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Purpose: Bacillus Calmette-Gu�  erin (BCG) is the standard of care therapy for
high-risk nonmuscle-invasive bladder cancer (NMIBC). However, up to half of 
patients will experience treatment failure, and many face considerable adverse 
effects, which can lead to dose reduction and intolerance. Novel bladder-sparing 
approaches with favorable risk-to-benefit ratio are thus critical in NMIBC. 

Materials and Methods: A narrative review of the literature was performed of 
English-language MEDLINE indexed articles and abstracts of resistance 
mechanisms to BCG and combination-based strategies to enhance the efficacy of 
BCG intravesical therapy in high-risk NMIBC.

Results: Treatment options for high-risk NMIBC have expanded considerably 
over the last few years. Combination strategies represent an opportunity to 
enhance the effectiveness of BCG and promote durable response. Combination 
therapies that aim to reduce immunosuppressive cellular populations (regula-
tory T cells, myeloid-derived suppressor cells) and immune checkpoint blockade 
offer mechanisms to overcome resistance to BCG therapy. Chemo-
immunotherapy and immunotherapy-based combinations represent a bladder 
preservation strategy that needs to be weighed against oncological efficacy, 
toxicity, and cost-effectiveness.

Conclusions: BCG-based combination therapies have emerged as a strategy to 
overcome BCG resistance and promote durable responses. Despite their promise, 
combination design is endless, and adoption remains challenging due to over-
lapping mechanisms of resistance, adverse events associated with systemic ther-
apy and/or additional intravesical therapy, and financial burden. Long-term 
multiarm trials are needed for direct comparative analyses between combinations 
of agents to inform oncological efficacy, safety profile, and cost-effectiveness.
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BLADDER cancer is the seventh most 
commonly diagnosed cancer in the 
United States, with an estimated 
84,870 new diagnoses and 17,420 
deaths in 2025. 1 Approximately 75% 
of newly diagnosed cases do not invade 
into the muscularis propria and are 
classified as nonmuscle-invasive bladder

cancer (NMIBC). Bacillus Calmette-Gu  �  erin
(BCG) intravesical immunotherapy is the 
current standard of care in the manage-
ment of high-risk NMIBC as it significantly 
reduces rates of recurrence and is his-
torically the sole agent to have demon-
strated reduction in risk of progression 
to muscle-invasive bladder cancer in
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randomized controlled trials. 2 Despite the therapeutic 
benefits of BCG, up to 50% of patients with high-risk 
disease will experience treatment failure. 3 Further-
more, toxicity from BCG, including local side effects 
(cystitis, urgency/frequency, gross hematuria) and 
systemic side effects (malaise, fever), results in 
incomplete therapy or BCG intolerance; an estimated 
30% to 60% of patients receive a full 3-year mainte-
nance course of BCG. 4,5 These deficiencies have 
magnified the need for alternative therapies for high-
risk NMIBC in patients who experience inadequate 
response to BCG.

Moreover, the global shortage of BCG has nega-
tively affected the care of high-risk NMIBC. During 
the shortage, several alternative non-BCG treat-
ments have been evaluated, including gemcitabine-
based approaches such as gemcitabine with doce-
taxel in the BRIDGE trial (NCT05538663). In par-
allel, many efforts have been initiated to overcome 
the BCG shortage, including the construction of a 
new Merck manufacturing facility in Durham, 
North Carolina; the PRIME SWOG 1602 trial 
(NCT03091660) investigating the noninferiority of 
Tokyo-172 BCG strain compared with TICE BCG; 
and the recently announced US Food & Drug 
Administration Expanded Access Program for re-
combinant BCG as an alternative source of BCG. As 
there finally seems to be an end to the decade-long 
shortage and utilization of BCG increases, a 
unique opportunity arises to evaluate BCG combi-
nation therapy as a bladder-sparing approach.

In this review, we examine potential mechanisms 
of resistance to BCG to underscore the biological 
rationale for using BCG combination therapies. We 
then contextualize the historical landscape of 
agents aimed at enhancing the efficacy of BCG and 
minimizing toxicity as well as recent trials investi-
gating chemotherapeutic and immunotherapeutic 
agents and their challenges (Table 1). Finally, we 
discuss ongoing trials and future directions for 
salvage treatment in NMIBC (Table 2).

MATERIALS AND METHODS
A narrative review with systematic search components 
was performed of English-language MEDLINE indexed 
articles and abstracts of resistance mechanisms to BCG, 
as well as strategies to enhance the efficacy of BCG 
therapy in NMIBC. Studies were included if they were 
preclinical, observational studies, or human clinical trials 
(randomized or nonrandomized). A comprehensive search 
was performed from review inception on July 31, 2025. 
The search strategy combined Medical Subject Headings 
and free-text terms with Boolean operators, including 
“BCG,” “NMIBC,” “resistance,” “tumor microenviron-
ment,” “immunotherapy,” “immune checkpoint blockade,” 
“chemotherapy,” “mitomycin C,” and “gemcitabine.” Given 
the heterogenous nature of available data and ongoing 
clinical trials, a qualitative synthesis was performed,

enabling a detailed review of the existing literature while 
highlighting key gaps that require further investigation.

MECHANISMS OF RESISTANCE TO BCG
Mechanisms of resistance to BCG in NMIBC involve 
an interplay between the host, tumor-intrinsic fac-
tors, and the tumor microenvironment (TME). Of 
these, the TME has been most thoroughly studied 
and most likely to be modifiable (Figure). The pre-
treatment immunosuppressive TME affects 
response to BCG: an immunologically “cold” pre-
treatment TME is associated with poor response to 
BCG. 14 This finding is consistent with previous 
studies demonstrating that tumor-extrinsic factors 
within the pretreatment TME strongly influence 
response to BCG immunotherapy. 15-17 Specifically, 
an “inflamed,” CD4 D and CD8 D effector T-cell-
infiltrated TME is associated with improved 
response rates to BCG, whereas a “noninflamed” 
immunosuppressive TME, enriched with myeloid-
derived suppressor cells (MDSCs), tumor-
associated macrophages, and T regulatory cells 
(Tregs), is associated with resistance to BCG. 16-20 In 
a prospective, longitudinal study of 28 patients 
assessing the immune cell composition of patients’ 
urine during BCG treatment, a ratio < 1 of T cells to 
monocytic MDSCs in post-BCG urine samples was 
associated with significantly worse median 
recurrence-free survival. 16 Although promising, 
identifying biomarkers for BCG response that can 
be used clinically remains a challenge but are ur-
gently needed to guide personalized decision mak-
ing as more therapeutic options and combinations 
emerge.

Although serial instillations of BCG result in 
recruitment of antitumor innate immune cells and 
effector T-cell populations into the tumor, there is a 
parallel increase in the number of immunosup-
pressive cells (MDSCs and Tregs), which can offset 
antitumor effects. 16,18,19,21 Thus, the ratio of anti-
tumor cytotoxic T cells vs protumor immunosup-
pressive cells in the TME, a major determinant of 
BCG response, is pre-established and cannot be 
overcome by BCG alone. 16,21 This supports the 
rationale for combining BCG with other therapies 
that can reduce immunosuppressive cell pop-
ulations without reducing the number and/or ac-
tivity of antitumor immune cells.

Downregulation of human leukocyte antigen 
class I (HLA-I) in urothelial tumor cells after BCG 
has also been implicated in BCG resistance and 
associated with poor prognosis. A 2022 study 
analyzing TME characteristics before and after 
BCG, using ex vivo freshly resected bladder tumors 
and in vitro bladder cancer cell lines, found that 
patients with HLA-I deficient urothelial cancer cells
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Table
  
1.  Contemporary

  
Results

  
of  Bacillus  

Calmette-Gu�erin
  
Combination

  
Trials

Study,  year  of
publication  Phase  ClinicalTrials.gov  ID  Study  population  Treatment  arms

Patients
(n)  Key  findings  Status

Alanee  et  al  (2021)  
6 1  NCT02324582 High-grade  recurrent/persistent  NMIBC

  
after  BCG

or  2  induction  courses  of  intravesical  therapy  

IV
  
pembrolizumab  þ

  
BCG

  
13  69%

  
no  evidence  of  disease  at  3  mo  Completed

Meghani  et  al
(2022)  

7
1  NCT02808143 BCG-unresponsive  NMIBC Intravesical pembrolizumab  þ

  
BCG 9 3-mo,  6-mo,  and  1-y  RFS were 100%, 67%, and

22%,  respectively
Completed

Chamie  et  al  (2023)  
8 2/3  NCT03022825 (QUILT) Cohorts  A  and  C:  BCG-unresponsive  CIS

  
�
  papillary  disease

Cohort  B:  BCG-unresponsive  high-grade  papillary  
NMIBC

IL-15  superagonist  NAI  þ  BCG
  
(cohorts  A  and  B);  

intravesical  NAI  alone  (cohort  C)
82 Cohort  A:  71%  

CRR;  3-,  6-,  and  12-mo  CRRs  were  
55%,  56%,  and  45%,  respectively  (median  
duration  of  CR,  26.6  mo)

Cohort  B:  55.4%  
DFS  at  12  mo  (median  DFS,  

19.3  mo)
Cohort  C:  20%  

CRR  at  3  mo,  10%  
at  6  mo.  Cohort  

discontinued  for  futility

Ongoing

Hahn  et  al  (2023)  
9  1  NCT02844816  (ADAPT-

BLADDER)
BCG-unresponsive  NMIBC D

  
þ
  

BCG
  
vs  D  þ

  
EBRT vs D monotherapy 28 D

      þ
  

BCG:  3-mo  and  12-mo  CRR  85%,  73%
D
  
þ
  

EBRT:  3-mo  and  12-mo  CRR  50%,  33%
D:  3-mo  CRR  33%

Completed

Inman  et  al  (2023)  
10  1b/2  NCT02792192  BCG-unresponsive  CIS  �

  
papillary  NMIBC  Atezolizumab  þ

  
BCG
  
(cohort  1B)  vs  atezolizumab  

monotherapy  (cohort  1A)
24 Cohort  1A:  33%  

6-mo  CRR  (median  duration  of  CR,  
6.8  mo)

Cohort  1B:  42%  
6-mo  CRR  (median  duration  of  CR  

not  reached  [  �
  
12  mo])

Completed

Wald et al (2024)  
11 2 NCT04179162 BCG-exposed high-grade NMIBC Gemcitabine      

þ
  

BCG 43 CRR  98%  
at  3  mo,  94%  

at  6  mo,  and  81%  
at  12  mo  

HG
  
RFS  97%

  
at  6  mo,  85%

  
at  12  mo,  76%

  
at  

18  mo

Ongoing

Shore  et  al  (2025)  
5  3  NCT04165317  (CREST)  High-risk  BCG-naïve  NMIBC  Sasanlimab  þ  BCG

  
induction/maintenance  vs  BCG  induction/maintenance

703 Sasanlimab  þ
  

BCG
  
results  in  32%

  
increase  in  

event-free  survival  probability  (HR  [  
0.68,  95%

  CI:  0.49-0.94,  P  [
  

.019)
Probability  of  being  event-free  at  36  mo:  82.1%

  (95%
  
CI:  77.4-85.9)  compared  with  74.8%  

(95%
  
CI:  

69.7-79.2)

Completed

De  Santis  et  al
(2025)  

12
3  NCT03528694  

(POTOMAC)
High-risk  BCG-naïve  NMIBC  D

  
þ
  

BCG
  
vs  BCG 678 Recurrence  of  high-risk  disease  or  death  by  any  

cause  was  32%  
lower  in  D

  
þ
  

BCG
  
vs  BCG  (95%

  
CI:  0.50-0.93)

24-mo  DSS:  86.5%
  

(95%
  

CI:  82.2-89.8)  vs  81.6%  (95%
  

CI:  76.9-85.3)

Completed

Roupret  et  al
(2025)  

13
3 NCT03799835 (ALBAN) High-risk  BCG-naïve  NMIBC Atezolizumab   þ

  
BCG

  
vs  BCG 517 No  significant  difference  in  EFS  between  both  

arms,  HR  0.98  (95%
  

CI:  0.71-1.36)
Completed

Abbreviations:  BCG,  bacillus  Calmette-Gu  �  erin;  CIS,  carcinoma  in  situ;  CR,  complete  response;  CRR,  complete  response  rate;  D,  durvalumab;  DFS,  disease-free  survival;  DSS,  disease-specific  survival;  EBRT,  external  beam  
radiation  therapy;  

EFS,  event-free  survival;  HG,  high-grade;  NAI,  nogapendekin  alfa  inbakicept;  NMIBC,  nonmuscle-invasive  bladder  cancer;  RFS,  recurrence-free  survival.
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after BCG had a myeloid suppressive TME with 
epithelial-mesenchymal transition characteristics 
and poor outcomes. 22 Conversely, HLA-I proficient 
urothelial cancer cells post-BCG had increased 
CD8 D T-cell infiltrates, immune checkpoint-
inhibitory molecules including the PD-L1 ligand, 
PD-1, and CTLA-4 receptors, and upregulation of 
inflammatory cytokines. Furthermore, HLA-I defi- 
ciency likely implies a lack of response to immune 
checkpoint inhibitors. Thus, HLA-I status may 
serve as a marker for prognostic and therapeutic 
response and merits further investigation. 22

Finally, BCG resistance has been associated with 
a pretreatment adaptive immune response charac-
terized by increased baseline PD-L1 expression and 
colocalization with CD8 D T cells. A 2020 study of 63 
pretreatment NMIBC specimens found pretreat-
ment PD-L1 expression in 25% to 28% of non-
responders to BCG and 0% to 4% of responders, 
suggesting that baseline PD-L1 expression may in-
fluence the adaptive immune response to BCG and 
predict for poor response. 18 However, the associa-
tion between baseline PD-L1 expression and BCG 
outcomes is not straightforward. In another study 
evaluating the predictive ability of PD-L1 at tran-
surethral resection for BCG-unresponsiveness, the 
absence of PD-L1 expression in treatment-naive 
patients was associated with higher rates of BCG-
unresponsive disease (OR 7.14, 95% CI: 1.32-
33.3). 23 Moreover, the accuracy of PD-L1 as a 
biomarker was poor, with an area under the 
receiver operative curve of 0.574, thereby limiting 
its prognostic value. While a prevailing theory is 
that PD-1/PD-L1 expression is a mechanism of

resistance to BCG, conflicting data about the prog-
nostic status of immune checkpoint genes may 
reflect tissue processing, variability of detection 
methods, or assessment of expression intensity. In 
addition, studies supporting PD-1/PD-L1 as a 
mechanism of resistance typically have not adjusted 
for clinicopathologic factors such as carcinoma in 
situ (CIS) that can also affect BCG response.

IMMUNOTHERAPY COMBINATION 
STRATEGIES

BCG D ICB
Over the past decade, immune checkpoint blockade 
(ICB) has revolutionized the treatment paradigm 
for metastatic urothelial carcinoma. Given its clin-
ical efficacy in the second-line metastatic setting 
and now in combination with enfortumab vedotin as 
first-line therapy, there is increased interest in the 
use of ICB in NMIBC. Preclinical evidence suggests 
that patients who relapse after BCG treatment may 
be more susceptible to ICB. 24 Pembrolizumab, a PD-
1 inhibitor, was therefore investigated as mono-
therapy in 2 cohorts in KEYNOTE-057, an open-
label, single-arm, multicenter phase 2 study. In 
cohort A, patients with BCG-unresponsive CIS, 
with or without papillary disease, received IV 
pembrolizumab every 3 weeks for up to 24 months. 
After a median follow-up time of 36.4 months, 41% 
of patients (95% CI: 30.7-51.1) had a complete 
response (CR) at 3 months as assessed by cystoscopy 
and urinary cytology. The median duration of 
response (DOR) from initiation of pembrolizumab 
was 16.2 months (95% CI: 6.7-36.2) and 46% of

Table 2. Anticipated Combination Chemoimmunotherapy Trials

Trial name or site
(ClinicalTrials.gov ID) Phase Study population Treatment arms Primary end point

Expected
enrollment

ANZUP 1301 
(NCT02948543)

3 High-risk BCG-naïve NMIBC 
(high-grade Ta, T1, � CIS; 
CIS alone excluded)

BCG þ MMC vs BCG RFS 500

SunRISe-3 
(NCT05714202)

3 BCG-naïve high-risk NMIBC Group A, TAR-200 þ cetrelimab; group B,
BCG alone; group C, TAR-200 alone 

EFS 1050

MSK 17-602 
(NCT03504163)

1/2 BCG-naïve “high-risk T1” NMIBC a Pembrolizumab þ BCG CRR at 6 mo 37

GAIN (Alliance A032303) 3 BCG-exposed NMIBC Gemcitabine þ BCG vs BCG alone High-grade RFS 330
KEYNOTE-676 
(NCT03711032)

3 High-risk NMIBC following BCG
induction or BCG naïve

Pembrolizumab þ BCG vs BCG alone CRR in patients 
with CIS

1400

NCI (NCT04164082) 2 BCG-unresponsive NMIBC Intravesical gemcitabine þ IV pembrolizumab CRR at 6 mo; EFS at 
18 mo

161

ADAPT-BLADDER 
(NCT03317158) 

1/2 BCG-unresponsive NMIBC Intravesical gemcitabine/docetaxel þ
IV durvalumab

CRR 40

PRIME S1602 
(NCT03091660)

3 BCG-naïve high-risk NMIBC Intravesical BCG TICE vs intravesical BCG Tokyo vs priming 
intradermal Tokyo BCG þ intravesical Tokyo BCG

Time to high-grade
recurrence

1000

Abbreviations: ANZUP, Australia and New Zealand Urogenital Prostate Cancer Trials Group; BCG, bacillus Calmette-Gu  � erin; CIS, carcinoma in situ; CRR, complete response rate; 
EFS, event-free survival; MMC, mitomycin C; MSK, Memorial Sloan Kettering Cancer Center; NCI, National Cancer Institute; NMIBC, nonmuscle-invasive bladder cancer; RFS, 
recurrence-free survival.
a High-risk T1 defined as having one of the following disease states: T1 on restaging biopsy, plus CIS; multiple T1 recurrences, plus CIS; T1b (extensive/deep invasion into lamina 
propria) plus CIS; lymphovascular invasion plus CIS; T1 with variant histology, plus CIS; T1 with urothelial carcinoma of prostatic urethra (Ta, Tis, or T1 within prostatic urethra), 
plus CIS; large ( �  3 cm) T1 tumor, plus CIS.

STRATEGIES TO ENHANCE BCG EFFICACY FOR NMIBC 267



responders remained in CR for at least 12 months. 
Grades 1 to 2 treatment-related adverse events 
(TRAE) occurred in 54% of patients, although 13% 
of patients experienced grade 3 to 4 complications. 25 

Although the results of this trial are modest, the 
Food and Drug Administration–approved pem-
brolizumab in January 2020 for the treatment of 
BCG-unresponsive CIS in patients who are ineli-
gible for, or decline, radical cystectomy. In cohort B, 
patients with papillary disease only (any grade T1 
or high-grade Ta) received pembrolizumab for a 
maximum of 35 cycles with a median follow-up time 
of 45.4 months. The 12-month disease-free survival 
was 43.5% (95% CI: 34.9%-51.9%) with a 15% rate of 
serious TRAEs. 26 Importantly, PD-L1 expression 
did not predict response to pembrolizumab.

Other trials investigating the role of ICB in BCG-
unresponsive disease demonstrate similar results. 
In a single-arm phase 2 trial, SWOG S1605 enrolled

both BCG-unresponsive CIS (  � Ta/T1) and Ta/T1 
only patients to receive IV atezolizumab every 3 
weeks for 1 year. CR at 3 and 6 months was ach-
ieved in 43% (95% CI: 32%-55%) and 27% (95% CI: 
17%-38%) of patients, respectively; however, 
SWOGS1605 closed prematurely after failing to 
surpass the futility threshold. 27 Moreover, grades 3 
to 5 TRAEs occurred in 16% of patients, including 3 
(1.8%) treatment-related deaths (1.8%), high-
lighting the potential for significant systemic 
toxicity. Other clinical trials of ICB agents, such as 
camrelizumab (NCT04706598) and pucotenlimab 
(NCT04738630), are enrolling patients with BCG-
unresponsive disease; however, the role of ICB 
monotherapy in NMIBC remains unclear.

Supported by preclinical data, combinations of 
ICB and BCG agents for NMIBC are currently being 
investigated as treatment options to overcome 
resistance patterns. 18,19,23 However, most studies

Figure. Mechanisms of resistance to bacillus Calmette-Gu�erin  (BCG) therapy in nonmuscle-invasive bladder cancer. Intravesical BCG 

instillation elicits locally sustained immune-mediated antitumor response. However, BCG internalization failure and defective antigen 
presentation serve as potential resistance mechanisms, which can prevent durable responses. Moreover, while serial instillations of 

BCG result in recruitment of innate immune cells and effector T-cell populations, there is a parallel increase in the number of 

immunosuppressive cells (myeloid-derived suppressor cells and Tregs), which can offset any antitumor effects. 

Chemoimmunotherapy and immunotherapy-based combinations aim to reduce immunosuppressive cellular populations and immune 
checkpoint blockade. These combinations offer a biological rationale to overcome resistance to BCG therapy and represent novel 

bladder preservation strategies in high-risk nonmuscle-invasive bladder cancer.
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are in their preliminary phases and are single-arm 
designs with limited safety and efficacy results. In 
the BCG-unresponsive state, CR is variable with 
combination therapy. In a phase 1b/2 trial, atezoli-
zumab with or without BCG was generally safe, 
with combination therapy favoring a longer DOR. 10 

The ADAPT-BLADDER trial aimed to evaluate the 
safety and preliminary oncological efficacy of dur-
valumab combined with BCG or radiation in BCG-
unresponsive patients. Compared with durvalu-
mab monotherapy or durvalumab with radiation, 
durvalumab with BCG demonstrated the highest 
complete response rate (CRR) at 12 months, 73%, 
with lower rates of grade 3 or 4 toxicity, albeit not 
insignificant at 15%. 9 Changing the route of ICB 
delivery from systemic to intravesical has been hy-
pothesized to reduce immune-related toxicities. 
Administration of intravesical pembrolizumab 
increased CD8 D T cells and generated long-term 
immunity in an orthotopic mouse model of urothe-
lial bladder cancer. 28 In the first in-human trial of 
intravesical ICB, BCG-unresponsive NMIBC pa-
tients received the combination of BCG and pem-
brolizumab but demonstrated a 22% recurrence-free 
survival (RFS) rate at 12 months. 7 Concerningly, 
the safety profile of intravesical ICB remains a 
critical question as 1 patient died from myasthenia 
gravis on this study. Despite the BCG-unresponsive 
designation within clinical trials, it is notable that 
combination with BCG tends to boost CRR and 
maintain durability of response. Although this 
observation reflects trials with small accrual sizes, 
these patients may still be able to generate a BCG-
mediated antitumor immune response that syner-
gizes with ICB or other immune-stimulating agents.

In the BCG-naı̈ve NMIBC population, the results 
from the phase 3 CREST trial evaluating the role of 
sasanlimab, a subcutaneously administered PD-1 
inhibitor, were recently reported. Patients were 
randomized to receive sasanlimab D BCG (induc-
tion D maintenance) (arm A), sasanlimab D BCG 
induction only (arm B), or BCG (induction D 
maintenance) alone (arm C). Although arm C 
demonstrated a 32% reduction in risk of disease-
related events (HR 0.68, 95% CI: 0.49-0.94) 
compared with arm A, the absolute risk reduction 
was 7.3% at 3 years, driven primarily by a decrease 
in high grade noninvasive recurrences without 
improvement in rates of progression. Moreover, 
there was no difference in event-free survival be-
tween arm B compared with arm C, highlighting the 
need of maintenance BCG to evoke superior onco-
logic responses. Concerningly, grade � 3 TRAEs 
occurred in 29.1% in arm A compared with 6.3% in 
arm C. 5 Two other phase 3 trials evaluated the 
addition of ICB to BCG. The POTOMAC trial met 
its primary end point, demonstrating a HR of 0.68

(95% CI: 0.50-0.93) for adding durvalumab to BCG 
(induction D maintenance) 12 ; however, like 
CREST, the absolute improvement in disease-free 
survival (DFS) at 3 years was modest (4.4%). 
Interestingly, the ALBAN trial showed no signifi- 
cant benefit from adding atezolizumab to BCG (in-
duction D maintenance). 13 Differences in trial 
design and definitions of treatment failure may 
have contributed to the discordant results. One 
notable distinction is that ALBAN excluded patients 
with prior BCG exposure, whereas CREST (>2 
years since last BCG) and POTOMAC (>3 years 
since last BCG) included previously treated pa-
tients. Neither CREST nor POTOMAC has reported 
outcomes based on BCG-naı̈ve vs BCG-experienced 
status. Such an analysis would be highly informa-
tive, as patients who recur after prior BCG mono-
therapy are potentially less likely to respond to BCG 
re-challenge alone and might derive greater benefit 
from the addition of ICB. This could explain the 
positive results seen in CREST and POTOMAC and 
warrants further investigation.

In both the CREST and POTOMAC trials, the 
patient subset which seem to benefit most for the 
addition of ICB to BCG are those with T1 disease. 
However, the patients at the highest risk for disease 
progression with BCG alone, those with HGT1 D 
CIS, appear to be underrepresented in these 
studies, accounting for 8% of patients in CREST. 
This explains the low progression rates seen in 
these trials and contributes to a lack of improve-
ment in progression rates seen with the addition of 
ICB. Additional data for BCG D ICB is needed in 
patients with “very high-risk” T1 NMIBC where 
AUA and NCCN guidelines currently recommend 
immediate radical cystectomy over attempting 
BCG. To address this, our group is conducting a 
phase 2 single-arm trial of systemic pembrolizumab 
D BCG in patients with “very high-risk” T1 
NMIBC, as defined by HGT1 D CIS plus at least 1 
additional adverse feature (T1 on restaging biopsy, 
multiple recurrences, multifocality, � 3 cm, T1b, 
lymphovascular invasion, variant histology, 
involvement of prostatic urethra) who are recom-
mended for, but decline cystectomy (NCT03504163). 
As it is likely that ICB-associated toxicity is most 
justifiable in NMIBC patients with multiple high-
risk features, data to support combination ICB D 
BCG as an alternative option to radical cystectomy 
is urgently needed.

BCG D Cytokine Therapy
Interferon-alfa is a type-I IFN used for its antiviral 
properties and application in clinical oncology. 
Similar to BCG, interferon-alfa induces a nonspe-
cific immune response, recruiting macrophages, 
CD4 D T cells, and natural killer (NK) cells, and
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the production of antitumor cytokines. In BCG-
stimulated cells, interferon-alfa potentiates local 
cytotoxicity and antitumor activity. 29 The poten-
tial for synergistic activity of BCG D IFN in 
NMIBC provides the rationale for combination 
therapy in patients who do not respond to or 
tolerate standard-dose BCG therapy. The results 
from a nonrandomized multicenter phase 2 trial 
demonstrated that patients with prior BCG failure 
had a 2-year RFS rate of 45% after receiving 
reduced dose BCG D IFN. 30 However, in Cochrane 
pooled analyses comparing BCG D IFN vs BCG 
alone, there was no clear difference for recurrence 
(average risk ratio 0.76, 95% CI: 0.44-1.32) or for 
progression (average risk ratio 0.26, 95% CI: 0.04-
1.87). 31 Given its comparable efficacy profile with 
BCG alone in patients with BCG failure, interferon-
alfa has largely been abandoned in contemporary 
clinical practice.

However, cytokine therapy has again come to 
the forefront of NMIBC with the interleukin-15 
superagonist nogapendekin alfa inbakicept (NAI). 
NAI is a fusion protein of a human IL-15 variant 
bound to dimeric human IL-15R⍺ sushi domain/ 
human IgG1 Fc. This immunostimulatory protein 
complex acts as a critical factor for the proliferation 
and activation of NK cells as well as memory and 
effector T cells; it is hypothesized that it may syn-
ergistically enhance BCG efficacy. 32,33 In an open-
label, multicenter single-arm study, intravesical 
NAI D BCG was investigated in patients with BCG-
unresponsive CIS � papillary NMIBC. 8 A CR was 
achieved in 71% of patients, with a median DOR of 
26.6 months. Of those with CR at 2 years, the esti-
mated probability of cystectomy-free survival and of 
disease-specific survival (DSS) was 89.2% and 100%, 
respectively. By contrast, NAI monotherapy demon-
strated a 20% CRR at 3 months and was dis-
continued for futility per protocol-defining stopping 
rules. In BCG-unresponsive papillary-only disease, 
NAI D BCG demonstrated a DFS of 55.4% at 12 
months with a median DFS of 19.3 months. Most 
TRAEs were limited to grades 1 to 2 lower urinary 
tract symptoms. These results subsequently led to 
the 2024 Food and Drug Administration approval of 
NAI D BCG for BCG-unresponsive CIS � papillary 
NMIBC. Moreover, in the BCG-naı̈ve space, there is 
an ongoing phase 2b trial (QUILT 2.005) of NAI D 
BCG vs BCG, with a coprimary end point of 12-
month CRR and 24-month DFS.

BCG Priming Strategies
In recent years, the concept of BCG priming has 
re-emerged as a potential strategy to boost re-
sponses to BCG immunotherapy. Although it re-
mains unsettled whether it is a tumor-specific 
T-cell response driving BCG outcomes, BCG

priming is predicated on the hypothesis that prior 
BCG exposure (often through intradermal inocu-
lation) can potentiate a BCG-antigen specific im-
mune response to intravesical BCG. 34 This has 
been demonstrated in an orthotopic mouse model 
with improved antitumor response via T-cell 
infiltration into the bladder. 35

Furthermore, NMIBC patients receiving a PPD 
(purified protein derivative) skin test before BCG 
treatment were found to have better 5-year RFS 
(66.6% vs 59.1%; P [ .048) compared with those 
who did not receive PPD, although potentially with 
more BCG-related complications (24.1% vs 15.2%; P
[ .02). 35,36 The clinical role of “BCG priming,” along 
with the comparison of different BCG strains, is 
now being tested with the SWOG PRIME trial 
(S1602), a 3-arm phase 3 randomized trial evalu-
ating (1) intradermal BCG (Tokyo strain) 3 weeks 
before intravesical BCG (Tokyo strain), (2) intra-
vesical only BCG (Tokyo strain), and (3) intravesical 
BCG TICE. Whether intradermal priming boosts 
sustained immune and clinical responses to intra-
vesical BCG will provide critical insight into mech-
anisms behind response and failure to therapy.

CHEMOTHERAPY COMBINATION 
STRATEGIES
An alternative promising treatment paradigm for 
NMIBC is chemoimmunotherapy. In meta-analyses 
comparing BCG and chemotherapy to BCG mono-
therapy, patients receiving combination therapy 
demonstrate improved RFS and DSS. 37 Furthermore, 
alternating chemotherapy with BCG may improve 
compliance by reducing toxicity levels without sacri-
ficing treatment efficacy. Although poorly under-
stood, it is hypothesized that the immunological 
response of BCG is potentiated by chemical disrup-
tion of the urothelium to promote BCG uptake, acti-
vation of immune effector cells, and the antitumor 
mechanism of chemotherapy. In a corollary fashion to 
other systemic forms of anticancer treatments, the 
rationale for combining intravesical therapies is 
based on reducing the emergence of tumor-resistant 
clones and improving clinical efficacy.

Mitomycin C D BCG
Combination therapy with intravesical instillation 
of BCG and mitomycin C (MMC) has been investi-
gated across multiple randomized controlled tri-
als. 37 In pooled analyses, compared with BCG alone, 
combination therapy significantly improved RFS 
(HR 0.53, 95% CI: 0.43-0.66, P < .01), irrespective of 
treatment duration as well as in patients with and 
without CIS. Combination therapy also conferred 
longer DSS than BCG alone (HR 0.48, 95% CI: 0.29-
0.80, P [ .005) and improved overall survival (HR 
0.66, 95% CI: 0.50-0.86, P [ .002) without
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significant heterogeneity in the analyzed studies. 
However, there was no difference in progression-
free survival between combination therapy and 
BCG (HR 0.65, 95% CI: 0.25-1.68, P [ .38). Despite 
the addition of an alkylating agent, combination 
chemoimmunotherapy was associated with a 
decreased rate of fevers, irritative lower urinary 
tract symptoms and hematuria without a difference 
in gastrointestinal symptoms. 37

To improve the efficiency of uptake into the uro-
thelium, studies have further examined electro-
motive drug administration (EMDA) of MMC. EMDA 
applies an electrical current to the bladder wall and 
improves drug absorption via iontophoresis, electro-
phoresis and electroporation. When compared with 
passive diffusion, EMDA is associated with 4 to 7 
times greater increase in tissue uptake of MMC, with 
improved clinical response in high-risk NMIBC. 38 

When comparing sequential BCG and electromotive 
mitomycin vs BCG alone in treatment-naı̈ve high-
grade patients, patients assigned combination ther-
apy had improved DFS and lower rates of recur-
rence, progression, and overall mortality. 39 Despite 
promising results, adoption and implementation of 
EMDA-MMC is not widespread, likely due to a lack 
of prospective data and challenges with delivery. 
Contemporary efforts are now underway to evaluate 
the oncological outcomes of adding intravesical 
chemotherapy to BCG as adjuvant therapy. ANZUP 
1301 is an open-label phase 3 trial that randomized 
500 high-risk BCG-naı̈ve NMIBC patients (high-

grade Ta, T1, � CIS; CIS alone excluded) in a 1:1 
fashion to receive standard BCG therapy vs BCG D 
MMC. The 2 treatment arms use the same regimen 
of chemoimmunotherapy regimen as in Di Stasi’s 
trial, with the exception of electromotive delivery of 
MMC. 39 Analyses of all oncological end points (2-year 
DFS, 3-month CR, time-to-recurrence, time-to-
progression, and overall survival) demonstrated 
similar efficacy in both treatment arms. 40 However, 
subgroup analysis for DFS suggests a potential role 
for BCG D MMC in patients with higher risk (T1 
and/or any CIS) NMIBC (HR 0.69, 95% CI: 0.48-0.99, 
P [ .043). ANZUP 1301 also demonstrated that BCG 
D MMC regimen can reduce the number of vials of 
BCG without a detrimental effect on oncologic out-
comes; however, with the BCG shortage likely being 
resolved soon, it is unclear if this is beneficial. Future 
efforts need to focus on combination strategies that 
provide improvements in oncologic outcomes without 
substantially increasing toxicity and costs.

Gemcitabine D BCG
Although MMC historically has been the intravesical 
chemotherapy of choice for NMIBC, it is a known vesi-
cant associated with substantial irritative voiding 
symptoms. By contrast, gemcitabine is selectively cyto-
toxic to bladder cancer cells yet may reduce urinary 
symptoms. In a randomized trial for recurrent NMIBC 
after prior BCG, intravesical gemcitabine had better 
efficacy (18-month RFS w58% vs w38%, P [ .049) and 
half the urinary and overall toxicity compared with

Table 3. Estimated 12-Month Pharmaceutical Costs of Contemporary Combination Regimens

Regimen 12-mo treatment schedule

Cost of 
BCG 

at 12 mo 
($)

Cost of 
combination 
therapy at 12 

mo ($)

Combined 
cost

at 12 mo a 

($)

�  Grade 
3 

TRAE 
(%)

BCG monotherapy Induction þ maintenance at 3, 6 mo 1883 d 1883 6.3 5

Intravesical gemcitabine þ BCG Gemcitabine 2000 mg twice weekly 1, 4, 7, 10 þ BCG 50 mg 2, 3, 5, 6, 8, 9 wk þ
3, 6 mo maintenance

1883 692 2575 4.7 11

Intravesical mitomycin þ BCG (ANZUP 
1301 protocol)

BCG (given wk 1, 2, 4, 5, 7, 8, and mo 4, 5, 7) plus 40 mg intravesical mitomycin 
(administered wk 3, 6, and 9, and mo 3, 6, and 9)

1413 1843 3256 17.3 40

IV durvalumab þ BCG Durvalumab 1500 mg every 4 wk for 1 y þ BCG induction þ maintenance with 
3 weekly doses at 3, 6 mo

1883 163,800 165,683 21.1 12

IV atezolizumab þ BCG 1200 mg IV q3w þ BCG induction þ maintenance at 3 and 6 mo 1883 182,364 184,247 22.7 13

IV pembrolizumab þ BCG 200 mg pembrolizumab every 3 wk for 6 doses, with concurrent 6 weekly doses
of BCG beginning at week 7

1883 201,787 203,670 31 6

SubQ sasanlimab þ BCG Subcutaneous sasanlimab (300 mg) every 4 wk, with BCG induction þ 
maintenance at 3 and 6 mo

1883 d b d b 29.1 5

Intravesical pembrolizumab þ BCG 1-2 mg/kg intravesical pembrolizumab (2 wk prior to BCG induction), BCG 
(wk 0-5), and intravesical pembrolizumab (wk 0, 2, and 4), then intravesical 
pembrolizumab maintenance every 2 wk until wk 17, then every 4 wk 
until 1 y

942 225,526 226,468 11.1 7

IL-15 superagonist NAI þ BCG BCG plus NAI weekly for 6 consecutive wk þ 3-wk maintenance course at mo 3, 
6, 9

2354 567,486 569,840 21.1 8,c

Abbreviations: ANZUP, Australia and New Zealand Urogenital Prostate Cancer Trials Group; BCG, bacillus Calmette-Gu  � erin; NAI, nogapendekin alfa inbakicept; q3w, every 3 
weeks; SubQ, subcutaneous; TRAE, treatment-related adverse event.
Pricing of BCG and combination therapies sourced from Medicare Part B Average Sales Price. 50
a Treatment cost does not include cost of immune-related adverse events.
b Sasanlimab pricing unavailable.
c This was a treatment-emergent adverse event rather than a TRAE.
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MMC. 41 As described above, an increase in pro-
tumorigenic, immunosuppressive cells such as MDSCs, 
tumor-associated macrophages, and Tregs within the 
TME is a common mechanism of BCG immunotherapy 
resistance. 15-17 Gemcitabine has been shown to reduce 
the level of Tregs and MDSCs within the TME without 
significant reductions in CD4 D /CD8 D T cells, NK cells, 
or B cells. 42,43 These effects are particularly compelling 
for combination with BCG, as the ratio of effector cyto-
toxic immune cells to immunosuppressive cells in the 
pretreatment TME is a potential determinant of BCG 
response. 16,17 Gemcitabine also increases the antitumor 
activity of CD8 D T cells and activated NK cells, which 
results in increased expression of interferon (IFN)-g 44 

and HLA-I, 45 and enhanced cytotoxicity of gd T cells 
against urothelial cells in vitro and in vivo, 46 all of which 
are critical for BCG efficacy. Furthermore, gemcitabine 
may lead to immunogenic cell death, resulting in release 
of immunostimulatory damage-associated molecular 
patterns and presentation of tumor neoantigens that 
may enhance response to BCG immunotherapy. 47 There 
is also a substantial body of evidence suggesting that 
gemcitabine may yield synergistic antitumor effects if 
combined with BCG, and preclinical studies in mice 
demonstrate that combination gemcitabine and BCG is 
more effective than either agent alone. 48

Despite being better tolerated, more effective, and 
less expensive than MMC (Table 3), no previous 
studies have combined intravesical gemcitabine 
with BCG until recent efforts. In a phase 1 trial 
(NCT04179162) of intravesical gemcitabine and BCG 
(GemBCG) for patients with BCG-exposed high-
grade NMIBC, a total of 25 patients (Ta/T1 � CIS) 
that recurred within 24 months of BCG therapy were 
enrolled with at least 12-month follow-up. CR at 6 
and 12 months were 96% and 92%, respectively, 
without progression to muscle-invasive bladder can-
cer or radical cystectomy. 49 GemBCG was well 
tolerated, without dose-limiting toxicity, and with no

patients experiencing grades 3 to 5 TRAEs. More-
over, GemBCG was found to favorably modulate the 
immune system based on changes in urinary cyto-
kines. The phase 2 trial finished accrual in October 
2024 and preliminary results demonstrated a CRR of 
94% and 81% at 6 and 12 months, respectively. 11 

Based on these promising results, there is now an 
ongoing randomized phase 3 study comparing 
GemBCG against the current standard of care, 
retreatment with BCG, in patients with BCG-
exposed NMIBC (NCT07000084). This trial is open 
nationally through the National Clinical Trial 
Network and will be enrolling patients through 2028.

CONCLUSIONS
Over the past 2 decades, the armamentarium for 
bladder-sparing treatment options has expanded in 
NMIBC. Many ongoing clinical trials attempt to over-
come resistance to BCG yet are hampered by limited 
durability of response. Recently, advances in the un-
derstanding of the molecular biology of mechanisms of 
resistance to BCG demonstrate the importance of 
combination therapy. Chemoimmunotherapy repre-
sents an opportunity to enhance the effectiveness of 
BCG and induce long-lasting effects. However, exten-
sive limitations pertain to previous study design as 
combinations are endless, and most trials are early 
phase and single arm without a comparator group. 
In addition, challenges for widespread adoption of 
chemoimmunotherapy include overlapping mecha-
nisms of resistance in combination therapy, adverse 
events associated with systemic therapy, and financial 
toxicity. Innovative cost-effective approaches with 
favorable risk-to-benefit ratio are thus critical in 
NMIBC. Development of predictive biomarkers from 
translational correlative studies is integral to under-
stand how to select patients for combination treatment 
approaches and how to potentially sequence therapies.
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EDITORIAL COMMENTS

I once heard an early mentor James McKiernan 
argue that medical oncologists learned more than 30 
years ago that combination chemotherapy out-
performs single-agent therapy. Yet in urology, we 
still administer single-agent intravesical chemo-
therapy for NMIBC and expect comparable results. 
Through the early leadership of McKiernan and 
Mike O’Donnell at the University of Iowa, urologists 
gradually began testing and evaluating rational 
combinations in NMIBC.

Any combination regimen must, by definition, 
improve on each component alonedand must do so 
without imposing significant additional toxicity. 
These 2 principles, although intuitive, are seldom 
rigorously tested. GemDoce provides a clear 
example: no prospective trial has evaluated gemci-
tabine vs docetaxel vs GemDoce head-to-head in 
high-risk NMIBC. This absence of randomized data 
is not specific to GemDoce; no intravesical combi-
nation in our field has been studied this way, largely 
due to feasibility barriers related to cost, trial size, 
and accrual. We are therefore left with assumptions 
and untested hypotheses about the additive value of 
combination regimens.

A second consideration is overtreatment. Wald 
et al 1 highlight this tension by focusing on BCG-
naı̈ve disease and the recent wave of combination 
IO–BCG trials. POTOMAC and CREST achieved 
their event-free survival primary end points, whereas 
ALBAN did not. 2-4 Even if one considers the 7.3% ab-
solute risk reduction at 3 years (largely driven by de-
creases in high-grade noninvasive recurrences without 
reductions in progression) clinically meaningful, it re-
mains true that many patients may be unnecessarily 
exposed to immune-related toxicity. In CREST, 15.7% 
of patients experienced grade � 3 autoimmune adverse 
events, and 19.7% required corticosteroids, under-
scoring the real risks associated with systemic immu-
notherapy layered onto intravesical therapy.

Ultimately, combination therapy should be viewed 
as a promising strategydbut only when chosen 
wisely. Urologists must balance incremental oncologic 
benefit against the meaningful toxicity and potential 
overtreatment that some combinations introduce.

Max Kates 1
1 Greenberg Bladder Cancer Institute, James Buchanan Brady 

Urological Institute, Johns Hopkins Hospital, Baltimore, Maryland
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High-risk, NMIBC remains an area of active investi-
gation, increasing interest, and needed scrutiny. 
Guidelines recommend Bacillus Calmette-Guerin 
(BCG) intravesical therapy as the standard of care to 
reduce recurrence and progression rates. 1 However, 
BCG may not be effective in 20% to 40% of these 
patients, and up to 20% may discontinue due to 
intolerance. 2 These limitations, in addition to an 
inconsistent BCG supply, have driven efforts to 
develop novel agents and combination therapies for 
patients with BCG-unresponsive or intolerant disease.

Wald et al 3 present a narrative review synthe-
sizing the proposed mechanism of BCG, resistance 
based on the tumor microenvironment (TME) and 
emerging treatment strategies. Studies indicate a 
“noninflamed” immunosuppressive TME, the ratio 
of antitumor cytotoxic T cells vs protumor suppres-
sive T cells, and downregulation of human leukocyte 
antigen class I in the development of inadequate 
BCG response. This suggests that effectiveness may 
be biologically predetermined and enhanced through 
combinatorial approaches.

Recent studies have evaluated the combination of 
BCG and immune checkpoint blockade, delivered

intravesical or systemically, and have demonstrated 
improved complete response, recurrence-free, and 
event-free survival, although benefits may decrease 
overtime. Furthermore, treatment-related adverse 
effects remain a concern. Cytokine therapy, such as 
BCG and interleukin-15 superagonist, demonstrated 
a complete response of 71% in BCG-unresponsive 
carcinoma in situ with or without papillary disease. 
This finding underscores the importance of potenti-
ating the antitumor effect in the TME. Similarly, a 
combination chemoimmunotherapy strategy, for 
example Gemcitabine with BCG, may prove a 
promising alternative to BCG alone with increased 
antitumor effects.

As the therapeutic options expand for NMIBC, 
ongoing clinical trials to evaluate the long-term dura-
bility and cost-effectiveness are essential. Under-
standing the mechanism of BCG failure is a promising 
step toward personalized approaches that will need to 
investigate tumor risk, therapeutic efficacy and safety, 
as well as social and financial cost.

Randie E. White 1 and Sam S. Chang 1
1 Vanderbilt University Medical Center, Nashville, Tennessee
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