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Abstract: Metastatic urothelial carcinoma of the bladder is an aggressive malignancy with poor
prognosis, reflecting a lack of effective systemic therapies. The current standard of care includes
multiagent platinum-based chemotherapy; however a majority of patients do not respond to
treatment and most eventually succumb to disease. Recently, renewed interest in immunotherapy
in the form of immune-checkpoint inhibition has gained widespread attention for a number of
malignancies. Atezolizumab, an anti-PDL1 antibody, has been shown to be effective in a subset
of patients previously treated with or unfit for platinum-based chemotherapy, and has shown
durable responses with a good tolerability profile. We review the mechanism of action and
clinical evidence of atezolizumab for metastatic urothelial bladder cancer, and discuss this drug
within the context of ongoing developments in this dynamic field of immunooncology.
Keywords: atezolizumab, MPDL3280A, bladder cancer, PDL1, immunotherapy, metastatic

Introduction
Bladder cancer is the ninth-commonest malignancy worldwide, with differences in
prevalence explained largely by differences in exposure to certain risk factors.!? In the
developed world, where the main risk factor is tobacco exposure, the vast majority of
bladder cancer is of urothelial histology.'* In other regions, where Schistosoma haemato-
bium infection is common, squamous cell carcinoma histology is predominantly present.*
While most urothelial carcinoma of the bladder (UCB) presents as non-muscle-invasive
disease, approximately 30% of bladder cancers are already muscle-invasive at diagnosis.®
When amenable to surgical therapy, approximately 25% of patients with muscle-invasive
disease are found to harbor lymph-node metastasis, with associated decreased survival
due to the frequent development of distant metastases. Additionally, about 10% of
patients present with systemic metastatic disease at the time of diagnosis.®

Since the 1970s, the cornerstone of therapy for advanced and metastatic UCB
(mUCB) has been platinum-based chemotherapy (PBCT), first as a single agent and
subsequently as part of combination therapy.” Since the 1990s, the standard first-line
therapy has been methotrexate, vinblastine, adriamycin, and cisplatin (MVAC) after
demonstrating a superior response rate and overall survival (OS) compared to cisplatin
alone.® A number of chemotherapeutic regimens have been evaluated to improve the
response rate and significant toxicity profile of MVAC, with gemcitabine and cisplatin
showing similar overall response rate and OS with a better tolerability profile. As
such, both MVAC and gemcitabine—cisplatin are considered first-line therapies for
mUCB. Numerous permutations of these platinum-containing regimens have been
studied, including high-intensity MVAC, coadministration of growth-factor support,
and substitution of other platinum agents (eg, carboplatin) for those unable to receive
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cisplatin.” While advances in systemic chemotherapies have
led to modest improvements in outcomes, mUCB remains
a deadly disease in the majority of cases, with median
progression-free survival (PFS) and OS at approximately 8
and 14 months, respectively.’

Options for patients who have progressed after first-line
therapy have historically been limited. Only vinflunine mono-
therapy has been proven to be superior to best supportive
care (BSC) alone, demonstrating a modest survival benefit
(6.9 vs 4.3 months, hazard ratio 0.78, 95% confidence interval
[CI] 0.61-0.96; P=0.0227) in the eligible population, which
was defined as patients without major protocol violations.!°
In the intention-to-treat population, the survival benefit was
not statistically significant.!® While this drug was approved
as a second-line agent in Europe, until recently there has not
been a US Food and Drug Administration (FDA)-approved
regimen for second-line use in mUCB.!!

Recently, a Phase II clinical trial was conducted to
evaluate an anti-PDL1 monoclonal antibody — atezolizumab
(MPDL3280A; Hoffman-La Roche, Basel, Switzerland) — for
treatment of mUCB after failure of PBCT or in platinum-
ineligible patients. The findings demonstrated an overall
response rate of 15% in the entire study population, a favor-
able tolerability profile, and long lasting responses not seen in
mUCB to that point.'? These encouraging findings led to the
granting of guaranteed breakthrough status and further early
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Figure | Mechanism of anti-PD| and anti-PDLI checkpoint blockades.

FDA approval in 2016; the first new drug approved formUCB
in over 20 years. In this manuscript, we review the mechanism
of action and clinical evidence of efficacy of atezolizumab for
mUCB, and discuss this drug within the context of ongoing
developments in this dynamic field of immunooncology.

Mechanism of action

Immunooncology

In the last few years, we have seen a great deal of excitement
about co-opting the immune system to fight malignancies
through approaches with monoclonal antibodies, cancer
vaccines, and cytokine therapies.'* One of the most attractive
modalities is the activation of antitumor activity by blocking
immune checkpoints (ICPs)."* The numerous genetic and
epigenetic alterations that characterize malignant cells are
thought to result in antigens that could reasonably be used
to distinguish these cells from benign counterparts. The
concept of immunosurveillance is based on this premise:
circulating immune cells can attack and destroy premalignant
or malignant cells, in a similar way to how these cells might
act against infectious pathogens. However, immunoactiva-
tion is a complex phenomenon, requiring an intricate balance
between stimulatory and inhibitory signals.'® To prevent
autoimmunity, ICPs (inhibitory signals) are crucial, and their
expression can be altered by tumors; an important mechanism
of immune resistance (Figure 1). Studies indicate that
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Notes: PDI is expressed by T cells. PDLI is expressed in tumor cells and tumor-infiltrating immune cells. Combination of PD| and PDLI/PDL2 contributes to the
suppression of T-cell function. Inhibiting the interaction of PD1 and its ligands can significantly enhance T-cell function, resulting in antitumor activity. Reprinted from Cancer
Treat Rev, 41(10), Meng X, Huang Z, Teng F, Xing L, Yu J, Predictive biomarkers in PD-1/PD-L| checkpoint blockade immunotherapy, 868-876, Copyright (2015), with

permission from Elsevier.**
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blocking these ICPs results in an increase in effector T cells
and inflammatory cytokines within the tumor, as well as a
decrease in immunoregulatory cells.'

Immune-checkpoint inhibition

Inhibition of these ICPs to alter the tumor microenviron-
ment is one of the most promising areas of active cancer
research. T-cell-receptor activation requires costimulatory
molecules and the absence of inhibitory molecules. The first
ICP inhibitor (ICPI) clinically investigated was ipilimumab
(MDX-010; Bristol-Meyers Squibb, New York, NY, USA), a
monoclonal anti-CTLA4 antibody that blocks the interaction
of B7 (a costimulatory molecule on antigen-presenting cells)
with the inhibitory CTLA4 receptor expressed on the surface
of T cells."” Ipilimumab has been shown to be effective in
metastatic melanoma, and gained FDA approval in 2011."
One drawback of this approach appears to be a lack of selec-
tivity of CTLA4 blockade in T-cell expansion, and this may
underlie the significant immunorelated toxicities associated
with ipilimumab. "

Another ICP is the interaction between PDI1 and its
ligands PDL1 and PDL2. A more exhaustive review of
this ICP is available by Ohaegbulam et al.?® Briefly, PD1
is expressed on a number of immune cells, including
activated T cells, regulatory T cells, B cells, monocytes,
natural killer cells, and dendritic cells. For activated T cells,
binding of PDI by its ligands results in inhibition of the
T-cell receptor and subsequent termination of the immune
response. This is an important physiological mechanism to
avoid autoimmunity; however, when expressed by tumor
cells (TCs) or tumor-infiltrating immune cells (ICs) within
the tumor microenvironment, this leads to termination of the
antitumor activity of T cells in an analog fashion.??! Tumors
themselves can express these inhibitory ligands, as well as
induce their expression by immune-infiltrating cells, resulting
in an effective checkpoint against immunosurveillance.?*?
Cancer therapeutics in the form of monoclonal antibodies
that block the interaction between the PD1 receptor and
its ligands have been a very active area of research, with
promising results in a number of malignancies.

A number of monoclonal antibodies have been developed
to target PD1, including pidilizumab (CT-011; CureTech,
Yavne, Israel),” pembrolizumab (MK-3475; Merck,
Kenilworth, NJ, USA),* and nivolumab (BMS-936558;
Bristol-Meyers Squibb).* The most extensively studied
of these is nivolumab, which has been FDA-approved in
non-small-cell lung cancer, Hodgkin lymphoma, metastatic
melanoma, and metastatic renal cell carcinoma.?® Of the two
ligands that are known to activate PD1, PDL1 appears to

play a more prominent role in lymphocyte regulation,”” and
as such a number of agents have been developed to block
PDLI, including atezolizumab,® BMS-936559 (Bristol-
Meyers Squibb),” durvalumab (MEDI4736; AstraZeneca,
London, UK),*® and avelumab (MSB0010718C; Pfizer, New
York, NY, USA).>! These agents are the subjects of ongoing
clinical trials.

Immunotherapy in bladder cancer
While there is a growing interest in immunotherapies for
systemic malignancies, immunotherapy actually has an exten-
sive history in bladder cancer, albeit for non-muscle-invasive
disease. Forty years ago, Morales et al demonstrated that
intravesical instillation of bacillus Calmette—Guérin (BCG),
an attenuated strain of Mycobacterium bovis, was effective at
treating noninvasive bladder cancer,** and this form of immu-
notherapy remains the standard of care today for high-risk
non-muscle-invasive disease.® The mechanism underlying
the efficacy of BCG remains incompletely elucidated, but it
is broadly believed that BCG activates the immune system
and induces an inflammatory response, ultimately leading to
immunomediated cytotoxicity through CD8* T lymphocytes,
natural killer cells, and granulocytes.™

This evidence of effective immunomanipulation in the
treatment of noninvasive disease and growing evidence of
efficacy of immunotherapies, in particular ICP inhibition, in
the treatment of other nonlocalized malignancies led to the
logical investigation of ICP inhibition as a potential therapy
for mUCB. Inman et al described PDL1 TC expression
by immunohistochemistry (IHC) in 280 high-risk bladder
patients, and found that PDL1 expression increased signifi-
cantly with higher disease stage and grade, hypothesizing
that PDL1 expression may be one mechanism of BCG
resistance.** Additionally, a hallmark of UCB is the pres-
ence of a high somatic mutational load,* which may result
in increased neoantigen expression and may make the tumors
more susceptible to immunosurveillance."

Atezolizumab

Pharmacokinetics and pharmacodynamics
Atezolizumab (MPDL3280A) was developed as a human
monoclonal IgG, antibody with a high affinity for PDL1
(binding affinity dissociation constant =0.4 nM).>” Atezoli-
zumab blocks the interaction of PDL1 (also called B7-H1 or
CD274) with PD1 and B7.1 (also called CD80).3"# Both PD1
and B7.1 are receptors for PDL1 binding, which results in
T-cell tolerance and restriction of cellular killing. Therefore,
the inhibition of the host immune response against the tumor
can be prevented by interaction of the anti-PDL1 antibody
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with its ligand. Of note, atezolizumab has an engineered
fragment (Fc) domain that prevents active T-cell depletion
via antibody-dependent cellular toxicity.

It has a half-life of 27 days, and steady-state concentra-
tion is reached in two to three cycles (6-9 weeks) of repeated
intravenous (IV) doses.* Its volume of distribution is 6.9 L
and clearance is 0.2 L/day. Systemic accumulation area
under the curve (AUC), maximum concentration (C__ ), and
minimum concentration (C_, ) are 1.91-, 1.46-, and 2.75-fold,
respectively. Atezolizumab follows a biphasic distribution
until day 7 after IV bolus administration.* It shows non-
linear (dose-dependent) and linear (dose-independent)
pharmacokinetics in doses of 0.5-5 mg/kg and 5-20 mg/kg,
respectively. Herbst et al detected antitumor activity in doses
of 1-20 mg/kg following IV administration once every
3 weeks.”

Available data for atezolizumab in mUCB
Most initial studies evaluating the efficacy and safety of anti-
PDL1 treatments were based on biomarker-enriched cohorts,
including only patients with positive immunoreactivity for
PDL1. However, Powles et al expanded the initial cohort in
their Phase I multicenter dose-escalation expansion study
(NCTO01375842/PCD4989¢g) to mUCB patients without
immunoreactivity against PDL1.%® Patients were scored
according to THC status within a range between 0 and 3.
Among a total of 67 enrolled patients, 18% had no expression
of PDL1 (IHC score 0), 34% low expression (IHC score 1),
30% intermediate expression (IHC score 2), and 15% high
expression (IHC score 3). Most patients (93%) had received
previous PBCT, and 72% had received two or more lines of
treatment. Patients with an Eastern Cooperative Oncology
Group (ECOG) score =2 were excluded. Patients received
atezolizumab at a dose of 15 mg/kg IV every 3 weeks. The
first infusion of atezolizumab lasted 60 minutes, which was
subsequently reduced to 30 minutes if well tolerated. The
total number of planned cycles was 16, comprising a total
treatment time of 1 year. The reasons for termination of
treatment were progression of disease according to Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1*
or immunorelated response criteria,* intolerable toxicity,
and incompliance with the study protocol. After a minimum
6 weeks of follow-up, 43% of patients with IHC score 2/3
tumors and 11% of patients with IHC score 0/1 tumors showed
an objective response (OR; complete remission and partial
remission). Of those with IHC score 2/3 tumors, 7% had a
complete response. Following the outcomes of this study,
atezolizumab was granted breakthrough status for mUCB
by the FDA. %

A subsequent Phase II study with two subgroups (group 1,
patients with mUCB ineligible for PBCT for first-line
treatment; group 2, patients with mUCB after progression
on PBCT for second-line treatment) was performed
(NCT02108652).* In 2016, Rosenberg et al reported on group
2 of the Phase II trial (NCT02108652/IMvigor210), in which
310 patients with mUC whose disease had progressed despite
previous treatment with PBCT were enrolled.'? The urinary
bladder was the primary tumor site in 74% of patients, while
the renal pelvis, ureter, urethra, and other sites were the pri-
mary site in 14%, 7%, 2%, and 3% of patients, respectively.

Patients were grouped according to PDL1-expression
status, which was based on percentage of PDL1-positive ICs
within the tumor environment determined by the SP142 assay
(Hoffman-La Roche): IC0 (<1%), IC1 (=1% but <5%),
and IC2/3 (=5%). Of the 310 patients included 103, 107,
and 100 were in the IC0, IC1, and IC2/3 groups, respectively.
A standard fixed dose of 1,200 mg was administered every
3 weeks, with a median duration of 12 (range 0-66) weeks.
OR rates (ORRs) were 26%, 18%, 11%, and 8% in IC groups
2/3, 1/2/3, 1, and 0, respectively. Therefore, a combined
ORR of 15% was reported for all patients in the study. In
comparison to the previously published Phase I expansion
cohort, the response rate of IC2/3 patients was lower (26%
vs 43%); however, in the Phase I cohort, ICs and TCs were
evaluated for PDL1 expression, whereas in the Phase II
cohort only ICs were considered.

The median time to response was about 2 months. After
a median follow-up of 11.7 months, 84% of the initially
responding patients showed ongoing response to therapy
(median time of response not reached), including those with
poor risk factors and upper-tract disease. Interestingly, many
responses were ongoing, despite discontinuation of treatment
for various reasons. For the entire cohort, median PFS and
OS were 2.1 and 7.9 months, respectively, while for 1C2/3
patients median PFS and OS were 2.1 and 11.4 months,
respectively. An updated report of the same trial after
approximately 1.5 years of median follow-up revealed 1-year
OS rates of 50% for patients with IC2/3 and 37% for the
overall cohort.** Complete responses occurred in 7% of the
overall cohort, as well as 15%, 6%, and 2% of patients with
1C2/3, IC1, and ICO, respectively, with median duration of
response not reached. For mUC of the upper urinary tract,
OS was 7.6 and 10.9 months, whereas for metastatic bladder
cancer OS was 7.9 and 12.8 months, for the overall cohort
and IHC2/3 patients, respectively.

Due to these favorable results, after which atezolizumab
was FDA-approved for second-line therapy, it is currently
being evaluated as part of a Phase III randomized clinical

submit your manuscript

1490

Dove

OncoTargets and Therapy 2017:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Atezolizumab for advanced urothelial carcinoma

trial (IMvigor211) that is comparing atezolizumab to other
chemotherapeutic agents (docetaxel, paclitaxel, vinflunine)
in patients with locally advanced and mUCB who have
progressed during or following PBCT. The results of this
ongoing study are expected in mid-2017.

Further, regarding first-line use of atezolizumab, the data
for group 1 of the phase I IMvigor trial have not been finally
published, but excerpts were presented at 2016 annual cancer
meetings.*“¢ Overall, 119 patients were included in group 1
of IMvigor210, and the definition of platinum ineligibility
was one or more of the following: glomerular filtration
rate (GFR) 30-60 mL/min (70%), = grade 2 hearing loss
(14%)/neuropathy (6%), or ECOG performance status of
2 (20%). The primary end point was ORR, and the treatment
regimen was the same as in group 2. Of the whole cohort,
92% had metastatic disease (66% visceral metastases), and the
bladder was the primary tumor site in 71% of patients. Again,
the patients were grouped by PDL 1-expression status on ICs
as described earlier, and 33% were 1C0, 40% were IC1, and
27% were 1C2/3.

The ORR for the whole cohort was 24% (7% complete
response and 17% partial response). Here as well, some
correlation with the IC group and response to therapy was
seen; however, it was not as pronounced as in group 2.
ORRs in groups ICO, IC1, and 1C2/3 were 21%, 23%, and
28%, respectively, with all groups showing 6%—-8% com-
plete response. Also in this trial, responses were durable,
and after a median follow-up of 14.4 months, median OS
was 14.8 months (95% CI 10.1 months to not reached) and
57% alive at 12 months. Interestingly, patients in the IC0/1
groups fared similarly to patients in the IC2/3 group (15.3 vs
12.3 months, respectively). These favorable data might lead
to approval in the first-line space for non-platinum-eligible
patients in the near future.

Additionally, there are other ongoing clinical trials of
atezolizumab for different stages of urothelial carcinoma
(UC), especially in the adjuvant setting, in which PBCT is the
current standard of care, as well as for high-risk non-muscle-
invasive UCB, in which intravesical treatment, foremost with
BCG, is currently utilized.! A summary of currently listed
clinical trials on ClinicalTrials.gov of atezolizumab for UC

is presented in Table 1.!228374345-58 More information regard-
ing efficacy and safety will become available through these
trials, and new indications for atezolizumab and treatment-
responsive patient subgroups may be discovered.
Biomarkers are vital in oncology to determine patients
who might or might not be responsive to certain treatments.
With regard to immunobiomarkers for atezolizumab, the
SP142 assay was developed using rabbit monoclonal

anti-PDL1 clone SP142 for assessment of PDL1 expres-
sion in UC and non-small-cell lung carcinoma.?” The THC
assay was performed in formalin-fixed, paraffin-embedded
urothelial tissue and based on the percentage of TCs or
ICs with PDL1 expression, regardless of intensity. Both
tumors and ICs showed membranous and cytoplasmic
staining; however, detection of PDL1 expression was
difficult in ICs, which had scant cytoplasms and were
small. Distribution of PDL1-expressing TCs was typically
focal, and mostly located at the interface between malig-
nant cells and stroma. However, distribution and location
of PDL1-expressing ICs varied within tumors; they were
located at either the periphery of the tumor, at stromal
bands dissecting the tumor, within IC aggregates, or scat-
tered as single cells throughout. IHC status of specimens
was categorized into four groups: IHCO, -1, -2, or -3 if the
percentage of PDL1-positive cells per area was <1%, =1%
but <5%, =5% but <10%, or =10%); respectively. Patients
with multiple specimens were scored according to the speci-
men with the highest score.

Rosenberg et al determined a cutoff value of =5% PDL1
expression in ICs determined by SP142 assay as high, which
was associated with response.'? However, although PDLI1
positivity was beneficial for response to treatment, ORRs
of approximately 10% were also detected in PDL1-negative
patients with mUCB. In addition to PDL1-expression status,
mutation load and Cancer Genome Atlas gene expression
were analyzed with respect to PDL1 expression, as well as
response. Despite significantly higher prevalence of PDL1
positivity in the basal vs the luminal subtypes of UC (60%
vs 23%), the highest response rate was seen in cluster 11 of
the luminal subtype (34%). The authors concluded that future
multibiomarker systems might accurately predict response
to atezolizumab. Bellesoeur et al evaluated 346 patients with
various malignancies eligible for treatment with ICPI, and
found UC was associated with higher PDL1 expression than
other tumor types.’* However, depending on the assay used
for PDL1 evaluation, as well as the cell type studied, PDL1
expression can vary.?

In many solid cancers, OR is better correlated with PDL1
expression on TCs than on ICs,* contrary to mUCB, in which
PDLI expression on ICs is favorable. PDL1 expression
is a dynamic process, requires recognition of antigens by
ICs, and might differ during course of treatment,*! and thus
subsequent examinations of IHC status may be necessary
after initial evaluation prior to treatment. In malignant
melanoma and renal cell carcinoma, heterogeneity of PDL1
expression has been reported between primary tumor and
metastatic sites.®>¢
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3-week cycle] to achieve AUC of 6 mg/mL:-min;
6) atezolizumab + nab-paclitaxel (800 mg IV
atezolizumab q2w [days | and |5] + nab-
paclitaxel 125 mg/m? IV qw [days |,8,and 5
of every 3-week cycle])/total of 235 patients
to be enrolled, including all tumor types
Atezolizumab + epacadostat (INCB024360):
IV 1,200 mg atezolizumab q3w + epacadostat
25 mg BID as starting dose, followed by
dose escalations/total of |18 patients to be
enrolled, including all tumor types

cell lung carcinoma and stage
patients who failed platinum-

Locally advanced non-small-
IV locally advanced urothelial
carcinoma or mUCB

assignment, open-

single-group
label

October 2019 Phase I/

NCT02298153%
(ECHO-110)

based chemotherapy/

second-line therapy and

beyond

Abbreviations: AEs, adverse events; Cl, confidence interval; UCB, urothelial carcinoma of bladder; CIS, carcinoma in situ; DFS, disease-free survival; DLT, dose-limiting toxicity; IC, immune cell (tumor-infiltrating); TC, tumor cell; IHC, immunohistochemistry; DOR, duration of response; irRECIST,
immune-related RECIST; CSS, cancer-specific survival; NA, not available; NR, not reached; q3w, every 3 weeks; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; DMFS, distant metastasis-free survival; RECIST, Response Evaluation Criteria in Solid Tumors; ATA,

antitherapeutic antibodies; EORTC, European Organisation for Research and Treatment of Cancer; QLQ-C30, Quality-of-Life Questionnaire Core 30; C

bladder cancer; BCG, bacillus Calmette—Guérin; mUCB, metastatic urothelial carcinoma of the bladder.

(concentration—time) curve; NMIBC, non-muscle-invasive

, maximum concentration; C_ . minimum concentration; AUC, area under the

max’

There are still limitations with such biomarkers as PDL1
expression for predicting response to treatment. These limita-
tions are due to the multitude of PDL1 antibodies, assays,
scoring systems, and thresholds for positivity. However, there
is still value in knowing the PDL1 expression, since in the
Rosenberg et al study ORRs were 26% (95% CI 18%—-36%)
in the combined IC2 and IC3 group and only 10% and 8%
in the IC1 and ICO groups, respectively.'? At this time, due
to limitations in understanding the role of a biomarker in
selecting patients for therapy, the FDA does not require
PDLI1 positivity for initiation of atezolizumab treatment for
mUCB patients.

Blood-based immunobiomarkers, such as IL-6, IL-18,
and IFNvy, have not been found to be associated with response
to atezolizumab treatment.’’” Anantharaman et al evaluated
the value of circulating TCs (CTCs) with PDL1 expression as
anoninvasive and safe biomarker in 25 patients with muscle-
invasive bladder cancer or mUCB.% While CTCs were found
in 80% of patients overall, 35% of CTCs showed PDL1
positivity. Although statistically insignificant as the study
was not powered to detect signals for survival, patients with
ahigh PDL1-positive CTC burden showed decreased median
OS (194 days) compared to those with low PDL1-positive
CTC burden (303 days). Of note, most PDL 1-positive CTCs
showed no cytokeratin expression in the analysis, which
might be a sign of epithelial-mesenchymal transition dur-
ing metastasis development and consistent with escape from
immunosurveillance by PDL1 expression. However, only five
patients had anti-PDL1 therapy after analysis of CTCs, thus
limiting the value of the study regarding predictive informa-
tion. Moreover, in non-small-cell lung cancers, certain types
of blood cells, which showed PDL1 expression without
expression of common myeloid specific markers, resulted
in decreased specificity and interfered with identification of
true TCs in CTC analysis, thus indicating possible problems
with this approach.®®

Theoretically, a multitude of possibilities regarding bio-
markers are possible, including CTCs, cell-free DNA, micro-
RNA, specific tumor mutations, or number of mutations, as
well as markers of immunoactivity; however, reliable data in
this regard is still lacking. Finding and improving biomark-
ers, as well as assays and cutoff values, may enable better
selection of patients for more accurate prediction of treatment
outcomes, while reducing toxicity and cost.

Furthermore, pseudoprogression or atypical response pat-
terns have been described in patients receiving immunother-
apy for solid tumors.* Patients may have favorable response,
despite an initial increase in tumor size or even appearance of
new lesions during immunotherapy, possibly due to increased
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IC localization and inflammation in tumor sites. Therefore,
contrary to cytotoxic agents, RECIST 1.1 is not always an
appropriate tool for evaluation of response to immunothera-
peutic agents. Loriot et al reported that among mUCB patients
who continued atezolizumab despite progression of disease,
19% had a subsequent =30% decrease in target lesions from
their baseline scans, thus warranting reliable biomarkers to
determine treatment success, as well as innovative methods
to differentiate late response and primary failure.*

As late favorable response to atezolizumab treatment
occurs in some patients, when to initiate systemic therapy
after failed salvage immunotherapy remains an open
question. Furthermore, management of patients with mUCB
who have failed or had to discontinue salvage anti-PD1/PDL1
immunotherapy following failed first-line systemic therapy
is not yet defined. Nevertheless, Sonpavde et al reported
that the median survival rate of these patients was com-
parable (189 days after start of anti-PD1/PDL1 therapy)
to historically observed patients who received second-line
systemic therapy only after PBCT.%*7 The only significant
prognostic factor for survival was patient performance status.
Response to and duration of prior immunotherapy was not
correlated with survival. Therefore, delivery of third-line
and beyond therapies for patients who have failed salvage
anti-PD1/PDL1 immunotherapy seems possible.

Alternative agents to atezolizumab

for second-line therapy for mUCB
The prognosis of patients with mUCB who fail PBCT is very
poor, and prior to the approval of atezolizumab, no second-
line therapy for mUCB was available in the US, whereas
vinflunine was available only in Europe and showed limited
efficacy. So far, very few randomized clinical trials have been
performed in the second-line setting for mUCB, as trials have
been limited by poor performance status, impaired renal
function, and comorbidities that restricted trial design and
contributed to poor patient accrual.*’ Furthermore, significant
disease heterogeneity exists, which limited the interpretation
and applicability of Phase II trials.

While no data comparing atezolizumab with other treat-
ments are available yet, the published results for atezolizumab
exceed the ones of previously evaluated second-line agents.
Studies evaluating the impact of rechallenging with MVAC
reported an ORR of approximately 20% in mUCB patients.*¢
Several monotherapies and combinations have been utilized
in patients who progressed after first-line platinum-based
regimens. The highest ORRs reported for docetaxel, gemcit-
abine, ifosfamide, fluorouracil/recombinant human IFNo., ,

paclitaxel, and pemetrexed monotherapy as second-line
therapy were 6% (44% for patients with subsequent platinum-
containing chemotherapy), 11%, 20%, 30%, 10%, and 27.7%,
respectively.”” However, these Phase II trials were usually
hampered by a low number of patients (generally ten to 30),
methodological issues (no randomization or no blinding),
poor study designs (selection bias and no prior stratification
of risks), and associated with serious adverse events (AEs),
such as grade 3/4 myelosuppression and neuropathy. Research
evaluating oxaliplatin, piritrexim, and irinotecan as second-
line therapy for this setting also reported poor outcomes
and was hampered by similar limiting factors.” Sorafenib,
aflibercept, and pazopanib as second-line targeted therapy
in UC demonstrated ORRs of 0, 5%, and 17%, respectively,
with a high rate of AEs.””” The trial in which the combina-
tion of everolimus with paclitaxel was studied was negative as
well.% None of these agents received approval for second-line
therapy, due to their limited efficacy and high toxicity.

To our knowledge, other than atezolizumab, there are
only two completed Phase 11 trials for second-line therapy
of mUCB. The first was a report in 2009 from the Phase III
trial of vinflunine, a second-generation vinca-alkaloid,
which inhibits microtubules (NCT00315237).¢” The study
was designed to compare OS of UC patients receiving
second-line vinflunine and BSC to patients receiving BSC
only (palliative radiotherapy, antibiotics, analgesics, corti-
costeroids, and transfusions) after failure of PBCT. A total
of 253 patients were randomly assigned to vinflunine plus
BSC, while 117 patients received BSC only. Of note, some
patients received vinflunine with dose reductions, due to
serious hematologic AEs observed during the trial. Overall
response rate (8.6% vs 0%) and median PFS (3 vs 1.5 months)
were all statistically significant in favoring the treatment
arm. In the vinflunine-treatment arm, approximately half
of patients had grade 3/4 neutropenia, whereas grade 3/4
levels of febrile neutropenia, anemia, fatigue, and constipa-
tion were observed in 6%, 19%, 19%, and 16% of patients,
respectively. The updated study with a median follow-up of
45.4 months reported that vinflunine increased survival by
2.3 months and provided a partial response rate of 10%.'
After these results, it was approved in Europe and European
Association of Urology guidelines recommended vinflunine
as a second-line agent in mUCB patients who failed PBCT;
however, as mentioned earlier, statistical significance was
lacking in the intention-to-treat cohort, which probably
precluded approval by the FDA.®!

The other Phase I1I trial for advanced UC evaluated the
combination of gemcitabine and paclitaxel as second-line
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therapy (German Cancer Society/Deutsche Krebsgesell-
schaft Studien ID 213, Studienkennung 01-09).8> All patients
received 3-week cycles of gemcitabine and paclitaxel until
either a maximum of six cycles (48 patients, short-term
treatment arm) or until documented disease progression
(48 patients, prolonged-treatment arm). Both OS (7.8 vs
8 months) and PFS rates (4 vs 3.1 months) were compa-
rable. Furthermore, patients experienced severe anemia, two
patients died due to treatment-related AEs (TrAEs; pulmo-
nary fibrosis and neutropenic septicemia), and six patients
were withdrawn from the prolonged treatment due to disease
progression and toxicity. Therefore, it was concluded that the
prolonged combined regimen of gemcitabine and paclitaxel
for mUCB in second-line settings was not feasible.

Atezolizumab as second-line/salvage therapy for patients
who progressed during or after PBCT had comparable OR
and OS rates to other agents. Moreover, as described earlier,
atezolizumab treatment is associated with durable response,
has a favorable safety profile with low incidence of grade 3—5
AEs, and does not necessitate any dose adjustments for
the majority of comorbidities, as it allows for treatment in
spheres that cytotoxic agents do not; therefore, it seems the
best choice for second-line therapy of mUC in the light of
currently available literature.

In addition to atezolizumab, other ICPIs are currently
of interest in cancer treatment, and their role has also been
investigated for UC. A Phase I trial with avelumab, an anti-
PDL1 antibody, was carried out in 129 patients with mUC
who had progressed after PBCT or were platinum-ineligible.®*
The ORR was 16%, the incidence rate of grade 3/4 AEs
7%, and only one death (or grade 5 AE) occurred, due to
pneumonitis. A Phase III trial with avelumab is currently
recruiting patients to evaluate its role for maintenance
therapy in mUCB patients who have not progressed during
or following first-line systemic therapy (NCT02603432);
primary outcomes of the study are expected in July 2019.%
Durvalumab, another PDL1 antibody, was studied in a Phase
/11 trial, which included 61 patients with mUC.* The ORR
was 31%, with median time of response not reached. Interest-
ingly, 46.4% of the patients with positive PDL1 expression
showed response, while none of the PDL 1-negative patients
responded. Grade 3 AEs occurred only in 4.9% of patients,
and grade 4 or 5 AEs were not seen. A Phase III trial of
durvalumab is currently recruiting patients with stage IV UC
to evaluate it as a monotherapy and a combined therapy with
tremelimumab (CTLA4 inhibitor) versus standard-of-care
chemotherapy (gemcitabine + cisplatin or gemcitabine +
carboplatin) in first-line treatment, and might lead to the first

first-line approval for immunotherapeutics in bladder cancer
(NCT02516241).%¢

Nivolumab, an anti-PD1 antibody, was evaluated in
270 mUC patients who progressed or recurred following
first-line systemic therapy (CheckMate-275 study).” The
ORR and median OS were 19.6% (15%—-24.9%) and
8.7 months, respectively. While response rates were associ-
ated with numerically higher ORRs and OS in patients with
high PDL1 expression (PDL1 =5%: 28.4% and 11.3 months
vs 16.1% and 5.95 months, respectively), patients with little
or no PDL1 expression still showed ORRs of over 10% as
well as durable responses. Grade 3/4 TrAEs occurred in
17.8% of patients, and three patients died from treatment-
related pneumonitis, acute respiratory failure, and acute
cardiovascular failure in this trial. As of February 2017,
Nivolumab is the second FDA approved agent for treatment
of mUCB after failure of PBCT.

Pembrolizumab, an anti-PD1 antibody and an approved
agent for treatment of metastatic melanoma and meta-
static non-small-cell lung cancer, has been tested in mUC
patients resistant to, or who have progressed during, PBCT
(NCT02256436/KEYNOTE-045).%8 This Phase III clinical
trial started on October 2014, and aimed to compare efficacy
and safety of pembrolizumab 3 mg/kg every 3 weeks with
investigator choice of second-line paclitaxel, docetaxel,
or vinflunine, thus offering the first comparative data in
this space. Recently, the trial was stopped early, since
it had demonstrated superiority of pembrolizumab over
chemotherapeutics and met the primary end point (improved
OS) already at interim analyses. Overall, 542 patients were
randomized in a 1:1 fashion to either treatment group, and the
ORR for the total cohort was 21.1% without difference with
respect to PDL1 expression.*” The rate of complete remissions
was 7%. While PFS was not significantly different between
pembrolizumab and chemotherapy, OS was significantly dif-
ferent, with a hazard ratio of 0.73 (0.59-0.91) and a median
OS of 10.3 (8-11.8) vs 7.4 (6.1-8.3) months. One-year sur-
vival probability was 43.9% vs 30.7%. Grade 3—5 AEs were
observed in 15% of patients for pembrolizumab vs 49.4% for
the chemotherapy arm. The current velocity in the field of
immunooncology in UC is highlighted by the designation of
breakthrough status of durvalumab as well as subsequent fast
track approval of atezolizumab and nivolumab by the FDA.

Safety profile and side effects

According to the results reported thus far in clinical trials,
atezolizumab appears to be safe and highly tolerable; however,
some rare immunomediated AEs (ImAEs) have been
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reported. A Phase [ trial in metastatic renal cell carcinoma
offered patients 10-20 mg/kg IV atezolizumab every 3 weeks,
comprising a total of 16 cycles.” Neither maximum-tolerated
dose was reached nor dose-limiting toxicity detected. Powles
et al evaluated the safety of atezolizumab in Phase la expan-
sion study of 68 patients with mUCB, of whom 93% had
received previous PBCT.* Approximately a third of patients
had liver metastasis and impaired renal function, defined as
a creatinine-clearance rate of less than 60 mL/min/1.73 m?.
Atezolizumab was administered IV 15 mg/kg every 3 weeks
for a median of 65 (range 1-259) days. Overall, 91.2% of
patients reported AEs of any grade; nevertheless 19.1% were
grade 3 or 4. Among grade 3/4 AEs, dehydration (grade 3/4,
4.4%), cerebrovascular accident (grade 3/4, 2.9%), urinary
tract infection (grade 3/4, 2.9%), and anemia (grade 3/4,
2.9%) were the most common, whereas asthenia (1.5%),
blood phosphorus decrease (1.5%), and thrombocytopenia
(1.5%) were grade 3 AEs only. None of the patients experi-
enced a grade 5 TrAE (or death).

Further conclusions about the safety profile of atezoli-
zumab can be drawn from the Phase II trial.'? It evaluated
the safety of atezolizumab with a fixed dose of IV 1,200 mg
every 3 weeks. Due to the expectation of ImAEs, the authors
reported AEs in three categories (all-cause, treatment-related,
immunomediated). Any-grade all-cause AEs were reported
in 97% of patients, of whom 55% had grade 3—4 AEs. TrAEs
of any grade and grade 3/4 were observed in 69% and 16%
of patients, respectively. Among them, fatigue (any grade,
30%; grade 3/4, 2%), nausea (any grade, 14%; grade 3/4, 0),
decreased appetite (any grade, 12%; grade 3/4, 2%), and
pruritus (any grade, 10%; grade 3/4, <1%) were the most
common. Pyrexia, diarrhea, arthralgia, vomiting, anemia,
hypotension, hypertension, and colitis were less common
TrAEs, with incidence of <10% for any grade and <1% for
grade 3/4. No grade 5 TrAE was observed. ImAEs of any
grade and grade 3/4 were observed in 7% and 5% of patients,
respectively. Rash (any grade, 7%; grade 3/4, <1%) was the
most common ImAE; pneumonitis, dyspnea, and elevated
liver enzymes (ALT and AST) were the other InAEs, with
incidence rates of 1%—3% for both any grade and grade 3/4.
Neither immunomediated nephrotoxicity nor febrile neutro-
penia was reported. Overall, temporary dose interruptions
due to AEs were necessary for 30% of patients, and 4% of
patients had to discontinue atezolizumab permanently. Up
to 22% of patients were treated with systemic steroids, due
to ImAEs and other AEs.

Despite overall favorable tolerability and limited
follow-up, rare severe ImAEs and other AEs have been

described for immunotherapies, including several fatalities.
The analysis of group 1 of the IMvigor210 study, utilizing
atezolizumab as a first-line therapy for mUCB patients
ineligible for PBCT due to impaired renal function or ECOG
score =2 (n=119), reported one grade 5 TrAE, due to sepsis.*
In a Phase IB study of durvalumab (an anti-PDL1 antibody) in
combination with tremelimumab (an anti-CTLA4 antibody)
for non-small-cell lung cancer treatment, three treatment-
related deaths were reported, due to complications arising
from myasthenia gravis, pericardial effusion, and a neuro-
muscular disorder.”! It is important to recognize that InAEs
appear to be a class effect of these drugs, and not dose-related.
Therefore, they need to be managed in a timely manner, and
will not necessarily be adequately managed by dose reduction
or interruption of treatment alone, but might require systemic
immunosuppression.

Dose reductions are generally not recommended for
atezolizumab; however, permanent discontinuation is war-
ranted under certain circumstances® (Table 2). No significant
drug interactions have been reported. Dose adjustments
are not necessary for patients with moderate renal impair-
ment or mild hepatic impairment or for geriatric patients.
Patients should be offered liver- and thyroid-function tests
periodically during treatment. Monitoring patients for signs
and symptoms of infections and inflammations, such as pneu-
monitis, meningitis, and colitis, is also recommended. Preg-
nant and lactating women should be warned about potential
risks to fetus and infants.

The low incidence of AEs seen in anti-PDLI1 agents
like atezolizumab may be due to their unique mechanism
of action. It leaves PDL2, the other ligand that interacts

Table 2 Adverse events that warrant permanent discontinuation
of atezolizumab treatment

Adverse events Grade (CTCAE)

Pneumonitis Grade 3 or 4
Infusion-related reactions Grade 3 or 4
Ocular inflammatory toxicity Grade 3 or 4
Pancreatitis Grade 4 or any grade if recurrent
Diarrhea or colitis Grade 4
Hypophysitis* Grade 4
Rash Grade 4
Meningoencephalitis Any grade
Myasthenic syndrome/myasthenia Any grade
gravis/Guillain—Barré

AST or ALT >5x ULN Grade 3 or 4
Total bilirubin >3x ULN Grade 3 or 4

Note: *Due to probably permanent damage of the gland, experts consider contin-
uation of atezolizumab with hormonal substitution a possible approach.

Abbreviations: CTCAE, Common Terminology Criteria for Adverse Events; ULN,
upper limit of normal; AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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with PD1, uninhibited, thus decreasing the incidence of
severe inflammatory reactions.?*®? Ipilimumab (antibody
against CTLA4), on the other hand, led to such ImAEs as
hypophysitis, colitis, and vitiligo in 60% of patients overall.
Grade 3/4 ImAEs were as high as 10%—15%, with a need
for high-dose corticosteroids and infliximab in refractory
cases.” More information about the safety profile of this
novel antitumoral agent may be obtained from forthcoming
Phase III trials.

Perspective

While PBCT remains the standard of care for advanced or
mUCB, the advent of ICPIs has ushered in a new era of
immunotherapy for systemic bladder cancer. With a long
history of immunotherapy in the form of BCG instillations to
treat non-muscle-invasive bladder cancer and a large somatic
mutational burden associated with UC, mUCB seems to
be an ideal candidate for treatment with ICP inhibition.
Atezolizumab, an anti-PDL1 antibody, has shown efficacy
as a second-line agent for patients with mUCB who pro-
gressed after PBCT, leading to FDA approval in this setting.
Ongoing trials are being performed with atezolizumab in a
number of different settings for UC, as are other compet-
ing ICPIs. One potential benefit of immunotherapies is that
they work by a different mechanism than chemotherapy
and have different toxicities. As such, there may be an
opportunity for combining therapies to enhance efficacy.
Also, the combination of different immunomanipulations,
as seen for example in malignant melanoma, with the com-
bination of different ICPIs to enhance immunosensitizing
and outcomes is possible in bladder cancer and presents an
interesting approach.

The landscape of treatment of UCB has already shifted
significantly, and based on the number of active trials with dif-
ferent ICPIs and combination treatments with ICPIs, further
manipulations of the immunooncology axis are awaited.
Further elucidation of biomarkers predictive of response to
systemic treatment will guide a more personalized approach
to therapies, and immunotherapies will be no different from
already-existing paradigms for precision medicine.

Conclusion

Atezolizumab appears to be a safe and well-tolerated second-
line agent for mUCB. In a Phase II study, atezolizumab
was reported to have higher response rates than historical
comparisons to other second-line agents, and in some
cases patients were noted to experience durable responses.
These exciting findings have led to early FDA approval of

atezolizumab in this setting. While large, comparative trials
are lacking to date, these are under way and will further
inform us about the efficacy and safety of atezolizumab for
UCB. From numerous ongoing clinical trials of this agent and
other ICPIs in various clinical settings, it is likely that many
other options will exist for the management of UC.
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