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ABSTRACT

Bladder cancer (BC) is the most common malig-
nancy of the urinary tract, with more than 75% 

of cases diagnosed as non-muscle-invasive bladder 
cancer (NMIBC). Intravesical Bacillus Calmette–
Guérin (BCG) remains the gold standard adjuvant 
treatment for high-risk NMIBC owing to its ability 
to induce a robust local immune response within 
the bladder tumor microenvironment. Neverthe-
less, a substantial proportion of patients experience 
disease recurrence or progression, highlighting the 

Michele Musone and Biagio Barone have contributed 
equally to the article.

M. Musone · S. Chianese · P. Conforti · A. Madonna · 
S. Imperatore · F. Dinacci · F. Crocetto (*) 
Department of Neurosciences, Reproductive 
Sciences and Odontostomatology and Urology Unit, 
Federico II University, Naples, Italy
e-mail: felice.crocetto@unina.it

B. Barone 
Department of Urology, Ospedale San Paolo, ASL 
NA1 Centro, Naples, Italy

P. Conforti 
Department of Urology, Hôpital Pellegrin, Bordeaux 
University Hospital, Bordeaux, France

R. Balsamo 
Urology Unit, AORN Ospedali dei Colli, Monaldi 
Hospital, Naples, Italy

G. Lucarelli 
Urology and Kidney Transplantation Unit, 
Department of Precision and Regenerative Medicine 
and Ionian Area‑Urology, University of Bari “Aldo 
Moro”, Bari, Italy

R. Falabella · V. F. Caputo 
Urology Unit, San Carlo Hospital, Potenza, Italy

A. L. Pastore · A. Fuschi 
Urology Unit, Department of Medico‑Surgical 
Sciences and Biotechnologies, Faculty of Pharmacy 
and Medicine, Sapienza University of Rome, Latina, 
Italy

M. Ferro 
Unit of Urology, Department of Health Science, 
ASST Santi Paolo e Carlo, University of Milan, 
Milan, Italy

L. Romano · C. Manfredi 
Department of Woman, Child and General 
and Specialized Surgery, Università degli studi della 
Campania “Luigi Vanvitelli”, Naples, Italy

M. Fabiano 
Division of Urology, “Antonio Cardarelli” Hospital, 
Naples, Italy

G. M. Busetto 
Department of Urology and Renal Transplantation, 
University of Foggia, Foggia, Italy

V. Santarelli · F. Del Giudice 
Department of Maternal Infant and Urological 
Sciences, Policlinico Umberto I Hospital, Sapienza 
University of Rome, Rome, Italy

http://crossmark.crossref.org/dialog/?doi=10.1007/s40487-026-00445-8&domain=pdf
https://orcid.org/0009-0009-1529-982X
http://orcid.org/0000-0002-4315-7660


	 Oncol Ther

need for improved therapeutic strategies. This nar-
rative review examines the biological rationale and 
available clinical evidence supporting the combina-
tion of intravesical BCG with immune checkpoint 
inhibitors (ICIs) in high-risk NMIBC. A literature 
review was conducted to analyze the immunologi-
cal mechanisms underlying BCG-induced antitu-
mor activity, adaptive immune resistance, and the 
potential role of ICIs in modulating the tumor 
microenvironment. Clinical trials were evaluated 
with particular attention to patient populations, 
study design, safety profiles, and efficacy end 
points. From a biological perspective, BCG acts as 
an immunological primer by recruiting and acti-
vating innate and adaptive immune cells, while 
immune checkpoint inhibitors may counteract 
functional exhaustion of BCG-induced antitumor 
responses. However, translation of this rationale 
into consistent clinical benefit remains challeng-
ing. Early-phase studies have reported variable 
response rates in selected patient populations, par-
ticularly in BCG-unresponsive disease. In contrast, 
recent phase III data have shown that upfront com-
bination strategies do not necessarily translate into 
improved oncological outcomes. Overall, while 
the combination of BCG and immune checkpoint 
inhibition is supported by a strong immunological 
rationale, current clinical evidence remains hetero-
geneous and largely derived from early-phase or 
ongoing trials, precluding definitive conclusions 
regarding long-term oncological benefit and dura-
ble bladder preservation. Despite a strong immu-
nological rationale, the combination of BCG with 
immune checkpoint inhibitors remains investiga-
tional. Its adoption into routine clinical practice 
will require mature phase III evidence, validated 
predictive biomarkers, and a clear demonstration 
of superiority over established bladder-preserving 
treatment strategies.

PLAIN LANGUAGE SUMMARY

Bladder cancer is a common condition, and in 
many cases it does not spread into the muscle of 
the bladder. In these patients, a treatment called 
Bacillus Calmette–Guérin is commonly used to 
stimulate the immune system to fight cancer cells. 
However, this treatment does not work for every-
one, and the disease may return or worsen over 
time. New therapies have been developed to help 
the immune system better recognize and attack 
cancer. This review explores whether combining 
these treatments could improve patient outcomes. 
Although there is strong scientific reasoning 
behind this approach, current studies show mixed 
results, with only limited benefit thus far. Further 
research is needed to understand which patients 
may benefit most and how best to use these treat-
ments together.

Keywords:  Non-muscle-invasive bladder can-
cer; Bacillus Calmette–Guérin; Tumor micro-
environment; Immune checkpoint inhibitors; 
PD-1/PD-L1; BCG-unresponsive disease; Immu-
nological priming; Adaptive immune resistance; 
Bladder preservation; Cancer immunotherapy

Key Summary Points 

Why carry out this study?

High-risk non-muscle-invasive bladder can-
cer (NMIBC) is associated with high recur-
rence and progression rates despite intra-
vesical Bacillus Calmette–Guérin (BCG), and 
a significant proportion of patients develop 
BCG-unresponsive disease.

There is a critical unmet need for more 
effective bladder-preserving therapeutic 
strategies.
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What was learned from the study?

The combination of BCG with immune 
checkpoint inhibitors is supported by a 
strong biological rationale, but current clini-
cal evidence remains heterogeneous, with 
recent phase III data demonstrating only a 
statistically significant but modest benefit 
for upfront combination strategies, with-
out clear improvements in progression or 
cystectomy-free survival.

These findings suggest that patient selec-
tion, treatment timing, and biomarker-
driven approaches will be essential to 
optimize the role of combination immuno-
therapy in NMIBC.

INTRODUCTION

Bladder cancer (BC) is one of the most preva-
lent urological malignancies worldwide, with 
a steadily rising incidence, ranking as the 10th 
most commonly diagnosed cancer. Although 
the primary risk factors include tobacco smok-
ing, urinary infections, and occupational expo-
sures, the disease is notably more frequent in 
men, with incidence rates approximately four 
times higher than in women [1–3]. More than 
75% of initial cases of BC are diagnosed as non-
muscle invasive bladder cancer (NMIBC), a form 
that does not involve the muscular layer of the 
bladder. If inadequately treated, NMIBC has the 
potential to progress to muscle-invasive bladder 
cancer (MIBC) in 30–40% of cases [4–8]. Con-
sidering the limited array of choice in the treat-
ment of BC, except for surgery, the imperative 
need to develop medical therapies as alternatives 
to radical cystectomy is evident [17]. Originally 
developed in the early twentieth century as a 
tuberculosis vaccine, Bacillus Calmette–Gué-
rin (BCG) was introduced by Morales et al. in 
1976 for the treatment of NMIBC [4, 9–13]. It 
works by stimulating both the local innate and 
the adaptive immune response, thereby inhib-
iting tumor growth [18]. Clinical guidelines 
(EAU, AUA, NCCN) recommend adjuvant BCG 

therapy for high-risk NMIBC, particularly for 
patients with T1 tumors and high-grade (G3) 
disease [14–17]. Despite advances in immuno-
therapy research, BCG continues to play a cru-
cial role in NMIBC management [20–24]. How-
ever, its efficacy is not without limitations: up 
to 30–40% of patients treated with BCG may 
experience recurrence, and approximately 30% 
of these cases progress to MIBC [19]. This high 
failure rate translates into a significant clini-
cal burden, as patients with BCG‑unresponsive 
disease face limited bladder‑preserving options 
and often require radical cystectomy—a proce-
dure associated with substantial morbidity and 
quality‑of‑life impairment. This clinical real-
ity underscores the “BCG paradox:” an initial, 
robust immune activation that often fails to 
translate into durable tumor control, leading to 
recurrence and progression [25, 26, 28, 30]. This 
failure is not merely a lack of immune response, 
but a consequence of the tumor’s adaptive resist-
ance. The concept of adaptive immune resist-
ance—whereby tumor‑infiltrating T cells upregu-
late inhibitory checkpoints such as PD‑1/PD‑L1 
in response to ongoing inflammation—provides 
a compelling biological framework for combin-
ing BCG with immune checkpoint inhibitors 
(ICIs). Moreover, it remains unclear whether 
BCG failure is primarily due to tumor-induced 
immunosuppression or to an incomplete and 
dysfunctional immune response induced by 
BCG itself [30–34]. To address this paradox, a 
dynamic view of resistance is required, focusing 
on the evolving interactions within the tumor 
microenvironment (TME) [27, 29, 30, 35]. The 
TME is not a static entity but a dynamic eco-
system that influences both the induction and 
regulation of the immune response against the 
tumor. [33, 34, 38]. It promotes mechanisms of 
immune counter-regulation, where immuno-
suppressive factors such as cytokines, regula-
tory T cells, and abnormal dendritic cells pre-
vail, thereby hindering an effective response 
to BCG therapy [35–37, 39]. The study of TME 
suggests a potential role for ICIs in the treatment 
of NMIBC, although results have been variable 
[39–41]. The efficacy of ICIs may depend on 
the need for an immunologically primed TME, 
which in NMIBC tends to be less immunogenic 
and more immunosuppressive compared with 
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advanced cancer. Given that BCG can convert 
an immunologically “cold” or “ignorant” micro-
environment into an inflamed, T‑cell‑infiltrated 
milieu, it represents an ideal partner to sensitize 
NMIBC to subsequent or concurrent ICI ther-
apy. A strategy to enhance ICI efficacy could 
involve combining these drugs with other ther-
apies, such as BCG, to strengthen the immune 
response and optimize therapeutic outcomes 
[35, 39–41]. In this context, combining BCG 
with ICIs has been proposed as a strategy to 
enhance immunological priming and restore 
effective antitumor immunity within the blad-
der tumor microenvironment. BCG recruits and 
activates immune cells, while ICIs block inhibi-
tory signals and prevent the functional exhaus-
tion of the immune response, thereby enabling a 
more durable and effective antitumor effect [35, 
37, 41]. However, translating this sound biologi-
cal rationale into consistent clinical benefit has 
proven challenging, as evidenced by the mod-
est outcomes of recent phase III trials such as 
POTOMAC. This review critically examines the 
immunological basis for BCG-ICI combinations 
and synthesizes the available clinical evidence, 
with a focus on patient selection, treatment 
sequencing, and future directions. In the follow-
ing sections, the immunological mechanisms 
underlying the effectiveness of BCG, tumor 
resistance, and the potential of combining BCG 
with immune checkpoint inhibitors (ICIs) were 
examined, while also addressing the clinical 
challenges associated with these therapeutic 
strategies [41]. The aim of this narrative review is 
to critically evaluate the biological rationale and 
current clinical evidence supporting the combi-
nation of intravesical Bacillus Calmette–Guérin 
with immune checkpoint inhibitors in high-risk 
non-muscle-invasive bladder cancer, with par-
ticular focus on treatment sequencing, patient 
selection, and future clinical implications.

METHODOLOGY

This narrative review was carried out in order 
to summarize and critically discuss the biologi-
cal basis and existing clinical data of intravesical 
BCG combined with ICIs in high-risk NMIBC. 

The literature search was done in PubMed/MED-
LINE, Scopus, Google Scholar, and Web of Sci-
ence databases, and it included publications up 
to October 2024. To incorporate recently pub-
lished phase III trial data and emerging evidence, 
the search was subsequently updated to include 
relevant studies published through March 
2026. This ensured that key recent publications 
were appropriately captured and discussed. 
The search terms comprised various combina-
tions of: “non-muscle-invasive bladder cancer,” 
“BCG,” “immune checkpoint inhibitors,” “PD-
1”, “PD-L1,” "immunotherapy,” “tumor micro-
environment,” and “BCG-unresponsive disease.” 
Original articles, clinical trials (phase I–III), 
translational studies and relevant systematic or 
narrative reviews published in English were con-
sidered for inclusion. Extra attention was given 
to studies investigating the immunological basis 
of BCG’s effects, adaptive immune resistance, 
and clinical trials of combined or sequential 
BCG and ICIs regimens. Only when necessary 
to provide a background to the ongoing phase 
III trials, were conference abstracts and unpub-
lished data included. Of note, a small number 
of 2025 and 2026 publications were manually 
incorporated during revision to reflect the most 
current clinical evidence. Studies were chosen 
on the basis of their relevance to the topic, the 
clarity of patient populations, and study end 
points, in addition to their contribution to the 
understanding of the biological mechanisms or 
clinical outcomes. Owing to the variation in the 
data available and the fact that most of the trials 
are early-phase or ongoing, the authors decided 
to qualitatively synthesize the data instead of 
doing a formal meta-analysis. The interpretation 
of the results explicitly took into account the 
limitations of the current evidence, including 
differences in study design, patient selection, 
and follow-up duration. Several methodologi-
cal limitations should be acknowledged. The 
authors selected and interpreted the studies 
included in their narrative review according to 
their personal judgment, which created a dif-
ferent process from the systematic review and 
meta-analysis methods. The literature discussed 
in this study does not include all available evi-
dence because some evidence remains unavail-
able, and some evidence was chosen through 
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selective processes. The clinical evidence under 
examination comes from early-stage clinical tri-
als and current research projects, which include 
different patient groups and assess different 
treatment outcomes while conducting short-
term patient monitoring.

Ethical approval: This article is based on pre-
viously conducted studies and does not contain 
any new studies with human participants or ani-
mals performed by any of the authors.

COMPARATIVE 
IMMUNOBIOLOGY—
MECHANISMS OF ACTION OF BCG 
AND PD‑1/PD‑L1 INHIBITORS

The Bladder Tumor M​icr​oen​
vir​onm​ent: Immunological 
Architecture and Functional Plasticity

The bladder TME is a highly specialized immu-
nologic system formed by the ongoing exposure 
to antigens, mechanical stress, and the peculiar 
barrier role of the urothelium. Under physi-
ological conditions, the bladder is in a state of 
immune surveillance, which is counterbalanced 
by tolerance mechanisms in order to suppress 
excessive immunity activation. Resident innate 
immune cells, such as macrophages, dendritic 
cells, mast cells, and innate lymphocytes, 
together with a very limited number of tissue-
resident immunologic memory cells, consisting 
of CD8+ and CD4+ T cells, play a pivotal role in 
the regulation of this process [42, 43]. Through-
out tumorigenesis, there is a disturbance in this 
balance. High-grade NMIBC is marked by an 
active and diverse tumor microenvironment in 
which the presence of immune activation and 
immune suppression occurs concomitantly. 
There may be immune infiltration and occa-
sional lymphocytic aggregates in early lesions 
that point towards a partial immune recogni-
tion. This immune infiltration can be disorgan-
ized and immunologically not very effective 
against the tumor cells [44]. Immunologically 
speaking, NMIBC cases rarely express the typi-
cal “immune-cold” phenotype. Rather, they 

usually exhibit the “primed but constrained” 
phenotype. This condition is characterized by 
inflammation with incomplete and ineffective 
clearance of tumor. This continuous exposure 
to antigens, as well as tissue damage, can lead to 
immune adaptation rather than immune eradi-
cation. Tumor cells are actively involved in this 
immune adaptation by regulating cytokine gra-
dients, reducing the function of antigen presen-
tation machinery, and turning on the produc-
tion of immunosuppressive cell pools such as 
regulatory T-cells (Tregs), myeloid-derived sup-
pressor cells (MDSCs), and dysfunctional mac-
rophages with the M2 phenotype. Notably, the 
bladder TME shows significant immunological 
plasticity and dynamically changes according to 
the progression of the tumor and the treatment. 
The instilled therapies, especially BCG, further 
modulate this milieu through the engagement 
of the immune response and the activation of 
compensatory inhibitors. Such an ever-changing 
milieu can explain the variability of treatment 
responses and the need to appreciate the nature 
of the bladder TME when developing immuno-
therapeutic approaches [45].

Immunological Effects of BCG: 
From Trained Innate Immunity to Adap‑
tive Dysfunction

BCG Immunotherapy: BCG Immunotherapy 
is believed to have antitumor effects owing to 
a complicated multi-layered immune reaction 
involving innate as well as adaptive immunity 
[46, 47]. BCG, when instilled intravesically, 
adheres to the urothelium as a result of fibronec-
tin interactions and enters the urothelial cells 
as well as the antigen-presenting cells, activat-
ing the pattern recognition receptors TLR2, 
TLR4, TLR9, and NOD receptors, thus inducing 
the innate immune system [48, 49]. The initial 
response phase involves the activation of innate 
immune cells. Neutrophils, macrophages, natu-
ral killer cells, and dendritic cells quickly accu-
mulate within the bladder wall. They produce 
proinflammatory cytokines such as interleukin 
(IL)-1β, IL-6, tumor necrosis factor (TNF)-α, 
and CXCL10. Apart from the classical activa-
tion response, another phenomenon called 
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“trained immunity” occurs. This involves the 
innate immune activation that results from the 
immune reprogramming that occurs. This repro-
gramming results from the bacterial effects, per-
haps due to metabolic alterations. This results in 
these immune cells being highly responsive [50]. 
However, the efficacy of BCG ultimately relies on 
the effective transition between innate activation 
and adaptive immune priming. BCG-stimulation 
of dendritic cells, in conjunction with exposure 
to tumor antigens, leads to the maturation of 
dendritic cells, which then traffic to lymphoid 
aggregates, giving rise to a Th1-biased immune 
response. This resultant Th1 bias is essential for 
the induction and activation of CD8+ cytotoxic T 
cells, as these cells are the main initiators of the 
eradication of the tumor cells. IFN-γ significantly 
contributes to this mechanism through aug-
menting antigen presentation and cytotoxic dif-
ferentiation, hence ensuring immune control of 
tumors [51, 52]. This powerful immune cascade, 
however, often fails to promote sustained tumor 
rejection by BCG. Several mechanisms lead to 
the functional dysfunction of BCG. There can 
be reduced expression of MHC class I antigens, 
compromised interferon signaling, or resistance 
to apoptosis in the T cells. Simultaneously, there 
is an inflammatory environment in the TME 
that promotes the compensation of immunity 
by the TME, with the help of Tregs and MDSCs, 
or the production of inhibitory cytokines [53]. A 
key component of immune evasion in patients 
treated with BCG involves the process of adap-
tive immune resistance, which occurs as a direct 
result of the ongoing inflammatory cytokine 
expression in the bladder microenvironment 
[54]. Even though the cytokine IFN-γ is critical 
to the process of antitumor immunity because 
of its involvement in augmenting immune 
responses, such as the mechanisms of enhanced 
presentation of antigens and the promotion of 
a Th1 immune response, as well as supporting 
cytotoxic T-cell responses, the continuous secre-
tion of IFN-γ has a paradox [55]. Repeated or 
chronic exposure to BCG, with continuous IFN-γ 
signaling, leads to increased PD-L1 expression 
not only on tumor cells, but also on infiltrating 
immune cells, such as macrophages and den-
dritic cells, in a physiological negative feedback 
mechanism intended to suppress tissue injury 

due to excessive IFN-γ stimulation. However, in 
the tumor environment, there is attenuation of 
effector T-cell function due to engagement of the 
PD-1/PD-L1 pathway [56]. In terms of function, 
T-cells in this chronically inflamed environment 
become transformed from an “activated” pheno-
type into an “exhausted” phenotype. This can 
be described by characteristics including attenu-
ation of proliferation ability, impaired secretion 
of effector cytokines such as IFN-γ and TNF-α, 
reduced cytotoxic function, and upregulation 
of inhibitory receptors. Crucially, the exhausted 
T-cells can still be “present” within the tumor 
microenvironment despite being “incapable” of 
generating effective “antitumor” pressure [56, 
57]. Consequently, the bladder TME assumes 
the characteristics of the “immune-inflamed 
but functionally suppressed” stage, in which 
the immune cell infiltration is maintained or 
increased, but the ability to suppress the tumor 
is lost. This clinical situation corresponds to 
the unresponsiveness of the BCG treatment in 
the face of ongoing immune activation, which 
immediately explains the lack of success of addi-
tional BCG instillations in restoring the antitu-
mor response. On the other hand, this situation 
corresponds to an immune dysfunction state 
mediated by adaptive resistance [58]. This phe-
nomenon represents the biological core of the 
so-called “BCG paradox”: a therapy capable of 
inducing a strong inflammatory and immune 
response that nevertheless frequently fails to 
achieve durable tumor eradication. The coex-
istence of immune activation and functional 
immune suppression within the bladder tumor 
microenvironment, therefore, provides a concep-
tual framework for combination strategies aimed 
at restoring effective antitumor immunity. In this 
context, immune checkpoint inhibition emerges 
as a biologically coherent approach, capable of 
reversing adaptive immune resistance and sus-
taining the cytotoxic immune response initially 
triggered by BCG.

PD‑1/PD‑L1 Blockade: Immunological Pre‑
requisites and Intrinsic Constraints

Immune checkpoint agents that target the PD-1/
PD-L1 axis work by reactivating the functional 
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ability of exhausted T-cells within the TME [59, 
60]. Physiologically speaking, the PD-1/PD-L1 
axis has a pivotal role in maintaining immune 
tolerance within the peripheral tissues. In can-
cer, on the other hand, this regulatory path-
way can be aberrantly used by tumor cells as 
a means of escaping immune surveillance [61]. 
At a cellular level, binding of PD-1 on activated 
T cells to its ligand PD-L1 transmits inhibi-
tory signals for attenuating the activation of 
the T-cell receptor, cell proliferation, cytokine 
secretion, and latent cytotoxicity against tumor 
cells. Permanent activation of this pathway 
leads to a condition of functional exhaustion 
in these cells, indicated by decreased antitumor 
responses despite their persistence in the micro-
environment surrounding cancer cells. Immune 
checkpoint inhibitors block such interactions to 
reactivate exhausted cells in cancer therapy [62, 
63]. Importantly, the blockade of PD-1/PD-L1 
does not trigger an “innate” immune response 
from scratch. Efficacy requires the presence of 
an existing, antigen-specific adaptive immune 
response that is suppressed rather than absent. 
From an immunologic viewpoint, the follow-
ing conditions precedent to the inhibition of 
the immune regulatory “checkpoint” must be 
satisfied: sufficient infiltration of antitumor T 
cells, functional machinery for antigen presen-
tation, and functional pathways for interferon 
that can trigger the immune response even in 
the absence of inhibitory stimuli [64]. Within 
the setting of NMIBC, these criteria are not con-
sistently fulfilled. While there is immune infil-
tration, the effector T cells are commonly dys-
functional, absent from the tumor surface, or 
confined within a microenvironment that limits 
cellular metabolism. Further, the tumor cells can 
be resistant via mechanisms such as reduction 
in major histocompatibility complex expression, 
antigen processing and presentation, or path-
ways for interferon response. Such aspects make 
it difficult for revived effector T cells to target 
these neoplastic cells. In addition, the bladder 
tumor microenvironment has higher numbers of 
immunosuppressive cell populations including 
regulatory T-cells, myeloid-derived suppressor 
cells, and tumor-associated macrophages bear-
ing an immunoregulatory phenotype. These 
cells work oppositely to the cytotoxic immune 

response through inhibitory cytokine produc-
tion and cellular interactions [65]. Biologically, 
these factors are known to be responsible for 
the recently observed limited response rates 
in NMIBC to immune checkpoint inhibitors 
used singly. Tumors in whom there is a lack of 
sufficient priming or those exhibiting intense 
immune dysfunction would not likely benefit 
from immune checkpoint blockade used singly. 
Intratumoral blockade of PD-1/PD-L1 would 
increase PD-1 binding affinity to its ligand but 
would not counteract impaired antigen recog-
nition. Taken together, these findings suggest 
that immune checkpoint inhibitors will be 
most successful in NMIBC when administered 
in a permissive immunological milieu—a set-
ting in which there is preexisting infiltration 
by effector immune cells that are functionally 
suppressed in their antitumor activity. This the-
oretical model supports a combined approach 
that pairs immune checkpoint blockade with 
immunostimulatory agents, such as BCG, that 
can augment antigen secretion, immune cell 
infiltration, and adaptive immune priming. 
By synchronizing immune activation with 
immune release, combination regimens attempt 
to address the natural shortcomings of immune 
checkpoint monotherapy [66, 67].

CLINICAL EVIDENCE FOR 
COMBINING BCG AND IMMUNE 
CHECKPOINT INHIBITORS

The biological synergy between BCG and ICIs 
has prompted numerous clinical trials aiming 
to translate this rationale into tangible patient 
benefit. The following sections critically exam-
ine the available evidence from these studies, 
highlighting the heterogeneity in patient popu-
lations, trial designs, and outcomes.

The Biological and Clinical Rationale for 
Combination Therapy

The mechanistic differences and func-
tional complementarities between BCG and 
PD-1/PD-L1 inhibitors form the biological 
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foundation for their combination. BCG acts as 
an immunological primer, promoting antigen 
release, APC activation, and T-cell recruitment 
[49, 68]. However, this inflammation simulta-
neously induces adaptive immune resistance, 
primarily through IFN-γ-driven upregulation 
of PD-L1, leading to T-cell exhaustion [56, 
57]. Blocking the PD-1/PD-L1 axis can coun-
teract this resistance, “releasing the brakes” 
on BCG-primed, but functionally exhausted, 
T cells, thereby sustaining cytotoxic pressure 
[67, 69]. This synergy is particularly relevant in 
BCG-unresponsive disease, where an immune 
infiltrate is often present but functionally 
compromised. However, the question of opti-
mal timing for the combination remains open. 
Concomitant or sequential strategies could 
exploit different immunological windows, with 
significant implications in terms of efficacy 

and toxicity [67]. These aspects have a direct 
impact on the design of clinical trials and the 
future integration of such approaches into 
clinical practice. Clinical trials exploring these 
strategies include heterogeneous populations, 
comprising BCG-naive high-risk patients, pre-
viously patients treated with BCG, and more 
frequently, patients with BCG-unresponsive 
disease who are not candidates for or reluctant 
to undergo radical cystectomy [70, 71, 73]. 
The heterogeneity in clinical data requires a 
critical analysis that considers variations in 
patient selection, definitions of response, and 
end points. (see Table 1) Clinically relevant 
outcomes include the complete response rate, 
duration of response, recurrence-free and pro-
gression-free survival, as well as the ability to 
preserve bladder function while avoiding or 
delaying radical cystectomy [73–75].

Table 1   Key mechanisms of immune evasion underlying BCG failure and the biological rationale for adding immune check‑
point inhibitors

BCG Bacillus Calmette–Guérin, CD8 cluster of differentiation 8, IFN‑γ interferon‑gamma, IL‑15 interleukin‑15, MDSC 
myeloid‑derived suppressor cells, PD‑1 programmed cell death protein‑1, PD‑L1 programmed death‑ligand 1, TME tumor 
microenvironment, Tregs regulatory T cells

Mechanism of immune 
escape

Biological consequence 
in bladder TME

Clinical impact Proposed therapeutic 
strategy

Related studies/
Approaches

IFN-γ-induced upregu‑
lation of PD-L1

Functional inhibition of 
CD8+ T cells; immu‑
nological exhaustion

Initial response followed 
by early recurrence

PD-1/PD-L1 axis 
blockade

KEYNOTE-676, 
CheckMate 
7G8

Incomplete activation of 
adaptive immunity

Persistent but noncyto‑
toxic inflammation

Functional failure of 
BCG

Combination 
BCG + checkpoint 
inhibitors

KEY‑
NOTE-676, 
NIVO + BCG

Expansion of Tregs and 
MDSC

Immunosuppressive 
environment; cyto‑
toxic inhibition

Reduced duration of 
response

Integration of immu‑
nomodulators (IL-15 
agonists)

QUILT-3.032

Defects in antigen pres‑
entation

Reduced tumor recogni‑
tion

Primary resistance to 
BCG

Adaptive strategies 
based on biomarkers

ADAPT-Blad‑
der

Alterations in interferon 
signaling pathways

Reduced sensitivity to 
cell-mediated immu‑
nity

Secondary resistance Combinatorial and 
sequential approaches

SWOG Studies

“Immune-inflamed but 
inhibited” microenvi‑
ronment

T infiltrate present but 
nonfunctional

Inefficacy of intensified 
BCG

Sequential 
BCG → checkpoint 
blockade

CheckMate 7G8



Oncol Ther	

Clinical Trials of BCG and PD‑1/PD‑L1 
Inhibitor Combinations

Intravesical BCG coupled with ICIs has been 
the focus of several clinical trials for high-risk 
NMIBC. The primary objective is to enhance 
the local control of the disease whilst main-
taining bladder function. However, the differ-
ent studies vary greatly in terms of the patient 
populations, timing of treatment, and clini-
cal end points; thus, their results need to be 
interpreted carefully. Several phase III trials are 
investigating this combination. KEYNOTE-676 
(NCT03711032) is evaluating pembrolizumab 
plus BCG versus BCG alone in BCG-naive 
patients, with results eagerly awaited [76]. Sim-
ilarly, CheckMate 7G8 (NCT04149574) is test-
ing nivolumab with BCG in a broader popula-
tion of BCG-naive and -treated patients [77]. 
It is worth noting that, unlike the POTOMAC 
trial, which enrolled only BCG-naive patients, 
CheckMate 7G8 includes a broader popula-
tion of both BCG-naive and patients treated 
with BCG, which may influence trial timelines 
and outcomes. The first mature data from a 
phase III trial, the POTOMAC study, provided 
important insights into combination therapy 
[78]. This trial investigated the addition of dur-
valumab to BCG induction and maintenance 
therapy in BCG-naive, high-risk patients with 
NMIBC. The results demonstrated a statisti-
cally significant improvement in disease-free 
survival (DFS) with the combination versus 
BCG alone (hazard ratio [HR] 0.84, 95% CI 
0.71–0.99, p = 0.036). However, the magni-
tude of benefit was modest and secondary end 
points—including prevention of progression 
to muscle-invasive disease and avoidance of 
radical cystectomy—did not show statistically 
significant improvement. These findings pro-
vide a critical reality check: while biological 
synergy exists, the clinical benefit of upfront 
combination therapy is limited in unselected 
BCG-naive populations. The POTOMAC results 
create a need to investigate how to best com-
bine checkpoint inhibition with BCG therapy, 
emphasizing the importance of patient selec-
tion, biomarker-driven approaches, and opti-
mized therapeutic sequencing rather than 

uniform treatment intensification. Several non-
mutually exclusive explanations may account 
for the lack of clinical benefit observed. First, 
the biological activity of PD-L1 blockade 
may depend on the presence of a sufficiently 
primed immune microenvironment, which 
may not yet be fully established at the time of 
initial BCG administration in treatment-naïve 
patients. The combination of BCG and check-
point inhibition fails because it fails to use the 
adaptive immune resistance period that devel-
ops through ongoing immune stimulation. The 
neutral result emerged because of the patient 
selection process. BCG-naive populations 
include a substantial proportion of patients 
who are already likely to respond to BCG alone, 
thereby reducing the potential incremental 
benefit of adding systemic immunotherapy. 
The trial design elements had an impact on 
study outcomes. The assessment of disease-free 
survival or recurrence-free survival end points 
needs extended patient monitoring to detect 
immunological effects that emerge after check-
point blockade. The possibility of drug-specific 
factors remains as an unproven assumption. 
The differences in pharmacodynamic prop-
erties between PD-1 and PD-L1 inhibitors 
and how they interact with local intravesical 
immune activation affect the level of thera-
peutic synergy they create with BCG. Taken 
together, these considerations suggest that the 
failure of the POTOMAC trial should not nec-
essarily be interpreted as evidence against the 
biological validity of BCG-checkpoint inhibitor 
combinations, but rather as an indication that 
treatment timing, patient selection, and tumor 
immunobiology are likely critical determinants 
of therapeutic success. In contrast to these 
large, ongoing phase III trials in BCG-naive 
patients, early-phase studies have focused on 
the high-unmet-need population with BCG-
unresponsive disease. Besides the phase III tri-
als, there have been additional efforts in phase 
I/II trials to combine BCG and ICIs for a more 
selective group of patients, particularly those 
with BCG-unresponsive disease who refuse or 
are not suitable for radical cystectomy. Phase 
I and II trials of BCG combined with pem-
brolizumab or nivolumab have established the 
practicality of these treatment modalities and 
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have shown promising complete response rates 
in certain subpopulations. Nevertheless, these 
trials suffer from several limitations, such as 
small sample sizes, nonuniform inclusion cri-
teria, and short duration of follow-up, which 
means that it is not possible to make definite 
statements about response durability, effective-
ness in preventing progression, or long-term 
bladder preservation rate. Additionally, the use 
of adaptive and biomarker-driven strategies is 
also being explored. The ADAPT-Bladder study 
is one of the attempts to personalize immu-
notherapy escalation based on tumor and 
microenvironment features, thus not apply-
ing the same treatment intensification to all 
[79]. While conceptually appealing, the result 
data remains preliminary and insufficient to 
be used in everyday clinical practice. Similarly, 
combination approaches incorporating immu-
nomodulators beyond PD-1/PD-L1 blockade, 
such as the IL-15 super agonist N-803 tested 
in QUILT-3.032, indicate that the joint activa-
tion of the innate and adaptive immune sys-
tems may provide alternative or complemen-
tary strategies, especially in BCG-unresponsive 
NMIBC [80]. Overall, it is currently known that 
the biological reason for the combination of 
BCG and immune checkpoint inhibitors is very 
convincing, but the lack of solid phase III data 
providing a clear clinical benefit is evident. 
(see Table 2) The negative or neutral findings 
of the POTOMAC trial, for example, point out 
that combination immunotherapy should not 
be taken for granted as being universally effec-
tive and underline the necessity of biomarker-
driven patient selection, optimized sequencing, 
and longer follow-up before the widespread use 
of this strategy in clinical practice [78].

Preliminary Evidence: Efficacy and Safety

Collectively, available evidence indicates that the 
combination of intravesical BCG and immune 
checkpoint inhibitors can provide clinical ben-
efits in a selected subpopulation of high-risk 
patients with NMIBC, particularly in cases of 

BCG-unresponsive or recurrent disease [81, 82]. 
Complete response rates reported in preliminary 
studies with pembrolizumab or nivolumab in 
association with BCG are encouraging, especially 
in patients with mucosal-limited disease and with-
out muscle-invasive progression. The duration 
of response remains, however, a still-undefined 
parameter. Limited follow-up in the majority of 
studies makes it difficult to determine whether 
initial responses translate into durable oncological 
control and a real reduction in the risk of progres-
sion or cystectomy, an aspect particularly relevant 
considering the objective of bladder preservation 
[82]. Regarding safety, according to preliminary 
data, the BCG-checkpoint inhibitor combina-
tion is generally feasible but associated with an 
articulated toxicity profile, reflecting the overlap 
of local and systemic adverse events. BCG-related 
toxicities primarily affect the lower urinary tract 
with irritative symptoms such as dysuria, pollaki-
uria, urinary urgency, and hematuria, frequently 
reported during treatment and often cumulative 
with the number of instillations [84–87]. In a 
minority of patients, more serious complications 
can manifest, such as granulomatous prostati-
tis, orchiepididymitis, or systemic dissemina-
tion of the mycobacterium [88–90]. ICIs, on the 
other hand, cause systemic immune-mediated 
adverse events from nonselective activation of 
the immune response [91]. Common manifes-
tations include dermatological, gastrointestinal, 
and endocrinological toxicities. Events such as 
autoimmune hepatitis, interstitial pneumonia, 
nephritis, or myocarditis are rare but potentially 
severe and require early recognition and special-
ist management [92–95]. A significant difficulty 
in combination strategies is the discrimination 
between local BCG toxicity and initial manifesta-
tions of immune-mediated adverse events affect-
ing the urinary tract. Symptoms such as dysuria or 
pollakiuria can reflect either local inflammation 
or immune-mediated involvement.(see Table 3) 
Moreover, the management of these events might 
require the use of immunosuppressive therapies, 
with consequent repercussions on the overall effi-
cacy of the immunotherapeutic strategy [96, 97].
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Positioning BCG‑Checkpoint Inhibitor Com‑
binations within the Current Therapeutic 
Landscape

The therapeutic landscape of NMIBC, espe-
cially in the case of BCG-unresponsive dis-
ease, has changed dramatically over the last 
10 years. Radical cystectomy is still the onco-
logical standard for patients who fail BCG ther-
apy [98], but several bladder-sparing options 
have been approved by the regulatory authori-
ties, thus providing alternative strategies for 
patients who are either unwilling or unfit for 
surgery. Therefore, any discourse on BCG plus 
ICIs combinations should be seen in the con-
text of this rapidly growing treatment para-
digm. Pembrolizumab monotherapy was the 
first systemic immunotherapy that the U.S. 
Food and Drug Administration (FDA) approved 
for patients with BCG-unresponsive carcinoma 
in situ, and this was based on the results of the 
KEYNOTE-057 trial [99]. Complete response 
rates were clinically meaningful in a subset of 
patients; however, the duration of the response 
was limited, and many responders eventually 
relapsed. These results demonstrated the value 
of systemic PD-1 blockade as a bladder-spar-
ing option, but at the same time, they showed 
that there is still a need for better strategies 
to achieve long-lasting disease control. A vari-
ety of bladder-preserving interventions have 
recently been added to the arsenal through 
nadofaragene firadenovec intravesical gene 
therapy by delivering interferon-α into the 
bladder through a nonreplicating adenoviral 
vector and thus aims to stimulate a localized 
and long-lasting immune response in the blad-
der [100]. Clinical results have indicated that 
a portion of BCG-unresponsive patients with 
NMIBC can experience durable responses, thus 
confirming that intravesical immunomodu-
lation is still a valid alternative to systemic 
therapy. Meanwhile, combination regimens 
of BCG and new immunostimulatory agents 
have exhibited significant potential. The mix-
ture of BCG and IL-15 super agonist N-803 
is a biologically very different approach that 
boosts innate and adaptive immune responses 
without directly targeting immune checkpoints 
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[101]. The technique has obtained good 
response rates in BCG-unresponsive illness and 
has helped expand the idea of immunother-
apy beyond PD-1/PD-L1 blockade only. In fact, 
combinations of BCG with immune checkpoint 
inhibitors within this setting should be con-
sidered as experimental therapies rather than 
the existing standard of care. BCG ICI com-
binations, unlike authorized bladder-sparing 
therapies, currently have no mature phase III 
data that clearly demonstrate the modalities 
of the benefit (durable response, progression 
prevention, or cystectomy-free survival) that 
would be expected. Compliance with local 
safety and systemic toxicity may additionally 
represent the same substance causing more 
than one adverse effect. Every case of a patient 
who potentially can benefit from the treatment 
has to be carefully selected, and the risk–ben-
efit ratio considered. Therefore, the availability 
of multiple FDA-approved bladder-preserving 
options leads to several good reasons for a cau-
tious and evidence-based positioning of BCG 
checkpoint inhibitor combinations. In other 
words, instead of a panacea, these tactics could 

eventually be only workable in such patient 
subsets that will probably be determined by 
immune activation and resistance biomarkers. 
Trials that are presently running and those that 
will come in the future will be instrumental in 
clarifying the extent to which BCG ICI combi-
nations might confer benefits over the other 
therapies within the contemporary NMIBC 
treatment landscape (Fig. 1).

DISCUSSION

This narrative review critically examines the bio-
logical rationale and existing clinical evidence 
regarding the combination of intravesical BCG 
and ICIs in high-risk NMIBC [70, 81]. While the 
biological rationale is convincing, the existing 
clinical evidence should be cautiously assessed 
in view of the recent findings from the phase 
III clinical trials and the changing landscape of 
treatments. From a biological perspective, the 
combination of BCG and PD-1/PD-L1 inhibi-
tors is well justified. Indeed, the use of BCG 

Table 3   Toxicity profile of BCG-immunotherapy combination strategies

BCG Bacillus Calmette–Guérin, CPI checkpoint inhibitor, G3–G4 Grade 3 to Grade 4, PD-1 programmed cell death pro‑
tein-1, PD-L1 programmed death-ligand 1

Type of toxicity Intravesical BCG Checkpoint inhibitors 
(PD-1/PD-L1)

Combination 
BCG + CPI

Clinical implications

Local urinary toxicity Dysuria, pollakiuria, 
urgency, hematuria

Rare (immune-medi‑
ated cystitis)

Frequent; difficult etio‑
logical distinction

Necessitates strict 
clinical monitoring

Local inflammatory 
complications

Granulomatous 
prostatitis, orchioe‑
pididymitis

Not typical Possible symptomatic 
overlap

Differential evalu‑
ation

Systemic toxicity Rare (disseminated 
BCG)

Rash, colitis, endo‑
crinopathies, hepati‑
tis, pneumonitis

Cumulative risk Multidisciplinary 
management

Immune-mediated 
adverse events

Not applicable Potentially severe (G3–
G4)

Possible need for 
steroids

Impact on efficacy

Need for immunosup‑
pression

Rare Not infrequent Critical during combi‑
nation therapy

Careful risk–benefit 
balance

Treatment interruption Occasional Dependent on severity More frequent in com‑
bination trials

Accurate patient selec‑
tion
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is characterized by its strong immunostimula-
tory effects on the bladder mucosa, leading to 
increased amounts of antigens released and 
innate immune cell infiltration with activation 
of the adaptive antitumor immune response 
within the bladder tumor microenvironment. 
Nonetheless, immune stimulation is often fol-
lowed by the phenomenon of “inhibitory feed-
back,” where the immune system turns against 
itself through mechanisms involving increased 
expression of immune checkpoints, functional 
exhaustion of effector T cells, and other immune 
checkpoints. In the context of this biological 
phenomenon, the use of immune checkpoint 
inhibitors represents a logical step aimed at 
reversing the phenomenon of immune adapta-
tion and restoring cytotoxic activity of effector 
T cells against the bladder cancer cells, which 
are no longer recognized by the immune sys-
tem within the unique immune context created 

in the bladder mucosa after the instillation of 
the BCG agent. While the biological rationale 
is robust and well-substantiated, the challenge 
of translating the concept into a favorable clini-
cal benefit has been daunting indeed. In view of 
the revised clinical trials, the recent findings in 
the interventional studies involving combina-
tions of ICI and intravesical instillation of the 
BCG agent in the treatment of NMIBC remain 
mixed indeed. In the category of the hypothesis-
testing studies, the KEYNOTE 676 and Check-
Mate Trial 7G8 are yet to be finalized on efficacy 
end points, while the POTOMAC Trial demon-
strated that upfront addition of durvalumab 
to BCG provided a statistically significant but 
modest improvement in disease-free survival 
without clear benefits in preventing progres-
sion or reducing cystectomy rates. This provides 
a critical reality check that biological plausibil-
ity alone is insufficient to predict meaningful 

Fig. 1   Mechanistic rationale for combining BCG with 
PD-1/PD-L1 blockade to overcome T-cell exhaustion 
in bladder cancer. A The “BCG paradox”: BCG-induced 
immune activation drives IFN-γ production and PD‑L1 
upregulation, leading to PD‑1‑mediated CD8+ T‑cell 
exhaustion and persistent tumor. (B) Combination with 
anti‑PD‑1 or anti‑PD‑L1 antibodies blocks the inhibi‑
tory checkpoint, restoring CD8+ T‑cell cytotoxic function 
(Granzyme B/Perforin) and enabling tumor eradication 
across the urothelium, lamina propria and muscle layers. 

Abbreviations: BCG, Bacillus Calmette–Guérin; CD8, 
cluster of differentiation 8; IFN‑γ, interferon‑gamma; 
PD‑1, programmed cell death protein‑1; PD‑L1, pro‑
grammed death‑ligand 1. During the preparation of this 
work, the authors used Gemini (Google, Gemini 1.5 Pro, 
May 2024) to refine the visual alignment and layout con‑
sistency of Fig. 1. No scientific content, data or conceptual 
elements were generated or modified using Gemini. The 
authors reviewed and refined the figure to ensure scientific 
accuracy and take full responsibility for the content
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therapeutic success and that modest improve-
ments in surrogate end points may not translate 
into clinically meaningful benefits for patients. 
These findings imply that uniform upfront com-
bination therapy for all BCG-naive patients does 
not represent a major advance over standard 
BCG alone [76–78]. As explained in the meth-
odology adopted within this review, there is no 
evidence available to allow the performance of a 
quantitative analysis or draw definitive conclu-
sions with regard to long-term end points such 
as progression prevention, cystectomy-free sur-
vival rates, or bladder preservation. Considering 
this evidence gap, it is important to be cautious 
before attempting to draw conclusions based 
on response rates. Finally, there is a critical role 
played by the rational integration of BCG/ICI 
combination treatments within the modern 
therapeutic algorithm of NMIBC. In recent years, 
several bladder-sparing treatments have been 
approved for the use of BCG-refractory patients. 
These include systemic pembrolizumab treat-
ments, intravesical gene therapy using nadofara-
gene firadenovec, as well as immunomodulation 
with the N-803 agent [100]. Given the availabil-
ity of several evidence-based bladder-preserving 
therapies, new BCG-ICI combinations must 
demonstrate a clear incremental benefit before 
being integrated into clinical practice. Indeed, 
it is being recognized with greater frequency 
within contemporary research almanacs of uro-
logic oncology that patients with NMIBC exhibit 
a complex heterogeneity of immunologic char-
acteristics. This is such that certain patients 
will exhibit similarly varied consideration with 
regard to the application of treatments based 
primarily upon a new set of platform principles. 
Biomarkers reflecting tumor microenvironment 
composition, immune activation, interferon 
signaling, and post-BCG immunological remod-
eling may prove essential to identify patients 
most likely to benefit from checkpoint inhibi-
tion [44, 60]. Future strategies should therefore 
move away from uniform treatment intensifi-
cation toward biomarker-driven and adaptive 
therapeutic approaches. Safety considerations 
further reinforce the need for caution. The com-
bination of intravesical BCG with systemic ICIs 
introduces the potential for overlapping local 
and immune-mediated toxicities, complicating 

clinical management and potentially limit-
ing treatment adherence. Given that bladder 
preservation is pursued with curative intent in 
high-risk NMIBC, the balance between thera-
peutic benefit and treatment-related risk must 
be carefully evaluated on an individual basis 
[83, 84]. In summary, this review highlights a 
persistent gap between biological rationale and 
clinical validation for BCG-ICI combination 
therapy in NMIBC. This gap reflects a broader 
challenge in immuno-oncology: effective immu-
notherapy often depends less on the presence of 
immune activation than on the precise timing 
and biological context in which it is therapeuti-
cally exploited. While immunological insights 
strongly support continued investigation, cur-
rent evidence does not justify widespread clini-
cal adoption. Progress in this field will depend 
on mature phase III data, refined patient selec-
tion, integration of predictive biomarkers, and a 
clear demonstration of added value over existing 
approved bladder-sparing therapies.

MAJOR UNANSWERED QUESTIONS 
AND FUTURE DIRECTIONS

Though there is a strong biological plausibility 
supporting the integration of intravesical BCG 
with ICIs, there are several important ques-
tions that remain unanswered and need to be 
answered before they can be applied on a wider 
scale. The discrepancies between highly plausi-
ble immunobiology and the inconsistent results 
at the clinical level reflect the complexities being 
experienced during modulation of the immune 
system in patients with NMIBC [102]. One of 
the most relevant unresolved issues concerns 
optimal patient selection. The group NMIBC 
represents highly heterogeneous tumors, and it 
appears increasingly plausible that it is inappro-
priate to rely solely on the presence/absence or 
degree of immune cell infiltration as a criterion 
to select patients with NMIBC to receive treat-
ment with checkpoint inhibitors [103]. Future 
studies should integrate multiplex immuno-
histochemistry, transcriptomic signatures (e.g., 
IFN-γ gene signatures, T-cell exhaustion pro-
files), and perhaps even circulating immune 
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biomarkers to identify those patients with a 
“primed but constrained” immune microenvi-
ronment most likely to benefit from combina-
tion therapy. Another important challenge is 
associated with treatment sequence and timing. 
The modest magnitude of benefit observed in 
initial combination trials, as demonstrated by 
the POTOMAC trial, provides evidence that an 
upfront combination approach—administering 
checkpoint inhibitors concurrently with BCG 
from the first induction course—may not uni-
versally offer clinically meaningful advantage 
over BCG alone [78]. This negative result does 
not necessarily disprove the biological synergy 
between BCG and ICIs; rather, it challenges the 
assumption that “more immunotherapy earlier” 
is always better. An alternative and biologically 
compelling hypothesis is that a sequential treat-
ment strategy might be more effective. In such 
an approach, BCG would first be administered 
to serve as an immunological primer, inducing 
inflammation, antigen release, and T-cell recruit-
ment within the bladder tumor microenviron-
ment. Only after this priming phase—poten-
tially at the time of maximal adaptive resistance 
(when PD-L1 upregulation and T-cell exhaustion 
become dominant) or upon evidence of early 
recurrence—would ICIs be introduced to “release 
the brakes” on the BCG-primed, but function-
ally exhausted, T cells. This sequential para-
digm acknowledges that immune checkpoint 
blockade does not generate de novo immune 
responses but rather reinvigorates preexisting 
ones. It also aligns with the observation that 
patients who initially respond to BCG and then 
fail may have a more immunologically active 
tumor microenvironment than those who are 
primarily refractory. Future trials should there-
fore consider comparing upfront combination 
regimens versus sequential designs, potentially 
incorporating a run-in phase with BCG alone 
followed by randomization to ICI or placebo 
based on early immune dynamics or clinical 
response. Furthermore, this strategy could be 
explored through subsequent research within a 
particular group of patients according to specific 
biomarkers. Another challenge associated with 
this treatment strategy involves patient safety. 
The strategy could pose a high chance of both 
immune-related toxicities owing to intravesical 

immunotherapy, alongside immune-related 
toxicities due to immune checkpoint inhibition 
[97, 104]. Clinically, distinguishing between 
local BCG-induced cystitis and the onset of sys-
temic immune-related adverse events (such as 
immune-mediated colitis, pneumonitis, or der-
matitis) will become increasingly complex with 
combination regimens. This diagnostic chal-
lenge requires multidisciplinary expertise and 
clear algorithms for management, including 
the judicious use of immunosuppressive agents 
including corticosteroids, which could theoreti-
cally counteract the desired antitumor immune 
response. Finally, it is necessary to make a 
careful comparison between new and existing 
therapies in the ever-changing environment of 
NMIBC treatment. New clinical studies should 
focus on proving efficacy and demonstrating 
exactly how new strategies provide a clear ben-
efit over existing standards of treatment, such 
as improved response rate, overall survival, or 
disease-free survival. The availability of multi-
ple FDA-approved bladder-sparing options for 
BCG-unresponsive disease—including pembroli-
zumab monotherapy, nadofaragene firadenovec, 
and N-803 plus BCG—sets a high bar for any 
new combination. Future trials must be designed 
not only to demonstrate superiority over histori-
cal controls but also to establish comparative 
effectiveness against these approved agents, ide-
ally through head-to-head randomized designs 
with patient-reported outcomes and health-
economic analyses. Briefly, despite the growing 
interest in BCG with checkpoint inhibitors, it 
remains to be seen exactly how these agents will 
be used. It will be important to resolve these 
questions in well-controlled studies before it will 
be possible to say that these strategies provide 
any worthwhile benefit to patients with NMIBC.

CONCLUSIONS

In NMIBC, BCG is still the main adjuvant ther-
apy for high-risk disease owing to its unparal-
leled ability to provoke a strong local immune 
reaction in the bladder tumor microenviron-
ment [105]. However, even after BCG therapy, 
disease recurrence and progression continue 
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to be major clinical issues; the necessity for 
novel therapeutic approaches is evident [106]. 
Immune checkpoint inhibitors provide a 
mechanism of action that is biologically com-
plementary and may be capable of boosting 
BCG-mediated antitumor immune response 
through the elimination of adaptive immune 
resistance [107]. Nonetheless, available clini-
cal data are heterogeneous. Early-phase stud-
ies, as well as ongoing trials, deliver valuable 
mechanistic information, but recently pub-
lished phase III results, including those from 
upfront combination strategies, have shown 
only modest clinical benefit, without consist-
ent improvements in progression or bladder 
preservation. Thus, biological synergy does 
not reliably translate into meaningful patient 
benefit. Currently, BCG checkpoint inhibi-
tor combinations should only be considered 
as experimental treatments. At present, BCG-
ICI combinations remain experimental and 
are not standard of care, especially given the 
availability of approved bladder‑sparing thera-
pies for BCG‑unresponsive disease. Future pro-
gress requires reliable predictive biomarkers, 
optimized treatment sequencing, and mature 
phase III data demonstrating durable onco-
logical benefit and bladder preservation. In 
summary, the future of BCG-ICI combinations 
in high‑risk NMIBC lies in biomarker‑driven 
patient selection and therapeutic sequencing, 
not universal upfront combination therapy. 
Integrating translational insights into clini-
cal trial design will be essential to identify 
who benefits most, thereby preserving patient 
quality of life while improving oncological 
outcomes.
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