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Summary

The combination chemotherapies with methotrexate plus vinblastine, doxorubicin and cisplatin (MVAC or CMV regimens) or gemcitabine
plus cisplatin represent the standard as first-line therapy for patients with metastatic urothelial cancer. In Europe, vinflunine is an option for
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second-line therapy for patients progressed during first-line or perioperative platinum-containing regimen. Alternative regimens containing
taxanes and/or gemcitabine may be valuated case by case. Furthermore, carboplatin should be considered in patients unfit for cisplatin both
in the first and second-line setting. Based on these findings, a better comprehension of the mechanisms underlying the development of drug
resistance in patients with bladder cancer will represent a major step forward in optimizing patients’ outcome. This article reviews the current
knowledge of the mechanisms and emerging strategies to overcome resistance in patients with advanced urothelial cancer.
© 2015 Elsevier Ireland Ltd. All rights reserved.
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1.  Introduction

Bladder cancer is the fourth most frequent cancer in men
in developed countries [1]. It is more prevalent in men than
women, with a median age at diagnosis of 65 years [2]. Blad-
der cancer is clinically divided into muscle-invasive (MI-BC)
and nonmuscle-invasive (NMI-BC), based on invasion of the
lamina propria. NMI-BC is often multifocal, accounts for
80% of urothelial carcinomas, whereas MI-BC accounts for
about 20% and is characterized by high occurrence rate of dis-
tant metastases, even after radical cystectomy and systemic
chemotherapy.

The combination chemotherapies with methotrexate plus
vinblastine, doxorubicin and cisplatin (MVAC or CMV regi-
mens) or gemcitabine plus cisplatin represent the standard
as first-line therapy for patients with metastatic urothelial
cancer [3]. The median overall survival (OS) of patients
with advanced disease is approximately 14 months [4], while
median progression free survival (PFS) of cisplatin-based
first-line therapy ranges from 7 to 9 months [4].

Although bladder cancer is a relatively chemosensitive
tumor, showing a response rate of 50–70% to frontline treat-
ments, patients who recur after first-line chemotherapy have
a very poor prognosis [5]. Interestingly, a tumor response
to prior chemotherapy seems to not affect the outcome of
patients treated with second-line chemotherapy, with a PFS
that does not overcome 3 months for both patients with or
without response to chemotherapy [6]. In addition, after fail-
ure of cisplatin-based first-line therapy, there is no consensus
in the management of cisplatin-resistant bladder cancer. In
Europe, vinflunine is a second-line option for patients pro-
gressed during first-line or perioperative platinum-containing
regimen [7]. Alternative regimens containing taxans and/or
gemcitabine can be valuated case by case [8,9]. The median
PFS of second-line treatments ranges from approximately
3 to 4 months [8,9,6]. Furthermore, carboplatin should be
considered in patients unfit for cisplatin both in the first and
second-line setting, although it results less effective in these
patients [10].

Based on these findings, a better comprehension of the
mechanisms underlying the development of drug resistance
in patients with bladder cancer will represent a major step for-
ward in optimizing patients’ outcome. This article reviews
the current knowledge of the mechanisms and emerging
strategies to overcome resistance in patients with advanced
urothelial cancer.

2.  Resistance  to  cisplatin

Resistance to cisplatin-based chemotherapy is a major
obstacle to bladder cancer treatment. Its cytotoxic effects are
mainly due to the formation of DNA inter- and intra-strand
adducts, which interfere with DNA replication and transcrip-
tion. Increased drug efflux, reduced influx, increased DNA
repair and tolerance to DNA lesions seem to be the predom-
inant mechanisms of cisplatin resistance. A description of
these mechanisms is mentioned below (Fig. 1).

2.1.  ERCC1

The nucleotide excision repair (NER) system is a cellu-
lar DNA damage response induced to remove cisplatin-DNA
adducts, and therefore is considered one of the determinants
of cisplatin resistance [11]. Excision repair cross comple-
menting group 1 (ERCC1) is a member of the NER family.
This enzyme is a single strand-specific endonuclease required
to repair the DNA lesions induced by UV light or due to
electrophilic compounds including cisplatin. ERCC1 forms
a heterodimer with the xeroderma pigmentosum complemen-
tation group F (XPF) endonuclease (also known as ERCC4),
and this complex catalyzes the 5′ incision in the process of
excising the DNA lesion [12].

ERCC1 protein expression has been associated with
in vitro  resistance to cisplatin-based chemotherapy by
Usanova et al. They observed an increased sensitivity to
cisplatin in MGH-U1 bladder cancer cell line after the down-
regulation of ERCC1-XPF [13]. In the same view, Bellmunt
et al. showed that ERCC1 expression was correlated with
the outcome of patients treated with platinum-based regi-
men [14]. Indeed, median OS was longer in patients with
low expression of ERCC1 mRNA compared to higher levels
(25.47 vs. 15.40 months).

Immunohistochemistry with monoclonal antibody 8F1 is
the standard method to evaluate ERCC1 protein expression,
although novel antibodies have been recently evaluated [15].
Presently, it is still debated if a scoring system based on
the relative expression of ERCC1, without accounting for
the proportion of tumor cells with each expression level
(e.g. by H-score), may be appropriate to evaluate a pre-
dictive effect of ERCC1 expression on the response to
cisplatin-based regimens. Indeed, even the presence of a
small proportion of tumor cells with high ERCC1 expression
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