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Abstract

Background Antibiotic therapy (ABT)-induced dysbiosis may affect the efficacy of immune checkpoint inhibitors
(ICl) therapy. We investigated the association between ABT and real-world overall survival (rwQS) and progression-free
survival (rwPFS) in patients with metastatic urothelial carcinoma (mUC) receiving ICl or cisplatin-based chemotherapy
(CIS).

Methods Three thousand, one hundred seventy-nine patients were included from a nationwide electronic health
record-derived de-identified database. Three-month landmark Kaplan-Meier methods and log-rank tests were used
to estimate rwOS/PFS between treatment modalities based on ABT groups (stratified by exposure, timing, excretion
mode, and administration route). Cox proportional models with time-varying coefficients were used to investigate
the associations between ABT, treatment modality, and rwOS/PFS.

Results A total of 402 (27.1%) ICl and 655 (38.6%) CIS patients received ABT (p <0.001). ICl receipt (OR 0.65, p<0.001)
and advanced age (OR 0.98, p<0.001) were associated with lower ABT use.

ICl exclusive findings included a negative correlation with rwQS in patients who received post-treatment initiated
(ICI median: pre—13.2 vs post—7.9 vs none—13.3 months; p=0.009), oral (median oral—9.6 vs none—13.3 months,
p=0.03), and renally cleared (median renal—9.9 vs none—13.3 months, p=0.04) ABT.

ABT's effect was negatively associated with rwQOS in ICI patients within first 6 months (HR 1.36, 95% Cl 1.107-1.74,
p=0.01) but not thereafter (p=0.7).

Conclusions This study identified a potential ICl-specific negative correlation between ABT and rwOS in patients

with mUC, specifically those exposed to ABT pills and receipt before treatment initiation. These results emphasize

the importance of antibiotic stewardship and continued investigation of the role of gut microbiome in mUC treat-
ment efficacy.
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Background

The first-line treatment for metastatic urothelial carci-
noma (mUC) has been cisplatin-based chemotherapy
(CIS) for nearly three decades. However, the 5-year sur-
vival rates remain around 15% in those able to receive
CIS [1]. Introduction of immune checkpoint inhibitors
(ICIs) following KEYNOTE-052 [2], and IMvigor210 [3],
has revolutionized mUC management with guidelines
recommending first-line ICI maintenance therapy fol-
lowing chemotherapy in cisplatin-eligible patients [4, 5].
Although ICI therapy is efficacious with a more favora-
ble toxicity profile, the response rates are heterogenous
[6], and there are ongoing efforts to identify prognostic
or predictive biomarkers along with modifiable factors
influencing therapeutic responsiveness [7, 8].

A growing body of literature has facilitated our under-
standing of the role of the microbiome (urinary and gut)
as an essential regulator of the immune system. While
the urinary microbiome has demonstrated influence over
the tumor micro-environment in non-muscle and mus-
cle invasive localized UC [9], its impact on metastatic
disease is less established. However, the gut microbiome
(GM) has been indicated as driver of primary resistance
to systemic therapies in the metastatic setting [10-12].
In multiple malignancies, the GM demonstrates signifi-
cant influence over the ability to restore anti-tumor activ-
ity of immune cells and mount an adequate therapeutic
responsiveness to a multitude of systemic therapies [13—
17]. Disturbances to GM homeostasis impact therapeutic
responsiveness and investigations have identified anti-
biotic therapy (ABT) as one mechanism responsible for
reduced treatment effectiveness through induction of
dysbiosis [11, 15-17].

The landscape of treatment-naive mUC is shifting
with evidence from EV-302 supporting first-line enfor-
tumab vedotin-ejfv (EV) and pembrolizumab combina-
tion, further establishing therapies targeting the PD1/
PDL-1 axis like pembrolizumab as a mainstay of manage-
ment in this space [18]. Thus, efforts to enhance the effi-
cacy of these agents through GM modulation have been
an area of interest [7, 8, 14]. However, within the mUC
space, there are a limited studies that have assessed any
differential oncologic outcomes related to ABT expo-
sure in patients receiving either ICI or CIS. Utilizing a
nationwide electronic health record (EHR)-derived de-
identified database, we sought to assess real-world out-
comes by investigating the association between ABT
and real-world overall survival (rwOS) and progression-
free survival (rwPFS) in patients with mUC treated with
ICI compared to our control group managed with CIS.
Determining causal inference surrounding ABT-induced
dysbiosis and efficacy of systemic therapy is a prior-
ity, and while prospective randomized control trials are
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the gold standard, investigating the underlying mecha-
nisms in this setting may raise ethical questions includ-
ing feasibility of withholding indicated ABT for patients
or administering a drug that might negatively impact
outcomes. Thus, observational studies describing cor-
relative associations help lay groundwork in uncovering
a more nuanced understanding of a potential ABT-GM-
ICI interplay. As such, we sought to evaluate the impact
ABT exposure, timing of receipt, mode of excretion, and
administration route had on patients with mUC receiv-
ing ICI and CIS. We hypothesized that ICI recipients
exposed to ABT would demonstrate a more pronounced
negative association with rwOS/PFS compared to CIS
patients.

Methods
In this retrospective, real-world outcomes analysis,
we queried the Flatiron Health (FH) database follow-
ing Institutional Review Board approval. The FH data-
base comprises de-identified patient-level structured
and unstructured data, curated via technology-enabled
abstraction originating from 280 US cancer clinics (~ 800
sites of care) [19, 20]. The study queried 10,352 patients
with mUC of the bladder or upper tract diagnosed who
were treatment-naive receiving first-line therapy from
01 January 1982 to 14 September 2021 based on abstrac-
tion confirmed ICD9/10 codes: ICD-9 188x, 189.1, 189.2,
189.3, or ICD-10 C65x, C66x, C67x, C68.0. Based on
abstraction methodology, exclusion of variant histol-
ogy or stratifying individualized metastatic disease bur-
den was not trackable. Baseline patient (age, sex, race/
ethnicity, body mass index [BMI], Eastern Cooperative
Oncology Group [ECOG] status, insurance status, his-
tory of smoking) and clinical (stage, surgery status) vari-
ables were collected along with ABT characteristics. ICI
stratification required receipt of any immunotherapeutic
agent, whereas chemotherapy stratification was based
on receiving CIS. This study analyzed outcomes in the
first-line setting pre-dating the approval of EV-pembroli-
zumab in this space and excluded patients who received
carboplatin given known inferior survival benefit com-
pared to CIS [21]. The systemic therapy regimen and
ABT classes are listed in Additional file 1: Tab. S1.
Baseline patient characteristics were compared by
treatment modality and ABT exposure using ¢-tests and
chi-square tests. Multivariable logistic regression mod-
els assessed the association between treatment modality
and ABT exposure, adjusting for pre-selected covariates.
rwOS/PES were calculated from the date of treatment
initiation to the date of real-world progression/date of
death and censored at the date of last confirmed activ-
ity for OS and last clinic note date for PFS. We used
a 3-month landmark for survival analyses to address
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immortal time bias as ABT use is a time-varying expo-
sure [22]. Three-month landmark Kaplan—Meier and
log-rank tests were used to compare oncologic outcomes
between ICI and CIS cohorts based on (1) exposure, (2)
timing, (3) excretion mode, and (4) administration route.
Exposure was categorized as either ABT or no ABT. Tim-
ing of exposure was stratified into three windows: no
ABT, within the 3 months immediately prior to treatment
initiation (pABT), or within the 3 months immediately
following treatment initiation to 3 months (referred to
as concurrent ABT, cABT). Excretion was categorized
as no ABT, hepatic/mixed, or renal. Administration
was classified as no ABT, oral (PO), or parenteral (IV)
based on extrapolated structured data and confirma-
tion of route of administration using guidetopharmacol-
ogy.org. Multivariable Cox proportional models were
used to investigate the association between rwOS/PEFS,
ABT, and treatment modality after adjusting for covari-
ates. The interaction effect between the treatment groups
and ABT was measured to ascertain whether the effect
of ABT differed among treatments. We included a time-
varying effect of ABT (split between the first 6 months
and subsequent follow up) when non-proportional haz-
ards were detected. Statistical significance was set at a
p-value <0.05. R version 4.3.0 was used on all analyses.

Results

Demographics and treatment modality

A total of 3179 patients with mUC (Additional file 1: Fig.
S1) were included with baseline demographic and clini-
cal characteristics described in Table 1. A total of 1483
(46.6%) patients received ICI (median age 76.9 years,
IQR 69.8-81.3), and 1696 patients (53.4%) received CIS
(median age 68.2 years, IQR 61.7-73.8). The ICI group
was older (76.8 vs 71.5, p<0.001), had higher ECOG sta-
tus (p<0.001), and was less likely to have undergone sur-
gery after advanced diagnosis (21.8% vs 4.2%, p<0.001).
There was no evidence of difference between two treat-
ment groups by race/ethnicity (p=0.2) and sex (p=0.3).
More patients in the CIS group received ABT (39% vs
27%, p<0.001). Between groups, there was a significant
unadjusted difference in rwOS with CIS faring better
(median 15.6 vs 19.2 months, p <0.001) but no difference
in rwPFS (median rwPFS 9.47 vs 9.41 months, p=1).
During the study period, a total of 1055 CIS and 1004 ICI
patients experienced a death event while 1314 CIS and
1184 ICI patients had progression or death event.

Demographics and antibiotic exposure

A total of 1057 (33%) patients were exposed to ABT who
tended to be younger (69.4 vs 71.4, p<0.001) and female
(31% vs 26%, p =0.005). There was a significant difference
in ABT exposure by race (73% vs 68% white, p<0.001),
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ECOG status (ECOG 0 27% vs 29%, p<0.001), but not
receipt of surgery after metastatic diagnosis (surgical
recipient 15% vs 13%, p=0.1; Additional file 1: Tab. S2).
In multivariable analysis, race, ECOG status, smoking
history, BMI, and stage at diagnosis were not associated
with ABT exposure. However, ICI therapy (OR 0.65, 95%
CI 0.54-0.78, p<0.001), advanced age per 10 years (OR
0.82, 95% CI 0.74-0.90, p <0.001), and male sex (OR 0.78,
95% CI 0.66—0.93, p=0.005) were associated with lower
ABT use (Additional file 1: Tab. S3). Among ABT recipi-
ents, there was a total of 704 death events and 855 pro-
gression or death events; in those who did not receive
ABT, there were 1355 death events and 1643 progression
or death events.

ABT exposure and timing

We hypothesized that ABT exposure would have a nega-
tive correlation with rwOS/PES in patients receiving
ABT prior to starting ICI therapy compared to those
not receiving ABT or receiving ABT after ICI initiation.
ABT exposure (any ABT vs no ABT) was not significantly
associated with rwOS or rwPFS in ICI (rwOS median
10.8 vs 13.3 months, p=0.06; rwPFS median 5.6 vs 7.0,
p=0.3) or CIS (OS. median 16.2 vs 16.2, p=0.8; rwPFS
median 5.8 vs 5.5, p=0.7) cohorts (Fig. 1).

However, timing of ABT exposure was negatively asso-
ciated with rwOS in the ICI group (median 7.9 months
cABT vs 13.2 pABT vs 13.3 no ABT, p=0.009) but not
in the CIS group (p=0.9). In pairwise comparison, there
was a negative association with rwOS in ICI patients who
received ABT after starting therapy compared to prior
to treatment initiation (p=0.03) as well as compared to
no ABT (p=0.004). There was no association between
rwPES and ABT timing either treatment group (Fig. 2).

Association of ABT excretion mode

We hypothesized that hepatically excreted ABT would
be negatively correlated with rwOS compared to other
modes of excretion. rwOS was not statistically signifi-
cantly associated with ABT excretion mode (hepatic/
mixed vs renal vs none) for ICI (p=0.1) or CIS (p=0.4).
However, in pairwise comparison in ICI patients, receipt
of renally cleared ABT was negatively associated with
rwOS (median rwOS 4.8 vs 7.0 months, p=0.04) com-
pared to those with no ABT. No correlative association
was identified between excretion mode and rwPFS in
either group (ICI: p=0.3; CIS: p=0.7), and pairwise com-
parison did not demonstrate any associations (Fig. 3).

Association of ABT administration route

Patients who receive ABT presumably have infec-
tions or are presumed to have infections and therefore
may be more mortality-prone; however, determining
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Table 1 Patient characteristics by first-line treatment modality

CIS (N=1696) ICI (N=1483) Total (N=3179) p value
Age at diagnosis <0.001°
Mean (SD) 67.3(8.7) 74.7 (8.2) 713 (8.7)
Median 68.2 76.9 729
Range 31.6-85.1 33.7-85.1 23.1-85.2
Q1,03 618,738 69.8,81.3 65.8,779
Sex (%) 03P
Female 456 (27) 424 (29) 880 (28)
Male 1240 (73) 1059 (71) 2299 (72)
Stage at diagnosis (%) <0001
(] 251 (15) 399 (27) 650 (20)
I\ 785 (46) 361 (24) 1146 (36)
Unknown/other 660 (39) 723 (49) 1383 (44)
Race (%) 0.2°
White 1180 (70) 1038 (70) 2218 (70)
Asian 26 (1.5) 17 (1.1) 43 (1.4)
Black or African American 79 (4.7) 51(34) 130 (4.1)
Hispanic or Latino 67 (4.0) 48 (3.2) 115 (3.6)
Other 227 (13) 209 (14) 436 (14)
Unknown 117 (6.9) 120 (8.1) 237 (7.5)
Insurance type (%) <0.001°
Commercial 565 (33) 387 (26) 952 (30)
Medicaid 119 (70) 77 (5.2) 196 (6.2)
Medicare 299 (18) 338(23) 637 (20)
Medicare/commercial 473 (28) 489 (33) 962 (30)
Other 147 (8.7) 144 (9.7) 291 (9.2)
Unknown 93 (5.5) 48 (3.2) 141 (4.4)
Surgery after diagnosis (%) <0.001°
No 1326 (78) 1420 (96) 2746 (86)
Yes 370(22) 63 (4.2) 2627 (13.6)
ECOG status (%) <0.001°
0 580 (34) 325 (22) 905 (29)
1 486 (29) 512 (35) 998 (31)
2 89(5.2) 179 (10) 311(9.8)
3 18 (1.1) 78(5.3) 96 (3.0
4 0(0.0) 2(0.1) 2(0.1)
Unknown 532 (31) 344 (23) 867 (27)
Metastasis within 1 month of diagnosis (%) <0.001°
No 665 (39) 1068 (72) 1733 (55)
Yes 1031 (61) 415 (28) 1446 (45)
Antibiotic exposure (%) <0.001°
No 1041 (61) 1081 (73) 2122 (67)
Yes 655 (39) 402 (27) 1057 (33)

Multivariable analysis 3 months landmark overall survival and real-world progression-free survival with time-varying coefficient, adjusting for covariates (age, sex,
body mass index, smoking status, surgery receipt, race, stage at diagnosis, insurance type, ECOG status)

ECOG Eastern Cooperative Oncology Group Performance Status Scale
2 Linear model ANOVA

b Pearson’s chi-squared test
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Fig. 1 Oncologic outcomes by antibiotic therapy exposure. A Overall survival by antibiotic exposure. B Real-world progression-free survival
by antibiotic exposure. OS, overall survival; rwPFS, real-world progression-free survival; ICl, immunotherapy; non-ICl, chemotherapy. 3-month

landmark Kaplan—-Meier (KM) curves
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Fig. 2 Oncologic outcomes by antibiotic timing with pairwise comparisons. A Overall survival by antibiotic timing. B Real-world progression-free
survival by antibiotic timing. OS, overall survival; rwPFS, real-world progression-free survival; ICl, immunotherapy; non-ICl, chemotherapy; ABT,
antibiotic therapy; pABT, before treatment initiation, CABT, concurrent or after treatment initiation. 3-month landmark Kaplan-Meier (KM) curves;

median survival with pairwise comparisons

the treatment indication or its severity is not possible
within the FH database. However, patients receiving
IV ABT are likely to be hospitalized with more severe
infection or suspected infection and are likely to be at
risk for death. To determine whether such infections
might be a confounder, we examined the association
between the route of ABT administration and rwOS/
PES. In analyzing the impact of the ABT administration

route, no statistically significant correlative association
was noted between IV and PO vs no ABT groups for
rwOS (ICL: p=0.1, CIS: p=0.8) or rwPFS (ICI: p=0.5;
chemotherapy: p=0.8). However, in pairwise compari-
son of ICI patients, receipt of oral ABT was negatively
associated with rwOS compared to no ABT (median
12.6 vs 16.3 months, p=0.034; CIS patients, p=0.9;
Fig. 4).
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Fig. 3 Oncologic outcomes by antibiotic therapy excretion mode with pairwise comparisons. A Overall survival by antibiotic excretion. B
Real-world progression-free survival by antibiotic excretion. OS, overall survival; rwPFS, real-world progression-free survival; ICl, immunotherapy;
non-ICl, chemotherapy; ABT, antibiotic therapy. 3-month landmark Kaplan-Meier (KM) curves; median survival with pairwise comparisons
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Fig. 4 Oncologic outcomes by antibiotic therapy administration roue with pairwise comparisons. A Overall survival by antibiotic administration.
B Real-world progression-free survival by antibiotic administration. OS, overall survival; rwPFS, real-world progression-free survival; ICl,
immunotherapy; non-ICl, chemotherapy; ABT, antibiotic therapy; IV, intravenous; PO, oral. 3-month landmark Kaplan-Meier (KM) curves; median

survival with pairwise comparisons

Cox regression models with time varying coefficients

The coefficients for Cox proportional hazards models
for rwOS and rwPFS are listed in Additional File 1: Tab
S4-5. These models used a 3-month landmark time-point
and time-varying coefficients to account for non-pro-
portional hazards. A 9-month threshold was based on
violation of Schoenfeld residuals but corresponds with
timeframe for re-establishing GM homeostasis after ABT

ranges (3—12 months) [23] and median survival of mUC
in first-line setting with current standard of care manage-
ment (7—15 months) [2, 24]. In the first 6 months follow-
ing time O (i.e., 3 months after the initiation of systemic
therapy), a negative correlation with rwOS was seen
exclusively in ICI patients (HR 1.36, 95% CI 1.07-1.74,
p=0.012) and not in CIS patients (p=0.130); however,
the relationship between ABT, ICI, and rwOS did not
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persist beyond 9 months (p=0.705). Both before and
after 6 months, ABT exposure was not associated with
rwPFS in either treatment group (Table 2).

Discussion

In our real-world analysis study, we identified an ICI-
exclusive negative association between ABT and rwOS in
patients with mUC. Overall, ICI patients were older but
less likely to receive ABT than CIS patients. Unique to
the ICI recipients, those exposed to oral ABT and cABT
compared to those without ABT exposure demonstrated
a more pronounced negative association with rwOS. This
may be due to a more direct effect on the GM. However,
the potential effect of ABT on ICI patients’ outcomes
appears to be short-lived, as a significant association
beyond 6 months after treatment initiation was not
detected. Our findings highlight the importance of pro-
viders practicing appropriate antibiotic stewardship, par-
ticularly for patients with mUC eligible for ICI therapy
during their early treatment course.

With evidence from EV-302, pembrolizumab—a pro-
grammed cell death protein 1 (PD-1) inhibitor—is a
pivotal agent in management of mUC in the first-line
setting [18]. Thus, our finding that ABT exposure may
disproportionally impact patients with mUC receiving
ICI is important to acknowledge and might be rooted in
disease pathophysiology. UC tumor microenvironments
highly express programmed death-ligand 1 (PD-L1),
and trials such as IMvigor2019 and KEYNOTE-052 have
reported blunted responses to ICI in individuals with
low PD-L1 expression [2, 3]. With knowledge that ther-
apeutic responsiveness in UC may be linked to PD-L1
expression, Sivan et al. assessed the impact of manipulat-
ing the GM to modulate PD-L1 cancer immunotherapy
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[11]. They found that mice with melanoma exposed to
anti-PD-L1 therapy plus a favorable fecal microbiome
transplant (FMT) experienced improved tumor control
compared to either monotherapy arm. Routy et al. then
confirmed the negative influence of ABT exposure on
the GM-ICI axis through their work with ABT-treated
mice, demonstrating restoration of anti-PD-1 therapy
responsiveness following FMT from PD-1 responsive
cancer patients [15]. These pivotal translational studies
laid important groundwork in understanding the critical
association between the ABT-induced dysbiosis and ICI
responsiveness.

Given the increased use of ICI for the management
of mUC, efforts to understand the nuanced relation-
ship between ABT, dysbiosis, and ICI efficacy are ongo-
ing. Upwards of twenty meta-analyses are published
on ABT and ICI interaction with the most recent and
comprehensive including 5454 patients with mUC [25].
A significant reduction in OS but not PFS was noted in
mUC patients and most prominent in those who received
ABT within 60 days before or after treatment initia-
tion. However, granular elucidation of the timeframe of
exposure is strongly associated with reduced survival in
mUC patients has produced conflicting results; Pinato
et al. found that pABT was associated with worsened
outcomes [26], while robust post hoc analysis from
IMvigor210 and IMvigor211 trials found an ICI-exclusive
negative association with worse OS from cABT exposure
[27]. While our findings align with the growing consen-
sus that ABT is associated with reduced OS in patients
with mUC on ICI, we sought to go beyond ABT timing
and evaluate a fuller breadth of characteristics. Our study
is distinguished from these other studies by the analysis
of a contemporaneous additional control group, patients

Table 2 Three-month landmark overall survival and real-world progression-free survival with time-varying coefficients

Hazard ratio Lower confidence Higher confidence p value
interval interval
Overall survival with time-varying coefficients
Antibiotic effect in ICl in first 9 months 1.36 1.07 1.74 0.01
Antibiotic effect in ICl after 9 months 1.05 0.81 1.36 0.7
Antibiotic effect in CIS in first 9 months 1.18 0.95 147 0.1
Antibiotic effect in CIS after 9 months 0.90 0.76 1.07 0.2
Real world progression free survival with time-varying coefficients
Antibiotic effect in ICl in first 9 months 1.00 0.57 1.76 1
Antibiotic effect in ICl after 9 months 1.08 0.77 1.53 0.7
Antibiotic effect in CIS in first 9 months 097 0.82 1.14 0.7
Antibiotic effect in CIS after 9 months 1.03 0.84 1.26 0.8

Multivariable analysis 3-month landmark real world overall survival and progression free survival with time-varying coefficient, adjusting for covariates (rwOS: age,
surgery receipt, race, insurance type, ECOG status; rwPFS: surgery receipt, ECOG status)
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receiving CIS. Our findings that most of the significant
associations of ABT use with survival were specific to the
ICI group strongly support a role for the negative impact
of ABT in cancer patients receiving ICI.

Across malignancies, a higher cumulative ABT treat-
ment duration [28] and broader spectrum ABT [29] have
been associated with worse outcomes but less is known
definitively about excretion and administration. The
effect of clearance mode and administration route on
survival in ICI patients is unknown; therefore, we strati-
fied these parameters and found that renal clearance and
PO administration are negatively associated with sur-
vival in patients receiving ICL It is theorized that clear-
ance route impacts the magnitude with which ABT alters
GM through the microbiome-liver axis [30]; this axis
facilitates crosstalk of hepatically excreted ABT and the
gut microenvironment modulating the GM to a higher
degree than those renally cleared [31]. Our hypothesis
that hepatically cleared ABT would be independently
associated with reduced rwOS/PES, however, was not
supported; it can be speculated that excretion mode may
play a lesser role in influencing outcomes as mouse-mod-
els have demonstrated changes in the GM’s biodiversity
and composition of commensal bacteria from ABT both
hepatically or renally cleared [32]. Moreover, the degree
to which ABT administration route contributes to GM
perturbations is debated, with conflicting evidence on the
differential effects oral and parenteral delivery has. It has
been theorized that oral ABT inevitably induces a higher
degree of dysbiosis [33] because it interacts more directly
with the GM, with other studies arguing that parenteral
delivery minimally alters the gut or facilitates a quicker
return to pre-ABT GM richness and diversity than the
oral route [34].

There are limitations to this retrospective study, par-
ticularly in ascertaining if other comorbidities influenced
ABT use in patients with concomitant medical conditions
and thus exerted a compounded effect on outcomes inde-
pendent of ABT. FH lacks granular information regard-
ing metastatic disease burden as well as the setting of
antibiotic administration (inpatient vs outpatient), dose
duration (acute vs chronic), its implications on indication
(prophylactic vs therapeutic), and severity of infection,
all of which could independently drive poor survival out-
comes. However, we attempted to limit unmeasured con-
founding factors by assessing the administrative route,
an indirect measure of setting, and severity of infection.
FH collects data through electronic health records, which
may limit the capture of all ABT prescriptions if written
outside of the network or not self-reported by patients.
Moreover, the impact of individualized diet on the GM
cannot be accounted for due to the retrospective nature
of this work. Finally, our study did not incorporate the
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use of biomarkers such as PD-L1, TMB, and T cell infil-
tration into tumors as diagnostic markers or microbiome
analysis (fecal or urinary). Thus, our findings suggest a
possible association between ABT exposure, ICI recipi-
ent, and worse oncologic outcomes; however, we cannot
claim a direct interaction.

Our findings that oral ABT during ICI treatment was
associated with worse OS is notable for two key rea-
sons. First, this occurred in a cohort of patients who
were younger with less advanced disease at diagnosis and
were deemed appropriate surgical candidates compared
to the chemotherapy reference group. Second, with the
approval of neoadjuvant ICI on the horizon for local-
ized muscle-invasive UC and initial studies demonstrat-
ing similar associations between cABT and outcomes as
found in mUC [35], it is an imperative to fully understand
the intricacies of the ABT-GM-ICI relationship to pro-
vide the best care for patients throughout their disease
course, localized to metastatic.

Conclusion

This study identifies a potential negative association
between ABT and rwOS in patients with mUC receiving
ICI but not CIS. These results support the relevance of
the GM on immunotherapy efficacy and the PD1/PDL-1
axis. Although further studies are needed, our findings
emphasize the importance of antibiotic stewardship in
improving oncologic outcomes in patients receiving first-
line ICI therapy for mUC.
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