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Abstract: Urothelial carcinoma (UC) is a frequently diagnosed tumor and an important cause of cancer deaths worldwide. Until a few
years ago, despite the unquestioned role of platinum-based chemotherapy, therapeutic choices beyond the first line were limited and
related to unsatisfactory outcomes. Metastatic UC has always been associated with a poor prognosis, with overall survival only slightly
above a year. In the recent past, huge progress has been made in our understanding of the molecular and genomic disease
characteristics, to enable stratification of patients in terms of prognosis and treatment responses. Unfortunately, we still do not have
the perfect combination of clinical biomarkers to tailor the optimal treatment for each patient, despite making several efforts in this
direction. The therapeutic arsenal has been augmented by immune checkpoint inhibitors (ICIs), which nowadays represent the
backbone of the second-line setting. Equally revolutionary was the FDA’s approval of erdafitinib, a potent fibroblast growth factor
receptor (FGFR) inhibitor, the use of which is reserved for patients whose tumor harbors specific FGF pathway alterations. Recently,
the therapeutic landscape of metastatic UC has been enhanced by the introduction of novel compounds, consisting of antibody–drug
conjugates (ADCs). Enfortumab vedotin is an antibody targeting nectin-4, a cell adhesion molecule highly expressed in UC,
conjugated to monomethyl auristatin E (MMAE), a microtubule-disrupting agent. Sacituzumab govitecan is a humanized monoclonal
antibody targeting Trop-2, a transmembrane glycoprotein, conjugated to the active metabolite of irinotecan. These two compounds
have received accelerated approval by the FDA in patients pretreated with platinum-based chemotherapy and immunotherapy. Several
ongoing trials are investigating the role of ICIs combined with chemotherapy, antiangiogenic drugs, or other ICIs, as well as the
efficacy of PARP inhibitors and target therapies, hoping to provide information for some important unmet needs. In this review, we
aim to evaluate the current potential treatment options after first-line chemotherapy.
Keywords: urothelial carcinoma, immunotherapy, immune-checkpoint inhibitors, FGFR inhibitor, antibody–drug conjugates

Introduction
The great majority of urinary tract cancers are classified as urothelial carcinoma (UC).1 The most common UCs affect the
lower urinary tract, mainly the bladder and, to a lesser extent, the urethra. Otherwise, upper urinary tract neoplasms occur
in the renal pelvis and ureter, accounting for only 10% of UCs.2 According to the latest statistics, bladder cancer is the
tenth most frequently diagnosed tumor worldwide, with approximately 213,000 deaths during 2020. Thanks to the
therapeutic arsenal available in the most developed countries, a decline in mortality rates has been described during the
past few years.3 Nevertheless, metastatic urothelial carcinoma (mUC), presenting in 4% of recently diagnosed patients,
still has a limited prognosis, amounting to approximately 13–15 months.4 The combination of methotrexate, vinblastine,
doxorubicin, and cisplatin (MVAC) has been considered similar, with regard to long-term overall survival (OS) and
progression-free survival (PFS), to gemcitabine–cisplatin (GC); however, since MVAC shows more adverse effects, the
latter schedule is still considered the first-line backbone strategy. UC has proven response rates of up to 50% to first-line
chemotherapy; nevertheless, the duration of the response is limited and the prognosis is poor after progression.5

Following decades of cisplatin-based chemotherapy as the only choice for patients with metastatic disease, the first-
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line scenario has recently been improved by the approbation of immune checkpoint inhibitors (ICIs), as we shall examine
later. Currently, ICIs also have a key role in maintenance therapy after first-line chemotherapy, with the aim of
prolonging time to treatment failure and providing clinical benefits.6 In the recent past, when progressing to first-line
treatment, limited options were available for clinicians, and treatment also gave unsatisfactory results in terms of median
OS. Nowadays, single-agent vinflunine7 or taxanes (ie paclitaxel8 or docetaxel9), and combination regimens such as
MVAC10 or gemcitabine–paclitaxel,11 have been almost entirely replaced by a large assortment of ICIs, tyrosine kinase
inhibitors (TKIs), and antibody–drug conjugates (ADCs).12 In the past few years, great steps have been taken to better
target the molecular machinery of UC and, consequently, to widen the variety of therapies in the advanced disease
setting. In this review, we aim to specifically focus on treatment options for progression after first-line chemotherapy.

Overview of the Existing First-Line Strategies
Cisplatin-based regimens have long been depicted as the cornerstone of UC first-line therapy, with an overall response
rate (ORR) of 50%, a median PFS of 7 months, with one patient out of five alive at 5 years from diagnosis.5 Equally well
acknowledged, although in part questioned, are the required characteristics in order to be considered “cisplatin fit”, also
known as the “Galsky criteria” (ie glomerular filtration rate >60 mL/min, performance status 0–1, congestive heart failure
NYHA class ≤III, and neuropathy/hearing loss grade ≤2). Unfortunately, about 30–50% of patients with mUC are
cisplatin unfit, often because of their advanced age.3,13 Until recently, the only alternative supported by historical data
was the combination of gemcitabine plus carboplatin, although it showed inferior outcomes compared to cisplatin-based
first-line therapy.14 To fulfill this unmet need, some trials tried to explore new strategies, moving away from classical
chemotherapy. The microenvironment of UC should be considered as fertile soil for the application of ICIs, in view of
the high load of DNA aberrations related to the formation of several neoantigens. The presence of this huge immune
stimulation elicits an antitumor T-cell-mediated immune response.15 In particular, the ability to form an immune response
against the attenuated strain of Mycobacterium bovis has been associated with antitumor activity in non-muscle-invasive
bladder cancer.16 Based on these principles, promising phase II trials have emerged to evaluate the role of ICI
monotherapy in chemotherapy-naïve cisplatin-ineligible patients (Table 1; Figure 1).

In a multicenter single-arm phase II study, a human monoclonal antibody immunoglobulin G4 (IgG4) designed to
target programmed death-1 (PD-1), pembrolizumab, resulted in a 24% complete or partial response, while 23% of
patients had stable disease as their best response, with an acceptable tolerability.17 Long-term outcomes of the
KEYNOTE-052 study demonstrate durable and remarkable results, with an ORR of 28.6%, a median duration of
response of 30.1 months, and an OS of 11.3 months. In particular, as already shown in a pivotal study, patients with
programmed death ligand-1 (PD-L1) expression combined positive score (CPS) ≥10 showed higher ORR (47.3%) and
notable median OS (18.5 months).18

Atezolizumab, a humanized monoclonal antibody IgG1 that inhibits binding of PD-L1 to its receptors, PD-1, was
studied in the phase II IMvigor210 study. Cohort 1, which enrolled patients without previous treatment for mUC, had an
ORR of 23% and complete responses were seen in 11 patients (9%), with a median OS of 15.9 months regardless of PD-
L1 expression.19

The FDA has limited the use of these two ICIs in the setting of metastatic disease, to patients who are cisplatin
ineligible (with CPS ≥10 for pembrolizumab and PD-L1 ≥5% tumor-infiltrating cells for atezolizumab) or who are not
eligible for any platinum-containing chemotherapy, regardless of PD-L1 status.20

Several therapeutic approaches are currently still under evaluation, assessing the role of combination strategies. In
particular, the ICI–chemotherapeutic strategies arise from the rationale that the immune system can be stimulated by
tumor neoantigens induced by the effect of chemotherapy on malignant cells.21 Worthy of note are two phase III trials,
IMvigor130, focusing on atezolizumab as monotherapy or in combination with platinum/gemcitabine, and KEYNOTE-
361, similar to the previous study but with pembrolizumab. Both of these trials failed to demonstrate an improvement in
terms of OS using the combination of chemotherapy with the immunotherapeutic compound.22,23 A less commonly used
anti-PD-1 antibody, tislelizumab, is under evaluation in a phase III double-blinded multicenter trial (NCT03967977).
Plenty of trials are ongoing to assess the role of combination ICIs as potential first-line strategies. The phase III study
DANUBE failed to show a statistically significant improvement in terms of OS with the combination of durvalumab, an
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Table 1 ICI Monotherapy, FGFR Inhibitors, and ADCs That Have Received Approval from the FDA For Use in the Second-Line Setting

Drug Study Phase Setting Arm A Arm B ORR
(%)

PFS
(mo)

OS
(mo)

Update
OS

Pembrolizumab

IgG4 anti-PD-1

KEYNOTE-

045

III Recurred or progressed after cisplatin-based

chemotherapy

Pembrolizumab

200 mg i.v. q21

Paclitaxel 175 mg/m2 or

docetaxel 75 mg/m2 or

vinflunine 320 mg/m2 i.v. q21

21.1 2.1** 10.3 60-month

OS 14.9%

Atezolizumab*

IgG1 anti-PD-L1

IMvigor211 III Recurred or progressed after cisplatin-based

chemotherapy

Atezolizumab

1200 mg i.v. q21

Paclitaxel 175 mg/m2 or

docetaxel 75 mg/m2 or
vinflunine 320 mg/m2 i.v. q21

13.4 2.1** 11.1 24-month

OS 23%

Nivolumab IgG4

anti-PD-1
CheckMate-
275

II Recurred or progressed despite previous treatment
with at least one platinum-based chemotherapy

regimen

Nivolumab 3 mg/
kg i.v. q14

– 19.6 1.9 8.74 36-month
OS 22.3%,

ORR 20.7%

Durvalumab*

IgG1 anti-PD-L1

NCT01693562 I/II Progressed on, ineligible for, or refused prior

chemotherapy

Durvalumab

10 mg/kg i.v. q14

– 17.8 1.5 18.2

Avelumab IgG1 anti-

PD-L1

JAVELIN Solid

Tumor

Ib Progressed after at least one previous platinum-based

chemotherapy

Avelumab 10 mg/

kg q14

– 17 6.6

weeks

6.5

Erdafitinib TKI of

FGFR1–4

BLC2001 II Progression during or after at least one course of

previous systemic chemotherapy or within 12 months
after neoadjuvant therapy

10 mg per day, 7

days on and 7
days off, q28

or

6 mg per day q28

– 40 5.5 13.8

Enfortumab vedotin

(ADC conjugated
with MMAE)

EV-201 II Cohort 2 (91 patients): cisplatin ineligible, which only

received prior immunotherapy

EV 1.25 mg/kg i.

v. d1,8,15 q28

– 52 5.8 14.7

Notes: *Indication withdrawn in 2021; **less than Arm B.
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anti-PD-L1 agent, plus tremelimumab, an IgG2 monoclonal antibody against cytotoxic T-lymphocyte antigen 4 (CTLA-4)
versus standard of care chemotherapy.24 The same two ICIs are under evaluation in combination with standard of care
chemotherapy in the NILE phase III study (NCT03682068). The potential role of nivolumab, a monoclonal antibody
targeting PD-1, plus ipilimumab, an anti-CTLA-4 agent, is under evaluation in the CheckMate-901 phase III study
(NCT03036098), in comparison with standard chemotherapy. Other encouraging combination strategies are ICIs with
antiangiogenic agents; worthy of note is the phase III trial LEAP-011 (NCT03898180), analyzing the role of pembro-
lizumab plus lenvatinib, a multi-TKI, in the first-line setting in cisplatin-unfit patients expressing PD-L1 or in platin-
ineligible patients irrespective of PD-L1 levels. The results of LEAP-011 were presented at the 2022 American Society of
Clinical Oncology Genitourinary (ASCO GU) Cancers symposium, highlighting no additional benefit in terms of PFS,
OS, ORR, or DOR for the combination strategy compared to pembrolizumab alone in cisplatin-ineligible patients
expressing PD-L1 (CPS >10) or platinum-unfit patients regardless of PD-L1 status. The median PFS was 4.5 months
for pembrolizumab and lenvatinib versus 4.0 months for pembrolizumab and placebo; analogously, the median OS did
not differ significantly between the two groups (11.8 months with the combination compared to 12.9 months with
pembrolizumab and placebo).25 Other pioneering approaches are ongoing to investigate the role of ICIs plus novel
immunotherapies, such as PARP inhibitors or target therapies, which have been thoroughly assessed in second or later
line settings, as we shall explore later.

As mentioned in the Introduction, ICIs play a role in maintenance therapy in patients with advanced UC who have not
progressed with first-line platinum-containing chemotherapy. According to the results of the phase III JAVELIN Bladder
100 trial, avelumab showed significant improvements versus best supportive care, and it is now considered standard of
care in treatment guidelines. In particular, the updated follow-up data further underline the benefits of avelumab in terms
of median OS (23.8 months vs 15 months) and PFS (5.5 months vs 2.1 months), suggesting a prolonged use of
maintenance therapy from 1 year up to 2 years.26 A phase III randomized trial of 2 years’ maintenance avelumab plus

Figure 1 The key role of immune checkpoint blockade in metastatic urothelial cancer. The interaction between PD-1, exposed on the surface of T lymphocytes, and PD-L1
or 2, presented by tumor cells, can be inhibited by both (a) antibody anti-PD-1 (eg nivolumab, pembrolizumab, cemiplimab, tislelizumab, toripalimab, APL-501) and (b) anti-
PD-L1 (eg atezolizumab, avelumab, durvalumab, cosibelimab). On the other hand, the interaction between T cells and antigen-presenting cells is mainly provided by CD80
(B7-1)/CD86 (B7-2) and CTLA-4. (c) The most widely used anti-CTLA-4 are ipilimumab and tremelimumab. Of note, T cells expose OX40 (also known as CD134),
a membrane protein with a co-stimulatory function binding to its ligand, OX40L, located on the surface of APCs. OX40 is responsible for a high production of cytokines and
for T-cell survival and proliferation. Several studies are ongoing to assess the role of OX40 drug agonism. Created with BioRender.com (2022).
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cabozantinib versus avelumab alone after first-line platinum-based chemotherapy in patients with mUC is ongoing
(NCT05092958).

Second-Line Therapies: What’s Now
In the past, single-agent chemotherapies were largely used in the second-line setting, despite showing unsatisfactory
benefits in terms of outcomes. Vinflunine, for instance, can only provide a median 2-month survival advantage compared
to best supportive care, with a median OS of only 7 months.7 Combination therapies, such as MVAC, achieved a slightly
longer OS, up to 11 months, despite important grade 3 or 4 toxicities.10 Therefore, experts in the scientific community
have come together to offer effective and tolerable therapies to fulfill this unmet need.

As mentioned in Introduction section, UC appears to be an immunogenic tumor, demonstrating a higher expression of
PD-L1 than other solid tumors. Furthermore, the presence of high levels of PD-L1 has been associated with poor OS and
more aggressive disease.27 Unfortunately, despite the unquestioned role of PD-L1 as a prognostic indicator, the
information arising from PD-L1 as a single source of data must, in the future, be integrated with other potential
biomarkers, such as tumor mutational burden (TMB), microsatellite instability, or T-cell gene signatures.28

On the back of these reports, supported by encouraging results emerging from phase II trials, several anti PD-1 and
anti-PD-L1 monoclonal antibodies have received approval for use in the second-line setting, after progression to first-line
chemotherapy.

In the phase III, open-label, international study KEYNOTE-045, pembrolizumab showed a significant survival
advantage compared with standard chemotherapy (vinflunine, paclitaxel, or docetaxel) in patients who had relapsed
after prior platinum-based therapy, with a median OS of 10.3 months compared with 7.4 months in the chemotherapy
group, regardless of PD-L1 expression levels. Although the PFS did not increase significantly (2.1 vs 3.3 months), the
objective response rate was higher in the pembrolizumab group (21.1%) than in chemotherapy group (11.4%), with
considerably fewer adverse events.29 Further evidence of the clinical advantages of pembrolizumab was shown during
ASCO 2021, where the 5-year follow-up results were announced, demonstrating a 60-month OS of 14.9% with
pembrolizumab versus 8.7% with standard chemotherapy.30 Gradually, pembrolizumab has become the standard of
care in the second-line setting, once treatment has progressed to chemotherapy.

In 2016, atezolizumab was granted accelerated approval for mUC in the second-line setting, based on the results from
the IMvigor210 trial. Unfortunately, the IMvigor211 trial, focusing specifically on atezolizumab in patients with
platinum-refractory mUC overexpressing PD-L1, failed to show a statistically significant OS advantage. There may be
several explanations for the divergent results of IMvigor211 and KEYNOTE-045, such as disparities in PD-L1 assess-
ment or the different results of chemotherapy survival compared to previous studies. However, the duration of response
was longer in the atezolizumab subgroup, at 15.9 months versus 8.3 months in the chemotherapy group; in addition,
patients in the atezolizumab population experienced fewer adverse events.31 In an updated analysis, with a median of 33
months of follow-up, atezolizumab showed a 24-month OS rate of 23% versus 13% with chemotherapy.32 To draw
conclusions, some guidelines still support the use of atezolizumab, but with a weaker recommendation than for
pembrolizumab.33 While waiting for the results of the real-world phase III SAUL study, we can find interesting real-
life reports from some retrospective studies. Data on 115 pretreated mUC patients corroborated the outcomes of the
previous clinical trials in this setting; at a median follow-up of 23.5 months, the median duration of response was 20.4
months, with a PFS of 3.8 months and an OS of 9.8 months.34 According to two other retrospective studies, adverse
pretreatment clinical characteristics were pointed out as an independent risk factors for poorer OS, in particular liver
metastases, ECOG performance status ≥1, and hemoglobin level <10 mg/dL (confirming the Bellmunt criteria, only
excluding time since the completion or discontinuation of previous therapy of <3 months).35,36 Furthermore,
a neutrophil-to-lymphocyte ratio (NLR) >3 and GFR <60 mL/min, according to the first paper,35 and a clinical benefit
from first-line chemotherapy, in the second work,36 all maintained a significant association with OS in multivariate
analysis, suggesting some potentially useful stratification features for future clinical trials.

With the insights obtained from CheckMate-275, a multicenter, single-arm, phase II trial, the fully human IgG4 anti-
PD-1 nivolumab monotherapy has been approved by the FDA in previously treated patients with metastatic or surgically
unresectable UC. A fulfilling objective response was achieved in all subgroups of patients, despite PD-L1 expression (in
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particular, an ORR of 28.4%, 23.8%, and 16.1% in cases of PD-L1 expression of ≥5%, ≥1%, and <1%). Grade 3–4
treatment-related adverse events, in particular fatigue and diarrhea, occurred in less than 20% of patients.37 A recent
update with a minimum follow-up of 33.7 months supports the long-lasting antitumor activity of nivolumab. In addition,
a retrospective exploratory biomarker analysis reported that higher TMB was associated with improved ORR, PFS, and
OS. Furthermore, the analyses of TMB together with PD-L1 expression revealed that the combination of these two
biomarkers is a better predictor of PFS and OS than TMB or PD-L1 alone.38

The selective, high-affinity, monoclonal antibody IgG1 that inhibits PD-L1, durvalumab, has been under evaluation in
the phase I/II 1108 study as monotherapy for patients with locally advanced or metastatic UC, who have progressed on,
were ineligible for, or had refused prior chemotherapy. Durvalumab showed encouraging clinical activity, with an ORR
of 17.8% and median OS of 18.2 months, with early and durable responses regardless of PD-L1 expression.39 Originally,
durvalumab received FDA accelerated approval in this disease setting; however, the indication has recently been
withdrawn considering the results of the DANUBE trial, which did not find a statistically significant improvement
in median OS in the durvalumab monotherapy group.24

To conclude, with ICI monotherapies, we should explore the role of the IgG1-specific anti-PD-L1 (leaving the
interaction between PD-1 and PD-L2 intact) monoclonal antibody avelumab, as investigated in the phase Ib JAVELIN
trial. In this evaluation, median PFS was approximately 2 months and median OS was 6.5 months. It is important to
emphasize that avelumab was generally well tolerated, even though 11.6% of patients manifested an autoimmune adverse
event and despite one treatment-related death due to pneumonitis.40

Notwithstanding the proven role of ICI monotherapy in the second-line setting, further suggestions regarding
potential therapeutic options have come from the recent efforts to categorize different UC types. The molecular
classification proposed by Kamoun includes six molecular classes, according to different characteristics (such as
oncogenic mechanisms, microenvironment infiltration, clinical and histological features, and, consequently, out-
comes): luminal papillary, luminal non-specified, luminal unstable, stroma-rich, basal/squamous, and neuroendocrine-
like.41

Luminal papillary tumors are mainly enriched in FGFR3 mutations and have been related to a longer median OS.41

Patients with a tumor harboring particular FGFR alterations (specific type of FGFR3 mutations or FGFR2/3 fusion,
described in 15–20% of mUCs) have been reported to clinically benefit from the use of novel FGFR inhibitors. The phase
II BLC2001 trial highlighted the role of erdafitinib, a small-molecule TKI, that works as a potent selective inhibitor of
FGFR1–4. Erdafitinib obtained FDA approval as a second-line choice after first-line platinum-based progression,
showing an ORR of 40%, a median PFS of 5.5 months, and a median OS of 13.8 months. Analyzing the toxicity profile,
an adverse event of grade 3 or higher has been reported in the 46% of the population, with a special focus on retinopathy,
which could suggest the need for periodic ocular check-ups.42 It is important to emphasize that, despite its approval for
use in the second-line setting, clinicians usually reserve avelumab until after ICI progression. Nowadays, we can only
suggest a lower sensitivity to ICIs in luminal papillary UCs, owing to the poor infiltration of the microenvironment by the
immune system. These speculations have been strengthened by the registration study, where only one of the 22 patients
pretreated with ICIs had a history of response to immunotherapy. More studies are still needed to better understand the
most suitable sequence of therapy in patients with FGFR alterations43 (Figure 2).

For cisplatin-unfit patients, new perspectives have recently emerged. Enfortumab vedotin, which we will thoroughly
explore later, in the section “Beyond the Second Line”, is an ADC targeting nectin-4. EV-201, a single-arm two-cohort trial,
obtained promising results in cohort 2, composed of patients with locally advanced or metastatic UC previously treated with
PD-1 or PD-L1 inhibitors only. In this setting, enfortumab vedotin showed an ORR of 52%, with a complete response in
20% of patients, and a median OS of 14.7 months, leading to the accelerated FDA approval44 (Table 2; Figure 2).

Second-Line Therapies: What’s New
Numerous clinical trials are now ongoing to assess the role of different drugs or combination therapies in the wider mUC
therapeutic scenario after first-line progression.

Several ongoing studies are exploring ICIs plus chemotherapy in the second-line setting. Atezolizumab plus docetaxel
or gemcitabine–carboplatin is under evaluation in cisplatin-ineligible patients in a phase II trial (NCT03737123). In
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particular, the first combination is reserved for patients pretreated with carboplatin and gemcitabine with concomitant or
maintenance ICI, while the latter has been proposed for patients without a prior platinum-based chemotherapy regimen.
A phase II study (NCT03744793) is investigating the role of avelumab in combination with pemetrexed in pretreated
patients with methylthioadenosine phosphorylase (MTAP) deficiency. Pembrolizumab is under investigation in combina-
tion with paclitaxel in platinum-refractory patients (NCT02581982) (Table 2a).

Assuming the synergistic effect due to ICI combination, in particular CTLA-4 and PD-1/PD-L1 blockade, an expansion
cohort of the phase I/II CheckMate-032 showed interesting results. Patients pretreated with a platinum regimen took
a combination of nivolumab (1 mg/kg) plus ipilimumab (3 mg/kg), followed by nivolumab monotherapy (3 mg/kg), revealing
an ORR of 38%, a median PFS of 4.9 months, and a median OS of 15.3 months.45 The two ICIs are under evaluation in
TITAN-TCC, a phase II trial with nivolumab monotherapy with additional nivolumab/ipilimumab “boost” cycles, for both
treatment-naïve and platinum-refractory patients (NCT03219775). During the recent ASCO GU symposium, results were
presented for patients after prior platinum-based chemotherapy (cohort 2): a confirmed ORRwas achieved in 27 of the 83 total
patients (32.5%), with a median PFS of 1.9 months and a median OS of 7.6 months46 (Table 2b).

With the aim of targeting both the “hot” microenvironment and the process of neoangiogenesis, the backbone of
disease progression and metastization, numerous trials have been started. Cabozantinib, a small TKI targeting VEGFR-2,
MET, TYRO3, AXL, and MER, is under evaluation alone and in combination with durvalumab or nivolumab plus
ipilimumab in pretreated mUC. ARCADIA, a phase II trial evaluating durvalumab plus cabozantinib in 16 platinum-
pretreated patients, showed, as a preliminary result, an ORR of 37.5%, including four partial and two complete
responses.47 Nivolumab plus ipilimumab in combination with cabozantinib is under investigation in a phase II study
(NCT03866382). A phase II study (NCT02717156) is ongoing to assess the role of pembrolizumab plus EphB4-HSA in
previously treated mUC. EphB4-HSA is a recombinant fusion protein composed of the extracellular domain of human
receptor tyrosine kinase ephrin type-B receptor 4 (sEphB4), which is fused to full-length human serum albumin (HSA),

Figure 2 (A) Erdafitinib: a small-molecule tyrosine kinase inhibitor that works as a potent selective inhibitor of FGFR1–4. The FGF/FGFR signaling pathways mainly include
Ras/Raf-MEK-MAPKs (mitogen-activated protein kinases), PI3K/AKT (phosphatidylinositol-3 kinase–protein kinase (B), STAT (signal transducer and activator of transcrip-
tion). (B) Enfortumab vedotin (EV): an antibody–drug targeting nectin-4, a cell adhesion molecule highly expressed in several solid tumors, conjugated to monomethyl
auristatin E (MMAE), a microtubule-disrupting agent. (C) Sacituzumab govitecan (SG): a humanized monoclonal antibody IgG1k conjugated to SN-38, the active metabolite of
irinotecan. The antibody targets trophoblast cell surface antigen-2 (Trop-2), a transmembrane glycoprotein implicated in cell cancer growth, invasion, and spread. The
compound, internalized by cancer cells, leads to topoisomerase I inhibition, causing eventually cell death. Otherwise, the ADC is held together by the hydrolyzable linker
CL2A, enabling SN-38 to be released into the tumor microenvironment, attacking adjacent tumor cells, with a bystander effect. On balance, both EV and SG have the
potential to release the payload to the peripheral circulation, with a comparable toxicity profile. Created with BioRender.com (2022).
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Table 2 Therapeutic Approaches Under Evaluation: Phase II Studies, Second or Later Lines of Therapy

Combination
Strategies

NCT Drugs Involved Number
of

Patients

Disease Characteristics Primary
Outcomes

Status

(a) ICI plus
chemotherapy

03737123 Atezolizumab + docetaxel or
gemcitabine/carboplatin

6 ae Cisplatin-ineligible, second-line therapy PFS Active, not
recruiting

03744793 Avelumab + pemetrexed 25 ee Methylthioadenosine phosphorylase (MTAP)-deficient metastatic
urothelial cancer, second or later line

ORR Recruiting

02581982 Pembrolizumab + paclitaxel 29 ae Second or later line ORR Active, not
recruiting

(b) ICI
combination

03219775 Nivolumab + nivolumab/Ipilimumab
“boost”

169 ae Platinum-based pretreated, second and third line ORR Active, not
recruiting

(c) ICIs plus
antiangiogenics

03824691
(ARCADIA)

Durvalumab + Cabozantinib 122 ee Second or later line, urothelial and non-urothelial histology OS Recruiting

02717156 Pembrolizumab + EphB4-HSA 60 ee Second or later line OS Recruiting

03606174 Nivolumab/pembrolizumab/enfortumab

vedotin + sitravatinib

425 ee Nine different cohorts, different disease settings ORR Recruiting

(d) ICI

monotherapy

03113266 Toripalimab (JS001) 370 ee Patients who have failed in routine systemic treatment ORR Recruiting

03557918 Tremelimumab 27 ae Disease progression despite prior treatment with PD-1/PD-L1 blockade ORR Active, not

recruiting

04322643 Pembrolizumab, atezolizumab,

durvalumab, nivolumab, avelumab

20 ee Treatment refractory or cisplatin ineligible Efficiency (tumor

burden reduction
of 10% or greater)

Recruiting

04953104 Nivolumab 30 ee Progression or recurrence after prior chemotherapy treatment, no prior
ICIs

ORR, OS Not yet
recruiting

(e) Novel
immune

therapies

03513952 Atezolizumab + CYT107 54 ee Recurrent disease after any prior platinum-based chemotherapy regimen ORR Recruiting

03228667 Nivolumab, pembrolizumab, avelumab,

atezolizumab + ALT-803

145 ae Previously received treatment with PD-1/PD-L1 ICIs ORR Active, not

recruiting
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(f) PARP

inhibitors

03448718 Olaparib 30 ee Progressed despite at least one prior line of treatment, harboring

specific alterations on DDR genes

ORR Active, not

recruiting

03375307 Olaparib 60 ee At least one platinum-based regimen of chemotherapy and/or an ICI,

with specific alterations on DDR genes

ORR Recruiting

03682289 Olaparib + AZD6738 68 ee Progression on at least one prior systemic therapy ORR Recruiting

04383067 High-dose IL-2 after adoptive cell therapy 20 ee Failed at least one line of platinum-based chemotherapy and one line of
immunotherapy of targeted therapy

ORR, safety Recruiting

(g) Target
therapies

02608125 Pemigatinib 263 ae Failed at least one previous treatment (chemotherapy or
immunotherapy) or not received chemotherapy owing to poor ECOG

status or insufficient renal function, harboring specific FGFR alteration

ORR Completed

03410693 Rogaratinib 175 ae Disease progression during or following treatment with at least one

platinum-containing regimen, high FGFR-1 or -3 mRNA expression level

ORR Completed

04492293 ICP-192 95 ee FGFR genetic aberrations ORR Recruiting

04045613 Derazantinib + atezolizumab 272 ee Central FGFR genetic aberration (FGFR-1, -2, or -3 mutations/short

variants and rearrangements/fusions), different cohorts in different line

of therapy

ORR, safety, and

tolerability

Recruiting

03809013 Disitamab vedotin 60 ee Disease progression after surgery and at least regular chemotherapy

including gemcitabine, cisplatin, and paclitaxel, HER-2 overexpressing (ie
IHC 2+ or 3+)

ORR Active, not

recruiting

04879329 Disitamab vedotin 100 ee One of two lines of prior treatment for advanced UC, HER-2-expressing
status to be IHC 1+, 2+, or 3+

ORR Not yet
recruiting

04839510 MRG002 58 ee Failed in the prior one or more line of systemic chemotherapy and HER-
2 positive (IHC 3+ or IHC 2+)

ORR Recruiting

03980041 Nivolumab + IPI-549 160 ee Progression or recurrence after treatment with at least one platinum-
based chemotherapy

ORR Active, not
recruiting

03047213 Sapanisertib 209 ee Disease progression during or following treatment with at least one
platinum-containing regimen, harboring a TSC1 or TSC2 mutation

ORR Active, not
recruiting

Abbreviations: ae, actual enrollment; ee, estimated enrollment.

C
ancer

M
anagem

ent
and

R
esearch

2022:14
https://doi.org/10.2147/C

M
A
R
.S287904

D
o
v
e
P
r
e
s
s

1953

D
o
v
e
p
r
e
s
s

Tassinariet
al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


to improve itself half-life. The complex works as a trap receptor for the membrane-bound ligand EphrinB2 and interferes
with the binding of EphrinB2 to its native receptors, including EphB4. EphrinB2 and EphB4 are both highly expressed in
UC and have been considered negative prognostic markers. According to the preliminary results presented during ESMO
2021, the median OS was 14.4 months, with a PFS of 4 months; the ORR was 38%, with a median DOR of 8.0 months.
Otherwise, outcomes seemed improved in the population expressing the target, EphrinB2.48 Nivolumab and pembroli-
zumab are under evaluation in combination with sitravatinib, a TKI targeting VEGFR, PDGFR, KIT, RET, MET, and
selected Eph family members, in an ongoing phase II trial (NCT03606174) (Table 2c).

Despite the important role of combination therapies, some clinical trials are evaluating ICI monotherapy.
A recombinant, humanized, anti PD-1 monoclonal antibody, toripalimab, has been proposed for pretreated patients
with advanced UCs, in the phase II trial POLARIS-03. In the intention-to-treat population, composed of 151 patients,
median PFS was 2.3 months and OS was 14.4 months. Remarkably, both PD-L1-positive and TMB-high patients had
better ORR than PD-L1-negative and TMB-low patients.49 Tremelimumab, an IgG2 monoclonal antibody against CTLA-
4, showed an ORR of 18.8%, with complete and partial responses in two and four patients, in a cohort of 32 patients who
had failed on platinum-containing first-line chemotherapy (NCT03557918). A phase II study is ongoing with the purpose
of testing the safety and effectiveness of various ICIs in advanced bladder cancer when given intermittently
(NCT04322643). The effects of nivolumab monotherapy are under evaluation in mUC, specifically in patients with
aberrations in the ARID1A gene, and correlate with the expression level of the immune cytokine CXCL13
(NCT04953104) (Table 2d).

In the past few years, several novel immunotherapeutic approaches have been proposed, with the aim of enhancing
the immune response against cancer. OX40 (or CD134) is a membrane protein expressed in CD4+, CD8+ T cells, NK
cells, and neutrophils, which assumes a co-stimulatory function binding to its ligand, OX40L, placed on APCs. OX40 is
responsible for a high level of production of cytokines and for T-cell survival and proliferation.50 JAVELIN Medley
(NCT02554812) is a phase I/II study which is evaluating avelumab in combination with different treatment options, such
as PF-04518600, an OX40 agonist (Figure 1).

CYT-107, a glycosylated recombinant human interleukin (IL)-7, is now under evaluation together with atezolizumab
in patients with platinum-refractory UC (NCT03513952). In addition, QUILT-3.055 (NCT03228667) is a phase IIb
study with the aim of evaluating several ICIs (nivolumab, pembrolizumab, avelumab, and atezolizumab) combined with
ALT-803, an IL-15/IL-15Rα complex fused to an IgG1 Fc with improved agonism of the IL-2 and 15βγ receptor, in
patients pretreated with ICIs.51 Several clinical trials are still evaluating the role of lymphocyte activation gene-3
(LAG3) and mucin-domain-containing (TIM3) inhibitors (NCT03538028 and NCT03250832), tumor vaccines in
combination with ICIs (eg NCT03639714), and the efficacy of chimeric antigen receptor (CAR) T cells
(NCT03185468) and macrophages (NCT04660929). Furthermore, a phase II trial is ongoing to assess the role of
autologous tumor-infiltrating lymphocyte (TIL) infusion and subsequent treatment with high doses of IL-2
(NCT04383067) (Table 2e).

DNA damage repair (DDR) genes may be frequently altered in mUC and they are associated with better responses to
platinum-based chemotherapy. In particular, 2–14% of mUCs showed alterations in ATM, ERCC2, and RAD51B; and
3.7–12.3% of all macs had damage to BRCA-1/2, PALB2, FANCD2, ERCC2, and ATM.52 The phase II study ATLAS
(NCT03397394) failed to assess rucaparib monotherapy as a therapeutic choice in patients who had received two prior
lines of therapy with or without DDR alterations. In addition, rucaparib is being investigated in combination with
lucitanib, a VEGFR1–2–3, FGFR1–2, and PDGFRα–β inhibitor, or sacituzumab govitecan, an ADC that we explore
further in the next section, in the phase Ib–II trial SEASTAR (NCT03992131). BISCAY, a phase Ib trial (NCT02546661),
did not demonstrate a meaningful benefit with the use of olaparib in combination with durvalumab in patients pretreated
with platinum-based chemotherapy. Two phase II studies (NCT03448718 and NCT03375307), assessing the role of
olaparib monotherapy in mUC harboring somatic DDR alterations, are ongoing. Another phase II trial (NCT03682289) is
investigating olaparib in combination with AZD6738, an orally available morpholino-pyrimidine-based inhibitor of ATM
and RAD3-related kinase, in pretreated mUC (Table 2f).

Supplementary potential weapons are target therapies, alone or in combination with immunotherapies or ADCs.
As we have noted in the previous section, the FGFR inhibitor erdafitinib has a definite role in the second-line
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setting. Other drugs aimed at the same target are currently under evaluation, such as pemigatinib, an FGFR1–3
inhibitor, in the phase II study FIGHT-201, in patients with mUC harboring FGF/FGFR alterations. During ASCO
GU 2020, the results of FORT-1 were presented; a phase II/III study of rogaratinib (an FGFR1–4 inhibitor) versus
chemotherapy, which found a comparable efficacy with standard chemotherapy and an acceptable safety profile in
patients with mUC stratified by FGFR1/3 mRNA expression.53 Another FGFR inhibitor, ICP-192, is under evalua-
tion in a phase II study in patients whose disease presented FGFR alterations (NCT04492293). Thanks to the
encouraging results of FIERCE-22, evaluating the association of vofatamab, a monoclonal antibody against FGFR3,
and pembrolizumab, showing an ORR of 29.6% and a PFS of 4.7 months, several studies have been initiated.54 In
particular, erdafitinib is being tested in association with an anti-PD-1, cetrelimab (NCT03473743), while derazanti-
nib (an FGFR1–3 inhibitor) is under evaluation with atezolizumab (NCT04045613). Another potential target is
HER-2; ERBB has been found to be altered in one out of three of UCs, specifically in 9% of muscle-invasive
UCs.12,52 According to Kamoun’s molecular classification, luminal unstable UCs underlie, as an oncogenic mechan-
ism, ERBB2 alterations.41 An ADC composed of the anti-HER-2 trastuzumab and deruxtecan, a DNA topoisome-
rase-1 inhibitor derivative of the camptothecin analogue exatecan, is under evaluation in combination with
nivolumab in a phase I/II trial (NCT03523572) in patients who have progressed on prior platinum-based chemother-
apy, expressing HER-2 by IHC. Disitamab vedotin is an ADC composed of an anti-HER-2 monoclonal antibody
conjugated to a microtubule-disrupting agent, monomethyl auristatin E (MMAE), and it is being tested in a phase II
trial in previously treated patients with or without HER-2 overexpression (NCT03809013). Furthermore, a phase II
study in patients with HER-2 overexpression is ongoing (NCT04879329). An analogue ADC, known as MRG002, is
under evaluation in a phase II trial (NCT04839510). To conclude, the PI3K/AKT/mTOR pathway has been
investigated as a potential therapeutic strategy, considering that 42% of UCs present alterations dependent on
these genes.52 Combination strategies including immunotherapy and target therapies are ongoing, such as nivolumab
and eganelisib, known as IPI-549, an oral PI3K inhibitor (NCT03980041). Monotherapies are also being tested, such
as sapanisertib, an mTORC1/2 inhibitor, in a phase II study on patients with tuberous sclerosis (TSC)1 and/or TSC2
mutations (NCT03047213).

Beyond the Second Line
Until a few years ago, it seemed very hard to speculate on a therapeutic line beyond the second one. As we analyzed in
previous sections, numerous efforts have been made to widen the treatment scenario in mUC. As well as single-agent
chemotherapy regimens (ie vinflunine or taxanes, which have modest activity) and inclusion in ongoing clinical trials,
innovative options are emerging in the third-line setting. In particular, the role of ADCs is greatly expanding, showing
encouraging results in this disease setting, which has poor survival.

Enfortumab vedotin (EV) is an ADC conjugated to monomethyl auristatin E (MMAE), a microtubule-disrupting
agent. The antibody targets nectin-4, a cell adhesion molecule that is highly expressed in several solid tumors, such
as breast, gastric, lung, and urothelial carcinomas.55 EV-201 was a phase II single-arm two-cohort trial analyzing the
role of EV in patients pretreated with a platinum chemotherapy regimen and PD-1 or PD-L1 inhibitors, in
a neoadjuvant, adjuvant, or first-line setting (cohort 1) and in cisplatin-unfit patients previously treated with ICIs
(cohort 2). In cohort 1, EV showed an objective response rate of 44%, with 12% of complete responses, an
estimated median PFS of 5.8 months and a median OS of 11.7 months. The most common treatment-related adverse
events included peripheral neuropathy, skin rash – due to skin nectin-4 expression – and, to a lesser extent,
hyperglycemia. These encouraging results led to accelerated FDA approval in 2019.56 The confirmatory phase III
trial, EV-301, demonstrated a median OS of 12.88 months, with a median PFS of 5.55 months versus 3.71 months
with chemotherapy (standard docetaxel, paclitaxel, or vinflunine), after prior platinum chemotherapy and checkpoint
inhibitor immunotherapy57 (Table 2; Figure 2).

Sacituzumab govitecan (SG) consists of a humanized monoclonal antibody IgG1k targeting trophoblast cell surface
antigen-2 (Trop-2) conjugated to SN-38, the active metabolite of irinotecan. Trop-2, a transmembrane glycoprotein
implicated in cell cancer growth, invasion, and spread, is highly expressed in several solid tumors, such as urothelial,
lung, gastric, and colorectal cancers, as well as glioma.58 The complex Trop-2–SG, internalized by cancer cells, leads to
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topoisomerase I inhibition, eventually causing cell death. Otherwise, the ADC is held together by the hydrolyzable linker
CL2A, which enables SN-38 to be released into the tumor microenvironment, attacking adjacent tumor cells, with a sort
of bystander effect. Cohort 1 of TROPHY-U-01, a phase II multi-cohort trial, recruited 113 mUC patients who had been
pretreated with platinum and immunotherapy. The ORR was of 27.4%, with a reduction of lesion target size achieved by
77% of patients; the median PFS was 5.4 months and the median OS was 10.9 months. The principal side effects, the
majority of which were predictable and manageable, were neutropenia and diarrhea. In particular, patients harboring the
UGT1A1 homozygous *28/*28 genotype presented an increased risk of developing neutropenia. For this reason, SG
received accelerated approval from the FDA for mUC in patients who had undergone prior platinum-based chemotherapy
and immunotherapy.59 At the ASCO GU 2022 symposium, the rationale and design of the phase III confirmatory study
TROPiCS-04 (NCT04527991) have been presented; it is hoped that the study will corroborate the satisfactory results of
the TROPHY-U-01 trial60 (Table 3; Figure 2).

Conclusions
In the past few years, the scientific community has made huge progress in enlarging the therapeutic scenario of
metastatic urothelial carcinoma, thanks to the greater knowledge on molecular and genomic disease character-
istics. The encouraging results of novel clinical trials in terms of OS and PFS have changed the way in which we
deal with patients, allowing us to provide several different therapeutic choices. Undoubtedly, the role of
immunotherapy, together with anti-FGFR drugs in selected patients, has completely transformed the treatment
algorithm once the treatment has progressed to chemotherapy, which remains a well-established first-line therapy
in urothelial cancer. Stunning innovations are being seen beyond the second line, with the introduction of
promising antibody–drug conjugates, such as enfortumab vedotin and sacituzumab govitecan. Several clinical
trials are still ongoing to assess the role of novel target therapies, PARP inhibitors, and immunotherapies in
combination with chemotherapy or antiangiogenic drugs, in the hope of progressively moving from a traditional
and unselected approach to a more tailored one, based on the molecular profile of each patient (Figure 3).

Table 3 Antibody–Drug Conjugates in the Third-Line Setting

Drug Study Phase Setting Arm A Arm B ORR
(%)

PFS
(mo)

OS
(mo)

Enfortumab

vedotin

(ADC
conjugated

with MMAE)

EV-201 II Cohort 1 (125 patients):

pretreated with platinum

chemotherapy regimen – in
neoadjuvant, adjuvant, or

first-line setting – and PD-1

or PD-L1 inhibitors

EV 1.25 mg/kg i.v.

d1,8,15 q28

– 44 5.8 11.7

Enfortumab

vedotin
(ADC

conjugated

with MMAE)

EV-301 III 301 patients pretreated with

platinum chemotherapy
regimen – in neoadjuvant,

adjuvant, or first-line

setting – and PD-1 or PD-L1
inhibitors

EV 1.25 mg/kg i.v.

d1,8,15 q28

307 patients

randomized to:
docetaxel 75 mg/m2 i.

v., paclitaxel 175 mg/

m2 i.v., or vinflunine
320 mg/m2 i.v., q21

40.6 5.55 12.88

Sacituzumab–

govitecan

TROPHY-

U-01

II 113 patients pretreated with

platinum and

immunotherapy

SG 10 mg/kg i.v. d1,8

q21

27.4 5.4 10.9
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