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Abstract: Advanced bladder cancer (BC) has a poor prognosis with historically limited therapeutic options. Immunotherapy
has emerged as a viable option for patients with advanced bladder cancer in the second line setting. Immune check point
inhibitors have shown promising results in management of this disease. In this review we will discuss the recently evolving
role of anti PD-1/PD-L1 inhibitors (programmed cell death protein-1 and programmed death ligand-1) for managing this

disease.
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1. Introduction

Bladder cancer (BC) is the second most commonly
diagnosed genitourinary malignancy after prostate cancer. In
the United Stated estimated numbers of new cases were
76,960 with approximately 16,390 deaths in 2016 [1]. BC is
a major health problem worldwide with approximately
380,000 new cases and estimated 150,000-165000 deaths
annually [2].

BC is a disease of the older population with multiple co-
morbidities where 90% of patients are older than 55 at the
time of diagnosis [3]. Clinically, BC is categorized as non-
muscle invasive (NMIBC), muscle invasive (MIBC) and
metastatic bladder cancers (MBC). NMIBC contributes
almost 75-85% of BC cases, and 15-25% of patients have
MIBC or metastatic disease at the time of their presentation
[4].

Superficial disease is usually treated by rans-urethral
resection of the bladder tumor (TURBT) and intra vesical
BCG especially in high risk patients to decrease the risk of
recurrence. BCG refractory NMIBC is usually managed by
repeat TURBT along with intra vesical chemotherapy or
radical cystectomy (RC) in selected cases [5]. MIBC is
usually managed by a multi- disciplinary approach via RC
with or without neo-adjuvant/adjuvant chemotherapy. Almost
50% of MIBC patients will develop metastatic disease

despite multi-modality therapy with dismal median survival
rates of about 12-14 months after metastatic disease [4, 6].

2. Chemotherapy for Locally Advanced
and Metastatic Disease

Cisplatin based regimens used as first line agents for
locally advanced or metastatic BC result in high response
rates but few durable responses with overall survival (OS)
from 9-15 months. MBC has limited therapeutic options and
poor overall prognosis as 5 years survival rate is only 5%
even with utilization of cisplatin based therapies [7, 8, 9].
Despite survival benefit seen with cisplatin regimens, almost
30-50% of patients are ineligible for chemotherapy.
Chemotherapy is challenging in older patients and those with
coexisting medical co-morbidities including  renal
insufficiency, heart failure, hearing impairment and poor
performance status [8, 10]. Prognosis of patients with disease
relapse or progression after Cisplatin based regimen is
dismissal with a median survival of about 6 months [11].
Most of second line agents have a response rate (RR) of 20%
or less, and a median progression free survival (PFS) of 2-4
months. Additionally none has demonstrated improvement in
OS as the survival rate is approximately 6-9 months with
currently used second line agents [9]. Given ineligibility of
many patients to receive cisplatin based therapy there has
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been a need to explore more targeted therapies.

3. PD1/PDL-1 Pathway, a Negative
Regulator of T Cells Responses

Immune based therapies have revolutionized the
management of MBC. Tremendous advances have been
made in understanding the PDI1/PDL-1 pathway
(programmed cell death protein-1 and programmed death
ligand-1) and numerous effective therapies have emerged.
This review will focus on mechanisms of targeting the
PD1/PDL-1 pathway and the new therapies which have
emerged over the last few years for this disease.

Cytotoxic CD8+ T cells recognize tumor specific antigen
presented by MHC -1 (major histocompatibility complex)
and resultant cytolytic activity eradicates tumor cells (TC).
C4+ T cells exhibit anti-tumor response with cytokine
production. Activity of these effector cells is balanced by
regulatory Foxp3+ expressing CD4+ T cells (Tregs) [12].

TC escape immune recognition by decreasing MHC-1
expression and overexpressing T cell check point inhibitory
molecules. PD-1 (Programmed cell death protein-1) is
inhibitory check point receptor member of immunoglobulin
family, primarily expressed on immune cells (IC) and can
bind to ligands PD-L1 (Programmed death ligand-1) and PD-
L2 (Programmed death ligand- 2). PD-L1 is expressed by
many normal tissue, TC and IC both in circulation and tumor
microenvironment while PD-L2 is mostly expressed by
APCs (antigen presenting cells) [13]. PD-L1 binding to PD-1
on lymphocytes inhibits all T cell responses including
activation, proliferation and cytokine production by T cells.
PD-L1 binding to PD-1 on Tregs as abundantly present in
many tumors  promotes  proliferation of  these
immunosuppressive cells. Blocking the PD-1 pathway
decreases immune suppressive activity of Tregs and restores
effector T cell response [36, 42]. PD-L1 expression is
inducible on both TC and IC by cytokines especially
interferon (IFN) produced by activated T cells [12, 14].

4. Correlation of PD-L1 Expression with
Clinical Response

Various studies [15-21] have shown increased likelihood
of response to PD-1 therapies in PD-L1 positive tumors
(those with PD-L1 expression on TC or IC) but fail to
identify all responders in these studies as few PD-1 negative
tumors also responded to therapy [15-21]. As tumors with
low PD-L1 expression are less likely to respond to a single
PD-1 blocker, lower or inconsistent expression can identify
patients who could get benefit from combination
immunotherapy than from a single agent PD-1 inhibitor [17].

In melanoma and renal cell carcinoma (RCC), responses
were seen with dual therapy of CTLA-4 (cytotoxic T-
lymphocyte associated protein-4) and PD-1 inhibitors
regardless of tumor PD-L1 expression which suggests a role
of CTL-4 blockers in overcoming resistance to response in

PD-L1 negative tumors [22, 23]. Tumors with high mutation
rates are more responsive to PD-1 inhibitors as supported by
better response with pembrolizumab in NSCLC with high
mutation burden [24]. By exposing neo- antigens,
Immunogenic tumors can trigger an immune response with
recruitment of T cells in the tumor micro environment as well
as induce high expression of CD8A gene and checkpoint
inhibitors like PD-1 and CTLA4 [25]. Tumors with higher
numbers of somatic mutations due to mismatch repair defects
are more susceptible to check point inhibitors.
Pembrolizumab phase 2 showed improved response rate and
PFS in mismatch repair deficient colorectal cancer
suggesting mismatch repair status as a predictor of response
to PD-1 inhibitors [26].

Alteration in the tumor microenvironment and immune
system as a result of prior or adjuvant therapies might help in
predicting the response to immune inhibitors. In an
experimental model, chemotherapy produced local immune
suppression via PD-L1 upregulation and better survival was
obtained with combination of paclitaxel and a PD1 inhibitor
rather than paclitaxel alone. It suggested improved antitumor
response with a combination of immunotherapy and
chemotherapy [27]. TILs (Tumor infiltrating lymphocytes)
PD-L1 expression is strongly associated with response to
atezolizumab in solid tumors [15]. The presence of TILs also
has been associated with improved outcomes in different
tumors like RCC [28] and BC [29, 30] favoring TILs as a
potential marker of PD-1 therapy response. Blocking the PD-
1 pathway itself may not produce anti-tumor effects if the
tumor micro environment is lacking those immune cells
necessary to eliminate tumor cells despite over-expression of
PD-L1 [31].

PD-L1 expression is variable within the same tumor as
well as between primary and metastatic lesions suggesting
tumor heterogeneity, an important factor of PD-LI1
underestimation. Owing to diverse heterogeneity of many
tumors, it is reasonable to analyze metastatic lesion PD-L1
status before treatment for response prediction [32].

Careful assessment of tumor characteristics, expression of
biologic markers, tumor immune infiltrate, chemokines, neo-
antigens, mutational analysis, alteration of biologic pathways
like mismatch repair may be taken into account in order to
predict response to available targeted therapies or
immunotherapy [15, 24, 25, 26, 27].

5. Significance of PD1- PD-L1 Pathway
in Bladder Cancer, Perspective and
Limitations

Over the last three decades cisplatin based chemotherapy
is the first line treatment and standard of care for MBC. New
targeted therapies and biologic agents have not been proven
more effective compared to traditional chemotherapeutic
agents. Subsequently concept of targeting immune cells
developed in order to eliminate tumor tolerance and utilizing
the patient’s own immune response against tumor antigens
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[33]. Rationale behind the utility of check point inhibitors in
BC is the highly immunogenic behavior of BC and evidence
of successful experience with BCG, utilized to eradicate
carcinoma in situ (CIS) and decrease risk of recurrence in
NMIBC [34]. Urothelial tumors are dynamic with high rates
of somatic and driver mutations and are prone to acquire
mutations not only during course of their natural disease
process but also in response to treatment [35].

Immune hypothesis suggests the immune system has high
likelihood to recognize cancer cells as foreign antigens
secondary to high rates of somatic mutations in BC. Though
urothelial cancer (UC) can evade immune system recognition
by down regulating tumor antigen presentation, manipulating
immune check points and subsequently inactivating cytotoxic
T lymphocytes responses [15, 34, 36].

Xylinas et al, in an analysis of 302 BC treated with
cystectomy, B7-H3 and PD-1 were over expressed in cancer
tissue compared to adjacent normal urothelium (58.6% vs 6%
and 65% vs 0% respectively). Tumor PD-L1 expression
predicted increased mortality after cystectomy in patients
with organ confined disease. Interestingly increased PD-1
and B7-H3 expression but low PD-L1 expression was noted
in patients who received BCG therapy before cystectomy
[37]. In an analysis of 75 UC cases by Nakananishi et al, PD-
L1 over expression on TAICs in high grade tumors was
significantly associated with high rates of recurrence and
both poor overall and recurrence free survival. After T
classification and stage classification as the first two
predictors of poor outcome, tumor associated PD-L1
expression was the third important predictor of prognosis,
even more significant than WHO grade [38]. In a study of
280 UC patients by Inman, Increased PD-L1 expression was
associated with advanced stage and high grade tumors,
though intense expression was observed in CIS [36]. In an
analysis of 300 BC patients by Boorjan, tumor PD-L1 and
TILs PD-1 expression were associated with stage progression
as tumors with high PD-L1 expression and PD-1+ve immune
infiltrate were found to have advanced pathologic stage on
cystectomy [39]. Analysis of 160 bladder tumors by
Bellmunt showed that PD-L1 expression on tumor infiltrating
mononuclear (TIMCs) but not on TC was associated with
better OS in those BC patients who developed metastasis and
were treated with cisplatin based regimen [40].

Sharma et al, Cytotoxic T cells concentration correlated
with better OS in both MIBC and invasive BC suggesting it
as one of the prognostic marker [67]. Geraldine et al, Tumor
specimens from 155 patients showed abundant expression of
PD-L1 and PD-1 in MIBC compared to normal bladder tissue
(59.5% versus 6.7% and 60.7% versus 0% respectively) and
proportionately low expression in NMIBC (22.5% and 4.2%
respectively). Though no correlation could have been
established between mRNA expression of these genes with
survival or prognosis [41].

Overall expression of PD-L1 has been correlated with high
grade tumors, progressive disease, increased risk of
recurrence and poor survival in urothelial bladder cancers
[36, 38, 39] though a few recent studies do not suggest this

marker is associated with disease outcome [29, 41]. PD-1
expression on TC and TILs is associated with advanced
pathologic stages in UC [36, 38, 39]. PD-L1 expression itself
is quite dynamic with evidence of change in expression
during the disease course as well as in response to treatment
[36]. Discordance in PD-L1 expression was found between
metastatic lymph nodes and the primary tumor (cystectomy)
specimen of MIBC patients with no previous exposure to
chemotherapy. It suggested need of PD-L1 analysis on a
sample before treatment initiation rather than tissue from
resected specimen for better assessment of the immune
microenvironment. In patients with metastases, tumor
heterogeneity cannot be captured by single site biopsy and
analysis. Genetic sequencing and biomarker expression of
metastatic lesions in BC may provide better prediction of
outcome from a subsequent targeted therapy [42].

Utilizing whole genome m RNA expression profiling,
MIBC can be divided into luminal, basal and p53 subtypes,
similar to molecular subtypes found in breast cancer.
Aggressive NAC (neoadjuvant chemotherapy) provide
chances for improved survival in basal MIBC secondary to
their chemo responsive behavior. Target therapy in addition
to traditional chemotherapy can provide better outcomes in
luminal type as many luminal MIBC also respond to NAC.
P53 - MIBC, subtype tumors expressing active p53 gene
signature are resistant to cisplatin based chemotherapies [43].

PD-L1 expression of TAICs, high mutation load and
TCGA (The cancer genome atlas) luminal type II are
independently associated with improved response and
survival. Role of PD-L1 as a predictive/prognostic biomarker
in BC is under investigation as measurement of this marker
varies according to assay and techniques utilized as well as
secondary to tumor heterogeneity which requires
standardization =~ of  histochemical  techniques and
consideration of multiple samples for PD-L1 assay [19].

6. PDL-1 and BCG Therapy

Though intra vesical BCG is standard of care after TURB
in NMIBC to prevent recurrence, almost 30-45% of patients
fail to respond or relapse within 5 years of treatment. As
interferon (IFN) production by infiltrating lymphocytes
increases tumor PD-L1 expression, which could be the
etiology behind unresponsiveness or relapse of tumor after
BCG therapy [44]. BCG after being internalized into
urothelial cells produces an immune response through
complex mechanism. Presence of an intact immune system
including cytokines and immune cells, attachment/
internalization of BCG into tumor cells and presence of live
bacteria are factors vital for BCG effectiveness [45].
Increasing tumor PD-L1 expression in correlation with
advancing stage suggests PD-L1 as a prognostic predictor of
stage progression independent of tumor grade. Inman
analyzed 280 patients with high risk BC and suggested that
intra-tumoral PD-L1 expression was a potential reason for
BCG resistance as abundant expression of PD-L1 (intense
staining >90% of cells) was detected in the BCG induced
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granuloma of most of (11 out of 16) BCG refractory patients.
Though PD-L1 is expressed in almost 40% of CIS tumors
before BCG therapy, CIS cases that failed BCG therapy
manifested an approximately 15-20-fold elevation in PD-L1
expression, more abundant within BCG granulomas. This
data supports the hypothesis that rising PD-L1 expression
could contribute to decreased efficacy of BCG over the time
and facilitates CIS to progress into invasive forms, also
proposing a therapeutic role of PD-1 inhibitors in earlier
stage tumors and NMIBC [36].

PD-L1 expression was analyzed on a cohort of 39 NMIBC
patients who underwent at least 2 sessions of TURBT almost
3 months apart and 23 out of 39 received BCG between first
and second TURBT. PD-L1 expression in this cohort did not
correlate with BCG therapy suggesting over expression of
biomarker with disease relapse and dynamic feature of this
marker [46].

7. PD-L1/ PD-1 Inhibitor Therapy in
Bladder Cancer

Immunotherapy in BC has come a long way through
understanding of immune mechanisms which are pivotal in
this disease. We will now review all the recent information
regarding the role of PD-1/PD-L1 inhibitor therapy in
patients with MBC. Several PD-1/PDL-1 antibodies
including  Atezolizumab, Pembrolizumab, Avelumab,
Durvalumab and Nivolumab have been studied in BC
patients with encouraging efficacy.

7.1. Atezolizumab

Atezolizumab is an engineered human IgG anti -PD-L1
antibody which targets PD-L1 expressed on TC and IC,
blocking interaction of PD-L1 with PD-1. Fc domain in
MPDL3280 is modified to avoid antibody dependent cellular
toxicity, thus preventing depletion of PD-L1 expressing T
cells.

Phase Ib study (67 patients) achieved 43% response rate in
patients with positive PD-L1 status (IHC 2/3) and significant
11% response in negative/ weak PD-L1 status patients (IHC
0/1) through 6 weeks, 52% achieved response in (IHC 2/3)
group at 12 weeks follow up [16]. Dose expansion phase Ia
(92 patients) resulted in ORR of 50% in IHC 2/3 group and
17% in THC 0/1 group. OS at 1 year was 57% for IHC 2/3
versus 38% for those in IHC 0/1 category [18]. Phase II study
with Atezolizumab was conducted based on better response
rate and survival associated with high PD-L1 expression on
IC in phase L.

Phase II trial IMVior 210 included a total of 429 patients
who were platinum ineligible, previously untreated or
belonged to platinum refractory category. Patients were
divided into 2 cohorts based on their prior exposure to
platinum based therapy.

IMVigor 210 cohort 2 (NCT 02108652) evaluated
Atezolizumab (1200 mg Q 3 weeks) in 310 platinum
refractory and poor prognostic patients (78% with visceral

metastasis and 21% had > 3 regimens). PD-L1 status was
categorized as ICO <1%, IC1 >1% but <5%, IC 2/3 > 5%
based on percentage of PD-L1 positive IC. Responses were
recognized in all groups with ORR (overall response rate) of
16% in cohort, 28% in IC2/3 and 19% in IC 1/2/3
respectively. Durable responses were seen in poor prognostic
patients and 71% had ongoing responses but MDOR (median
duration of response) was not reached at 17.5 months. 1-year
OS rate is 37% overall, 50% and 40% for IC2/3 and IC 1/2/3
respectively. Median OS is 7.9 overall, 11.9 and 9 months for
I1C2/3 and IC1/2/3 respectively. Better ORR is seen in the
absence of visceral (10% versus 31%) and liver metastasis
(5% versus 19%) with high complete response (CR) (1%
versus 18%) achieved in the absence of visceral metastasis at
baseline similar to Phase I trial [58]. Grade 3-4 TRAEs
(treatment related adverse events) occurred in 16% patients
and grade 3/4 IRAEs (immune related adverse events) in 5%.
TRAEs required steroids in 22% and treatment
discontinuation in 4% patients. There was no treatment
related death, immune related renal toxicity or grade 5
TRAESs [19].

Increased PD-L1 expression on IC was associated with
high response rate and survival. Markers of T eff activation
including CD8+ T cell infiltration, IFN induced chemokines
(CXCL9, CXCL10), positively correlated to PDLI1
expression, but also associated with response to
atezolizumab. Other immune regulators including Tregs
cells, immune check points, baseline IFN gamma induced
gene expression, IFN gamma inducible MHC-I antigen
processing and transport gene expression are associated with
response to atezolizumab. A study suggested TCGA
molecular subtype and mutational load as an important
predictor of response to atezolizumab [19]. Atezolizumab
came out as a potential second line agent for UC who had
disease progression on platinum based therapies.

FDA granted approval to atezolizumab for the treatment of
patients with locally advanced or metastatic UC who have
disease progression on platinum based chemotherapy on May
18th, 2016. However, the phase III IMvigor 211 trial,
(NCT02302807) which included 931 patients with previously
treated metastatic UC who progressed during or following a
platinum based therapy failed to meet its primary end point
of OS. Patients were randomized to atezolizumab or
investigators choice of chemotherapy. Further details of this
trial will be presented later this year.

Phase 2, IMvigor210 cohort 1: (NCT 02108652)
Atezolozumab (1200mg Q 3 weeks) in 119 previously
untreated cisplatin ineligible patients with UC achieved
overall response in 23% and CR in 9%. While 70%
responders had ongoing responses, MDOR was not reached
in this cohort or any subgroups. Comparable responses were
seen in all PD-L1 subgroups 28% in 1C2/3, 24% in IC1/2/3,
21% each in ICO and IC1 subgroups. Median PFS was 2.7
months, better with high PD-L1 status, 4.1 months in IC2/3
versus 2.1-2.6 in IC1 and ICO respectively. Median OS was
15.9 months and 12- month survival was 57%. Similar to
IMvigor210 cohort 2 responses though seen in all TCGA
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subtypes are more significant in luminal type II. Higher
mutational load in responders and those with long survival
suggested mutation load positive correlation with better
response and survival. Grade 3-4 TRAEs occurred in 16%
and grade 3-4 IRAEs in 7% patients. TRAEs led to therapy
interruption in 34% of patients, discontinuation in 8%. One
death related to treatment events is due to grade 5 sepsis
(1%). Statistically significant response seen at follow up of
17 months compared to initial analysis at 6 months suggests
checkpoint therapy responses might be delayed requiring
longer follow up [20]. Better median OS of 15.9 months
compared to gemcitabine- carboplatin (9.3 months) [47] or
Cisplatin based regimen (around 15.8 months) [48] and
durable responses with manageable toxicity proposed it as a
potential first line agent for platinum therapy ineligible
patients. FDA granted approval to atezolizumab as a front-
line therapy for cisplatin-ineligible patients with locally
advanced or metastatic UC in April 2017. Phase 3 IMvigor
130 will compare atezolizumab as monotherapy or in
combination with platinum based regimen in patients with
locally advanced or metastatic urothelial BC (NCT
02807636). Another Phase III study will evaluate efficacy of
atezolizumab as an adjuvant therapy compared to observation
in PD-L1 positive MIBC at high risk of recurrence after
cystectomy NCT 02450331 (IMvigor 010).

7.2. Pembrolizumab (MK-3475)

Pembrolizumab is a highly selective humanized IgG4
antibody against PD-1 which inhibits interaction between
PD-1 and ligands PD-L1 and PD-L2.

MK-3475 (NCT01848834) Phase Ib trial (27 evaluable
patients) resulted in ORR of 26%, 11% with CR, 15% with
partial response (PR) and stable disease (SD) in 15%. [49].
Median OS of 13 months with pembrolizumab was better
than median survival of 6-9 months seen with second line
single or combination chemotherapy agents [50]. Study
suggests that PD-L1 expression of TC and TAICs might be
more reliable marker to identify potential responders to PD-1
inhibitor therapy [49].

KEYNOTE-045 Phase 3 trial (NCT 02256436) 542
platinum refractory UC patients were randomly assigned to
receive pembrolizumab (200mg Q 3 weeks) or chemotherapy
of investigator’s choice. Study resulted in a high response
rate (21.1% vs 11.4%), longer Median OS (10.3 vs 7.4
months) and lower rate of TRAEs (60.9% vs 90.2%) with
pembrolizumab compared to second line chemotherapy.
Grade >3 TRAEs rate was 15% in pembrolizumab that
required discontinuation of therapy in 5.6% versus 49.9%
events in chemotherapy arm that resulted in therapy
discontinuation in 11% patients. MDOR was not reached in
pembrolizumab cohort but was 4.3 months in chemotherapy
arm. Durable responses were observed with pembrolizumab;
68% responders estimated to have ongoing responses for >1
year in pembrolizumab group versus 35% expected to
maintain responses for >1 year in chemotherapy arm. PDL1
combined positive score (CPS) is defined as percentage of
PDL1 expressing IC and TC out of total number of TC.

There was no significant difference in PFS between
chemotherapy and pembrolizumab groups (3.3 versus 2.1
respectively) or among patients with CPS> 10%.
Pembrolizumab showed better outcome over chemotherapy
in all subgroups irrespective of PDL-1 expression including
patients with liver metastases. [51]. On May 18, 2017 FDA
approved pembrolizumab for patients with locally advanced
or metastatic urothelial carcinoma who have disease
progression during or following platinum-containing
chemotherapy.

KEYNOTE 052 (NCT 02335424 phase 2 study)
Pembrolizumab (200 mg Q 3 weeks) as a first line agent in
patients with advanced/ metastatic UC resulted in ORR of
24% in first 100 patients, 37% in patients with high CPS
>10% and 25.4% in patients with CPS >1%. CR is 6% in all
patients, 13.3% in patients with CPS >10% and 6.3% in CPS
> 1%. Grade 3-4 TRAEs experienced by 16% required
discontinuation of treatment in 5% of patients. MDOR is not
reached yet [52].

Few ongoing trials will highlight efficacy of
pembrolizumab in both organ confined and metastatic
disease. MK-3475-057 / KEYNOTE-057(NCT02625961)
phase II trial will determine efficacy of pembrolizumab in
high risk NMIBC who are unresponsive to BCG. A Phase II
trial will assess ORR of Pembrolizumab as a first line agent
in patients with unresectable and metastatic UC ineligible for
cisplatin ~ based  chemotherapy = (KEYNOTE  052;
NCT02335424). Another phase 3 study would determine
efficacy in term of PFS/ OS for pembrolizumab with or
without chemotherapy versus chemotherapy alone in
advanced/ metastatic UC (MK-3475-361/KEY-NOTE-361)
NCT 02853305. Another Phase 1 study will evaluate
pembrolizumab in combination with BCG for high risk
NMIBC (NCT 02324582).

7.3. Avelumab

Avelumab is a human anti-PD-L1 (IgG1) antibody which
binds to both human and mouse PD-L1 with high affinity.
Avelumab has significantly reduced tumor size and burden
with improved long- term survival in mice where MB49
tumor cells were introduced in mice bladder resulting in
tumor development. Combination of BCG and avelumab
provided no additional benefit in reducing tumor burden over
avelumab alone. PD-L1 expression was high in bladder
tumor tissue whether or not they were treated with avelumab
but low expression was found in bladder tissue and tumor/
bladder junction of mice who responded. Mice with complete
tumor resolution after avelumab were protected against
tumor re challenge with intravesical MB49 tumor cells re
instillation, suggesting avelumab also induces T cell memory
response. Avelumab was less effective in mice depleted of
either CD4 or CD8; this suggests need of intact immune
system for immune inhibitors response [53]. Avelumab could
be a promising therapy for NIMB and CIS especially in those
who failed to respond to BCG, but it requires further studies.

Phase Ib study evaluated (MSB0010718C) avelumab
(10mg/kg every 2 weeks) in platinum ineligible or refractory
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UC patients with >2 prior treatments (NCT01772004). As of
March 2015, among 44 evaluable patients, overall response
was reported to be 15.9%, one patient with CR and six with
PR. Patients were not selected based on PDL-1 expression
and status (positive status defined as > 5% expression on
TC). Disease control rate (CR+SD+PR) was 59.1% based on
42.3% with stable disease (SD) and 15.9% patients with
responses (CR+PR). At the time of data cut off, 6 responders
had ongoing response to therapy but MDOR could not be
reached. TRAES of any grade occurred in 60% of patients,
noticeable events were Grade 1-2 infusion related reaction in
18.2%, fatigue in 15.9% and grade 3 asthenia in one patient.
Anti-tumor activity including both better ORR (40% versus
9.1%) and PFS (70% versus 45.5%) was seen in PDLI1+ve
status patients [54]. On May 9™, 2017 FDA granted approval
to avelumab for patients with locally advanced or metastatic
UC with disease progression during or following platinum
based chemotherapy.

Few prospective trials would further explore efficacy of
avelumab in UC. A Phase I study will evaluate activity of
avelumab in locally advanced/ metastatic solid tumors
including UC (NCT 01772004). Another Phase III trial will
compare survival with avelumab plus best supportive care
versus supportive care in patients who achieved a response or
stable disease after completion of first line chemotherapy
cisplatin/ carboplatin or gemcitabine regimen (NCT
02603432).

7.4. Nivolumab

Nivolumab is an IgG4 immnuoglobulin, after binding to
PD-1 receptor inhibits its interaction with ligands PD-L1 and
PD-L2.

Phase I/Il trial (Check Mate 032) NCT 01928394
Nivolumab (3mg/kg Q 2 weeks) in 78 platinum refractory
UC patients, obtained ORR of 24.4% irrespective of PD-L1
status. Median PFS was 2.8 month with 1- year PFS of 21%.
Median OS of 10 months in those with TC PDL-1 expression
of <1% wversus 16 months in those with PDL-1
expression >1%; needs longer follow up is needed to clarify
this difference [55].

Phase 2 trial Check Mate 275 (NCT 02387996) Nivolumab
(Bmg/kg IV Q 2 weeks) in 270 patients of locally advanced
or metastatic UC obtained ORR of 19.6% (in 52 out of 265
evaluable patients) irrespective of their PDL1 status, 2% with
CR and 17% with PR. ORR was 28.4% in patients with PD-
L1 expression >5%, 23.8% in PDL1 expression >1% and
16.1% in PD-L1 expression < 1%. MDOR was not reached
with ongoing response in 77% of responders at time of
analysis in June 2016. Median PFS was 2 months. Median
OS was 11.3 months in those with PD-L1 expression >1%
and 5.95 months with PD-L1 expression <1%. Better
response was seen in patients with few Bellmunt risk factors
compared to those with more risk scores. Grade 3-4 TRAEs
experienced by 18% of patients and 5% required
discontinuation of therapy. Three deaths (2.1%) caused by
TRAEs were secondary to cardio-respiratory failure and
pneumonitis.

This study identified further potential markers for immune
therapy response. Higher expression of several biomarker
including CXCL9, CXCL10, CD8 and 12 chemokines
signatures were recognized in nivolumab responders. High
interferon signature score as found in basal 1 subtype is
associated with high likelihood of response to nivolumab as
30% of responders had basal type 1 [56]. Better OS of 8.74
months was seen with nivolumab versus 6.98 months
survival from second line chemotherapy agents [57].

FDA granted approval to nivolumab for treatment of
patients with locally advanced or metastatic UC who had
disease progression during or following platinum- based
chemotherapy, in February 2, 2017.

Phase I/l Check Mate 032 study, Combination of
nivolumab with ipilimumab has shown better response rate
(RR) of 38.5%, CR 3.8% in cohort A (higher dose
ipilimumab 3mg/kg plus nivolumab 1mg/kg) versus RR of
26%, CR 2.9% in cohort B (lower dose ipilimumab 1mg/kg
plus nivolumab 3mg/kg). OS is 10.2 months in cohort A
versus 7.3 in Cohort B. Grade 3/4 TRAEs rates were similar
in each cohort, at 30.8% and 31.7%, for the cohort A and
cohort B, respectively. Both better response and survival
were achieved with higher dose ipilimumab combination
with nivolumab [58].

Various ongoing trials would further evaluate efficacy and
safety of nivolumab.

A Phase I/ trial is evaluating efficacy of nivolumab alone
or in combination with ipilimumab in advanced/ metastatic
solid tumors including BC. (NCT01928394). Another Phase
3 (Check Mate 274) NCT 02632409 will evaluate efficacy
and safety of nivolumab compared to placebo in patients with
invasive BC after radical surgery. A Phase 2 NCT02387996
will determine the effect of nivolumab (BMS-936558) for
reducing tumor burden in patients with platinum refractory
BC.

7.5. Durvalumab (MEDI4736)

Durvalumab is human monoclonal antibody that targets
PD-L1 ligand.

Phase I /II heavily pretreated 61 patients of BC (93.4%
with on >1 systemic therapy) and 31.1% (=3 prior therapies)
received Durvalumab (10mgkg Q 2 weeks). PDLI
expression on >25% of TC or IC was cut off for positive
status in either TC or IC subgroup or in combined TC/IC
category. ORR was 31% in 42 evaluable patients with ORR
of 46.4% in PD-L1 positive and ORR of 0% in PD-L1
negative group. DCR at 12 weeks was 57.1% in PDL+ve
versus 28.6% in PDL-ve subgroups. Among PDL1 +ve group
ORR is better in those with lymph node disease compared to
those with liver metastases (ORR 66.7% vs 37.5). At data cut
off Nov 2015, (92.3%) 12 out of 13 responders had ongoing
response though MDOR was not reached. Grade 3 TRAEs in
5% including infusion reactions, tumor flare and AKI (1.6%
each) requiring steroids. No grade 4/5 TRAEs were reported.
Study suggests either independent TC/IC or combined TC/IC
PD-L1 status to be considered for response prediction
compared to previous studies stressing IC PD-L1 status for
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response prediction [59].

Durvalumab received FDA approval for locally advanced
or metastatic UC with disease progression after platinum
based regimens in May 2017 based on Phase I/Il study.
Durvalumab is being evaluated as a first line agent in Phase 3
study either as a monotherapy or in combination with
tremelimumab versus standard chemotherapy for Stage 4
bladder cancer (NCT02516241).

8. Conclusion

PD-1 inhibitors have promising results for advanced and

refractory bladder tumors which has given new hope for
treatment of metastatic cancer as there has not been a
significant standard second line therapy for MBC in past 30
years. Better response correlated with PD-L1 expression and
absence of visceral metastasis at baseline in bladder cancer
trials but durability of responses still needs to be determined.
Current focus should be to identify potential biomarkers
which could predict likelihood of response to avoid
unnecessary toxicity. Checkpoint inhibitors in combination
with other agents targeting VEGF, MET, HER2 and FGF,
CD105 and radiation might improve out come in patients
with bladder cancer which requires further evaluation.

Table 1. Inhibitors trials in patients with bladder cancer.

PD1/PDL-1 inhibitor/ Trial Dose N ORR% MTR
. 16%
Atezohzumab' 1C 1/2/3 19%
Phase II IM Vigor 1C 2/3 28%
Cohort 2 1200mg IV Q 3 wks 310 o0 . . 21M
NCT 02108652 9.5% in those with PDL-1 expression <5
[19] 26% in those with PDL-1 expression >5%
CR 7%
0,
Atezolizumab 2
IC2/3
Phase II 28%
. 0
IM vigor 210 1200mg IV Q 3 weeks 119 IC 1/2/3 2.1M
Cobhort 1 24%
0
I[\;(éil"02108652 1C 0/1 21%
CR 9%
15.9%
0/ 1 -1+ 1
Phase Ib 10mg/ke =270 SXP
NCT01772004 Q 2 weeks a4 g NR
PDL-1 —ve patients (<5% expression TC)
[54] .
PR 6 patients
CR 1 patient
Pembrolizumab
Phase III
Key Note 045 N
(Total 542 patients) 200mg Q 3 weeks 266 21% 21 M
NCT02256436
[51]
31%
PD}l:::lIl/]ﬁl ab 46.4% in PDL-1 +ve patients 63
gy .
NCT01693562 10mg/kg Q 2 weeks 61 (expressmn_25 % TC/IC) weeks
[59] 0% in PDL-1 -ve patients
(expression <25% TC/IC)
19.6%
Nivolumab 28% in patients with PD-L1 expression >5%
Phase 11 23% in those with PDL-1
Check Mate 275 3mg/kg IV Q 2 weeks 265 expression >1% 1.87M
NCT02387996 16% in those with PD-L1 expression <1%
[56] CR 2%
PR 17%
Table 1. Continued.
PD1/PDL-1 inhibitor/ Trial PFS OS AEs
Atezolizumab Median OS 7.9 M any grade 70%
Phase II IM Vigor 11.9 M for TRAEs 3/4
Cohort 2 median PFS 2.1 M 1C 2/3 16%
NCT 02108652 9M for IC1/2/3 IRAEs 3/4
[19] 1 year- OS 37% 6%
Atezolizumab median PFS 2.7 M any grade 66%
Phase 11 4.1MIC2/3 Median OS 15.9M TRAESs Grade % 16%
IM vigor 210 2.1MIC1 1- year OS 57% IRAE Grade %
Cohort 1 2.6 M ICO 6%
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PD1/PDL-1 inhibitor/ Trial PFS (O] AEs
NCT02108652 IRAEs Grade 5
[20] <1%
?}\llelur;lbab PFS at 12 weeks any grade 59%
N (?;31772 004 70% in PDL-1+ve NR Grade 3 TRAEs

45% in PDL-1 -ve 2%
[54]
Pembrolizumab
E;asf\]gtle 045 Median OS Any grade 60.9%
(Toytal 542 paticnts) Median PFS 2.1 M 103 M TRAEs Grade >3 15%

- 0, 3, 0,

NCT02256436 1- year OS 43.9% IRAEs grade % 4.5%
[51]
Durvalumab TRAESs Any grade 63.9%
Phase I/I1 TRAEs Grade 3
NCT01693562 NR NR 5%
[59] No grade 4/5 event
Nivolumab Median OS 8.7M
Phase II 11.3 M those with PDL-1 o
Check Mate 275 median PFS 2 M expression >1% éra de 2 /ar%};{giggel gZ‘/A)
NCT02387996 5.9 M those with ! °
[56] PD-L1 expression <1

N = number of patients, MTR= median time to response, AEs= adverse events

TRAEs= treatment related adverse events, IRAE= immune related adverse events, ORR= overall response rate
CR= complete response, PR= Partial response, OS= overall survival
PFS= progression free survival, M= months, TC= tumor cells, IC= immune cells, [V=intravenous
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