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Abstract

Purpose of Review Advanced urothelial carcinoma (aUC) has long been treated preferably with cisplatin-based chemotherapy,
but many patients are cisplatin-ineligible whereas for those who progress on a platinum-based regimen treatment options are
limited. We review key recent data regarding immune checkpoint inhibitors that are changing this treatment landscape.

Recent Findings Since May 2016, five different agents targeting the PD-1/PD-L1 pathway (atezolizumab, pembrolizumab,
nivolumab, avelumab, durvalumab) have received FDA approval for the treatment of aUC in the platinum-refractory setting,
while pembrolizumab and atezolizumab are FDA-approved for cisplatin-ineligible patients in the first-line setting. Clinical
outcomes and safety profiles of these agents appear relatively comparable across separate trials; however, only pembrolizumab
is supported by level I evidence from a large randomized phase III trial showing overall survival benefit over conventional
cytotoxic salvage chemotherapy in the platinum-refractory setting.

Summary Pembrolizumab has the highest level of evidence in platinum-refractory aUC, whereas pembrolizumab and
atezolizumab have comparable level of evidence in the frontline setting in cisplatin-ineligible patients. Ongoing research is
evaluating novel agents, various rational combinations, and sequences, as well as predictive and prognostic biomarkers.

Keywords Metastatic bladder cancer - Advanced urothelial carcinoma - Immunotherapy - Immune checkpoint inhibitors - PD-1 -
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Introduction

Bladder cancer is a common malignancy with more than
79,000 new cases and almost 17,000 deaths predicted to occur
in 2017 only in the USA [1]. It is the 6th most commonly
diagnosed malignancy in the USA and the 4th most common
in men, while being the most expensive cancer to treat from
diagnosis to death [2]. Urothelial carcinoma is the most com-
mon bladder cancer histology, although a number of other
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histological variants with probably distinct biology includ-
ing adenocarcinoma, squamous cell carcinoma, and small
cell carcinoma are also encountered in clinical practice [3].
Urothelial carcinomas can arise in the entire urinary tract,
including ureters, renal pelvis, and urethra, but most com-
monly in bladder.

A high number of patients with non-muscle invasive blad-
der cancer (NMIBC) are managed with transurethral bladder
tumor resection (TURBT) and intra-vesical therapy, such as
Bacillus Calmette-Guerin (BCG), and less commonly intra-
vesical chemotherapy. Additionally, a number of clinical trials
are ongoing, especially in the BCG-relapsing and BCG-
refractory settings. For patients with muscle invasive bladder
cancer (MIBC) and advanced/metastatic urothelial carcinoma
(aUC), the outcomes are considerably inferior compared to
NMIBC. The 5-year survival for patients with MIBC is over-
all less than 50% and depends mostly on stage, received treat-
ments and response to those [4]. For patients with aUC,
median overall survival (OS) has been in the range of about
15 months with the current frontline standard of cisplatin-
based chemotherapy [5]. Although about 10-15% of aUC
patients are alive beyond 5 years following cisplatin-based
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chemotherapy and can be considered cured (mostly those with
only regional lymph node metastasis), most of the treated
patients with aUC will ultimately succumb to their disease.
An additional significant consideration is that many patients
with urothelial carcinoma are often diagnosed at an advanced
age, may have significant comorbidities, and compromised
performance status (PS) that can preclude treatment with
cisplatin-based regimens [6]. Treatment options for this pa-
tient population considered cisplatin-ineligible are more lim-
ited and outcomes often inferior.

In recent years, significant advances in the understanding
of underlying tumor and host biology and immunology have
revolutionized the treatment of many advanced solid malig-
nancies including urothelial carcinoma. Improved understand-
ing of the mechanisms that allow tumors to escape immune
surveillance has led to the development of immune checkpoint
inhibitors (ICIs). These agents upregulate anti-tumor immune
response leading to significant anti-tumor activity in a signif-
icant number of aUC patients refractory to prior platinum
(cisplatin or carboplatin) therapy. They have additionally
shown efficacy as frontline therapy in clinical trials of
cisplatin-ineligible patients. This review summarizes key data
from recent clinical trials of immunotherapy agents in aUC
after describing the role of platinum-based chemotherapy. It
additionally discusses ongoing clinical trials that aim to max-
imize response to ICIs, including combination therapies, op-
timal sequences, and efforts on putative prognostic and/or
predictive biomarkers.

Historical Data with Chemotherapy

Platinum-based chemotherapy has been the standard of care in
aUC for the past couple of decades. A clinical trial of the
classical (conventional) MVAC (methotrexate, vinblastine,
doxorubicin and cisplatin) regimen in 92 patients in the
1980s showed an objective response rate (ORR) of 69% and
complete responses (CR) in 37% [7]. When prospectively
compared to cisplatin monotherapy in 246 patients, MVAC
regimen showed superior OS (12.5 vs 8.5 months),
progression-free survival (PFS) (10 vs 4.3 months), and
ORR (39 vs 12%) [8]. Various adjustments to the classical
MVAC regimen have subsequently been implemented due to
significant toxicities associated with this regimen. A regimen
of dose-dense MVAC (ddMVAC) administered in 2-week
rather than 4-week cycles with growth-factor support was
compared to classical MVAC in the EORTC 30924 phase 111
trial that included 263 patients. The ddMVAC had more fa-
vorable toxicity profile and higher ORR (62 vs 50%, p = 0.06)
while having comparable median OS (15.1 vs 14.9 months)
[9, 10]. Another commonly used regimen for aUC is GC
(Gemcitabine/Cisplatin) administered typically in a 3-week
rather than a 4-week cycle. A randomized phase III trial of
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405 patients comparing GC with classical MVAC regimen
given for up to 6 cycles showed better toxicity profile with
GC and comparable ORR, PFS, and OS in the two arms [5,
11]. A prospective comparison of ddMVAC and dose-dense
GC (ddGC, given every 2 weeks) that included 130 patients
showed improved tolerability of treatment in the ddGC arm
with more patients completing 6 cycles of treatment. OS was
comparable at 19 months for ddMVAC and 18 months for
ddGC as was PFS (8.5 vs 7.8) [12]. The current NCCN rec-
ommendations for aUC patients who are eligible to receive
cisplatin-based chemotherapy include either GC or
ddMVAC with growth-factor support in the frontline treat-
ment-naive setting with most patients getting up to 6 cycles
(with interim imaging to assess response).

Patients with aUC who are cisplatin-ineligible are defined
according to criteria put forth by a consensus expert panel
which include at least one of the following: ECOG PS of 2,
estimated creatinine clearance < 60 ml/min (although many ex-
perts use lower cutoff, e.g., 50 ml/min and may include 24-h
urine collection for better estimation in borderline cases), >
grade 2 peripheral neuropathy, > grade 2 hearing loss, class
I NYHA heart failure [6]. The standard of care in this patient
population has included carboplatin-based regimens. A com-
parative analysis of four randomized trials and 286 patients with
aUC that compared cisplatin and carboplatin-based regimens
found superior ORR and CR with cisplatin-based regimens
[13]. Among cisplatin-ineligible patients, EORTC 30986 was
a large randomized phase II/III trial that enrolled 238 patients
with impaired renal function or ECOG PS 2. Patients were
randomized to receive either gemcitabine/carboplatin or meth-
otrexate/carboplatin/vinblastine. In general, gemcitabine/
carboplatin treatment was better tolerated with no significant
differences in efficacy noted among the two groups with
ORR at 30-41% and OS at 8.1-9.3 months [14, 15].
Therefore, gemcitabine/carboplatin is commonly used in the
first-line setting in cisplatin-ineligible patients. Typically,
patients receive 4—6 cycles of platinum-based chemotherapy
in the frontline setting (based on interim response and tolerance)
and afterwards are usually placed on observation until
progression; however, two ongoing trials (NCT02603432;
NCT02500121) are evaluating the concept of maintenance im-
munotherapy after no progression to first-line chemotherapy.

For aUC patients who progressed on platinum-based regi-
mens, the options until very recently were quite limited.
Multiple single-agent regimens including paclitaxel, docetax-
el, gemcitabine, ifosfamide, and pemetrexed were attempted
in the second-line setting with ORR generally in the 10%
range and median OS in the 5-9-month range based mostly
on data from single-arm phase II trials [16-20]. The largest
trial, which enrolled 370 platinum-refractory aUC patients,
randomized them in a 2:1 ratio to receive vinflunine plus best
supportive care versus best supportive care alone [21]. The OS
in the treated patients was slightly higher in the vinflunine arm
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(6.9 vs 4.3 months) leading to its approval in this treatment
setting in Europe; however, FDA approval in the platinum-
refractory setting was not granted. Until May 2016, there were
no FDA-approved second-line agents for the treatment of
platinum-refractory aUC. The immune checkpoint inhibitors
changed this landscape.

Immunotherapy in the Platinum-Refractory
Setting

The most clinically active immune checkpoint inhibitors in
aUC and other advanced solid malignancies that have been
developed up to this point impact the programmed death-1
(PD-1) pathway. PD-1 is a protein expressed on the surface
of T cells that interacts with multiple ligands, including pro-
grammed death-ligand (PD-L1, also known as B7-H1) and
programmed death-ligand 2 (PD-L2, also known as B7-DC).
PD-L1 is typically expressed on other immune cells, including
antigen-presenting cells, as well as tumor cells. The interac-
tion of PD-1 with its ligands leads to the inhibition of T cell
activity and overall downregulation of the immune response
[22]. This mechanism of immune-tolerance is hijacked by
many tumors whose cells express PD-L1 and thus attenuate
anti-tumor immune responses [23]. A class of anti-PD-1 and
anti-PD-L1 antibodies were developed to counteract this in-
teraction and thus enhance anti-tumor immune responses.

Atezolizumab

Atezolizumab (MPDL3280A) is a fully humanized mono-
clonal antibody against PD-L1. It was initially investigated
in a urothelial carcinoma cohort of a phase Ia study
(NCT01375842) that showed significant anti-tumor activity
and durable responses in aUC patients previously treated with
platinum-based chemotherapy [24]. Higher response rates
were noted in tumors that had more PD-L1-positive tumor-
infiltrating immune cells. These promising results led to it
receiving a breakthrough designation status by the FDA in
June 2014. A 2-year follow-up of these results was presented
at the 2017 ASCO Meeting [25]. The primary endpoint of this
trial was safety/tolerability and among 95 safety-evaluable
patients grade 3/4 treatment-related adverse events (TRAEs)
noted in 8% with no treatment-related deaths reported. Among
94 patients evaluable for response, ORR was 27% with 10%
CR rate and the median duration of response was 22.1 months;
median OS in this cohort was 10.6 months.

This positive signal led to the further development of
atezolizumab in both platinum-refractory and cisplatin-
ineligible frontline settings as part of IMvigor 210 phase II
trial. This was a single-arm phase II study in patients with
locally advanced or metastatic urothelial carcinoma that en-
rolled patients in two cohorts, both treated with atezolizumab.

Cohort 1 enrolled first-line cisplatin-ineligible patients and
will be discussed later. Cohort 2 enrolled patients who had
progressed during or following platinum-containing regimen
and enrolled 310 patients treated with atezolizumab 1200 mg
IV every 3 weeks [26¢]. Patients were stratified according to
PD-L1 expression in immune-infiltrating cells as either ICO
(<1%), IC1 (> 1 and < 5%), or IC2/3 (> 5%). ORR for all
patients was 15% with 5% CR rate. Among IC2/3 patients
(n=100), ORR was 26% while among ICO/1 patients (n =
210), it was 10%. Higher responses were additionally seen
among patients with The Cancer Genome Atlas Project
(TCGA) luminal II subtype and with higher mutational load
[27]. Median OS in the entire cohort was 7.9 months and
median PFS 2.1 months. Median time to response was
2.1 months and many responses were durable with 84% of
responses ongoing at the time of data cutoff. Durable re-
sponses were recorded in patients with upper tract urothelial
carcinoma and poor prognostic features, such as liver and
visceral metastases. TRAEs were noted in 69% of patients
with 16% having grade 3/4 TRAEs and no treatment-related
deaths being recorded. Among 137 patients who continued
atezolizumab beyond radiologic progression, 33% had subse-
quent reduction in tumor burden but only 3.6% of those had
RECIST vl.1. responses compared to baseline; however, this
subset of patients had fewer poor prognostic factors compared
to those who did not continue atezolizumab beyond radiologic
progression [28]. The data from this trial led to FDA granting
accelerated approval to atezolizumab in May 2016 as salvage
therapy for patients with metastatic urothelial carcinoma who
had progression on or following platinum-based chemothera-
py [29]. This was the first agent FDA-approved in this disease
setting in over two decades.

The comparison of atezolizumab with chemotherapy in
platinum-refractory patients with aUC was investigated in
the phase III IMvigor 211 trial [30]. This trial randomized
patients to receive atezolizumab 1200 mg IV every 3 weeks
or investigator’s choice of chemotherapy with either viflunine,
paclitaxel, or docetaxel. The primary endpoint of OS was to be
assessed hierarchically, first in patients with PD-L1 IC 2/3,
then in IC 1/2/3 patients, and ultimately in the overall study
population. Statistical significance had to be demonstrated in
the first analysis among PD-L1 IC 2/3 patients in order to
move on to subsequent analyses. In May 2017, Roche, the
manufacturer of atezolizumab and sponsor of the trial an-
nounced that IMvigor 211 did not meet its primary endpoint
among the IC 2/3 patients [31]. Subsequently published re-
sults from the IMvigor 211 trial showed that in the IC 2/3
population OS was not statistically different in the
atezolizumab group compared to the chemotherapy group
(11.1 vs 10.6 months; stratified HR 0.87; 95%CI 0.63-1.21,
p=0.41), which precluded further formal statistical analysis.
The exploratory OS analysis in the intent-to-treat population
showed median OS of 8.6 months with atezolizumab
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compared to median OS of 8.0 months with chemotherapy
(stratified HR = 0.85; 95%CI 0.73-0.99). Interestingly, medi-
an OS was longer in the population of higher PD-L1 tumor
tissue “expressors” relative to the intent-to-treat population
and the reason regarding this discordance with other ICI trials
may be related to the PD-L1 assay used, which measures only
tumor-infiltrating (and not tumor) cells [32]. The numerical
advantage in OS in the intent-to-treat population for patients
treated with atezolizumab relative to chemotherapy, as well as
the better tolerability of atezolizumab, suggest benefit of this
agent over salvage chemotherapy for platinum-refractory ad-
vanced urothelial carcinoma, despite the negative primary
endpoint in the IMvigor211 trial. The ongoing IMvigor 130
trial (NCT02807636) is evaluating atezolizumab alone or
combined with platinum (cisplatin or carboplatin)-
gemcitabine chemotherapy compared to standard platinum-
gemcitabine chemotherapy as first-line therapy in aUC.

Pembrolizumab

Pembrolizumab is a humanized monoclonal antibody against
PD-1 whose safety and efficacy in aUC was first investigated in
KEYNOTE-012, a multi-cohort phase Ib study [33]. Among 33
enrolled patients with aUC in this trial, ORR was 27% with
11% CR rate. No major adverse safety signals were observed,
supporting the development of pembrolizumab in phase II and
II studies in cisplatin-ineligible frontline setting and platinum-
refractory setting. KEYNOTE-045 was a large open-label, in-
ternational, phase III trial that randomized patients with
platinum-refractory aUC to receive either pembrolizumab
200 mg IV every 3 weeks or investigator’s choice of paclitaxel,
docetaxel or vinflunine [34¢]. A total of 542 patients were ran-
domized and stratified according to ECOG PS, liver metastases,
hemoglobin level, and time since last chemotherapy. The co-
primary endpoints were OS and PFS assessed in all patients and
patients who had PD-L1 combined positive score (CPS) > 10
(percentage of tumor cells and infiltrating immune cells ex-
pressing PD-L1 relative to the total number of tumor cells).
The trial met its primary endpoint with OS advantage with
pembrolizumab of 10.3 vs. 7.4 months with chemotherapy
(hazard ratio for death 0.73; 95% CI, 0.59-0.91, p=0.002).
Among patients with CPS > 10 median OS was 8.0 months
with pembrolizumab and 5.2 months with chemotherapy (haz-
ard ratio 0.57; 95% CI, 0.37-0.88, p =0.005). No PFS differ-
ence was noted between the two groups in the overall cohort or
patients with CPS > 10. Pembrolizumab was also better toler-
ated with fewer TRAEs of any grade (60.9 vs 90.2%) and fewer
grade 3—5 TRAESs (15.0 vs 49.4%). The ORR was also higher
with pembrolizumab (21.1%) compared to chemotherapy
(11.4%). Although median time to response was identical in
the two groups at 2.1 months, responses were more durable
with pembrolizumab, with median response duration not
reached at the time of analysis for pembrolizumab and
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4.3 months with chemotherapy. Based on the results of this
study, FDA granted pembrolizumab regular approval in
May 2017 for patients with aUC refractory to platinum-based
therapy [35]. Although this was the last among five checkpoint
inhibitors to gain regulatory approval in this treatment space,
pembrolizumab is the only agent that showed OS advantage
over salvage chemotherapy in a randomized phase III trial,
and consequently has become the new standard of care in the
platinum-refractory setting. The ongoing Keynote 361 trial
(NCT02853305) is evaluating pembrolizumab alone or com-
bined with platinum (cisplatin or carboplatin)-gemcitabine
chemotherapy compared to standard platinum-gemcitabine
chemotherapy as first-line therapy in aUC.

Nivolumab

Nivolumab is an anti-PD1 antibody whose activity in aUC was
initially investigated in CheckMate 032, a phase 1/2 multi-
center trial in solid tumors. The trial included multiple cohorts
including both nivolumab monotherapy and various dosage
combinations of nivolumab with ipilimumab (an anti-CTLA-4
antibody). An interim analysis of the nivolumab monotherapy
cohort was reported after 78 patients with platinum-refractory
aUC were treated [36]. ORR was 24.4% with CR rate 6%.
Grade 3—4 TRAEs were reported in 22% of patients. The over-
all activity and safety profile of nivolumab monotherapy in
CheckMate 032 supported its further investigation in aUC
and led to CheckMate 275 that was a phase II, multi-center,
single-arm trial in platinum-refractory aUC patients treated with
nivolumab 3 mg/kg IV every 2 weeks until progression or un-
acceptable toxicity [37¢]. A total of 265 patients were evaluable
for activity. In the overall cohort, ORR was 19.6% which in-
cluded CR in 2% of patients. Among 81 patients with PD-L1
> 5%, ORR was 28.4%. Responses were durable as median
duration of response was not reached and 77% of patients had
ongoing response at the time of analysis. Median PFS was
2.0 months and median OS 8.7 months. In the overall cohort,
26% of patients were treated with nivolumab beyond radio-
graphic progression and 34% of those patients experienced
clinical benefit. TRAEs of any grade occurred in 64% of pa-
tients and grade 3/4 TRAEs occurred in 18% of patients. Based
on these results, in February 2017, the FDA granted accelerated
approval to nivolumab at a dose of 240 mg IV every 2 weeks for
patients with aUC refractory to platinum-based chemotherapy
[38]. The ongoing Checkmate 901 trial (NCT03036098) is
evaluating nivolumab/ipilimumab (anti-CTLA4) combination
compared to standard platinum-gemcitabine chemotherapy as
first-line therapy in aUC.

Durvalumab

Durvalumab is an anti-PD-L1 antibody that was initially in-
vestigated in aUC expansion cohort as part of a phase I/1I trial
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in metastatic solid tumors. Initial results were reported in 61
patients treated with durvalumab 10 mg/kg IV every 2 weeks
for up to 12 months [39]. PD-L1 positivity was defined as
> 25% of tumor cells or tumor-infiltrating-immune cells ex-
pressing PD-L1. The primary endpoint was safety and therapy
was very well tolerated as only 4.9% of patients experienced
grade 3 TRAESs, while no grade 4-5 TRAEs were observed. In
42 response-evaluable patients, ORR was 31%. All responses
were seen in PD-L1-positive patients. Updated results from
this cohort were presented at the 2017 ASCO meeting [40¢].
Among 191 treated patients with longer follow-up, ORR was
17.8% including 3.7% CR rate. Among patients with higher
PD-L1 expression, ORR was 27.6%. Median time to response
was 1.5 months and duration of response was not reached.
Median PFS was 1.5 months and median OS 18.2 months.
Grade 3/4 TRAEs occurred in 6.8% of patients. With this
encouraging data, durvalumab was granted accelerated
approval by the FDA in May 2017 for patients with
platinum-refractory aUC [41]. Further development of
durvalumab is being advanced by the phase IIl DANUBE trial
(NCT02516241). This is a randomized multi-center trial com-
paring durvalumab alone, durvalumab/tremelimumab (anti-
CTLA-4), and standard of care gemcitabine with either
cisplatin or carboplatin chemotherapy as first-line therapy in
aUC [42]. Various combinations of durvalumab with targeted
therapies based on biomarker-based patient allocation is being
tested in the ongoing phase Ib BISCAY “umbrella” trial (NCT
NCT02546661) in platinum-treated patients with aUC.

Avelumab

Avelumab is an anti-PD-L1 antibody which was initially
assessed in the JAVELIN trial, a phase I multi-cohort trial in
solid tumors. In phase Ib expansion cohorts including the aUC
cohort, a dose of 10 mg/kg IV every 2 weeks was used, based
on the results from phase Ia dose-escalation study [43]. Phase
Ib aUC cohort included 44 patients with platinum-refractory
disease and primary objectives were safety and tolerability.
After median follow-up of 16.5 months, grade 3/4 TRAEs
were noted in only 6.8% of patients. ORR was 18.2% includ-
ing CR rate 11.4%. Median duration of response was not
reached and 75% of patients had ongoing response at the time
of analysis. PD-L1 positivity in this trial was defined as > 5%
PD-L1 expression, and 7 of 8 responding patients had PD-L1-
positive tumors. Median PFS was 11.6 weeks (2.7 months)
and median OS was 13.7 months [44]. The results of a pooled
analysis of two aUC cohorts including both platinum-
refractory and cisplatin-ineligible patients have also been pub-
lished. This analysis included a total of 241 patients treated
with avelumab 10 mg/kg IV every 2 weeks. Among 153 pa-
tients with > 6-month follow-up confirmed ORR 17.6% in-
cluding 6.8% CR rate and another 23.5% had stable disease.
Among PD-L1-positive tumors, ORR was 25%. Median

duration of response was not reached, but the 24-week re-
sponse rate was 92% in responders. Median PFS was
1.5 months and median OS 7.0 months. Grade 3/4 TRAEs
occurred in 7.5% of patients [45]. An update of this pooled
analysis summarizing treatment outcomes in 161 post-
platinum patients with > 6 months of follow-up reported
similar results [46¢]. Based on the results in the platinum-
refractory cohort, avelumab was granted accelerated approval
by the FDA in May 2017 for patients with aUC who
progressed on prior platinum-based regimen [47].

Immunotherapy in the Cisplatin-Ineligible
First-Line Setting

For patients with aUC who are ineligible for cisplatin-based
chemotherapy in the frontline setting, the outcomes with
carboplatin-based regimens are often inferior as opposed
to cisplatin. This has led to the investigation of immunother-
apy agents in this setting. Pembrolizumab in the frontline
cisplatin-ineligible setting was investigated in the phase II
KEYNOTE-052 trial (NCT02335424). This was a multi-
center, single-arm trial of treatment-naive patients with
aUC who were cisplatin-ineligible [48¢]. A total of 370 pa-
tients were treated with pembrolizumab 200 mg IV every
3 weeks for a total duration of 2 years or until confirmed
progression or intolerable toxicity. The primary endpoint
was ORR in all patients and according to PD-L1 expression
status. Patients in this trial were cisplatin-ineligible due to
estimated creatinine clearance < 60 ml/min (50%), followed
by ECOG PS 2 (32%), both of these factors (9%), and other
(9%). The patient population in this trial was perhaps rep-
resentative of real world aUC population since the median
age of patients was 74 with 29% of patients > 80 years old
and 42% with ECOG PS 2. Longer follow-up of this trial
was presented at the 2017 ASCO Meeting. After a median
follow-up of 5 months, ORR was 29% including 7% CR
rate. A total of 58% of patients experienced a decrease in
target lesions. At the time of data cutoff, 67% of responses
were still ongoing. In a biomarker analysis, positive associ-
ation with response was seen for PD-L1 combined positive
score (CPS) and 18-gene expression profile (GEP) [49].
Among 110 patients with CPS > 10, ORR was 38%. Grade
> 3 TRAEs occurred in 18% of patients. In May 2017, in
addition to being granted regular approval in the platinum-
refractory setting, pembrolizumab was also granted accel-
erated approval for patients with aUC who are cisplatin-
ineligible in the first-line setting [35]. KEYNOTE-361, a
phase III trial of pembrolizumab where treatment-naive
aUC patients in the frontline setting are randomized to
pembrolizumab monotherapy, pembrolizaumab and chemo-
therapy, or chemotherapy alone is currently ongoing with a
goal to enroll almost 1000 patients (NCT02853305) [50].
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As mentioned above, Cohort 1 of IMvigor 210 trial
assessed the efficacy and safety of atezolizumab in the front-
line setting for aUC patients who were cisplatin-ineligible.
This was a single-arm multi-center trial which included 119
patients treated with atezolizaumab 1200 mg IV every 3 weeks
until progression [51¢]. Primary endpoint of ORR was
assessed in PD-L1 expression subgroups (IC0/1/2/3) as spec-
ified above. Included patients were cisplatin-ineligible based
on creatinine clearance estimate < 60 ml/min, ECOG PS 2, or
grade > 2 hearing loss or neuropathy. After median follow-up
of 17.2 months, ORR was 23% including 9% CR rate.
Responses were durable as median response duration was
not reached and occurred across all PD-L1 expression sub-
groups. Median PFS was 2.7 months and median OS
15.9 months. This compared favorably with historical OS data
with frontline carboplatin-based regimens for cisplatin-
ineligible patients with aUC (around 9 months); however,
the IMvigor130 clinical trial in the first-line setting is ongoing
[15]. Responses were also reported in challenging patient pop-
ulations, such as patients with upper tract disease and patients
over the age of 80. Similar to cohort 2, tumor mutation load
was associated with response. Grade 3/4 TRAEs were report-
ed in 16% of patients. Based on the data, in April 2017, the
FDA granted atezolizumab accelerated approval as first-line
treatment of aUC patients who are ineligible for cisplatin-
based chemotherapy [52].

Choosing Among ICls and Enhancing
Immunotherapy Responses

After many years of very limited treatment options for patients
with aUC refractory to platinum-based chemotherapy, there
are now five different immunotherapy agents approved in this
setting. This includes two anti-PD-1 agents (pembrolizumab,
nivolumab) and three anti-PD-L1 agents (atezolizumab,
avelumab, durvalumab). Choosing an ICI is probably largely
based on efficacy, safety, level of evidence, treatment interval,
patient convenience, available guidelines, local care paths,
insurance coverage, and cost. The efficacy and safety profiles
of these agents as summarized in Table 1 appear very compa-
rable; however, inter-trial comparison should ideally be
avoided. Pembrolizumab is the only agent currently supported
by level I evidence with phase III trial data showing OS ad-
vantage compared to cytotoxic chemotherapy in platinum-
refractory aUC. A similarly designed phase III trial of
atezolizumab vs chemotherapy failed to meet its primary effi-
cacy endpoint of OS in the IC 2/3 patient subset; however,
there was OS difference favoring atezolizumab in the explor-
atory analysis of the entire study population. Four agents have
received accelerated FDA approval based on phase I/II trials
data. Consequently, pembrolizumab is considered the pre-
ferred standard of care for aUC patients who progressed on/
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after prior platinum-based chemotherapy, with atezolizumab,
nivolumab, durvalumab, and avelumab being other standard
options in this setting. For patients with aUC who are treat-
ment-naive but ineligible for cisplatin, both pembrolizumab
and atezolizumab have shown robust anti-tumor activity and a
favorable toxicity profile in single-arm phase II trials
(Table 2). The data for atezolizumab from IMvigor 210 cohort
1 trial is a little more mature than the KEYNOTE-052 trial
data, with reported median OS in that trial cohort fairly com-
parable with historical OS data from trials with cisplatin-based
chemotherapy in this setting. However, there are some differ-
ences, €.g., in the baseline prognostic factors, sample size and
follow-up time between the 2 ICI trials, while head to head
comparison has not been performed; therefore, either ICI is
very reasonable in cisplatin-ineligible patients as first-line
therapy, especially in those who cannot tolerate chemothera-
py. It is also worth noting that the optimal sequence or
combination of chemotherapy and immunotherapy is not yet
defined in aUC, and the ongoing clinical trials (both in first-
line and maintenance settings) as well as retrospective registry
studies will help answer such questions. For patients who
received both platinum-based chemotherapy and immuno-
therapy, clinical trial is the preferred option; otherwise, che-
motherapy with single-agent taxane (USA), vinflunine
(European Union), or other agents with relatively limited data
can be used.

Despite the promise shown by ICIs in aUC only a minority
of patients have durable responses and the key questions in the
years to come will focus on enhancing and optimizing re-
sponses to immunotherapy and properly utilizing the growing
armamentarium of agents. While there is evidence of chemo-
therapy efficacy in patients previously treated with 10s [53], it
is unknown whether treating patients with chemotherapy and
immunotherapy combination upfront will produce deeper and
more durable responses (tested in clinical trials). Combination
therapies with other ICIs, chemotherapy, radiation, targeted,
and anti-angiogenic therapies are being tested in clinical trials.
For example, combining PD-1/PD-L1 agents with other im-
munotherapy agents holds significant promise. Combinations
of pembrolizumab and epacadostat (IDO1 inhibitor), as well
as nivolumab with ipilimumab (anti-CTLA-4 antibody), have
shown robust anti-tumor activity and are being investigated
further [54, 55].

Moreover, identification of patients most likely to
benefit from ICIs and/or other treatments will be an
important step towards the individualization of treatment
patterns, based on tumor and host characteristics, as our
understanding of the underlying disease and host biolo-
gy improves. PD-L1 protein expression has thus far
been clearly a suboptimal predictive biomarker of re-
sponse to ICI. The association of treatment response
with mutation load, molecular tumor subtypes, and gene
expression signatures hold promise and need further
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Table 1 Immune checkpoint

inhibitors in the platinum- Pembrolizumab ~ Nivolumab Durvalumab Avelumab
refractory setting Atezolizumab
Trial phase Phase I1 Phase 111 Phase 11 Phase I/I1 Phase Ib
single arm randomized single arm
trial
Number of patients 310 270 265 191 161
(> 6-month
follow-up)
Dosing 1200 mg IV 200 mg IV 3 mg/kg IV 10 mg/kg IV 10 mg/kg IV
every every 3 weeks every every 2 weeks  every
3 weeks 2 weeks 2 weeks
ORR 15% 21.1% 19.6% 17.8% 17.4%
(5% CR) (7% CR) (2% CR) (3.7% CR) (6.2% CR)
ORR 26% 21.6% 28.4% 27.6% 25.4%
among high PD-L1  (among (among CPS (among (among (among
eXpressors 1C2/3) > 10) PD-L1 PD-L1 PD-L1
> 5%) > 25%) > 5%)
Median PFS 2.1 months 2.1 months 2.0 months 1.5 months 1.5 months
Median OS 7.9 months 10.3 months 8.7 months 18.2 months 7.4 months
Grade 3/4 TRAEs 16% 13.5% 18% 6.8% 8.0%
(15% for G3-5) (8.4% for
G3-5)

validation [26e, 27, 37, 48, 49, 51, 56]. Additional
preliminary data has implicated the importance of
DNA damage response (DDR) and mismatch repair
(MMR) gene mutations in predicting sensitivity to ICI,
as well as the potential utility of next-generation se-
quencing of tumor tissue and cell-free circulating tumor
DNA assessments to identify potential new treatment
targets and biomarkers in aUC [57-61]. Evaluation of
host factors, e.g., T cell clonality and diversity among
others, has also been investigated with promising data
that require further external validation [62].

Table 2 Immune checkpoint inhibitors in frontline cisplatin-ineligible
setting

Atezolizumab Pembrolizumab
Trial phase Phase 11 Phase 11

single arm single arm
Number of patients 119 370
Dosing 1200 mg IV 200 mg IV

every 3 weeks  every 3 weeks
ORR 23% 29%

(9% CR) (7% CR)
ORR 28% 38%
among high PD-L1 expressors  (among IC2/3)  (among CPS > 10)
Median PFS 2.7 months 2 months
Median OS 15.9 months Not reached
Grade 3/4 TRAEs 16% 18%

Conclusions and Future Directions

The past few years have seen significant advances in the treat-
ment of aUC, mainly through the development of ICIs. In
May 2016, atezolizumab received accelerated FDA approval
for platinum-refractory aUC patients. Just a year later,
pembrolizumab became the first ICI to show OS advantage
compared to cytotoxic chemotherapy in the platinum-
refractory setting, becoming the current standard of care in
this setting. Nivolumab, avelumab, and durvalumab also have
very promising efficacy in the platinum-refractory setting
leading to their accelerated FDA approvals. The improved
toxicity profile of ICIs relative to cytotoxic chemotherapy
allows a number of aUC patients to be treated with these
agents, including elderly and patients with compromised PS
and medical comorbidities [63, 64]. In the frontline cisplatin-
ineligible setting, both pembrolizumab and atezolizumab have
demonstrated efficacy and very reasonable safety profile in
large single-arm phase II clinical trials. A substantial propor-
tion of aUC patients benefit from ICIs with ORR of 15-21%
in the platinum-refractory setting and 23-29% in the frontline
cisplatin-ineligible setting with a number of notable durable
responses. However, as these numbers clearly point out, most
patients do not respond to ICIs and much work remains to be
done. Key questions include identifying patients most likely to
respond to ICI, optimal sequencing of ICIs with chemothera-
py and identifying novel combinations of immunotherapy and
other agents that may produce deep and durable responses.
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Recently reported and ongoing clinical trials are addressing
many of these questions and remain very important treatment
options for aUC patients in all (even earlier) disease and treat-
ment settings [61]. There are also an increasing number of
clinical trials that are evaluating “precision or personalized
medicine” approaches targeted to the “molecular makeup” of
the tumor based on biomarkers, regardless of the organ of
tumor origin. Such trials may be either “umbrella type,” which
assess the utility of biomarkers and therapies in the same tu-
mor type, or “basket type” that evaluate biomarkers and
therapies across several tumor types. In the era of “molecu-
lar-based medicine,” further understanding of tumor and host
underpinnings can improve the use of immunotherapy via
biomarker-based patient selection. However, until biomarkers
are fully validated with proven clinical utility for patient se-
lection, their use in immunotherapy in aUC remains currently
investigational.
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