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Abstract

Context: Platinum-based combination chemotherapy is the standard treatment for
advanced or metastatic urothelial carcinoma (AMUC). However, data comparing the effi-
cacy of different platinum agents are limited.
Objective: This review aimed to assess the efficacy of carboplatin as a first-line treat-
ment for AMUC using phase 3 randomized trial data.
Evidence acquisition: Multiple databases were searched for articles published until
August 2021. Studies that compared overall survival (OS), complete response (CR), and
objective response rates (ORRs) in chemotherapy-eligible patients with AMUC were
deemed eligible.
Evidence synthesis: Four studies were included. Compared with immune checkpoint
inhibitor (ICI) monotherapy, neither cisplatin- nor carboplatin-based chemotherapy
was associated with significant OS (hazard ratio [HR]: 0.97, 95% confidence interval
lsevier B.V. on behalf of European Association of Urology. This is an open access article
org/licenses/by/4.0/).
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Platinum-based chemotherapy
Urothelial carcinoma
[CI]: 0.85–1.11, p = 0.64 and HR: 0.90, 95% CI: 0.78–1.04, p = 0.16, respectively) and CR
(odds ratio [OR]: 1.16, 95% CI: 0.70–1.92, p = 0.57 and OR: 0.89, 95% CI: 0.52–1.53, p =
0.67, respectively benefits, while both were associated with a favorable ORR (OR: 0.54,
95% CI: 0.40–0.74, p < 0.001 and OR: 0.58, 95% CI: 0.42–0.80, p < 0.001, respectively).
A network meta-analysis (NMA)-based indirect comparison between carboplatin and
cisplatin revealed that while cisplatin was slightly better than carboplatin in terms of
OS, CR, and ORR, no significant difference was noted.
Conclusions: Cisplatin- and carboplatin-based chemotherapies offer similar OS/CR ben-
efits to ICI monotherapy and elicit a greater ORR than ICI monotherapy. Moreover, our
NMA demonstrated that both cisplatin- and carboplatin-based chemotherapy have a
similar efficacy in terms of OS, CR, and ORR. Given that carboplatin-based chemotherapy
is shown to be more effective in contemporary series than in historical controls, it is
strongly recommended that carboplatin be re-examined for its value in the era of ICIs
and beyond.
Patient summary: Cisplatin- as well as carboplatin-based chemotherapy is as effective
as immune checkpoint inhibitors in terms of survival and eliciting a positive response.
It is currently believed that cisplatin provides greater benefits than carboplatin; this
requires re-evaluation.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
1. Introduction

Survival outcomes for patients with advanced or metastatic
urothelial carcinoma (AMUC) are extremely poor with the
overall 5-yr survival rates of only approximately 5% [1,2].
Moreover, given that only approximately 50% of all AMUC
patients receive any oncological treatment and only
approximately 15–20% of all patients receive a second ther-
apy line, the choice of an optimal first-line therapy is of
utmost importance [3]. Platinum-based regimens are rec-
ommended as a first-line treatment for patients with previ-
ously untreated AMUC and deemed fit for chemotherapy
[2]. Despite being the standard of care for decades, the
available platinum agents remain insufficiently compared
regarding their efficacy and safety.

The only phase 3 trial comparing cisplatin and carbo-
platin in the literature was unable to detect any significant
difference in survival benefits; however, the study was
underpowered, failing to reach its accrual goal [4]. To date,
small, single-center, phase 2 studies have demonstrated the
superiority of cisplatin over carboplatin [5–8]. Contrarily, a
phase 2 trial by Dogliotti et al [9] comparing the efficacy of
gemcitabine/cisplatin with that of gemcitabine/carboplatin
in AMUC reported no clinically significant difference in
objective response rates (ORRs; 65.9% and 56.4%, respec-
tively), median survival (12.8 and 9.8 mo, respectively),
and/or time to disease progression (8.3 and 7.7 months,
respectively), despite not being designed with sufficient
power to detect significant differences between the study
arms in terms of efficacy. Therefore, a thorough assessment
of carboplatin versus cisplatin with respect to efficacy
appears to be necessary, particularly given that approxi-
mately one-third of all patients deemed eligible for cisplatin
actually receive carboplatin [10].

Recently, the DANUBE, IMvigor 130, and KEYNOTE 361
trials investigated the efficacy of immune checkpoint inhi-
bitors (ICIs) and/or chemotherapy in the first-line setting
for AMUC [10–12]. Interestingly, data from all three studies
suggest that carboplatin might not be inferior to cisplatin
and that carboplatin-based chemotherapy is more effective
in contemporary series than in historic series [10–14]. In
fact, based on the results from the Keynote-361 trial, the
Food and Drug Administration has revised the indication
for pembrolizumab, which was previously indicated as a
treatment for all patients ineligible for cisplatin-
containing chemotherapy [12]. Pembrolizumab is now only
approved as a treatment of patients who are not eligible for
any platinum-containing chemotherapy, thus emphasizing
the importance of carboplatin in this treatment setting.
Therefore, the aim of the current study was to re-evaluate
the efficacy of carboplatin as a first-line treatment for
AMUC using the recently reported data.
2. Evidence acquisition

The protocol has been registered in the International
Prospective Register of Systematic Reviews database (PROS-
PERO: CRD42021272996).

2.1. Search strategy

A systematic review, a meta-analysis (MA), and a network
meta-analysis (NMA) were conducted on phase 3 random-
ized controlled trials (RCTs) in AMUC patients treated with
first-line ICIs or chemotherapy according to the Preferred
Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) statement [15]. A completed PRISMA
2009 checklist was used to describe the methodology of
our study (c). PubMed, Web of Science, and Scopus were
searched to identify reports published up to August 2021
that investigated first-line systemic therapy for AMUC.
The following keywords were used in our search strategy:
(urothelial carcinoma OR bladder cancer OR bladder carci-
noma OR urothelial cancer) AND (metastatic OR advanced)
AND (randomized). Furthermore, we reviewed relevant
abstracts presented at major conferences, such as the Amer-
ican Society of Clinical Oncology and the European Society
for Medical Oncology. The primary outcome of interest
was overall survival (OS) and complete response (CR), and
the secondary outcome was ORR. Initial screening was per-
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formed independently by two investigators based on the
titles and abstracts of the articles to identify ineligible
reports. The reasons for exclusions were noted. Potentially
relevant reports were subjected to full-text reviews, and
the relevance of the reports was confirmed after the data
extraction process. Disagreements were resolved via con-
sensus with a separate committee of investigators.

2.2. Inclusion and exclusion criteria

Studies were included if they investigated AMUC patients
(Patients) who had undergone carboplatin- or cisplatin-
based chemotherapy (Intervention) compared with those
treated with immunotherapy (Comparison) as a first-line
treatment to assess their differential effects on OS, CR, and
ORR (Outcome) in phase 3 randomized studies only. We
also included RCTs comparing carboplatin- and cisplatin-
based chemotherapies. We excluded observational studies,
reviews, letters, editorials, replies from authors, case
reports, and articles not published in English. Moreover,
we excluded phase 2 trials. The references of all papers
were scanned for additional studies of interest.

2.3. Data extraction

Two investigators independently extracted the following
information from the included articles: study name, publi-
cation year, number of patients, treatment compound, age,
sex, performance status (PS), primary tumor site, disease
status, programmed death ligand-1 (PD-L1) status, cisplatin
eligibility, subsequent therapy, oncological outcomes, and
follow-up. Subsequently, the hazard ratios (HRs) and 95%
confidence intervals (CIs) associated with OS were
retrieved. All discrepancies regarding data extraction were
resolved by consensus with the committee of investigators.

2.4. Risk of bias assessment

The ‘‘risk of bias’’ (RoB) evaluation of each study was per-
formed using the Cochrane Collaboration’s tool for assessing
RoB [16]. This tool assesses selection (random sequence
generation and allocation concealment), performance,
detection, attrition, reporting, and other sources of bias
(Supplementary Fig. 1). The RoB of each study was assessed
independently by two authors. Disagreements were
resolved by consultation with the coauthors.

2.5. Statistical analyses

2.5.1. Meta-analysis
ORR was defined as the proportion of enrolled and ran-
domly assigned patients who achieved the best response
of CR or partial response based on investigator assessment.
First, forest plots were used to assess the HRs and to
describe the relationships between treatment and survival
outcomes (ICI therapy vs carboplatin-based chemotherapy
and ICI therapy vs cisplatin-based chemotherapy). Second,
forest plots were used to summarize the variables for
dichotomous outcomes and to describe the relationships
between treatment and CR/ORR (ICI therapy vs
carboplatin-based chemotherapy and ICI therapy vs
cisplatin-based chemotherapy). Dichotomous variables
were presented as proportions and compared using odds
ratios (ORs) and 95% CIs. The outcomes of the studies
included in this MA were evaluated for heterogeneity using
Cochrane’s Q test and I2 statistics. Significant heterogeneity
was indicated by p � 0.05 in Cochrane’s Q tests and a ratio
of �50% in I2 statistics. We used fixed-effect models to cal-
culate nonheterogeneous results. Random-effect models
were used in cases of heterogeneity [17–19].

2.5.2. Network meta-analysis
An NMAwas conducted with random- and fixed-effect mod-
els using a frequentist approach for the direct and indirect
comparisons of the treatments evaluated, with immunother-
apy as the common comparator arm (carboplatin- vs
cisplatin-based chemotherapy) [20,21]. In OS assessment,
contrast-based analyses were applied with estimated differ-
ences in the log HR and the standard error calculated from
the published HR and CI [22]. The relative treatment effects
were presented as HR and 95% credible interval (CrI) [20]. In
the assessment of CR/ORRs, arm-based analyses were per-
formed to estimate ORs and 95% CrIs from raw data pre-
sented in the selected manuscripts [20]. Network plots
were utilized to illustrate the connectivity of the treatment
networks in terms of OS/CR/ORR. All statistical analyses
were performed using R 3.6.3 and Review manager 5.3; sta-
tistical significance was set at p < 0.05.

3. Evidence synthesis

3.1. Study selection and characteristics

Our initial search identified 2582 publications, and after the
elimination of duplicates, a total of 1872 publications
remained. A further 1840 articles were excluded after
screening the titles and abstracts, and full-text reviews
were performed for the remaining 32 articles (Supplemen-
tary Fig. 2). In accordance with the selection criteria, four
articles comprising 3340 patients were identified for inclu-
sion. Three studies, published between 2020 and 2021,
comprised an assessment of first-line therapy and com-
pared ICI therapy with chemotherapy (including carbo-
platin and cisplatin) [10–14]. The data extracted from
these three studies are outlined in Table 1. In these three
RCTs, a total of 2111 patients were treated with either ICI
monotherapy (n = 1015; 48%) or chemotherapy alone (n =
1096; 52%); 56–57% of the patients in the DANUBE study,
30–37% in the IMvigor130 study, and 44–45% in the KEY-
NOTE361 study were cisplatin eligible. All patients were
examined immunohistochemically for PD-L1 expression
on tumor cells, tumor-infiltrating immune cells, or both.
Of the patients with quantifiable PD-L1 expression, 60% in
the DANUBE study, 24% in the IMvigor130 study, and 47%
in the KEYNOTE361 study exhibited high PD-L1 expression.
One last RCT chosen for inclusion was a direct comparison
between CDDP- and CBDCA-based chemotherapies, where
85 patients were randomized to one or the other treatment
regimen (41 to CBDCA-based chemotherapy and 44 to
CDDP-based chemotherapy) [4].

3.2. Meta-analysis

3.2.1. ICI therapy versus cisplatin-based chemotherapy
The forest plot in Figure 1A showed that cisplatin-based
chemotherapy was not significantly different from ICI



Table 1 – Study demographics

Study IMvigor130 DANUBE KEYNOTE361

Year 2019 2020 2021

Compound Atezo
Chemo

Atezo Chemo Durva
Treme

Durva Chemo Pembro
Chemo

Pembro Chemo

Number 451 362 400 342 346 344 351 307 352
Age 69 (62–75) 67 (62–74) 67 (61–73) 68 (60–73) 67 (60–73) 68 (60–73) 69 (41–91) 68 (29–89) 69 (36–90)
Female (%) 25 23 26 25 28 20 23 26 26
ECOG PS 2 (%) 13 9 10 0 0 0 7 8 6
Primary tumor (lower tract), % 71 75 75 78 82 75 82 79 77
Disease status (metastatic), % 89 88 92 96 97 94 NR NR NR
Lymph node only (%) 18 19 17 21 18 22 23 21 27
Visceral meta (%) 57 56 60 78 82 77 74 78 72
High PD-L1 (%) 24 24 23 60 60 60 45 52 45
Cisplatin eligible 42 47 44 57 57 56 NR NR NR
Chemotherapy (cisplatin), % 30 37 34 NR NR 52 46 45 46
Subsequent therapy (%) 26 40 41 45 47 54 35 41 61
Subsequent ICI therapy (%) 5 2 20 3 5 32 7 5 48
Follow-up (mo) 11.8 41.2 31.7

Atezo = atezolizumab; Chemo = chemotherapy; Durva = durvalumab; ECOG = Eastern Cooperative Oncology Group; ICI = immune checkpoint inhibitor; NR = not
reported; PD-L1 = programmed death ligand 1; Pembro = pembrolizumab; PS = performance status; Treme = tremelimumab.

A) Overall survival

B) Complete response

C) Objective response rate

Fig. 1 – Forest plots showing the association between treatment and oncological outcomes in advanced or metastatic urothelial carcinoma (immune
checkpoint inhibitor therapy vs cisplatin-based chemotherapy): (A) overall survival, (B) complete response rate, and (C) objective response rate. CI =
confidence interval; df = degree of freedom; IV = inverse variance; M-H = Mantel-Haenszel; SE = standard error.
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monotherapy in terms of OS benefits (pooled HR, 0.97; 95%
CI, 0.85–1.11; p = 0.64). The Cochrane’s Q test (p = 0.76) and
I2 test (I2 = 0%) revealed no significant heterogeneity. The
forest plot in Figure 1B showed that cisplatin-based
chemotherapy was not significantly different from ICI
monotherapy in terms of CR benefits (pooled HR, 1.16;
95% CI, 0.70–1.92; p = 0.57). The Cochrane’s Q test (p =
0.20) and I2 test (I2 = 39%) revealed no significant hetero-
geneity. The forest plot in Figure 1C indicated that
cisplatin-based chemotherapy was associated with a signif-
icantly better ORR than ICI monotherapy (pooled OR, 0.54;
95% CI, 0.40–0.74; p < 0.001). The Cochrane’s Q test (p =
0.93) and I2 test (I2 = 0%) revealed no significant
heterogeneity.
3.2.2. ICI therapy versus carboplatin-based chemotherapy
The forest plot in Figure 2A showed that carboplatin-based
chemotherapy was not significantly different from ICI
monotherapy in terms of OS benefits (pooled HR, 0.90;
95% CI, 0.78–1.04; p = 0.16). The Cochrane’s Q test (p =
0.70) and I2 test (I2 = 0%) revealed no significant heterogene-
ity. The forest plot in Figure 2B showed that cisplatin-based
A) Overall survival

B) Complete response

C) Objective response rate

Fig. 2 – Forest plots showing the association between treatment and oncolo
checkpoint inhibitor therapy versus carboplatin-based chemotherapy): (A) overa
confidence interval; df = degree of freedom; IV = inverse variance; M-H = Mante
chemotherapy was not significantly different from ICI
monotherapy in terms of CR benefits (pooled HR, 0.89;
95% CI, 0.52–1.53; p = 0.67). The Cochrane’s Q test (p =
0.84) and I2 test (I2 = 0%) revealed no significant heterogene-
ity. The forest plot in Figure 2C indicated that carboplatin-
based chemotherapy was associated with a significantly
better ORR than ICI monotherapy (pooled OR, 0.58; 95%
CI, 0.42–0.80; p < 0.001). The Cochrane’s Q test (p = 0.55)
and I2 test (I2 = 0%) revealed no significant heterogeneity.
3.3. Network meta-analysis

An NMA of the three treatments was performed with regard
to OS, CR, and ORR. The networks of eligible comparisons
were graphically represented in network plots in terms of
OS (Supplementary Fig. 3A) and CR/ORR (Supplementary
Fig. 3B). We compared cisplatin- and carboplatin-based
chemotherapies with ICI therapy as a common comparator
arm. The analysis revealed that cisplatin-based chemother-
apy did not differ significantly from carboplatin-based
chemotherapy in terms of OS, CR, and ORR (pooled HR,
1.07; 95% CrI, 0.89–1.29; pooled OR, 0.99; 95%CrI, 0.41–
gical outcomes in advanced or metastatic urothelial carcinoma (immune
ll survival, (B) complete response rate, and (C) objective response rate. CI =
l-Haenszel; SE = standard error.



Table 2 – Pooled hazard ratio (HR) derived from network meta-
analysis (the association of treatment with overall survival in
metastatic urothelial carcinoma)

Carboplatin-based
chemotherapy

1.07 (0.89–1.29) Cisplatin-based
chemotherapy

1.12 (0.98–1.27) 1.04 (0.91–1.18) Immunotherapy

Pooled HR (95% credible interval) was derived from network meta-
analysis.
Bold indicates statistically significant comparison.

Table 3 – Pooled odds ratio (OR) derived from network meta-
analysis (the association of treatment with complete response rate
in metastatic urothelial carcinoma)

Carboplatin-based
chemotherapy

0.99 (0.41–2.40) Cisplatin-based
chemotherapy

0.97 (0.50–1.89) 0.98 (0.52–1.85) Immunotherapy

Pooled OR (95% credible interval) was derived from network meta-
analysis.
Bold indicates statistically significant comparison.

Table 4 – Pooled odds ratio (OR) derived from network meta-
analysis (the association of treatment with objective response rate
in metastatic urothelial carcinoma)

Carboplatin-based
chemotherapy

0.92 (0.61–1.37) Cisplatin-based
chemotherapy

1.70 (1.26–2.31) 1.86 (1.39–2.50) Immunotherapy

Pooled OR (95% credible interval) was derived from network meta-
analysis.
Bold indicates statistically significant comparison.

E U R O P E A N U R O L O G Y F O C U S 8 ( 2 0 2 2 ) 1 6 8 7 – 1 6 9 51692
2.40; and pooled OR, 0.92; 95%CrI, 0.61–1.37, respectively;
Tables 2–4).
3.4. Discussion

We conducted a systematic review and MA to assess the
efficacy of carboplatin and cisplatin as first-line therapies
in patients with AMUC. We also performed an NMA to indi-
rectly compare carboplatin and cisplatin; this approach
revealed several findings of interest. First, both cisplatin-
and carboplatin-based chemotherapy were similar to ICI
monotherapy in terms of OS/CR benefits but superior to
ICI monotherapy in terms of ORRs. Second, a comparison
of ICI monotherapy versus cisplatin- and carboplatin-
based chemotherapies showed that cisplatin was not signif-
icantly different from carboplatin, despite the latter being
slightly inferior to cisplatin in terms of both OS (HR [0.97
vs 0.90]) and ORR (OR [0.54 vs 0.58]). Moreover,
carboplatin-based chemotherapy was slightly superior to
cisplatin in terms of CR. Furthermore, an NMA-based indi-
rect comparison showed no significant difference between
cisplatin and carboplatin.

Currently, platinum-based combination chemotherapy is
the established standard of care for a first-line treatment for
AMUC [2]. In patients with AMUC, guideline recommenda-
tions are tailored according to eligibility for cisplatin-
based treatment [2]. Cisplatin-based chemotherapy is pre-
ferred for patients who have adequate renal function, good
PS, and absence of comorbidities [2,23]. However, approxi-
mately 50% of patients are unfit to receive cisplatin-
containing regimens, and treatment options for these
patients include carboplatin-based regimens [2,24]. Of the
standard regimens available, gemcitabine plus cisplatin
have attained improved OS compared with gemcitabine
plus carboplatin, although significant statistical differences
were not recorded [9]. Moreover, patients unfit for cisplatin
typically have prognostic factors such as poor PS that are
associated with poor survival outcomes [2]. Thus, while sev-
eral phase 2 trials of carboplatin versus cisplatin combina-
tion chemotherapy have shown a lower CR rate and
shorter OS for the carboplatin arms, it remains unclear
whether carboplatin-based chemotherapy may offer a prog-
nosis comparable with that of cisplatin-based chemother-
apy [25].

Carboplatin shares a common mechanism of action with
cisplatin but exhibits different pharmacokinetics [26]. One
mechanism of action common to all platinum agents is that
following cellular uptake, these agents bind covalently to
DNA nucleobases to form a variety of DNA adducts, and
induce apoptosis through the inhibition of tumor cell apop-
tosis and other mechanisms [27]. However, cisplatin and
carboplatin differ in terms of the extent of DNA adduct for-
mation, which has been hypothesized to account for differ-
ences in their efficacy [27]. Further, cisplatin exhibits
greater mutagenicity than carboplatin and is more likely
to damage the DNA [28]. Carboplatin is less likely to cause
renal damage due to its structural configuration; the struc-
ture is unlikely to form a substrate for organic cation trans-
porter 2, the transporter involved in cisplatin uptake, thus
making its uptake by proximal tubular cells unlikely [29].
ICIs have antitumor activity in urothelial carcinoma (UC)
and a more favorable safety profile than chemotherapy;
however, trials of first-line ICI monotherapy have not yet
shown improved OS when compared with chemotherapy
alone [30]. In our current MA, it was shown that cisplatin-
and carboplatin-based chemotherapies elicit a greater ORR
than and offer similar OS/CR benefits to ICI monotherapy.
Switch-maintenance therapy could potentially serve as a
novel treatment strategy intended to enhance antitumor
activity in UC through the use of agents with different
mechanisms of action [31]. Maintenance treatment can tar-
get tumor cell populations surviving after first-line
chemotherapy, thus increasing the depth of responses
and/or prolonging treatment effects, while avoiding cumu-
lative toxicity, potential cross-resistance, and increased
treatment cost [32]. It is well known that chemotherapy
exerts not only direct cytotoxic effects on tumor cells, but
also induces antitumor immune responses by promoting
the release and presentation of tumor antigens, and by
reducing immunoinhibitory cells [33]. Several chemothera-
peutic agents and platinum-based combinations induce
immunogenic cell death, stimulating immune responses
against tumors through the release of signals from dying
cells [34,35]. Additionally, chemotherapy may also upregu-
late the expression of PD-L1, a key immune checkpoint
molecule [36–38]. The expression of damage-associated
molecular patterns, including ATP and HMGB1, using non–
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small cell lung cancer (NSCLC) cells, has been recorded with
cisplatin and carboplatin to a certain extent [39,40]. Fur-
thermore, it has been suggested that both cisplatin and car-
boplatin have a role in promoting antitumor immune
responses by reducing the number of myeloid-derived sup-
pressor cells [41,42]. Of particular note, it is also suggested
that cisplatin not only enhances T-cell activity, but also
induces tumor cell PD-L1 upregulation, thus possibly
accounting in part for the additive antitumor activity
between cisplatin-based chemotherapy and PD-L1/
programmed death protein-1 (PD-1) inhibition [37,43–45].
Indeed, the expression of PD-L1 in NSCLC cells is shown to
be upregulated following preoperative cisplatin-based
chemotherapy in NSCLC patients (before vs after
chemotherapy, 11% vs 26%; p = 0.017) [36]. Overall, there
is a clear rationale for exploring ICIs as a first-line mainte-
nance therapy for AMUC, given the immunogenic nature
of UC, antitumor activity and favorable safety profile of ICIs,
and cytotoxic and immunogenic effects of chemotherapy
[31]. In the JAVELIN Bladder 100 phase 3 trial, avelumab
as first-line maintenance therapy led to significant prolon-
gation of OS, compared with the best supportive care
(BSC), in patients with AMUC not experiencing disease pro-
gression on first-line platinum-containing chemotherapy
[46]. While the trial design permitted the inclusion of
patients who had received first-line combination
chemotherapy with cisplatin plus gemcitabine or carbo-
platin plus gemcitabine [46], carboplatin-treated patients
tended to be less fit than cisplatin-treated patients, as
reflected by a higher proportion of Eastern Cooperative
Oncology Group PS 1 (49% vs 32%), median age (71 vs 66
yr), and rate of renal impairment (63% vs 36%) [47]. The
improvement in OS with avelumab versus BSC was similar
irrespective of the first-line chemotherapy, with the HRs
being 0.69 (95% CI, 0.51–0.94) and 0.66 (95% CI, 0.47–
0.91) in the cisplatin plus gemcitabine and carboplatin plus
gemcitabine subgroups, respectively, and the median
postchemotherapy OS being 25.3 and 19.9 mo, respectively,
with avelumab maintenance therapy [46,47]. Similarly, in
our current MA/NMA, we found that while cisplatin was
slightly more efficacious than carboplatin, the two agents
were not significantly different in terms of efficacy. Further,
the JAVELIN Bladder 100 phase 3 trial demonstrated that
those achieving CR with first-line chemotherapy had an
HR for OS of 0.81 (0.47–1.38) on avelumab and BSC, with
their median OS remaining unreached and faring better
than those achieving partial response with first-line
chemotherapy [46]. Moreover, another study demonstrated
that those achieving CR with preoperative chemotherapy
had significantly prolonged cancer-specific and
recurrence-free survival [48]. While these data point to
the importance of achieving CR with chemotherapy, this
study demonstrated no difference in CR rate with
cisplatin-based versus carboplatin-based chemotherapy.
However, it must be considered that while the DANUBE trial
did not comprise patients with PS 2, the KEYNOTE361 and
IMvigor130 trials included several patients with poor PS
in their carboplatin arms [10–14]. Carboplatin was shown
to be comparable with cisplatin with respect to efficacy in
our study, and there is a possibility that the efficacy of car-
boplatin might have been underestimated owing to its use
in patients with worse PS, which is known to be associated
with worse survival; therefore, carboplatin needs to be
reassessed for its efficacy in a similar patient cohort.

Despite being comprehensive in nature, this systematic
review has some limitations. First, the patient characteris-
tics differed at the time of study enrollment among the
DANUBE, IMvigor130, and KEYNOTE361 trials, despite hav-
ing similar study designs, treatment lines, and target dis-
eases. Indeed, a much larger proportion (48%) of patients
undergoing chemotherapy received subsequent ICI therapy
in the KEYNOTE361 trial than in the other trials, likely con-
tributing to the favorable OS outcomes in its chemotherapy
arm as well as to the underestimation of the efficacy of
pembrolizumab in patients receiving ICI therapy [12].
Moreover, it must be noted that, despite being uniformly
categorized as immunotherapy, ICIs included both PD-1
and PD-L1 inhibitors, which differ in their mechanisms of
action and possibly efficacy [49]. Second, while the NMA
involved an indirect approach to compare outcomes from
the RCTs, this approach falls short of a head-to-head com-
parison. Moreover, the only available phase 3 direct com-
parison between cisplatin and carboplatin was
underpowered. Thus, the findings reported herein need to
be validated in well-designed comparative trials. Third,
given the lack of data for OS and ORR with cisplatin-based
chemotherapy in the KEYNOTE361 trial, this MA evaluated
the available data on all chemotherapeutic regimens from
the RCTs, including carboplatin-based chemotherapy. More-
over, it must be noted that despite being categorized uni-
formly as cisplatin-based chemotherapy, this included
both patients who were cisplatin eligible and those treated
with cisplatin, which differed strictly. Fourth, while the
method of Guyot et al [50] represents a better method for
analysis of survival over time, it was not available for use
in this study, given the paucity of survival curve data with
cisplatin versus carboplatin from all the RCTs included.
Finally, the OS data from the IMvigor130 trial remained
immature at the time of this review, and the study out-
comes might vary considerably in their final analyses. Fur-
thermore, as the CheckMate 901 and NILE trials are still
underway, the value of carboplatin-based chemotherapy
in patients with AMUC could vary depending on the results
of these trials.
4. Conclusions

Our analyses suggest that, in AMUC patients, there is no
OS/CR difference between cisplatin- and carboplatin-
based chemotherapy compared with ICI monotherapy;
however, both chemotherapies offer a more favorable
ORR than ICI monotherapy. Moreover, our MA/NMA
reveals that there is no difference in OS, CR, and ORR
between cisplatin- and carboplatin-based chemotherapy.
This suggests a need for a reappraisal of the efficacy
and role of carboplatin in the era of ICIs. Carboplatin-
based chemotherapy seems to be more effective in con-
temporary series than in historical controls; moreover, it
offers additive effects to ICI therapy, is associated with
fewer adverse effects than cisplatin, and is preferentially
used for patients with poor PS. These findings might be
of value in determining personalized treatment strategies
for AMUC patients.
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