
PD-L1 Testing in Urothelial
Carcinoma: Analysis of a Series of
1401 Cases Using Both the 22C3 and
SP142 Assays
Harriet Evans*, Brendan O’Sullivan, Frances Hughes, Kathryn Charles, Lee Robertson,
Philippe Taniere and Salvador Diaz-Cano

Molecular Pathology Diagnostic Service, Queen Elizabeth Hospital Birmingham, Birmingham, United Kingdom

Immune checkpoint blockade (ICB) drugs are a novel, effective treatment for advanced
urothelial carcinoma. Worldwide, several different ICB drugs are approved, each
developed and clinically validated with a specific PD-L1 compound diagnostic assay.
As a result, PD-L1 testing workflows in routine practice are complex: requiring multiple
assays across two platforms, with each assay having a different method of interpretation.
Our service tested 1,401 urothelial carcinoma cases for PD-L1 expression, using both the
22C3 PharmDx assay (required prior to Pembrolizumab therapy) and SP142 assay
(required prior to Atezolizumab therapy). Of the 1,401 cases tested, 621 cases (44%)
were tested with both the 22C3 PharmDx and SP142 assays, 492 cases (35%) with 22C3
PharmDx only, and 288 cases (21%) with SP142 only. Each assay was used and
interpreted according to the manufacturer’s guidelines. The rate of positivity we
observed was 26% with the 22C3 assay and 31% with the SP142 assay, similar to
the pre-licensing studies for both drugs. The discrepancy observed between the assays
was 11%, which reinforces the requirement for utilisation of the correct assay for each
agent, and limits potential cross-utility of assays. This aspect must be considered when
setting up a PD-L1 testing strategy in laboratories where both Pembrolizumab and
Atezolizumab are available for the treatment of urothelial carcinoma but also has
broader implications for testing of other cancers where multiple ICB drugs and their
respective assays are approved.
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INTRODUCTION

Immune checkpoint blockade (ICB) drugs have emerged as an effective treatment for many cancers
and their use is approved across cancer types. Each ICB drug has been developed alongside a specific
PD-L1 companion diagnostic assay. These PD-L1 assays have been designed and validated by clinical
trials for specific use in different disease-drug combinations. They use different PD-L1 primary
antibody clones, immunohistochemistry (IHC) platforms and protocols, and have different scoring
algorithms [1,2].

As a result, when testing laboratories decide which PD-L1 tests to implement in routine practice;
they must consider data on both clinical and technical validation. There is little evidence in the
literature on the clinical equivalence between the various compound diagnostics. Therefore, it would
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be hard to justify using a compound diagnostic test other than the
one shown to be clinically validated in trials (whether an
alternative compound diagnostic test or a laboratory-developed
PD-L1 IHC protocol). Furthermore, ICB drugs can be both toxic
to patients and expensive for healthcare providers which
necessitates accuracy in selecting patients suitable for ICB
therapy.

In order to deliver an exhaustive PD-L1 testing service in solid
tumours, laboratories have to implement PD-L1 assays on both
the Dakolink48 and the Ultra platforms and validate the four
companion diagnostics assays, each on the relevant platform
(22C3 PharmDx and 28.8 PharmDx on Dakolink 48; SP142
and SP263 assays on Ultra platform). Furthermore, as the
readout and the scoring algorithm varies both between and
within tumour types, there must be appropriate training for
reporting pathologists and scientists.

Worldwide, five ICB drugs are currently approved by the Food
and Drug Authority (Atezolizumab, Avelumab, Durvalumab,
Nivolumab and Pembrolizumab), and three by the European
Medicines Agency (EMA) Atezolizumab, Nivolumab and
Pembrolizumab) for the treatment of advanced urothelial
cancer following chemotherapy. Furthermore both
Atezolizumab and Pembrolizumab are EMA approved for the
first line treatment of in advanced urothelial cancer where
patients are ineligible for cisplatin containing chemotherapy
[3,4]. Currently, only Atezolizumab is NICE approved in
urothelial cancer, for use in both cisplatin-ineligible patients
and for treatment following platinum-containing
chemotherapy [5,6]. When being used as a first line drug,
both NICE and the EMA specify that the use of Atezolizumab
or Pembrolizumab is based on specific PD-L1 cut off values being
met and so PD-L1 assessment is mandatory before prescription in
these scenarios [5,7,8].

Based on clinical trial data, when using the 22C3 PharmDx
assay (the assay approved for PD-L1 testing prior to
Pembrolizumab prescription), a positive PD-L1 test result is
defined as a combined positive score (CPS) including tumour
and immune cells above 10 (CPS >10) [9,10]. However, when
using the Ventana SP142 assay (the approved assay for use prior
to Atezolizumab prescription), a positive PD-L1 result is defined
as PD-L1 positive immune cells (IC) staining covering more than
5% of the tumour area (>5% IC) [11,12]. This highlights that
there are numerous differences between interpretation of these
assays: including what cell types are included in the assessment
(immune cells or immune cells and tumours cells), the type of
inflammatory cells that are included (22C3 allows only
lymphocytes and macrophages, whereas SP142 also includes
dendritic cells and granulocytes), whether the assessment is of
the total number of cells or of the area involved, and finally, the
positive cut off values [4,13].

Data from clinical studies found that prior to Atezolizumab,
the percentage of tumours with PD-L1 expression of >5% IC
varied from 27% (previously untreated tumours in Cisplatin
ineligible patients) to either 28% or 33% in those who had
prior chemotherapy treatment (28% in metastatic tumour
samples, 33% in primary tumour samples) [11,12]. For
Pembrolizumab, trials found that 33% (Keynote-052 trial) or

30.3% (Keynote-045 trial) of urothelial carcinoma patients had
PD-L1 expressing tumours with a CPS >10 [9,10]. Additionally, a
study from Eckstein et al. assessed 251 urothelial carcinomas with
four different PD-L1 assays. Their results found that when using
the PharmDx assay with the designated cut off of CPS >10, 35.1%
of cases were positive. however, when using the SP142 assay with
the cut off value of IC >5%, only 16.3% of cases were positive [14].

The existence of multiple different ICB drugs, each with their
different compound diagnostic is challenging and inflexible for
laboratories in terms of cost, achieving turn around times and
preserving patient tissue. This had leads to the drive to assess the
interchangeability between different assays. This is a valid
consideration that could allow reduce cost, easier testing
strategies and preservation of patient tissue [4,13,15].

Several studies have looked at the concordance between
multiple different ICB drug assays in urothelial carcinoma.
Some compared the concordance between assays using a
common criteria, for example, immune cell (IC) value or
tumour cell (TC) value rather than each test according to the
manufacture guidelines [4,16,17]. Although having a unified
assessment method would come with several benefits in terms
of ease of assessment and training, and although several studies
did find concordance using this method, this is not how the assays
were designed and remains unvalidated. As mentioned by
Schwamborn et al., the assays are designed to stain for
different things; they use different epitopes that are present in
different PD-L1 isoforms so a direct comparison is not valid [16].
This is highlighted by the work by Zajac et al., who assessed
urothelial carcinoma samples using four available PD-L1 assays.
They found that although there was good correlation between
SP263, 22C3 and 28-8 assays for both TC and IC PD-L1 staining,
when the assays were used with their specific clinical scoring
systems, there were substantial differences in scoring, resulting in
the conclusion that the appropriately clinically validated
algorithm must be used for each drug [4].

A study by Hodgson et al. tested urothelial carcinomas with
three commercial kits (SP263, SP142 and 22C3) and assessed
each according to the manufacturers algorithm and
recommended cut-off value. This study found that the
percentages of UC deemed positive in each cancer were 21%
using the SP263 clone, 18% using the SP142 clone and 20% using
the 22C3 clone. This was deemed a high rate of concordance,
however, this was a smaller study of 197 cases of urothelial cancer
and it was performed on tissue microarrays, rather than clinical
samples [14]. In contrast, as discussed, when Zajac et al.
compared the SP263 assay specifically against each of the
other three assays (SP142, 22C3 and 28-8), each according to
their assay-specific clinically relevant algorithm, their criteria for
concordance was not met for any of the assays [4].

In this study we report on the rate of PD-L1 positivity of
urothelial carcinomas with the 22C3 and SP142 assay and the
clinical correlation between assays. Our aim was to assess whether
each assay, if reported according to the relevant manufacturer
guidance for urothelial carcinomas, provided reliable information
for the alternate drug. For example, in practice, would a 22C3
assay assessment with CPS >10 be reliable to determine if patients
would be eligible for Atezolizumab therapy, and would the SP142
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assessment with >5% IC be reliable to determine if patients would
be eligible for Pembrolizumab therapy?

This data is relevant across cancers with multiple approved
ICB drugs because the current inflexibility of the testing strategies
is challenging for laboratories. The example provided in this
series builds on previous studies comparing concordance between
ICB assays in urothelial cancer, when used according to
guidelines. Additionally, it sheds light on the tests clinical
cross-utility, which may help testing laboratories adjust their
strategies to meet oncology requirements more efficiently, while
still following the clinically validated manufacturer guidelines.

MATERIALS AND METHODS

Our department has been offering PD-L1 testing across various
tumour type since 2016, with over 40,000 PD-L1 tests done
between 2016 and March 2021. All four compound diagnostics
have been validated according to tumour type on the appropriate
platforms. Between July 2018 and March 2020, we tested 1,490
advanced urothelial carcinomas for PD-L1 expression.

PD-L1 expression was assessed on formalin-fixed paraffin-
embedded (FFPE) tumour samples. Cytology samples, including
FFPE clots, were excluded from testing since the preserved
architecture of the tissue is required to identify intra-tumoral
inflammatory cells to be included in both CPS and IC
assessments. In addition, non-invasive carcinomas were not
assessed with SP142 assay due to the absence of intra-tumoral
inflammatory cells.

Samples were prepared using 4 µm thick sections on Dako
slides for the 22C3 assay or on Tomo slides for the Ventana SP142
assay. PD-L1 testing was undertaken using the PD-L1 22C3
PharmDx assay (Agilent Technologies, Santa Clara, CA) on an
Autostainer Link 48 and/or the SP142 test (Ventana Medical
Systems) on a Benchmark Ultra system. Both assays were
validated according the department’s policy for compliance
with ISO:15198(2012) standards.

The interpretation of assays was performed by Consultant
Histopathologists and one scientist. Reporting members of staff
had participated in formal training provided by either Roche
Ventana/Dako Agilent, subcontracted specialist training
providers or been part of a formal in-house training scheme
led by a provider-trained Consultant. The department regularly
participates in EQA schemes which assess both the technical
staining quality and interpretation of both PD-L1 stains.

22C3 pharmDX assay stained sections were assessed to
determine a CPS, with a positive value being CPS >10 as per
Pembrolizumab licensing; the maximum CPS was 100. SP142
assay stained sections were assessed to determine an IC score,
with a cut-off of 5% of tumour surface positivity as per
Atezolizumab licensing.

RESULTS

There were 1,490 urothelial carcinoma cases submitted to our
department for PD-L1 testing between June 2018 and March

2020. Test failure occurred in 89 cases (6%), most of which were
due to insufficient material in the sample submitted. Other
reasons for failure included submission of cytology samples
that are not suitable for PD-L1 assessment (as described
previously), samples that lacked an invasive component, or
uninterpretable cases due to marked diathermy artifact or
necrosis (mostly TURB chippings).

Of the 1,401 samples that had a successful PD-L1 assessment,
621 cases (44%) were tested with both the 22C3 PharmDx and
SP142 assays, 492 cases (35%) with 22C3 PharmDx only, and 288
cases (21%) with SP142 only. Therefore, a total of 2022 PD-L1
assays were untaken across these 1,401 samples (1,113 cases were
tested with the 22C3 PharmDx assay and 909 cases with the
SP142 assay).

Of the cases tested with the 22C3 PharmDx assay, 289/1,113
(26%) cases showed CPS >10 and so were eligible for
Pembrolizumab therapy. This figure is a slightly lower rate
than shown in the Keynote trials of 30.3% or 33%, and lower
than the 35.1% seen by Eckstein et al [9,10,14]. In the cases tested
with the SP142 assay, 284/909 (31%) showed IC >5% with the
SP142 assay and were eligible for Atezolizumab therapy; this is
similar to the range of positivity found in phase 2 trials, and is
higher than the 16.3% recorded by Eckstein et al [11,12,14].

The immunoexpression revealed concordant results (both
tests being either positive or negative) in 553/621 cases (89%)
and discordant results in 68 cases (11%). Of the concordant
results, 403/621 were negative on both assays and 150/553 were
positive on both assays (Figure 1A). Of the discordant cases, 49
cases (8%) showed positivity with the SP142 assay (Atezolizumab
eligibility) exclusively, and 19 cases (3%) showed positivity with
the 22C3 PharmDx assay (Pembrolizumab eligibility) exclusively.

DISCUSSION

Worldwide, PD-L1 testing workflows for urothelial carcinomas in
routine practice are complex; they potentially require two
platforms, multiple assays and appropriately trained
pathologists and scientists. Our data provides some insight on
how to rationalise PD-L1 testing before ICB therapy in order to
improve efficiency.

We have obtained data on the clinical discrepancy between
both PD-L1 assays, rather than merely comparing the pattern of
PD-L1 expression between the assays. This point is vital because
the assays have been designed in specific conditions and have
different staining characteristics. Indeed, in practice, we see
significant differences in the intensity and the proportion of
both tumour and inflammatory cell staining depending on
which assay has been used. Therefore, it would not be
appropriate to apply a cut-off of CPS >10 on sections stained
with SP142 assay or a cut-off of >5% IC on sections stained with
the 22C3 PharmDx assay. Instead, it is essential to adhere to the
guidance provided by the companion diagnostics to ensure
accurate results and to maintain the comparability of results
among different laboratories.

Our data shows that PD-L1 testing is feasible in routine
practice with a low rate of failure. Our positivity rate for each
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assay is very similar to that in Keynote trials for 22C3PharmDx
and pre-licensing studies for SP142 assay. Furthermore, the
positivity seen with the SP142 assay in our study was
significantly higher than seen by Eckstein et al and so does
not support their conclusion that using the SP142 assay would
detect fewer patients eligible for PD-L1 therapy [14].
Additionally, PD-L1 testing with both assays on 621 tumours
found that the clinical discrepancy was 11%. Unfortunately, no
statistical analysis could be performed because of the low number
of discrepant cases; however, a discrepancy of 11% is too high to
be ignored and limits the clinical cross-utility between tests.

Interestingly, when two ICB drugs were licensed for use in
urothelial cancer, dual 22C3 SP142 PD-L1 expression testing was
only requested in 44% of cases. This value is lower than would be
expected andmay be because as PD-L1 testing was the firstmolecular
test to be mandatory before targeted therapy for urothelial
carcinomas, so the teams of clinicians and pathologists may not
have been familiar with the pathway, workflow and logistics for
requesting and collecting results of molecular tests. This is important
to address to avoid introducing bias into the test selection.

Moving forward, since we have demonstrated limited cross-
utility between assays, laboratories must find other approaches in
scenarios where multiple ICB drugs are available. One approach
laboratories could employ to avoid testing all tumours with
multiple assays is to implement sequential testing. This
approach would require a case-by-case assessment, with the
first assay used guided by the oncologists’ preferences between
the available drugs. This could represent an acceptable and
sensible option despite requiring complex logistics.

To facilitate logistics in our lab, when multiple ICB drugs were
approved for urothelial cancer we used a detailed request form,
which described both PD-L1 testing assays and which drug
corresponds to each assay. This clarity is essential as the
choice of drug and, by extension, the selection of the PD-L1
assay is driven by oncologists, not the testing laboratory (as this
choice is based on clinical criteria including modalities of
prescription and expected potential side effects).

In conclusion, it is paramount to utilise PD-L1 assays
according to the manufacturer guidelines to allow result

accuracy and standardisation. Furthermore, due to limited
cross utility the appropriate assay must be used for each
different ICB drug. The factors contributing to the discrepancy
between assays remain undefined and further research into this is
warranted, particularly to meet the continued drive to improve
the testing strategies for ICB drugs. Finally, further research into
whether discordant assay results lead to any clinical differences in
patient response to different ICB would be valuable to the field.
Together, this would increase our understanding of how best to
test and treat patients with different ICB drugs, ensuring
maximum patient benefit is achieved.
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FIGURE 1 | (A) Number of positive results across both assays. (B) Number of negative results across both assays.
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