
https://doi.org/10.1177/17562872241249073 
https://doi.org/10.1177/17562872241249073

Ther Adv Urol

2024, Vol. 16: 1–23

DOI: 10.1177/ 
17562872241249073

© The Author(s), 2024.  
Article reuse guidelines:  
sagepub.com/journals-
permissions

journals.sagepub.com/home/tau	 1

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License  
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission 
provided the original work is attributed as specified on the Sage and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Therapeutic Advances in 
Urology

Systematic review of recent  
advancements in antibody-drug and bicycle 
toxin conjugates for the treatment of  
urothelial cancer
Chaim Domb, Jorge A. Garcia, Pedro C. Barata, Prateek Mendiratta,  
Santosh Rao and Jason R. Brown

Abstract:  Antibody-drug conjugates and bicycle toxin conjugates represent a tremendous 
advance in drug delivery technology and have shown great promise in the treatment of 
urothelial cancer. Previously approved systemic therapies, including chemotherapy and 
immunotherapy, are often impractical due to comorbidities, and outcomes for patients 
with advanced disease remain poor, even when receiving systemic therapy. In this 
setting, antibody-drug and bicycle toxin conjugates have emerged as novel treatments, 
dramatically altering the therapeutic landscape. These drugs harness unique designs 
consisting of antibody or bicycle peptide, linker, and cytotoxic payload with more targeted 
delivery than conventional chemotherapy, thus eliminating malignant cells while reducing 
systemic toxicities. Potential targets investigated in urothelial cancer include Nectin-4, 
TROP2, HER2, and EphA2. Initial clinical trials demonstrated efficacy in treatment of 
refractory advanced urothelial cancer, as well as improvement in quality of life. These 
initial studies led to FDA approval of two antibody-drug conjugates, enfortumab vedotin 
and sacituzumab govitecan. Moreover, antibody-drug and bicycle toxin conjugates are 
being studied in ongoing clinical trials in frontline treatment of advanced disease as 
well as for localized cancer. These studies highlight the potential for additional future 
therapies with novel targets, novel antibodies, cytotoxic and immunomodulatory payloads, 
and unique structural designs enhancing efficacy and safety. There is increasing evidence 
that combinations with other cancer therapies, especially immunotherapy, improve 
treatment outcomes. The combination of enfortumab vedotin and pembrolizumab was 
recently approved for first-line treatment of advanced urothelial carcinoma. Despite the 
great promise of these novel drugs, robust predictive biomarkers are needed to determine 
the patients who would maximally benefit. This review surveys the rationale and current 
state of the evidence for these new drugs and describes future directions actively being 
explored.
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Plain language summary 

Review of recent advances in novel treatments of urothelial cancer

Two new types of drugs, called antibody-drug conjugates (ADCs) and bicycle toxin 
conjugates (BTCs) have shown great promise in treating urothelial cancer. Both types of 
drugs consist of a structure targeting a specific protein on bladder cancer cells, linked 
to a drug that can kill cells. This allows for effective treatment of cancer with potentially 
less toxicity due to the targeted nature of these treatments. We discuss the potential 
targets in urothelial cancer and the drugs in these classes that could treat each target. 
Two of these drugs, enfortumab vedotin and sacituzumab govitecan, are in clinical 
use for cancers that have spread, while the others are in clinical trials. Moreover, the 
combination of enfortumab vedotin and pembrolizumab, an immunotherapy drug, has 
excellent results and was recently approved for first-line treatment of urothelial cancer 
that has spread. Additional studies are looking into these treatments for cancers that 
have not spread. In the future, management of side effects, determination of which 
patients benefit, and overcoming when the drugs become no longer effective will be 
important.

Keywords:  antibody-drug conjugates, ASG-15ME, bicycle toxin conjugates, bladder cancer, 
disitamab vedotin, enfortumab vedotin, sacituzumab govitecan, trastuzumab deruxtecan, 
trastuzumab emtansine, urothelial cancer
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Introduction
Urothelial cancer is a common malignancy in the 
United States and worldwide with more than 
80,000 new cases diagnosed and more than 
17,000 deaths yearly in the United States. 
Urothelial cancer can present as bladder cancer, 
upper tract urothelial cancer, or urethral cancer, 
as well as nonmuscle invasive bladder cancer 
(NMIBC), muscle-invasive bladder cancer 
(MIBC), or locally advanced/metastatic urothe-
lial cancer (la/mUC).1 For the more advanced 
stages of this disease, prognosis is poor, with 
5-year survival rates of less than 5% in patients 
with distant metastases.2 The management of 
urothelial cancer varies greatly with disease stage. 
Those with NMIBC are typically treated with 
local therapies. Patients with MIBC are optimally 
managed with either radical nephroureterectomy, 
radical cystectomy with pelvic lymph node dissec-
tion, or chemoradiation in carefully selected 
patients. For advanced and metastatic disease, 

systemic treatment is administered primarily with 
palliative intent.1

Platinum-based therapies have traditionally been 
the first-line choice for management of la/mUC.1 
However, many patients are not eligible for cispl-
atin, and about half of patients are disqualified 
due to poor renal function and comorbidities.3 
Real-world studies show significant underutiliza-
tion of first-line systemic treatment for la/mUC, 
disproportionately high use of carboplatin, and 
high attrition rate even after first-line therapy use. 
This is likely due to the numerous toxicities expe-
rienced with first-line therapy and the level of 
comorbidities and poor performance status with 
advanced disease.4 Even when patients receive 
systemic treatment, outcomes for la/mUC remain 
poor, with median overall survival (OS) of less 
than 2 years.5 Therefore, more efficacious treat-
ments are needed. In the past years, several new 
and promising therapies have emerged, including 
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immune checkpoint inhibitors (ICIs), FGFR 
inhibitors, antibody-drug conjugates (ADCs), 
and bicycle toxin conjugates (BTCs).2

ADCs are targeted therapies composed of an 
antibody directed toward a specific protein on the 
surface of a malignant cell, which has been conju-
gated to a cytotoxic payload drug via a linker 
[Figure 1(a)]. Binding of the ADC to tumor cells 
results in internalization of the ADC, uptake into 
the lysosome, and release of the cytotoxic drug 
inside the cells, which induces cell killing. For 
some ADCs, the linker can be hydrolyzed while 
the antibody resides on the cell surface, thereby 
releasing the drug into the tumor microenviron-
ment and killing adjacent tumor cells.6–8 Some 
ADCs may also additionally utilize the ‘bystander 
effect’, by which the cytotoxic payload diffuses 
through the tumor cell membrane after internali-
zation and targets neighboring cells, which may 
or may not exhibit expression of the target anti-
gen.9 The benefits of this therapeutic strategy 
manifest in several ways, primarily by ensuring 
that the drug reaches the intended target. 
Additionally, the use of precise targeting limits 

systemic effects of the drug by allowing lower 
concentrations to be used and also by restricting 
activity principally to the tumor tissue itself.10 
The antibody component of the ADC may also 
play an anticancer role independent of its cyto-
toxic payload by disrupting the targeted antigen’s 
function, promoting its degradation, and activat-
ing an immune response.8 ADCs have already 
established their success in treating a variety of 
cancers, with 11 ADCs currently FDA approved 
and numerous others in various stages of clinical 
development.11 The diseases and mechanisms of 
these ADCs are summarized in Table 1.

Another novel class of drugs with a targeting 
strategy and structure similar to that of the ADCs 
is BTCs [Figure 1(b)]. Like ADCs, these are 
composed of an entity with high affinity for a spe-
cific target on tumor cells that has been conju-
gated to a cytotoxic payload. The uniqueness of 
BTCs lies in their targeting, which is composed of 
a highly constrained, synthetic bicyclic peptide 
whose structure is optimized to bind with high 
affinity to a target protein. The bicyclic peptide is 
conjugated via a spacer and a cleavable linker to 

Figure 1.  Structures of antibody-drug conjugates and bicycle toxin conjugates. (a) ADCs are composed of 
an antibody engineered to target an antigen preferentially expressed on tumor cells. This is connected via a 
cleavable or non-cleavable linker to a cytotoxic payload with antitumor effect. Additional tumor death may 
be instituted by a bystander effect. The typical ratio of payload to antibody 3:1 or 4:1. (b) BTCs are composed 
of a peptide constrained by three cysteine residues that target a tumor antigen, thereby forming a bicycle 
structure. This is connected to cytotoxic payload via a molecular spacer to reduce steric hindrance by the 
bicycle and a cleavable linker, which is cleaved extracellularly. The peptide to payload ratio is 1:1.
ADC, antibody-drug conjugate; BTC, bicycle toxin conjugate.
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the payload drug, which when delivered to the 
target, induces tumor cell death.25 Several advan-
tages of BTCs over ADCs have been proposed. 
First, they are significantly smaller than antibody-
based conjugates and, therefore, may have more 
rapid distribution to tissues and greater tumor 
penetrance. Moreover, they do not require inter-
nalization, potentially allowing for more uptake of 
payload by supportive adjacent stromal cells, 
resulting in more rapid response.24 Additionally, 
the peptide formulation of these molecules results 
in a short duration of systemic exposure, with 
half-lives measured in hours as opposed to days 
for ADCs, and allows for renal elimination, limit-
ing exposure to the toxic payload.24,25 Conversely, 
shorter half-life may require more frequent dos-
ing. Furthermore, a bicycle-to-toxin ratio of 1:1, 
compared with a drug-to-antibody ratio of 3–4:1 
for most ADCs, allows for BTCs to potentially 
prevent more delivery of the payload than neces-
sary for eliciting cell death24

This systematic review will survey the current 
state of the evidence for the use of ADCs and 
BTCs in the treatment of advanced and localized 
urothelial cancer as well as ongoing studies of not 
yet approved agents.

Methods
A systematic literature review was performed by 
two authors, CD and JRB, in accordance with 
PRISMA guidelines.26 A search was conducted of 
the EMBASE database on 3 July 2023 using  
the terms ‘enfortumab vedotin’, ‘sacituzumab 
govitecan’, ‘disitamab vedotin’, ‘trastuzumab 
emtansine’, ‘trastuzumab deruxtecan’, and ‘ASG-
15ME’, all in combination with the terms ‘blad-
der cancer’ or ‘urothelial cancer’. Review articles, 
case reports, editorials, and basic science papers 
were excluded. Clinicaltrials.gov was also 
searched to ensure full capture of all trials of 
interest, including currently enrolling studies 
(Figure 2). Both authors conducting the review 
collected all data deemed pertinent from the 
manuscript, working independently, and organ-
ized the data by targeted antigen. Risk of bias 
assessment was performed using the ROBIS tool.

Results
A total of 601 articles were initially identified. Of 
these, 199 were review articles, 62 were preclini-
cal or basic science papers, 36 were duplicates, 

and 238 either pertained to a different type of 
cancer or discussed topics not relevant to the 
topic of present review. A total of 66 records 
remained for review. An additional 7 records were 
identified using ClinicalTrials.gov for a total of 73 
records included in this analysis (Figure 2).

Nectin-4 targeting therapies
Nectin-4, also known as PVRL4 or poliovirus 
receptor-related protein 4, is a member of the 
nectin family of adhesion molecules. It has been 
proposed to mediate calcium independent cell-
cell adhesion at adherens junctions.27 The 
Nectin-4 transcript is present at low levels in vari-
ous normal tissues such as skin, bladder, salivary 
glands, esophagus, breast, and stomach but is 
upregulated in several cancer tissues, with the 
highest levels of expression identified in bladder 
cancer specimens.27 Additionally, the frequency 
of Nectin-4 protein expression across bladder 
cancer specimens is quite high, with one study 
reporting significant levels of Nectin-4 expression 
in more than 80% of specimens tested.27 This 
preferential expression in neoplastic tissue makes 
it an ideal target for tumor-directed anti-neoplas-
tic agents. Conversely, decreased Nectin-4 
expression has been implicated in metastatic pro-
gression and resistance to Nectin-4 targeted 
therapies.28

Enfortumab vedotin
Enfortumab vedotin (EV) is an antibody-drug 
conjugate comprising the human anti-Nectin-4 
antibody, enfortumab, conjugated to a monome-
thyl auristatin E (MMAE) payload.29 MMAE is a 
highly potent microtubule disrupting agent engi-
neered by creating a synthetic analog of the natu-
ral antimitotic agent dolastatin 10, originally 
isolated from the sea hare Dolabella auricularia.30 
Delivery of MMAE by targeting Nectin-4 on 
tumor cells induces immunogenic cell death with 
release of damage-associated molecular patterns.3 
These elements are subsequently taken up by 
antigen-presenting cells and presented to cyto-
toxic T cells, which then mount an antigen-spe-
cific immune response.3 This immune response 
underlies the potential facilitation of a synergistic 
effect with ICIs.3

Several studies in different treatment settings 
have established the efficacy of EV in the treat-
ment of locally advanced or metastatic urothelial 
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Records after removal of 
duplicates
(n=565)

Records after removal of 
Exclusions

(n=66)

Added after searching 
ClinicalTrials.gov

(n=7)

Exclusion: Duplicates
(n=36)

Exclusion: Non urothelial cancer, 
case reports, editorials

(n=238)

Exclusion: Basic 
science/Preclinical

(n=62)

Exclusion: Review Articles
(n=199)

Records identified through 
EMBASE database

(n=601)

Studies and Clinical Trials included in Review:
(n=73)

Figure 2.  Consort diagram consisting of inclusion and exclusion of studies reviewed. 601 sources were 
identified via EMBASE that potentially discussed ADCs and BTCs in urothelial carcinoma. Exclusion criteria 
included preclinical studies, review articles, and case reports in order to select completed and ongoing clinical 
trials. A second search of ClinialTrials.gov was necessary to ensure all relevant studies were included.
ADC, antibody-drug conjugate; BTC, bicycle toxin conjugate.
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cancer in a variety of treatment settings (Table 2). 
EV-201 was a phase II study of EV in patients 
previously treated with an anti-PD-1 ICI. Two 
cohorts were studied; one comprised patients 
with prior treatment with platinum-based chemo-
therapy, and one comprised platinum naïve 
patients. For patients in the cohort treated previ-
ously with both platinum-based chemotherapy 
and immunotherapy, objective response rate 
(ORR) was 44%, with 12% of patients achieving 
a complete response. Median time to response 
was 1.84 months. After a median follow-up of 
22.3 months, median OS was 12.4 months (95% 
CI 9.46–15.57)31; estimated median progression-
free survival (PFS) was 5.8 months (95% CI 
4.93–7.46). Consistent clinical activity was noted 
for EV across subgroups and regardless of 
response to prior therapy with an anti-PD(L)-1 
antibody. This study led to accelerated approval 
by the FDA in 2019 for advanced urothelial can-
cer that had progressed on platinum and ICI ther-
apy.32 EV was also effective in patients who had 
not received prior platinum, with ORR 51%, 
complete response rate 22%, median PFS of 
6.7 months (95% CI 5.0–8.3), and median OS 
16.1 months (95% CI 11.3–24.1).33

Building upon these findings, EV-301 was a phase 
III multicenter study that compared EV to stand-
ard-of-care chemotherapy in patients who previ-
ously received platinum-based chemotherapy and 
progressed during or following treatment with an 
anti-PD(L)-1 antibody. A total of 608 patients 
were randomized 1:1 to either EV or the investiga-
tor’s choice of docetaxel, paclitaxel, or vinflunine. 
Here, EV significantly prolonged OS, which was 
the primary endpoint of this trial. OS for EV com-
pared to chemo had a hazard ration of 0.70 (95% 
CI 0.56–0.89); median OS was 12.88 months for 
EV (95% CI 10.58–15.21) versus 8.97 months for 
chemo (95% CI 8.05–10.74). Median PFS with 
EV was 5.55 months versus 3.71 months with 
chemo (95% CI 0.51–0.75). Overall response rate 
was 40.6% with EV versus 17.9% with chemo. A 
total of 4.9% of patients with EV had a complete 
response; 2.7% of those treated with chemo had a 
complete response. The benefits of EV over chemo 
were seen across subgroups, including in those 
with liver metastases. Rates of treatment-related 
adverse events were similar between groups, with 
93.9% of patients treated with EV experiencing 
some treatment-related adverse events (TRAEs) 
compared with 91.8% of those who received 
chemotherapy. Skin reactions and peripheral neu-
ropathy were the most frequent TRAEs seen for 
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EV.36,39 Following early study termination due to 
positive results at interim analysis,37 EV was 
granted full approval by the FDA in 2021.32,39

EV-301 was a large study performed across multiple 
countries, and a subgroup analysis was performed 
on a Japanese subset of 86 participants. This cohort 
had a median OS of 15.18 months for the EV arm 
versus 10.55 months for the chemo arm [HR: 0.437 
(95% CI 0.209–0.914)]. Median PFS was 
6.47 months for EV versus 5.39 months for chemo 
[HR: 0.464 (95% CI 0.258–0.835)]. A total of 
6.7% of those in the EV arm had a complete 
response versus zero of those receiving chemo. 
Although this cohort did experience about a 10% 
higher rate of TRAEs compared with the overall 
EV-301 population, tolerability was still maintained 
as evidenced by similar rates of treatment discon-
tinuation, dose reduction, or interruption between 
this cohort and the overall study population.37

The efficacy of EV has been established in real-world 
settings as well. UNITE is a multi-institutional ret-
rospective real-world study of outcomes for patients 
receiving EV. A total of 304 patients from 16 institu-
tions across the US who received EV for la/mUC 
were analyzed. Many of these patients would have 
been excluded from clinical trials due to comorbidi-
ties and performance status. Median time from diag-
nosis of advanced disease to EV treatment initiation 
was 12 months. EV was used as monotherapy for the 
majority of these patients. ORR for this group was 
52%, with 7% having a complete response. Median 
PFS was 6.8 months (95% CI 5.6–7.4), and median 
OS was 14.4 months (95% CI 11.8–16.9). Even 
among patients with upper tract primary tumors, 
liver metastases, and multiple comorbidities, high 
rates of response to EV treatment were seen. Among 
28 evaluable patients with FGFR3 alterations, treat-
ment with EV resulted in an ORR of 57%.40 In a 
subanalysis of the UNITE cohort, 186 patients who 
had most recently received an ICI were evaluated. In 
this subset, efficacy was greater compared with 61 
patients who most recently received chemotherapy. 
The ICI group had an ORR of 58%, median PFS of 
6.9 months, and median OS of 15.2 months versus 
ORR of 37% (p = 0.02), median PFS of 4.8 months 
(p = 0.02), and median OS of 8.8 months (p = 0.01) 
for the chemo group.41

EV has also been investigated in combination with 
other therapeutic agents. EV-103 was a multi-
cohort study designed to evaluate this. Cohorts A 
and K evaluated the role of EV + pembrolizumab in 
previously untreated advanced urothelial cancer. In N
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phase I/II Cohort A, 45 cisplatin-ineligible patients 
with untreated advanced UC received EV + pem-
brolizumab. Overall response rate was 73.3%, with 
a complete response in 15.6% of patients. Median 
PFS was 12.3 months (95% CI 7.98–NE), and 
median OS was 26.1 months (95% CI 15.74–NE). 
Median time to response was 2.1 months, and 
median duration of response was 25.6 months, sug-
gesting a rapid and durable response. The response 
to treatment in this study was independent of nec-
tin-4 and PD-L1 expression level.3

EV-103 Cohort K was a phase II trial designed to 
assess both EV monotherapy and combined with 
pembrolizumab. A total of 149 patients with previ-
ously untreated locally advanced or metastatic UC 
were randomized 1:1 to either EV as monotherapy 
or combined with pembrolizumab. In the 
EV + pembrolizumab arm, ORR was 64.5% (95% 
CI 52.7–75.1), PFS at 12 months was 55.1%. 
Median OS was 22.3 months. 10.5% of patients 
had a complete response. For the EV monotherapy 
arm, ORR was 45.2% (95% CI 33.5–57.3). 
12 month PFS was 35.8%, 12-month OS was 
70.7%. 4.1% of patients had a complete response. 
Notably, response rates in both arms of this study 
exceed expected rates for standard-of-care treat-
ment.42,35 EV-302 further assessed combined EV 
and pembrolizumab compared to platinum-based 
regimens for first-line treatment of la/mUC.43 
Recently published data from this trial were quite 
encouraging, with PFS of 12.5 months for the 
EV + pembrolizumab arm versus 6.3 months for the 
chemotherapy arm (HR: 0.45, 95% CI 0.38–0.45). 
Median OS was 31.5 months in the EV + pembroli-
zumab arm versus 16.1 months in the chemother-
apy arm (HR: 0.47, 95% CI 0.38–0.58).38

EV is also actively being investigated for utility in 
earlier stages of bladder cancer, such as in MIBC 
and NMIBC, with some trials showing early prom-
ising results. EV-103 Cohort H evaluated neoadju-
vant EV as monotherapy for patients with MIBC 
who were ineligible for neoadjuvant cisplatin-based 
chemotherapy. The enrolled 22 patients received 
three cycles of neoadjuvant EV prior to radical cys-
tectomy. Of these patients, 36.4% had a pathologi-
cal complete response, and 50% had pathologic 
downstaging at the time of cystectomy. These data 
are very promising and support further evaluation 
of EV in cisplatin-ineligible MIBC.34 Several other 
cohorts, including cohort L with perioperative 
chemotherapy, are ongoing and will hopefully pro-
vide additional data useful for treatment decision 
making in these patients.

Toxicities of EV are typically manageable with 
proper recognition, interruptions, and dose modi-
fications. Treatment-related adverse events have 
been reported in studies, with grade 3 or higher 
TRAEs reported in 51–63% of patients.37,39 The 
most common treatment-related adverse events 
reported are peripheral sensory neuropathy, 
fatigue, and alopecia. The most common grade 3 
or higher adverse events are asymptomatic lipase 
elevation, fatigue, and rash.3 Hyperglycemia is 
also seen in a minority of patients.39 TRAE rates 
were 10% higher in the Japanese subpopulation 
compared with the overall population of EV-301, 
indicating potential ethnic differences in TRAEs.37 
Rarely, adverse events lead to death.36,39 EV car-
ries a black box warning for severe cutaneous 
reactions, such as Stevens-Johnson Syndrome and 
Toxic Epidermal Necrolysis. However, despite 
the reported AEs, EV appears to be a relatively 
well-tolerated treatment, as evidenced by the low 
rates of treatment discontinuation reported.37

Several of the EV trials evaluated health-related 
quality of life (QoL) and found EV to be beneficial. 
In EV-103 Cohort K, QoL was measured and 
remained stable throughout the study. Improve
ments were noted in emotional functioning, pain, 
and sleep disturbance scores.44 Similar findings 
were reported in EV-201, with scores for fatigue 
and pain trending toward improvement for those 
patients with a reported overall response to treat-
ment. For patients with bone metastases, pain 
scores with EV treatment were lower than base-
line.45 EV-301 reported pain as the QoL variable 
with the greatest difference between groups, with 
51.6% in the EV group reporting pain improve-
ment compared with 28.8% of those in the chemo-
therapy group.46 These pain control improvements 
should be considered in the context of the higher 
levels of pain typically reported by patients with la/
mUC in comparison to other solid tumors.45

There are many ongoing and planned future trials 
evaluating EV in a variety of combinations for 
treatment of la/mUC (Table 3). In addition to the 
phase III EV-302 study,43 EV-ECLIPSE is a phase 
II trial investigating combined EV plus pembroli-
zumab in locally advanced or node-positive UC 
prior to surgery.47 Another future trial is planned 
to evaluate this combination in the treatment of la/
mUC of variant histology.48 Other combinations 
such as EV with Evorpacept (ASPEN-07),49 
Erdafitinib,50 Cabozantinib,51 Sacituzumab govite-
can (DAD),52 and Atezolizumab (MORPHEUS)53 
are being actively investigated as well.
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EV may also alter the current treatment paradigm 
for localized cancers. EV-304 is a multi-institu-
tional phase III study, enrolling approximately 
780 patients who are randomized to either perio-
perative EV combined with pembrolizumab or 
standard-of-care cisplatin-based neoadjuvant 
chemotherapy prior to radical cystectomy.57 
EV-303 is a similar study investigating EV com-
bined with pembrolizumab in the perioperative 
setting for patients ineligible for cisplatin-based 
chemotherapy.63,60 EV-103 cohorts J55 and L56 
are investigating EV’s role in MIBC for cisplatin-
ineligible patients, either combined with pem-
brolizumab or as monotherapy.

Several other novel combinations of EV are being 
investigated as well for the treatment of MIBC. 
The combination of Durvalumab, Tremelimumab, 
and EV is being studied in the phase III VOLGA 
trial for cisplatin-ineligible patients.58 The 
PEVRAD trial is planned to evaluate the combi-
nation of EV with pembrolizumab followed by 
radiation for patients with MIBC who are deemed 
unfit for radical cystectomy.59 Intravesical instilla-
tion of EV in high-risk, BCG-unresponsive 
NMIBC is being investigated as a potential treat-
ment in the phase I trial EV-104.54

BT8009
BT8009 is a drug composed of a bicyclic peptide 
designed for high binding affinity and selectivity 
for the nectin-4 protein. The peptide is conju-
gated with the cytotoxin monomethyl auristatin E 
(MMAE) via a cleavable linker with a peptide 
toxin ratio of 1:1.24 It is of low molecular weight 
(approximately 4–4.5 kDa) and is primarily 
renally eliminated, with a half-life of 1–2 h.24 This 
drug has demonstrated potent anticancer activity 
in in vivo models25 and is being investigated as a 
treatment for several cancers, including urothelial 
carcinoma.

BT8009-100 is a phase I/II study investigating 
the clinical utility of the BTC, BT8009, in 
patients with several different solid tumors, 
including UC. For EV-naïve patients with la/
mUC, results from the first eight treated patients 
reveal one complete response and three partial 
responses. This study also has a cohort of la/mUC 
patients with prior EV therapy. This trial is still 
ongoing, but initial results show promise for the 
treatment of urothelial cancer.62

TROP2 targeting therapies
TROP2 is a cell-surface protein that functions as 
a transmembrane calcium sensor. It is highly 
expressed in multiple cancers, including urothe-
lial carcinoma, with several studies reporting 
expression rates greater than 90%.64,65 High 
TROP2 expression levels in advanced cancers 
portend a poor prognosis. In UC, TROP2 expres-
sion has been reported as being higher than that 
of nectin-4, indicating its suitability as a target for 
an ADC treating bladder cancer66 (Table 3).

Sacituzumab govitecan
Sacituzumab govitecan (SG) is composed of an 
antibody targeting TROP2, conjugated to a payload 
of SN-38. SN-38 is an active metabolite of irinote-
can, a topoisomerase 1 (TOPO1) inhibitor. Delivery 
of SN-38 to tumor cells results in internalization of 
the ADC, where release of the drug inside the cells 
leads to cytotoxic effects. The antibody-drug linker 
can also be cleaved extracellularly, releasing the 
drug into the tumor microenvironment and killing 
adjacent tumor cells.6 SG has been investigated as 
treatment for UC in multiple trials.

SG has proven efficacy for la/mUC. The phase I/
II multicenter IMMU-132-01 study established 
the utility of SG for la/mUC in patients who had 
progressed after at least one prior standard thera-
peutic treatment. Patients in this trial had received 
a median of two prior therapy lines, including 
platinum-based chemotherapy and ICIs. ORR 
was 31%, with 2 complete responses (CR) and 12 
partial responses (PR) reported. Median PFS was 
7.3 months, and median OS was 18.9 months.67,68

Trophy-U-01 is a follow-up phase II trial with 
multiple cohorts designed to elucidate the clinical 
benefits of SG alone and in combination for 
patients with UC. Trophy-U-01 Cohort 1 demon-
strated the efficacy of SG in patients with la/mUC 
who progressed after platinum-based chemother-
apy and ICI therapy. Patients in this cohort had a 
median of three prior anticancer regimens. A total 
of 113 patients were enrolled and had an ORR of 
27% (95% CI 19.5–36.6) with 5.3% having a CR; 
median PFS was 5.4 months (95% CI 3.5–7.2), 
and median OS was 10.9 months (95% CI 9.0–
13.8). Efficacy was demonstrated in all subgroups, 
including in those with liver metastases.6 Cohort 2 
evaluated SG in platinum-ineligible patients who 
had progressed after prior ICI therapy. The first 
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38 patients treated demonstrated on ORR of 32% 
(95% CI 17.5–48.7), median PFS 5.6 months 
(95% CI 4.1–8.3), and median OS of 13.5 months 
(95% CI 7.6–15.6).69

SG combinations have been investigated as well. 
SG combined with pembrolizumab was evaluated 
in Trophy-U-01 Cohort 3 for patients who had 
progressive or recurrent disease after platinum-
based chemotherapy. Primary analysis of this 
cohort included 41 patients enrolled. ORR was 
41% (95% CI 26.3–57.9), median PFS was 
5.3 months (95% CI 3.4–10.2), and median OS 
was 12.7 months (95% CI 10.7-NE).70

Treatment-related toxicities have been reported 
with SG, with rates of grade 3 or greater TRAEs 
reported as 61–65% in cohorts of Trophy-U-01.70,71 
The most commonly noted TRAEs were neutro-
penia, leukopenia, anemia, and diarrhea.71 There 
was one treatment-related death in Cohort 1 due 
to sepsis resulting from febrile neutropenia. 
Reported rates of treatment-related rash, periph-
eral neuropathy, and hyperglycemia, which are 
common toxicities of EV, are low.6 Despite these 
rates of adverse events, most patients tolerate SG 
well, with reported treatment discontinuation in 
18% of patients in one cohort.69

Numerous ongoing and future studies continue to 
investigate the benefit of treatment with SG. The 
multicenter randomized phase III Tropics-04 trial 
will randomize patients who have progressed on 
prior platinum-based chemo and ICI therapy to 
either SG or physician’s choice of paclitaxel, doc-
etaxel, or vinflunine.72 The Trophy-U-01 trial has 
several cohorts studying SG combinations, includ-
ing with cisplatin and either a PD-L1 inhibitor 
Avelumab or a PD-1 inhibitor Zimberelimab for 
treatment naïve la/mUC in cohort 4.73 Cohorts 5 
and 6 will compare SG and Zimberelimab combi-
nation to either single-agent immunotherapy or 
single-agent SG in cisplatin-ineligible treatment 
naïve la/mUC patients.74,75 The JAVELIN 
BLADDER MEDLEY trial is investigating the addi-
tion of SG to maintenance Avelumab for patients 
treated with first-line platinum-based chemo.76 The 
combination of Ipilimumab and Nivolumab with SG 
is also being investigated for cisplatin-ineligible 
patients with la/mUC. Initial results from this trial 
demonstrated an ORR of 66.6%, with one CR and 
three PRs. The phase II trial is ongoing.77,78

SG is also being investigated for the treatment of 
MIBC. The SURE-02 trial is assessing SG in 

patients with MIBC who are ineligible for cispl-
atin-based chemotherapy. In this trial, one cohort 
will receive neoadjuvant SG as monotherapy, and 
the other cohort will receive SG in combination 
with pembrolizumab.79 RAD-SG is another 
MIBC trial planned to investigate the role of SG 
and radiation for bladder preservation in patients 
with MIBC who are either ineligible or unwilling 
to undergo radical cystectomy.80 SG is also being 
evaluated for a neoadjuvant role for variant histol-
ogy MIBC in another trial.81

Datopotamab deruxtecan
Datopotamab deruxtecan (DS1062a) is another 
ADC in development targeting TROP2. 
Datopotamab is a humanized anti-TROP2 
immunoglobulin G1 monoclonal antibody. It is 
linked to deruxtecan (DXd), a highly potent 
TOPO1 inhibitor, via a tetrapeptide cleavable 
linker.82 This drug is actively being investigated 
for use in a variety of cancers with the TROPION-
PanTumor01 study, with recently reported data 
demonstrating benefit in the treatment of 
advanced or metastatic non-small cell lung can-
cer.82 Part 2 of this study will include unresecta-
ble la/mUC that has been treated with at least one 
prior line of therapy, including an ICI. This study 
is currently recruiting.82

HER2 targeting therapies
Another potential therapeutic target for ADCs in 
a variety of cancers, including urothelial cancer, is 
the Human epidermal growth factor receptor 2 
(HER2) receptor. HER2 is a member of the epi-
dermal growth factor receptor family. These are 
transmembrane receptor tyrosine kinases that are 
involved in cell proliferation and survival via acti-
vation of several intracellular signaling cascades, 
including the MAPK and PI3K/Akt pathways. 
HER2 levels are well established to have prognos-
tic value in breast and some gastrointestinal can-
cers.83 In bladder cancer, HER2 overexpression 
strongly correlates with tumor progression and a 
poor prognosis.84 The success achieved with 
HER2-targeted ADCs in other cancers85 has gen-
erated interest to study its potential efficacy in 
UC, with multiple completed and ongoing trials 
(Tables 4 and 5).

Trastuzumab emtansine
One of the drugs being investigated is Trastuzumab 
emtansine (T-DM1). This ADC is currently 
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approved for treatment of some HER2-positive 
breast cancers and also has shown evidence of 
efficacy in HER2-positive UC. The KAMELEON 
study was a phase II study of single-agent T-DM1 
in metastatic HER2-positive UC. This study was 
terminated early due to poor recruitment, with 
only 13 patients enrolled. Among these patients, 
five exhibited a partial response for an ORR of 
38.5%, which would have cleared the ORR 
threshold of four of 27 patients in the initial 
design.87

Disitamab vedotin
Disitamab vedotin (DV) is another HER2 
directed ADC under study. It is a humanized 
anti-HER2 antibody conjugated to MMAE via a 
cleavable linker.84 Multiple studies are evaluating 
the utility of this ADC for treating UC, including 
the RC48-C005 and RC48-C009 trials. These 
phase II studies investigated DV in patients with 
mUC who had received at least one line of sys-
temic chemotherapy. In RC48-C005, 43 patients 
were enrolled with an ORR of 51.2% (95% CI 
35.5–66.7). Median PFS was 6.9 months (95% 
CI 5.6–8.9), and median OS was 13.9 months 
(95% CI 9.1–NE). Among patients with liver 
metastases, response rates were even higher, with 
an ORR of 65%. Even among the group of 
patients classified as having a lower level of HER2 
positivity, ORR was 40% (95% CI 19.1–63.9).84 
In RC48-C009, 64 patients were enrolled with an 
ORR of 46.9% (95% CI 34.3–59.8). Median 
PFS was 4.3 months (95% CI 4.0–6.8), and 
median OS was 14.8 months (95% CI 8.7–
21.0).88 Similar responses were seen across sub-
groups in both of these studies, including those 
with liver metastases and prior anti-PD-1/L1 
antibody treatment.89

The combination of DV with pembrolizumab in 
advanced UC is being investigated as well. 
RC48-G001 is an ongoing phase II trial evaluat-
ing this combination for HER2-positive unresect-
able or metastatic UC. Several cohorts will be 
studied, apportioning patients according to their 
level of HER2 positivity and prior treatments. DV 
will be investigated in this trial both as monother-
apy and in combination with pembrolizumab.86 
(Table 6)

The trials conducted thus far indicate that DV is 
a relatively well-tolerated treatment with low lev-
els of grade 3 TRAEs reported89 and some report-
ing no grade 4 or higher TRAEs.84 The most 
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common TRAEs that have been seen are hypoes-
thesia, leukopenia, LFT elevations, decreased 
appetite, and asthenia.89 Peripheral neuropathy 
has been reported as well in RC48-C005, with a 
frequency of 14%, and one patient experienced 
grade 3 or higher neuropathy.84

Trastuzumab deruxtecan
Trastuzumab deruxtecan (T-DXd) is another 
ADC targeting HER2 that is composed of an 
anti-HER2 antibody conjugated to a TOPO1 
inhibitor payload. This drug has already received 
approval for the treatment of HER2-low breast 
cancer based on the DESTINY-Breast04 trial.93 
The DESTINY-Pantumor-02 trial is investigat-
ing this drug for use in multiple solid tumor types, 
including a cohort for la/mUC that progressed 
following one or more prior systemic therapies.94 
In the urothelial cancer cohort, 41 patients 
enrolled. ORR for the entire cohort was 39%, and 
for strongly HER2 positive tumors, IHC3+, 
ORR was 56.3%. Grade 3 or higher TRAEs were 
reported in 58.4% of patients, with notable 
TRAEs including interstitial lung disease and 
pneumonitis.90

Other molecular targets
Several other proteins have been identified as 
possible ADC targets in urothelial cancer. 
SLITRK6 is a member of a family of transmem-
brane proteins found to play important roles in 
cell adhesion, differentiation, cancer cell migra-
tion, and invasion. Studies have shown that 
SLITRK6 is expressed on a variety of epithelial 
tumors, with bladder cancer demonstrating high 
levels of expression.95

Sirtratumab vedotin (AGS-15ME) is an ADC 
targeting SLITRK6 with preliminary efficacy in 
la/mUC treatment. This drug is composed of an 
anti-SLITRK6 antibody conjugated to an MMAE 
payload via a cleavable linker. A phase I trial that 
enrolled 51 patients reported an ORR of 33%, 
median PFS of 16 weeks, and median duration of 
response of 15 weeks. 91% of patients had a 
TRAE, most notably fatigue and ocular toxicity. 
The rate of Grade 3 or higher TRAEs was 50%.91

Ephrin A receptor 2 (EphA2) is another protein 
identified as a potential target in UC. EphA2 is a 
surface cell receptor that mediates signaling con-
verging on pathways integral to cell growth, pro-
liferation, migration, and invasion. Increased Ta
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EphA2 expression has been identified as a resist-
ance mechanism to EGFR TKI-based therapy.92 
This protein is targeted by the drug BT5528, 
which is a bicycle toxin conjugate composed of a 
bicyclic peptide targeting EphA2, conjugated to 
MMAE via a cleavable linker.23 The BT5528-
100 trial is investigating the use of this drug in a 
variety of cancers, with one cohort to be com-
posed of patients with metastatic urothelial can-
cer who have either failed or are ineligible for 
appropriate treatment options. This trial will 
evaluate BT5528 alone and in combination with 
nivolumab and is actively recruiting.92

Biomarkers
Despite high expression of the antibody targets of 
ADCs in UC, evaluation of tumor expression 
levels of the targets has not shown a definitive 
predictive value. The FDA review of EV con-
cluded that Nectin-4 expression levels do not 
appear to identify patients likely to preferentially 
benefit from EV, and therefore, routine testing 
for this purpose is unwarranted.96 Evaluation of 
TROP2 expression levels and response to treat-
ment in the Trophy-U-01 trial also failed to find 
any statistically significant difference in outcomes 
based on TROP2 expression.86 The data for 
HER2 give a less clear picture as to the prognos-
tic and predictive value of HER2 overexpression. 
Some studies have shown that HER2 overexpres-
sion is associated with shorter PFS, whereas 
other studies have shown a more positive prog-
nosis.83 The Destiny-Pantumor-02 trial sug-
gested that patients with higher levels of HER2 
positivity may be associated with a better response 
to treatment with T-DXd, although patients with 
low expression may respond as well.90 While 
some level of HER2 expression is a prerequisite 
for treatment with a HER2 ADC, the absolute 
level of expression may not substantially affect 
treatment decisions.

Alternatively, other biomarkers may predict 
response to therapy. In the UNITE study, next-
generation DNA sequencing data was available 
for 170 patients, and occurrence of specific 
genetic alterations was correlated with outcomes 
data. In patients with an ERBB2 alteration, treat-
ment with EV had an ORR of 67% versus 44% for 
those without this alteration. Superior outcomes 
were also seen in those with TSC1 alterations, 
with ORR of 68% versus 25% for those without 
the alteration. Shorter median survival was seen 

in patients with CDKN2A, CDKN2B, and 
MTAP alterations.97

Conclusion
ADCs and BTCs present recent advancements in 
the therapeutic landscape of UC, especially for 
locally advanced and metastatic disease refractory 
to standard agents. The landmark trials discussed 
in this review established the efficacy of these 
treatments in advanced disease and proposed con-
sideration earlier in the course of treatment. Two 
ADCs, EV, and SG, as well as the combination of 
EV and pembrolizumab, have been approved for 
treatment of la/mUC. Ongoing studies highlight 
the potential for additional future therapies with 
novel antibody targets, cytotoxic payloads, and 
structures, as well as unique combinations.

Real-world analyses have further demonstrated 
the efficacy of these treatments in patients who 
may not qualify for clinical trials. Even among 
patients with significant comorbidities and poor 
performance status, in some situations, ADCs 
have provided clinical benefit.98–100

There are some limitations to the promise of 
ADCs. Toxicities have been associated with 
ADCs, for example, peripheral neuropathy and 
rash with EV or cytopenias and diarrhea with SG. 
Nonetheless, toxicities are typically manageable 
and do not result in reduced QoL in studies. The 
mechanism of action of these drugs is complex 
and resistance can occur at any point along their 
pathway, with proposed mechanisms of resistance 
including altered tumor antigen expression, 
impaired lysosomal function, drug efflux pump 
overexpression, and altered downstream signaling 
pathways.101 Another limitation of ADCs is the 
cost of treatments. Significant differences have 
been noted between the costs of various ADCs.102 
Finally, novel biomarkers are needed to predict 
which patients benefit from therapy.

ADCs also represent a tremendous advance in 
drug delivery technology. With novel combina-
tions of molecular targets and payloads, these 
drugs will be prototypical examples for further 
drug development, not just for the treatment of 
cancer but for the treatment of various other ill-
nesses. Optimization of precise drug delivery with 
limited systemic toxic exposure underlies a core 
value within medicine, providing maximal benefit 
to patients while minimizing harm.
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Appendix

Abbreviations
ADC        Antibody-drug conjugate
AGS-15ME  Sirtratumab vedotin
BTC        Bicycle toxin conjugate
DS1062a      Datopotamab deruxtecan
DV            Disitamab vedotin
EphA2       Ephrin A receptor 2
EV          Enfortumab vedotin
FGFR        Fibroblast growth factor receptor
FOLR1      Folate receptor 1
HER2    �    Human epidermal growth factor 

receptor 2
La/mUC   �   Locally advanced / metastatic 

urothelial carcinoma
ICI            Immune checkpoint inhibitor
MIBC        Muscle invasive bladder cancer
MMAE      Monomethyl auristatin E
mOS        Median overall survival
mPFS        Median progression-free survival
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NMIBC  �  Nonmuscle invasive urothelial 
cancer

ORR        Objective response rate
OS          Overall survival
Pembro      Pembrolizumab
PFS          Progression-Free Survival
QoL         Quality of life
RC         Radical cystectomy

SG       Sacituzumab govitecan
T-DM1  Trastuzumab emtansine
T-DXd    Trastuzumab deruxtecan
TF       Tissue Factor
TOPO1  Topoisomerase I
TRAE     Treatment-related adverse event
TROP2  Trophoblast cell-surface antigen 2
UC         Urothelial Cancer
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