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Antibody-drug conjugates (ADCs) are revolutionizing the treatment landscape of
advanced urothelial carcinoma (aUC). We systematically reviewed the PubMed
and Embase databases for published clinical trials evaluating ADC-combination
regimens in aUC. We extracted safety and efficacy outcomes, including
objective-response rate (ORR), adverse events (AEs), and > grade 3 AEs. We
excluded narrative reviews, retrospective studies, and case reports. Two
independent reviewers screened titles and abstracts for relevance, followed by
a full-text review for eligibility. A total of 645 patients from 5 trials investigating
anti-nectin-4 (enfortumab vedotin, EV), anti-TROP2 (sacituzumab govitecan,
SG), and anti-HER2 (disitamab vedotin, DV) ADCs were identified. We recorded
a pooled ORR of 65%. We recorded a pooled risk rate for all-grade toxicity of 57%.
The most prevalent any-grade AEs were peripheral sensory neuropathy 52% (95%
Cl, 45%-59%), fatigue 45% (95% Cl, 28%-64%), and diarrhea 42% (95% Cl, 16%-
74%). Peripheral sensory neuropathy, fatigue, and alopecia were more commonly
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observed in anti-nectin-4 regimens. Gastrointestinal (diarrhea and nausea) and
hematologic (anemia and neutropenia) toxicities were more commonly observed
in anti-TROP2 regimens. Hepatotoxicity was predominantly found in anti-HER2
regimens. While ADC-based combination regimens show promising responses,
they also have high rates of AEs in patients with aUC.

urothelial carcinoma, antibody-drug conjugate, clinical trials, immunotherapy, nectin-

4, Trop-2, HER2

Introduction

Antibody-drug conjugates (ADCs) targeting nectin-4,
trophoblast cell-surface antigen 2 (TROP2), and human
epidermal growth factor receptor 2 (HER2) have shown efficacy
as monotherapy in advanced urothelial carcinoma (aUC) (1-3).
Multiple trials have combined immune checkpoint inhibitors (ICIs)
and ADCs (NCT06823427, NCT06483334, NCT05911295) (3-7).
Notable ADCs in this space include enfortumab vedotin (EV) (anti-
nectin-4 antibody with a monomethyl auristatin E (MMAE)
payload and a cleavable linker), sacituzumab govitecan (SG)
(anti-TROP2 antibody with a SN-38 payload and a cleavable
linker), and disitamab vedotin (DV) (anti-HER2 monoclonal
antibody with a MMAE payload and cleavable linker). With the
approval of EV with pembrolizumab in untreated aUC and several
ongoing trials of ADC/ICIs, most patients are likely to receive ADC-
based combination therapy as part of their treatment in the future.
However, considering the different therapeutic target antigens and
payloads (microtubule vs. topoisomerase inhibition) of ADCs, these
combinations can have varying efficacy and tolerability. We
performed a systematic review and meta-analysis on the efficacy
and toxicity of anti-nectin-4, anti-TROP2, and anti-HER2 ADC-
based combinations in aUC.

Methods

We searched Embase and PubMed bibliographic databases
through May 2025 in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)
guidelines (Supplementary Figure 1). Prospective clinical trials
reporting efficacy and tolerability of ADC combination therapy
(ADC + ICI) in patients with aUC were included. We excluded case
reports, retrospective cohorts, and narrative reviews. Two
independent reviewers (SJC and RBC) examined titles and
abstracts for inclusion. Discrepancies were resolved through
unanimous agreement (AT). Studies were grouped into anti-
TROP2, anti-nectin-4, and anti-HER2 combinations. The pooled
objective response rate (ORR) and adverse event (AE) rates with
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95% confidence intervals (Cls) were calculated using a random-
effects model. Interstudy heterogeneity was analyzed using the Chi-
square test and 12 statistics. Heterogeneity was defined as low (12 <
30%), moderate (30% < 12 < 70%), and high (I2 > 70%). For
outcomes with moderate heterogeneity and higher, a random-
effects model was used. Otherwise, a fixed-effect model was used.
We performed descriptive analysis if data could not be combined.
Statistical analysis was conducted using R Statistical Software
(v4.3.3; R Core Team 2024). Significance was defined as two-
sided (p < 0.05).

Results

After screening, five studies were eligible for data extraction (3,
8-11) (Table 1). These included the TROPHY-U-01 (Cohort 3),
EV-302, EV-103 (cohort K), and EV-103 (cohort A), and RC48-
C014 trials (3, 8-11). Drugs evaluated across these trials included
EV (EV-302, EV-103 cohort K, and EV-103 cohort A), SG
(TROPHY-U-01 Cohort 3), and DV (RC48-C014). The pooled
ORR was 65% (95% CI, 49%-78%). There was significant
heterogeneity noted between trials (I* = 69%; p = 0.01), largely
driven by differences in efficacy between anti-nectin-4, anti-HER?2,
and anti-TROP2 combinations. For anti-nectin-4 trials, ORR
ranged from 73% (EV-103; cohort A: 95% CI, 58%-85%) to 68%
(EV-302: 95% CI, 63%-72%) and 64% (EV-103; cohort K: 95% CI,
53%-75%). The anti-HER2 ADC RC48-C014 trial showed an ORR
of 73% (95% CI, 57%-86%; Figure 1A) while the TROPHY-U-01
trial showed an ORR of 41% (95% CI, 26%-58%).

We recorded a pooled risk rate for all-grade toxicity of 57%
(95% CI, 52%-62%) without significant interstudy heterogeneity
(% = 0%; p =0.51) (Figure 1B). The highest risk was observed in the
EV-103 (cohort A), 64% (95% CI, 49%-78%), and EV-103 (cohort
K), 63% (95% CI, 51%-74%) trials. Overall, the most prevalent any-
grade AEs were peripheral sensory neuropathy 52% (95% CI, 45%-
59%), fatigue 45% (95% CI, 28%-64%), and diarrhea 42% (95% ClI,
16%-74%). (Supplementary Table 1). The incidence of AEs varied
significantly between regimens. The most common any-grade AEs
in anti-nectin-4 regimens included peripheral sensory neuropathy
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50% (95% CI, 45%-55%), fatigue 44% (95% CI, 14%-79%), and

@ g% . 2 s . é g alopecia 40% (95% CI, 21%-63%). Grade >3 AEs included
< § S E 8 2 i E 5 maculopapular rash 11% (95% CI, 3%-29%) and neutropenia 6%
IEE oc i & o = z g (95% CI, 2%-16%). The most common any-grade AEs in anti-
- :é TROP2 regimens were diarrhea 70% (95% CI,54%-83%), nausea
2 .g = 56% (95% CI, 39%-71%), and neutropenia 51% (95% CI, 35%-67%).
é g é Grade >3 AEs included neutropenia 36% (95% CI, 22%-53%) and
%), = g diarrhea 19% (95% CI, 8%-34%). The most common any-grade AEs
YSS < < ; in anti-HER2 regimens were AST increase 65% (95% CI, 49%-79%),
E o %’ § é ; ;. i: E ALT increase 63% (95% CI, 46%-77%), and peripheral sensory
- g neuropathy 63% (95% CI, 46%-77%). Grade >3 AEs included
._% g fatigue 9% (95% CI, 2%-23%), ALT increase 7% (95% CI, 1%-
E o S % 19%), and hyperglycemia 7% (95% CI, 1%-19%). (Figures 1C-E).
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TROPHY-U01  Grives etal 004 2 4 2 —_—r— 061 (0.45-0.76) 69%
Total (95% Cl) by random effects model 645 < 057 (0.52-0.62) 100%
Heterogeneity: I = 0%, t* = 0.0016, p = 0.51 E
02 04 06 08 1
: : Anti-TROP2-based regimens | Ai-TROF2-based regimens
Toxicty - : Any grace : Srades3
C . . Taxcity rate, 95% CI Toxicily rate, 95% CI
. Anti-Nectin-d-based regimens. Anti-Nectin-4-based regimens. Anemia 0.4878 [0.3288; 0.6487) —_ 0.1707 [0.0715; 0.3206] ——
Toxicity Any grade rade Neutropenia 0.5122 0.3513; 0.6712] —— 0.3659 [0.2212; 0.5306] ——
Toxicity rate, 95% CI Toxicity rate, 95% CI Nausea 0.5610 [0.3875; 0.7153] —— 0.0732[0.0154;0.1992] —a——
Diarthea 0.7073 [0.5446; 0.8387) —— 0.1951(0.0882;0.3487) ~ —e——
Anemia 0.1554 [0.0943; 0.2455] - 0.0523[0.0143;0.1733]  -#— Fatigue 0.3171 [0.1808; 0.4609] e 0.0732[0.0154; 0.1992] —&——
Neutropenia - 0.0656 [0.0238; 0.1681] ~ -#— Anorexia 0.2927 [0.1613; 0.4554] — 0.0488 [0.0060; 0.1653] —=——
Nausea - 00108 [0.0068; 0.0171] ™ Nopecia 0.3902 [0.2420; 0.5550] — 0.0000 [0.0000; 0.0860] =—
Diarthea — 0.0421[0.0197;0.0877)  ®- Leukopenia 0.2683 [0.1422; 0.4394] —— 0.1451.[0.0882; 0.3487) e
Peripheral sensory neuropathy - 00350 (0.0168; 0.0717)  ®- Febrile neutropenia 0.0976 [0.0272; 02313 -=— 0.0976[0.0272; 0.2313] —a——
Dysgeusia —— 0.0084 [0.0003; 0.1869]  @——— Asthenia 0.4146 [0.2632; 0.5789] —— 0.0732[0.0154;0.1992) —e—
Fatigue —— 0.0643[0.0098; 0.3237]  ————— Vomiting 02027 [0.1613;0.4554] ~ —e— 0.0000 (0.0000; 0.0860] =—
Weight loss - 0.0342(0.0013; 0.4829)  W————————— Stomatitis 0.1707 [0.0715;0.3206] —=— 0.0000 (0.0000; 0.0860] »—
Anorexia - 0.0120[0.0048;0.0207)  ® Hypomagnesermia 0.1707 [0.0715;0.3206] ~ —=— 0.0000 [0.0000; 0.0860] =—
Maculopapular rash - 0.1104 (0.0359; 0.2024) ~ —#—— Pruritus 0.2439 [0.1235; 0.4030] * * * —w— 0.0000'(0.0000; 0.0860] * #-—
Alopecia 0.4098 [0.2180; 0.6336] - 0.0056 [0.0020;0.0150  ® Preumonitis 0.0488 [0.0060; 0.1653) -#— 0.0488 [0.0060; 0.1653] —e——
0 02040608 1 .1 0.2 0.3 0.4 0. : R P
0 0102030405 00 02 04 06 08 10 00 01 02 03 04 05
FIGURE 1

Pooled rate of (A) objective response and (B) toxicity across clinical trials across clinical trials. Forrest plots for all grade and grade >3 adverse events
observed with (C) anti-nectin-4, (D) anti-HER2, and (E) anti-TROP2 combination regimens.

modifications. For example, the EV-302 trial reported a dose
reduction rate of 40.7% and 4 deaths due to TRAEs, and the EV-
103 (cohort K) trial reported a treatment discontinuation rate of
47.4% and 3 deaths due to TRAEs.

Although the indication for SG in aUC was withdrawn, many
other anti-TROP2 ADCs are currently in development as
monotherapy and in combination. Datopotamab-deruxtecan (Dato-
DXd) demonstrated an ORR of 25% in pre-treated patients, with no
grade > 3 hematologic events reported (14). Sacituzumab
tirumotecan, an anti-TROP2 ADC with a topo-1 inhibitor payload,
is currently being investigated in combination with EV with or
without pembrolizumab in the phase 1/2 KEYMAKER-U04 trial
(NCT06483334). Advances in the design of ADCs could also improve
the safety and tolerability of anti-nectin-4 ADCs. BT8009 is a bicycle
toxin conjugate targeting nectin-4 with an MMAE payload linked via
a valine-citrulline cleavable linker (15). Preliminary results of the
Duravelo-2 study (NCT06225596) showed an ORR of 45% with no
grade >3 adverse events reported (15).

In the current treatment landscape, EV in combination with
pembrolizumab is considered the standard of care for first-line
treatment of advanced or metastatic urothelial carcinoma following
the promising results of the EV-302 trial, which demonstrated an
objective response rate of 67.7% (3). Our pooled analysis of ADC-
based combinations (including anti-TROP2, anti-nectin-4, and
anti-HER2 ADCs) yielded a similar efficacy to that of EV plus
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pembrolizumab alone, though at the cost of distinct toxicity
profiles. These findings suggest that ADC-based combination
regimens may consolidate their role as alternative strategies to EV
plus pembrolizumab in the frontline setting, while also remaining
alternative options in the salvage setting. However, their definitive
role will need to be clarified through ongoing and future
randomized trials.

Our study has some limitations. First, the number of eligible trials
was small, and pooled subgroup analyses were not feasible for anti-
TROP2 and anti-HER2-based regimens, since each was represented by
a single study. We therefore reported regimen-level results
descriptively, while retaining an overall pooled analysis across all
ADC combination regimens. Second, the variability in trial design,
patient population, and eligibility criteria may have contributed to
interstudy heterogeneity. Moreover, the predominance of anti-nectin-
4-based trials limits the generalizability across all ADC drug classes. As
the therapeutic landscape in advanced urothelial carcinoma is rapidly
evolving, forthcoming trial results are likely to refine the role of ADC-
based combinations.

Combination approaches incorporating ADCs have changed
the current treatment landscape of aUC, with several studies
currently underway. While the non-overlapping toxicity profile of
ADCs favors combination strategies, careful assessment of the
cumulative risk is crucial for the development and safe clinical
adoption of these combinations.
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