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Abstract

Despite recent advances in the identification of genomic alterations that lead to urothelial
oncogenesis in vitro, advanced urothelial carcinomas continue to have poor clinical outcomes. In
this review, we focus on targeted therapies that have yielded the most promising results alone or in
combination with traditional chemotherapy, including the antiangiogenesis agent bevacizumab,
the human epidermal growth factor receptor 2 antibody trastuzumab, and the tyrosine kinase
inhibitor cabozantinib. We also describe ongoing and developing clinical trials that utilize
innovative approaches, including dose-dense scheduling of singular chemotherapy combinations,
prospective screening of tumor tissues for mutational targets and biomarkers to predict
chemosensitivity prior to determination of therapeutic regimen, as well as novel agents that target
proteins in the immune checkpoint regulation pathway (PD-1 and anti-PD-L1) which have shown
significant potential in preclinical models and early clinical trials. New agents and targeted
therapies, alone or in combination with traditional chemotherapy, will only be validated through
accrual to developing clinical trials that aim to translate these therapies into individualized
treatments and improved survival rates in urothelial carcinoma.
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Introduction

Urothelial carcinoma is the fifth most common cancer in the United States. Based on SEER
data, it is estimated that approximately 75,000 new cases will have been reported in 2014.
Due to relatively slow advances in the search for effective treatments, outcomes for patients
with muscle-invasive and metastatic urothelial carcinomas are worse than for patients with
other types of solid tumors. Fortunately, 70% of urothelial carcinomas are non-muscle
invasive, for which local treatments can be effective. However, 15% to 20% of patients with
non-muscle invasive disease will progress to muscle-invasive urothelial carcinoma. At
diagnosis, 25% to 30% of patients will present with muscle-invasive disease, 25% of which
already harbor lymph node metastases not visible on conventional imaging. Moreover,
approximately 5% will present with distant metastatic urothelial carcinoma at diagnosis. In
patients with locally advanced or metastatic disease, the 5-year survival rate is
approximately 15%.1 Currently, the only approved treatments for locally advanced or
metastatic disease are cisplatin-based chemotherapy combinations. Although almost 50% of
patients respond to cisplatin combined with either gemcitabine (GC) or with methotrexate,
vinblastine, and doxorubicin (MVAC), the duration of response is around 7 months.2
Patients who relapse after initial chemotherapy generally have a poor response to subsequent
treatments and thus a poor prognosis.3 While there is clearly an urgent need for systemic
treatments for metastatic urothelial carcinoma, only a few cytotoxic therapy combinations
have been approved by the U.S. Food and Drug Administration (FDA) for first-line
treatment, and none has been approved for second-line treatment. Indeed, no new agent has
been approved for the treatment of metastatic urothelial carcinoma in the past 30 years.
Among the more than 120 FDA-approved anticancer agents, only a small percentage has
even been tested in urothelial carcinoma.

Barriers to Development of Effective Therapies for Urothelial Carcinoma

Multiple factors have impeded progress in developing effective treatments for urothelial
carcinoma. First of all, many large randomized trials in urothelial carcinoma have closed
prematurely due to poor patient accrual, the reasons for which appear to be complex.4~7" A
significant number of urothelial cancer patients are cisplatin-ineligible based on a
performance status of > 2, reduced creatinine clearance, hearing loss, peripheral neuropathy,
and New York Heart Association Class I11 heart failure.8 While these comorbidities present
a challenge when assessing patients for clinical trial eligibility, renal insufficiency is
especially significant due to its high prevalence in this patient population. A retrospective
analysis found that 24%-50% (depending on the formula used to calculate creatinine
clearance) of urothelial cancer patients had a glomerular filtration rate < 60 mL/min/1.73 m?
following cystectomy,® which, for many trials, would compromise eligibility. On the other
hand, although urothelial cancer is a disease of the elderly (median age 73),10 there is no
evidence supporting an association between chronological age and greater toxicity with
cisplatin-based chemotherapy.® Furthermore, although lung cancer has a similar age
distribution (median 70),1! this fact does not appear to compromise accrual into lung cancer
trials and therefore should not be a factor in determining eligibility. Nevertheless, due to
poor accrual, investigators usually design small, single-arm, phase 1 trials whose results are
not likely to change the treatment paradigm, as demonstrated by a 2013 analysis of ongoing
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trials for metastatic urothelial carcinoma.1? Based on these observations, the Bladder Cancer
Advocacy Network Clinical Trials Working Group released a report emphasizing the urgent
need for communication and collaboration among investigators to overcome this major
barrier to developing effective treatments for urothelial carcinoma.12

The Biology of Urothelial Carcinoma

Another obstacle to improved treatments for urothelial carcinoma is a lack of understanding
of how this disease develops and progresses. Historically, the lack of effective therapies may
also have contributed to poor accrual into clinical trials. In the past decade, investigators
have made a tremendous effort to address this issue. The most detailed analysis, published
earlier this year, was performed by the Cancer Genome Atlas Research Network.13 In this
analysis, 131 samples of muscle-invasive bladder carcinoma were investigated for DNA
copy nhumber changes, somatic mutations, messenger RNA and microRNA expression,
protein and phosphorylated protein expression, DNA methylation, transcript splice variation,
gene fusion, viral integration, pathway perturbation, and clinical correlates in order to reveal
the molecular landscape of urothelial carcinoma. The data collected identified several
currently targetable genomic changes that are also supported by other research groups as
important pathways in urothelial oncogenesis, i.e., the PI3K/AKT/mTOR pathway and
RTK/RAS pathways, including HER2, ERBB3, and FGFR3 (Table 1).13-15 The analysis
also found alterations in novel pathways like CDKN2A/CDK4/CCND1 and several
epigenetic changes where many new targetable agents are being developed.® Multiple
clinical studies in the past decade have tested the efficacy of targeting several of these
pathways in urothelial carcinoma, as summarized in comprehensive reviews.14-16 |n this
review, we highlight the most promising results from trials using targeted agents, report on
ongoing clinical trials, and discuss novel trial designs for the treatment of muscle-invasive
or metastatic urothelial carcinoma.

Increasing the Efficacy of Cytotoxic Treatments for Urothelial Carcinoma

First-Line Therapy and Mechanisms of Resistance

Cisplatin, the backbone of combination chemotherapy for urothelial carcinoma, acts by
forming inter- and intra-strand crosslinks in DNA, resulting in DNA damage and consequent
cell death.1” Preclinical studies have identified the mechanisms of resistance to cisplatin as
decreased influx or increased efflux of drug, glutathione or metallothionein conjugation,
drug detoxification, and DNA repair.1” Although several key players underlying resistance
to cisplatin have been identified,1”~19 none of these discoveries has led to a therapeutic
application. On the other hand, genes associated with chemoresistance may potentially
become biomarkers for predicting treatment response. For example, somatic mutations of
ERCC?2, a gene involved in the nucleotide excision repair pathway, have been shown to
correlate with cisplatin sensitivity,29 while activating missense mutations of ERBB2 are
significantly more prevalent in tumor tissue from complete responders to neoadjuvant
chemotherapy.21

While investigating clinical applications for the cellular mechanisms underlying cisplatin
resistance, researchers have attempted to increase the efficacy of currently approved

Clin Genitourin Cancer. Author manuscript; available in PMC 2016 October 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kurtoglu et al.

Page 4

cisplatin-based combinations. The Gompertzian kinetics of tumor growth posit a negative
correlation between tumor growth and tumor size,22 suggesting that administering cytotoxic
chemotherapy in shorter intervals could maximize its effect by attacking the tumor while it
is small and fast-growing. Dose-dense scheduling is supported with growth factors to
increase the tolerability of this potentially toxic regimen. A randomized phase 11 trial
compared a traditional MVAC regimen to dose-dense MVVAC with growth factor support.23
Response rates with the dose-dense regimen improved (from 50% to 64%) along with
tolerability; however, these positive outcomes did not culminate in a survival benefit. In
another phase 111 trial, dose-dense GC was found to be equivalent to dose-dense MVAC in
terms of survival, was associated with fewer instances of neutropenic fever, and was better
tolerated.” However, it should be noted that this trial randomized fewer patients than
anticipated due to poor accrual and administrative issues.’

Neoadjuvant Therapy

To capitalize on their efficacy and tolerability, dose-dense regimens were also investigated
in the neoadjuvant setting, where platinum-based treatment of resectable urothelial
carcinoma has shown a survival benefit.24-26 |t was recently reported that when 4 cycles of
neoadjuvant dose-dense MVVAC was given to patients, 43% of whom were lymph node-
positive, 50% had down-staging to less than muscle-invasive disease at the time of surgery,
and the treatment was well-tolerated.2” In another study, 3 cycles of the same neoadjuvant
regimen resulted in down-staging in 52% of patients,28 demonstrating the lack of consensus
for how many cycles of neoadjuvant therapy are adequate to achieve maximal therapeutic
efficacy. Nevertheless, based on these promising findings with dose-dense MVAC, 2 phase
Il trials investigating dose-dense GC in the neoadjuvant setting (NCT01589094,
NCT01611662) were initiated; however, one trial closed early due to high vascular toxicity
with the dose-dense schedule.?®

Two other trials have investigated the efficacy of novel platinum-based chemotherapy
combinations prior to cystectomy. In a study by Siefker-Radtke et al. on the efficacy of
sequential neoadjuvant ifosfamide-based chemotherapy (ifosfamide/doxorubicin/
gemcitabine followed by cisplatin/gemcitabine/ifosfamide) in patients at high risk of
noncurative cystectomy, 50% of patients obtained pathologic down-staging to < pT1Ng at
time of cystectomy.39 A phase Il trial of neoadjuvant paclitaxel, carboplatin, and
gemcitabine in patients with locally advanced bladder carcinoma demonstrated moderate
efficacy but greater-than-anticipated toxicity.3! An ongoing phase Il clinical trial
(NCT01616875) is studying the efficacy of neoadjuvant cisplatin combined with
cabazitaxel.

Second-Line Therapy

Chemotherapy has shown less promising results as second-line treatment for metastatic
urothelial carcinoma. Numerous trials have investigated various cytotoxic treatments as
monotherapies, with response rates ranging from 5% to 27% and no significant survival
benefit.32 For example, a phase 11 study of nanoparticle albumin-bound (nab) paclitaxel
reported a 27.7% overall response rate in previously treated patients,33 and an ongoing
phase 111 trial (NCT02033993) is investigating nab paclitaxel vs. paclitaxel in patients with
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advanced urothelial carcinoma that has progressed on or after a platinum-based regimen. In
Europe, vinflunine is approved as a second-line treatment following platinum-based
chemotherapy, based on the results of a phase 111 study in which median overall survival
(OS) showed only modest improvement compared to best supportive care (4.3 vs. 6.9
months, p = NS).34 Given this significant but suboptimal survival benefit, there is an urgent
need for better agents in second-line treatment. On the other hand, we agree with previous
commentators that second-line phase 11 trials should be delayed until therapies are
discovered that significantly affect outcomes for untreated metastatic disease.3 Currently,
only a few phase Il trials are investigating the activity of novel cytotoxic agents (eribulin,
amrubicin, cabazitaxel, and tesetaxel) in urothelial carcinoma that has relapsed after
platinum-based therapy (NCT00365157, NCT01331824, NCT01437488, and
NCT01215877, respectively). In the phase Il clinical trials of cabazitaxel and tesetaxel,
enrollment closed early based on lack of efficacy in the first stage of patients enrolled. The
amrubicin study was closed due to loss of sponsorship.

Platinum-based chemotherapy has clearly advanced the treatment of urothelial carcinoma
since its development in the 1980s. Several platinum-based combinations and novel
cytotoxic agents have been investigated in both the first- and second-line settings. However,
these attempts have not significantly improved outcomes for patients with metastatic
disease, and therefore the focus of investigation has shifted from chemotherapy to targeted
therapies given either in combination with cytotoxic agents or as single agents. The
following is a review of clinical trials of targeted therapies that have yielded the most
promising results.

The Most Promising Targeted Therapies for Urothelial Carcinoma

Antiangiogenic Agents

In numerous clinical trials in urothelial carcinoma, a few targeted therapies, given either
with chemotherapy or as a single agent, have shown higher-than-expected activity and are
currently undergoing further evaluation. The most promising result was seen in a phase Il
trial in which bevacizumab, a monoclonal antibody to vascular endothelial growth factor
(VEGF), was combined with GC as first-line treatment in metastatic urothelial carcinoma.
This study reported a 72% overall response rate, with a median OS of 19.1 months.3> In
another phase 11 study in untreated cisplatin-ineligible patients with metastatic disease,
whose expected survival was approximately 9 months, bevacizumab combined with
gemcitabine and carboplatin led to a 63% response rate and OS of 13.9 months.3¢ Both of
these studies showed better results than might be expected compared to historical controls.
Bevacizumab has also been investigated in the neoadjuvant setting. In 2 phase I trials, it
was combined with either GC or dose-dense MVVAC, resulting in a 31% and 53%
pathological response, respectively, of < T2.37:38 Based on these encouraging results, a
phase I1I trial of GC with and without bevacizumab as first-line treatment in the metastatic
setting and a phase 1l trial of bevacizumab with GC as neoadjuvant therapy followed by
adjuvant paclitaxel have completed accrual (NCT00942331 and NCT00268450,
respectively). Results of these studies are pending.
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Although targeting angiogenesis via VEGF is a promising strategy in urothelial carcinoma,
results with tyrosine kinase inhibitors that target VEGF receptors (VEGFR) have not been
encouraging. Sunitinib (which targets VEGFR-1, -2, and -3 in addition to c-KIT, platelet-
derived growth factor receptor (PDGFR)-alpha and -beta, FIt3, and RET) was given as a
single-agent second-line therapy on 2 different dosing schedules. Partial response was seen
in 5% of patients, with OS reported as 6.9 months.3? The treatment was not well tolerated;
74% of patients experienced grade 3/4 toxicities, with lymphopenia, thrombocytopenia,
anemia, fatigue, and nausea being the most common adverse events.3 Moreover, when
sunitinib was given as first-line treatment to patients who were cisplatin-ineligible due to
renal impairment, an 8% response rate and 8.1-month OS were reported.*0 While grade 3/4
toxicities were fewer compared to the second-line setting, 2 of 38 patients died (one from
myocardial infarction and one from stroke), possibly due to sunitinib-related adverse
events.0 Similarly, in trials in which sunitinib was combined with GC for either first-line
metastatic or neoadjuvant treatment, intolerability was a major issue.#142 Finally, sunitinib
given as maintenance therapy in a phase Il trial in patients who achieved stable disease or
partial/complete response after 4 to 6 cycles of chemotherapy did not improve 6-month
progression-free survival (PFS) compared to placebo.#3 Due to these inauspicious results,
there are no ongoing trials of sunitinib in metastatic urothelial carcinoma.

Other antiangiogenic agents have been investigated for efficacy in urothelial carcinoma.
Sorafenib, which targets VEGFR-2 and -3 as well as B-Raf, c-Raf, and PDGFR-alpha and -
beta, achieved no response either as first-line treatment for cisplatin-ineligible patients or as
single-agent second-line treatment.#4:4% These studies led researchers to conclude that
sorafenib has little or no activity in urothelial carcinoma. A single-arm phase I trial
investigating the combination of sorafenib with GC as neoadjuvant therapy in muscle-
invasive bladder cancer has completed accrual and results are pending (NCT01222676).
Similarly, in a trial of pazopanib, an antiangiogenic agent that targets VEGFR-1, -2, and -3,
PDGFR-alpha and -beta, and c-kit, the drug effected no response when given as a single
agent in second-line treatment#® and led to a 17% response rate in another trial, with a
median OS of only 4.7 months.4” A trial of pazopanib in combination with gemcitabine as
first-line treatment in cisplatin-ineligible patients (NCT01622660) closed due to
hepatotoxicity. A trial of pazopanib in combination with vinflunine as second-line treatment
was discontinued at the first dose level for safety reasons.*8

While small molecule inhibitors of VEGFR have so far shown limited efficacy, a 3-arm
randomized phase 1l study of recently developed monoclonal antibodies targeting VEGFR-1
(icrucumab) and -2 (ramucirumab) in combination with docetaxel in patients who
progressed after first-line therapy (NCT01282463) has completed accrual. It will be
interesting to compare the results of small molecule inhibitors to those of monoclonal
antibodies, since the latter can lead to antibody-dependent cytotoxicity in addition to
blocking VEGFR.

Results from all trials using antiangiogenic agents in either the first- or second-line setting
are mixed. It appears that selectively targeting the VEGF pathway as sole therapy has
limited activity, while combining this approach with chemotherapy is a feasible option,
despite increased toxicity with selective agents. Data from the phase 111 trial of bevacizumab

Clin Genitourin Cancer. Author manuscript; available in PMC 2016 October 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kurtoglu et al.

Page 7

combined with chemotherapy (NCT00942331) will shed further light on this question.
Disappointingly, small molecule inhibitors that target multiple pathways, including VEGF,
have shown minimal clinical benefit in an unselected population. However, it is important to
note that preclinical studies continue to identify novel pathways that underlie the
oncogenesis of urothelial carcinomas. Thus, agents that target these pathways together with
VEGF may show efficacy. For example, cabozantinib inhibits multiple tyrosine kinases,
primarily targeting VEGFR-2 and c-met, which may be potential targets in urothelial
carcinomas.*9 Cabozantinib is currently being tested in a phase Il trial as second-line
treatment of metastatic urothelial carcinoma (NCT01688999).

Anti-EGFR Therapy

Epidermal growth factor receptor (EGFR) overexpression has been linked to progression of
muscle-invasive urothelial carcinoma. In preclinical models, down-regulating EGFR with
targeted antibody agents inhibited cell growth and angiogenesis.?9-52 When 20 patients with
muscle-invasive disease were treated with erlotinib prior to cystectomy, 60% were down-
staged to < pT1, suggesting single-agent activity with EGFR inhibitors.>3 However, gefitinib
administered as a single agent in second-line treatment produced only a 3% response rate
and 3-month OS.5* Moreover, gefitinib in combination with GC, given either
conventionally® or at a fixed-dose rate,>® did not improve either response rate or OS in
patients with untreated metastatic urothelial carcinoma compared to historical controls.
Similarly, the combination of GC chemotherapy and cetuximab, a monoclonal antibody
targeting EGFR, was intolerable, and both PFS and median OS showed trends toward a
worse outcome compared to chemotherapy alone.>” A randomized phase I trial of another
EGFR-specific monoclonal antibody, panitumumab, in combination with GC compared with
chemotherapy alone as first-line treatment was terminated early due to insufficient
recruitment (NCT01374789). Another randomized phase Il trial in patients with previously
treated metastatic disease reported a 25% response rate for cetuximab combined with
paclitaxel, but no activity for cetuximab as a single agent.> These data support preclinical
data showing synergism between anti-EGFR monoclonal antibodies and taxanes.>® Overall,
it appears that in unselected patients, targeting EGFR has limited efficacy. Therefore, it is
imperative to identify biological markers, such as EGFR overexpression, that can identify
patients most likely to be susceptible to anti-EGFR treatment.

The oral tyrosine kinase inhibitor vandetanib was studied in the second-line setting in
combination with docetaxel in a phase 11 double-blind trial that reported no significantly
improved overall response rate, PFS, or OS in patients with advanced urothelial
carcinoma.®0

The significance of testing targeted therapies in select populations was demonstrated in a
single-arm phase Il study of the safety and efficacy of the antihuman EGFR-2 (HER2)
antibody trastuzumab combined with gemcitabine, carboplatin, and paclitaxel in patients
who had HER2 overexpression by immunchistochemistry, gene amplification, and/or
elevated serum HER2.51 Patient outcomes exceeded expectations, with an objective
response rate of 70% and an OS of 14.1 months.®1 Although the incidence of grade 1 to 3
cardiac toxicity (22.7%) was more frequent than anticipated, the results were sufficiently
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encouraging to prompt further testing. A randomized phase 11 trial compared trastuzumab
(NCT01828736) with GC or gemcitabine and carboplatin vs. GC or gemcitabine and
carboplatin alone in HER2-expressing bladder cancer.52 This study screened 563 patients
with advanced urothelial carcinoma over 5 years and found only 75 patients (13.3%) with
HER2-positive tumors (immunohistochemistry 2 or 3+ confirmed by fluorescence in situ
hybridization). No difference was observed in overall response rate, PFS, or OS between the
chemotherapy-alone arm and the chemotherapy-plus-trastuzumab arm. The authors did find
that HER2 levels were predictive of PFS regardless of treatment. A study investigating
trastuzumab in combination with standard GC chemotherapy in the first-line setting closed
enrollment early (NCT02006667). Another study investigating trastuzumab as a single agent
in the second-line setting (NCT02013765) closed early due to recruitment difficulties.
Studies of ado-trastuzumab emtansine (TDM-1), a potentially more powerful drug, may be
warranted in this disease.

Both EGFR and HER2 appear to play an important role in the pathogenesis of urothelial
carcinoma, and therefore are still promising targets for treatment. Lapatinib, an agent that
has selective activity against both EGFR and HER2, was hypothesized to have significant
clinical activity. Although lapatinib had only a 1.7% response rate as a single agent in
unselected, platinum-refractory patients with metastatic urothelial carcinoma, it led to a
marked difference in OS in EGFR/HER2!°W patients compared to EGFR and/or HER2Migh
patients.53 This subgroup analysis reinforces the concept of selecting appropriate patients for
targeted therapies. The results of both a recently completed phase I trial that combined
lapatinib with GC (NCT00623064) and a completed phase 11/111 trial (n = 223) comparing
maintenance lapatinib to placebo following first-line chemotherapy (LAMB ftrial:
NCT00949455) in patients expressing either EGFR or HER2 will shed more light on the
role of dual-targeting these growth pathways in urothelial carcinoma. Results are expected in
2015.

Anti-PI3K/AKT/mTOR Therapy

An integrated analysis of urothelial carcinoma by the Cancer Genome Atlas Research
Network demonstrated that 42% of tumors had mutations, copy number alterations, or RNA
expression changes in the PI3K/AKT/mTOR pathway.13 Genomic changes included PI3K-
alpha point mutations (17% of patients), mutation or deletion of tuberous sclerosis complex
(TSC)-1 or TSC-2 (9%), and overexpression of AKT3 (10%). Other studies have reported
inactivating mutations of PTEN, which result in activation of the PI3K pathway, in 30% of
muscle-invasive urothelial carcinomas.8* Thus, targeting this pathway for the treatment of
urothelial carcinoma is feasible. mTOR inhibition in urothelial carcinoma has thus far had
disappointing results. The mTOR inhibitor everolimus, given as a single agent, produced
only a 5% response rate in 2 trials in the second-line setting.6%:6 Interestingly, in the second
trial one patient with inactivating TSC-1 mutation had significant tumor shrinkage and a
durable response, further highlighting the importance of patient selection in the use of
targeted therapies.®’

Currently, 3 clinical trials are testing mTOR inhibitors in unselected patient populations. A
phase Il trial that combined temsirolimus with GC in untreated metastatic urothelial
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carcinoma was recently completed (NCT01090466), and another trial of everolimus and
gemcitabine with split-dose cisplatin in the same setting is ongoing (NCT01182168). In
addition, everolimus plus paclitaxel is being tested as first-line therapy in cisplatin-ineligible
patients (NCT01215136). Although these trials are in unselected patients, correlative studies
should broaden our understanding of which subsets of patients are sensitive to mTOR
inhibition. Finally, phase I trials of PI3K inhibitors, including BKM-120, an oral pan-PI3K
inhibitor,58 and GSK1216458, an oral pan-PI3K, mTORC-1 and -2 inhibitor,59 will increase
the clinical availability of PI3K inhibitors. BKM-120 is currently being tested as a second-
line therapy in metastatic urothelial carcinoma (NCT01551030).

Checkpoint Inhibitors

Targeting immune checkpoints as a means of antitumor therapy has shown survival benefit
in a variety of solid tumors.”%-72 Ipilimumab is a first-in-class monoclonal antibody that
targets cytotoxic T lymphocyte-associated protein 4 (CTLA-4), a potent immune checkpoint
molecule that down-regulates T-cell activation after binding to antigen-presenting cells.
Ipilimumab has demonstrated clinical activity and improved clinical outcomes in patients
with metastatic melanoma.’? Programmed cell death protein 1 (PD-1) is another negative
regulatory molecule expressed transiently following T-cell activation and on chronically
stimulated T cells characterized by an “exhausted” phenotype. PD-1 and CTLA-4 are
primarily expressed on T cells. PD ligand 1 (PD-L1) is expressed primarily on tumor cells,
where it binds to PD-1 on T cells, effectively curtailing immune response by down-
regulating T-cell recognition of tumor cells as non-self.

In a recent phase I trial of MPL3280A (a PD-L1 inhibitor), a 50% response rate was seen in
patients with advanced/refractory bladder cancer whose tumor-infiltrating cells had high
expression of PD-L1 by immunohistochemistry,”3 suggesting that immune checkpoint
inhibitors may have activity in advanced urothelial carcinoma. Responses were prolonged
and grade 3 or 4 adverse events were uncommon. The drug received breakthrough
designation status by the FDA in June 2014.74 This has led to a large phase Il study (n =
400) in locally advanced/metastatic urothelial carcinoma patients who have previously failed
platinum-based therapy or are chemotherapy-naive but unfit for cisplatin (NCT02108652).
Also, a global randomized phase 111 trial of MPDL3280A vs. chemotherapy in patients who
have previously failed chemotherapy has initiated enroliment (NCT02302807).

A recently reported study combined nivolumab, a PD-1 inhibitor, with ipilimumab, both of
which target nonredundant immunoregulatory pathways, in patients with advanced
melanoma.”2 The response rate for concurrent administration was 40% at initial dose and
53% at maximum doses, while single-agent activity was approximately 20%. Following
these results, a phase I/11 study of nivolumab combined with ipilimumab has also initiated
enrollment in patients with advanced or metastatic solid tumors, including bladder cancer
(NCT01928394). A study of pembrolizumab, another antibody that blocks both PD-L1 and
PD-L2, in urothelial cancer patients, 52% of whom had undergone = 2 prior therapies,
showed a 24.1% overall response rate.”> A phase Il trial not yet open for recruitment will
further study the efficacy of pembrolizumab in advanced/metastatic urothelial cancer
patients who have not received any prior systemic therapy (unless it has been > 12 months
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since they completed neoadjuvant and adjuvant platinum-based chemotherapy) and are
ineligible for cisplatin-based therapy (NCT02335424). Finally, a phase Il trial is comparing
pembrolizumab to paclitaxel, docetaxel, or vinflunine in patients who progressed following
platinum-based therapy (NCT022456436).

In the phase Il trial testing the novel VEGFR-2/c-met inhibitor cabozantinib in advanced
bladder cancer, expression of PD-1 in regulatory T cells increased after 2 cycles of
continuous treatment.”® A phase I trial is in development at the NCI CCR in which
continuous cabozantinib will be administered with nivolumab or nivolumab combined with
ipilimumab to patients with metastatic urothelial carcinoma and other genitourinary tumors
who have failed at least one prior cytotoxic regimen (NCT02308943).

Additionally, a randomized phase 11 trial of maintenance PD-1 inhibition vs. placebo after
first-line chemotherapy in patients with metastatic urothelial carcinoma is in development by
the Alliance for Clinical Trials in Oncology. A seamless adaptive design’’ has been
proposed to select a patient population (full population vs. PD-1/PD-L1-positive
subpopulation) after interim analysis, and also to provide a formal mechanism for
performing statistical tests in both the full population and the biomarker-defined
subpopulation. This novel adaptive design was developed to accommodate uncertainty as to
whether PD-1/PD-L1 inhibitors are effective only in the PD-1/PD-L1-positive subpopulation
or in the full patient population as well.

Novel Trial Designs in Urothelial Carcinoma

Results from the clinical trials in advanced urothelial carcinoma summarized above
demonstrate that targeted molecular therapies may only be effective in appropriately
selected patients. Therefore, in this era of individualized medicine, novel biomarker-based
designs should be recommended for clinical trials in advanced urothelial carcinoma. It is
equally important to develop the accompanying predictive biomarker for a targeted
molecular therapy. Depending on the level of evidence, a predictive biomarker can be used
for screening and treatment selection, or may be further validated or developed in a
biomarker-based clinical trial design. Several clinical trials in metastatic urothelial
carcinoma are being designed to exploit the potential of predictive biomarkers. Following is
a summary of trials under development but not yet finalized for registration to the clinical
trial database.

MATCH-UP (Molecular Allocation Trial to CHoose therapy for metastatic Urothelial
carcinoma following Platinum-based chemotherapy) is a phase Il trial designed to
prospectively screen tumor tissues for molecular mutations through FoundationOne or local
laboratories certified by the Clinical Laboratory Improvement Amendments (CLIA) and the
College of American Pathologists to identify targetable molecular changes in patients with
metastatic urothelial carcinoma previously treated with at least one platinum-containing
regimen. MATCH-UP will be conducted by the Alliance for Clinical Trials in Oncology,
and therefore will be a multicenter study. Based on data from the Cancer Genome Atlas
Research Network!3 and previous experience with molecular targeted agents (summarized
above), this trial will initially focus on several of the most promising targets: FGFR3 fusion/
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mutation/amplification, Rb1 mutation, PIK3CA mutation, AKT1 mutation/amplification,
mTOR mutation, TSC1 deletion/mutation, PTEN deletion/mutation, ERBB2 mutation/
fusion/amplification, EGFR amplification, and histone acetyltransferase mutation (Figure 1).
The trial arms will run parallel with a 2-stage design, so that if an arm fails, mutation
selection criteria will be re-evaluated and an arm will potentially be re-opened or added. The
co-primary endpoints are PFS and overall response rate. The study is based on historical
data suggesting 40% of patients are progression-free and alive at 3 months with second-line
chemotherapy, and a 15% overall response rate for platinum-resistant urothelial carcinoma
treated with second-line chemotherapy. To be considered successful, an arm must
demonstrate a 20% improvement in these characteristics (i.e., 60% progression-free and
alive at 3 months, and/or 35% overall response rate). Using a phase Il generalized
enrichment design, 53 patients will be accrued to each arm, allowing for approximately 5%
type 1 error and 84% power. Investigators have obtained approval from sponsors and the
protocol is currently in development.

ATLANTIS, a multiarm randomized trial with an adaptive design, will start in 2015 in 40
sites in the United Kingdom. The aim is to test a number of different agents against placebo
in the maintenance setting after completion of first-line chemotherapy. Tissue samples from
urothelial tumors will be screened for expression of proteins (androgen receptor [AR]) and
mutation (FGFR-3) during first-line chemotherapy (4 to 8 cycles of platinum-containing
regimens). This trial will ultimately have at least 3 randomized arms in which the targeted
therapy will be compared to placebo (Figure 2). The first arm will consist of patients whose
tumors express AR, which is found in 25% to 30% of bladder tumors. Preclinical studies
report that this pathway plays a role in the development and progression of urothelial
carcinoma.”® In this arm, AR-positive patients will receive enzalutamide (an AR inhibitor)
or placebo. The second arm will have patients whose tumors contain the FGFR3 mutation,
which is present in 17% of urothelial carcinomas.13 These patients will receive an FGF3
inhibitor or placebo. The third arm will compare the VEGFR-2/c-met inhibitor cabozantinib
to placebo. The statistical design will be based on results of the recently completed phase
[1/111 lapatinib maintenance study (LAMB trial: NCT00949455), which will estimate PFS in
control groups. Future arms are planned that will test immune checkpoint inhibitors and
P13K pathway inhibitors in specific subgroups.

Whereas the specifics of MATCH-UP and ATLANTIS differ (single-arm 2-stage trial vs.
randomized clinical trial with control), both clinical trials are exploiting clinical knowledge
of genomic biomarkers for targeted therapies using the enrichment design.

A joint study by the University of Colorado Comprehensive Cancer Center and the National
Cancer Institute’s (NCI) Center for Cancer Research (CCR) in Bethesda, Maryland will
investigate an algorithm for predicting chemosensitivity to a number of FDA-approved
anticancer agents. The COXEN (CO-eXpression ExtrapolatioN) algorithm?9-81 uses
molecular profiles as a “Rosetta Stone” for translating the drug-sensitivity signatures of one
set of cancers into those of another. COXEN’s ability to predict drug effectiveness in
patients based solely on in vitro assays is unique and allows an a priori analysis of urothelial
tumor responsiveness to anticancer agents. The study will prospectively test the hypothesis
that the use of COXEN scores to select “best next therapy” for individual patients with
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platinum-refractory metastatic bladder cancer will provide superior response rates, PFS, and
OS compared to historical controls (Figure 3). This is another example of employing a
generalized enrichment design based on a predictive algorithm (COXEN score) to choose
among multiple treatments rather than a single treatment. The primary endpoint of the pilot
study is the feasibility of using the COXEN-assigned best next therapy to make real-time
treatment decisions (within 3 weeks) for patients with advanced urothelial carcinoma.
Secondary endpoints include PFS, response rate, and OS. The COXEN algorithm is also
being investigated for its ability to predict response to chemotherapy in the neoadjuvant
setting. A trial conducted by the Southwest Oncology Group (NCT02177695) is exploring
the association between COXEN score and response to either GC or ddMVAC neoadjuvant
chemotherapy. Thus, the COXEN algorithm may have a role in urothelial cancer in both the
perioperative and advanced/metastatic settings.

Conclusion

De novo metastatic bladder cancer and visceral metastatic disease after local treatment are
incurable with currently available therapeutic modalities. At present there is no standard
chemotherapy for patients with metastatic bladder cancer who have progressed on first-line
treatment. A variety of cytotoxic agents used in this second-line, or salvage, setting have
demonstrated response rates of approximately 5% to 20%, indicating that only a subset of
patients with bladder cancer will benefit from these treatments. Despite the high incidence
rate and lethality of urothelial carcinoma, only a small number of the more than 120 FDA-
approved anticancer agents have been tested for efficacy in this disease, and an even smaller
subset of those tested have shown some degree of clinical benefit. Furthermore, no
molecular targeted agents have been approved for treatment of urothelial carcinoma,
highlighting the urgent need for effective therapies, genomic predictors of chemosensitivity,
and treatment modalities targeting immune checkpoints being tested in biomarker-based
clinical trials. Despite the challenges, breakthroughs in detecting genomic alterations, the
mechanisms of resistance to standard therapies, and the ability to exploit immune
checkpoints should soon translate into individualized therapies and improved survival rates
in urothelial carcinoma.
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Figure 1.
Schematic of chosen therapy for patients on MATCH-UP trial. Genetic testing of tumor

sample is utilized to match patients to treatments that target tumor molecular abnormalities.
Abbreviations: PTEN, phosphatase and tensin homolog; HAT, histone acetyltransferase-
like protein; CDK 4/6, cyclin-dependent kinase 4/6; HER2, human epidermal growth factor
receptor 2; HDAC, histone deacetylase.
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Maintenance Treatment

Enzalutamide

placebo

FGFR inhibitor

placebo

Cabozantinib
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Randomization of patients to treatment arms in ATLANTIS trial. Tumor tissue is
prospectively screened for clinically relevant biomarkers to identify patients who could
potentially benefit from maintenance therapy following 4 to 8 cycles of first-line

chemotherapy.
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Figure 3.
Study design of COXEN algorithm to investigate tumor tissue biomarkers as a means to

predict chemosensitivity and select “best next therapy” for individual patients with
platinum-refractory metastatic bladder cancer.
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