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Abstract

Background: Immune checkpoint inhibitors (ICI) improve overall survival (OS) in patients with
locally advanced, unresectable, or metastatic urothelial carcinoma (aUC), but response rates can
be modest. We compared outcomes between patients with and without prior intravesical Bacillus
Calmette-Guerin (BCG), who received ICI for aUC, hypothesizing that prior intravesical BCG
would be associated with worse outcomes.

Patients and Methods: We performed a retrospective cohort study across 25 institutions in US
and Europe. We compared observed response rate (ORR) using logistic regression; progression-
free survival (PFS) and OS using Kaplan-Meier and Cox proportional hazards. Analyses were
stratified by treatment line (first line / salvage) and included multivariable models adjusting for
known prognostic factors.

Results: 1,026 patients with aUC were identified; 614, 617, and 638 were included in ORR, OS,
PFS analyses, respectively. Overall, 150 pts had history of prior intravesical BCG treatment. ORR
to ICI was similar between those with and without prior intravesical BCG exposure in both first
line and salvage settings (adjusted odds radios 0.55 [p=0.08] and 1.65 [p=0.12]). OS (adjusted
hazard ratios 1.05 [p=0.79] and 1.13 [p=0.49]) and PFS (adjusted hazard ratios 1.12 [p=0.55] and
0.87 [p=0.39]) were similar between those with and without intravesical BCG exposure in first line
and salvage settings.

Conclusions: Prior intravesical BCG was not associated with differences in response and
survival in patients with aUC treated with ICI. Limitations include retrospective nature, lack

Clin Genitourin Cancer. Author manuscript; available in PMC 2023 April 01.
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of randomization, presence of selection and confounding biases. This study provides important
preliminary data that prior intravesical BCG exposure may not impact ICI efficacy in aUC.

Microabstract:

Immune checkpoint inhibitors improve overall survival in advanced urothelial carcinoma, but
response rates remain modest. We performed a multi-institutional retrospective cohort study
comparing outcomes (observed response rate, progression-free and overall survival) between
patients with and without prior intravesical BCG exposure. All outcomes were similar between the
two populations. This study provides preliminary data that prior intravesical BCG exposure does
not impact checkpoint inhibitor efficacy.

Keywords

Bladder Cancer; Bacillus Calmette-Guerin; BCG; Immune Checkpoint Inhibitors; Urothelial
Carcinoma

Introduction

Most patients with bladder cancer, around 75%, initially present with non-muscle-invasive
disease (1). Intravesical bacillus Calmette-Guerin (BCG), a live attenuated strain of
Mycobacterium bovis, initially used for vaccination against tuberculosis, has been shown
to induce a durable and effective anti-tumor response with favorable outcomes based on
the SWOG 8216 and SWOG 8507 trials and is the standard-of-care for treatment-naive
intermediate or high-risk non-muscle invasive bladder cancer (NMIBC) (2-3). However, a
significant proportion of patients with NMIBC treated with intravesical BCG experience
recurrence (about 40-50%) and progression to muscle-invasive and advanced urothelial
carcinoma (aUC) (4).

Immune checkpoint inhibitors (ICIs) targeting programmed cell death protein 1 (PD-1) and
programmed death ligand 1 (PD-L1) are FDA-approved for aUC and were shown to prolong
overall survival (OS) after platinum-based chemotherapy, either as switch maintenance or
as salvage therapy (5,6). Pembrolizumab, an anti-PD-1 agent, is also approved for treatment
of BCG-unresponsive, high-risk NMIBC in patients who either cannot undergo or refuse
radical cystectomy based on the Keynote-057 trial (7). Despite FDA approvals and broad
use, overall response rates (ORR) and progression-free survival (PFS) with ICls for aUC
remain modest, while immune related adverse events can cause clinically relevant sequelae.

Little is known regarding response and clinical outcomes with ICls for patients with aUC
previously treated with intravesical BCG, a different type of immunotherapy. While the
exact mechanism of action remains unknown, intravesical BCG induces a robust innate
immune response leading to long-lasting adaptive immunity in bladder cancer (8). However,
the systemic effects and potential long-term implications of prior BCG therapy on systemic
immune response are less clear. Patients who had relapse or progression on/after intravesical
BCG may have differential expression of inflammatory components (e.g., IL-1p), and

lower expression of IFN-y, HMOX-1 and GNLY, when compared to those with durable
response to intravesical BCG (9). Another proposed mechanism is that there may be a lower
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frequency of DNA damage response (DDR) gene alterations, such as ERCC2, in patients
who progress to MIBC and aUC after prior intravesical BCG compared to those without
prior BCG, which may impair response to subsequent ICI therapy (10).

Given that intravesical BCG may alter the systemic immune response as discussed earlier, it
is possible that progression on/after intravesical BCG may impact response to systemically
administered ICI. Subset analyses from clinical trials of ICls in aUC regarding this

question have been relatively limited. Therefore, we conducted a retrospective cohort study
comparing outcomes (ORR, PFS and OS) between those with and without prior intravesical
BCG exposure. We hypothesized that prior intravesical BCG would be associated with lower
ORR shorter PFS and OS in patients with aUC treated with ICI.

Materials and Methods

Patient Selection and Data Collection

Institutional review board approval was attained, and the study was conducted in
concordance with the Declaration of Helsinki principles. We used a previously collected
cohort of patients, which included patients from 25 institutions in the United States and
Europe. Consecutive patients at each institution were identified using a combination of
provider-driven and electronic health record search algorithms.

For data collection and storage, we used web-based, secure, and standardized REDCap
capture tools hosted at the Institute of Translational Sciences at University of Washington
(11-12). Data collected included demographics, clinicopathological factors, including
intravesical BCG exposure, ICI treatment and outcomes [ORR, PFS, OS]. Timing of
imaging and designation of response and progression were investigator designated; although
RECIST v1.1 criteria principles were used for the evaluation of best response, that endpoint
was determined by the chart abstractor based on best available information in clinical

notes and radiographic studies without central radiology review. Patients with pure non-UC
histology, those with multiple ICI treatment lines and those with upper tract UC were
excluded. Patients who received ICls on as combinations or on clinical trials were also
excluded due to the heterogeneity of trials and combinations with other chemotherapy

and targeted therapies. Due to sample size considerations and overall study feasibility, we
included patients regardless of prior documented history of NMIBC, including those with
de novo metastatic UC, but we performed several adjustments for confounding prognostic
factors in multivariable analyses, as discussed below.

Statistical Analysis

Baseline characteristics were summarized with descriptive statistics and compared with
chi-square test and Student’s t-test for categorical and continuous variables, respectively.
ORR was calculated as the sum of patients with investigator-determined complete or partial
response divided by the total number of patients with available data. OS was measured from
the date of ICI initiation until the date of death and PFS was measured from the date of ICI
initiation until the date of investigator determined radiographic and/or clinical progression,

Clin Genitourin Cancer. Author manuscript; available in PMC 2023 April 01.
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or death. Patients without event (OS or PFS) were censored at the date of last follow-up
visit. To assess the follow-up, we used the reverse Kaplan-Meier method.

For all outcomes (ORR, PFS and OS), patients were stratified by treatment line (first

line [1L] and subsequent line [2+L]) and compared between those with and without prior
intravesical BCG exposure. Multivariable logistic regression was used to estimate the odds
ratio (OR) and 95% confidence intervals (CI) for ORR. Kaplan—Meier method was used for
survival curves and to estimate median (m)OS and median (m)PFS. Cox regression was used
to determine the effect of intravesical BCG exposure on OS and PFS; differences between
groups were expressed as hazard ratios (HRs) and 95% Cls. For the multivariable analysis,
models were adjusted based on calculated risk scores: an internally developed risk score
(Khaki risk factors), which includes ECOG performance status, liver metastases, baseline
neutrophil to lymphocyte ratio (NLR) and albumin (13) was used for 1L, and Bellmunt
prognostic risk factor score (14), which includes ECOG performance status, liver metastases
and hemoglobin, for 2+L (salvage) analysis. Statistical significance was set at P < 0.05;

all P values were two-tailed. All statistical analyses were performed using Stata IC 16.0
(StataCorp LLC, College Station, TX, USA).

Patient Selection and Characteristics

Out of a total of 1,026 patients with aUC treated with an ICI between 2013 and 2020 across
25 different institutions, 639 patients were included in the study population with 614, 638,
and 617 patients ultimately in the ORR, PFS and OS analyses, respectively (Figure 1). The
median follow-up time by the reverse Kaplan-Meier method was 21 months.

Table 1 shows the baseline characteristics for patients with and without history of
intravesical BCG, stratified by line of therapy [1L and salvage (2+L)]. Among 363 and
276 patients treated with 1L and 2+L ICI, 77 (21%) and 73 (26%) had history of prior
intravesical BCG treatment, respectively. In both the 1L and 2+L setting, there was a
significantly higher prevalence of men in patients previously been treated with intravesical
BCG. For those treated with IClIs in the 2+L setting, patients with history of intravesical
BCG were also older (median age 77 vs 66 years).

Observed Response Rate

A total of 614 patients were included in ORR analysis; 344 and 270 patients were treated
with ICI in the 1L and 2+L setting, respectively. In the 1L, those with prior intravesical BCG
exposure had ORR 23% (95% CI 14-34) and those without had ORR 31% (95% CI 26-37;
Table 2). Similarly, among those treated with ICls in 2+L, ORR was 31% (95% CI 21-42)
and 24% (95% CI 15-28) for those with and without prior intravesical BCG, respectively. In
both 1L and 2+L, the odds of response to ICI were not significantly different among those
with and without prior intravesical BCG exposure.

Clin Genitourin Cancer. Author manuscript; available in PMC 2023 April 01.
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Progression Free Survival

A total of 638 patients were included in the PFS analysis; 363 and 275 were treated with ICI
in the 1L and 2+L, respectively. Median PFS for those with and without prior intravesical
BCG exposure was 4 (95% CI 4-6) and 3 months (95% CI 2-7) in 1L, and 4 (95% CI

3-4) and 4 months (95% CI 3-7) in 2+L, respectively. No significant difference in PFS

in multivariable analysis was noted among patients with vs without prior intravesical BCG
exposure in either 1L or 2+L setting (Table 2).

Overall Survival

A total of 617 patients were included in the OS analysis: 353 with 1L ICI and 264 with

2+L ICI. In the 1L, median OS for patients with vs without prior intravesical BCG exposure
was 11 (95% CI 6-15) vs 11 months (95% CI 8-14; Figure 1), respectively. In the 2+L
subgroup, patients with prior intravesical BCG had median OS of 7 months [95% CI 5-12]
vs 10 months [95% CI 8-12]), which was not significantly different on Cox Regression (HR
1.13 [95% CI 0.79-1.63], p=0.49).

Discussion

In this retrospective multi-institution cohort study of patients with aUC treated with ICls,
prior intravesical BCG exposure was not associated with significant difference in ORR,
PFS or OS. This hypothesis-generating study provides relevant data suggesting that prior
intravesical BCG may not need to be a stratification factor in ICI trials in aUC or impact
clinical decision making.

Few prior studies have investigated outcomes with ICI therapy among patients with and
without prior intravesical BCG exposure. The DANUBE trial, a phase 111 trial investigating
durvalumab with or without tremelimumab vs platinum-based chemotherapy in patients with
aUC, showed in a subset analysis in patients treated with durvalumab and tremelimumab,
those patients with prior intravesical BCG exposure did not have significant difference

in OS compared to those without prior intravesical BCG exposure (median 17.7 vs 15
months, respectively (15). The ABACUS phase I trial investigated the efficacy of two
doses of neoadjuvant atezolizumab prior to radical cystectomy in cisplatin-unfit patients
with operable localized MIBC, presented a subset analysis showing that patients who were
previously treated with intravesical BCG had similar pathologic complete response rate
compared to the entire cohort, 30% (95% CI: 7-65%) vs 31% (95% CI: 21-41%) (16).
These findings align with ours which also did not show significant difference in ORR, PFS,
or OS based on prior intravesical BCG exposure in patients treated with ICls with aUC.

Although BCG and ICls are both immunotherapy modalities, they have different
mechanisms of action and potentially of resistance. The exact mechanism of BCG action

is unclear, however /n vivo studies have shown that internalization of BCG into bladder
tumor cells can lead to cell apoptosis and necrosis and can induce cytokines causing an
immune cascade that alters the tumor immune microenvironment and facilitates a robust host
immune response leading to tumor cell death (17). Just as its exact mechanism of action is
not fully elucidated, the same is true for mechanisms of resistance. It has been postulated

Clin Genitourin Cancer. Author manuscript; available in PMC 2023 April 01.
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that increased upregulation of PD-L1 may lead to immune silencing and reduced BCG
efficacy (17). If this were the case, we would expect possibly higher ORR in patients with
prior intravesical BCG exposure, which we did not note.

We originally hypothesized that patients with aUC with prior exposure to intravesical BCG
would have diminished response to ICI. We thought that, given intravesical BCG can induce
a systemic immune response and that those who progressed on/after BCG may have an
altered immunomodulatory systemic landscape, this might negatively impact response to
future systemic ICI. A retrospective study showed that patients with primary MIBC (without
exposure to prior intravesical BCG) had higher frequency of DDR gene alterations, such

as ERCC2, compared to secondary MIBC (with possible prior exposure to BCG) (10).

This may subsequently make the former cohort of patients potentially more responsive to
subsequent ICI therapy. However, our data shows similar response and outcomes to ICI for
aUC for those with and without prior intravesical BCG exposure suggests that if there were
systemic changes, these may not affect ICI outcomes.

Notably, there are currently multiple trials investigating combining intravesical BCG with
ICI across the spectrum of NMIBC (18-20). It is important to highlight that these trials are
distinct from our retrospective study, which investigated outcomes with ICI in a population
who received prior intravesical BCG. Intravesical BCG remains the standard of care for high
risk NMIBC and ICls have shown very promising data for BCG-unresponsive NMIBC, so
BCG and ICI combination warrants further investigation in that setting.

Strengths of our study include the use of real-world data and the large sample size from
multiple institutions across the United States and Europe. Inherent limitations of our study
include the retrospective study design, lack of randomization, possible selection bias and
unmeasured confounding. For example, patients with MIBC or de novo metastatic disease
who did not present with NMIBC may have different tumor biology, therapy and clinical
course compared to those who initially had NMIBC and may have received intravesical
BCG. We also were not able to collect the extent and duration of prior intravesical BCG
therapy, whether BCG was administered in the induction and/or maintenance setting,
response to BCG, and the time elapsed between last BCG dose and IClI initiation, all of
which may modify the relationship between prior intravesical BCG and ICI outcomes.

In addition, given the multi-institution retrospective study design, we could not conduct
central radiology or pathology review, while there may have been practice-related variability
in therapy administration, disease monitoring and follow up periods, which could affect
ascertainment of response and progression. We also did not assess toxicity to intravesical
BCG and ICls, prior BCG vaccination against tuberculosis, or molecular biomarkers.
Despite these limitations, this analysis provides important preliminary data that selection
for ICI treatment for aUC as well as clinical trial eligibility and stratification should not be
impacted by prior exposure to intravesical BCG.

Conclusion

In conclusion, our hypothesis-generating study did not demonstrate significant differences in
ORR, PFS or OS with ICI for patients with aUC based on prior intravesical BCG exposure.

Clin Genitourin Cancer. Author manuscript; available in PMC 2023 April 01.
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Further clinical and molecular biomarker exploration is needed to refine patient selection for
ICI and trial designs in UC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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auc advanced urothelial carcinoma

BCG Bacillus Calmette-Guerin

ICI Immune checkpoint inhibitors
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oS overall survival

PD-1 programmed cell death protein 1
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PFS progression-free survival

SWOG Southwest Oncology Group
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Clinical Practice Points
. While immune checkpoint inhibitors (ICIs) improve survival in locally
advanced unresectable and metastatic urothelial carcinoma (aUC), little is
known regarding outcomes in patients with prior exposure to intravesical
BCG
. We compared observed response rate, progression-free and overall survival

between patients with and without prior intravesical BCG exposure who were
treated with ICls for aUC

. Our findings provide important preliminary data that prior intravesical BCG
exposure may not impact ICI efficacy in aUC.
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CONSORT diagram: patient selection & exclusion rationale
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Figure 2.
Kaplan Meier curves for overall survival with checkpoint inhibitors in first line (A) and

salvage (B) setting.
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Kaplan Meier curves for progression-free survival with checkpoint inhibitors in first line (A)

and salvage (B) setting.
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Baseline characteristics for patients with advanced urothelial carcinoma treated with immune checkpoint

inhibitors, stratified by treatment line and prior history of BCG

First line ICI Second or later line ICI
History of BCG No Yes No Yes
Number of Patients 287 78 3 205 75 P
Age at ICl initiation, median (IQR) 70 (67-82) 69 (49-79) 0.22 66 (59-80) 77 (60-82) <0.001
Sex, N (%)
Male 206 (72) 63 (81) 011 154 (75) 66 (88) 0.02
Female 81 (28) 15 (20) 51 (25) 9(12)
Smoking History, N (%)
Ever Smoker 204 (72) 49 (63) 0.12 148 (72) 51 (68) 0.49
Never Smoker 80 (28) 29 (37) 57 (28) 24 (32)
Race, N (%)
White race 216 (75) 61 (78) 0.85 151 (74) 57 (76) 0.04
Hispanic 31(11) 6 (8) 31(15) 4 (5)
African American 16 (6) 4 (5) 12 (6) 5(7)
Asian 8(3) 4(5) 8 (4) 3(4)
Histology, N (%)
Pure UC 188 (66) 56(72) 031 157 (77) 57 (76) 0.87
Mixed UC 98 (34) 22 (28) 47 (23) 18 (24)
Non-UC 1(0) 0 (0) 1(0) 0 (0)
Prior platinum chemotherapy, N (%)
No 148 (52) 52(67)  0.018 14 (7) 3(4) 0.38
Yes 139 (48) 26 (33) 191 (93) 72 (96)
Albumin<3.5 g/dL at ICl initiation, N (%)
No 96 (33) 24 (31) 0.48 63 (31) 32 (43) 0.07
Yes 171 (60) 52 (67) 131 (64) 40 (53)
Hgb<10 g/dL at ICl initiation, N (%)
No 212 (74) 53 (68) 029 144 (70) 60 (80) 0.14
Yes 68 (24) 23 (30) 55 (27) 14 (19)
Liver Metastasis at ICl initiation, N (%)
No 249 (87) 63 (81) 0.18 156 (76) 57 (76) 0.99
Yes 38 (13) 15 (19) 49 (24) 18 (24)
ECOG Performance Status, N (%)a
0 57 (20) 18 (23) 0.67 36 (18) 18 (24) 0.58
1 131 (46) 32 (41) 119 (58) 40 (53)
2 69 (24) 18 (23) 24 (12) 11 (15)
3 6(2) 3(4) 5(2) 1(1)
4 1(0) 1(1) 0(0) 0 (0)
Missing 23(8) 6(8) 21 (10) 5(7)

ICI Received, N (%)
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First line ICI Second or later line ICI
Atezolizumab 113 (39) 30 (39) 0.37 110 (54) 44 (60) 0.18
Avelumab 1(0) 0 (0) 1(<1) 0(0)
Durvalumab 7(2) 4 (5) 6 (3) 1(1)
Nivolumab 16 (6) 1(1) 26 (13) 4 (6)
Pembrolizumab 147 (51) 42 (54) 60 (30) 24 (33)
Risk Scoreb
0 112 (39) 24 (31) 0.62 27 (13) 11 (15) 0.27
1 83 (29) 22 (28) 83 (41) 38 (51)
2 37 (13) 12 (15) 59 (29) 19 (25)
3¢ 26 (9) 7(10) 12 (6) 1(1)
Missing 28 (10) 12 (16) 24 (11) 6(8)

a,. .. L
At time of ICI initiation

Page 16

bFirst-Iine: Internally developed risk score, Ali risk model (ECOG PS, liver mets, NLR, albumin) [13]; Second or later line: Bellmunt risk score
(ECOG, liver mets, Hgb) [14]

C. . . . .
First-line risk score includes four factors thus score of 3 is >3
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Observed response rate (ORR), Overall Survival (mOS) and Progression-Free Survival (mPFS) according to

Table 2.

prior history of intravesical BCG treatment, stratified by treatment line

Observed Response Rate (ORR)

Treatment Line | History of BCG treatment? ORR (%) (95% CI) Adjusted OR (95% CI) | p-value
No (n=273) 31 (26-37) Reference 0.08
First Line
Yes (n=71) 23 (14-34) 0.55 (0.28-1.06)
No (n = 198) 24 (18-30) Reference 0.12
Subsequent Line
Yes (n=72) 31 (21-42) 1.65 (0.95-2.58)
Median Overall Survival (mOS)
History of BCG treatment? | mOS, months (95% CI) | Adjusted HR (95% CI) | p-value
No (n=279) 11 (8-14) Reference 0.79
First Line
Yes (n =74) 11 (6-15) 1.05 (0.71-1.56)
No (n=191) 10 (8-12) Reference 0.49
Subsequent Line
Yes (n=73) 7 (5-12) 1.13(0.79-1.63)
Median Progression-Free Survival (mPFS)
History of BCG treatment? | mPFS, months (95% CI1) | Adjusted HR (95% CI) | p-value
No (n = 286) 4 (4-6) Reference 0.55
First Line
Yes (n=77) 3(2-7) 1.12 (0.77-1.62)
Subsequent Line No (n = 203) 4 (3-4) Reference 0.39
Yes (n=72) 4(3-7) 0.87 (0.63-1.19)
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