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ARTICLE INFO ABSTRACT

Keywords: PD-L1 expression in non-small cell lung cancer (NSCLC) is predictive of response to treatment with PD-1 and PD-
PD-L1 L1 inhibitors. Different inhibitors have been developed with different PD-L1 assays, which use different PD-1
Non-small cell lung carcinoma antibody clones on different immunochistochemistry platforms. Depending on instrument and reagent avail-
22€3 ability, laboratory-developed tests with cross-platform use of PD-L1 antibodies may have practical benefits over
SP263 . . commercial assays. The 22C3 pharmDx Assay (referred to as 22C3 DAKO), the VENTANA PD-L1 SP263 Assay
Immunohistochemistry

(referred to as SP263 VENTANA) and a lab-developed test using the 22C3 antibody on the VENTANA BenchMark
ULTRA IHC/ISH system (referred to as 22C3 VENTANA) were performed on whole sections of 85 NSCLC surgical
resections. All sections were independently scored by three pathologists using tumor proportion scores.
Correlation coefficients for continuous scores in pairwise comparisons between assays ranged from 0.976 to
0.978. When using a 1% positivity threshold (dichotomous scores), the 22C3 DAKO assay and 22C3 VENTANA
assays showed the greatest agreement (93% agreement, k = 0.86, 95% CI 0.75-0.97), and the 22C3 DAKO and
SP263 VENTANA assays tended to show slightly less agreement (84% agreement, k = 0.66, 95% CI 0.50-0.82).
When using a 50% positivity threshold (dichotomous scores), all pairwise comparisons showed similar agree-
ment (96-99% agreement, k = 0.89-0.97). Overall, there was no significant difference between assays at 1% or
50% thresholds (P = .77). These data are consistent with potential interchangeability of these assays, which may
widen the scope of PD-L1 assays available to laboratories and reduce logistical barriers to testing.

1. Introduction FDA approval as a companion diagnostic for pembrolizumab, but can

only be performed on Autostainer Link 48 instrument (Dako/Agilent,

Immunotherapy has become part of the standard of care in non-
small cell lung carcinoma (NSCLC). Available immunotherapy agents
include inhibitors of PD-1 (e.g. pembrolizumab and nivolumab) and
PD-L1 (e.g. atezolizumab and durvalumab). These agents re-activate
anti-tumor immune responses by disrupting the immunosuppressive
interaction of PD-L1 with PD-1 [1]. Immunohistochemical PD-L1 assays
have shown value in predicting response to PD-1 and PD-L1 inhibitor
treatment [2], though existing PD-L1 assays use a variety of different
antibody clones and technical platforms [3,4].

Pembrolizumab is approved by the United States Food and Drug
Administration (FDA) and European Medical Agency (EMA) for first-
line treatment of advanced NSCLC with PD-L1 Tumor Proportion Score
(TPS) = 1%, determined using an approved companion diagnostic test
[5-8]. The pharmDx 22C3 assay (Dako/Agilent, Santa Clara, CA) has

Santa Clara, CA) [5]. The VENTANA SP263 PD-L1 assay is European
Conformity-In Vitro Diagnostic (CE-IVD) marked as a companion di-
agnostic for pembrolizumab [2], but is not presently FDA approved for
this indication. The VENTANA SP263 PD-L1 assay is FDA approved as a
complementary diagnostic for durvalumab treatment of locally ad-
vanced and metastatic urothelial carcinoma [1,9]. Durvalumab also has
FDA approval for the treatment of unresectable stage III NSCLC that has
not progressed after chemoradiation treatment [10,11]. The EMA has
approved durvalumab for cases that fit the above indication and express
PD-L1 in =1% of tumor cells [10,12].

The other PD-1 or PD-L1 inhibitors FDA-approved for treatment of
advanced NSCLC are nivolumab and atezolizumab, both of which may
be used clinically independent of PD-L1 expression [1,2]. However, PD-
L1 testing retains predictive value for these agents and may still be used
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Fig. 2. Comparison of continuous PD-L1 scores for each PD-L1 assay. (A—C) show PD-L1 scores in pairwise comparisons of the assays. A linear trendline fitted to the
data is shown for each plot. R values indicate Pearson correlation coefficients. (D, E) All PD-L1 scores for cases ordered by their mean PD-L1 score. Cases with an
average score of <5% are shown in (D), and those with an average score > 5% are shown in (E). All plots show the average of the tumor proportion scores of three

pathologists. Error bars indicate standard error.

in treatment decisions [2,13]. The Dako 28-8 pharmDx PD-L1 assay is
FDA-cleared as a complementary diagnostic for nivolumab, and the
VENTANA SP142 PD-L1 assay is FDA-cleared as a complementary di-
agnostic for atezolizumab [2].

Offering all the above companion and complementary PD-L1 assays
is impractical for most laboratories, fueling interest in the inter-
changeability of assays. Laboratory-developed assays with cross-plat-
form use of PD-L1 antibodies may also allow technology already ex-
isting in a laboratory to be used. Such assays may eliminate the need for
a Dako Autostainer Link 48 for use with 22C3 PD-L1 antibody (as is
required for the FDA-approved pharmDx assay), allowing greater au-
tomation than is possible on the Autostainer Link 48. However, tech-
nical limitations (such as SP263 antibody availability only in pre-di-
luted format), may preclude effective optimization, limiting feasible

cross platform applications.

Lab developed tests (LDTs) must be properly validated in order to be
considered suitable for clinical use [4]. Thus far, studies using 22C3
antibody on the VENTANA BenchMark ULTRA platform have shown
promising results that this LDT may perform comparably to commercial
assays [14-21]. Studies of the FDA-approved 22C3, 28-8, SP263 and
SP142 assays found analytical concordance among all assays except
SP142, which had lower sensitivity [13-15,22,23].

In this study, we compare PD-L1 immunohistochemistry performed
using the Dako 22C3 PharmDx assay, the VENTANA SP263 assay, and a
cross-platform LDT using 22C3 antibody on the VENTANA BenchMark
ULTRA platform.
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Table 1
Demographics of study cases.
Category n %
Sex
Female 42 49%
Male 43 51%
Diagnosis
Adenocarcinoma, non-mucinous 66 78%
Mucinous adenocarcinoma 3 4%
Adenosquamous carcinoma 1 1%
Squamous cell carcinoma 12 14%
Combined small cell carcinoma 1 1%
Non-small cell carcinoma NOS 1 1%
Sarcomatoid carcinoma 1 1%
Site
Lung 82 96%
Bone 1 1%
Brain 2 2%
Procedure
Lobectomy 53 62%
Wedge resection 29 34%
Other 3 4%
ALK rearrangement identified 0 0%
EGFR mutation identified 28 33%

2. Material and methods

This study was approved by the University of British Columbia
Research Ethics Board under application number H18-01619. We
identified surgical resections of NSCLC on which clinical PD-L1 testing
was performed between March 2017 and November 2018 at BC Cancer.
The clinical PD-L1 immunostained slides, referred to as the ‘22C3
DAKO’ set, were produced using the 22C3 pharmDx Assay (Dako/
Agilent, Santa Clara, CA) on an Autostainer Link 48 (Dako/Agilent,
Santa Clara, CA) following the assay's instruction manual. Freshly ob-
tained unstained slides from the block used for clinical testing were also
immunostained with the following assays. All immunohistochemistry
was performed at BC Cancer.

SP263 VENTANA immunostaining used the commercially devel-
oped VENTANA PD-L1 (SP263) Assay (Ventana/Roche, Tucson, AZ), on
a Ventana BenchMark ULTRA IHC/ISH system (Ventana/Roche,
Tucson, AZ), with an OptiView DAB IHC Detection Kit (#760-700,
Ventana/Roche, Tucson, AZ), following the FDA-approved assay pro-
tocol. The 22C3 VENTANA LDT was based on a protocol from the
Canadian Multicentre 22C3 IHC LDT Validation Project [21], and was
performed using 22C3 PD-L1 antibody on the VENTANA BenchMark
ULTRA IHC/ISH system (Ventana/Roche, Tucson, AZ), with the Opti-
View DAB IHC Detection Kit (#760-700, Ventana/Roche, Tucson, AZ).
A cell conditioning step using ULTRA Cell Conditioning Solution
(#950-224, Ventana/Roche, Tucson, AZ) was performed for 48 min,
prior to a 64 min room temperature incubation with 22C3 PD-L1 an-
tibody (#M365-3, Dako/Agilent, Santa Clara, CA) at a 1:40 dilution.
Following in-house optimization, the conditions selected for use of
SP263 PD-L1 antibody (#790-4905, VENTANA/ Roche, Tucson, AZ) on
the Dako Omnis platform (Dako/Agilent, Santa Clara, CA) were: 30 min
TRS-L pre-treatment, 30 min primary antibody treatment, 10 min rabbit
linker treatment and 30 min HRP application.

All immunostained slides were independently scored by three pa-
thologists with training and experience in PD-L1 interpretation. All
sections had at least 100 viable tumor cells. Tumor proportion scores
(TPS) indicate the proportion of tumor cells with partial or complete
membranous PD-L1 staining and were evaluated as continues variables
(0 to 100%). Scores from the three pathologists were averaged, then
placed into categories of < 1%, 1-49% and =50%. Cytoplasmic
staining of tumor cells and inflammatory cell staining were not scored.

Agreement across different positivity thresholds was assessed using
weighted Cohen's kappa (kappa values 0.40 to 0.69 indicate weak
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agreement, 0.70 to 0.79 indicate moderate agreement, 0.80 to 0.89
indicate strong agreement and =0.9 indicate near perfect agreement)
[13]. Inter-observer agreement was assessed using Light's kappa, which
is the average Cohen's kappa among more than two raters. R values
indicate Pearson correlation coefficients. F1 and overall percent
agreement statistics were calculated as described previously [24].
Overall percent agreement represents the proportion of all cases with
matching results in both assays. The F1 statistic is calculated in the
same manner but excludes cases with negative results in both assays
and double counts the number of cases with positive results in both
assays. Positive percent agreement and negative percent agreement
were calculated in pairwise comparisons between assays, treating the
commercial assay as the gold standard, or, in comparison between
commercial assays, the 22C3 assay as the gold standard. Significance
testing used two-tailed Wilcoxon Signed-Rank tests for continuous
scores and Chi-squared tests for categorical scores, with P-values < .05
considered statistically significant. Statistical analysis used RStudio
version 1.2.1335.

3. Results

Eighty-five NSCLC cases from patients age 40 to 88 (median
70 years old) were identified for this study (demographics in Table 1).
In-house attempts to develop an assay for SP263 on a Dako instrument
did not achieve promising results (see Supplemental Fig. 1), likely due
in part to the limited options for optimising a pre-diluted antibody.
Comparisons between assays therefore focused on the 22C3 DAKO,
SP263 VENTANA and 22C3 VENTANA assays. The 22C3 Dako assay
produced qualitatively more intense staining in some samples (Fig. 1).
All three assays scored on a continuous scale were highly concordant,
with correlation coefficients between 0.976 and 0.978 for all pairwise
comparisons between assays (Fig. 2A-C). No statistically significant
differences were present in pairwise comparisons between assays for
cases scoring =5% in all assays (p-values between 0.62 and 0.93,
Fig. 2D). However, among cases with an average score > 5%, 22C3
DAKO scores were on average 5.3% higher than those in 22C3 VEN-
TANA (P = .0099, Fig. 2E).

When continuous scores were converted to < 1%, 1-49% and
=>50% categories, as used in clinical practice, there was no significant
difference in the proportion of cases in each category between assays
(Chi-squared test P = .77, Fig. 3A, B). If considering the 22C3 DAKO
assay to be the gold standard, use of the 22C3 VENTANA assay resulted
in only 6 samples (7%) being misclassified across a 1% threshold and 3
samples (4%) being misclassified across a 50% threshold (Fig. 3C). Si-
milarly, when treating the SP263 VENTANA assay as a gold standard,
the 22C3 VENTANA assay misclassified 12 samples (14%) across a 1%
threshold and 2 samples (2%) samples across a 50% threshold (Fig. 3C).
This rate of ‘misclassification’ is similar to the incidence of discordance
between the two commercial assays (14 samples discordant across 1%
threshold and 1 sample discordant across 50% threshold, Fig. 3C).
When exploring different possible thresholds for positivity, overall
percent agreement between assays increased as the threshold for posi-
tivity was increased (Fig. 3D). Percent agreement in pairwise compar-
isons between the assays ranged from 84% to 93% when using a 1%
threshold for positivity, and from 96% to 99% when using a 50%
threshold for positivity. A similar trend was found using F1 statistics
(which reflect concordance specifically for positive scores without de-
fining a gold standard) and negative percent agreement, but not for
positive percent agreement (Fig. 3D).

Cohen's kappa statistics showed moderate agreement between as-
says when using a 1% threshold (x = 0.66-0.86) and excellent agree-
ment between assays when using a 50% threshold (x = 0.89-0.97,
Table 2). At the 1% threshold, the two assays using 22C3 antibody
tended to show the greatest agreement with each other, whereas the
assays using different antibodies and platforms (i.e. 22C3 DAKO and
SP263 VENTANA) tended to show the least agreement, though
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Fig. 3. Agreement between PD-L1 assays across different thresholds for positivity. (A) Individual pathologist's scores for each case, using 1% and 50% thresholds. (B)
The proportion of cases scoring =50%, 1-49% or < 1% using each assay. (D) Overall percent agreement, F1 scores, positive percent agreement and negative percent
agreement at each threshold value for PD-L1 positivity. Markers are purple where blue and pink markers overlap. Statistics were calculated using the average score of
three pathologists. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

differences in « statistics were not statistically significant.

Interobserver variability within each assay was also greater when

using a 1% threshold (x =

0.59-0.86) compared to a 50% threshold
(x = 0.88-0.98, Table 3). Using three category scoring (< 1%, 1-49%

4. Discussion

and =50%) interobserver agreement tended to be greatest for the 22C3

DAKO assay and lowest for the 22C3 VENTANA assay (Table 3).

We find that the 22C3 DAKO, SP263 VENTANA and 22C3
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Table 2
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Weighted Cohen's kappa statistics for agreement between PD-L1 assays. For ‘average scores’ the scores of the three pathologists on a continuous scale were averaged

prior to application of the indicated threshold.

Assay 1% positivity threshold 50% positivity threshold 1% and 50% thresholds (3 categories)
Kappa 95% CI Kappa 95% CI Kappa 95% CI
22C3 VENTANA vs SP263 VENTANA Pathologist #1 0.67 0.51-0.82 0.89 0.76-1 0.81 0.71-0.90
Pathologist #2 0.59 0.43-0.76 0.90 0.78-1 0.80 0.69-0.90
Pathologist #3 0.91 0.88-1 0.97 0.90-1 0.96 0.89-1
Average scores 0.7 0.55-0.86 0.93 0.83-1.0 0.85 0.79-0.91
22C3 VENTANA vs 22C3 DAKO Pathologist #1 0.74 0.6-0.84 0.85 0.71-0.99 0.83 0.74-0.92
Pathologist #2 0.70 0.55-0.85 0.96 0.89-1 0.86 0.80-0.93
Pathologist #3 0.79 0.66-0.92 0.97 0.90-1 0.89 0.82-0.96
Average scores 0.86 0.75-0.97 0.89 0.77-1.0 0.91 0.86-0.96
SP263 VENTANA vs 22C3 DAKO Pathologist #1 0.64 0.47-0.8 0.97 0.90-1 0.84 0.77-0.92
Pathologist #2 0.60 0.43-0.77 0.93 0.84-1 0.82 0.75-0.89
Pathologist #3 0.79 0.66-0.92 1 NA 0.94 0.92-0.96
Average scores 0.66 0.5-0.82 0.97 0.9-1.0 0.85 0.78-0.93

Table 3
Light's kappa statistics for agreement between observers.

Assay 1% positivity threshold 50% positivity threshold 1% and 50% thresholds (3 categories)
22C3 VENTANA 0.59 0.88 0.78
22C3 DAKO 0.62 0.96 0.94
SP263 VENTANA 0.86 0.98 0.84
VENTANA assays produce highly concordant PD-L1 scores, in keeping have adequate concordance with the SP263 VENTANA assay

with potentially interchangeable use. The Ventana platform is more
widely available than the Dako autostainer [14,15,17], such that de-
monstration of the analytical concordance of the 22C3 VENTANA assay
with commercial assays may have particular utility in expanding the
number of sites equipped to performed PD-L1 testing.

The overall percent agreement between 22C3 DAKO and 22C3
VENTANA assays in our study is similar to that in prior studies
(83-97.6% for 1% threshold; 87.8-96.7% for 50% threshold) [14,19],
as is the k statistic for 3-category scoring (0.77) [14]. A tendency for
slightly lower scores in 22C3 VENTANA versus 22C3 DAKO assays was
also noted in two prior studies [14,15]. The small difference in con-
tinuous scores in our study, while statistically significant, is likely not
clinically significant as it resulted in only 3.5% fewer cases passing the
50% threshold in 22C3 VENTANA versus 22C3 DAKO assays. There
were no statistically significant differences between assays when
clinically relevant thresholds were employed. Moreover, the percent
agreement between the two commercial assays tended to be lower than
the percent agreements with the 22C3 VENTANA assay, consistent with
the 22C3 VENTANA assay performing at least as well as the commercial
assays.

In the present study, the 22C3 DAKO and SP263 VENTANA com-
mercial assays showed agreement similar to that in the Blueprint study
[13] and consistent with the substantial concordance of these assays in
most studies [23]. Most prior studies support our observation that inter-
observer and inter-assay agreement is greater at a 50% threshold than a
1% threshold [13,14,23,25]. Interobserver agreement between the
three pathologists in our study was similar to that in a study of 27
pathologists (x = 0.63 for 1% threshold, x ~ 0.83 for 50% threshold)
[26]. Within our study, interobserver and inter-assay agreement were
similar, such that interobserver variability may have as much impact on
the reliability of scores as the assay itself. Other studies have estimated
that inter-observer variability is even greater than the variability be-
tween assays [25,27].

We were unable to develop a satisfactory assay using SP263 anti-
body on the Dako Omnis platform. Attempts were limited by the
commercial availability of only pre-diluted antibody, such that anti-
body concentration could not be optimized. While protocols for SP263
on the Dako Autostainer have been proposed and were considered to

(x = 0.83-0.86) [14], no protocols for use of SP263 on the newer and
more automated Dako Omnis instrument have yet, to our knowledge,
been published. A high failure rate of LDTs for predictive biomarkers is
not rare, as recently published in an Italian multicenter study [20].

We note that evidence of true interchangeability requires clinical
outcome data for immunotherapy treated patients [4], which is beyond
the scope of our study. The technical comparability of 22C3 VENTANA
assays supports the notion that clinical assessment of interchangeability
(which has not yet been performed) could be worthwhile. Only eight
patients whose samples were used in our study had received im-
munotherapy, reflecting that resection specimens tend to be obtained
from patients with early-stage disease, not currently eligible for im-
munotherapy.

We consider the use of only large resection specimens in our study
to be an asset, as such specimens capture a greater spectrum of the
heterogeneity in tumor morphology, staining intensity and immune cell
infiltration than smaller biopsies. In contrast, two of the prior studies on
22C3 VENTANA LDTs used tissue microarrays rather than whole sec-
tions [15,18]. We also note that all slides in our study were in-
dependently scored by the same three pathologists, in contrast to prior
studies that had only one scoring pathologist [14,18], had all assays on
one case scored consecutively (such that interpretation of one assay
may be biased by that of another) [14], or had different pathologists
score different assays (such that interobserver variability may confound
results) [17]. Compared to other LDT's using 22C3 antibody on a
Ventana platform, our method uses a shorter cell conditioning step
(46 min vs 64 min [15,16,18]), slightly more concentrated 22C3 anti-
body (1:40 vs 1:50 [14,16]), longer incubation with 22C3 antibody
(64 min rather than 60 min [14], 40 min [15], 32 min [16], or 16 min
[18]), and cooler temperature for 22C3 antibody incubation (room
temperature rather than 37°C [16] or 36 °C [14,18]). Among PD-L1
assays that have shown technical concordance, the assay most suitable
for implementation will depend on variables specific to each laboratory.
Cost effectiveness of an assay depends on factors including the overall
testing volume of the laboratory, specific contracts with various ven-
dors related to instrument and reagent purchasing, and technologists'
salaries determined by each institution, all of which are outside the
scope of this analysis. Cost may also be influenced by the need for
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preparatory steps requiring additional technician time and availability,
such as the preparatory steps required for the Dako Autostainer but not
the Dako Omnis or Ventana platforms. Waste disposal costs may also
differ between platforms; for instance, the Ventana platform mixes re-
agents that do and not require special disposal, such that the volume
requiring special waste handling is greater than for the Dako Omnis and
Autostainer platforms.

Overall, we find the 22C3 DAKO, SP263 VENTANA and 22C3

VENTANA assays to have substantial technical concordance, in keeping
with potential interchangeable use of these assays. Validation of LDTs
for PD-L1, as performed here for our 22C3 VENTANA assay, is a key
step in enhancing the accessibility of PD-L1 testing.

Supplementary data to this article can be found online at https://

doi.org/10.1016/j.anndiagpath.2020.151590.
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