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Introduction

In metastatic urothelial carcinoma (mUC), 15% of patients 
show long-term survival after cisplatin-based chemotherapy; 
in patients with recurrent disease, the response rate to 
secondary chemotherapy is typically 15–20%, with a 
3-month progression free survival (1). Platinum-based 
chemotherapy has long been the treatment of choice for 
metastatic UC as a metastatic line treatment. Cisplatin based 
chemotherapy has been firmly established in the treatment 
of patients with metastatic UC for decades. The National 
Comprehensive Cancer Network (NCCN) guidelines 
recommend cisplatin-based chemotherapy as standard-of-
care in perioperative (as neoadjuvant and adjuvant therapy) 
and first-line treatment (2). Concomitant chemotherapy 
of cisplatin with gemcitabine or methotrexate/vinblastine/

doxorubicin is recommended for patients with advanced 
surgical insufficiency or metastatic disease that can tolerate 
cisplatin (3). 

However, recent advances in the development of 
novel agents, including immunotherapeutic agents, has 
significantly improved the survival outcomes of patients 
with metastatic UC. Single agent immune checkpoint 
inhibitors (ICIs), including anti-programmed cell death 
protein 1 (PD-1)/programmed death-ligand 1 (PD-L1) 
antibodies, are emerging as treatment options for patients 
who have undergone cytotoxic systemic chemotherapy. 
However, many patients do not respond to a single agent 
ICI. Therefore, developing additional treatment options 
with biological theoretical basis at mUC remains a priority 
for researchers. Novel treatment strategies are being 
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developed rapidly and pre-clinical trials are ongoing. Here, 
we have summarized systemic treatment options for mUC, 
with an emphasis on approved next treatment options and 
later stage investigations beyond the ICIs.

Targeted therapy

The advent of immunotherapy has drastically improved 
the treatment options for metastatic UC. However, 
durable responses are only observed in some patients, 
and response rates do not exceed 20% under first-line or 
post chemotherapy settings. Similarly, targeted therapies 
have not had a good overall response rate and have rarely 
succeeded in metastatic UC models. However, previous 
preclinical results have suggested the possibility that some 
anti-angiogenic factors and tyrosine kinase inhibitors (TKIs) 
may increase the effectiveness of immunotherapeutic agents 
in the tumor microenvironment (4). Therefore, many 
clinical trials are underway to evaluate the effectiveness of 
new agents in combination with immunotherapy in treating 
metastatic UC.

Vascular endothelial growth factor receptor

Previous studies have shown that elevated level of vascular 
endothelial growth factor receptor (VEGF) in the urinary 
tract and serum of patients with UC is associated with 
an increase in the number of aggressive tumors, with 
poor prognosis (5,6). Currently, two phase II trials 
(NCT03133390 and NCT03272217) are underway to 
investigate effects of bevacizumab with atezolizumab on 
cisplatin-ineligible patients and previously untreated mUC 
(Table 1). The second agent that targets VEGF signaling 
is ramucirumab, a monoclonal antibody that targets 
VEGFR2. Ramucirumab has been studied in combination 
with pembrolizumab in a phase I multiple cohort study of 
patients with UC who recently underwent platinum-based 
systemic therapy. Patients treated with the combination 
therapy suffered acceptable treatment-related adverse 
events and showed objective antitumor activity (7). Notably, 
patients in the ramucirumab and docetaxel group had a 
mean progression free survival (mPFS) of 4.07 months, 
compared with 2.76 months in the phase III study on 530 
patients. In addition, an objective response of 24.5% for 
patients assigned to the ramucirumab group and 14.0% 
(95% CI: 9.4–18.6) for patients assigned to the placebo 
group was noted. These results are noteworthy; they 
represent the first novel agents demonstrating progression 

free survival (PFS) advantages over other chemotherapeutics 
in a post-platinum setting and presenting VEGF2 inhibition 
as a therapeutic pathway in metastatic UC (8). The results 
of the RANGE trial suggest that VEFG2 inhibition can 
have many potential benefits in the future. Another strategy 
for VEGF inhibition involves novel recombinant EphB4-
HSA fusion proteins. EphB4-HSA is being evaluated in 
combination with pembrolizumab in the treatment of naïve 
IV UC as a phase II study (NCT02717156).

In contrast, cabozantinib, a small molecule TKI that 
targets receptors such as RET, KIT, AXL, FLT3, MET, and 
VEGFR2, has recently been approved for metastatic RCC 
(mRCC) in secondary environment, after the METeOR 
test, and has been tested in various settings in various 
clinical trials (9). In phase I trials of patients who did not 
receive immunotherapy, cabozantinib combination with 
CPI showed mPFS in 12.8 months (95% CI: 1.8–N/A) and 
70.2% (95% CI: 44.4–85.8%) overall survival (OS) (10). 
Cabozantinib with different CPIs, including pembrolizumab 
and atezolizumab, is also being investigated (NCT03534804, 
NCT03170960). 

Human epidermal growth factor receptor (HER)

HER activation is related with tumor cell growth, 
proliferation, and chemotherapy resistance. The HER 
family has been extensively studied and is known to 
be a major target in the treatment of gastrointestinal 
and mammary mal ignancies .  UC has  one  of  the 
highest rates of HER2 expression (11). However, in a 
study of HER1/HER2-positive status, confirmed by 
centralized immunohistochemistry, in 232 patients with 
metastatic bladder cancer who were treated with primary 
chemotherapy, no improvement of PFS was observed in 
a comparative study between lapatinib maintenance and 
placebo (12). 

However, afatinib, a dual EGFR and HER2 inhibitor, 
was shown to demonstrate clinical activity in platinum-
refractory patients with UC, with mutations in ERBB2 or 
ERBB3, detected by quantitative polymerase chain reaction 
or fluorescent in situ hybridization (13). The study showed 
that five of six patients with mutations in ERBB2, ERBB3, 
or both achieved the 3-month primary endpoint when 
compared with the 15 patients without these mutations. 
The average time of progression or discontinuation 
of treatment was 6.6 months in patients with ERBB2/
ERBB3 mutations and 1.4 months in patients without 
these mutations. Promising results with afatinib, a pan-
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HER inhibitor for patients with mutations in HER, have 
led to larger studies, which have verified the results found 
in selected patients with metastatic UC. However, results 
from HER2 targeting treatment do not clearly show the 
clinical efficacy of unselected patients with UC. Therefore, 
a novel antibody-drug conjugate, trastuzumab deruxtecan, 
has been developed, and is being studied in combination 
with nivolumab in a multiple cohort phase I trial involving 
patients with UC (NCT03523572). 

Nectin

Nectin-4 is a membrane-penetrating polypeptide involved 
in cell-adhesion and has been known for its role in tumor 
growth and blood vessel formation (14). Challita-Eid et al. 
used suppressive subtractive hybridization in pathological 
specimens of UC and showed high mRNA expression 
of nectin-4 (15). Further, they successfully produced 
enfortumab vedotin, a novel antibody-drug conjugate, 
consisting of a monoclonal antibody against nectin-4 bound 
to monomethyl auristatin E, a potent cytotoxic microtubule 
inhibitor. In a phase I dose escalation study using 
enfortumab vedotin in 68 patients with metastatic UC, ORR 
was 41% and disease control rate was 72%. Moreover, a high 
toxicity tolerance was observed, where only 9% of patients 
showed grade 3/4 treatment-related adverse events (16). At 
the 2019 ASCO annual meeting, researchers presented a 
study where enfortumab vedotin induced a 44% response 
rate in patients with locally advanced or metastatic UC in 
the single-arm phase II EV-201 trial setting with a complete 
response of 12%. The EV-201 trial enrolled patients with 
disease progression after treatment with platinum-based 
chemotherapy and/or checkpoint inhibitors. Mean overall 
survival (OS), mean PFS, and mean response duration 
(mDOR) were 11.7, 5.8, and 7.6 months, respectively, 
and most patients showed a well-tolerated adverse effect 
profile (17). Enfortumab vedotin is now in the spotlight 
as the first new therapeutic agent to demonstrate clinical 
benefits in patients progressing after CTLA and PD-1 
inhibitor (CPI) treatment; phase III (EV-301 and EV-201)  
trials are currently underway.

Fibroblast growth factor receptor

The fibroblast growth factor (FGF) pathway is another well 
described tyrosine kinase (TK) signaling pathway implicated 
in tumor formation, with a high mutation rate in UC (18). 
Previous research has shown that mutations in fibroblast 

growth factor receptor (FGFR) are presented in nearly 
15–20% of metastatic UC (19). Erdafitinib (BAY1163877) 
and rogaratinib (FGFR1-4) are relatively selective and 
potent pan-FGFR inhibitors. As the first TKI approved 
for UC therapy, erdafitinib showed 32.3% ORR and 2.3% 
CR in a clinical trial involving 87 patients with advanced 
bladder cancer, with mutations in FGFR2 or FGFR3. 
BGJ-398 is also a pan-FGFR inhibitor studied in patients 
with metastatic UC. In a phase I clinical trial involving 
previously-treated patients with metastatic UC, with 
mutations in FGFR3, BGJ-398 showed a disease control 
rate of 64.2% and genomic FGFR3 mutations exhibiting an 
overall response rate of 25.4% (20). 

These notable studies have led to other studies 
examining the effectiveness of anti-FGF therapy in 
metastatic UC. The most notable of these was the BISCAY 
I phase study, which was conducted with the powerful 
and selective FGFR inhibitor AZD4547 in patients with 
FGFR3 mutations (NCT02546661). In addition, vofatamab 
(BZarrabi 701) is another new FGFR3 inhibitor that is 
being studied in combination with pembrolizumab in the 
FIERCE-22 international phase I/II trial of metastatic UC 
(NCT03123055). The therapeutic potential of the novel 
pan-FGFR inhibitor, rogaratinib (BAY1163877), is being 
tested in a variety of solid tumors, including metastatic 
UC, in the FORT-2 test as a combination therapy with 
atezolizumab (NCT03473756). 

Diversification of chemotherapy

Despite the remarkable development of ICIs, the overall 
response rate has not been high, as somatic mutation 
in DNA damage repair related genes is associated with 
neoadjuvant chemotherapy and PD1/PD-L1 blockade. 
This phenomenon has been demonstrated in clinical trials 
where ERCC2 mutations have been associated with survival 
in individual cohorts of patients receiving neoadjuvant 
chemotherapy for muscle-invasive bladder cancer (MIBC) 
from previous clinical trials (21). In addition, in a study 
of exon capture sequencing in 100 patients, mutations in 
DDR were associated with PFS and OS, and deletion of 
DNA damage repair genes, including RB1, ATM, and 
FANCC, was associated with the response to neoadjuvant 
chemotherapy (22). In a previous study, 22 to half of the 
patients with urothelial cell carcinoma had pathogenic 
mutations in DNA damage repair genes, such as CHEK2, 
BRCA1, BRCA2, ATM, BRIP1, and NBN. Ochoa et al. 
have suggested that expression of non-coding microRNAs 
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can contribute to the control of gene expression patterns 
and identify basal or luminal muscle-invasive UC subtypes, 
which can be used as biomarkers for tumors, leading to 
targeted therapies (23). Molecular subtyping can predict the 
response of chemotherapy to patients who do not respond 
to ICI. 

Future considerations

Innovative advances in ICI formulations in the treatment 
of metastatic UC have been a source of hope for many 
patients. Although beyond the focus of this review, in 
the MIBC setting, a number of phase II or III studies 
that incorporate ICI are underway. It is also approaching 
variously according to various spectrum of diseases, and ICI 
preparation is expected to play a bigger role in the future. 
In addition, using a single agent, like pembrolizumab or 
atezolizumab, appeared to be a feasible adjuvant therapy 
with a promising complete response rate. There are several 
I-III non-MIBC studies that examine the effects of systemic 
ICI, with or without intravenous therapy, in patients who 
do not respond to intravesical BCG beyond the metastatic 
setting, in various applications during disease progression. 
The prospect of ICI treatment is promising. However, 
because not all single agent therapies are efficient, various 
studies are underway for patients who do not respond to 
ICI, which has led to the development of several novel 
agents. 

Novel possible targets in the metastatic environment 
can be derived from a better understanding of tumor 
biology based on a broader UC spectrum. Recently, a 
comprehensive analysis of MIBC using the TCGA analysis 
platform has been made to detect potential therapeutics by 
detecting APOBEC mutations and exploring the association 
of chromatin-mutated gene mutations in the early stages 
of disease treatment (24). Ongoing research on new targets 
beyond ICI will help us understand tumor biology better. 
However, the development of novel agents, comparable to 
ICI products, is still pending. It is hoped that in the future, 
various novel agents will be developed in various settings to 
help patient survival. 
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