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ABSTRACT

Background. Metastatic urothelial carcinoma (mUC) histori-
cally is treated with first-line platinum-based combination
chemotherapy, preferably cisplatin plus gemcitabine when-
ever possible. In recent years, multiple classes of targeted
therapy have demonstrated benefit, with some receiving
approval in mUC. This review will summarize phase III effi-
cacy and safety data for targeted agents, principally immune
checkpoint inhibitors (ICIs), as either first-line or first-line
switch-maintenance therapy for mUC and interpret these
findings in the context of the current treatment landscape.
Materials and Methods. Published and presented phase III
data on targeted therapy for the first-line or first-line switch-
maintenance treatment of mUC were identified using the
key search terms “targeted therapy” AND “urothelial carci-
noma” AND “advanced” OR respective aliases according to
the guidelines for Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA).

Results. Of the six eligible phase III targeted therapy trials,
two assessing ICIs met their primary endpoints in platinum-
eligible patients. First-line ICI plus chemotherapy combina-
tions have not improved overall survival (OS), although final
OS results of the IMVigor 130 trial are pending. Switch-
maintenance using an ICI in patients achieving at least
stable disease following platinum-based chemotherapy
statistically significantly improved OS (21.4 vs. 14.3 months,
hazard ratio, 0.69; 95% confidence interval, 0.56–0.86;
p = .001). Current sequencing options for mUC include
first-line platinum-based chemotherapy with a switch to ICI
either immediately or upon disease progression.
Conclusion. Recent targeted therapy trials have expanded
ICI sequencing options for mUC. The treatment landscape is
likely to evolve rapidly, with results from multiple phase III
trials expected in the next 5 years. The Oncologist 2021;26:
e1381–e1394

Implications for Practice: Multiple classes of targeted agents are approved for use in metastatic urothelial carcinoma
(mUC). Six phase III trials have recently provided insight on the benefit of these agents in the first-line setting. In platinum-
eligible patients, immune checkpoint inhibitors (ICIs) combined with first-line platinum-based chemotherapy failed to dem-
onstrate improved survival, although ICI monotherapy as switch-maintenance significantly improved overall survival in
patients with mUC who had achieved at least stable disease following first-line platinum-based chemotherapy. In patients
ineligible for any chemotherapy, pembrolizumab, atezolizumab, or pembrolizumab in combination with enfortumab vedotin
may be options.
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INTRODUCTION

Bladder cancer is one of the most commonly diagnosed
malignancies. Approximately 550,000 new cases occurred
worldwide in 2018, resulting in 200,000 deaths [1]. More-
over, an estimated 81,400 new cases and nearly 18,000
deaths are expected in the U.S. in 2020 [2]. Men are
approximately three to four times more likely to be diag-
nosed with and die of bladder cancer compared with
women [1–3] and approximately 75% of new cases in the
U.S. are aged 65 or older [2]. The vast majority of bladder
cancers (90%) are urothelial carcinomas [4, 5]. From these,
approximately 25% of patients are diagnosed with muscle-
invasive urothelial carcinoma [6, 7], and many will develop
local or distant disease progression defined here as meta-
static urothelial carcinoma (mUC). Historically, 5-year sur-
vival rates for unresectable, locally advanced disease are
approximately 36%, which is reduced to approximately 5%
for those with distant metastases [2, 3]. The first-line stan-
dard of care for most patients has been platinum-based
combination chemotherapy, with preference given to cis-
platin plus gemcitabine in the approximately 50% of
patients who can tolerate this regimen [8–11]. Carboplatin
and gemcitabine is the preferred choice in those who are
cisplatin ineligible (approximately 40% of patients) [12],
with immunotherapy being a common choice in the
remaining patients [9, 11].

From 1992 to 2017, platinum-based chemotherapy was
the only treatment to demonstrate a survival benefit in
mUC [13, 14]. Since then, however, multiple classes of
targeted agents have been evaluated in urothelial cancer.
For the purpose of this review, targeted agents are defined
per the National Cancer Institute Dictionary as “A type of
treatment that uses drugs or other substances to identify
and attack specific types of cancer cells with less harm to
normal cells. Some targeted therapies block the action of
certain enzymes, proteins, or other molecules involved in
the growth and spread of cancer cells. Other types of
targeted therapies help the immune system kill cancer cells
or deliver toxic substances directly to cancer cells and kill
them” [15]. Recently evaluated targeted therapies in mUC
include agents designed to inhibit the vascular endothelial
growth factor (VEGF), human fibroblast growth factor
receptors (FGFRs), and HER1/2 [16–19], and immune check-
points cytotoxic T-lymphocyte-associated protein 4 (CTLA-4),
the programmed cell death protein 1 (PD-1), and the
programmed death ligand 1 (PD-L1) [20], as well as antibody-
drug conjugates (ADC) targeting cell adhesion molecules
(nectin-4 or Trop-2 receptors) [21, 22]. Multiple immune
checkpoint inhibitors (ICIs), the FGFR 1–4 inhibitor, erdafitinib,
and the ADC, enfortumab vedotin, have been approved for
second-line use in patients with mUC by various agencies
including the U.S. Food and Drug Administration (FDA), the
European Medicines Agency (EMA), and Health Canada
(HC) [23–37]. Availability of these agents has multiplied the
number of therapeutic options available for patients with mUC.

The treatment paradigm for mUC is rapidly evolving,
with multiple targeted treatment options showing benefit
for mUC [9]. In the last year, several phase III trials assessing
targeted therapy, specifically ICIs, as first-line or first-line

switch-maintenance have reported results. However, it
remains unclear whether any of these agents will replace
the long established first-line standard of care, platinum-
based chemotherapy. This review will summarize efficacy
and safety data from these first-line trials and consider
these findings within the current treatment landscape to
produce thoughtful guidance on treatment selection and
sequencing.

MATERIALS AND METHODS

Targeted therapy was defined as small molecule drugs such
as tyrosine kinase inhibitors (TKIs) or monoclonal antibodies
(MoAbs) that selectively target specific molecules on tumor
cells or their microenvironment, thereby blocking tumor
growth and spread. A search of published and presented lit-
erature was conducted to identify phase III trials reporting
first-line or first-line maintenance with outcomes on the use
of targeted therapy in mUC. PubMed (all time to October 6,
2020) as well as the proceedings from the 2019 and 2020
American Society of Clinical Oncology (ASCO) and the
European Society for Medical Oncology annual meetings and
the ASCO Genitourinary Cancers Symposium were searched
using the key search terms “targeted therapy” AND
“urothelial carcinoma” AND “advanced” OR respective
aliases. A supplemental bibliographic search of review arti-
cles and pooled/meta-analyses was also conducted. In addi-
tion, directed searches were performed after the database
search cutoff date to ensure that the most up-to-date
reports of eligible studies were considered.

English language records were vetted at abstract level
and confirmed at full text as needed. Excluded studies
included those that were nonoriginal research, preclinical,
correlative science, not specific to mUC, in early stages of
disease, retrospective, prospective phase I, II, IV or
undefined phase, studies not assessing targeted therapy
agents as first-line or first-line maintenance therapy, and
duplicate or prior reports. Studies without reported efficacy
outcomes were also excluded.

RESULTS

The literature search identified a total of 308 records,
resulting in a total of six eligible phase III trials (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses,
Fig. 1) [38–43]. Four studies assessed targeted agents as
first-line systemic therapy [38–41] and two assessed
targeted therapy as first-line maintenance [42, 43].

First-Line Targeted Therapy Plus Chemotherapy
Combinations
Four phase III trials assessed targeted therapy combinations
as first-line systemic treatment of locally advanced or mUC,
resulting in median overall survival (OS) of 14.5–
17.0 months (Table 1) [38–41]. One added a MoAb against
VEGFA to chemotherapy [41] and three investigated ICIs in
this setting [38–40]. CALGB 90601 randomized 506 patients
1:1 to receive the anti-VEGFA MoAb bevacizumab plus
platinum-based chemotherapy compared with placebo plus
chemotherapy, with both arms receiving bevacizumab or
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placebo as maintenance until disease progression. With the
median follow-up not reported, the addition of bevacizumab
did not statistically significantly improve the primary end-
point of median OS versus standard chemotherapy (14.5
vs. 14.3 months; hazard ratio [HR], 0.87; 95% confidence
interval [CI], 0.72–1.06; p = .17) [41]. A statistically signifi-
cant increase in median progression-free survival (PFS) was
reported, which was not deemed clinically meaningful (7.7
vs. 6.6 months; HR, 0.79; 95% CI, 0.66–0.95; p = .013). Over-
all response rates (ORRs) were also not substantially
improved and median duration of responses (DoRs) were not
reported. Discontinuation because of adverse events (AEs)
and overall grade ≥ 3 AEs were also not reported (Table 2).
AE-related deaths were more frequent with the addition of
bevacizumab compared with placebo (3.4% vs. 0.4%).

Two trials, IMvigor 130 and KEYNOTE-361, compared
ICIs in combination with platinum-based chemotherapy and
ICI monotherapy with standard platinum-based chemother-
apy [38, 40]. Following a protocol amendment, IMvigor
130 randomized patients 1:1:1 to receive atezolizumab plus
platinum-based chemotherapy (n = 451) or atezolizumab
monotherapy (n = 362) compared with placebo plus
platinum-based chemotherapy (n = 400). At a median fol-
low-up of 11.8 months, the atezolizumab plus chemother-
apy combination demonstrated a statistically significant
improvement in the coprimary endpoint of investigator-
assessed median PFS (8.2 vs. 6.3 months; HR, 0.82; 95% CI,
0.70–0.96; p = .007) and a numerical increase in the
coprimary endpoint of median OS that was not statistically
significant (16.0 vs. 13.4 months; HR, 0.83; 95% CI, 0.69–1.00;

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram. aPrimary or associated reports of eligible
studies that were not identified through database search.
Abbreviations: ASCO, American Society of Clinical Oncology; ESMO, European Society for Medical Oncology; GU, genitourinary; UC,
urothelial carcinoma.
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p = .027, interim boundary p = .007) compared with pla-
cebo plus chemotherapy (Table 1) [38]. There was also a
numerical increase in the primary endpoint of median OS
for atezolizumab monotherapy compared with placebo plus
chemotherapy (15.7 vs. 13.1 months; HR, 1.02; 95% CI,
0.83–1.24), although this benefit emerged late, and the
hierarchical study design precluded a formal analysis at this
time. Time to deterioration of quality of life (QoL) was
24.8 months in the combination arm and 16.6 months in
the placebo plus chemotherapy arm [44]. Confirmed ORRs
were similar in the atezolizumab combination and chemo-
therapy arms, although lower for atezolizumab monotherapy,
and median DoR favored atezolizumab plus chemotherapy

versus chemotherapy (Table 1). Atezolizumab monotherapy
was better tolerated than both atezolizumab plus chemo-
therapy and chemotherapy alone, with treatment-related
adverse events (TRAEs) leading to treatment discontinuation
occurring in 6.2% versus 34.4% and 33.8% of patients and
grade 3/4 TRAEs occurring in 15.3% versus 81.0% and 80.8%
of patients, respectively (Table 2). Deaths because of TRAEs
occurred in 2.0%, 0.8%, and 1.0% of patients who received
atezolizumab plus chemotherapy, atezolizumab mon-
otherapy, and placebo plus chemotherapy, respectively.

KEYNOTE-361 compared the PD-1 inhibitor pembro-
lizumab plus platinum-based chemotherapy (n = 351) with
pembrolizumab monotherapy (n = 307) and chemotherapy

Table 2. Safety outcomes of select phase III trials assessing targeted therapy in advanced urothelial carcinoma

Trial Regimen(s)

Safety
population,
n

Treatment
discontinuation
due to
TRAEs, %

Overall grade
3/4 TRAEs, %

Deaths due
to TRAEs, %

First-line

IMvigor130 [38] Atezolizumab 1,200 mg
D1 + platinum agenta

D1 + gemcitabine 1,000 mg/m2 D1,
8, q3w approximately 6 cycles then
until atezolizumab q3w until
progression

453 34.4b 81.0 2.0

Atezolizumab 1,200 mg D1, q3w
until progression

354 6.2b 15.3 0.8

Placebo 1,200 mg D1 + platinum
agenta D1 + gemcitabine 1,000
mg/m2 D1,8, q3w until progression

390 33.8b 80.8 1.0

KEYNOTE-361 [40] Pembrolizumab 200 mg
D1 + gemcitabine 1,000 mg/m2 D1
and D8 cisplatin 70 mg/m2 or
carboplatin AUC 5 D1 q3w up to 6
cycles then pembrolizumab 200 mg
q3w up to 29 cycles

351c 30.9 87.4b,d 9.2
(Deaths due

to any AE)

Pembrolizumab 200 mg D1 q3w up
to 35 cycles

307c 15.9 62.9b,d 8.6c

Cisplatin 70 mg/m2 or carboplatin
AUC 5 D1 + gemcitabine 1,000
mg/m2 D1, D8 q3w up to 6 cycles

352c 18.1 81.9b,d 2.6b

DANUBE [39] Durvalumab 1,500
mg + tremelimumab 75 mg q4w up
to 4 cycles then durvalumab 1,500
mg q4 until progression

340 23.5b 27.4 0.6

Durvalumab 1,500 mg q4w until
progression

345 11.9b 13.6 0.6

Gemcitabine + cisplatin or
carboplatin up to 6 cycles

313 16.9b 60.1 0.3

First-line switch-maintenance

JAVELIN Bladder
100 [43]

Avelumab 10 mg/kg q2w until
progression + BSC

344 9.6e 16.6d,e 0.3e

BSC 345 0e 0e 0e

Safety outcomes of phase III targeted therapy trials in urothelial carcinoma ordered by line of therapy, platinum eligibility status (in first-line),
and then publication date.
aInvestigator choice of cisplatin 70 mg/m2 or carboplatin AUC 4.5.
bAny AE.
cIntention-to-treat population.
dGrade ≥3.
eTreatment-related treatment-emergent AEs.
Abbreviations: AE, adverse event; AUC, area under the curve; BSC, best supportive care; D, day; qXw, every X weeks; TRAEs, treatment-related
AEs.
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alone (n= 352). With a median time from randomization to cut-
off of 31.7 months, no statistically significant improvement was
seen in the coprimary endpoints of median OS or PFS in the
intent-to-treat (ITT) population for the pembrolizumab combina-
tion compared with chemotherapy alone (Table 1) [40]. Median
OS was 17.0 versus 14.3 months (HR, 0.86; 95% CI, 0.72–1.02;
p = .041, p-threshold for significance = .0142), median PFS was
8.3 versus 7.1 months (HR, 0.78; 95% CI, 0.65–0.93; p = .003, p-
threshold for significance = .0019) and ORRs were marginally
higher for pembrolizumab plus chemotherapy versus controls
(Table 1). Although not formally tested according to the hierar-
chal design, the median OS for pembrolizumab monotherapy
versus chemotherapy was 15.6 versus 14.3 months (HR, 0.92;
95% CI, 0.77–1.11) with reduced ORRs for pembrolizumab.
Treatment discontinuation because of any AEs occurred in
30.9%, 15.9%, and 18.1% of patients. Deaths because of any AEs
occurred in 9.2%, 8.6%, and 2.6% of patients who received
pembrolizumab plus chemotherapy, pembrolizumab mon-
otherapy, and chemotherapy, respectively.

Whereas IMvigor 130 and KEYNOTE-361 combined ICI
with platinum-based chemotherapy [38, 40], DANUBE com-
pared a dual ICI combination as well as ICI monotherapy
with platinum-based chemotherapy. DANUBE randomized
patients 1:1:1 to receive the PD-L1 inhibitor durvalumab
plus the CTLA-4 inhibitor tremelimumab (n = 342) or
durvalumab monotherapy (n = 346) compared with plati-
num-based chemotherapy (n = 344). At a median follow-up
of 41.2 months, no statistically significant improvement was
seen in the coprimary endpoint of median OS in the ITT
population for durvalumab plus tremelimumab compared
with standard chemotherapy (15.1 vs. 12.1 months; HR,
0.85; 95% CI, 0.72–1.02; p = .075; Table 1) [39]. There was
also no statistically significant improvement in the coprimary
endpoint of median OS for durvalumab monotherapy versus
chemotherapy among patients with high PD-L1 expression
(14.4 vs. 12.1 months; HR, 0.89; 95% CI, 0.71–1.11; p = .30).
ORRs were not improved in the experimental arms com-
pared with controls. Treatment discontinuation because of
any AEs occurred in 23.5%, 11.9%, and 16.9% of patients
and deaths because of TRAEs occurred in 0.6%, 0.6%,
and 0.3% of patients who received pembrolizumab plus

chemotherapy, pembrolizumab monotherapy, and chemo-
therapy, respectively.

First-Line Targeted Therapy Switch-Maintenance
Two phase III trials have assessed targeted therapy switch-
maintenance following first-line platinum-based chemother-
apy in mUC [42, 43]. The small OCTG-LaMB double-blind
study randomized 232 patients with HER1- or HER2-positive
disease to receive lapatinib, a pan HER TKI, or placebo fol-
lowing four to eight cycles of chemotherapy for mUC. Lapa-
tinib did not improve the primary endpoint of median PFS
(HR, 1.07; 95% CI, 0.81–1.43; p = .63) or the secondary
endpoints of median OS (HR, 0.96; 95% CI, 0.70–1.31;
p = .80) and best response rates compared with placebo
(Table 1) [42]. Discontinuation because of toxicity and grade
3/4 AEs were similar between arms, and deaths because of
AEs were not reported (Table 2).

The phase III JAVELIN Bladder 100 trial included patients
with locally advanced or mUC. Patients who achieved at
least stable disease following four to six cycles of standard
first-line chemotherapy were randomized 1:1 to receive
switch-maintenance therapy with the ICI avelumab plus
best supportive care (BSC; n = 350) or BSC alone (n = 350).
At a median follow-up of greater than 19 months, a statisti-
cally significant improvement in the primary endpoint of
median OS was demonstrated with the addition of avelumab
to BSC compared with BSC alone (21.4 vs. 14.3 months; HR,
0.69; 95% CI, 0.56–0.86; p = .001; Table 1) [43]. Median PFS
was longer for avelumab (3.7 vs. 2.0 months; HR, 0.62; 95%
CI, 0.52–0.75; p = not reported). Mean changes from base-
line for the Functional Assessment of Cancer Therapy - Blad-
der Symptom Index (FBISI-18) and EuroQol-5 Dimension-5
Level (EQ-5D-5L) QoL scores were similar between treatment
arms [45]. ORRs were higher for avelumab compared with
the control arm, although DoRs were not reported [43]. Dis-
continuation of avelumab because of treatment-related
treatment-emergent AEs (TRTEAEs) occurred in 9.6% of
patients, and grade 3 or higher TRTEAEs occurred in 16.6% in
the avelumab arm (Table 2). The most common grade ≥ 3
TRAEs in the avelumab arm were increased lipase (2.9%),
increased amylase (2.0%), infusion-related reactions (0.9%),

Table 3. Efficacy outcomes of select phase II first-line trials in cisplatin-ineligible metastatic urothelial carcinoma

Trial ID Phase Regimen(s) n

Median

follow-up,

months

Overall

response rate,

(95% CI), %

Median DoR

(95% CI),

months

Median

progression-free

survival, (95% CI),

months

Median overall

survival (95% CI),

months

KEYNOTE-052

single-arm phase II

[51, 67]

Pembrolizumab 200 mg

D1, q3w (up to 24 months)

370 24

(minimum)

28.6 (24.1–33.5) 30.1(18.1–NYR) 2.2 (2.1–3.4) 11.3 (9.7–13.1)

PD-L1 CPS ≥10:

110

47.3 (37.7–57.0) NYR (18.1–NE) NR 18.5 (12.2–28.5)

IMvigor 210

multicohort phase II

cohort 1 [50]

Atezolizumab 1,200 mg D1,

q3w

119 17.2 23 (16–31) NYR 2.7 (2.1–4.2) 15.9 (10.4–NE)

PD-L1 IC2/3: 32 28 (14–47) 4.1 (2.3–11.8) 12.3 (6.0–NE)

EV-103

multicohort

phase I/II

cohort A [51]

Enfortumab vedotin 1.25

mg/kg

D1,8 + pembrolizumab

200 mg D1, q3w

45 11.5 73.3 (58.1–85.4) NYR [1.2–12.9+] 12.3 (8.0–NE) NYR (range, 0.66–
19.2+)

PD-L1 CPS ≥10: 14 CPS ≥10: 78.6

(Primary endpoint

safety)

Efficacy outcomes of select phase I–II targeted therapy trials in urothelial carcinoma ordered by size of trial.
Abbreviations: CI, confidence interval; CPS, combined positive score; D, day; DoR, duration of response; IC, immune cells; ID, identifier; NE, not
estimable; NR, not reported; NYR, not yet reached; PD-L1, programmed death ligand; qXw, every X weeks.
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and pruritus, hypothyroidism, fatigue, rash, nausea, and
arthralgia (0.3% for each). Death attributed to TRTEAEs was
reported in one patient in the avelumab arm (0.3%).

DISCUSSION

What Is the Clinical Benefit of Targeted Therapy in
the First-Line Treatment of mUC?

Chemotherapy-Eligible mUC
Platinum-based chemotherapy has been standard of care
for first-line patients with mUC for decades, with cisplatin
and gemcitabine preferred in cisplatin-eligible and car-
boplatin and gemcitabine used in cisplatin-ineligible
patients [9–11]. The phase III IMvigor 130, KEYNOTE-361,
and DANUBE trials compared ICI combinations with
platinum-based chemotherapy [38–40]. Although numerical
increases in the primary endpoints of PFS and/or OS were
seen in KEYNOTE-361 and DANUBE, they did not reach sta-
tistical significance [39, 40]. IMvigor 130 demonstrated a
statistically significant 18% reduction in the risk of disease
progression (p = .007) and an 8.2-month numerical
increase in the time to deterioration of QoL with the addi-
tion of atezolizumab to chemotherapy [38, 44]. At the
interim OS analysis, the 2.6-month increase in median OS
had not reached statistical significance and results from the
final analysis are awaited [38]. It is unclear why first-line ICI
combinations did not improve median OS compared with
platinum-based chemotherapy. The lack of substantial dif-
ferences in ORRs for ICI combination compared with che-
motherapy arms in the KEYNOTE-361 (54.7% vs. 44.9%),
IMvigor 130 (47% vs. 44%), and DANUBE (36% vs. 49%)
would suggest a lack of synergy [38–40]. However, out-
comes could also be explained by the fact that ICI combina-
tion had to overcome both the strong initial efficacy of
their chemotherapy comparator, an antagonistic effect
between concurrent chemotherapy and ICI therapy, or a
dilution effect related to patient cross-over from the
chemotherapy-only arm to the chemotherapy and ICI arms.
For example, 48%, 31%, and 20% of patients in the chemo-
therapy arms of KEYNOTE-361, DANUBE, and IMvigor
130, respectively, received subsequent immunotherapy. No
FDA, EMA, or HC approvals have been granted for first-line
ICI combinations at this time and the final OS results of
IMvigor 130 as well as the results of other trials evaluating
additional ICI chemotherapy combinations (CheckMate901
[NCT03036098], NILE [NCT03682068], and BGB-Q317-310
[NCT03967977]) and dual ICI combinations (CheckMate901
[NCT03036098] and NILE [NCT03682068]) are awaited. Out-
comes from these trials will help shed light on the role of
first-line ICI and chemotherapy combinations and the optimal
sequencing of ICIs following up-front chemotherapy.

The JAVELIN Bladder 100 study reported a statistically
significant OS benefit for avelumab switch-maintenance and
BSC compared with BSC alone in patients who achieved at
least stable disease following four to six cycles of platinum-
based chemotherapy, resulting in a 31% reduction in the
risk of death in the overall study population (p = .001) as
well as a 44% reduction in the risk of death among patients

with tumors overexpressing PD-L1 (p < .001) [43]. These
benefits remained, despite more than half of the patients
on the BSC alone arm receiving an ICI upon progression.
Avelumab maintenance was approved by the FDA on June
30, 2020 [46], by HC on January 11, 2021 [47], and by the
EMA on January 21, 2021 [48], although this option still
may be unavailable in some jurisdictions. No further phase
III switch-maintenance trials are underway. Given first-line
findings to date, it is clear that the standard of care for
platinum-naive patients involves chemotherapy first,
followed by ICIs delivered immediately as switch-maintenance
or upon progression.

Chemotherapy-Ineligible mUC
A proportion of first-line patients with mUC cannot tolerate
platinum-based chemotherapy and are in need of alternate
treatment options. The ICIs pembrolizumab and atezolizumab
have been approved as first-line monotherapy in patients
who are chemotherapy ineligible, regardless of PD-L1 status
[49], based on results of the phase II IMvigor 210 [50] and
the phase II KEYNOTE-052 [51] studies (Table 3). Three of the
large first-line ICI trials (IMvigor 130, KEYNOTE-361, and DAN-
UBE) assessed ICI monotherapy compared with platinum-
based chemotherapy in chemotherapy-eligible patients [38–
40]. None of them demonstrated a benefit for ICI mon-
otherapy compared with chemotherapy among platinum-
eligible patients overall (IMvigor 130 [HR, 1.02], KEYNOTE-361
[HR, 0.92], or DANUBE [HR, 0.99]). ICIs therefore remain
appropriate options for patients who cannot tolerate any
platinum-based chemotherapy. Recent results from the phase
II EV-103 trial also reported an ORR of 73.3% and a 1-year OS
of 81.6% for a combination of the anti-nectin ADC
enfortumab vedotin combined with pembrolizumab among
45 treatment-naive patients who were cisplatin ineligible [52].
These findings led to the FDA granting breakthrough therapy
designation for this combination among first-line cisplatin-
ineligible patients in February 2020 [53]. Although
carboplatin-based chemotherapy followed by ICI switch-
maintenance is the best option for first-line patients who are
cisplatin ineligible, ICI monotherapy or eventually pembro-
lizumab combined with enfortumab vedotin are good options
for patients who cannot tolerate chemotherapy.

How Can Biomarkers and Clinical Features Be Used
to Guide Therapy?
Results from first-line trials to date show that patients with
mUC derive some benefit from ICIs [38, 40], although data
across trials suggest that not all patients benefit equally and
that biomarkers may be helpful for patient selection. The
most common biomarkers assessed in mUC include PD-L1
expression and tumor mutation burden (TMB), although
predictive benefit seems to depend on the treatment
approach. For ICI monotherapy, DANUBE failed to show a
statistically significant survival benefit for this approach
compared with chemotherapy among patients overall [39].
Although this trial was both stratified and prospectively
designed to assess OS in patients with tumors over-
expressing PD-L1, a statistically significant improvement in
survival compared with chemotherapy was not seen
in these patients (HR, 0.89; 95% CI, 0.71–1.11; p = .30).
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However, an exploratory analysis from IMvigor 130
suggested an OS benefit for atezolizumab monotherapy com-
pared with platinum-based chemotherapy for patients who
had a PD-L1 immune cell (IC) 2/3 tumor status (p = .015)
[38]. For ICI combination therapy, a secondary analysis of
DANUBE (HR, 0.74; 95% CI, 0.59–0.93) [39] and exploratory
analyses of IMvigor 130 confirmed that PD-L1 status did not
statistically significantly predict OS benefit from ICI combina-
tion therapy [54, 55]. For ICI switch-maintenance therapy,
JAVELIN Bladder 100 was prospectively designed and strati-
fied to assess OS benefit in patients with PD-L1-positive
tumors. The study reported a benefit among all comers (HR,
0.69; 95% CI, 0.56–0.86; p = .001) with a slightly greater
benefit among patients with tumors overexpressing PD-L1
(HR, 0.56; 95% CI, 0.40–0.79; p < .001) [43]. Findings to date
suggest that PD-L1 overexpression may have a role in
predicting benefit from ICI monotherapy in platinum-eligible
patients, has a low predictive capacity for ICI combination
therapy, and may have a role in predicting benefit for ICI
switch-maintenance therapy.

In addition to PD-L1, both IMvigor 130 and DANUBE
conducted additional exploratory biomarker analyses.
IMvigor 130 found that high TMB (p = .007), high apolipo-
protein B mRNA editing enzyme, catalytic polypeptide-like
cytidine deaminases (p = .01), and high PD-L1 plus high
TMB (p = .009) predicted benefit for atezolizumab mono-
therapy, whereas high tubuloglomerular feedback-response
signatures of fibroblasts was negatively predictive (p = .018)
[54]. For JAVELIN Bladder 100, high TMB (HR, 0.48; 95% CI,
0.33–0.71), PD-L1 overexpression (HR, 0.56; 95% CI, 0.40–
0.79), and a combination of high TMB plus PD-L1 over-
expression (HR, 0.51; 95% CI, 0.31–0.87) appeared predictive
of OS benefit compared with BSC [56]. There is some contro-
versy as to whether FGFR alterations such as those found in
the luminal papillary subtype may be negatively predictive
for ICI benefit [50, 57–59]. The ongoing phase III THOR trial
of erdafitinib compared with pembrolizumab second-line
(NCT03390504) may help further elucidate the role of this
biomarker.

In addition to biomarkers, use of clinical and disease
characteristics can help identify patients who might prefer-
entially benefit from ICI combination or ICI switch-
maintenance therapy. It should be noted that both the
IMvigor 130 [38] and JAVELIN Bladder 100 [43] trials
restricted inclusion of patients with central nervous system
(CNS) metastases; the former excluded patients with active
CNS metastases and the latter excluded those with symp-
tomatic metastases requiring treatment with steroids.
Moreover, the IMvigor 130 trial excluded patients with an
Eastern Cooperative Oncology Group performance status
(PS) >2 and PFS subgroup analyses performed in IMvigor
130 [38] and OS subgroup analyses performed in JAVELIN
Bladder 100 [43] showed that patients with good PS
(0) benefited more from ICI combination (HR, 0.69) or
switch-maintenance therapy (HR, 0.64) than those with a
poor PS (2 and ≥ 1; HR, 0.94 and HR, 0.74, respectively).
Additionally, patients in JAVELIN Bladder 100 without liver
metastases at baseline (HR, 0.65) benefited more from
avelumab switch-maintenance than those with liver metas-
tases (HR, 0.92) [60]. Importantly, the best response to first-

line chemotherapy (stable disease vs. complete/partial
response) was not a variable influencing OS benefit from
avelumab switch-maintenance (HR, 0.92).

What Is the Optimal First- and Second-Line Sequence
for Targeted Therapy in the Treatment of mUC?
Treatment selection for mUC should be guided by a multi-
disciplinary team of specialists and may involve multiple
lines of systemic therapy. Results from first-line and second-
line trials to date present two viable sequencing options for
patients with mUC who have a PS ≤2 and are platinum eligi-
ble. The first option is platinum-based chemotherapy
followed by switch-maintenance in those who have achieved
at least stable disease [43]. Another option is the use of stan-
dard platinum-based chemotherapy followed by pembro-
lizumab upon progression [31, 33, 34]. If the final OS results
of IMvigor 130 are positive, first-line atezolizumab in combi-
nation with platinum-based chemotherapy would be another
option. Regardless of the initial option, selection of subse-
quent targeted therapy may include enfortumab vedotin
based on recent results from the phase III EV-301 trial
(n = 608) showing an ORR of 40.6% versus 17.9% (p < .001)
compared with chemotherapy and a statistically significant
OS improvement (HR, 0.70; p = .001) [61] and a phase II
study of erdafitinib (n = 101) with an ORR of 40% in FGFR-
selected patients [62]. For first-line patients who are chemo-
therapy ineligible, a standard of care has not yet been defini-
tively established, but pembrolizumab, atezolizumab, or
pembrolizumab in combination with enfortumab vedotin
may be options [27–29, 31, 33, 34, 53]. For patients pro-
gressing on the aforementioned options, who are cisplatin
ineligible, enfortumab vedotin is an option based on results
of the EV-201 cohort 2 (ORR, 52%) [63]. Other therapies such
as sacituzumab govitecan (ORR, 27%; median DoR, 5.9 months)
[64] or eganelisib plus nivolumab (ORR, 30.3%) [65] may even-
tually represent yet another option for pretreated patients
with mUC.

What Is the Direction of Ongoing Targeted-Therapy
Research in Urothelial Carcinoma?
The role of targeted therapy in bladder cancer is rapidly
evolving with multiple phase III trials underway in all lines of
therapy, including first-line combinations of ICIs plus chemo-
therapy (BGB-A317-310, NCT03967977; NILE, NCT03682068;
CheckMate 901, NCT03036098; JS001-038-III-UBC, NCT04568304),
a TKI (LEAP-011, NCT03898180), another ICI (NILE, NCT03682068;
CheckMate 901, NCT03036098), or enfortumab vedotin (EV-
302, NCT04223856) (Table 4). In earlier disease stages,
recent results from CheckMate-274 trial have demonstrated
improved disease-free survival (HR, 0.70; p < .001) for the
ICI nivolumab as adjuvant therapy for muscle-invasive uro-
thelial carcinoma [66]. Additional ICI (AMBASSADOR,
NCT03244384) and FGFR inhibitor studies (PROOF 302,
NCT04197986) are underway as both neoadjuvant and adju-
vant therapy.

CONCLUSION

Recent outcomes from first-line targeted therapy trials have
reported benefit for ICI therapy in mUC. The use of
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platinum-based chemotherapy followed by avelumab admin-
istered as switch-maintenance among patients who have
achieved at least stable disease has now become a clear
standard of care, while pembrolizumab monotherapy
remains a standard second-line option for those who pro-
gress following first-line chemotherapy. Research further clar-
ifying the role of ICI therapy, antibody-drug conjugates, and
FGFR inhibitors is ongoing and will help refine targeted sequ-
encing options in this rapidly evolving treatment landscape.
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