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Abstract

Background and objective: Enfortumab vedotin (EV) is emerging as a standard of
care for advanced urothelial carcinoma (UC), but identification of which patients
might benefit the most or least remains an unmet need. Our aim was to identify
clinical and molecular parameters associated with EV sensitivity in patients with
advanced UC after failure of previous platinum and immune checkpoint inhibitor
(ICI) therapy.

Methods: We queried the PubMed, Embase, and Cochrane Library databases up to
January 2024. The review protocol was registered on PROSPERO
(CRD42023484339). The outcome measures were the objective response rate
(ORR), overall survival (OS), and progression-free survival (PFS).

Key findings and limitations: A total of 23 studies were included. Analyses for 1340
patients revealed a cumulative ORR of 48%, with higher rates in real-world studies
(51%) than in clinical trials (44%). EV was similarly effective in bladder and upper-
tract UC in terms of OS and PFS, but the ORR was slightly higher in upper-tract UC
(odds ratio [OR] 1.29, 95% confidence interval [CI] 1.01-1.63; p = 0.041). The EV
ORR was also significantly higher in the subgroups with a response to prior plat-
inum (OR 2.65, 95% CI 1.04-6.72; p = 0.046) or ICI (OR 1.51, 95% CI 1.12-2.04;
p = 0.017) therapy. Poor Eastern Cooperative Oncology Group (ECOG) performance
status and high Bellmunt risk score were associated with poor ORR, and the pres-
ence of histology subtypes was associated with poor PFS (HR 1.62, 95% CI 1.10-
2.38; p = 0.015). PD-L1 expression positivity and FGFR3 alterations were not asso-
ciated with outcomes.
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Conclusions and clinical implications: EV is an effective therapy in advanced UC. The
predictive parameters identified in our analyses, such as ECOG performance status,
Bellmunt score, non-UC histology, and response to prior ICI and platinum treat-
ment, can be used to guide optimal patient selection for EV or alternative therapies.
Patient summary: We summarize data from published studies to identify factors
that influence outcomes for patients with advanced cancer of the urinary tract trea-
ted with a drug called enfortumab vedotin. An understanding of these factors can
help in personalizing therapy for patients and improving their care.

© 2025 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Urothelial carcinoma (UC) is the sixth most common
cancer type in developed countries [1]. Patients with
metastatic UC (mUC) that is refractory to platinum-
based chemotherapy (PBC) and immune checkpoint inhi-
bitor (ICI) therapy have a devastating prognosis, with a
5-yr survival rate of <5% [2]. For more than three dec-
ades, PBC has been the standard of care for locally
advanced or metastatic UC. However, ICI therapies have
remarkably changed the treatment landscape in recent
years [3,4]. PBC and ICIs offer survival benefits, but most
cases progress and only a few patients experience long-
term control, which highlights the need for additional
therapies. The FGFR inhibitor erdafitinib has become
available for patients with advanced or metastatic UC
and an FGFR3/2 fusion or mutation after progression on
PBC and/or ICI therapy [5]. Enfortumab vedotin (EV)
has been approved for those progressing on PBC and ICIs,
with better overall survival (0OS; 12.9 vs 9.0 mo),
progression-free survival (PFS; 5.6 vs 3.7 mo), and objec-
tive response rate (ORR; 41% vs 18%) over single-agent
chemotherapy (paclitaxel, vinflunine, or docetaxel) in
the open-label, randomized, phase 3 EV-301 trial [6].
More recently, the EV-302 trial demonstrated that an
EV + immune checkpoint inhibitor (ICI) combination
outperformed PBC in the first-line setting, which signifi-
cantly changed the treatment sequence for UC [7]. EV is
an antibody-drug conjugate that binds to NECTIN4 on
cancer cells and delivers a cytotoxic drug, monomethyl
auristatin E, directly to the cells [8,9].

The treatment landscape for advanced UC is rapidly
evolving with more therapeutic options, making clinical
decisions increasingly complex. Identification of patients
with varying therapeutic sensitivities is crucial. In addition,
real-world data are essential to assess the true efficacy of
new drugs, as the strict inclusion criteria in clinical trials
often exclude groups that are later treated in real-world
settings.

Therefore, we conducted a systematic review and meta-
analysis to comprehensively synthesize and analyze the
data available from clinical trials and real-world studies
on EV in advanced UC to identify factors influencing therapy
efficacy and to help in identifying UC subgroups that benefit
most from EV.

2. Methods

Our systematic review and meta-analysis were conducted
and reported according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) 2020
guidelines and the Cochrane Handbook [10]. The protocol
was registered on PROSPERO (CRD42023484339) and the
review fully adhered to this protocol.

2.1. Eligibility criteria and parameters assessed

Our question was formulated using the PECO (Population,
Exposure, Comparator, Outcome) framework. Eligible stud-
ies comprised patients with advanced UC who were treated
in third- or later-line EV monotherapy (Population). We
compared different statuses of clinical and molecular
parameters with each other (Exposure and Comparator) in
terms of ORR, OS, and PFS (Outcome). We excluded reviews,
meta-analyses, conference abstracts, and case reports.
Prospective trials and real-world cohort studies assessing
third- or later-line EV monotherapy were eligible. Studies
using combination regimens or first-line therapy were
excluded.

2.2. Information sources

The systematic search was conducted on December 23,
2023 for papers published between 2019 and 2024 using
three databases: Embase, MEDLINE (via PubMed), and
Cochrane Central Register of Controlled Trials (CENTRAL).
After full-text selection, a systematic search of references
in the articles included was conducted on 18 January 2024
using the citationchaser package [11].

2.3. Search strategy

Our search comprised two main elements: the drug and the
disease. The detailed search strategy is provided in Supple-
mentary Table 1.

24. Selection process

Reference manager software (Endnote v9.0; Clarivate Ana-
lytics, Philadelphia, PA, USA) was used for the selection pro-
cess. After removal of duplicates via automated and manual
processes, the selection was conducted in parallel by two
authors (M.A. and J.V.) at both the title/abstract and full-
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text levels. Inter-rater reliability was measured by calculat-
ing Cohen’s x coefficient after each step [12]. Conflicts were
resolved by a third author (J.H.).

2.5. Data collection process

From the eligible articles, data were collected by two
authors (M.A. and ].V.) independently and entered into a
predefined Excel table (Microsoft Corporation, Redmond,
WA, USA). Any conflicts were resolved by a third author (J.
H.). For each study, only reported data were used in the
meta-analysis. In cases in which essential data (eg, effect
estimates or measures of variability) were missing, the
study authors were contacted. If data remained unavailable,
the study was excluded from the corresponding analysis. No
imputation of missing data was performed.

2.6. Data items

The following data were extracted: first author, year of pub-
lication, study population, period, identification, study type,
cohort size, follow-up duration, and ORR, OS, and PFS for
different patient characteristics. If data were missing or
insufficient, the corresponding author was contacted. To
achieve more flexible data extraction from a real-world
study, we requested and received aggregate statistical out-
put data instead of using the data in the original article [13].

2.7. Assessment of study risk of bias

Two authors (M.A. and ].V.) independently assessed the risk
of bias (RoB) using the Quality in Prognostic Studies (QUIPS)
tool. The results were summarized using the robvis R pack-
age [14]. Disagreements were resolved by a third author (J.
H.).

2.8. Parameters assessed

The following predefined parameters and the corresponding
cutoff values reported in the studies were considered for
analysis: sex (male vs female), age (<75 vs >75 yr), Eastern
Cooperative Oncology Group performance status (ECOG PS;
0-1 vs >1), liver metastasis (present vs absent), tumor loca-
tion (bladder vs upper-tract), UC histology (pure urothelial
vs mixed), Bellmunt risk factor (0-1 vs >1), prior lines of
therapy (0-2 vs >3), response to PBC and ICI therapy (re-
sponder vs nonresponder), PD-L1 and NECTIN4 immunos-
taining status (positive vs negative), FGFR mutation status
(positive vs negative), neutrophil/lymphocyte ratio (NLR;
>5 vs <5), hemoglobin (>10 vs <10 g/dl), and glomerular fil-
tration rate (GFR; >60 vs <60 ml/min).

2.9. Synthesis methods

Qualitative and quantitative data synthesis was performed
using a random-effects model to pool effect sizes via a fre-
quentist approach. Odds ratios (ORs) and proportions with
a 95% confidence interval (CI) were used as effect-size mea-
sures for dichotomous outcomes and response rates. For
time-to-event data, the hazard ratio (HR) was applied for
the effect size measure with a 95% CI. To calculate pooled
HRs, we calculated the logarithm and standard error of

the HR from the available data using the method described
by Tierney et al [15]. We used the published HRs and their
95%Cls for these calculations. Individual patient data (IPD)
were retrieved from available Kaplan-Meier curves using
the algorithm described by Guyot et al [16] to calculate
pooled median survival times.

An inverse variance weighting method was used to cal-
culate the pooled OR and the pooled HR. We adjusted the
pooled CI using the Hartung-Knapp method. To estimate
the heterogeneity variance measure (t2) for “raw data”
OR calculation, the Paule-Mandel method was used with
the Q profile method for the CI. For HRs, the (restricted)
maximume-likelihood estimator was used with the Q pro-
file method for the CI. We visualized findings in forest
plots. The statistical analyses were conducted using R soft-
ware (R Foundation for Statistical Computing, Vienna,
Austria) with the meta, metafor, and metaSurvival
packages.

3. Results

3.1. Search and selection

Our search identified 1680 articles. After removal of dupli-
cates, 1139 publications remained for further assessment.
Title and abstract screening showed good overlap between
the two investigators (kK = 0.98), and full-text screening
identified 62 candidate publications. Of these, 17 articles
met the inclusion criteria (x = 0.879). After article selection
and citation searches, six additional relevant articles were
identified, resulting in 23 papers for inclusion in the sys-
tematic review and meta-analysis (Fig. 1) [2,8,13,17-37].

3.2. Study characteristics

The 23 eligible papers were published between 2019 and
2024, and included 1720 patients with UC treated with
EV. Baseline characteristics of the studies are detailed in
Table 1. The median age of patients varied between 66
and 76 yr, with two-thirds dominance of males. ORR and
disease control rate outcomes were available in 14 and 11
publications, respectively. OS and PFS data were published
in 20 studies.

3.3. Cumulative survival and response rates

We calculated pooled estimates of median OS and median
PFS using a random-effects model for all IPD retrieved from
the studies to provide a consolidated measure of survival
outcomes (Fig. 2A).

The pooled median OS was 12.3 mo (95% CI 10.4-14.3)
for the overall cohort, 13.5 mo (95% CI 10.6-15.2) for clini-
cal trials, and 11.1 mo (95% CI 8.4-13.3) for real-world stud-
ies. The pooled median PFS was 5.9 mo (95% CI 5.5-7.0) for
the overall cohort, 5.8 mo (95% CI 5.4-6.8) for clinical trials,
and 5.9 mo (95% CI 5.0-7.3) for real-world studies. The
pooled cumulative ORR was 48% for the overall cohort, with
a significantly lower ORR (44%) for clinical trials (with low
heterogeneity of 0%) than for real-world studies (51%;
Fig. 2B).
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Fig. 1 - Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 flowchart of the study selection process.

34. Clinicopathological parameters

Fig. 3 shows a summary of forest plots with pooled ORR, OS,
and PFS results for all parameters. Detailed forest plots with
all parameters for all studies are provided in Supplementary
Figs. 1-16.

We found no significant associations between patient
age or sex and the ORR, OS, and PFS outcomes (Supplemen-
tary Figs. 1 and 2).

Six articles reported ORRs stratified by ECOG PS (0-1 vs
>1). The pooled OR (0.43, 95% CI 0.20-0.95; p = 0.041) indi-
cates significantly lower ORR for patients with unfavorable
ECOG PS (Supplementary Fig. 3A). Similar results were
obtained in the other four studies using a different ECOG
PS cutoff (0 vs 1-2; Supplementary Fig. 4). Accordingly,
both OS (HR 2.93, 95% CI 1.64-5.22; p < 0.001) and PFS
(HR 2.14, 95% CI 1.60-2.86; p < 0.001) were shorter for
patients with unfavorable ECOG PS (Supplementary
Fig. 3B,C).

According to data from 11 studies involving 1194
patients, the ORR was significantly higher for upper-tract
UC than for bladder UC (OR 1.29, 95% CI 1.01-1.63;
p = 0.041). OS and PFS were similar between bladder and
upper-tract UC, suggesting comparable EV efficacy, with a
slightly better ORR for upper-tract UC (Supplementary
Fig. 5).

The presence of liver metastasis was associated with sig-
nificantly shorter OS (HR 1.38, 95% CI 1.10-1.74; p = 0.005)
whereas ORR and PFS were comparable between the groups

with and without liver metastasis, suggesting that liver
metastasis is prognostic rather than predictive in EV-
treated patients (Supplementary Fig. 6).

We found significantly shorter PFS for tumors harboring
secondary non-urothelial histology in comparison to those
with pure urothelial histology (HR 1.62, 95% CI 1.10-2.38;
p = 0.015; Supplementary Fig. 7). The trend was similar
for OS and ORR, but the differences did not reach statistical
significance. Limited data for each histological variant pre-
vented differentiation between specific non-urothelial
subtypes.

Six articles reported ORR data stratified by prior ICI
response, and three by prior PBC therapy. The pooled OR
for the ORR to EV was significantly higher for the group
with a response to prior ICI therapy (OR 1.51, 95% CI
1.12-2.04; p = 0.017). An even stronger association was
observed for response to PBC therapy, with a more than
2.5-fold higher EV response rate in the group with a radio-
graphic response to prior PBC (OR 2.65, 95% CI 1.04-6.72;
p = 0.046). These findings suggest that previous responses
to PBC and ICI therapies are positive predictive factors for
the response to EV in patients with UC (Supplementary
Figs. 8 and 9).

3.5. Molecular parameters

The relationship between molecular parameters and EV
response was evaluated for PD-L1 and NECTIN4 immunos-
taining and FGFR3 genetic alterations.
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Table 1 - Characteristics of the studies included in the review

Study Country  Study Study Pts Median F ORR mPFS mOS mFU, mo mNCs
design period age, (%) (%) (mo) (mo) (IQR) (range)
yr (range)

Minato [22] Japan RT-RW 2021-2023 26 73 65-76) ° 15 58 54 10.3 7.5 (4.9-10.8) 5(3-7)°
Rosenberg [25] EV- USA PP phase 2 2017-2018 125 69 (40-84) 30 44 5.8 11.7 102 (0.5-16.5) NA

201 b
Rosenberg [24] EV- USA PP phase 1 2014-2018 155 67 (24-86) 28 43 54 123 16.4 (NA) NA

101
Yu [30] EV-201 USA PP phase 2 2017-2020 89 75 (49-90) 26 52 5.8 14.7 134 (11.3- NA

18.9)
Powles [23] EV-301 USA RCT phase 3 NA 301 68(34-85) 21 41 5.6 12.9 11.1 (NA) NA
Zschabitz [13] Germany RT-RW 2021-2022 188 66 (31-89) 30 49 7.0 12.0 NA NA
Fukuokaya [33] Japan RT-RW 2022-2023 103 74 (69-79) 33 51 6.0 14.5 8.9(0.1-16.4)> NA
Taguchi [27] © Japan RT-RW 2018-2023 39 72 (64-77)¢ 28 46 5.0 11.0 NA NA
Matsubara [21] ¢ Japan RCT phase 3 NA 86/ 70 (58-87) 22 34 6.5 15.2 10.7 (NA) NA
36

Rosenberg [26] EV- USA RCT phase 3 NA 301 NA NA 41 5.6 12.9 23.6 (NA) NA

301
Adib [31]; FGFR* USA RT-RW 2017-2021 60 71 (48-88) 27 45 4.1 12.9 NA NA
Adib [31]; FGFR™ USA RT-RW 2017-2021 60 71 (48-88) 27 58 55 125 NA
Miyake [32] Japan RT-RW 2008-2023 34 76 (64-86)* 26 56 9.0 16.0 NA 5(3-7)°
Jindal [18] USA RT-RW 2020-2022 29 70 (NA) 17 41 5.1 10.2 16.3 (NA) 5(1-28)
Kliimper [20] Germany RT-RW NA 47 NA 23 37 NA NA NA NA
Minato [35] © Japan RT-RW 2021-2023 62 73 (68-76) 30/ 57/ 59/ 16.1/ 7.1 (40-118)  4(3-7)*

17 44 4.2 7.3
Endo [34] Japan RT-RW 2021-2023 20 73 (61-85) 3 55 10.5 129 11.2 (2.7-22.5) 7 (2-18)
b

Takahashi [28] Japan RT-RW NA 17 68 (57-82) 11 35 8.1 NA NA 5
Tomiyama [8] Japan RT-RW NA 99 71 (48-87) 39 NA NA NA NA NA
Vlachou [29] USA RT-RW 2017-2022 56 70 (34-90) 27 41 6/4.5 NA NA 3-5
Inoue [17] Japan RT-RW 2008-2017 1 NA NA NA NA NA 179 4(91-611) NA
Jindal [36] PUC USA RT-RW 2014-2022 147 696 31 50 15.8 15.8 NA NA
Jindal [36] UCS USA RT-RW 2014-2022 11°f 69.6 31 18 3.9 5.5 NA NA
Kawahara [19] Japan RT-RW 2008-2022 563 73 (NA) 33 NA NA NA NA NA
Koshkin [2] USA RT-RW NA 260 71 21 52 6.8 14.4 7.2 (3.7-11.6) NA

Pts = patients; F = female; IQR = interquartile range; ORR = objective response rate; mPFS = median progression-free survival; mOS = median overall survival;
mFU = median follow-up; DCR =disease control rate; mNCs = median number of cycles; PUC = pure urothelial carcinoma; PP = prospective study; UCS
=urothelial carcinoma with a secondary subtype; RCT =randomized controlled trial; RT-RW = retrospective real-world study, NA = not available.

¢ Interquartile range.

b Range.

¢ Before propensity score matching.

4 Japanese subgroup of EV-301.

€ Patients were divided into two groups: PUC (n = 44) and SUC (n = 18).
f Patients receiving enfortumab vedotin monotherapy.

Four studies involving 338 patients compared the ORR
between PD-L1-positive and PD-L1-negative groups.
Although the PD-L1-positive group tended to have a lower
response rate to EV (OR 0.70, 95% CI 0.43-1.16; p = 0.113),
the difference was not statistically significant. Similarly,
there was no significant association between PD-L1 status
and OS (Supplementary Fig. 10) [2,13].

Three studies involving 346 patients evaluated the asso-
ciation between FGFR3 alterations and EV treatment out-
comes. Our analysis revealed no significant correlation
between FGFR3 mutation status and ORR or OS (Supplemen-
tary Fig. 11).

We compiled a data set from three articles [4,5,27] and
calculated the standard mean difference (SMD) in NECTIN4
expression. The combined effect size across the studies was
substantially null (SMD = —0.00, 95% CI —1.11 to 1.10), indi-
cating no significant overall difference in Nectin-4 expres-
sion in this pooled population. This result reflects
substantial heterogeneity, indicating considerable variation
in results between studies, which may be because of differ-

ences in study design, patient populations, or methods for
assessing NECTIN4 expression (Supplementary Fig. 12).

3.6. Laboratory parameters

A high Bellmunt risk score of >1 (OR 0.57, 95% CI 0.37-0.96;
p = 0.040) and low GFR of <60 ml/min (OR 0.59, 95% CI 0.47-
0.74; p = 0.010) were significantly associated with poor
ORR. Similarly, low hemoglobin (<10 g/dl) was associated
with significantly shorter OS (HR 0.69, 95% CI 0.55-0.86;
p = 0.001) and PFS (HR 0.67, 95% CI 0.56-0.79; p < 0.001;
Supplementary Figs. 13-15). By contrast, NLR was not sig-
nificantly associated with ORR, OS, or PFS (Supplementary
Fig. 16).

3.7. RoB assessment

Results for the RoB assessment are presented in Supple-
mentary Table 2. RoB for participation was low in 13 stud-
ies, moderate in six, and high in one study. Study attrition
was not applicable because of the retrospective nature. Risk
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Fig. 2 - (A) Pooled results for overall survival progression-free survival. Median overall survival was 12.3 mo (95% CI 10.4-14.3) and median progression-free
survival was 5.9 mo (95% CI 5.5-7.0). Red solid lines represent pooled survival curves generated using a random-effects model, dashed lines indicate the 95%
CI, and grey lines indicate survival probabilities reported in individual studies.(B) Comparison of pooled objective response rates in clinical trials versus real-
world studies. CI = confidence interval; EV = enfortumab vedotin.

factor and outcome measurement were mainly at low RoB.

The highest RoB was for study confounding.

4. Discussion

This is the first meta-analysis to assess the association of
clinical and molecular factors with treatment response

(ORR) and time-to-event outcomes (OS and PFS) for patients
with advanced UC who underwent EV monotherapy after
chemotherapy and immunotherapy. We identified a favor-
able EV response for patients who responded to previous
PBC and ICI therapy, but high ECOG PS and Bellmunt risk
score, and low GFR and hemoglobin levels were associated
with poor EV response. By contrast, age, sex, NLR, liver
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A) ORR

Parameters (ref/comparator) n Pooled OR (95% Cl) p value |2
Sex (male /female) 963 -'— 1.03 (0.82-1.30) 0.759 0%
Age (<75/275yr) 1039 + 0.88 (0.54-1.45) 0.566 42%
ECOG status (0-1/>1) 572 —a— 0.43 (0.20-0.95) 0.041 24%
Bellmunt risk factor (0-1/>1) 438 + 0.57 (0.37-0.96) 0.040 7%
Liver metastasis (absent /present) 1052 + 1.02 (0.65-1.59) 0.921 45%
Tumor location (bladder /upper tract) 1194 :r-l- 1.29 (1.01-1.63) 0.041 0%
Histology (pure urothelial /mixed histology) 526 —I—r— 0.72 (0.37-1.41) 0.265 27%
Response to platinum (non-resp /resp) 106 M  2.65(1.04-6.72) 0.046 0%
Response to ICI (non-resp /resp) 595 . 1.51 (1.12-2.04) 0017 0%
PD-L1 immunostaining (negative /positive) 338 —l—f— 0.70 (0.43-1.16) 0.113 0%
FGFRS alteration (positive /negative) 346 + 0.84 (0.33-2.16) 0.504 0%
NLR (25/ <5) 288 (il 1.17 (0.13-10.73) 0.789 46%
GFR (260 / <60) 400 - E 0.59 (0.47-0.74) 0.010 0%

0.1 05 1 2 1I0
Favors reference Favors comparator

B) OS

Parameters (ref/comparator) n Pooled HR (95% CI) p value 12
Sex (male /female) 221 —— 0.85 (0.58-1.24) 0.386 0%
Age (<75 / 275 years) 523 -:I— 1.16 (0.83-1.62) 0.382 0%
ECOG status (0-1/>1) 236 E —— 2.93 (1.64-5.22) <0.001 68%
Liver metastasis (absent /present) 538 -l 1.38 (1.10-1.74) 0.005 0%
Tumor location (bladder /upper tract) 480 -:I— 1.16 (0.87-1.55) 0.317 0%
Histology (pure urothelial /mixed histology) 337 + 1.17 (0.85-1.62) 0.328 0%
PD-L1 immunostaining (negative /positive) 159 + 1.03 (0.61-1.72) 0.922 0%
FGFR3 alteration (positive /negative) 221 -—i— 1.44 (0.84-2.46) 0.185 0%
NLR (25 / <5) 85 -5—.— 1.65 (0.89-3.03) 0.109 0%
Hemoglobin level (<10 g/dl /= 10 g/dl) 105 - ; 0.69 (0.55-0.86) 0.001 0%

o1 05 1 2 10
Favors comparator Favors reference

C) PFS

Parameters (ref/comparator) n Pooled HR (95% Cl) p value f
Sex (male /female) 330 —.._ 0.92 (0.69-1.24) 0.726 0%
ECOG status (0-1/>1) 235 y —i- 2.14 (1.60-2.86) <0.001 0%
Liver metastasis (absent /present) 302 —'I— 1.07 (0.79-1.44) 0.671 0%
Tumor location (bladder /upper tract) 312 + 0.99 (0.74-1.31) 0.926 0%
Histology (pure urothelial /mixed histology) 168 E—l— 1.62 (1.10-2.38) 0.015 0%
FGFRS3 alteration (positive /negative) 221 —il— 1.22 (0.72-2.07) 0.460 0%
NLR (25/ <5) 85 —— 0.97 (0.61-1.54) 0.884 0%
Hemoglobin level (<10 g/dl /210 g/dl) 167 , B3 : 0.67 (0.56-0.79) <0.001 0%

0.1 0.5 1 2 10
Favors comparator Favors reference
Fig. 3 - Forest plots of the effect of different patient characteristics on (A) ORR, (B) OS, and (C) PFS. ECOG = Easter Cooperative Oncology Group; GFR =

glomerular filtration rate (ml/min); HR = hazard ratio; ICI = immune checkpoint inhibitor; NLR = neutrophil/lymphocyte ratio; OR = odds ratio; ORR = objective
response rate; OS = overall survival; PFS = progression-free survival; resp = response.
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metastasis, histology variants, and FGFR3 mutations showed
no association with EV sensitivity.

The pooled ORR for 14 studies (clinical trials and real-
world data) was 48%, with a significantly higher rate for
the real-world data (51%) than for the clinical trials (44%).
Pooled median survival times were 10.4 mo for OS and 5.5
mo for PFS, with comparable values for the clinical trial
and real-world data.

ECOG PS is widely used to evaluate patient suitability for
treatments such as chemotherapy and radiotherapy and for
participation in clinical trials, and is an independent prog-
nostic factor for OS in advanced/metastatic UC treated with
PBC [38,39]. Our meta-analysis revealed significantly
shorter OS and PFS and poor ORR for patients with worse
ECOG PS, suggesting that patients with favorable PS may
benefit more from EV therapy. Liver metastasis, another
key parameter, was significantly associated with poor OS,
but not PFS or ORR, suggesting its role as a prognostic rather
than a predictive factor for EV treatment. The Bellmunt risk
score (calculated using ECOG PS, hemoglobin level, and
presence of liver metastasis) has been identified as a prog-
nostic factor for advanced UC [39]. Our assessment of the
association of the Bellmunt score with ORR in five studies
revealed a 43% lower ORR to EV therapy for patients with
a Bellmunt score >1.

Our meta-analysis revealed a significant 51% higher
response rate to EV when patients had a complete or partial
response to prior-line ICI therapy. An even stronger associ-
ation was observed for PBC treatment, showing over 2.5
times higher ORR for responders. Taken together, these
associations suggest that patients with higher sensitivity
to platinum and ICI treatment benefit more from EV ther-
apy, which may further increase the outcome disparity
between responders and non-responders. A mechanistic
analysis of these associations may reveal their molecular
background and may help in strategies to overcome therapy
resistance. In addition, these results may characterize a sub-
group of patients with enhanced therapy resistance who are
in need of novel therapies and are therefore good candi-
dates for further clinical trials.

Routine laboratory parameters are optimal predictive
factors for therapy, as they are easy to assess, quick to
obtain, and cost effective, and are thus widely accessible
across various health care settings. Hemoglobin, NLR, and
GFR have been associated with therapy response and sur-
vival among UC patients treated with ICI therapy [40,41].
By contrast, we found no similar associations for EV, sug-
gesting that NLR as a measure of systemic inflammatory
conditions is predictive of response to ICI therapy but not
EV, and thus may help in optimizing therapeutic decision-
making.

Secondary histology subtypes or variants are present in
one-third of UCs and are associated with diverse molecular
backgrounds, a higher risk of disease progression, and dif-
ferences in therapeutic sensitivity. However, there are lim-
ited prospective data on the therapeutic sensitivity of
histology subtypes, as specific subtypes are rare and tumors
carrying secondary histological subtypes are generally
excluded. In a recent study of EV-treated patients, Minato
et al. [35] found similar ORR and OS but longer PFS for pure

UC versus UC with secondary histological subtypes. Our
meta-analysis revealed shorter PFS but similar OS and
ORR for UC with histological subtypes versus pure UC. Nota-
bly, these analyses are limited as we grouped all secondary
variants together, despite their distinct morphological and
molecular features. Therefore, larger data sets are needed
to assess EV sensitivity across different histological sub-
types in a statistically relevant manner.

Molecular analyses are increasingly involved in thera-
peutic decision-making in UC. FGFR3 alterations may be
an indication for targeted FGFR inhibitor therapy in patients
with advanced UC. For EV, similar to other antibody-drug
conjugates, membranous expression of its molecular target
NECTIN4 seems to be a reasonable predictive factor. The ini-
tial EV-101 trial used positive membranous NECTIN4
immunostaining as a selection criterion [24]. However, this
criterion was later dropped because the vast majority of UCs
in the initial study exhibited robust NECTIN4 expression
[7,23,24,30]. In addition, later studies found lower NECTIN4
positivity rates in advanced UC specimens, and lower
expression in metastasis biopsies [20]. For our meta-
analysis. NECTIN4 expression data were available from
three studies involving 222 patients [24,25,30]. Our SMD
calculation for NECTIN4 expression revealed that the com-
bined effect size across these studies was essentially zero
(SMD = —0.00, 95% CI —1.11 to 1.10), which indicates that
there was no significant overall difference in NECTIN4
expression. This can be explained by differences in study
design (one study included only NECTIN4-positive cases),
staining methods (different antibodies), and staining evalu-
ation (membranous * cytoplasmic staining). The latter may
be critical for predictions of response to a drug that targets a
cell-surface protein. Overall, NECTIN4 immunostaining in
advanced UC may be overestimated and could be lower at
distant metastatic sites, and its predictive accuracy could
be affected by methodological factors. In this context, it is
important to note that Kliimper and Eckstein [42] reported
that NECTIN4 amplification was relatively frequent (25%) in
advanced UC, was less volatile in comparison to immunos-
taining, and exhibited a strong association with ORR to EV
treatment.

PD-L1 immunohistochemistry is routinely used to decide
between carboplatin and ICI for first-line treatment of
cisplatin-ineligible patients with UC, whereas tumor muta-
tional burden (TMB) and microsatellite instability can also
be used to predict responses to ICI treatment. In our analy-
sis of four studies involving 338 EV-treated patients, ORR
tended to be higher in the PD-L1-negative group. This is in
accordance with an analysis of an independent data set
(published as a conference abstract and thus excluded from
this meta-analysis) that showed that PD-L1 positivity was
significantly correlated with shorter OS and lower ORR
among EV-treated patients [43]. In addition, TMB-high
tumors were associated with better OS in the EV-treated
population [43].

The association between EV sensitivity and FGFR3 alter-
ations is of specific clinical interest, as FGFR inhibitor ther-
apy (erdafitinib) is available in the third-line setting for
molecularly selected patients with UC. To answer the ques-
tion of whether EV or anti-FGFR therapy is more effective in
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patients with FGFR3 alterations, we extracted data on FGFR3
alteration status from three publications (346 patients). Our
meta-analysis revealed no significant impact of FGFR3 alter-
ations on the ORR for EV, which suggests that FGFR3 alter-
ations have no major impact on the efficacy of EV.
Notably, Koshkin et al. [2] observed responses to EV in a
subset of patients previously treated with the FGFR3 inhibi-
tor erdafitinib (two of five patients experienced a partial
response). This suggests that EV can be used sequentially
in patients with UC and FGFR3 alterations after previous
erdafitinib treatment. Our conclusions regarding PD-L1,
FGFR3, and NECTIN4 must be interpreted with caution
because of limited sample sizes and substantial heterogene-
ity in analysis methods, patient selection, and reporting.
Our intention was to present a structured synthesis of cur-
rently available data, identify gaps, and emphasize the need
for prospective biomarker-driven studies. An important
limitation of the use of tissue biomarkers is that tumor sam-
ples may be obtained in earlier disease or treatment set-
tings, and may not fully reflect the molecular landscape at
the time of later-line therapy, which reduces the accuracy
of biomarker-based predictions of treatment response.

4.1. Strengths and limitations

This is the first meta-analysis to assess prognostic and pre-
dictive clinical and molecular factors for EV sensitivity. By
combining clinical trials results and real-world data, we
were able to evaluate a large number of clinical, pathologi-
cal, and molecular parameters in a large number of patients
for three different endpoints to identify both prognostic and
predictive effects. We used a prospectively established
methodology that was registered on PROSPERO. We also
assessed patient-level data from two large retrospective
studies, which provides good flexibility in data analysis.

Our study is not without limitations. There was consider-
able heterogeneity in study design, as well as in clinical and
methodological factors, across the studies. Retrospective
studies inherently have a higher degree of heterogeneity
because of variations in study design, patient populations,
prior treatment, and data collection methods, which may
affect the consistency and generalizability of our findings.
One study was considered to have high RoB due to potential
confounding. However, leave-one-out analyses did not
identify this study as being influential on the overall results
[33]. In addition, despite significant mitigation efforts, there
may be minor cohort overlap between the studies by Kosh-
kin et al. [2] and Jindal et al. [18,36] for patients treated at
University of California-San Francisco between 2020 and
2022. However, the maximum number of overlapping
patients is estimated to be <2% of all patients included in
this meta-analysis.

Owing to a lack of patient-level data, we could not per-
form multivariable analyses, which limited our ability to
adjust for potential confounders.

Furthermore, while the availability of data for some of
the molecular parameters met the minimum criteria for sta-
tistical analysis, the number of studies with data available
was relatively low. For other molecular markers, a quantita-
tive synthesis was not feasible because of inconsistent

reporting, which limits the conclusions for these markers.
Future research involving prospective studies and larger
sample sizes is warranted to confirm our findings.

4.2. Implications for practice and research

Our findings identified significant differences in EV sensitiv-
ity across clinical and molecular subgroups in UC, and high-
light prognostic and predictive parameters that may guide
therapeutic decisions. Although none of the markers dis-
cussed are currently recommended for routine clinical use,
some physicians request targeted staining to support their
clinical decision-making. Our results suggest that these
analyses should be interpreted with caution, as current evi-
dence supporting their validity remains limited. Neverthe-
less, they may be used to inform future trial design. Large
real-world data sets are needed to evaluate EV responses
in rare molecular or histological subgroups, which could
potentially improve treatment for these patients. The prac-
tical application of scientific findings is crucial [44,45], so
mechanistic research exploring how the molecular factors
identified influence EV sensitivity is warranted.

5. Conclusions

EV is an effective treatment option for patients with
advanced UC, even in less-selected real-world populations.
Importantly, clinical parameters that are routinely avail-
able—such as ECOG PS, hemoglobin and GFR levels,
response to prior chemotherapy or immunotherapy, and
Bellmunt risk score—can be used to stratify patients accord-
ing to their expected benefit. Integration of these factors
into clinical decision-making can help to identify the
patients who are most likely to respond to EV and those
who should be considered for intensified or alternative
strategies.

Author contributions: Tibor Szarvas had full access to all the data in the
study and takes responsibility for the integrity of the data and the accu-
racy of the data analysis.

Study concept and design: Altenni, Hoferica, Hegyi, Fehérvari, Darr, Vargha,
Acs, Nyirady, Riesz, Szarvas, Fazekas.

Acquisition of data: Griinwald, Darr.

Analysis and interpretation of data: Fehérvari, Altenni, Hoferica, Szarvas.
Drafting of the manuscript: Altenni, Hoferica, Szarvas.

Critical revision of the manuscript for important intellectual content: Hegyi,
Griinwald, Darr, Vargha, Acs, Nyirady.

Statistical analysis: Fehérvari.

Obtaining funding: Szarvas.

Administrative, technical, or material support: Hoferica.

Supervision: Szarvas.

Other: None.

Financial disclosures: Tibor Szarvas certifies that all conflicts of interest,
including specific financial interests and relationships and affiliations rel-
evant to the subject matter or materials discussed in the manuscript (eg,
employment/affiliation, grants or funding, consultancies, honoraria, stock
ownership or options, expert testimony, royalties, or patents filed,
received, or pending), are the following: None.



EUROPEAN UROLOGY OPEN SCIENCE 82 (2025) 100-110 109

Funding/Support and role of the sponsor: This work was supported by
funding from Semmelweis University and a grant from the Ministry for
Innovation and Technology under the National Research Development
and Innovation Fund (K139059). Tamas Fazekas is supported by an EUSP
Scholarship from the European Association of Urology (scholarship S-
2023-0006). The funding bodies had no direct role in the study.

Data sharing statement: The data sets used in this study can be found in
the full-text articles included in the systematic review and meta-analysis.

Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.euros.2025.10.011.

References

[1] Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021. CA
Cancer ] Clin 2021;71:7-33. https://doi.org/10.3322/caac.21654.

[2] Koshkin VS, Henderson N, James M, et al. Efficacy of enfortumab

vedotin in advanced urothelial cancer: analysis from the Urothelial

Cancer Network to Investigate Therapeutic Experiences (UNITE)

study. Cancer 2022;128:1194-205. https://doi.org/10.1002/

cncr.34057.

Rosenberg JE, Hoffman-Censits ], Powles T, et al. Atezolizumab in

patients with locally advanced and metastatic urothelial carcinoma

who have progressed following treatment with platinum-based
chemotherapy: a single-arm, multicentre, phase 2 trial. Lancet
2016;387:1909-20. https://doi.org/10.1016/s0140-6736(16)00561-4.

Bellmunt J, de Wit R, Vaughn D], et al. Pembrolizumab as second-

line therapy for advanced urothelial carcinoma. N Engl ] Med

2017;376:1015-26. https://doi.org/10.1056/NEJMoal1613683.

[5] Loriot Y, Necchi A, Park SH, et al. Erdafitinib in locally advanced or
metastatic urothelial carcinoma. N Engl ] Med 2019;381:338-48.
https://doi.org/10.1056/NEJMoa1817323.

[6] Chang E, Weinstock C, Zhang L, et al. FDA approval summary:
enfortumab vedotin for locally advanced or metastatic urothelial
carcinoma. Clin Cancer Res 2021;27:922-7. https://doi.org/
10.1158/1078-0432.Ccr-20-2275.

[7] Powles T, Valderrama BP, Gupta S, et al. Enfortumab vedotin and
pembrolizumab in untreated advanced urothelial cancer. N Engl ]
Med 2024;390:875-88. https://doi.org/10.1056/NEJMoa2312117.

[8] Tomiyama E, Fujita K, Rodriguez Pena MDC, et al. Expression of
Nectin-4 and PD-L1 in upper tract urothelial carcinoma. Int ] Mol Sci
2020;21:5390. https://doi.org/10.3390/ijms21155390.

[9] Challita-Eid PM, Satpayev D, Yang P, et al. Enfortumab vedotin
antibody-drug conjugate targeting Nectin-4 is a highly potent
therapeutic agent in multiple preclinical cancer models. Cancer Res
2016;76:3003-13. https://doi.org/10.1158/0008-5472.Can-15-
1313.

[10] Page M], McKenzie JE, Bossuyt PM, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews.
BM] 2021;372:n71. https://doi.org/10.1136/bmj.n71.

[11] Haddaway NR, Grainger M], Gray CT. citationchaser: an R package
for forward and backward citations chasing in academic searching.
Version 0.0.3. 2021. https://github.com/nealhaddaway/
citationchaser.

[12] McHugh ML. Interrater reliability: the kappa statistic. Biochem Med
2012;22:276-82.

[13] Zschdbitz S, Biernath N, Hilser T, et al. Enfortumab vedotin in
metastatic urothelial carcinoma: survival and safety in a European
multicenter real-world patient cohort. Eur Urol Open Sci
2023;53:31-7. https://doi.org/10.1016/j.euros.2023.04.018.

[14] McGuinness LA, Higgins JPT. Risk-of-bias VISualization (robvis): an
R package and Shiny web app for visualizing risk-of-bias
assessments. Res Synth Methods 2021;12:55-61. https://doi.org/
10.1002/jrsm.1411.

[15] Tierney JF, Stewart LA, Ghersi D, et al. Practical methods for
incorporating summary time-to-event data into meta-analysis.
Trials 2007;8:16. https://doi.org/10.1186/1745-6215-8-16.

3

[4

[16] Guyot P, Ades A, Ouwens M], et al. Enhanced secondary analysis of
survival data: reconstructing the data from published Kaplan-Meier
survival curves. BMC Med Res Methodol 2012;12:9. https://doi.org/
10.1186/1471-2288-12-9.

[17] Inoue Y, Yamada T, Fujihara A, et al. Treatment impact of newly
approved therapeutic agents for metastatic urothelial carcinoma in
Japan: a single-center retrospective study. Sci Rep 2023;13:16580.
https://doi.org/10.1038/s41598-023-43901-5.

[18] Jindal T, Zhang L, Deshmukh P, et al. Impact of squamous histology
on clinical outcomes and molecular profiling in metastatic
urothelial carcinoma patients treated with immune checkpoint
inhibitors or enfortumab vedotin. Clin Genitourin Cancer 2023;21:
e€394-404. https://doi.org/10.1016/j.clgc.2023.05.007.

[19] Kawahara T, Hasizume A, Uemura K, et al. administration of
enfortumab vedotin after immune-checkpoint inhibitor and the
prognosis in Japanese metastatic urothelial carcinoma: a large
database study on enfortumab vedotin in metastatic urothelial
carcinoma. Cancers 2023;15:4227. https://doi.org/
10.3390/cancers15174227.

[20] Klimper N, Ralser DJ, Ellinger ], et al. Membranous NECTIN-4
expression frequently decreases during metastatic spread of
urothelial carcinoma and is associated with enfortumab vedotin
resistance. Clin Cancer Res 2023;29:1496-505. https://doi.org/
10.1158/1078-0432.Ccr-22-1764.

[21] Matsubara N, Yonese ], Kojima T, et al. Japanese subgroup analysis
of EV-301: an open-label, randomized phase 3 study to evaluate
enfortumab vedotin versus chemotherapy in subjects with
previously treated locally advanced or metastatic urothelial
carcinoma. Cancer Med 2023;12:2761-71. https://doi.org/
10.1002/cam4.5165.

[22] Minato A, Kimuro R, Ohno D, et al. Efficacy and tolerability of
enfortumab vedotin for metastatic urothelial carcinoma: early
experience in the real world. Anticancer Res 2023;43:4055-60.
10.21873/anticanres.16594.

[23] Petrylak DP, Rosenberg ], Duran I, et al. EV-301: an open-label,
randomized phase III study to evaluate enfortumab vedotin versus
chemotherapy in patients with previously treated locally advanced
or metastatic urothelial cancer (la/mUC). Ann Oncol 2018;29(Suppl
8):VIII328. https://doi.org/10.1093/annonc/mdy283.131.

[24] Rosenberg J, Sridhar SS, Zhang ], et al. EV-101: A phase I study of
single-agent enfortumab vedotin in patients with nectin-4-positive
solid tumors, including metastatic urothelial carcinoma. ]J Clin
Oncol 2020;38:1041-9. https://doi.org/10.1200/JC0O.19.02044.

[25] Rosenberg JE, O’Donnell PH, Balar AV, et al. Pivotal trial of
enfortumab vedotin in urothelial carcinoma after platinum and
anti-programmed death 1/programmed death ligand 1 therapy. ]
Clin Oncol 2019;37:2592-600. https://doi.org/10.1200/
JC0.19.01140.

[26] Rosenberg JE, Powles T, Sonpavde GP, et al. EV-301 long-term
outcomes: 24-month findings from the phase III trial of enfortumab
vedotin versus chemotherapy in patients with previously treated
advanced urothelial carcinoma. Ann Oncol 2023;34:1047-54.
https://doi.org/10.1016/j.annonc.2023.08.016.

[27] Taguchi S, Kawai T, Ambe Y, et al. Enfortumab vedotin versus
platinum rechallenge in post-platinum, post-pembrolizumab
advanced urothelial carcinoma: a multicenter propensity score-
matched study. Int ] Urol 2023;30:1180-6. https://doi.org/10.1111/
iju.15300.

[28] Takahashi S, Uemura M, Kimura T, et al. A phase I study of
enfortumab vedotin in Japanese patients with locally advanced or
metastatic  urothelial carcinoma. Investig New  Drugs
2020;38:1056-66. https://doi.org/10.1007/s10637-019-00844-x.

[29] Vlachou E, Matoso A, McConkey D, et al. Enfortumab vedotin-
related cutaneous toxicity and radiographic response in patients
with urothelial cancer: a single-center experience and review of the
literature. Eur Urol Open Sci 2023;49:100-3. https://doi.org/
10.1016/j.euros.2023.01.002.

[30] Yu EY, Petrylak DP, O’'Donnell PH, et al. Enfortumab vedotin after
PD-1 or PD-L1 inhibitors in cisplatin-ineligible patients with
advanced urothelial carcinoma (EV 201): a multicentre, single-
arm, phase 2 trial. Lancet Oncol 2021;22:872-82. https://doi.org/
10.1016/S1470-2045(21)00094-2.

[31] Adib E, El Zarif T, Jain RK, et al. FGFR2/3 genomic alterations and
response to Enfortumab Vedotin in metastatic urothelial
carcinoma. BJUI Compass 2022;3:169-72. https://doi.org/10.1002/
bco2.125.


https://doi.org/10.1016/j.euros.2025.10.011
https://doi.org/10.3322/caac.21654
https://doi.org/10.1002/cncr.34057
https://doi.org/10.1002/cncr.34057
https://doi.org/10.1016/s0140-6736(16)00561-4
https://doi.org/10.1056/NEJMoa1613683
https://doi.org/10.1056/NEJMoa1817323
https://doi.org/10.1158/1078-0432.Ccr-20-2275
https://doi.org/10.1158/1078-0432.Ccr-20-2275
https://doi.org/10.1056/NEJMoa2312117
https://doi.org/10.3390/ijms21155390
https://doi.org/10.1158/0008-5472.Can-15-1313
https://doi.org/10.1158/0008-5472.Can-15-1313
https://doi.org/10.1136/bmj.n71
https://github.com/nealhaddaway/citationchaser
https://github.com/nealhaddaway/citationchaser
http://refhub.elsevier.com/S2666-1683(25)01441-7/h0060
http://refhub.elsevier.com/S2666-1683(25)01441-7/h0060
https://doi.org/10.1016/j.euros.2023.04.018
https://doi.org/10.1002/jrsm.1411
https://doi.org/10.1002/jrsm.1411
https://doi.org/10.1186/1745-6215-8-16
https://doi.org/10.1186/1471-2288-12-9
https://doi.org/10.1186/1471-2288-12-9
https://doi.org/10.1038/s41598-023-43901-5
https://doi.org/10.1016/j.clgc.2023.05.007
https://doi.org/10.3390/cancers15174227
https://doi.org/10.3390/cancers15174227
https://doi.org/10.1158/1078-0432.Ccr-22-1764
https://doi.org/10.1158/1078-0432.Ccr-22-1764
https://doi.org/10.1002/cam4.5165
https://doi.org/10.1002/cam4.5165
https://doi.org/10.21873/anticanres.16594
https://doi.org/10.1093/annonc/mdy283.131
https://doi.org/10.1200/JCO.19.02044
https://doi.org/10.1200/JCO.19.01140
https://doi.org/10.1200/JCO.19.01140
https://doi.org/10.1016/j.annonc.2023.08.016
https://doi.org/10.1111/iju.15300
https://doi.org/10.1111/iju.15300
https://doi.org/10.1007/s10637-019-00844-x
https://doi.org/10.1016/j.euros.2023.01.002
https://doi.org/10.1016/j.euros.2023.01.002
https://doi.org/10.1016/S1470-2045(21)00094-2
https://doi.org/10.1016/S1470-2045(21)00094-2
https://doi.org/10.1002/bco2.125
https://doi.org/10.1002/bco2.125

110 EUROPEAN UROLOGY OPEN SCIENCE 82 (2025) 100-110

[32] Miyake M, Nishimura N, Oda Y, et al. Enfortumab vedotin following
platinum-based chemotherapy and immune checkpoint inhibitors
for advanced urothelial carcinoma: response, survival and safety
analysis from a multicentre real-world Japanese cohort. Jpn ] Clin
Oncol 2023;54:329-38. https://doi.org/10.1093/jjco/hyad170.

[33] Fukuokaya W, Koike Y, Yata Y, et al. Real world evidence of
enfortumab vedotin in patients with advanced urothelial cancer: a
multicenter observational study. Int J Urol 2024;31:342-7. https://
doi.org/10.1111/iju.15368.

[34] Endo Y, Akatsuka ], Takeda H, et al. Real-world insights into efficacy
and safety of enfortumab vedotin in Japanese patients with
metastatic urothelial carcinoma: findings, considerations, and
future directions. Curr Oncol 2024;31:759-68. https://doi.org/
10.3390/curroncol31020056.

[35] Minato A, Furubayashi N, Nagata Y, et al. Prognostic impact of
histologic subtype and divergent differentiation in patients with
metastatic urothelial carcinoma treated with enfortumab vedotin:
a multicenter retrospective study. Curr Oncol 2024;31:862-71.
https://doi.org/10.3390/curroncol31020064.

[36] Jindal T, Zhu X, Bose R, et al. Somatic alterations of TP53 and MDM2
associated with response to enfortumab vedotin in patients with
advanced urothelial cancer. Front Oncol 2023;13:1161089. https://
doi.org/10.3389/fonc.2023.1161089.

[37] Haddaway NR, Page M]J, Pritchard CC, McGuinness LA. PRISMA2020:
an R package and Shiny app for producing PRISMA 2020-compliant
flow diagrams, with interactivity for optimised digital transparency
and open synthesis. Campbell Syst Rev 2022;18:e1230. https://doi.
org/10.1002/cl2.1230.

[38] Bajorin DF, Dodd PM, Mazumdar M, et al. Long-term survival in
metastatic transitional-cell carcinoma and prognostic factors
predicting outcome of therapy. J Clin Oncol 1999;17:3173-81.
https://doi.org/10.1200/jc0.1999.17.10.3173.

[39] Bellmunt ], Choueiri TK, Fougeray R, et al. Prognostic factors in
patients with advanced transitional cell carcinoma of the urothelial
tract experiencing treatment failure with platinum-containing
regimens. ] Clin Oncol 2010;28:1850-5. https://doi.org/10.1200/
j€0.2009.25.4599.

[40] Banna GL, Di Quattro R, Malatino L, et al. Neutrophil-to-lymphocyte
ratio and lactate dehydrogenase as biomarkers for urothelial cancer
treated with immunotherapy. Clin Transl Oncol 2020;22:2130-5.
https://doi.org/10.1007/s12094-020-02337-3.

[41] Yanagisawa T, Mori K, Katayama S, et al. Pretreatment clinical and
hematologic prognostic factors of metastatic urothelial carcinoma
treated with pembrolizumab: a systematic review and meta-
analysis. Int ] Clin Oncol 2022;27:59-71. https://doi.org/10.1007/
$10147-021-02061-0.

[42] Klimper N, Eckstein M. Biomarkers of response to anti-NECTIN4
antibody-drug conjugate enfortumab vedotin in urothelial cancer.
Eur Urol Focus 2024;10:224-6. https://doi.org/10.1016/].
euf.2024.04.001.

[43] Jindal T, Zhang L, Jiang C, et al. Independent biomarkers predictive
of outcomes with enfortumab vedotin (EV) in patients (pts) with
advanced urothelial carcinoma (aUC): analysis of the UNITE study. J
Clin Oncol 2023;41(16 Suppl):4573. https://doi.org/10.1200/
JC0.2023.41.16_suppl.4573.

[44] Hegyi P, Petersen OH, Holgate S, et al. Academia Europaea position
paper on translational medicine: the cycle model for translating
scientific results into community benefits. ] Clin Med 2020;9:1532.
https://doi.org/10.3390/jcm9051532.

[45] Hegyi P, Eréss B, Izbéki F, Parniczky A, Szentesi A. Accelerating
the translational medicine cycle: the Academia Europaea pilot.
Nat Med 2021;27:1317-9. https://doi.org/10.1038/s41591-021-
01458-8.


https://doi.org/10.1093/jjco/hyad170
https://doi.org/10.1111/iju.15368
https://doi.org/10.1111/iju.15368
https://doi.org/10.3390/curroncol31020056
https://doi.org/10.3390/curroncol31020056
https://doi.org/10.3390/curroncol31020064
https://doi.org/10.3389/fonc.2023.1161089
https://doi.org/10.3389/fonc.2023.1161089
https://doi.org/10.1002/cl2.1230
https://doi.org/10.1002/cl2.1230
https://doi.org/10.1200/jco.1999.17.10.3173
https://doi.org/10.1200/jco.2009.25.4599
https://doi.org/10.1200/jco.2009.25.4599
https://doi.org/10.1007/s12094-020-02337-3
https://doi.org/10.1007/s10147-021-02061-0
https://doi.org/10.1007/s10147-021-02061-0
https://doi.org/10.1016/j.euf.2024.04.001
https://doi.org/10.1016/j.euf.2024.04.001
https://doi.org/10.1200/JCO.2023.41.16_suppl.4573
https://doi.org/10.1200/JCO.2023.41.16_suppl.4573
https://doi.org/10.3390/jcm9051532
https://doi.org/10.1038/s41591-021-01458-8
https://doi.org/10.1038/s41591-021-01458-8

	Clinical and Molecular Predictors of Response and Survival in Patients with Urothelial Carcinoma Treated with Enfortumab Vedotin: A Systematic Review and Meta-analysis
	1 Introduction
	2 Methods
	2.1 Eligibility criteria and parameters assessed
	2.2 Information sources
	2.3 Search strategy
	2.4 Selection process
	2.5 Data collection process
	2.6 Data items
	2.7 Assessment of study risk of bias
	2.8 Parameters assessed
	2.9 Synthesis methods

	3 Results
	3.1 Search and selection
	3.2 Study characteristics
	3.3 Cumulative survival and response rates
	3.4 Clinicopathological parameters
	3.5 Molecular parameters
	3.6 Laboratory parameters
	3.7 RoB assessment

	4 Discussion
	4.1 Strengths and limitations
	4.2 Implications for practice and research

	5 Conclusions
	Appendix A Supplementary material
	References




