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A B S T R A C T

Immune checkpoint inhibitors targeting the programmed cell death 1 (PD-1)/programmed cell death ligand 1
(PD-L1) pathway improve clinical outcomes in patients with locally advanced/metastatic urothelial carcinoma
(UC). PD-L1 complementary or companion diagnostic assays are now available for anti–PD-1 and anti–PD-L1
antibodies and these assays enable testing at diagnosis. The role of PD-L1 testing in UC is, however, the subject of
much discussion within the medical community, particularly in light of recent restrictions on recruitment of PD-
L1–low patients in clinical trials of atezolizumab and pembrolizumab as first-line therapy, and the European
Medicines Agency and US Food and Drug Administration limiting use of these agents as first-line therapy in
cisplatin-ineligible patients to those with high PD-L1 expression. We explore the evolving evidence for PD-L1
expression testing in UC and the role of PD-L1 expression in both tumor cells and tumor-infiltrating immune
cells. We review clinical data on the prognostic and predictive value of PD-L1 expression in response to anti–PD-
1/PD-L1 agents as first- and second-line therapy, considering issues such as the differences among com-
plementary diagnostic assays in terms of the type of cells scored, antibodies used, and cutoff values. We consider
how PD-L1 testing fits into decision-making and the potential of emerging biomarkers in UC. We conclude that,
based on the scientific rationale for its use and evidence from clinical trials, PD-L1 testing provides enriched
information on the patients most likely to benefit from immune checkpoint blockade and should be routinely
offered to patients with metastatic UC.

Background and introduction

Urothelial carcinomas (UC) are immunogenic tumors against which
immunotherapeutic approaches have shown substantial clinical benefit
[1]. Despite their immunogenicity, tumors can evade the immune
system by a variety of means, including altered expression of proteins
that act within the programmed cell death 1 (PD-1)/programmed cell
death ligand 1 (PD-L1) pathway to suppress T-cell antitumor activity
[1–3]. PD-L1 is highly expressed on the surface of activated T cells in
response to inflammation or infection, acting as an “immune check-
point” to maintain self-tolerance and modulate physiological immune
responses. Tumors co-opt this pathway as a major mechanism of im-
mune resistance, such that PD-L1 expression on tumor cells (TCs) and/
or tumor-infiltrating immune cells (ICs) can play a critical role in im-
munosuppression and evasion of host immune responses by tumors

[1–3].
Understanding the role of immune checkpoints in immune evasion

has led to the development of therapies that target the PD-1/PD-L1
pathway. Five immune checkpoint inhibitors shown to improve out-
comes in patients with locally advanced/metastatic UC have been ap-
proved [4–11]. Indications for anti–PD-L1 (durvalumab, atezolizumab,
and avelumab) and anti–PD-1 (nivolumab, pembrolizumab) antibodies
in UC are shown in Table 1 [12–25].
To minimize the tendency to administer questionable treatments

(eg, vinflunine in UC), regulatory agencies have approved these five
immune-oncology (IO) agents, often based on a small effect size, signal
of activity from earlier trials, and surrogate endpoints, including the
objective response rate (ORR) stratified per PD-L1. Each of these IO
agents has been approved based on data from single-arm phase 2 trials.
Only two have been tested in randomized trials: atezolizumab and

https://doi.org/10.1016/j.ctrv.2019.101925
Received 22 February 2019; Received in revised form 1 November 2019; Accepted 4 November 2019

⁎ Corresponding authors at: Centre for Experimental Cancer Medicine, Barts Cancer Institute, Queen Mary University of London, Barts Health NHS Trust, London
EC1A 7BE, UK (T. Powles). Harvard Medical School, Boston, MA, USA (J. Bellmunt).

E-mail addresses: thomas.powles@bartshealth.nhs.uk (T. Powles), Jill.Walker@astrazeneca.com (J. Walker),
andy.williams1@astrazeneca.com (J. Andrew Williams), jbellmun@bidmc.harvard.edu, jbellmunt@imim.es (J. Bellmunt).
1 Address: Oncology Companion Diagnostics Unit, Precision Medicine and Genomics, IMED Biotech Unit, AstraZeneca, Cambridge, UK.

Cancer Treatment Reviews 82 (2020) 101925

0305-7372/ © 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/BY-NC-ND/4.0/).

T

http://www.sciencedirect.com/science/journal/03057372
https://www.elsevier.com/locate/ctrv
https://doi.org/10.1016/j.ctrv.2019.101925
https://doi.org/10.1016/j.ctrv.2019.101925
mailto:thomas.powles@bartshealth.nhs.uk
mailto:Jill.Walker@astrazeneca.com
mailto:andy.williams1@astrazeneca.com
mailto:jbellmun@bidmc.harvard.edu
mailto:jbellmunt@imim.es
https://doi.org/10.1016/j.ctrv.2019.101925
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ctrv.2019.101925&domain=pdf


Ta
bl

e
1

In
di
ca
tio
ns
fo
r
an
ti-
PD
-1
/P
D
-L
1
ag
en
ts
in
th
e
U
ni
te
d
St
at
es
an
d
Eu
ro
pe
an
d
co
m
pl
em
en
ta
ry
or
co
m
pa
ni
on
di
ag
no
st
ic
as
sa
ys
.

U
S,
FD
A

Eu
ro
pe
,E
M
A

A
ss
ay

U
C

O
th
er
in
di
ca
tio
ns
a

U
C

O
th
er
in
di
ca
tio
ns
b

PD
-1

N
iv
ol
um
ab

Pa
tie
nt
s
w
ith
lo
ca
lly
ad
va
nc
ed
or
m
et
as
ta
tic
U
C
w
ho

ha
ve
di
se
as
e
pr
og
re
ss
io
n
du
ri
ng
or
fo
llo
w
in
g
pl
at
in
um
-

co
nt
ai
ni
ng
ch
em
ot
he
ra
py
or
ha
ve
di
se
as
e
pr
og
re
ss
io
n

w
ith
in
12
m
on
th
so
fn
eo
ad
ju
va
nt
or
ad
ju
va
nt
tr
ea
tm
en
t

w
ith
pl
at
in
um
-c
on
ta
in
in
g
ch
em
ot
he
ra
py
[1
8]

N
SC
LC
;m
el
an
om
a;
re
na
lc
el
lc
ar
ci
no
m
a;

cl
as
si
ca
lH
od
gk
in
ly
m
ph
om
a;
H
N
SC
C;

co
lo
re
ct
al
ca
nc
er
;h
ep
at
oc
el
lu
la
r

ca
rc
in
om
a
[1
8]

Lo
ca
lly
ad
va
nc
ed
un
re
se
ct
ab
le
or
m
et
as
ta
tic
U
C
in
ad
ul
ts

af
te
r
fa
ilu
re
of
pr
io
r
pl
at
in
um
-c
on
ta
in
in
g
th
er
ap
y
[1
9]

M
el
an
om
a;
N
SC
LC
;r
en
al
ce
ll

ca
rc
in
om
a;
cl
as
si
ca
lH
od
gk
in

ly
m
ph
om
a;
H
N
SC
C
[1
9]

Co
m

pl
em

en
ta

ry
D
x

(U
S,

FD
A
)

PD
-L
1
IH
C
28
–8

ph
ar
m
D
x
[2
1]

Pe
m
br
ol
iz
um
ab

Pa
tie
nt
s
w
ith
lo
ca
lly
ad
va
nc
ed
or
m
et
as
ta
tic
U
C
w
ho

ar
e
no
t
el
ig
ib
le
fo
r
ci
sp
la
tin
-c
on
ta
in
in
g
ch
em
ot
he
ra
py

an
d
w
ho
se
tu
m
or
s
ex
pr
es
s
PD
-L
1
(C
PS
≥
10
),
or
in

pa
tie
nt
s
w
ho
ar
e
no
t
el
ig
ib
le
fo
r
an
y
pl
at
in
um
-

co
nt
ai
ni
ng
ch
em
ot
he
ra
py
re
ga
rd
le
ss
of
PD
-L
1
st
at
us
,

pa
tie
nt
s
w
ho
ha
ve
di
se
as
e
pr
og
re
ss
io
n
du
ri
ng
or

fo
llo
w
in
g
pl
at
in
um
-c
on
ta
in
in
g
ch
em
ot
he
ra
py
or
w
ith
in

12
m
on
th
s
of
ne
oa
dj
uv
an
t
or
ad
ju
va
nt
tr
ea
tm
en
t
w
ith

pl
at
in
um
-c
on
ta
in
in
g
ch
em
ot
he
ra
py
[1
6]

N
SC
LC
;m
el
an
om
a;
H
N
SC
C;
cl
as
si
ca
l

H
od
gk
in
ly
m
ph
om
a;
m
ic
ro
sa
te
lli
te

in
st
ab
ili
ty
hi
gh
ca
nc
er
[1
6]

Lo
ca
lly
ad
va
nc
ed
or
m
et
as
ta
tic
U
C
in
ad
ul
ts
w
ho
ha
ve

re
ce
iv
ed
pr
io
rp
la
tin
um
-c
on
ta
in
in
g
ch
em
ot
he
ra
py
an
d
in

ad
ul
ts
w
ho
ar
e
no
t
el
ig
ib
le
fo
r
ci
sp
la
tin
-c
on
ta
in
in
g

ch
em
ot
he
ra
py
an
d
w
ho
se
tu
m
or
s
ex
pr
es
s
PD
-L
1
w
ith
a

co
m
bi
ne
d
po
si
tiv
e
sc
or
e
≥
10
[1
7]

M
el
an
om
a,
N
SC
LC
,c
la
ss
ic
al

H
od
gk
in
ly
m
ph
om
a
[1
7]

Co
m

pa
ni

on
D
x

(U
S,

FD
A
)

PD
-L
1
IH
C
22
C3

ph
ar
m
D
xc
[2
0]

PD
-L

1
A
te
zo
liz
um
ab

Pa
tie
nt
s
w
ith
lo
ca
lly
ad
va
nc
ed
or
m
et
as
ta
tic
U
C
w
ho

ar
e
no
t
el
ig
ib
le
fo
r
ci
sp
la
tin
-c
on
ta
in
in
g
ch
em
ot
he
ra
py

an
d
w
ho
se
tu
m
or
s
ex
pr
es
s
PD
-L
1
(P
D
-L
1
st
ai
ne
d
IC

co
ve
ri
ng
≥
5%
of
th
e
tu
m
or
ar
ea
),
as
de
te
rm
in
ed
by
an

FD
A
-a
pp
ro
ve
d
te
st
,o
ra
re
no
te
lig
ib
le
fo
ra
ny
pl
at
in
um
-

co
nt
ai
ni
ng
ch
em
ot
he
ra
py
re
ga
rd
le
ss
of
PD
-L
1
st
at
us
,o
r

w
ho
ha
ve
di
se
as
e
pr
og
re
ss
io
n
du
ri
ng
or
fo
llo
w
in
g
an
y

pl
at
in
um
-c
on
ta
in
in
g
ch
em
ot
he
ra
py
,o
r
w
ith
in

12
m
on
th
s
of
ne
oa
dj
uv
an
t
or
ad
ju
va
nt
ch
em
ot
he
ra
py

[2
3]

N
SC
LC
[2
3]

Pa
tie
nt
s
w
ith
lo
ca
lly
ad
va
nc
ed
or
m
et
as
ta
tic
U
C
af
te
r

pr
io
r
pl
at
in
um
-c
on
ta
in
in
g
ch
em
ot
he
ra
py
or
w
ho
ar
e

co
ns
id
er
ed
ci
sp
la
tin
in
el
ig
ib
le
an
d
w
ho
se
tu
m
or
s
ha
ve

PD
-L
1
ex
pr
es
si
on
≥
5%
[2
2]

N
SC
LC
[2
2]

Co
m

pl
em

en
ta

ry
D
x

(2
L)

VE
N
TA
N
A
PD
-L
1

(S
P1
42
)
[2
4]

A
ve
lu
m
ab

Pa
tie
nt
s
w
ith
lo
ca
lly
ad
va
nc
ed
or
m
et
as
ta
tic
U
C
w
ho

ha
ve
di
se
as
e
pr
og
re
ss
io
n
du
ri
ng
or
fo
llo
w
in
g
pl
at
in
um
-

co
nt
ai
ni
ng
ch
em
ot
he
ra
py
or
w
ho
ha
ve
di
se
as
e

pr
og
re
ss
io
n
w
ith
in
12
m
on
th
s
of
ne
oa
dj
uv
an
t
or

ad
ju
va
nt
tr
ea
tm
en
t
w
ith
pl
at
in
um
-c
on
ta
in
in
g

ch
em
ot
he
ra
py
[1
3]

M
er
ke
lc
el
lc
ar
ci
no
m
a
[1
3]

–
M
er
ke
lc
el
lc
ar
ci
no
m
a
[1
2]

N
o
FD
A
-a
pp
ro
ve
d
as
sa
y

D
ur
va
lu
m
ab

Pa
tie
nt
s
w
ith
lo
ca
lly
ad
va
nc
ed
or
m
et
as
ta
tic
U
C
w
ho

ha
ve
di
se
as
e
pr
og
re
ss
io
n
du
ri
ng
or
fo
llo
w
in
g
pl
at
in
um
-

co
nt
ai
ni
ng
ch
em
ot
he
ra
py
or
w
ho
ha
ve
di
se
as
e

pr
og
re
ss
io
n
w
ith
in
12
m
on
th
s
of
ne
oa
dj
uv
an
t
or

ad
ju
va
nt
tr
ea
tm
en
t
w
ith
pl
at
in
um
-c
on
ta
in
in
g

ch
em
ot
he
ra
py
[1
5]

N
SC
LC

–
N
SC
LC
[1
4]

VE
N
TA
N
A
PD
-L
1

(S
P2
63
)
[2
5]

EM
A
,
Eu
ro
pe
an
M
ed
ic
in
es
A
ge
nc
y;
FD
A
,
U
S
Fo
od
an
d
D
ru
g
A
dm
in
is
tr
at
io
n;
H
N
SC
C,
sq
ua
m
ou
s
ce
ll
ca
rc
in
om
a
of
th
e
he
ad
an
d
ne
ck
;
N
SC
LC
,
no
n-
sm
al
l
ce
ll
lu
ng
ca
nc
er
;
PD
-1
,
pr
og
ra
m
m
ed
ce
ll
de
at
h
1;
PD
-L
1,

pr
og
ra
m
m
ed
ce
ll
de
at
h
lig
an
d-
1;
U
C,
ur
ot
he
lia
lc
ar
ci
no
m
a.

a
Se
e
Pr
es
cr
ib
in
g
In
fo
rm
at
io
n
fo
r
de
ta
ils
of
[1
3,
15
,1
6,
18
,2
3]
.

b
Se
e
Su
m
m
ar
y
of
Pr
od
uc
t
Ch
ar
ac
te
ri
st
ic
s
fo
r
de
ta
ils
of
in
di
ca
tio
ns
[1
2,
14
,1
7,
19
,2
2]
.

c
PD
-L
1
IH
C
22
C3
ph
ar
m
D
x
is
an
FD
A
-a
pp
ro
ve
d
co
m
pa
ni
on
di
ag
no
st
ic
us
ed
to
se
le
ct
pa
tie
nt
s
w
ith
N
SC
LC
an
d
ga
st
ri
c
ca
nc
er
fo
r
pe
m
br
ol
iz
um
ab
tr
ea
tm
en
t.

T. Powles, et al. Cancer Treatment Reviews 82 (2020) 101925

2



pembrolizumab. The approval of multiple immune checkpoint in-
hibitors has represented a significant advance in this setting, as sub-
stantial unmet needs are present for pretreated or cisplatin-ineligible
patients, where options are narrow and the possibility to complete a full
course of treatment is quite low.
However, response to anti–PD-L1 and anti–PD-1 agents is not ob-

served in all patients, such that novel (including molecular) predictors
of response would be beneficial to inform therapeutic choices [1,26].
PD-L1 is increasingly being used as a biomarker to identify patients
likely to benefit most from immune checkpoint blockade. For a bio-
marker to be of value, three criteria need to be met. First, it is important
to understand what the biomarker is measuring, and how it is being
measured. Second, clinical utility must be demonstrated. Finally, the
biomarker must be practicable (ie, it should be reliable; reproducible;
avoid additional, invasive procedures; be cost-effective; usable by dif-
ferent laboratories in different countries) [27,28]. Based on the me-
chanism of action of anti–PD-L1 therapies and their observed benefit,
PD-L1 expression is a logical biomarker for response in UC. Investiga-
tions into the clinical utility of PD-L1 in UC have followed a similar path
in non-small cell lung cancer (NSCLC), where early studies investigated
the impact of PD-L1 expression on objective response to IO therapy in
all-comer populations, with later phase 3 studies using stratification or
prospective selection to confirm clinical utility [29].
The value of understanding PD-L1 expression has been reinforced by

the US Food and Drug Administration (FDA) and European Medicines
Agency (EMA) restrictions to PD-L1-high patients based on emerging
data from ongoing trials [30].
Two open-label phase 3 trials are evaluating first-line anti–PD-1/

PD-L1 agents with or without chemotherapy versus chemotherapy
alone in previously untreated patients with locally advanced or meta-
static UC: the IMvigor130 trial of atezolizumab and the KEYNOTE-361
trial of pembrolizumab [31,32]. Early reviews by the studies’ in-
dependent data monitoring committees suggest that patients in the
checkpoint inhibitor monotherapy arms of both trials with PD-L1 low
status had adverse outcomes [33,34]. The FDA issued an alert to health
care professionals that they should be aware that the populations en-
rolled in the ongoing clinical trials were eligible for platinum-con-
taining chemotherapy, and therefore differ from those enrolled in the
trials that led to the accelerated approvals of the two agents [34]. The
FDA has also revised the indication of these two agents in the first-line
setting. Pembrolizumab and atezolizumab are indicated for the treat-
ment of patients with locally advanced/metastatic UC who are not
eligible for cisplatin-containing chemotherapy and who have high PD-
L1 expression. For pembrolizumab, this is defined as combined positive
score (CPS: the percentage of PD-L1–expressing TCs and ICs relative to
the total number of TCs)≥ 10 as measured by the PD-L1 im-
munohistochemical (IHC) 22C3 pharmDx assay. For atezolizumab, this
is defined as ICs≥ 5% of the tumor area as measured by the VENTANA
PD-L1 SP142 assay [35]. Similarly, the EMA has restricted approval of
pembrolizumab and atezolizumab as first-line treatment of cisplatin-
ineligible patients with metastatic UC to those with high PD-L1 ex-
pression (CPS≥10 for pembrolizumab and ICs≥ 5% for atezolizumab)
[33].
The ability of PD-L1 to predict response to therapy has been in-

vestigated in various tumor types using different PD-L1 complementary
or companion diagnostic assays (Table 1), antibodies, scoring algo-
rithms, and cutoffs to measure PD-L1 expression in TCs or ICs, or both
(Fig. 1), which can lead to variability in results [36,37]. For example, in
advanced NSCLC, high versus low PD-L1 expression is associated with
greater likelihood of treatment benefit with anti–PD-1/PD-L1 therapy,
and requirements for testing for PD-L1 expression using a companion
diagnostic are included in indications for pembrolizumab (expression
on ≥50% of TCs for first-line therapy and ≥1% TCs for patients who
have received at least one prior chemotherapy regimen) [16,17,38]. In
contrast, in advanced renal cell carcinoma, the benefit of nivolumab in
patients previously treated with anti-angiogenic agents is not linked to

TC PD-L1 expression (≥1%), but it does appear to be of some predictive
value in terms of response to combination therapy with ipilimumab in
the frontline setting [18,39,40]. Thus, the predictive value of PD-L1
expression in UC cannot be extrapolated from data from other tumors;
findings must be carefully evaluated in the tumor of interest.
In this review, we evaluate the prognostic value of PD-L1 expression

levels in UC, and the rationale and evidence for PD-L1 expression
testing to predict response to anti–PD-1/PD-L1 therapy. We aim to
explore the relative roles of TC versus IC versus CPS PD-L1 expression in
suppression of antitumor immune responses, as this may be an im-
portant consideration in understanding PD-L1 as a predictive biomarker
in metastatic UC. We also consider emerging biomarkers in UC, and
how PD-L1 testing might fit into future decision-making matrices.

PD-L1 expression in UC

PD-L1 is expressed in TCs as an adaptive response to inflammatory
signals, interferon-γ (IFN-γ) in particular, produced by an active anti-
tumor immune response; correlations between TC PD-L1 expression and
lymphocytic infiltration suggest the occurrence of a negative feedback
loop in which IFN-γ induces TC PD-L1 expression, which then sup-
presses the activity of PD-1–positive T cells [3].
PD-L1 may also be expressed by ICs in UC [6,41]. PD-L1 expression

on ICs appears to be induced by two extrinsic pathways involving
CD4+T cells, one IFN-γ-dependent and one IFN-γ-independent [42].
The relative importance of TC versus IC PD-L1 expression may be
greater in highly immunogenic tumors [43], such as UC, which is as-
sociated with a high mutational load [1,2]. Preclinical data suggest that
while TC PD-L1 expression is transient, IC expression is prolonged, so
that the majority of PD-L1 in the immunosuppressive tumor micro-
environment may be provided by ICs [42].

Prognostic value of PD-L1 expression in UC

Several observational studies have examined TC PD-L1 and/or IC
PD-L1 expression in UC, using different antibodies and cutoffs (Table 2)
[6,44–55]. Most of these studies have assessed TC PD-L1, and, although
some found no association between TC PD-L1 expression level and
survival [44,46], the majority of observational studies indicate worse
prognosis in patients with high TC PD-L1 expression (Table 2)
[45,47–49,52,54,55]. Studies looking at IC PD-L1 expression appear to
support a positive prognostic association (Table 2) [44,55]. While ob-
servational studies play an important role in research, there are major
methodological issues in the design and analytical phases of these
studies including selection bias and confounding [56]. Furthermore,
variations in the timing, origin, and quality of the UC tissue collected
are likely to be relevant.
Meta-analyses of studies in solid tumors including studies in meta-

static UC that recurred or progressed after platinum-based therapy have
provided mixed results with regard to the prognostic value of tumor PD-
L1 expression in UC, with association between worse overall survival
(OS) but no association with progression-free/disease-free survival in
one analysis, and association with worse 3-year but not 5-year OS in
another (Table 2) [51,53].
Randomized, stratified clinical studies remain the gold standard

when conducting research [57]. Analysis of data from such trials of
anti–PD-1/PD-L1 therapy can provide information about the prognostic
value of PD-L1 expression. Two studies that were conducted more re-
cently than the meta-analyses referred to above provide somewhat
contradictory information about prognostic value. In KEYNOTE-045, in
both pembrolizumab- and chemotherapy-treated patients, PD-L1 ex-
pression with CPS≥ 10 was associated with worse OS in comparison
with the overall population (Table 2) [6]. In contrast, data from IM-
vigor211 suggest that IC PD-L1 expression ≥5% is associated with
improved ORR in comparison with the intent-to-treat population, in
both atezolizumab and chemotherapy groups (Table 2) [50]. Although
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these findings are seemingly contradictory, it is important to note that
differing PD-L1 testing approaches were used in the two trials (TCs and
ICs in KEYNOTE-045 and ICs only in IMvigor211).
Although the current evidence from these observational studies,

meta-analyses, and randomized clinical trials is far from clear, it does
suggest that higher IC PD-L1 expression may be linked to better prog-
nosis in metastatic UC, potentially as a reflection of an active antitumor
immune response. Higher TC PD-L1 expression appears to be linked to
worse prognosis, a conclusion supported by meta-analyses including
other tumor types [51,53].

PD-L1 expression in prediction of response to anti–PD-1/PD-L1
monotherapy in metastatic UC

Data on the correlations between clinical outcomes and TC and/or
IC PD-L1 expression in metastatic UC are available from numerous
clinical trials (Table 3) [4–11,20,21,24,25,50], with most data coming
from trials of therapies in the second-line setting. As noted earlier, in-
terpretation of the results of these studies is complicated by the use of
unique assay antibodies and particular assay formats for specific agents.
Despite this, several trials have suggested that patients with PD-
L1–expressing TCs and/or ICs have a greater response to PD-1/PD-L1
inhibition, while others have not demonstrated a correlation between
expression and outcomes (Table 3) [1,2].

Atezolizumab

In IMvigor210, a phase 2 trial of atezolizumab, higher levels of IC
PD-L1 expression (VENTANA SP142 assay), ICs≥ 5% versus
ICs < 1%, were associated with ORRs of 26% versus 8% (Table 3). In
contrast, TC PD-L1 expression was low, and did not show an association
with objective response [9].

In the phase 3, randomized controlled trial, IMvigor211, enrolling
more than 900 patients (Table 3), the study design was based on the
hypothesis that the efficacy of atezolizumab would be associated with
IC PD-L1 expression; the primary endpoint of improvement in OS versus
chemotherapy in patients with ≥5% IC PD-L1 expression was not met
(median OS [95% confidence interval (CI)] was 11.1 [8.6–15.5] months
with atezolizumab and 10.6 [8.4–12.2] months with chemotherapy,
hazard ratio (HR) [95% CI] 0.87 [0.63–1.21], P=0.41), precluding
further statistical analysis. Overexpression of PD-L1 on ICs was asso-
ciated with a more favorable outcome with both atezolizumab and
chemotherapy, consistent with a positive prognostic value of higher IC
PD-L1 expression, as discussed above [44]. However, the IC PD-L1
biomarker enriched for responses regardless of treatment arm, negating
predictive value for response to anti–PD-L1 therapy [50].
More recently, the IMvigor130 trial, which investigated atezoli-

zumab alone or in combination with standard chemotherapy showed a
progression-free survival (PFS) advantage for the chemotherapy+ im-
mune therapy regardless of biomarker expression. However, the
monotherapy arm appeared to out-perform chemotherapy in biomarker
positives. As no formal statistical testing has occurred owing to the trial
design, conclusions cannot be drawn. Atezolizumab is, however, still
FDA-approved for the indication of IMvigor211 (which was intended to
be a confirmatory trial).

Avelumab

In a pooled analysis of patients with metastatic UC (post-platinum
or cisplatin-ineligible) treated with avelumab in the phase 1 JAVELIN
solid tumor study, TC PD-L1 expression≥5% (PharmDx 73–10 assay)
was associated with an ORR of 24%, versus 13% with TC PD-L1 < 5%
(Table 3) [7]. This association was weaker than in an earlier analysis of
44 patients from this study, in which ORR was 54% with TC PD-

Fig. 1. Comparison of different PD-L1
scoring algorithms used in UC. PD-L1
testing in conjunction with pem-
brolizumab in UC (PharmDx 22C3) is
based on the CPS of TCs and ICs with
PD-L1 staining as a proportion of total
TC area; with nivolumab (PharmDx 28-
8), the proportion of TCs with PD-L1
staining is assessed; with durvalumab
(VENTANA SP263), the proportion of
ICs with PD-L1 staining within the total
IC area and the proportion of TCs with
PD-L1 staining is used; with atezoli-
zumab (VENTANA SP142), the propor-
tion of the tumor area occupied by PD-
L1 stained ICs is measured. CPS, com-
bined positive score; IC, tumor-in-
filtrating immune cell; PD-L1, pro-
gramed cell death ligand 1; TC, tumor
cell.
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L1≥5% versus 4% with TC PD-L1 < 5% [58].

Durvalumab

In a planned analysis of the UC cohort in a phase 1/2 study of
durvalumab in solid tumors (Study 1108), where PD-L1 expression
status was based on a cutoff of expression on ≥25% of TCs or ICs
(VENTANA SP263 assay), ORR was 17.8% overall (95% CI, 12.7–24.0),
27.6% (95% CI, 19.0–37.5) in the subgroup with high PD-L1 expres-
sion, and 5.1% (95% CI, 1.4–12.5) in the subgroup with PD-L1 ex-
pression on< 25% of TCs and ICs (Table 3) [8].

Nivolumab

In CheckMate 032, a phase 1/2, trial of nivolumab in patients with
metastatic UC with progression or recurrence after platinum-based
therapy, with a cutoff of TC PD-L1 expression≥ 1% (PharmDx 28-8
assay), no association of ORR with PD-L1 was observed (Table 3) [10].
In the phase 2 CheckMate 275 trial of nivolumab as second-line

therapy, TC PD-L1 expression≥5% was associated with a numerically
higher ORR of 28% more than the 16% rate in patients with TC PD-
L1 < 1% (Table 3). Nevertheless, the authors concluded that ORR in
all PD-L1 subgroups compared favorably with historical ORRs (10%) in
this setting [11].

Pembrolizumab

Trials of pembrolizumab have used the PD-L1 IHC 223 pharmDX
assay, with cutoffs based on CPS [4,6]. In KEYNOTE-045, a phase 3 trial
in which pembrolizumab was compared with chemotherapy in post-
platinum metastatic UC, pembrolizumab was associated with sig-
nificantly improved median OS versus chemotherapy (10.3 vs
7.4 months; P=0.002). Among patients with CPS≥10, median OS
was significantly longer in patients treated with pembrolizumab
(8.0months, 95% CI, 5.0–12.3) than in patients treated with che-
motherapy (5.2 months, 95% CI, 4.0–7.4; HR 0.57, P=0.005) [6].
Pembrolizumab monotherapy with the 22C3 biomarker has trans-
formed first-line therapy in UC.

First-line therapy

Data on the predictive value of PD-L1 testing in patients treated
with anti–PD-1/PD-L1 agents as first-line therapy for metastatic UC are
available from two completed single-arm, phase 2 trials, IMvigor210
and KEYNOTE-052. In these trials, PD-L1 testing was with the same
assay as that used for each agent in the second-line setting [4,5]. In the
IMvigor210 trial of atezolizumab in 119 cisplatin-ineligible patients,
overall ORR was 23%, but responses occurred in all IC PD-L1 expression
groups (Table 3). Median OS was 12.3months (95% CI 6.0–not estim-
able) in patients with IC PD-L1 expression≥5%, and 19.1months
(95% CI 9.8–not estimable) in patients with IC PD-L1 expression <
5%. Unlike in the second-line setting, no statistically significant en-
richment of response according to PD-L1 expression was observed [5].
However, the small sample size and exploratory nature of biomarker
analysis were limitations of this analysis. In the KEYNOTE-052 trial of
pembrolizumab in 370 patients, the highest ORR was in patients with
CPS≥10 (Table 3). However, responses were observed across all ca-
tegories of PD-L1 expression [4]. Thus, PD-L1 expression cutoff of
CPS≥10 had differing value in predicting response to pembrolizumab
in the first- and second-line settings. Although CPS≥ 10 enriched for
response to pembrolizumab when used as first line, benefit of pem-
brolizumab as second-line therapy was independent of PD-L1 expres-
sion in terms of CPS≥10 in patients treated post-platinum therapy.
As described above, early review of data from the ongoing phase 3

trials of pembrolizumab (KEYNOTE-361) and atezolizumab
(IMvigor130) evaluated these agents with or without chemotherapyTa
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versus chemotherapy alone in patients with locally advanced or meta-
static UC. Unpublished results have indicated that patients in the
checkpoint inhibitor monotherapy arms of both trials with PD-L1 low
status (CPS < 10 for pembrolizumab or IC PD-L1 < 5% for atezoli-
zumab) struggled compared with patients who received cisplatin- or
carboplatin-based chemotherapy [31–34]. Published data from these
trials will be needed to establish any predictive value of high PD-L1
expression, but these early results suggest that low PD-L1 expression is
associated with lack of response to anti–PD-1/PD-L1 monotherapy
[33,34].
In summary, in phase 2 studies in the first-line setting, high PD-L1

expression in terms of CPS≥ 10 was associated with better outcomes
[4], while the predictive value of higher IC PD-L1 expression remains

unclear (note that the number of patients in IMvigor 210 was small
[119]) [5]. Current ongoing phase 3 studies [31,32] suggest low PD-L1
expression (CPS < 10 or IC≥ 5%) is associated with adverse outcomes
to anti–PD-1/PD-L1 agents in comparison with chemotherapy [33,34].
There appear to be differences in the clinical utility of PD-L1 as a

biomarker in untreated and platinum-pretreated metastatic UC. It is
possible that PD-L1 expression is changed after first-line treatment,
with chemotherapy acting as an immunomodulator that increases PD-
L1 expression in ICs and priming for response to anti–PD-1/PD-L1
therapy [2,59].
Although questions remain about the predictive value of PD-L1

expression, the available knowledge from PD-L1 testing can inform
treatment choices. In the second-line setting, anti–PD-1/PD-L1 therapy

Table 3
PD-L1 expression as a biomarker predictive of response to anti-PD-1/anti-PD-L1 therapy in clinical trials in metastatic UC.

Phase n Assay PD-L1 cutoff Group (n) ORR (95% CI),
%

Predictive of response: Yes/No

Second-line
Atezolizumab

IMvigor210
NCT02108652 [9]

2 310 VENTANA SP142
[24]

IC≥ 5%
IC≥1%–<5%
IC < 1%

Overall (310) 15 (11–19) Yes
Higher IC PD-L1 expression associated with
response

IC≥ 5% (1 0 0) 26 (18–36)
IC≥ 1% (2 0 7) 18 (13–24)
IC < 1% (103) 8 (3–15)

Atezolizumab
IMvigor211
NCT02302807 [50]

3 931 VENTANA SP142
[24]

IC≥ 5%
IC≥1%–<5%
IC < 1%

IC≥5% Atezolizumab
(116)

23.0
(15.6–31.9)

No
Higher IC PD-L1 expression associated with
response to both atezolizumab and
chemotherapy

IC≥ 5% Chemotherapy
(118)

21.6
(14.5–30.2)

Avelumab
JAVELIN
NCT01772004 [7]

1b 249a PharmDx 73–10 TC≥5% Overall (161) 17 (11–24) Yes
Higher TC PD-L1 expression associated with
response

TC≥5% (63) 24.0 (14–36)
TC < 5% (76) 13 (7–23)

Durvalumab
NCT01693562 [8]

1/2 191b VENTANA SP263
[25]

TC or IC≥ 25% Overall (191) 17.8
(12.7–24.0)

Yes
Lower TC/IC PD-L1 expression associated with
reduced responseTC/IC≥ 25% (98) 27.6

(19.0–37.5)
TC&IC < 25% (79) 5.1 (1.4–12.5)

Nivolumab
CheckMate 032
NCT01928394 [10]

1/2 78 PharmDx 28-8
[21]

TC≥1% Overall (78) 24.4
(15.3–35.4)

No
Response not associated with higher TC PD-L1
expressionTC≥1% (25) 24.0 (9.4–45.1)

TC < 1% (42) 26.2
(13.9–42.0)

Nivolumab
CheckMate 275 [11]

2 265 PharmDx 28-8
[21]

TC≥1% or TC≥5% Overall (265) 19.6
(15.0–24.9)

No
Response not associated with TC PD-L1
expression
Therapy provided meaningful benefit
irrespective of PD-L1 expression
No optimal PD-L1 expression cutoff

TC≥5% (81) 28.4
(18.9–39.5)

TC≥1% (122) 23.8
(16.5–32.3)

TC < 1% (143) 16.1
(10.5–23.1)

Pembrolizumab
KEYNOTE-045
NCT02256436 [6]

3 542 PharmDx 22C3
[20]

CPS≥ 10c Pembrolizumab (270)d 21.1
(16.4–26.5)

No
Benefit of pembrolizumab over chemotherapy
was not associated with CPS PD-L1 expression
level

Chemotherapy (272) 11.4 (7.9–15.8)

First-line
Atezolizumab

IMvigor210
NCT02108652 [5]

2 119 VENTANA SP142
[24]

IC≥ 5%
IC≥1%–<5%
IC < 1%

Overall (119) 23 (16–31) No
No statistically significant enrichment of
response by IC PD-L1 expression

IC≥ 5% (32) 28 (14–47)
IC≥ 1% (80) 24 (15–35)
IC≥ 1%–<5% (48) 21 (10–35)
IC < 1% (39) 21 (9–36)

Pembrolizumab
KEYNOTE-052
NCT02335424 [4]

2 370 PharmDx 22C3
[20]

CPS≥ 10 Overall (370)e 24 (20–29) Yes
CPS ≥ 10 associated with higher frequency of
response

CPS≥10 (110) 38 (29–48)

CI, confidence interval; CPS, combined positive score; DFS, disease-free survival; HR, hazard ratio; IC, tumor-infiltrating immune cell; IHC, immunohistochemistry;
ITT, intent-to-treat; OR, odds ratio; ORR, objective response rate; OS, overall survival; PD-L1, programmed cell death ligand-1; TC, tumor cell; UC, urothelial
carcinoma.
Ordered according to trial design: from control arms of randomized trials (eg, Imvigor211, KN045, to single arm or observational studies).
a 242 patients with progression after platinum-based chemotherapy, seven cisplatin-ineligible patients.
b 182 patients with progression after platinum-based chemotherapy, nine cisplatin-ineligible patients.
c Combined positive score, % of PD-L1-expressing TCs and ICs expressed relative to the total number of TCs.
d ORR by PD-L1 expression status is not provided. Among patients with CPS≥ 10, pembrolizumab offered significant benefits over chemotherapy in terms of

median OS (see text for details).
e Centrally assessed objective response; in the validation set (n= 265), ORR (95% CI) was 39% (28–50) in 80 patients with CPS≥ 10, 20 (14–28) in 139 patients

with a CPS of≥ 1–<10, and 11 (4–24) in 46 patients with a CPS < 1.

T. Powles, et al. Cancer Treatment Reviews 82 (2020) 101925

7



may still be an appropriate option in PD-L1–low patients, due to the low
efficacy of other treatment options. In the first-line setting, che-
motherapy may, however, be a better option in PD-L1–low patients
[31,32]

PD-L1 as a biomarker: issues for consideration

Biomarker expression in general may change owing to the dynamic
nature of the tumor microenvironment [1]; as IFN-γ induces PD-L1
expression, PD-L1, is a dynamic biomarker that is present at sites of
active inflammation, such that biopsy may miss the relevant over-
expression [60]. As with other biopsy biomarkers, intratumoral het-
erogeneity of PD-L1 expression may also affect PD-L1 testing due to
incomplete sampling and differential expression. This is another po-
tential reason why response to immunotherapy is seen in some appar-
ently PD-L1–low patients [60,61]. PD-L1 expression status may differ in
primary tumor and metastatic sites [62]. In addition, there may be
intra-patient heterogeneity of expression between different metastatic
locations, as has been observed in melanoma and NSCLC [63–65]. The
timing of sampling in relation to treatment is likely to be important,
given that chemotherapy may affect PD-L1 expression in UC [59].
Clinical trials have used varying samples for PD-L1 assay. For example,
in the KEYNOTE-045 trial of pembrolizumab, archival tumor samples
and newly obtained core or excisional biopsy samples were permitted,
with no restrictions on the age of the archival samples or the number of
intervening therapies received after the sample was obtained [6],
whereas in CheckMate 032, biopsy specimens were fresh or archived
within 3months of the start of treatment with nivolumab [10]. The
differing expression of PD-L1 in TCs and ICs, dynamic changes, and
intratumoral heterogeneity may mean that there are benefits to using
both TCs and ICs to obtain the most comprehensive picture of PD-L1
status.
As evident in Table 2 and Fig. 1, there is a lack of standardization

between available PD-L1 assays. As noted previously, some measure
PD-L1 in TCs, some in ICs, and some use both, while different com-
plementary assays use different antibodies. This lack of standardization
is an obstacle to evaluating the strength of PD-L1 as a biomarker [2].
There is evidence, however, for concordance and reproducibility among
assays, indicating that PD-L1 expression can be reliably scored in UC. In
a study of 235 UC samples comparing four antibody clones (ie, 22C3,
28-8, SP142, E1L3N), the overall results were highly concordant despite
some heterogeneity in staining, suggesting diagnostic equivalence be-
tween these assays [66]. Similar analytical performance was found with
VENTANA SP263, pharmDx 22C3, and pharmDx28-8 assays in a study
of 335 tumor biopsy samples from patients with UC, but although the
VENTANA SP142 assay had similar performance to the other assays in
terms of IC staining, it was less sensitive for TC staining [67]. The
Blueprint study in lung cancer has shown similar results [68,69].
Different assays and different algorithms may lead to differences (ie,

limited overlap) in the patient populations that would be classified as
PD-L1 high versus PD-L1 low/negative and impact treatment results
(Fig. 2). In a study staining archival UC tumor samples, the VENTANA
SP263 (TC/IC≥ 25%) and pharmDx 22C3 (CPS≥10) assays classified
35% and 52% of samples, respectively, as PD-L1 high, with an overlap
of 32% (ie, samples were classified as PD-L1 high by both assays). In
contrast, the VENTANA SP142 assay (ICs≥ 5% tumor area) classified
only 5.7% of samples as PD-L1 high, with an overlap with the VEN-
TANA SP263 assay of 5.4% [70].

Emerging biomarkers in metastatic UC

Tumor mutation burden

PD-L1 has been extensively studied in UC, but emerging biomarkers
may be of value independently or in combination with PD-L1 [61,71].
Tumor mutation burden (TMB; reflective of increased neoantigen

burden) is a potential predictive biomarker in UC independent of PD-
L1; TMB was associated with response to atezolizumab as first- and
second-line therapy, but was not prognostic, and selected a different
patient population from IHC PD-L1 assay [5,9,50]. Combining TMB and
PD-L1 assessment appeared to increase predictive value: in IMvigor211,
median OS in patients with high TMB and IC PD-L1 expression≥5%
was 17.8months (95% CI 9.7–not estimable) in those treated with
atezolizumab in comparison with 10.6months (8.2–14.3) in those
treated with chemotherapy [50]. Challenges to the use of TMB include
difficulties in standardization, tumor evolution over time, and lack of
assessment of the immune microenvironment [61].

Gene expression profiles

Targeted IC gene expression profiles, quantifying chemokines, cy-
tokines, or cell surface proteins may delineate an inflamed tumor mi-
croenvironment more fully than a single marker such as PD-L1 [61]. In
CheckMate 275, higher values in a 25-gene IFN-γ signature were as-
sociated with response to nivolumab and higher TC PD-L1 expression
[11]. Similarly, a four-gene IFN-γ signature was associated with re-
sponse to durvalumab in the UC cohort of Study 1108 [72]. Multiple
gene panels are available, but there is no standardized commercially
available panel, and their utility will need to be validated in prospective
clinical trials; cost may also be an issue [61,71].
Examination of tumors from patients with metastatic UC treated

with atezolizumab has shown that lack of response to this agent is as-
sociated with a signature of transforming growth factor (TGF)-β sig-
naling in fibroblasts, particularly in tumors showing exclusion of
CD8+T cells from the tumor (a common phenotype in metastatic UC).
In a non-clinical model of this immune-excluded phenotype, combina-
tion treatment with anti–PD-L1 and TGF-β-blocking antibodies reduced
stromal TGF-β signaling, facilitated T-cell penetration into the tumor
center, and provoked anti-tumor immunity and tumor regression [73].
More studies will be needed to demonstrate the utility and practicality
of using TGF-β as a biomarker.
The Cancer Genome Atlas (TCGA) RNA sequencing of muscle-in-

vasive UC has identified five expression subtypes, luminal, luminal-
papillary, luminal infiltrated, basal/squamous, and a poor-survival
neuronal type, that may stratify response to different treatments [74].
As with IFN-γ gene panels, multiple gene cluster assays have been used
for TCGA subtyping, making standardization an issue. Additionally,
TCGA subtyping in patients treated with immunotherapy has been
limited to small patient numbers. As a result, TCGA subtyping appears
to have low negative predictive value for immunotherapy [61]. How-
ever, individual TCGA subtypes, in particular the luminal or luminal
papillary subtypes, may be most suitable for targeted therapies. For
example, the luminal papillary subtype is characterized by aberrations
in FGFR3, and several ongoing studies are investigating the efficacy of
FGFR inhibitors in patients with mutations or translocations in FGFR3
[75]. Erdafitinib (a pan-FGFR tyrosine kinase inhibitor) has been tested
in a phase 2 trial (n= 99) in patients with FGFR DNA alterations
(FGFR2 or 3). Confirmed response rates were 40% with median PFS and
OS of 5.5months (95% CI 4.2–6.0) and 13.8months (95% CI 9.8–NA),
respectively (median follow-up: 11months) [76]. In these select pa-
tients, erdafitinib was approved by the FDA. Data in combination with
immune therapy are awaited.
Given the limitations of evaluation of biopsies derived from primary

tumors and on clinical staging, interest is growing in non-invasive li-
quid biopsies, which may be more reflective of the current phenotypic/
genotypic status of disease, an example is circulating tumor (ct) DNA
[77]. Detection of specific mutations in ctDNA has the potential to
identify patients likely to respond to certain therapeutic approaches
[78]. Changes in variant allele frequencies (VAFs) in ctDNA are being
investigated as an early marker of response to treatment: in an analysis
of patients with metastatic UC treated with durvalumab, decrease in
VAF was correlated with response while patients with progressive
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disease showed no changes in VAF [78,79]. Blood-based TMB is another
emerging biomarker that has shown promise in predicting response to
second-line atezolizumab in NSCLC [80].

Discussion points

For a biomarker to be of value, it is important to understand what it
is measuring, and how it is being measured; clinical utility must be
demonstrated; and the biomarker must be practicable. For PD-L1, there
is a clearly defined target and strong rationale for its use. At present, it
is not clear whether TCs or ICs represent the best cells to test, but there
may be justification for measuring expression levels of PD-L1 in both. In
terms of clinical utility, PD-L1 expression, in general, appears to cor-
relate with improved response in patients with UC treated with
anti–PD-1/PD-L1 monotherapy [2]. Low–PD-L1 expression may help to
identify patients who are more likely to have poor response to second-
line monotherapy and who might benefit from the opportunity to re-
ceive novel therapies or combination therapy [2]. PD-L1 expression
testing may be particularly important in the first-line setting to select
the most appropriate therapy, although at present the data are pre-
liminary. Overall, the results in the platinum refractory and previously
untreated setting are, at best, inconclusive and inconsistent. However,
results from first-line clinical trials should be able to provide clar-
ification.
The efficacy of immunotherapy combinations is also under in-

vestigation. The role of PD-L1 expression in prediction of efficacy for
such combinations is, at present, unclear. The data supporting the PD-
L1 biomarker in immune combinations (with cytotoxic T-lymphocyte-
associated antigen 4) were expected to show that the combinations
would be effective in biomarker negatives, but, this does not appear to
be the case [81]. Data on ipilimumab and nivolumab do show enrich-
ment in biomarker positives in single-arm trials. Additional research is
ongoing.
There is currently a lack of standardization among available PD-L1

assays and cutoffs, such that patient populations identified as “PD-L1
high” can differ when different assays and algorithms are used; this

represents an obstacle to evaluating the strength of PD-L1 as a bio-
marker. There is, however, also concordance across some assays, which
is important where multiple assays are available, and indicates that PD-
L1 expression can be reproducibly scored in UC. With strong evidence
of practicability and utility in predicting response, PD-L1 is currently
the most advanced biomarker, and should be routinely offered to pa-
tients with metastatic UC. However, PD-L1 is far from a perfect bio-
marker, and, as new biomarkers emerge, they are likely to be added
into a matrix system to more accurately define which patients are most
likely to respond to immunotherapies. For example, additional tests
may identify patients who respond to IO therapy, regardless of PD-L1
expression, refining its role as a selective biomarker. In the future,
monitoring of PD-L1 expression on circulating tumor cells could pro-
vide a minimally invasive means of longitudinal monitoring of real-
time, on-treatment PD-L1 status that may overcome some of the lim-
itations of current PD-L1 assay methods that rely on archival samples
that do not reflect the current state of the cancer or require fresh, in-
vasive tissue biopsy [82].
As the science of biomarkers progresses, PD-L1 testing may become

embedded within the testing paradigm in UC alongside other emerging
biomarkers, especially given the recent FDA and EMA restrictions on
the first-line use of atezolizumab in combination with chemotherapy in
“unfit” patients with low levels of PD-L1 expression as based on the
recent IMvigor 130 trial. However, in the same trial, PD-L1 testing was
shown to be important in monotherapy in the first-line use [83]. The
role of biomarkers is unknown as drugs are moved earlier in the disease
and contradictory results are sometimes observed from small data sets.
Randomized trials are awaited.
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