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A B S T R A C T

Important advances in the understanding of the biology and mechanisms of tumor progression of urothelial
carcinoma (UC) have been achieved over the past decade. The treatment landscape for advanced-stage, un-
resectable or metastatic UC has shifted dramatically over a short period of time, with 6 new therapeutic agents
available for clinical use. The use of traditional chemotherapy and new immune checkpoints inhibitors (ICIs)
directed at programmed cell-death protein 1 (PD-1) or its ligand has led to unprecedented survival benefits in
selected patients with metastatic UC. Data show that anti-PD-1 ICIs are not only improving long-term clinical
benefit, but also quality of life for patients in the second-line setting. In the front-line setting, regulatory agencies
have restricted the indications of atezolizumab and pembrolizumab (both ICIs) to patients with PD-L1positivity
with advanced UC and who are platinum-ineligible. Very recently, erdafitinib, a pan-FGFR inhibitor, has been
granted accelerated approval by FDA for platinum-pretreated advanced metastatic UC with susceptible FGFR3 or
FGFR2 genetic alterations. Enfortumab vedotin, an antibody-drug conjugate, have been granted breakthrough
designation by the FDA for the treatment of metastatic UC. Here we review the clinical trial data that have
established standard-of-care treatment for advanced-stage UC. In addition, mechanisms of resistance and bio-
markers of response to platinum-based chemotherapies and immunotherapies are also discussed, along with the
clinical benefits and limitations of these therapies.

Introduction

Bladder cancer is among the most prevalent cancers worldwide,
with around 430,000 new diagnoses each year [1]. Most UC develops in
the urinary bladder and is derived from the pseudostratified epithelium
known as the urothelium. Considerably fewer UCs develop in the renal
pelvis and ureter (upper tract), which are also lined by urothelium.
Tumors that invade the detrusor muscle are considered muscle-invasive
bladder cancer (MIBC) and are more likely to metastasize to lymph
nodes or other organs. Approximately 75% of newly diagnosed patients
have non-muscle-invasive bladder cancer with the remaining 25%
having MIBC [2] or metastatic disease [3]. While early diagnosis and
multimodality therapy results in optimal patient outcomes, metastatic
disease is generally incurable, with a relative 5-year overall survival
(OS) rate of 15%.

While platinum-based chemotherapy remains a standard treatment
for advanced UC, treatment options have changed dramatically since
the U.S. Food and Drug Administration’s (FDA) approval of 5 immune-
checkpoint agents. After decades of disappointing results in trials in

metastatic UC, immunotherapeutic antibodies directed at PD-1 and its
ligand (PD-L1) are finally in routine clinical settings (Table 1). Out-
standingly, pembrolizumab showed in a phase III trial to be associated
with improved OS and quality of life, compared with chemotherapy.
This finding has shifted second-line therapy from single-agent che-
motherapy to ICIs, leading to durable responses in a relevant proportion
of patients. Importantly, ICIs have a manageable safety profile, making
them an attractive option for both cisplatin-eligible and cisplatin-in-
eligible populations, including elderly patients and those with poor
performance status. Although no prospective analysis of the optimal
choice of front-line treatment has been completed, ICIs have also been
introduced in the first-line setting for PD-L1-positive and platinum-in-
eligible patients with metastatic UC. FDA has very recently granted an
accelerated approval to erdafitinib, an oral pan-fibroblast growth factor
receptor (FGFR)-targeted agent, based on relevant clinical activity in
metastatic UC patients whose tumors bear actionable FGFR alterations.
Moreover, enfortumab vendotin, an antibody-drug conjugate targeting
nectin-4, has gained breakthrough therapy designation by the FDA for
patients with locally advanced or metastatic UC who previously

https://doi.org/10.1016/j.ctrv.2019.04.002
Received 7 December 2018; Received in revised form 9 April 2019; Accepted 11 April 2019

⁎ Corresponding author at: IMIM-Hospital del Mar Medical Research Institute, PRBB Building (Office 100.06.02), Doctor Aiguader, 88, 1rst floor, 08003 Barcelona,
Spain.

E-mail address: jbellmunt@imim.es (J. Bellmunt).

Cancer Treatment Reviews 76 (2019) 10–21

0305-7372/ © 2019 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/03057372
https://www.elsevier.com/locate/ctrv
https://doi.org/10.1016/j.ctrv.2019.04.002
https://doi.org/10.1016/j.ctrv.2019.04.002
mailto:jbellmunt@imim.es
https://doi.org/10.1016/j.ctrv.2019.04.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ctrv.2019.04.002&domain=pdf


received ICIs.
Characterization of tumors at the whole-genome level from large

cohorts of patients with advanced-stage UC has provided greater
granularity regarding the prevalence of genetic alterations and their
impact on treatment response. For example, the discovery of a subset of
UC harboring FGFR genetic alterations led to the development of FGFR
inhibitors or the observation that PPARγhigh/RXRαS427F/Y impairs
CD8+ T-cell infiltration as underlying mechanism of resistance to ICIs
in MIBC [4,5]. Following is a summary of the state of the field and a
review of the clinical trial data that established standard-of-care
treatment approaches for advanced UC.

Molecular landscape of urothelial carcinoma

A broad range of clinical outcomes has suggested the existence of
biologically relevant subtypes of UC. Initial MIBC analyses identified 2
major tumor groups—luminal and basal. Further analyses have defined
3 [6], 4 [7,8], and subsequently 5 [7,8] molecular subtypes. These
projects have provided information not only on the genetic drivers but
also on the subtypes or clusters of MIBC. Transcriptional profiles cur-
rently provide the best-defined subtypes.

The Cancer Genome Atlas (TCGA) project for bladder cancer in-
volved 2 major studies, the first with 131 patients [7] and a subsequent
study expanded to 412 patients [8]. The initial integrated genomic
analysis of 131 bladder cancer samples demonstrated a high somatic
mutation rate (median 5.5/megabase), with significant recurrent mu-
tations in 32 genes. The TCGA’s expanded cohort analysis in 2017
identified a significantly greater number of mutated genes (from 32 in
2014 to 64 in 2017) and hundreds of gene fusions, confirming the high
mutation rate of MIBC. These alterations were organized into distinct
mutational signatures and canonical signaling pathways, including
those involved in p53/cell cycle, DNA repair, PI3K/AKT, RTK/MAPK,
and chromatin modifications and regulation. The 412 bladder cancer
cases analyzed could also be separated into 4 major groups based on
distinct mutational signatures, including one associated with mutation
of excision repair cross complementing 2 (ERCC2) [9] and 2 others
associated with patterns of mutagenesis by APOBEC cytidine deami-
nases [10]. APOBEC-related mutational signature, high mutational
burden, and high neoantigen load were each associated with improved
survival [8]. Furthermore, RNA expression analysis identified 5 ex-
pression subtypes: luminal-papillary (35%), luminal (6%), basal-squa-
mous (35%), luminal-infiltrated (19%), and neuronal (5%) [8]. The 5
major TCGA subtypes were reflected in an independent dataset of 303
bladder cancers [11]. The association between molecular subtypes and
treatment response is discussed in subsequent sections.

The importance of baseline characteristics

The use of cisplatin-based chemotherapy has been limited by toxi-
cities experienced by UC patients, whose frequent comorbidities limit
their ability to tolerate aggressive therapy. It is estimated that only half
of the patients with advanced disease are candidates for or receive a
cisplatin-based chemotherapy regimen [12]. Patients included in clin-
ical trials are deemed cisplatin-ineligible based on the following cri-
teria: Eastern Cooperative Oncology Group performance status of≥2 or
a Karnofsky performance status of ≤60–70%; creatinine clearance<
60mL/min; hearing loss (measured at audiometry) of 25 dB at 2 con-
tiguous frequencies; grade ≥2 peripheral neuropathy; or New York
Heart Association class ≥3 heart failure [13]. Impaired kidney function
is a frequent feature of UC, either from direct obstruction or infiltration
of urothelial tumors or due to other comorbidities commonly associated
with this disease. An expert consensus statement suggested a glo-
merular filtration rate (eGFR) of> 60mL/min as optimal for the use of
cisplatin-based chemotherapy [13].

Some clinicians have made use of a split-dose regimen for border-
line cases with calculated creatinine clearance of 40–60mL/min, where
cisplatin is separated across 2 treatment days. There have been no
obvious differences in tolerability or outcomes between standard and
spit-dose regimens, although no randomized comparisons have been
performed [14,15]. In most oncology practices, such patients typically
receive aggressive hydration (3 L pre/post-cisplatin) to improve renal
perfusion with mandatory urological procedures (including ne-
phrostomy tubes) to decompressed obstructed kidneys. Thus, patient
characteristics are still critical for patient management and are the
foundation for most of the proposed treatment management algorithms
(Fig. 1).

Selecting treatment based on molecular testing

Despite recent discoveries of molecular alterations in UC, their
prognostic and clinical implications are unclear. However, in the con-
text of current clinical practice, FGFR alterations, PD-L1 status and
certain DNA Damage Response (DDR) and repair gene alterations may
guide treatment management in selected settings.

Activating point mutations of FGFR3 are very common in low-grade
and early-stage bladder tumors. TCGA network identified a relevant
12% of MIBC having FGFR3 mutations and 3% translocations involving
FGFR3 with oncogenic FGFR3 fusions being seen more commonly in
high-grade, invasive tumors [16]. Although still unclear, recent work
has pointed out that luminal cluster (enriched for FGFR genomic al-
teration) is associated with lower expression levels of CD8+ genes and
reduced response to ICIs [17]. Another study has found that higher
FGFR3 expression and FGFR3 pathway mutations strongly correlate

Table 1
Systemic therapies approved since 2016 for advanced/metastatic urothelial carcinoma.

Immunotherapies

Atezolizumab Anti-PD-L1 antibody As monotherapy for:
– Second-line: Patients with advanced or metastatic UC after platinum containing regimen failure
– Frontline: PD-L1 positive (PD-L1 expression on immune cells of > 5%) advanced or metastatic UC and not eligible for cisplatin-
containing therapy or patients who are ineligible for any platinum-based agent

Pembrolizumab Anti-PD-1 antibody As monotherapy for:
– Second-line: Patients with advanced or metastatic UC after platinum containing regimen failure
– Frontline: Patients with PD-L1 positive (CPS≥ 10 for PD-L1) advanced or metastatic UC and not eligible for cisplatin-containing
therapy or patients who are ineligible for any platinum-based agent

Nivolumab Anti-PD-1 antibody As monotherapy for patients with advanced or metastatic UC after platinum containing regimen failure
Durvalumab Anti-PD-L1 antibody As monotherapy for patients with advanced or metastatic UC after platinum containing regimen failure
Avelumab Anti-PD-L1 antibody As monotherapy for patients with advanced or metastatic UC after platinum containing regimen failure

Targeted therapy
Erdafitinib FGFR inhibitor As monotherapy for patients with locally advanced or metastatic UC, whose tumors have certain FGFR genetic alterations

PD-L1, programmed death-ligand 1; UC, urothelial carcinoma; PD-1, Programmed cell death-1; CPS, combined positive scores; FGFR, fibroblast growth factor
receptor.
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with immune exclusion in UC [18]. These observations suggest that
patients harboring FGFR3 alterations are relatively poor candidates for
ICI therapy, and that possible approaches for such cold UC could in-
clude the use of FGFR inhibitors [7,8].

The finding of aberrant FGFR signaling in metastatic UC and the
limited therapeutic options for those tumors harboring FGFR gene al-
terations has led to major interest in exploitation for therapy during the
past decade. Erdafitinib, a pan-FGFR inhibitor, induced a 42% overall
response rate in patients who had metastatic or surgically unresectable
UC with a verified mutation in FGFR3 or fusion in FGFR2 or FGFR3.
Interestingly, more than two thirds of patients who previously had been
treated with ICIs had an objective response to erdafitinib [19]. This was
an important milestone as we work to bring new treatment options for
molecularly selected metastatic UC patients. Erdafitinib is the first
targeted-therapy approved for metastatic UC.

Bearing in mind all the caveats of using different non-standardized
PD-L1 assays, some correlative data suggest that patients with high PD-
L1 expression have a favorable response to PD-1/PD-L1 blockade.
However, PD-1/PD-L1 blockade has also shown benefit in patients with
low PD-L1 expression. Based on this finding, PD-1/PD-L1 blockade
agents are being prescribed to treat metastatic UC irrespective of PD-L1
expression status in the second-line setting [17,20–23]. In contrast,
there is divergent evidence on the correlation of PD-L1 status and
clinical outcome with pembrolizumab (as measured by combined po-
sitive score [CPS], which measures the percentage of PD-L1+ tumor
cells and infiltrating immune cells relative to the total number of tumor
cells) and atezolizumab (as measured by PD-L1 expression on tumor-
infiltrating cells) in the first-line setting. To generate more controversy
and with lack of revelation of data, regulatory approval of these two
agents in first line requires high expression of PD-L1 [24,25].

Better predictors for response to immunotherapy are critical for ICIs
optimal use. Although not clinically validated, one of the strongest
predictive features of tumors that are likely to respond was found to be
a high density of tumor-infiltrating CD8+ lymphocytes, which can be
assessed by immunohistochemistry (IHC) [26]. Response to ICIs has
also been shown to correlate with tumor mutational load (TML) and
mismatch repair (MMR) pathway status. The impact of TML on re-
sponse to ICI was explored in the IMvigor210 and CheckMate 215

clinical trials, as described below [17,27]. UCs with DNA MMR defi-
ciency, which can be seen in genetic syndromes such as Lynch syn-
drome (hereditary non-polyposis colorectal cancer) and tumors invol-
ving the upper tract, appear to be particularly responsive to ICIs
[28,29].

Beyond ICIs, alterations in DNA repair pathways are attractive
biomarkers for cisplatin sensitivity, as the majority of such alterations
reduce cells’ ability to repair DNA damage. Initial retrospective studies
testing this hypothesis found that tumors with low excision repair cross
complementing 1 (ERCC1) mRNA expression were associated with
longer survival [30]. This association was confirmed in a subsequent
meta-analysis of 1475 patient with advanced UC treated with platinum-
based chemotherapy [31]. More recently, other investigators have de-
monstrated that somatic mutations in genes that encode DDR proteins
are associated with significantly improved clinical outcomes in meta-
static UC [32]. In this study [32], roughly half of patients had ≥1 DDR
alterations in ≥1 of the 34 DDR-associated genes analyzed. Patients
with ≥1 DDR alterations had significantly longer progression-free
survival (PFS; 9.3 vs 6.0months; P=0.007) and OS (23.7 vs
13.0 months; P=0.006) with platinum-based therapy compared to
those with no detectable DDR alterations. This finding is being ex-
ternally confirmed and validated in a randomized phase III study of
gemcitabine or cisplatin with or without bevacizumab (NCT00942331).

First-line chemotherapy for metastatic disease

Cisplatin-based combination chemotherapy such as methotrexate,
vinblastine, doxorubicin, and cisplatin (MVAC) or gemcitabine-cis-
platin (GC) is the standard of care for patients with metastatic UC, as
supported by level 1 evidence.

Historically, MVAC had been considered the standard therapy for
treating advanced bladder cancer. The efficacy of MVAC was first re-
ported in the 1980s in a single-arm study [33] and subsequently com-
pared to single-agent cisplatin in a multicenter phase III trial. MVAC
was shown to provide a survival advantage over cisplatin alone (median
survival: 12.5 vs 8.2months, respectively) [34]. In another randomized
study, MVAC resulted in higher response rates and longer survival than
a combination of cisplatin, cyclophosphamide, and doxorubicin

Fig. 1. Metastatic bladder cancer management algorithm.
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(median survival: 48 vs 40 weeks, respectively) [35].
Despite superior outcomes with MVAC, its use has been severely

limited by substantial toxicities, including neutropenia, mucositis,
cardiac and neurologic toxicities, and a significant 3–4% death rate
[33,34]. In an attempt to improve tolerability, the combination of GC
was studied in a random comparison with MVAC in the same popula-
tion. In 3 phase II trials, GC had comparable activity with MVAC with a
better toxicity profile [36–38]. Soon after, a randomized trial designed
to demonstrate superior efficacy of GC over MVAC showed comparable
antitumor efficacy [39] with similar overall response rate (ORR) (GC
49%; MVAC 46%). Long-term follow-up also confirmed no difference in
survival (GC 13%; MVAC 15.3%) [40]. The better toxicity profile and
lower death rate with GC led to fairly wide adoption of GC as standard
first-line therapy for metastatic bladder cancer.

The addition of new agents or the practice of dose intensification,
have not resulted in substantially improved clinical outcomes. A ran-
domized phase III trial evaluating classic MVAC vs dose-dense (DD)
MVAC found that DD MVAC did not improve median survival (HR:
0.76; 95% CI: 0.58–0.99) [41]. The toxicity profile of DD MVAC ap-
peared to be better compared to standard-dose MVAC. Similarly, a
phase III randomized study assessing DD GC as a new option comparing
DD MVAC vs DD GC as first-line therapy in 174 patients with advanced
UC did not result in an improved median OS [42].

Taxanes, studied quite extensively, have shown modest antitumor
activity in UC. In the first-line setting, a 3-drug regimen has been
compared to a 2-drug regimen. A phase III trial evaluated the addition
of paclitaxel to GC (PGC) in locally advanced/metastatic UC with OS as
a main endpoint [43]. While response rate with PGC improved from
43.6% to 55.5%, only a trend in OS benefit was observed (14% re-
duction in risk of death). An unplanned analysis of intended eligible
patients with tumors having bladder as primary origin (rather than
upper tract) revealed a longer OS (3.2 months; HR: 0.82; P=0.03)
[43]. Toxicity is a concern with PGC as increases have been seen in the
incidence of some serious (grade 3/4) toxicities, including neutropenia
(65% vs 51%), fatigue (15% vs 11%), and infections (18% vs 14%), but
a lower incidence of serious (grade 3/4) thrombocytopenia (35% vs
52%). In the same clinical setting, a randomized phase III trial showed
that the combination of larotaxel (a novel semisynthetic taxoid) and
cisplatin for locally advanced/metastatic upper-tract or bladder cancer
had inferior outcomes compared to the standard combination of GC
[44].

Although cisplatin-based regimens are the optimal treatment for
metastatic UC, up to half of patients cannot tolerate cisplatin. For these
patients, carboplatin plus gemcitabine is the preferred treatment based
on the results of the EORTC 30,986 trial favoring this regimen [45].
Other combinations have been studied. JASINT-1, an international
randomized phase II trial, compared vinflunine plus gemcitabine vs
vinflunine plus carboplatin in cisplatin-intolerant patients. This study
reported similar disease control rate, ORR, and OS for both vinflunine-
based doublets, while hematologic tolerance favored the vinflunine-
gemcitabine combination [46].

Traditional first line chemotherapy regimens rarely achieve com-
plete and durable remissions in patients with metastatic UC. Despite
low rates of cure, they do offer a longer and better quality of life for
such patients.

Second-line chemotherapy and beyond for metastatic disease

Several agents have been investigated in second-line therapy with
disappointing outcomes [47–49]. Despite their moderate activity in
single-agent phase II trials, taxanes have been widely used in the
second-line setting or beyond based on consensus recommendations.
Paclitaxel has demonstrated response rates of 5–19% and a median
survival of 6.5–7.2months [50,51]. Docetaxel has similar clinical ac-
tivity to paclitaxel, but a less favorable toxicity profile [52].

As a single agent, only vinflunine has been assessed in a randomized

phase III trial designed to compare OS between patients receiving this
agent versus and best supportive care (BSC) vs BSC alone. Although in
the intention-to-treat population no benefit in survival was observed,
the pre-planned final analysis in the eligible population demonstrated a
median OS of 6.9 months for the vinflunine arm vs 4.3months for the
BSC-alone arm, with an estimated 22% reduction in the risk of death
(P=0.0227). ORR, disease control, and PFS were also statistically
significant in favor of the study drug [53]. Vinflunine is approved by
the European Medicines Agency (EMA) and recommended in European
guidelines for the treatment of advanced or metastatic UC after failure
of platinum-based therapy.

Immune checkpoint inhibitors

Until very recently, no established therapy was available following
the failure of platinum-based chemotherapy or for those patients who
cannot tolerate platinum chemotherapy. The characterization of im-
mune checkpoints has led to the development of a number of novel
immunotherapy agents that have activity in several different diseases,
including bladder cancer. Immune checkpoints aim to maintain im-
mune tolerance against self-antigens and to modulate the duration and
amplitude of immune responses. For example, the cytotoxic T lym-
phocyte–associated protein 4 (CTLA-4) receptor and its ligands are
mainly expressed in lymph nodes. Inhibition of this pathway leads to a
generic enhancement of the immune priming phase, with activation of
greater numbers of naïve T cells. This approach was pioneered by
monoclonal antibodies against CTLA-4 such as ipilimumab, whose
primary period of activity is during the induction phase of antitumor T-
cell immunity within lymphoid tissues. Conversely, PD-1 and its ligands
PD-L1 and PD-L2 are widely expressed in peripheral tissues, affecting
the effector phase of activated T cells. PD-1/PDL-1 inhibitors primarily
act within the tumor microenvironment, with additive and synergistic
effects. Several different monoclonal antibodies targeting either PD-1
immune checkpoint of the endogenous ligand, PD-L1, have now been
approved by the FDA.

Immune checkpoint inhibitors as first-line therapy

In the first-line setting, the efficacy of atezolizumab in metastatic
UC was evaluated in one cohort of the IMvigor210 trial, a 2-cohort
phase 2 study. Cohort 1 included 119 cisplatin-ineligible patients with
metastatic UC regardless of PD-L1 expression status. This study de-
monstrated an ORR of 24% and a median OS of 14.8 months [25]. The
median PFS was very modest (2.7 months) compared with historical
outcomes with chemotherapy (∼6months). Most responses were dur-
able and occurred similarly across all PD-L1-defined and poor-prog-
nosis-factor subgroups. Results of a post-hoc analysis showed a sub-
stantially higher TML (an exploratory biomarker) in patients with
response vs those without a response [25]. In a second trial, the KEY-
NOTE-052 trial, 370 cisplatin-ineligible patients with advanced UC
were treated with pembrolizumab as monotherapy. The primary end-
point was objective response. The response rate to pembrolizumab was
24%, including 5% of patients with a complete response. Remarkably,
83% of responses were ongoing at the time of analysis, although at a
median follow-up duration of response was only 5months. More re-
sponses were reported in the CPS≥ 10% than in the CPS < 10% po-
pulation (37% vs 18%) [24] (Table 2). The median reported survival
with pembrolizumab was of 11.5months. Median duration of response
was remarkable with both agents. Based on these results, both atezo-
lizumab and pembrolizumab were approved for front-line use in cis-
platin-ineligible patients with locally advanced or metastatic UC on the
basis of the aforementioned studies [24,25], in which outcomes were
compared with historical controls [45]. These approvals were condi-
tional and required confirmatory data from KEYNOTE-361
(NCT02853305) and IMvigor130 (NCT02807636) studies to maintain
their approval in this disease state. The data monitoring committees of
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both first-line trials in treatment-naive patients identified early deaths
among PD-L1low populations and decreased survival in the mono-
therapy arms of both trials. Patients with PD-L1low status had decreased
survival compared to patients who received cisplatin- or carboplatin-
based therapy. Both trials stopped enrollment of patients with PD-L1low

into the monotherapy arms. First EMA and then the FDA announced
their recommendation to restrict the use of atezolizumab and pem-
brolizumab to PD-L1 high first-line cisplatin-ineligible patients with
advanced UC. The updated labels of atezolizumab and pembrolizumab
reflect the restricted indications and limit their use to patients with
locally advanced or metastatic UC who are not eligible for cisplatin-
containing therapy and whose tumors express PD-L1 (CPS≥ 10%) in
the case of pembrolizumab and a PD-L1 expression of ≥5% on tumor-
infiltrating immune cells in the case of atezolizumab, or to patients who
are ineligible for any platinum-containing chemotherapy regardless of
PD-L1 status (FDA only). Several trials are underway to determine
optimal first-line therapy for this population (Fig. 2).

Immune checkpoint inhibitors as second-line therapy

Atezolizumab was approved by the FDA in May 2016 for the
treatment of locally advanced or metastatic UC that has progressed

during or after platinum-based chemotherapy [54,55] after un-
precedented quality of responses and outcome being observed in some
patients. Its approval was granted based on results from a phase II trial
(IMvigor 210) in 311 patients with locally advanced or metastatic
bladder cancer refractory to platinum-based chemotherapy. The ORR
was 15% at a median follow-up of 11.7 months, and the drug had a
manageable safety profile [17]. The most common treatment-related
adverse events (TRAEs) were fatigue (52% all grades, 6% grade 3 or 4),
diminished appetite (26% overall, 1% grade 3 or 4), nausea (25%
overall, 2% grade 3 or 4), increased risk of urinary tract infection (22%
overall, 9% grade 3 or 4), and abdominal pain (17% overall, 4% grade 3
or 4) [54]. Grade 3 and 4 adverse events developed in< 10% of pa-
tients [54]. In patients with high levels of PD-L1 expression (> 5% of
tumor-infiltrating lymphocytes expressing PD-L1 as determined by
immunohistochemistry), the ORR was even higher (27%) and OS
duration was longer [17]. In post-hoc analysis, patients whose tumors
had a high TML and a TCGA luminal cluster II molecular subtype
(n= 50) experienced the best outcomes, while the lowest response rate
was observed in tumors with cluster III molecular subtype (n=38).

Clinical activity was markedly higher than that seen with most
systemic chemotherapies (ORR∼ 10%), making PD-L1 inhibition the
first improvement on existing standard-of-care second-line therapies

Table 2
First-line immunotherapy trials.

Sample Size 119 370
ECOG PS 2 20% 42%
Visceral Metastasis 65% 85%
Overall Response Rate 23% (28% in IC 2/3 patients) 24%; CR 6% (ORR 37% and CR 13%, respectively, in PD-L1-positive

[CPS > 10%])
Median duration of response Not reached at 17.2 months of median follow-

up
Not reached at 8 months of median follow-up

Median Progression-free survival 2.1months 2.3months
Overall Survival; median, confidence interval 15.9 months (10.4-NE) 11.5 months (10.0–13.3)
Grade 3 and/or 4 TRAEs 5% 16%

PS, performance status; IC, immunohistochemistry; CR: complete response; ORR, overall response rate; PD-L1, programmed cell death ligand-1; CPS, combined
positive score NE, non-evaluable; TRAEs, treatment-related adverse events.

Fig. 2. Key first-line Phase III trials of anti-PD1/PD-L1 antibodies in urothelial carcinoma.
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[20]. Subsequently, the safety and efficacy of atezolizumab (anti-PD-L1
antibody) vs chemotherapy (docetaxel, paclitaxel, or vinflunine) were
assessed in phase III trial (IMvigor211) in 931 patients with metastatic
UC who had failed platinum-based chemotherapy. A hierarchical sta-
tistical design established survival in patients with PD-L1 expression
on≥ 5% of tumor-infiltrating immune cells, as the main end-point. OS
did not differ between treatment arms (stratified HR: 0.87; 95% CI:
0.63–1.21) in these selected patients with PD-L1 positivity. Despite this
trial being negative as per trial design, exploratory analysis in the ITT
population showed durable responses and survival benefit for atezoli-
zumab [56]. There were fewer grade 3–4 TRAEs in the atezolizumab
arm (20%) than in the chemotherapy arm (43%).

A very recent analysis of the IMvigor 210 trials involving patients
with platinum-refractory or cisplatin-ineligible UC who were treated
with atezolizumab identified a resistance signature as an immune bio-
marker [57]. Investigators described a novel single-patient classifier
based on The Cancer Genome Atlas 2017 scheme that identified the
neuronal subtype of UC as an extreme responder to anti-PD-L1 therapy.

Pembrolizumab was approved by the FDA in May 2017 for patients
with locally advanced or metastatic UC whose disease progressed
during or after platinum-containing chemotherapy. This approval was
based on the results of KEYNOTE-045 [20], a phase III trial in 542
patients with platinum-refractory advanced UC randomly assigned to
receive pembrolizumab or the investigator’s choice of chemotherapy
(paclitaxel, docetaxel, vinflunine). Patients in the pembrolizumab co-
hort had a higher ORR (21.1% vs 11.4%). Although patients in the
chemotherapy arm of the trial had a slightly longer median PFS, ana-
lysis of the main end-point in the intention-to-treat population re-
vealed, that pembrolizumab improved OS compared with che-
motherapy in a statistically significant way (10.3 vs 7.4months;
P < 0.01), resulting in a 27% reduction in risk of death. Furthermore,
43.9% of patients receiving pembrolizumab were still alive after a year,
compared with 31% of those given the existing standard of care. The OS
benefit of pembrolizumab over chemotherapy seemed to be in-
dependent of PD-L1 expression using the > 10% CPS score [20].
Pembrolizumab was also better tolerated than chemotherapy, with
fewer TRAEs of any grade (60.9% vs 90.2%) and grade 3–5 TRAEs (15%
vs 49.4%). As expected, immune-related adverse events (irAEs) were
more common with pembrolizumab than with chemotherapy. An as-
sociation between treatment with ICIs and good quality of life is in-
creasingly expected; pembrolizumab also proved superior to che-
motherapy for this endpoint [58]. The study’s independent data
monitoring committee recommended that the trial be stopped early
after it met the co-primary endpoint for OS [20]. Long-term follow-up
data presented at the 2018 ASCO GU Annual Meeting showed that
survival benefit was maintained at 24months with an HR for death of
0.70 (95% CI: 0.57–0.86; P=0.0004) [59].

The efficacy and safety of nivolumab in metastatic UC were initially
reported in the nonrandomized CheckMate 032 study in which nivo-
lumab treatment was associated with a significant ORR of 24.4% and
durable clinical responses in 78 patients with platinum-refractory lo-
cally advanced or metastatic UC [60]. In this study, patient response
did not seem to be influenced by PD-L1 expression on tumor cells. [59]
The larger single-arm, phase II CheckMate 275 study enrolled 270 pa-
tients with locally advanced, unresectable or metastatic disease that
had progressed despite prior platinum-based therapy and treated them
with nivolumab. ORR was again the primary endpoint. At 7.0 months
median follow-up, ORR was 19.6% for the whole population and 28.4%
for patients whose tumors had PD-L1 expression of ≥5% [21]. Nivo-
lumab had an acceptable safety profile. Correlative studies showed that
patients with TCGA cluster III type histology (n=23) had the highest
rates of complete response, total objective response, and stable disease
when treated with nivolumab. Responders to nivolumab also had tu-
mors enriched for a 25-gene IFN-γ signature [21]. By contrast, no
complete responses were found in patients who had the cluster IV
subtype (n= 33). ORR was the lowest and rate of progressive disease

was the highest in this tumor subtype. An analysis of TML in 139 pa-
tients in this study showed a significant correlation between higher
TML and higher response rate, PFS, and OS when adjusted for baseline
tumor PD-L1 expression and other clinical and laboratory parameters
[27]. The favorable results of the CheckMate 275 study led to ac-
celerated FDA approval of this drug for the treatment of patients with
locally advanced or metastatic UC whose disease progressed during or
following platinum-based chemotherapy [21,61].

In a phase I/II multicenter, open-label study (n=191), durvalumab
demonstrated meaningful clinical activity in platinum-refractory UC
patients. The ORR was 17.8% (95% CI: 12.7%, 24.0%) including seven
complete responses in all evaluable patients. Responses were observed
regardless of the PD-L1 expression. At the time of data cut-off, median
OS was 18.2months (95% CI: 8.1months, not estimable). Durvalumab’s
safety profile was acceptable in this patient population [62,63]. Based
on these promising results, the FDA has granted an accelerated ap-
proval to the PD-L1 inhibitor durvalumab for the treatment of patients
with locally advanced or metastatic UC who have disease progression
during or following platinum-containing chemotherapy, or who have
disease progression within 12months of neoadjuvant or adjuvant
treatment with platinum-containing chemotherapy [22].

Durvalumab is also under investigation in the DANUBE trial, a
randomized, open-label, multicenter, global phase III study assessing
durvalumab ± tremelimumab (a CTLA-4 IgG2-kappa monoclonal an-
tibody) vs standard-of-care chemotherapy in treatment-naïve patients
with unresectable and/or metastatic UC [64].

In May 2017, the FDA also granted accelerated approval for the use
of avelumab in the second-line setting based on the JAVELIN study. In
this phase Ib, single arm study, patients treated with avelumab de-
monstrated clinical activity with durable responses regardless of PDL1
tumor expression [23,65]. In contrast to other therapies targeting PDL1
or PD-1, in vitro studies have shown that avelumab prompts antibody-
dependent cell-mediated cytotoxicity, resulting in lysis of tumor cells
[66]. Contribution of natural killer cells to the antitumor mechanism
via antibody-dependent cell-mediated cytotoxicity may contribute to
the antitumor activity of avelumab, but this has not yet been demon-
strated in clinical trials [23].

As a result of these trials, 5 ICIs are now treatment options for
metastatic UC after chemotherapy failure. Naturally, clinicians make
informal inter-trial comparisons, with an inherent risk of over-
interpretation of the data. Thus, when making treatment decisions,
clinicians would be wise to consider the results of 2 phase III trials
comparing pembrolizumab and atezolizumab separately with physi-
cian’s choice of chemotherapy (docetaxel, paclitaxel, or vinflunine),
with level 1 evidence favoring the use of pembrolizumab [20,56].

With greater use of ICIs, irAEs present a considerable challenge for
patients undergoing therapy. Available data suggest that ICIs induce
their off-target effects through several mechanisms, including direct
binding to cell-surface proteins expressed in healthy tissue, activation
of T cells that cross-react with off-target tissues, generation of auto-
antibodies, or increased levels of pro-inflammatory cytokines [67].
These irAEs can affect a variety of organs and can result in substantial
morbidity and even mortality. Overall, any grade irAE occurs in
roughly one quarter of patients treated with ICI while grade 3–4 irAEs
are noted in approximately 15% of patients [68]. It is vital that on-
cologists become familiar with the complications of treatment with
immunotherapy [69].

Combination immunotherapies

Despite the success of ICI monotherapy, long-term durable response
rates remain low, and most patients relapse. Emerging evidence ad-
vocating the immunogenic potential of, for example, chemotherapy
have led to the theory that cytotoxic therapy could synergize with ICIs
[70,71]. Additionally, cytotoxic therapy could reduce im-
munosuppressive factors released by tumors or promote antigens
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presentation, broadening the antitumor T cell response. Early efforts to
combine ICIs with traditional chemotherapy had a minimal impact on
clinical activity. The combination of GC with ipilimumab did not ap-
pear to have a greater impact on survival than chemotherapy alone
[72]. Although ipilimumab did appear to affect the immune system by
increasing levels of circulating CD4 and CD8 T cells, the rate of im-
mune-mediated toxicities appeared lower than what was typically ob-
served with this dose of ipilimumab. This observation raised concerns
that traditional chemotherapy might not be a feasible foundation for
combination with immunotherapy. However, many ongoing clinical
trials are exploring the impact of combining systemic chemotherapy
with ICIs for the treatment of metastatic UC.

IMvigor 130 is a Phase III trial designed to evaluate the efficacy and
safety of first-line atezolizumab given alone or in combination with
platinum-based chemotherapy versus platinum-based chemotherapy
alone. (NCT02807636) Across 35 countries, this study is enrolling ap-
proximately 1200 patients who are treatment-naïve for advanced or
metastatic UC [73]. The primary endpoints are PFS, OS and adverse
events rate. KEYNOTE-361 is a randomized, open-label, phase III study
of pembrolizumab with or without chemotherapy versus chemotherapy
alone in patients with advanced UC who have not receive systemic
therapy for metastatic disease or have recurred more than 12months
after neoadjuvant chemotherapy (NCT02853305). Patients are being
randomly assigned 1:1:1 to receive single-agent pembrolizumab, pem-
brolizumab plus investigator’s choice of chemotherapy (GC) or che-
motherapy alone. Cisplatin-ineligible patients randomly assigned to
chemotherapy will receive gemcitabine plus carboplatin. Primary end
points are PFS and OS; secondary end points include ORR rate and
safety and tolerability. The NILE trial is a randomized, open-label,
controlled, multi-center, phase III study to determine the efficacy and
safety of as first-line combining durvalumab with or without tremeli-
mumab with standard of care chemotherapy (cisplatin+ gemcitabine
or carboplatin+ gemcitabine doublet) followed by durvalumab
monotherapy versus standard of care alone as first-line chemotherapy
for advanced or metastatic UC. Primary endpoint is OS.
(NCT03682068) The magnitude of the overall survival benefit of such
regimens will determine their future use.

Treatment strategies that combine PD-1/PD-L1 inhibitors and an
anti-CTL-4 antibody have the potential for increased antitumor activity.
From a mechanistic perspective, this finding is consistent with the
contrasting role of PD-1 in regulating the effector phase of the immune
response, as opposed to the role of CTLA-4 in mediating the priming
phase. In the CheckMate 032 study, phase I/II trial, patients who pro-
gressed after platinum-based chemotherapy received either nivolumab
or 1 of 2 combinations of nivolumab plus ipilimumab [74]. The com-
bination of a 1-mg/kg infusion of nivolumab and a 3-mg/kg infusion of
ipilimumab yielded a 38.5% ORR, including a 4% complete response
rate, whereas the combination of 3mg/kg of nivolumab and 1mg/kg of
ipilimumab yielded a 26% ORR and a 3% complete response rate. Im-
portantly, clinical activity seemed to be improved with higher doses of
ipilimumab. Treatment with single-agent nivolumab resulted in a
24.4% ORR and a 6% complete response rate [74]. The spectrum and
incidence of TRAEs was consistent with those noted in prior trials.
Longer follow-up results of CheckMate 032 showed that [75] higher
dose of ipilimumab was associated with increased antitumor activity
while maintaining an acceptable toxicity profile. The combination of a
1-mg/kg infusion of nivolumab and a 3-mg/kg infusion of ipilimumab
showed an approximately 12% higher response rate, and the duration
of response appeared longer. A trend toward higher response rate and
longer median PFS and OS compared to previous reports of PD-1 and
PD-L1 monotherapies was also observed with the higher dose of ipili-
mumab in the PD-L1 unselected patient population [75]. Although data
on OS are still premature for this arm, if they are confirmed in an on-
going phase III randomized trial (CheckMate 901; NCT03036098), the
combination of a 1-mg/kg infusion of nivolumab and a 3-mg/kg infu-
sion of ipilimumab would be favored over other dosages. The question

has arisen as to whether concurrent ipilimumab and nivolumab offers
benefit that could not be gained with sequential single-agent anti-PD-1
and anti-CTLA-4 therapy. This concept is currently being tested in a
randomized phase II trial of durvalumab alone or in combination with
tremelimumab (anti-CTLA-4) vs their sequential use (NCT02527434).
Ultimately, further work is required to establish the optimal dose and
schedule of ICIs for priming an antitumor T-cell response in patients
with bladder cancer in order to inform the design of further clinical
trials.

Tumors proliferate by activating proangiogenic pathways and si-
multaneously suppressing the immune response by upregulating im-
mune checkpoint pathways. Accumulating evidence suggests that tu-
morigenesis requires dual regulation of neoangiogenesis and
immunosuppression, leading to the hypothesis that targeting both
processes simultaneously may facilitate the synergistic increase of an-
titumor immune function [76]. Thus, from the clinical perspective, the
potential role of combination regimens containing antiangiogenic
therapy and ICIs is of considerable interest. Initial results from a study
of ICIs with vascular endothelial growth factor inhibitors are discussed
in the next section.

Antiangiogenic therapy

VEGFR 1 and 2 and their ligands (VEGF-A, -B, -C, and -D) are im-
portant mediators of tumor angiogenesis and seem to contribute to the
pathogenesis and progression of UC [77]. Multiple agents targeting the
VEGF pathway have been investigated as single agents or in rando-
mized trials combining VEGF/VEGFR inhibitors with traditional che-
motherapy [78–85]. Several single-arm studies have investigated the
use of single-agent sorafenib, pazopanib and sunitinib, with limited
clinical activity [83,86–90]. Sunitinib has also been studied in combi-
nation with GC, where it led to excessive hematologic toxicity [91]. In
the same direction, the addition of vandetinib to docetaxel does not
result in significantly improved clinical activity in patients with pla-
tinum-pretreated metastatic UC [78]. The toxicity of vandetanib plus
docetaxel was greater than for vandetanib plus placebo. In the same
trial, single-agent vandetanib activity was minimal [78]. Single-agent
pazopanib has demonstrated modest clinical activity in unselected re-
lapsed/refractory metastatic UC [91,92] and did not show greater ef-
ficacy than paclitaxel in the second-line treatment of metastatic UC
[92]. Similarly, cabozantinib, a tyrosine kinase inhibitor that primarily
targets c-MET, VEGFR2 and RET, showed clinical activity in a phase II
study with an encouraging ORR of 19.5% in patients with relapsed or
refractory metastatic UC. However, the median PFS with cabozantinib
was only 3.7months (95% CI: 2.3–6.5) [93]. Cabozantinib is currently
in combination clinical trials with ICIs (NCT02496208). The safety and
efficacy of cabozantinib was evaluated in a phase I study of nivolumab
with or without ipilimumab. This study included a phase I cohort and
several expansion cohorts of patients including one of refractory me-
tastatic UC [94,95]. Significant clinical activity in the refractory me-
tastatic UC population was observed, with an ORR of 33% for cabo-
zantinib plus nivolumab and 51% for the triple combination. The
median duration of response for the entire cohort of UC patients was 24
months (95% CI: 14.7–undefined) [96].

Bevacizumab, a monoclonal antibody directed against circulating
VEGF, has shown encouraging clinical activity in UC. A phase II trial of
GC and bevacizumab as first-line therapy for metastatic UC showed an
ORR of 72% and an encouraging OS of 19.1 months (95% CI:
12.4–22.7 months) [85]. This promising regimen has been evaluated in
a phase III clinical trial that randomized patients to standard treatment
with GC with or without bevacizumab (NCT00942331). We are eagerly
awaiting the results of this trial.

After many trials demonstrating modest activity with anti-
angiogenic therapies for UC, this therapeutic strategy may have found
redemption with a tolerable combination of ramucirumab and che-
motherapy. A recent randomized phase II study by Petrylak, et al.
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randomized patients with platinum-pretreated locally advanced or
metastatic UC 1:1:1 to receive docetaxel alone vs docetaxel plus ra-
mucirumab or icrucumab [97]. Although this study failed to meet its
primary endpoint, the addition of ramucirumab to docetaxel demon-
strated prolonged PFS (5.4 vs 2.8 months; P= 0.0002) [97]. In 2018,
the subsequent phase III trial by Petrylak et al. confirmed longer PFS
with ramucirumab plus docetaxel, consistent with the earlier report.
The ramucirumab-plus-docetaxel arm had a PFS of 4.07months versus
2.76months in the docetaxel-alone arm (HR: 0.69; 95% CI:
0.573–0.845; P=0.0002). Unfortunately, ramucirumab plus docetaxel
did not demonstrate an OS benefit compared to single-agent docetaxel
[84]. In the same line, one of the most encouraging results came from a
recently conducted phase II trial of paclitaxel plus pazopanib that re-
sulted in a substantial ORR of 54% in patients with advanced pretreated
UC [98].

ErbB therapy

The ErbB family, consisting of EGFR, HER2, ErbB3, and ErbB4, is a
class of receptor tyrosine kinases that has been extensively investigated
as potentially important in the pathogenesis of UC. EGFR over-
expression in UC is associated with higher tumor grade and muscle
invasiveness, tumor recurrence and overall survival. Similarly [99],
HER2 overexpression in UC is correlated with recurrence and metas-
tasis [100]. A comprehensive molecular analysis has also shown that
EGFR amplifications (11%), HER2 amplifications (7%), and ErbB3 so-
matic mutations (11%) are relatively frequent in UC [7,101]. Earlier
clinical data on EGFR and HER2 inhibition in UC was discouraging,
with two negative trials for gefitinib in chemotherapy-resistant meta-
static UC [102,103]. A phase II trial testing trastuzumab in a combi-
nation regimen in HER2-positive UC had a 70% response rate but
higher-than-expected rates of cardiotoxicity [104].

The efficacy of combinatory regimens such GC with or without ce-
tuximab (anti-EGFR monoclonal antibody) in unselected advanced UC
has been evaluated. In a phase II trial, patients were randomized 1:2 to
receive GC alone or with cetuximab. This study did not demonstrate
additional activity with the combination but did report increased
toxicity, with higher-than-expected rates of thromboembolism resulting
in treatment discontinuation [105]. Separately, patients with pre-
viously treated metastatic UC whose tumors had 2+ or 3+ expression
levels of EGFR or HER2 had prolonged survival when treated with la-
patinib compared with those with 0/1+ expression, suggesting a po-
tential role for dual inhibition in patients with HER2/EGFR over-
expression [106].

Afatinib demonstrated significant activity in patients with platinum-
refractory metastatic UC with HER2 or ErbB3 alterations. Eigthy-three
percent of patients with HER2 and/or ErbB3 alterations achieved 3-
month PFS endpoint (PFS=10.3, 7.0, 6.9, 6.3, and 5.0 months, re-
spectively) vs 0/15 patients without alterations [107]. An ongoing
phase II trial is evaluating afitinib in patients with metastasic UC mo-
lecularly selected for ErbB receptor alterations – ErbB2/ErbB3 muta-
tions or ErbB2 amplification in Cohort A, or EGFR (ErbB1) amplifica-
tion Cohort B (NCT02780687).

FGFR therapy

Although FGFR alterations are more frequent in non-MIBC, they are
found in up to 21% of locally advanced or metastatic UC, with ampli-
fications, mutations, and fusions in FGFR gene. Alterations in FGFR3
gene are enriched in the TCGA luminal 1 subtype of UC. Initial efforts to
inhibit FGFRs in clinical trials were with multi-tyrosine kinase in-
hibitors. Dovitinib was investigated in a phase II trial of patients with
advanced UC who received prior platinum-containing chemotherapy.
No responses were seen in the FGFR3-mutated population, and only one
response was seen in the wild-type group. Thus, the trial was termi-
nated at the end of stage 1 for lack of efficacy [108].

However, antitumor activity observed in patients with metastatic
UC in a phase 1 trial of the FGFR 1–3 inhibitor, BGJ398
(NCT01004224) led to initiation of an extended cohort of genetically
selected patients to further characterize its activity in such a popula-
tion. Treatment with various doses of BGJ398 resulted in disease con-
trol in 42 of 132 patients, including 3 partial responses in metastatic
patients with FGFR3-mutated UC [109]. This outcome represented a
38% response rate and a 75% disease control rate in UCs with FGFR3
alterations and led to the opening of a new trial arm to investigate the
efficacy of BGJ398 specifically in this patient population [110].

Early results with erdafitinib demonstrated durable responses in 3
patients with UC, one with FGFR3 translocation and another with
FGFR2 truncation. The tolerability of this drug has allowed for con-
tinuous dosing with up-titration on the basis of phosphorus level.
Results of an open-label phase II study of erdafitinib were reported in
2018, showing a promising ORR rate of 42% (3% complete responses,
39% partial responses) and an 80% disease control rate in patients with
chemorefractory metastatic UC and FGFR alterations. This trial in-
cluded patients who had at least one of the following alterations: FGFR3
(R248C, S249C, G370C, Y373C) or FGFR gene fusions (FGFR3-TACC3,
FGFR3-BAIAP2L1, FGFR2-BICC1, FGFR2-CASP7) as determined a
clinical trial assay. The median PFS was 5.5 months and the median OS
was 13.8 months. There was a very impressive clinical ORR of 70%
among patients previously treated with ICIs, a population with poor
prognosis and high unmet need [19]. Based on this data, erdafitinib has
been FDA-approved for patients with FGFR2 and FGFR3-altered ad-
vanced UC on April 12, 2019. The FDA simultaneously approved the
first PCR-based diagnostic companion to detect FGFR alterations in the
tissue of patients with metastatic UC and select patient for erdafitinib.

AZD4547, another orally available FGFR inhibitor, has also de-
monstrated durable responses in 2/3 patients, both harboring high
FGFR1 and FGFR3 expression. The third patient had a mutation in the
ligand-binding domain of FGFR3 [111]. Meanwhile, phase I results
from the Debio 1347 trial of this highly selective pan-FGFR inhibitor
included partial responses in 5 patients out of 56 treated; one re-
sponding patient had UC with FGFR3 fusion [112]. In patients with
high FGFR1–3 tumor messenger RNA levels, rogaratinib (BAY
1163877) showed the highest ORR in the bladder cancer expansion
cohort, with 3 partial responses out of 8 patients treated [113]. In
contrast, TAS-120, a highly selective covalent oral FGFR inhibitor,
produced no measurable responses in 8 patients with UCs [114].

Another strategy is to target FGFR with monoclonal antibodies. A
phase I trial with MFGR1877S, an FGFR3-specific monoclonal antibody,
enrolled 10 patients with advanced UC [115]. Long-term stable disease
was observed in 5 patients. B-701 is another monoclonal antibody that
blocks both wild-type and activated mutant FGFR3 receptors. Early
investigations with B-701 were in combination with docetaxel for pa-
tients with disease progression on or after 1 or 2 lines of prior che-
motherapy, excluding taxanes. In a preliminary report, of 17 evaluable
patients, one experienced a complete response, 2 experienced a partial
response, and a 58% disease control rate was observed [116]. Five
patients, including the 2 with objective responses, had FGFR3 muta-
tions. A trial of B-701 in combination with pembrolizumab for pla-
tinum-experienced UC patients is underway (NCT03123055).

The most common treatment-emergent toxicities with FGFR in-
hibitors are hyperphosphatemia, stomatitis, diarrhea, elevated creati-
nine, fatigue, hand-food syndrome and decreased appetite.

Antibody-drug conjugates

Antibody-drug conjugates are characterized by a monoclonal anti-
body against a highly expressed cancer cell target, with a protease-
cleavable linker bound to a cytotoxic agent. The chemotherapeutic
agent is only released internally in select cells expressing the protein
target after internalization of the antibody-drug conjugate and lyso-
somal cleavage. In recent trials in UC, an antibody linked to the
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microtubule-disrupting agent monomethyl auristatin E has shown rea-
sonable clinical activity. The antibody-drug conjugate ASG-15ME is
targeted to SLITRK6, a type I transmembrane neuronal receptor.
SLITRK6 expression is identified by IHC in 90% of UCs [117]. In a phase
I trial of heavily pretreated patients with metastatic UC, 1mg/kg was
identified as the maximum tolerated dose of ASG-15ME. Toxicity with
this agent was predictable, with reversible ocular TRAEs occurring in
29.4% of patients. Among the 51 patients across all dosing levels, there
were 17 partial responses and 1 complete response, for a 37.5% ORR
[118]. However, unique subgroups showed impressive results, with an
ORR of 50% at the maximum tolerated dose, 53% in ICI-treated pa-
tients, and 46% in patients with liver metastases.

Another antibody-drug conjugate with promising phase I results is
enfortumab vedotin (ASG-22ME), which is composed of an anti-nectin-
4 monoclonal antibody attached to monomethyl auristatin E, a micro-
tubule-disrupting agent. This agent targets nectin-4, a cell adhesion
molecule that is highly expressed in multiple cancers, including UC
[119]. The FDA has granted enfortumab vedotin a breakthrough
therapy designation for patients with locally advanced or metastatic UC
who previously received immune checkpoint therapy. This was based
on interim results from a phase I dose-escalation/dose-expansion trial
evaluating enfortumab vedotin monotherapy in patients with meta-
static UC and other solid tumors. Data from the cohort of metastatic UC
showed that enfortumab vedotin has an ORR of 41% among 71 eva-
luable patients. Ninety-five percent of patients had prior platinum-
based therapy, 46% had received a ICIs, and 43% had prior taxane
treatment. The ORR at the recommended phase II dose (RP2D) was 53%
(NCT02091999). Enfortumab vedotin was well tolerated with grade≥3
AEs in the RP2D cohort consistent in urinary tract infection (8%), hy-
pophosphatemia (3%), hyponatremia (5%), anemia (8%), and hyper-
uricemia (5%). Rosenberg et al. provided updated results from 122
patients with previously treated mUC who received enfortumab vedotin
at the RP2D at the 2018 ASCO meeting [120]. Confirmed complete
response and partial responses were observed in 4% and 37% of pa-
tients, respectively, consistent with an ORR of 41%. Additional stable
disease was seen in 30% of patients. Although data are still immature as
many patients were early in their treatment course, median PFS was
5.4 months and median OS was 13.6months. There were reported fatal
treatment-related adverse event in 4 patients (respiratory failure, ur-
inary tract obstruction, diabetic ketoacidosis, multi-organ failure). With
hope for further improvement of these impressive outcomes, a phase I
trial (NCT03299545) of enfortumab vedotin in combination with either
atezolizumab or pembrolizumab was recently launched.

Conclusions

Over a relatively short period of time, the number of effective
treatment options for patients with advanced UC has increased con-
siderably. The current immunotherapy landscape in metastatic UC is
defined by the approved use of 5 ICIs in the second-line setting and the
recent approval of pembrolizumab and atezolizumab for platinum-in-
eligible patients or patients who are not eligible for cisplatin-containing
therapy and whose tumors express PD-L1. Patient- and tumor-specific
features such as renal function and PD-L1 status should still be high
priorities when considering front-line systemic therapy. A very recent
practice-changing advance includes the approval of erdafitinib for
molecularly-selected advanced UC patients. Although more evidence is
needed, dual immunotherapy regimens, alternate combined ICI and
targeted therapies, novel FGFR inhibitors and antibody-drug conjugates
hold considerable promise for metastatic bladder cancer. In this chan-
ging UC therapy paradigm, development and validation of biomarkers
that can identify patients who are most likely to benefit from a parti-
cular therapy are crucial.
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