, is being studied in association with nivolumab with or
without BCG in BCG-unresponsive NMIBC in CheckMate 9UT trial (NCT03519256) [63].

3.1.4. ALT-803

IL-15 receptor α is crucial for recruitment and activation of effector NK cells and CD8+
T cells [64]. Preclinical evidence showed that a potent IL-15 receptor-agonist, ALT-803,
could stimulate both adaptive and innate immune response, showing anti-tumoral activity
in bladder cancer models [65]. In a phase I trial, nine patients with BCG-naïve NMIBC
were treated with BCG in association with ALT-803. Twenty-four months after treatment
start all patients were disease-free and no severe adverse events were reported [66]. The
second part phase II of this trial is currently ongoing (NCT02138734). NCT03022825 is
a phase II/III trial testing BCG and ALT-803 in BCG-unresponsive NMIBC. Preliminary
results seem to confirm the high activity of this combination, nine out of eleven patients
(82%) with CIS demonstrated a CR [67].

3.1.5. Other Immune Modulators

Toll-like receptors (TLRs) are the key receptors of innate immune response. These
receptors are present on immune cells, bladder cells, and even on neoplastic cells. The
interaction of TLR with their ligands, defined as pathogen-associated molecular patterns
(PAMPs), stimulates immune response; BCG itself, through its antigens, can act on TLR, in
particular on TLR2 and TLR4 [68]. Imiquimod is a TLR7 agonist and in a preclinical model
it has a boost effect on BCG [69]. A novel liquid formulation optimized for intravesical
delivery, Vesimune (TMX-101), is being investigated in a phase II study. Preliminary results
seem to confirm its immunological activity, inducing an increase of urinary cytokines as
IL-6 and IL-8; however, clinical data have not been published yet [70].

VPM1002BC is a recombinant Mycobacterium bovis BCG strain able to improve im-
munogenicity. Safety and activity of VPM1002BC in NMIBC recurrence after conventional
BCG therapy were tested in the phase I/II trial (NCT02371447). This treatment proved
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to be active with a recurrence-free survival at 60 weeks after the first instillation of 49.3%
(95% CI 32.1%, 64.4%) and at the same time well tolerated [71].

Finally, a cancer vaccine composed of a combination of the injectable formulations of
S-488210 and S-488211 is currently under investigation in association with durvalumab in
the DURANCE trial (NCT04106115).

3.2. Targeting Adhesion Molecules: EpCAM and Nectin-4

Adhesion molecules expressed by tumoral cells, as Epithelial Cell Adhesion Molecule
(EpCAM) or Nectin-4, are other important focus of research.

EpCAM is an intercellular adhesion molecule, with a crucial role in cells differentiation
and proliferation. It is highly expressed in a variety of epithelial neoplasia, being directly
involved in tumourigenesis [72].

Oportuzumab monatox is an antibody–drug conjugate (ADC)-like recombinant fusion
protein of humanized anti-EpCAM antibody and Pseudomonas exotoxin A administered
intravesically. The antibody-component binds to the cancer cell causing the internalization
of the molecule. Once internalized it releases the cytotoxic exotoxin A, which induces
apoptosis. In a phase II trial 40% of BCG-unresponsive CIS patients had a CR, 16% of
patients had a CR that was maintained at 1 year-evaluation [73]. In a phase III single-arm
trial, the CR rate in CIS patients was 40% with a medium duration of response of 9.4 months
(95% CI 5.1 months-not reached) (Table 1). In the subgroup of patients achieving a response
after 3 months, more than half were recurrence-free at 12 months [22]. Treatment with
oportuzumab monatox was well tolerated, the most frequent adverse events were local
bladder-related symptoms [22,73].

Catumaxomab is a bispecific antibody targeting EpCAM and T-cell antigen CD3.
According to this dual mechanism of action, EpCAM-positive cancer cells are highly
efficiently killed by the immune cells. First data on clinical use of intravesical catumaxomab
in BCG-unresponsive NMBIC suggest that it is feasible, safe, and efficacious. Currently, a
phase I/II trial is ongoing (NCT04799847).

Nectin-4 is an Ig superfamily member, its primary role is maintaining adherent junc-
tions together with cadherin. Nectin-4 has been associated with tumourigenesis, promoting
cancer cell proliferation, and it is overexpressed in most urothelial carcinomas. Enfortumab
Vedotin is an ADC, consisted in an anti-Nectin-4 antibody linked to auristatin E, a cy-
totoxic microtubule-disrupting agent. The efficacy of Enfortumab Vedotin in metastatic
or advanced bladder cancer has been demonstrated and this activity granted the FDA
approval [74]. A feasibility phase I study enrolling BCG-unresponsive NMIBC is starting
(NCT05014139).

3.3. FGFR: A Common Altered Gene in Early-Stage BC

Fibroblast growth factor receptors (FGFRs) are a family of 5 different type 1 trans-
membrane tyrosine kinase receptors, which transduce signal in response to extracellular
stimuli. Activating mutations of FGFR are wide common in NMIBC and they can be up
to 75% in low-grade papillary tumours; conversely, they are less frequent in MIBC [75].
Several FGFR-tyrosine kinase inhibitors (TKIs) are currently under investigation in multiple
therapeutic setting of BC, including NMIBC. A phase II trial aiming to assess the clinical
and pharmacodynamic activity of dovitinib, an oral FGFR/Vascular Endothelial Growth
Factor Receptor (VEGFR) inhibitor in patients with BCG-refractory NMIBC with FGFR3
mutation or over-expression failed to meet its primary endpoint, with a 6-month CR rate
of only 8% [76]. Three other trials are currently ongoing in patients with BCG-refractory
NMIBC. Two studies are testing erdafitinib, a pan-FGFR TKI (NCT04917809, NCT04172675)
and one pemigatinib, a FGFR1-3 inhibitor (NCT03914794).

3.4. Other Agents with Peculiar Pharmacodynamic Activity

Alternative drugs with specific mechanisms of action are also being tested. APL-1202
is a selective Methionine Aminopeptidase 2 (MetAP2) inhibitor. MetAP2 is an intracellular
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metalloprotease crucial in tumourigenesis and tumour microenvironment homeostasis.
MetAP-2 inhibition could have a combined effect on endothelial cells, with an antiangio-
genetic effect, and on tumour cells [77]. NCT04498702 is a phase II trial testing APL1202
in BCG-unresponsive NMIBC; preliminary results of the safety and activity on Ta or T1
tumour have been published. This treatment was demonstrated to be safe, and one-year
recurrence free rate was reported to be 54.3% (95% CI 37.2–73.2%) [78]. APL-1202 activity
is also studied in BCG-naïve patients (NCT04736394).

Finally, while FGFR3 mutation occurs mostly in low-grade NMIBC, gain-of-function
mutations within the Phosphoinositide 3-kinases (PI3K)/AKT/mammalian target of ra-
pamycin (mTOR) pathway are most common in high-grade NMIBC [79]. A phase I/II of a
nab- version of rapamycin, Nab-sirolimus, in BCG-refractory demonstrated its safety and
activity. The results of the study testing the combination of intravesical gemcitabine and
nab-sirolimus have not been published yet (NCT02009332).

4. Alternative Ways to Deliver Chemotherapy: Chemo-Hyperthermia and
EMDA-MMC

Intravesical chemotherapy has limited activity and provides mostly temporary re-
sponses in BCG-unresponsive NMIBC. Device-assisted treatments with the aim of improv-
ing the activity of intravesical chemotherapy have been developed and they are currently
under investigation. Their common underlying mechanism is to increase the permeability
of the bladder wall to chemotherapy; this can be achieved by several means [80].

Chemohyperthermia consists of the intravesical administration of chemotherapy
heated up to more than 40◦ using an extra-corporeal heating system or an intravesical
microwave applicator. In three prospective single-arm trials, these procedures proved to
be safe and effective in prevent disease recurrence and progression of BCG unresponsive
NMIBC, mostly of low- or intermediate-risk. However, data on high-risk BCG-unresponsive
NMIBC, with or without CIS, are scarce [81–83].

Another technique is the Electromotive Drug Administration (EMDA)-MMC, which
exploits the phenomenon called “iontophoresis”, created by intravesical electrodes, to im-
prove the absorption of MMC. In a phase II trial enrolling patients with BCG-unresponsive
NMIBC, EMDA-MMC demonstrated to have only a modest activity in CIS patients, while
this system seemed to be effective in preventing the recurrence of papillary tumours (Ta or
T1) [84].

5. Conclusions

Radical cystectomy with pelvic lymph nodes dissection and urinary diversion still
represents the backbone of BCG-unresponsive NMIBC treatment, but this surgical proce-
dure can negatively affect patients’ quality of life. For this reason, many patients decline
this procedure. Moreover, some patients are ineligible to surgery because of frailty or
comorbidities. For more than 20 years, only valrubicin had FDA approval for the treatment
of BCG-unresponsive CIS.

BCG-resistance could be mediated by immune checkpoints expression by immune
cells, cancer cells, and tumoural microenvironment and the PD-1/PD-L1 pathway is among
the best known. Anti-PD-1 monoclonal antibody pembrolizumab was the first to demon-
strate, in the KEYNOTE-057 trial, that in patients who cannot be eligible due to comorbidi-
ties or refusing RC, systemic immunotherapy could be safe and effective in preventing or
at least delaying the need of surgery. Pembrolizumab is the first immunotherapeutic agent
to gain FDA approval for the treatment of patients with BCG-unresponsive CIS, with or
without papillary tumours, who are ineligible for or refuse to undergo RC. In addition,
the preliminary results of the SWOG S1605 trial confirm that an anti-PD-L1 monoclonal
antibody, atezolizumab, can be safe and active. Driven by these findings, ICIs are now
being tested in BCG-naïve setting, mostly in association with BCG instillation, in order to
improve the response rate and reduce disease recurrence.
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Nowadays, other prosing pharmacodynamics mechanism have been explored; intrav-
esical nadofaragene firadenovec, a recombinant IFN-α2b gene delivered into urothelium
by adenovirus vector, and intravesical oportuzumab monatox, an ADC of anti-EpCAM
antibody conjunct to Pseudomonas exotoxin A, have already proven to have an efficacy
comparable to pembrolizumab, and they could become part of the drug armamentarium
available soon. Meanwhile, other agents, as oncolytic virus, immune modulators as IDO1
inhibitors or IL-15 agonist, antibodies targeting intercellular junctions, FGFR-TKIs, are still
being tested.
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