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Abstract

Background Immune checkpoint inhibitors (ICl) and chemotherapy, including antibody-drug conjugates, are widely
used for the treatment of patients with advanced unresectable or metastatic urothelial carcinoma (UC). The majority
of elderly patients receive concomitant medications to address various comorbidities. We aimed to evaluate the
impact of concomitant medications on oncological outcomes in patients with advanced unresectable or metastatic
UC treated with systemic therapy.

Material & methods In August 2024, three datasets were queried for studies evaluating concomitant medications
in patients with advanced unresectable or metastatic UC. The review protocol was registered in PROSPERO
(CRD42024547335). The primary outcome was overall survival (OS). A fixed- or random-effects model was used for
meta-analysis depending on the heterogeneity.

Results We identified 16 eligible studies (3 prospective and 13 retrospective) comprising 4,816 patients. Most
reported concomitant medications included proton pump inhibitors (PPIs), antibiotics, steroids, and opioids. The use
of concomitant PPIs, antibiotics, steroids or opioids during ICl therapy was associated with worsened OS (PPIs: HR:
1.43,95% Cl: 1.31-1.57, p<0.001; antibiotics: HR: 1.2, 95% Cl: 1.04-1.38, p=0.01; steroids: HR: 1.45, 95% Cl: 1.25-1.67,
p<0.001; and opioids: HR: 1.74, 95% Cl: 1.46-2.07, p<0.001). Concomitant use of antibiotics during chemotherapy did
not impact OS (HR: 1.01,95% Cl: 0.67-1.51).
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Conclusions When treating advanced unresectable or metastatic UC with ICl therapy, we need to pay attention to
concomitant medications, such as PPIs and antibiotics to avoid reducing the efficacy of ICI therapy. The mechanism of
action of these drugs on ICl efficacy requires further examination.

Keywords Concomitant medications, Proton pump inhibitors, Antibiotics, steroids, Opioids, Histamine type-2
receptor antagonists, Immune checkpoint inhibitors, Urothelial carcinoma

Introduction
The combination of enfortumab vedotin (EV) plus pem-
brolizumab is the new first-line therapy and standard
of care in patients with advanced unresectable or meta-
static urothelial carcinoma (UC) [1, 2]. In cases patients
unfit for EV but fit for cisplatin, the European Associa-
tion of Urology (EAU) guidelines [3] and ESMO Clinical
Practice Guideline [2] recommend switch maintenance
treatment with avelumab after initial treatment with
cisplatin-gemcitabine or nivolumab plus cisplatin-gem-
citabine based on the results of JAVELIN bladder 100
and CheckMate 901 studies, respectively [4, 5]. Although
ESMO Clinical Practice Guideline [2] do not recommend
the routine use of immune checkpoint inhibitors (ICI)
monotherapy, the EAU guidelines recommend pem-
brolizumab or atezolizumab monotherapy as first-line
therapy for patients unfit for both EV and cisplatin who
have positive programmed cell Death ligand 1 (PD-L1)
expression, based on the results of two single arm phase
II trials [6, 7]. Moreover, pembrolizumab or atezolizumab
was recommended as second-line therapy by ESMO
guidelines. Recent study revealed the effectiveness of
second-line pembrolizumab even in mUC patients with
Eastern Cooperative Oncology Group performance sta-
tus (ECOG-PS) 2 [8]. Thus, the demand for and signifi-
cance of ICI therapy for metastatic UC are increasing.
Patients with UC are often older and suffer from
comorbidities. Disease-related and unrelated comorbidi-
ties are treated with medications that may interact with
the cancer treatment, affecting efficacy and tolerability.
Although various prognostic factors, such as neutro-
phil-to-eosinophil ratio and bone metastasis influence
oncological outcomes in metastatic UC patients, it is
also important to consider the impact of concomitant
medications, as they may affect the efficacy and toler-
ability of standard therapies, in patients with metastatic
UC treated with ICI [9, 10]. Therefore, in this system-
atic review and meta-analysis, we aimed to investigate
the effect of concomitant medications on outcomes of
patients with advanced unresectable or metastatic UC
receiving standard systemic therapy.

Evidence acquisition

The systematic review protocol was registered in the
International Prospective Register of Systematic Reviews
(PROSPERO: CRD42024547335). The systematic review
and meta-analysis were conducted in accordance with

the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) statement and AMSTAR?2
checklist (Supplementary Tables 1, 2 and Appendix 2)
[11, 12].

Search strategy

In August 2024, PubMed (MEDLINE), Scopus, and Web
of Science Core Collection databases were searched
to identify studies investigating the effect of concomi-
tant medications, including proton pomp inhibitors
(PPIs), histamine type-2 receptor antagonists (H2RAs),
ABx, bone targeted agents, antihypertensives, steroids,
and opioids, on oncological outcomes in patients with
advanced unresectable or metastatic UC treated with
standard systemic oncologic therapies. The search strat-
egy for each database is presented in the Supplementary
Appendix 1. Two investigators independently performed
an initial screening based on the titles and abstracts and
noted the reasons of the exclusion of ineligible reports.
Full texts were retrieved and evaluated for eligibility. In
the case of discrepancies, the disagreements were solved
by consensus among the authors.

Inclusion and exclusion criteria

We used the population, interventions, comparator, out-
come, and study design (PICOS) framework to define
the eligibility criteria (Supplementary Table 3) [13]. We
included studies that reported on patients with advanced
unresectable or metastatic urothelial carcinoma (popu-
lation), who underwent systemic therapies, including
ICI therapy, chemotherapy with concomitant medica-
tions (intervention), compared to those who underwent
systemic therapies without concomitant medications
(comparators), and assessed overall survival (OS) (pri-
mary outcomes). Both retrospective and prospective
comparative studies were included (study design). We
excluded studies that lacked original patient data, along
with reviews, letters, editorial remarks, responses from
authors, case reports, and articles not written in English.
When encountering duplicate cohorts, we selected the
one with the higher quality. We searched references of
included manuscripts for additional studies of interest to
identify further relevant studies.

Data extraction
Two reviewers independently extracted data on study
and patient characteristics, including the first author’s
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name, publication year, country, study design, types of
concomitant medications, definition of using concomi-
tant medication, types of ICI therapy, treatment line,
criteria for both inclusion and exclusion, the main end-
point, the number of participants, their median ages,
sex, ECOG-PS, primary site of tumor, metastatic site, the
median duration of follow-up, and OS. The adjusted haz-
ard ratios (HR) and 95% confidence intervals (CI) were
retrieved for OS. We also extracted the covariates used
for adjusting the HR. All discrepancies were resolved by
consensus with co-authors.

Quality assessment & risk of bias

Study quality and risk of bias were evaluated using the
Risk Of Bias In Non-randomized Studies - of Interven-
tions (ROBINS-I) tool to evaluate bias in non-random-
ized studies [14]. The ROBINS-I assessment of each
study was performed by two authors independently.
Finally, we evaluated potential publication bias by using
funnel plot and Peters’ linear regression test for funnel
plot asymmetry was performed when at least ten studies
were included in the meta-analysis.

Statistical analysis

All statistical analyses were performed using R Version
4.2.2 (R Foundation for Statistical Computing, Vienna,
Austria, 2023; meta). To evaluate the impact of con-
comitant medication during ICI therapy in patients with
advanced or metastatic UC, we generated and analyzed
forest plots with adjusted HR and 95% CI. Cochran’s
Q test and the I test were used to evaluate the het-
erogeneity. Significant heterogeneity was indicated by
a p-value<0.05 in Cochran’s Q-tests and I statistics
greater than 50%. A random-effects model was utilized
to calculate the pooled HR when significant heterogene-
ity existed. To reduce the impact of heterogeneity on the
quantitative analysis, a subgroup analysis was performed
according to the types of ICI therapy. When significant
heterogeneity was observed, we attempted to investigate
the causes of heterogeneity [15]. P-values at <0.05 were
considered significant.

Evidence synthesis

Study selection and characteristics

The search strategy is presented in Supplementary Fig. 1.
According to our inclusion criteria, we identified 16
studies [16-31] (3 prospective trials and 13 retrospec-
tive studies) comprising 4,816 patients. The details of the
studies characteristics are summarized in Table 1.

Risk of bias assessment
Authors’ assessments of each domain for every study
included are depicted in Supplementary Table 4. Funnel
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plots and Peter’s Linear Regression analysis are depicted
in Supplementary Fig. 2.

Meta-analysis
Forrest plots and funnel plots of each analysis on OS are
shown in Figs. 1, as well as Supplementary Fig. 1.

Impact of concomitant use of PPIs

Ten studies [16-19, 21, 23-26, 30], comprising 3,836
patients, reported the impact of concomitant PPIs use on
OS in patients with advanced unresectable or metastatic
UC treated with ICIs. The patients who underwent ICI
therapy with concomitant PPIs had significantly worse
OS compared to those who did not use it (HR: 1.43,
95% CI: 1.31-1.57, p<0.001, Fig. 1A). Subgroup analysis
showed that patients who received pembrolizumab or
atezolizumab with concomitant PPIs use had significantly
worse OS compared to those who did not use concomi-
tant PPIs (HR: 1.47, 95% CI: 1.29-1.67 and HR: 1.38, 95%
CI: 1.2-1.58, respectively, Fig. 1A). Cochran’s Q tests and
P statistics revealed no significant heterogeneity in analy-
ses. Peters’ linear regression test did not show a publica-
tion bias in adjusted OS (p =0.4, Supplementary Fig. 2A).

Impact of concomitant use of antibiotics (ABx)

Eight studies [16, 18, 19, 23, 25, 26, 28, 29], comprising
3,413 patients, reported the impact of concomitant ABx
use on OS in advanced unresectable or metastatic UC
patients treated with standard systemic therapies. The
patients who received systemic therapy with concomi-
tant ABx had significantly worse OS compared to those
who did not use (HR: 1.21, 95% CI: 1.06-1.39, p<0.001
Fig. 1B). Subgroup analysis showed that the patients
who received atezolizumab with concomitant ABx had
significantly worse OS compared to those who did not
(HR: 1.34, 95% CI: 1.15-1.55 Fig. 1B), while there was no
significant difference in OS between those who received
pembrolizumab with concomitant ABx and those without
it (HR: 1.19, 95% CI: 0.75-1.89 Fig. 1B). Two studies [19,
29], comprising 524 patients, reported that the impact of
concomitant ABx use on OS in advanced unresectable
or metastatic UC patients treated with chemotherapies.
There was no significant difference in OS between the
two groups (HR: 1.01, 95% CI: 0.67-1.51, Fig. 1B). Peters’
linear regression test did not show a publication bias in
adjusted OS (p=0.6, Supplementary Fig. 2B). Cochran’s
Q tests and I statistics revealed significant heterogene-
ity in analyses. As we conducted sensitivity analysis and
detected the cause of heterogeneity, the patients who
received any ICIs with concomitant ABx had significantly
worse OS compared to those who did not use (HR: 1.2,
95% CI: 1.04—1.38, p=0.01, Supplementary Fig. 3).
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Impact of concomitant use of steroids

Five studies [17, 19, 25, 29, 31], comprising 1,926 patients,
reported the impact of concomitant steroids use on OS
in patients with advanced unresectable or metastatic UC
treated with ICIs. The patients who underwent ICI ther-
apy with concomitant steroids had significantly worse OS
compared to those who did not use (HR: 1.45, 95% CI:
1.25-1.67, p<0.001 Supplementary Fig. 2C). Subgroup
analysis revealed that no significant differences in OS
between the patients who received pembrolizumab with
concomitant steroids and those without (HR: 1.66, 95%
CI: 0.95-2.90 Supplementary Fig. 2C). Cochran’s Q tests
and I statistics revealed no significant heterogeneity in
analyses.

Impact of concomitant use of opioids

Three studies [17, 18, 25], comprising 1,314 patients,
reported a comparison of OS in advanced or metastatic
UC patients treated with ICI between those who used
concomitant opioids and those who did not. The patients
who underwent ICI therapy with concomitant opioids
had significantly worse OS compared to those who did
not (HR: 1.74, 95% CI: 1.46-2.07, p<0.001 Supplemen-
tary Fig. 2D). Subgroup analysis showed that there was
no significant difference in OS between the patients
who received pembrolizumab with concomitant opioids
and those without it (HR: 2.12, 95% CI: 1.33-3.37 Sup-
plementary Fig. 2D). Cochran’s Q tests and F statistics
revealed no significant heterogeneity.

Effect of concomitant use of Histamine type-2 receptor
antagonists (H2RAs)

Two studies [16, 19], comprising 479 patients, reported
the impact of concomitant H2RAs on OS in advanced or
metastatic UC patients treated with IClIs. There was no
significant difference in OS between the two groups (HR:
1.02, 95% CI: 0.68—1.54, p=0.9 Supplementary Fig. 2E).
Cochran’s Q tests and I statistics revealed no significant
heterogeneity.

Discussion

Enfortumab vedotin (EV) plus pembrolizumab is the
standard first-line therapy for untreated metastatic UC,
with alternative regimens available for selected patients
[2, 32]. While ICI play a key role in metastatic UC treat-
ment, their efficacy may be influenced by various clinical
factors, including patient comorbidities and concomitant
medications. Understanding these interactions is crucial,
as patients with metastatic UC often receive multiple
medications that could impact treatment outcomes. In
addition to concomitant medications, other prognostic
factors, such as bone metastases or neutrophil-to-eosin-
ophil ratio, may significantly affect survival in metastatic
UC [9, 10]. Given these complexities, a comprehensive
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approach is needed to optimize treatment outcomes in
metastatic UC patients.

We found that the use of concomitant PPIs seems to
negatively affect the efficacy of ICI therapy in patients
with advanced or metastatic UC. Indeed, the OS was also
negatively affected by concomitant PPIs use in patients
treated with either pembrolizumab or atezolizumab.
Although PPI use is considered safe, regarding the asso-
ciation between ICI therapy and PPIs, previous meta-
analyses [33-35] revealed that concomitant use of PPIs
was associated with worse OS in patients of lung can-
cer treated with ICIs. PPIs affect the gut microbiota due
to changes in stomach acid and the direct effect of the
medications. PPIs users exhibited a notable reduction in
bacterial diversity and specific bacterial species, includ-
ing Bifidobacterium spp., along with a significant rise in
pathogenic bacteria, such as Clostridium difficile, com-
pared to non-users [36]. PPIs treatment decreased the
populations of bacteria associated with a positive ICIs
response, such as Bifidobacterium, while bacteria associ-
ated with ICIs resistance, like Escherichia coli, showed an
increase with PPIs treatment [37]. These changes of gut
microbiota due to PPIs could be considered to impair the
efficacy of ICIs. Our analysis revealed that concomitant
PPIs use was negatively associated with both OS and PFS
in metastatic UC patients treated with ICIs, in accor-
dance with the results of previous studies [33, 38, 39].
On the other hand, regarding concomitant H2RAs, our
analysis revealed that no differences in OS. Although the
detailed mechanisms remain unclear, previous reports
suggested that H2RAs have less impact on the gut micro-
biota than PPIs [16]. Previous retrospective study, inves-
tigating the impact of concomitant H2RAs during ICI
therapy in patients with lung cancer, melanoma, and
renal cell carcinoma, revealed that concomitant use of
H2RAs was not associated with OS [40]. Our analysis
revealed the same result in the setting of metastatic UC
patients. This suggests that if it is necessary to suppress
gastric acid, one should consider H2RAs, and for those
on PPIs, one should consider switching from PPIs to
H2RAs to avoid compromising the effect of ICI therapy.

To the best of our knowledge, this is the first systematic
review and meta-analysis investigating the oncological
impact of concomitant ABx during systemic therapy on
oncological outcomes in patients with UC. ABx not only
affect the bacteria causing the infection but also affect the
resident microbiota. Changes in the microbiota due to
antibiotic use can lead to the disruption of host immune
homeostasis and heightened disease susceptibility [41].
Recently, some studies revealed that the use of ABx nega-
tively affects the oncological outcomes of ICI treatment
in patients with different types of cancer, such as renal
cell carcinoma, non-small cell lung cancer, and esopha-
geal squamous cell carcinoma [42-44]. However, the
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impact of ABx on oncological outcomes in patients with
UC treated with ICI therapy remains unclear and contro-
versial. Although three studies [18, 28, 29] reported that
patient using ABx had a significantly worse OS compared
to those who did not, the other five studies [16, 19, 23, 25,
26] failed to show this. We found that the use of concom-
itant ABx significantly reduced the effect of ICI therapy
in patients with UC. Conversely, concomitant use of ABx
did not impair the efficacy of chemotherapy with a focus
on OS, however, we only included two studies assess-
ing the efficacy of concomitant ABx on chemotherapy
efficacy.

We found that the concomitant use of steroids and opi-
oids negatively affected OS. Some studies reported that
both steroids and opioids may affect the gastrointesti-
nal function and gut microbiota [45-47]. Furthermore,
as the immunosuppressive mechanisms of steroids are
multifactorial, patients receiving steroids at the initia-
tion of ICIs can develop strong immune cascade effects,
resulting in poor activation of the anti-tumor immune
response. Additionally, previous study reported that the
use of opioids can inhibit immune cells like natural killer
cells and T-cells, diminishing their anti-tumor activity
[48]. Previous meta-analyses [49, 50] revealed that the
use of steroids or opioids was significantly associated
with worsen OS in patients with non-small cell lung can-
cer treated with ICI therapy. Our analysis found that the
use of both steroids and opioids were associated with
poorer efficacy of ICI therapy in patient with metastatic
UC. However, care should be taken in interpreting these
results. It is important to recognize that patients requir-
ing steroid or opioid for reasons, such as treatment for
immune-related adverse events, palliative care due to
multiple metastases, or brain edema secondary to brain
metastases, for example, may have underlying condi-
tions that contribute to poor prognoses, representing a
confounding factor that could not be adjusted for in our
analyses.

As we mentioned above, we believed that gut microbi-
ota will play an important role in the efficacy of ICI ther-
apy. Regarding metastatic renal cell carcinoma, a recent
randomized phase I trial [51] investigated the efficacy of
live bacterial supplementation (CBM588), including Clos-
tridium butyricum, during nivolumab plus ipilimumab
therapy. The metastatic renal cell carcinoma patients
who received live bacterial supplementation were signifi-
cantly associated with longer PFS compared to those who
did not (12.7 mo vs. 2.5 mo, HR:0.15, 95%CI: 0.05-0.47,
p=0.001). Therefore, conducting similar studies in meta-
static UC may be valuable. Additionally, further studies
are needed to clarify the association between concomi-
tant medications and the current standard of therapy, the
combination therapy of EV and pembrolizumab.
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Limitations

There are various limitations to our study. First, most of
the included studies had retrospective design, which led
to selection bias. Second, since PPIs may be prescribed
to prevent the side effects of NSAIDs administered for
cancer pain or to prevent the side effects of steroids for
the treatment of immune-related adverse effects due to
ICI therapy, these medications should also be consid-
ered as covariates. However, regrettably, only three stud-
ies [17, 19, 25] accounted for these covariates. Third, as
mentioned above, we need to be cautious the regard-
ing steroids and opioids. Although we only included the
adjusted HR for our meta-analysis, there is a possibility
that confounding factors have not been fully considered.
Fourth, unfortunately, we only found two studies (one
retrospective and one RCT) investigating the impact of
concomitant medications on oncologic outcomes dur-
ing chemotherapy. Furthermore, we were only able to
conduct a meta-analysis on the oncological impact of
concomitant ABx during chemotherapy. Fifth, we could
not find and include a study investigating the association
between EV and concomitant medication regarding the
oncological outcomes. Finally, duration, types, and dose
of concomitant medications, such as PPIs and ABx, could
not be taken into consideration in our analysis due to
lack of data.

Conclusions

We found that the use of concomitant medications,
including PPIs, ABx, steroids, and opioids was sig-
nificantly associated with worse OS in patients with
advanced unresectable or metastatic UC treated with ICI
therapy. Conversely, we did not find that concomitant
ABx affects the efficacy of chemotherapy. One hypoth-
esis explaining this relationship is that these concomitant
medications reduce the diversity of the gut microbiota,
thereby reducing the efficacy of ICI therapy. Taking our
results into consideration, we believe that it is advisable
to avoid unnecessary prescriptions whenever possible
and to assess, using real-world data, the oncologic inter-
actions of concomitant medications on each therapy,
similar to drug-drug interaction safety.
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