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Abstract
Background: Recent clinical trials have shown that inhibitors targeting programmed cell death protein 1 (PD-1) or its ligand (pro-
grammed cell death-ligand 1 [PD-L1]) provide significant efficacy and clinical benefit in the treatment of advanced ormetastatic urothelial
carcinoma (UC). This systematic review and meta-analysis aimed to compare the effectiveness and safety of PD-1/PD-L1 inhibitors in
combination with chemotherapy or PD-1/PD-L1 inhibitor monotherapy versus platinum-based chemotherapy as a first-line treatment
for advanced UC.
Materials and methods: From the beginning of the database construction to February 4, 2024, a combination of medical subject
headings and free-text words was searched using the Population Intervention Comparison Outcome Study design framework. The
PubMed, Cochrane Library, Embase, and Web of Science electronic databases were searched. Meta-analyses of progression-
free survival, overall survival, objective response rate (ORR), complete remission rate, duration of remission, and grade ≥3 adverse
events were performed.
Results: Four studies were included in themeta-analysis. The PD-1/PD-L1 inhibitors plus chemotherapy therapy is associatedwith sig-
nificantly better ORR compared with chemotherapy. Unfortunately, there were no significant differences between PD-1/PD-L1 inhibitor
monotherapy and chemotherapy in terms of ORR, duration of remission, or overall survival.
Conclusions:Our findings indicate that PD-1/PD-L1 inhibitors plus chemotherapy therapy providesmore oncological advantages than
standard chemotherapy and should be recommended as a first-line treatment for advanced or metastatic UC. Attention must also be
paid to the adverse effects of the combination of PD-1/PD-L1 inhibitors and chemotherapy.
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1. Introduction

Urothelial carcinoma (UC) is one of the most common genitouri-
nary cancers, and one of the most common and deadliest malig-
nancies in the world.[1,2] Tumors can occur anywhere in the genito-
urinary system, including the urethra, bladder (the most common
site in >90% of cases), ureters, and renal pelvis.[3] Most patients
present with early and potentially curable disease at diagnosis,
with 10%–15% experiencing disease progression to an invasive
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form.[4] For muscle-invasive urothelial cancer, the standard treat-
ment includes surgical options such as radical cystectomy or
nephroureterectomy combined with neoadjuvant chemotherapy.
Cisplatin-based combination chemotherapy is the standard of
care.[5,6] In 2020, approximately 573,278 patientsworldwidewere
diagnosed with bladder cancer, resulting in 212,536 deaths.[7] The
prognosis for patients with advanced UC remains poor, with more
than 90% of these patients dying of metastatic disease within
5 years.
Prior to the advent of immunotherapy, follow-up options for

patients with refractory UC were limited to single-agent chemo-
therapeutic agents such as vincristine and docetaxel or optimal
supportive care, and overall survival (OS) remained poor.[8,9]

Response rates ranged from 40% to 60%, thereby increasing
the median OS of patients with metastatic urothelial carcinoma
(mUC) to nearly 15 months, and the lasting clinical benefit re-
mains suboptimal, with few patients living for >24 months.[10]

Although cisplatin-based chemotherapy has improved the sur-
vival of patients with mUC, recurrence remains common.[11]

Over the past 5 years, immune checkpoint blockade has emerged
as a new option for patients with mUC, and five immune check-
point inhibitors (ICIs) have been approved for metastatic UC, in-
cluding the programmed cell death protein 1 (PD-1) inhibitors,
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pembrolizumab and nivolumab, and the programmed cell death-
ligand 1 (PD-L1) inhibitors, atezolizumab, durvalumab, and
avelumab.[3]

The advent of immunotherapy has enriched the therapeutic
landscape for UC by overcoming the existing therapeutic limita-
tions of chemotherapy. It has been found that UC with genomic
instability, high expression of PD-L1, DNA damage-responsive
mutations, and high tumor mutation burden is more responsive
to treatment with ICIs.[12] Despite improved survival outcomes
with immunotherapeutic agents, only 30% of the patients who
qualify for treatment experience lasting clinical benefits, possibly
reflecting heterogeneous disease biology.[13–15] To understand
the best treatment decisions and guide recommendations, we con-
ducted a systematic review of all clinical trials evaluating first-line
ICI therapy as a monotherapy or combination therapy for mUC
treatment.
Figure 1. Risk of bias assessment diagram.
2. Materials and methods

This meta-analysis was performed in accordance with the 2020
standards of the Preferred Reporting Project for Systematic Review
and Meta-Analyses. This study was registered with PROSPERO
(registration number, CRD42024510339).

2.1. Search strategy
A combination of medical subject headings and free-text words
was searched using the Population Intervention Comparison Out-
come Study design framework. The PubMed, Cochrane Library,
Embase, and Web of Science electronic databases were searched.
The following search terms were adopted: (bladder cancer OR
urothelial carcinoma OR urothelial cancer) AND (metastatic OR
advanced) AND randomized controlled trial. Supplementary Ma-
terial presents the search records in detail (Supplementary Table
1, http://links.lww.com/CURRUROL/A62).

2.2. Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) randomized trial of PD-1
or PD-L1 as a first-line agent in the treatment of advanced
urothelial cancer; (2) immunotherapy versus chemotherapy; and
(3) at least one of progression-free survival (PFS), OS, or adverse
events (AEs) was reported.

Studies meeting the following criteria were excluded: (1) other
types of articles, such as reviews, case reports, animal experimental
studies, letters to the editor, conference abstracts, and comments;
(2) single-arm experiments; and (3) duplicate cohorts of patients.

2.3. Data extraction
Data were independently extracted by 2 researchers. Baseline pa-
tient characteristics were extracted (study name, year of publica-
tion, ClinicalTrials.gov, drug, number of patients, age, sex, per-
formance status, primary tumor site, disease status, PD-L1 status,
cisplatin eligibility, follow-up treatment, duration of follow-up,
and primary outcome). We also reconstructed the Kaplan-Meier
curve. Discrepancies were resolved by consultation with a third
investigator.

2.4. Risk of bias assessment
The risk of bias in the included trials was assessed by two inde-
pendent reviewers using the Cochrane risk-of-bias tool accord-
ing to the following domains: random sequence generation, allo-
cation concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data, selective
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reporting, and other biases. Any discrepancies were resolved
through group discussion. A quality evaluation of the literature is
shown in Figure 1.

2.5. Statistical analysis
Duplicate removal was performed using EndNote (version 20,
Clarivate Analytics, https://support.clarivate.com/Endnote/s/
article/EndNote-20-Release-Notes?language=en_US). Review
manager 5.3 (Cochrane Collaboration, Oxford, United Kingdom),
Statistical software R (version 4.3.1, https://www.r-project.org/),
and the R packages “netmeta” and “IPDformKM” were used
for data analysis. We quantified the Kaplan-Meier curves PCR
and OS using the GetData Graphic Digitizer software (http://
getdata-graph-digitizer.com/download.php) and reconstructed in-
dividual data using the IPDformKM software package (https://
cran.r-project.org/web/packages/IPDfromKM/index.html). Indi-
vidual patient-level data were reconstructed using the method
established by Liu et al.[16] After reconstruction of individual pa-
tient data, the patients were divided into groups. Patients receiv-
ing chemotherapy were assigned to the chemotherapy cohort;
patients receiving durvalumab, atezolizumab, pembrolizumab,
and nivolumab were assigned to the PD-(L)1 inhibitor alone co-
hort; patients treated with durvalumab plus tremelimumab were
assigned to the PD-(L)1 inhibitor plus other ICIs cohorts; and
patients treated with atezolizumab plus chemotherapy, pem-
brolizumab plus chemotherapy, and nivolumab plus chemo-
therapy were assigned to the PD-(L)1 inhibitors plus chemother-
apy cohort. Subsequently, we reestablished the survival curves
for the 4 cohorts to gain insight into long-term survival after
treatment with the three different interventions. All results were
analyzed using a random-effects model. Statistical significance
was set at p < 0.05.

http://http://links.lww.com/CURRUROL/A62
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3. Results

3.1. Search results
After the initial search, 1196publicationswere identified.However, after
removingduplicate studies, 882cases remained.Of these, 853were elim-
inated from consideration after evaluating their titles and abstracts. Ulti-
mately, 29 articles were accessible for comprehensive examination of
their complete content. Following theapplicationof the inclusion criteria,
4 trials were chosen for inclusion.[17–20] Three of the papers were 3-arm
studies including chemotherapy alone, PD-(L)1 inhibitors alone, PD-
(L)1 inhibitors plus other ICIs, or PD-(L)1 inhibitors plus chemotherapy,
and the other paper was a 2-arm study looking at PD-(L)1 inhibitors
plus chemotherapy compared to chemotherapy. The detail process of
inclusion and exclusion of literature is shown in Figure 2.

3.2. Patient characteristics
This study included 3463 patients diagnosedwithmetastatic or ad-
vanced UC. Among them, 1400 patients were assigned to receive
chemotherapy alone, 1319 patients were randomly assigned to re-
ceive PD-(L)1 inhibitors alone therapy, 802 patients were assigned
to receive PD-(L)1 inhibitors plus chemotherapy, and 342 patients
were assigned to receive PD-(L)1 inhibitors plus other ICI therapy.
The baseline features of the patients, such as drug use, number of
patients, age, sex, performance status, primary tumor site, disease
status, PD-L1 status, cisplatin eligibility, follow-up treatment, and
duration, were comparable. All the chemotherapy cohorts were
Figure 2. Flow chart of literature search strategies.
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administered a platinum-based combination treatment. Table 1
presents the characteristics of the included studies.

3.3. Meta-analysis
Overall survival Three cohorts reported PD-(L)1 inhibitors alone
therapy, includingDANUBE (durvalumab), IMvigor130 (atezolizumab),
and KEYNOTE-361 (pembrolizumab). Three cohorts reported PD-(L)1
inhibitors plus chemotherapy therapy, which included IMvigor130
(atezolizumab plus chemotherapy), KEYNOTE-361 (pembrolizumab
plus chemotherapy), and CheckMate 901 (nivolumab plus
chemotherapy). One cohort, DANUBE (durvalumab plus
tremelimumab), reported PD-(L)1 inhibitors plus other ICIs. The
Kaplan-Meier curves were reconstructed (Fig. 3), showing that
PD-(L)1 inhibitors plus chemotherapy had a comparatively
superior long-term survival advantage over chemotherapy alone
(hazard ratio [HR], 0.878; 95% confidence interval [CI], 0.786–0.982;
p = 0.022), with a median survival time of 16.20 months (95%
CI, 14.82–18.30 months). However, no statistically significant
results were obtained for the analysis of the other 2 cohorts; PD-
(L)1 inhibitors alone versus chemotherapy resulted in HR of
0.913 (95% CI, 0.831–1.004; p = 0.062) and a median survival
time of 16.24 months (95% CI, 14.48–17.91 months), whereas
PD-(L)1 inhibitors plus other ICIs resulted in HR of 0.913 (95%
CI, 0.793–1.050; p = 0.203) and a median survival time of
15.24 months (95% CI, 13.18–18.34 months). We also analyzed
the HR values of OS reported in the included literature, and the
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results obtained were consistent with the results of our individual
data reconstruction. The forest plot (Fig. 4) revealed that PD-(L)1
inhibitors plus chemotherapy therapy is associated with significantly
longer OS than chemotherapy alone (pooled HR, 0.83; 95% CI,
0.74–0.92; p = 0.0006; I2, 0%) and that both PD-(L)1 inhibitors
alone and PD-(L)1 inhibitors plus other ICI cohort analyses
were not statistically significant, with the following results: pooled
HR of 0.97 (95% CI, 0.87–1.08; p = 0.60; I2, 0%) and pooled
HR of 0.85 (95% CI, 0.71–1.02; p = 0.08), respectively; the 3
cohorts combined resulted in the following: pooled HR of 0.89
(95% CI, 0.83–0.96; p = 0.01; I2, 0%).
Progression-free survival Only 3 cohorts in the included literature
reported PFS with PD-(L)1 inhibitors plus chemotherapy,
including CheckMate 901 (nivolumab plus chemotherapy),
IMvigor130 (atezolizumab plus chemotherapy), and KEYNOTE-361
(pembrolizumab plus chemotherapy). We similarly reconstructed the
data for PFS. The Kaplan-Meier curves (Fig. 5) revealed that
PD-(L)1 inhibitors plus chemotherapy therapy is associated with
significantly longer PFS than chemotherapy alone (HR, 0.757;
95% CI, 0.683–0.838; p < 0.001). Similarly, we analyzed the
HR values for PFS reported in the literature, and the results of the
forest plot (Fig. 6) were the same as those analyzed after we
reconstructed the individual data; PD-(L)1 inhibitors plus
chemotherapy had superior PFS (pooled HR, 0.78; 95% CI,
0.70–0.86; p < 0.001; I2, 0%).
Objective response rate Weanalyzed the objective response rate
(ORR) values, and the results of the forest plot (Fig. 7A) showed that
the ORR of PD-(L)1 inhibitors plus chemotherapy was superior
to that of chemotherapy (pooled odds ratio [OR], 1.44; 95% CI,
1.12–1.85; p = 0.005; I2, 53%), but the results of the PD-(L)1
inhibitors alone therapy analysis (OR, 0.42; 95% CI, 0.33–0.53;
p < 0.001; I2, 42%) and PD-(L)1 inhibitors plus other ICIs analysis
(pooled OR, 0.59; 95% CI, 0.43–0.80; p = 0.0007) showed that
Table 1

Characteristics of included studies and patients.

Study IMvigor130 DANU

Year 2020 202
ClinicalTrials.gov NCT02807636 NCT025
Drugs Atezolizumab monotherapy vs.

atezolizumab plus
platinum-based chemotherapy vs.
chemotherapy (gemcitabine plus
cisplatin or gemcitabine
plus carboplatin)

Durvalumab monothe
durvalumab plus trem
chemotherapy (gemci
cisplatin or gemcitabi
plus carboplatin)

Compound Atezo + Chemo Atezo Chemo Durva + Treme D
Number, n 451 362 400 342 3
Age, yr 69 (62–75) 67 (62–74) 67 (61–73) 68 (60–73) 67 (6
Male 75% 77% 75% 75% 7
ECOG PS >1 13% 9% 10% 0% 0
Primary tumor (lower tract) 71% 75% 75% 78% 8
Disease status (metastatic) 89% 88% 92% 96% 9
Lymph node only 18% 19% 17% 21% 1
Visceral metastasis 57% 56% 60% 78% 8
High PD-L1 24% 24% 23% 60% 6
Chemotherapy (cisplatin) 30% 37% 34% NR N
Subsequent therapy 26% 40% 41% 45% 4
Subsequent ICI therapy 5% 2% 20% 3% 5
Median follow-up (95% CI), mo 11.8 (6.1–17.2) 41.2 (37.
Primary endpoint PFS, OS OS

CI = confidence interval; ECOG PS = Eastern Cooperative Oncology Group Performance Status; ICI = immune
PFS = progression-free survival.
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both the ORR was not as beneficial as chemotherapy, and the
results of the 3 cohorts combined (pooled OR, 0.75; 95% CI,
0.46–1.21; p < 0.001; I2, 96%) showed no difference in outcome.
Complete response rate The forest plot (Fig. 7B) revealed that
chemotherapy is associated with significantly better complete
remission rate than PD-(L)1 inhibitors plus chemotherapy (pooled
OR, 1.72; 95% CI, 1.26–2.33; p = 0.0005; I2, 27%). However, the
results of the analysis of PD-(L)1 inhibitors alone (OR, 0.94; 95% CI,
0.69–1.28; p = 0.69; I2, 0%) and the analysis of PD-(L)1 inhibitors
plus other ICIs (OR, 1.25; 95% CI, 0.70–2.25) showed that the
complete remission rate of both was not statistically significant,
and the results of the 3 cohorts combined have no difference in
outcome (OR, 1.30; 95% CI, 0.99–1.72; p = 0.03; I2, 72.8%).
Duration of response The forest plot revealed that PD-(L)1
inhibitors plus other ICIs were associated with a significantly
longer duration of response (DOR) than chemotherapy alone
(pooled mean difference [MD], 7.30; 95% CI, 2.04–12.56;
p = 0.006). The forest plot revealed that PD-(L)1 inhibitors plus
chemotherapy therapy is associated with significantly longer
DOR than chemotherapy alone (pooled MD, 1.33; 95% CI,
0.26–2.39; p = 0.01; I2, 0%). However, the results of the analysis
of PD-(L)1 inhibitors alone therapy (MD, 7.25; 95% CI,
−0.01–14.51; p = 0.05) showed that the DOR was not
statistically significant. The 3 cohorts combined have significantly
longer DOR than chemotherapy alone (MD, 2.70; 95% CI,
0.68–4.73; p = 0.03; I2, 71.8%) (Fig. 8A).
Grade ≥3 AEs The forest plot revealed that PD-(L)1 inhibitors
alone (pooled OR, 0.22; 95% CI, 0.11–0.46; p < 0.001; I2,
92%) and PD-(L)1 inhibitors plus other ICIs (pooled OR, 0.11;
95% CI, 0.07–0.16; p < 0.001) caused fewer grade ≥3 AEs
than chemotherapy alone and were safe for patients. The forest
plot revealed that PD-(L)1 inhibitors plus chemotherapy therapy
causes more ≥3 AEs and are relatively less safe than chemotherapy
BE KEYNOTE361 CheckMate 901

0 2021 2023
16241 NCT02853305 NCT03036098
rapy vs.
elimumab vs.
tabine plus
ne

Pembrolizumab monotherapy vs.
pembrolizumab plus
platinum-based
chemotherapy vs. chemotherapy
(gemcitabine plus cisplatin or
gemcitabine plus carboplatin)

Nivolumab-combination
therapy vs. gemcitabine-
cisplatin

urva Chemo Pembro + Chemo Pembro Chemo Nivol Chemo
46 344 351 307 352 304 304
0–73) 68 (60–73) 69 (41–91) 68 (29–89) 69 (36–90) 65 (32–86) 65 (35–85)
2% 80% 78% 74% 74% 77.6% 77.0%
% 0% 7% 8% 6% 0.7% 0%
2% 75% 82% 79% 77% NA NA
7% 94% NA NA NA 85.9% 88.5%
8% 22% 23% 21% 27% NA NA
2% 77% 74% 78% 72% NA NA
0% 60% 45% 52% 45% 36.5% 36.2%
R NR 46% 45% 46% NA NA
7% 54% 35% 41% 61% NA NA
% 32% 7% 5% 48% NA NA
9–43.2) 31.7 (27.7–36.0) 33.6 (7.4–62.4)

PFS, OS PFS, OS

checkpoint inhibitor; NA = not available; OS = overall survival; PD-L1 = programmed cell death-ligand 1;

http://http://dx.doi.org/10.6084/m9.figshare.25283680
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Figure 3. Kaplan-Meier curves for OS. ICI = immune checkpoint inhibitor; OS = overall survival; PD-L1 = programmed cell death-ligand 1.
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alone (pooled OR, 1.44; 95% CI, 1.09–1.89; p = 0.01; I2, 34%).
The results of the 3 cohorts combined showed no statistical
difference (OR, 0.44; 95% CI, 0.18–1.04; p = 0.06; I2, 97%)
(Fig. 8B).
TheOSandPFSofpatientswithhighPD-L1expression levels The
forest plot (Fig. 9A) revealed that PD-(L)1 inhibitors plus
chemotherapy (pooled HR, 0.82; 95% CI, 0.68–0.99; p = 0.04;
I2, 0%) and PD-(L)1 inhibitors plus other ICIs (pooled HR,
0.82; 95% CI, 0.68 0.99; p = 0.04; I2, 0%) therapy are
associated with significantly longer OS than chemotherapy alone
Figure 4. Forest plot of OS. CI = confidence interval; ICI = immune checkpoint inhibit
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in patients with high PD-L1 status. The results of PD-(L)1
inhibitors alone therapy versus chemotherapy (pooled HR,
0.94; 95% CI, 0.79–1.11; p = 0.45; I2, 0%) showed that the
OS was not statistically significant. Reported PFS with high
PD-L1 expression was only observed in the PD-(L)1 inhibitors
plus chemotherapy cohort. The forest plot (Fig. 9B) revealed
that PD-(L)1 inhibitors plus chemotherapy therapy was associated
with significantly longer PFS than chemotherapy alone in patients
with high PD-L1 status (pooled HR, 0.70; 95% CI, 0.58–0.84;
p = 0.0002; I2, 0%).
or; OS = overall survival; PD-L1 = programmed cell death-ligand 1.
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Figure 5. Kaplan-Meier curves for PFS. CI = confidence interval; HR = hazard ratio; PD-L1 = programmed cell death-ligand 1; PFS = progression-free survival.
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Publication bias Publication bias of the OS was assessed using a
funnel plot. No obvious evidence of publication bias was observed
in the bilaterally symmetrical funnel plots of OS (Fig. 10).
4. Discussion

As PD-(L)1 inhibitors have shown significant clinical benefits in
patients with advanced/metastatic UC, an increasing number of
clinical trials have been conducted to evaluate the safety and effi-
cacy of PD-(L)1 inhibitors in the treatment of patients with UC.
In these clinical trials, PD-(L)1 inhibitors have been used alone, in
combination with chemotherapy, or in combination with other
ICIs. In this study, we conducted a systematic review and meta-
analysis to assess the effect of first-line immunotherapy in pa-
tients with mUCs eligible for platinum-based chemotherapy,
including cisplatin. This approach has led to several intriguing
findings. From the analysis, we can see that treatment with PD-(L)
Figure 6. Forest plot of PFS. CI = confidence interval; PD-L1 = programmed cell dea
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1 inhibitors alone and PD-(L)1 inhibitors plus other ICIs did not sig-
nificantly improve the survival prognosis of patients with UC, and
the OS between and chemotherapy alone was still similar; however,
they had a more severe ORR than chemotherapy alone, but both of
these treatments had better safety outcomes. The PD-(L)1 inhibitors
plus chemotherapy appeared to have a better survival prognosis
than chemotherapy, as well as in patients with mUC in a high PD-
L1 expression state, but the safety was the worst among these treat-
ment options. This suggests that PD-L1 can be used to predict the
pathological aspects of the response to PD-(L)1 inhibitors. Overall,
there is a clear rationale for exploring ICIs as a first-linemaintenance
therapy for UC, given the immunogenic nature of UC, the antitumor
activity, favorable safety profile of ICIs, and the cytotoxic and im-
munogenic effects of chemotherapy.

Chemotherapy directly causes cancer cell death and retards tu-
mor growth through various mechanisms, including direct lysis
of tumor cells, inhibition of cell cycle, DNA damage, inhibition
of DNA replication, disruption of cellular metabolism, and
th-ligand 1; PFS = progression-free survival.
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Figure 7. Forest plot of ORR and CRR. CI = confidence interval; CRR = complete response rate; ICI = immune checkpoint inhibitor; ORR = objective response rate;
PD-L1 = programmed cell death-ligand 1.
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inhibition of microtubule assembly.[21] Cisplatin-based combina-
tion chemotherapy has been the preferred treatment option for
decades. Platinum-based combinations include gemcitabine plus
cisplatin; methotrexate, vincristine, adriamycin, and cisplatin;
dose-dense methotrexate, vincristine, adriamycin, and cisplatin;
or paclitaxel, cisplatin, and gemcitabine. Immune checkpoint in-
hibitor can block the PD-1/PD-L1 signaling pathway to relieve
163
the inhibition of T cells by tumor cells, thereby achieving tumor
therapy. The programmed cell death protein 1 (PD-1) and its li-
gand PD-L1 signaling pathway can be targeted to release the in-
hibition of T-cells by tumor cells, thereby achieving the purpose
of tumor treatment.[22,23] Chemotherapy has also been reported
to promote antitumor immune responses by inducing the release
and presentation of cancer antigens and by reducing regulatory
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Figure 8. Forest plot of DOR and grade ≥3 AEs. AE = adverse events; CI = confidence interval; DOR = duration of response; ICI = immune checkpoint inhibitor; PD-L1 =
programmed cell death-ligand 1; SD = standard deviation; .
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immune cells.[24] Gemcitabine and cisplatin also reduced the
proportion of regulatory immune cells in other cancer types.[25,26]

These findings suggest that gemcitabine and/or cisplatin-containing
regimens may reduce the proportion of myeloid-derived sup-
pressor cells, suggesting poor prognosis, thereby promoting
an antitumor immune response in UC.[27] The combination of
PD-1/PD-L1 inhibitors and chemotherapy for advanced UC ex-
ploits this mechanism.

Chemotherapy for UC frequently results in severe toxicity and he-
matological and nonhematological side effects, even in the absence
of cisplatin.[28–30] Another limitation of chemotherapy is that many
patients are ineligible for cisplatin treatment based on the standard
criteria for UC.[31,32] Platinum-based chemotherapy is the standard
164
of care for locally advanced ormUC; however, there is still an unmet
clinical need owing to its poor long-term efficacy. Therefore, there is
a great need for more effective and less toxic treatments. Immuno-
therapy offers additional treatment options for these patients.

Unfortunately, first-line immunotherapy has been explored over
the years, with repeated failures and no statistically significant im-
provement in long-term survival compared to chemotherapy alone
in the DANUBE, IMvigor130, and KEYNOTE-361 clinical trials,
with no statistically significant differences in outcomes.[18–20]

However, PD-(L)1 inhibitors plus chemotherapy improved pa-
tients' PFS and ORRwith more AEs, which suggests that the com-
bination strategy did not yield optimal benefits. The optimal
combination regimen is still undiscovered, and there is still a lot
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Figure 10. Funnel plot of the OS. OS = overall survival; PD-L1 = programmed cell
death-ligand 1.

Figure 9. Forest plot of high PD-L1 status OS and PFS. CI = confidence interval; ICI = immune checkpoint inhibitor; PD-L1 = programmed cell death-ligand 1; PFS =
progression-free survival; OS = overall survival.
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of potential for improvement in terms of drug dosage, order of the
agents, choice of drugs, and timing of administration. The recent
CheckMate-901 study evaluating nivolumab in combination with
cisplatin-based chemotherapy as the first-line treatment of UC an-
nounced welcome news of a dual benefit in OS and PFS. Overall sur-
vival was longer with nivolumab combination therapy than with
gemcitabine-cisplatin alone (HR for death, 0.78; 95% CI,
0.63–0.96; p = 0.02), and PFS was also longer with nivolumab
combination therapy than with gemcitabine-cisplatin alone (HR
for progression or death, 0.72; 95% CI, 0.59–0.88; p = 0.001). It
marks the first PD-1 inhibitor to achieve full coverage of the effi-
cacy benefits of nivolumab in adjuvant and advanced (first- and
second-line) UCs.[17] The OS and PFS of nivolumab in combina-
tion with chemotherapy for the first-line treatment of UC have
achieved statistical significance and far-reaching clinical signifi-
cance across the board, breaking through the difficult barrier of
long-term survival indices that previous immunotherapy studies
have never been able to cross, and put together an important piece
of the jigsaw puzzle for the comprehensive exploration of immu-
notherapy in the field of UC. Clinical studies combining immuno-
suppressive agents are also underway, but have not resulted in sig-
nificant findings. A Phase III NCT02516241 clinical trial (DAN-
UBE) evaluated the impact of mUC receiving durvalumab alone,
durvalumab plus tremelimumab, and chemotherapy only on
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overall patient survival. In the intention-to-treat population, the
median OS was 15.1 months (13.1–18.0) in the durvalumab plus
tremelimumab group versus 12.1 months (10.9–14.0) in the che-
motherapy group (0.85; 95% CI, 0.72–1.02; p = 0.075). Immune
checkpoint inhibitor alone or in combination as a first-line treat-
ment for mUC requires further study and analysis. In addition,
uncertainty remains regarding the optimal use of ICIs. For exam-
ple, the optimal treatment duration for responders and the opti-
mal duration of treatment interruption for progressors remain
controversial.

Although PD-L1 predicts an improvement in the ORR to immune
checkpoint blockade drugs, there are also responders in the PD-L1
low/deficient subgroup. Such responses have been reported for several
immune checkpoint blockade drugs (pembrolizumab, atezolizumab,
durvalumab, nivolumab, and avelumab monoclonal antibodies),
highlighting the relative predictive value of PD-L1.[28–30] Overall,
there is a clear rationale for exploring ICIs as a first-line maintenance
therapy for UC, given the immunogenic nature of UC, antitumor ac-
tivity, favorable safety profile of ICIs, and cytotoxic and immunogenic
effects of chemotherapy.[33]

Antibody-drug conjugates are a class of highly effective biophar-
maceutical drugs designed for treating many types of cancer. This
innovative approach delivers cytotoxic molecules in a targeted
manner to eliminate cancer cells while reducing off-target toxicity
to healthy tissues. Two recent Food and Drug Administration–
approved drugs for UCs mandate the use of vedolizumab and
sacituzumab glucocorticosteroid, targeting Nectin-4 and trop-2,
respectively.[34] Immune checkpoint inhibitor therapy has been
widely used for the treatment of advanced UC; however, because
of the complexity of the immune mechanism, it is difficult to
achieve the expected effects with a single therapy. As research
on tumor immunotherapy continues, an increasing number of
optimal treatment protocols will be developed. With further re-
search on genomics and related immune mechanisms and ad-
vances in immunoassay technology, the use of multiple ICI com-
bination therapy is a developing trend. Simultaneously, the es-
tablishment of clinical prediction models and search for more
accurate predictive biomarkers can more comprehensively pre-
dict ICI efficacy.

Despite the comprehensive nature of this systematic review,
some limitations must be considered. First, despite the similarities
in study design, line of treatment, and target disease, differences
in patient characteristics at study entry between the DANUBE,
IMvigor130, and KEYNOTE-361 trials should be considered.
Second,we included data from studies using different ICIs at differ-
ent doses, which means that we may have overlooked differences
inOS andORRoutcomes between drugs. Lastly, the number of papers
included in thismeta-analysiswas limited, someof the data from the in-
cluded studies were immature, the four clinical trials used different
ICIs, and different detection methods and definitions for PD-L1-
positive expression may have affected the efficacy of immunotherapy.
Nevertheless, this study has several strengths. First, few meta-analyses
have assessed the efficacy and safety of PD-(L)1 inhibitors in the
treatment of UC; this was addressed by our study. Second,
Kaplan-Meier curves for OS and PFS were reconstructed using
the IPDformKM software package, providing a visual impression
of tumor prognosis. Specifically, we analyzed 3 regimens: PD-(L)
1 inhibitor alone, PD-(L)1 inhibitor plus other ICIs, and PD-(L)1
inhibitor plus chemotherapy.

In conclusion, our analysis demonstrates the superiority of ICIs
in combination with chemotherapy. However, the available data
are still immature and further clinical trials are required to validate
this conclusion.
166
Acknowledgments

None.

Statement of ethics

This meta-analysis was performed in accordance with the 2020
standards of the Preferred Reporting Project for Systematic Review
and Meta-Analyses. This study was registered with PROSPERO
(registration number, CRD42024510339).

Conflict of interest statement

The authors declare that this studywas conducted in the absence of
any commercial or financial relationships that could be construed
as potential conflicts of interest.

Funding source

This work was supported by the Guangxi Natural Science Founda-
tion Program (no. 2024GXNSFBA010036), the Scientific Research
Foundation of Guangxi Health Commission (Z-B20220927), and
the Scientific Research Foundation of Guangxi Health Commission
(Z-B20220930).

Author contributions

XH: Investigation, data curation, writing - original draft;
SH: Investigation, data curation, writing - original draft;
QJ: Conceptualization, methodology, linguistic polishing;
WL: Investigation, supervision;
CH: Writing - review and editing;
WH: Investigation, data curation.

Data availability statement

The generated/analyzed datasets used in this study can be found at
figshare (https://doi.org/10.6084/m9.figshare.25283680).

References

[1] Sakr SA,MahranHA, Fahmy AM, El-KholyMA,MeawadM. Expression
of c-erb-B2 gene in bladder cancer of Egyptian patients and its correlation
with p53 and bcl-2. Biomed Pharmacother 2015;76:73–81.

[2] Richters A, Aben KKH, Kiemeney LALM. The global burden of urinary
bladder cancer: An update. World J Urol 2020;38:1895–1904.

[3] Tripathi A, Plimack ER. Immunotherapy for urothelial carcinoma: Current
evidence and future directions. Curr Urol Rep 2018;19:109.

[4] Babjuk M, Burger M, Compérat EM, et al. European Association of
Urology guidelines on non-muscle-invasive bladder cancer (TaT1 and
carcinoma in situ) — 2019 update. Eur Urol 2019;76:639–657.

[5] Kim HS, Seo HK. Immune checkpoint inhibitors for urothelial carcinoma.
Investig Clin Urol 2018;59:285–296.

[6] Einstein DJ, Sonpavde G. Treatment approaches for cisplatin-ineligible
patients with invasive bladder cancer. Curr Treat Options Oncol 2019;
20:12.

[7] Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin 2021;71:209–249.

[8] Sweeney CJ, Roth BJ, Kabbinavar FF, et al. Phase II study of pemetrexed
for second-line treatment of transitional cell cancer of the urothelium. J
Clin Oncol 2006;24:3451–3457.

[9] Bellmunt J, Théodore C, Demkov T, et al. Phase III trial of vinflunine
plus best supportive care compared with best supportive care alone after
a platinum-containing regimen in patients with advanced transitional cell
carcinoma of the urothelial tract. J Clin Oncol 2009;27:4454–4461.

[10] von der Maase H, Hansen SW, Roberts JT, et al. Gemcitabine and
cisplatin versus methotrexate, vinblastine, doxorubicin, and cisplatin

http://http://dx.doi.org/10.6084/m9.figshare.25283680
www.currurol.org


He et al. � Volume 19 � Issue 3 � 2025 www.currurol.org
in advanced or metastatic bladder cancer: Results of a large, randomized,
multinational, multicenter phase III study. J Clin Oncol 2023;41:
3881–3890.

[11] Meeks JJ, Black PC, Galsky M, et al. Checkpoint inhibitors in urothelial
carcinoma—Future directions and biomarker selection. Eur Urol 2023;
84:473–483.

[12] Powles T, Park SH, Voog E, et al. Avelumab maintenance therapy for
advanced or metastatic urothelial carcinoma. N Engl J Med 2020;383:
1218–1230.

[13] Sharma P, RetzM, Siefker-Radtke A, et al. Nivolumab in metastatic urothelial
carcinoma after platinum therapy (CheckMate 275): A multicentre, single-
arm, phase 2 trial. Lancet Oncol 2017;18:312–322.

[14] Reesink DJ, van deGarde EMW, Peters BJM, et al. Treatment patterns and
clinical outcomes of chemotherapy treatment in patients with muscle-invasive
or metastatic bladder cancer in the Netherlands. Sci Rep 2020;10:15822.

[15] Apolo AB, Infante JR, Balmanoukian A, et al. Avelumab, an anti-programmed
death-ligand 1 antibody, in patients with refractory metastatic urothelial
carcinoma: Results from a multicenter, phase Ib study. J Clin Oncol
2017;35:2117–2124.

[16] Liu N, Zhou Y, Lee JJ. IPDfromKM: Reconstruct individual patient data
from published Kaplan-Meier survival curves. BMC Med Res Methodol
2021;21:111.

[17] van der Heijden MS, Sonpavde G, Powles T, et al. Nivolumab plus
gemcitabine-cisplatin in advanced urothelial carcinoma. N Engl J Med
2023;389:1778–1789.

[18] Powles T, van der HeijdenMS, Castellano D, et al. Durvalumab alone and
durvalumab plus tremelimumab versus chemotherapy in previously untreated
patients with unresectable locally advanced or metastatic urothelial carcinoma
(DANUBE): A randomised open-label multicentre phase 3 trial. Lancet Oncol
2020;21:1574–1588.

[19] Powles T, Csőszi T, Özgüroğlu M, et al. Pembrolizumab alone or
combined with chemotherapy versus chemotherapy as first-line therapy
for advanced urothelial carcinoma (KEYNOTE-361): A randomised,
open-label, phase 3 trial. Lancet Oncol 2021;22:931–945.

[20] Galsky MD, Arija JÁA, Bamias A, et al. Atezolizumab with or without
chemotherapy in metastatic urothelial cancer (IMvigor130): A multicentre,
randomised, placebo-controlled phase 3 trial. Lancet 2020;395:1547–1557.

[21] Gotwals P, Cameron S, Cipolletta D, et al. Prospects for combining
targeted and conventional cancer therapy with immunotherapy. Nat Rev
Cancer 2017;17:286–301.

[22] Han Y, Liu D, Li L. PD-1/PD-L1 pathway: Current researches in cancer.
Am J Cancer Res 2020;10:727–742.

[23] Ai L, Xu A, Xu J. Roles of PD-1/PD-L1 pathway: Signaling, cancer, and
beyond. Adv Exp Med Biol 2020;1248:33–59.
167
[24] Ménard C, Martin F, Apetoh L, Bouyer F, Ghiringhelli F. Cancer
chemotherapy: Not only a direct cytotoxic effect but also an adjuvant
for antitumor immunity. Cancer Immunol Immunother 2008;57:
1579–1587.

[25] Eriksson E, Wenthe J, Irenaeus S, Loskog A, Ullenhag G. Gemcitabine
reduces MDSCs, Tregs and TGFβ-1 while restoring the Teff/Treg
ratio in patients with pancreatic cancer. J Transl Med 2016;14:
282.

[26] Chen C, Chen Z, Chen D, Zhang B, Wang Z, Le H. Suppressive effects of
gemcitabine plus cisplatin chemotherapy on regulatory T cells in non-
small-cell lung cancer. J Int Med Res 2015;43:180–187.

[27] Hato SV, Khong A, de Vries IJ, Lesterhuis WJ. Molecular pathways: The
immunogenic effects of platinum-based chemotherapeutics. Clin Cancer
Res 2014;20:2831–2837.

[28] Patel MR, Ellerton J, Infante JR, et al. Avelumab in metastatic urothelial
carcinoma after platinum failure (JAVELIN solid tumor): Pooled results
from two expansion cohorts of an open-label, phase 1 trial. Lancet Oncol
2018;19:51–64.

[29] Massard C,GordonMS, Sharma S, et al. Safety and efficacy of durvalumab
(MEDI4736), an anti-programmed cell death ligand-1 immune checkpoint
inhibitor, in patients with advanced urothelial bladder cancer. J Clin Oncol
2016;34:3119–3125.

[30] Balar AV, Castellano D, O'Donnell PH, et al. First-line pembrolizumab in
cisplatin-ineligible patients with locally advanced and unresectable or
metastatic urothelial cancer (KEYNOTE-052): A multicentre, single-arm,
phase 2 study. Lancet Oncol 2017;18:1483–1492.

[31] Galsky MD, Hahn NM, Rosenberg J, et al. Treatment of patients with
metastatic urothelial cancer “unfit” for cisplatin-based chemotherapy. J
Clin Oncol 2011;29:2432–2438.

[32] Dash A, Galsky MD, Vickers AJ, et al. Impact of renal impairment on
eligibility for adjuvant cisplatin-based chemotherapy in patients with
urothelial carcinoma of the bladder. Cancer 2006;107:506–513.

[33] Mori K, Schuettfort VM, Yanagisawa T, et al. Reassessment of the
efficacy of carboplatin for metastatic urothelial carcinoma in the era of
immunotherapy: A systematic review and meta-analysis. Eur Urol Focus
2022;8:1687–1695.

[34] Niegisch G. Antibody-drug conjugates (ADC): A novel treatment option in
urothelial carcinoma.Methods Mol Biol 2023;2684:293–301.

How to cite this article: He X, Huang S, Jiang Q, Huang C, Huang W,
Liang W. Efficacy and safety of PD-1/PD-L1 inhibitor monotherapy or com-
bination therapy versus platinum-based chemotherapy as a first-line treat-
ment of advanced urothelial cancer: A systematic review and meta-analysis.
Curr Urol 2025;19(3):157–167. doi: 10.1097/CU9.0000000000000275

www.currurol.org

