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Abstract
With the approval of pembrolizumab for first- and second-line treatment of PD-L1+ non-small cell lung cancer (NSCLC), PD-L1
testing by immunohistochemistry (IHC) has become a necessity. However, the DAKO autostainer ASL48 for the FDA approved
DAKO 22C3 pharmDx assay is not broadly available in Switzerland and other parts of Europe. The primary goal of this study
was to cross-validate the 22C3 anti-PD-L1 antibody on Benchmark Ultra (VBMU) and Leica Bond (LBO) immunostainers. IHC
protocols were developed for 22C3 on both platforms with the 22C3phDx using ASL48 as reference. A tissue microarray (TMA)
was constructed from 23NSCLC specimens with a range of PD-L1 staining results. Empty TMA sections and the 22C3 antibody
were distributed to 16 participants for staining on VBMU (8 centers) and/or LBO (12 centers) using the centrally developed
protocols. Additionally the performance of the Ventana SP263 assay was tested in five centers. IHC scoring was performed
centrally. Categorical PD-L1 staining (0–49% vs. 50–100%) did not significantly differ between centers using VBMU, whereas
data from LBO were highly variable (p < 0.001). The SP263 assay was well concordant with 22C3 on VBMU and with 22C3
pharmDx. PD-L1 IHC using a standardized 22C3 protocol on VBMU provides satisfactory results in most centers. The SP263
assay is confirmed as a valid alternative to 22C3 pharmDx. 22C3 PD-L1 IHC on LBO shows major staining variability between
centers, highlighting the need for local validation and adjustment of protocols.
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Introduction

Immunotherapy by checkpoint blockade targeting pro-
grammed death 1 (PD-1) or its ligand programmed death li-
gand 1 (PD-L1) has become a standard of treatment in non-
small cell lung cancer (NSCLC). Five PD-1 (pembrolizumab
and nivolumab) or PD-L1 inhibitors (atezolizumab,
durvalumab, and avelumab) have been approved for first-
and/or second-line treatment. The response of NSCLC to
these agents is often associated with the extent of immunohis-
tochemical PD-L1 expression in tumor cells and/or associated
immune cells. Immunohistochemistry (IHC) for diagnostic
and predictive marker testing is a well-established method in
general. However, lack of standardized PD-L1 testing because
of different clinical-trial validated PD-L1 assays, and differ-
ent, indication-specific scoring algorithms have led to consid-
erable confusion. Other challenges include tumor heterogene-
ity, variability in pre-analytical conditions, and inter-observer
variability. The different commercially available PD-L1 IHC
assays have been compared against each other in a number of
studies [1–5]. This has provided important insights as to how
the different assays linked to specific immunostainer plat-
forms compare against each other. Notably, it has been shown
that the Ventana SP263 assay (Ventana, Tucson, AZ) on the
widely used Ventana Benchmark immunostainer (Ventana,
Tucson, AZ) is highly concordant to the DAKO 22C3 and
28-8 pharmDx assays (Agilent, Santa Clara, CA), which were
optimized for the DAKO Autostainer Link 48 (ASL48; Dako,
Carpinteria, CA) [2, 3, 5]. For this reason, the SP263 assay has
recently been Communauté Européenne (CE)-marked for in-
terchangeable use with the pembrolizumab-related 22C3 and
the nivolumab-related 28-8 pharmDx assays [6]. In addition to
these relatively expensive PD-L1 assays, many institutions
use laboratory developed tests (LDT) with a variety of anti-
bodies, including 22C3 and the less expensive E1L3N anti-
body (Cell Signaling Technology, Danvers, MA) for the pur-
pose of saving costs or because the respective immunostainer
platform linked to a respective assay is not available in the
laboratory. Notably, there are no clinically validated commer-
cial PD-L1 assays for the Leica Bond platform (LBO) (Leica
Biosystems, Wetzlar, Germany), which is also widely used.

Since the approval of pembrolizumab monotherapy for
first-line treatment of advanced, PD-L1-positive NSCLC, pa-
thologists have to deliver systematic PD-L1 IHC testing. In
the first-line setting, pembrolizumab is most effective in pa-
tients with a high proportion of ≥ 50% of PD-L1-positive tu-
mor cells (TCs) [7, 8]. This PD-L1 expression threshold of
50% is therefore a prerequisite for treatment. In the pivotal
trials, the DAKO PD-L1 antibody 22C3 has been used on
the DAKO ASL48 for predictive IHC. Based on these data,
the Federal Drug Administration (FDA) of the USA approved
the drug in patients with PD-L1-positive tumors determined
by this particular IHC assay (DAKO 22C3 pharmDx).

However, the DAKO platform is not widely available in
Switzerland (only in one institute) and other European coun-
tries, and the Ventana Benchmark or the LBO platforms are
used more commonly. This creates an issue in systematic pre-
dictive PD-L1 testing in order to select patients for
pembrolizumab if usage of the FDA-approved DAKO assay
linked to the DAKO platform is considered mandatory. The
European Medicine Agency (EMA) and the Swiss agency
Swissmedic are less stringent than the FDA, as they do not
prescribe a specific PD-L1 IHC assay. Nevertheless, there is
an apparent need to explore if the DAKO PD-L1 antibody
22C3, which has been used in the pivotal pembrolizumab
clinical trials, is also applicable to other automated
immunostainer platforms using the DAKO assay on the
DAKO ASL48 as a gold standard for comparison. In contrast
to ready-to-use IHC assay kits, establishing a laboratory de-
veloped test (LDT) requires rigorous protocol development
and validation with appropriate positive controls, which can
be challenging for individual laboratories. Here, we centrally
developed and validated new PD-L1 IHC protocols on the
Ventana Benchmark Ultra (VBMU) and LBO using concen-
trated 22C3 antibody and tested their concordance across dif-
ferent laboratories in Switzerland. In addition, we explored the
interlaboratory concordance of the SP263 assay in centers,
where this assay was already available.

Materials and methods

Immunohistochemistry protocol development

IHC protocol development and PD-L1 staining using 22C3
pharmDX as the reference standard were performed centrally
at the Institute of Pathology (IfP), University Hospital Basel.
For the 22C3 pharmDX assay, the ASL48 automated
immunostainer was rented fromDAKO for the purpose of this
study. IHC protocols for the LDTwere established using con-
centrated 22C3 antibody (Dako) for the VBMU and for the
LBO platforms, respectively. PD-L1-positive control material
for protocol establishment included formalin-fixed and
paraffin-embedded (FFPE) specimens from normal tonsil
and placenta after overnight fixation in 10% buffered forma-
lin, and cellblocks from the Karpas cell line (diffuse, moder-
ately strong PD-L1 staining) and the prostate cancer cell line
LNCap (focal, weak PD-L1 staining). Cellblocks were pre-
pared using the plasma-thrombin method [9]. FFPE tissue
sections from selected resection specimens of NSCLC with
known PD-L1 IHC status showing a range of PD-L1 expres-
sion results were used as additional positive and negative con-
trols. Only PD-L1 tumor proportion score (TPS) was consid-
ered in this study, since immune cell score (ICS) is irrelevant
for first-line treatment with pembrolizumab [8]. TPS repre-
sents the estimated percentage (0–100%) of TCs showing
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partial or complete membranous PD-L1 staining [10]. Two
pathologists (S.S. and L.B.) evaluated the staining and select-
ed the protocol for VBMU and LBO, respectively, that were
closest to the results of the 22C3 pharmDX reference (detailed
protocols in the supplementary material). Overall, IHC stain-
ing characteristics between the reference and the selected pro-
tocol for the concentrated 22C3 onVBMUwere considered to
be practically identical. In contrast, the IHC staining of the
concentrated 22C3 antibody on the LBO platform was gener-
ally weaker and showed a lighter brown as compared to the
other two platforms, often requiring a higher level of magni-
fication for assigning the IHC score. The selected IHC proto-
cols for the 22C3-based LDTs on VBMU and LBO were then
independently applied on the same set of test material at the
Institute of Pathology, University Hospital Zurich, and tech-
nical reproducibility of the PD-L1 staining results was con-
firmed at a joint meeting (S.S., LB., and A.S.).

Tissue microarray construction

Representative FFPE blocks from surgically resected
NSCLC with known PD-L1 IHC status were selected by
the University IfP in Basel (n = 16), Bern (n = 4), and
Zurich (n = 3). A TMA with NSCLC covering a range of
PD-L1 TPS and expression intensities was constructed at
the IfP in Basel using the automated tissue micro arrayer
TMA Grand Master (3DHISTECH Ltd., Budapest,
Hungary). The TMA contains 23 NSCLC each represented
by three TMA cores at 1-mm diameter and control speci-
mens consisting of Karpas cell line, tonsil, and placenta
tissue. A hematoxylin and eosin stained slide of the study
TMA was scanned and made available to participants on-
line as a virtual morphological reference slide (see URL for
access in online supplementary material).

Multi-institutional cross-validation of PD-L1 IHC

All together, 16 institutions participated in this multi-
institutional cross-comparison study, including 15 insti-
tutes from Switzerland and one institute from Austria.
The central laboratory in Basel represents Bparticipant 1^
in this study, whereas the other participant have been
anonymized. All participants were provided with the two
LDT protocols together with a vial of concentrated 22C3
antibody from the same production batch, empty sections
of FFPE tonsil tissue, and commercial FFPE PD-L1 con-
trol slides containing four different cell lines with a dynam-
ic range of PD-L1 expression levels (negative, low, medi-
um, and high) (PD-L1 Analyte ControlDR HistoCyte
Laboratories Ltd., Newcastle, UK) for local protocol test-
ing. Participating pathologists were also asked to use own
local tumor material to assess the technical viability of the
protocols under local conditions prior to TMA staining.

Each participant received two freshly cut empty TMA sec-
tions per type of automated immunostainer. The automated
immunostainer platforms used by the participants were
LBO (12×), VBMU (8×), and both LBO and VBMU
(4×). All of these automated immunostainers were in rou-
tine use for IHC service in the respective institutes. The
reference TMA section was stained by the Dako 22C3
pharmDx assay on the Dako ASL48 at the IfP Basel.
Additionally, five participants stained an extra TMA sec-
tion with their locally established Ventana SP263 assay,
which was performed according to the manufacturer’s rec-
ommendations. All immunostained TMA sections were
sent to the IfP Basel and independently scored by three
experienced pathologists (S.S., L.B., and S.B.) who had
previously received DAKO PD-L1 IHC interpretation
training independent of the study. Each tissue spot was
considered as a single specimen for statistical analysis,
resulting in up to 76 specimens and data points. Variation
in number of spots was due to mechanical loss or absence
of sufficient tumor cells, and at least 12 of the 76 cores on
the TMA sections were not informative. At least 100 tumor
cells were required for a spot to be informative. TPS was
determined as a continuous variable for each TMA spot,
and the mean TPS of the three central reviewers was used
for statistical analysis.

Statistical analysis

Consistency of the data obtained by the three central expert
pathologists was checked for the percentage of the detected
PD-L1-positive TC. Analyses were primarily based on con-
tinuous PD-L1 percentages. Mean values of the three contin-
uous data sets were calculated all over and then transformed
categorically into the three groups of interest for treatment
efficacy prediction: TPS < 1 (group 1), TPS 1–49 (group 2),
and TPS ≥ 50 (group 3).

Fleiss Kappa values for concordance were calculated for
continuous values and data after classification into the three
categories (TPS < 1; 1–49; 50–100) using the package irr and
the kappam.fleiss function. Mean values of the three data sets
received were calculated all over. Analysis of variance was
performed to compare the mean of PD-L1-positive percentage
of cells obtained under the several conditions. Tukey plots
were used to visualize the ANOVA results and notched box
plots to visualize the differences in median values. Significant
differences in the variance of the detected values were also
calculated by means of the Kruskal-Wallis test. Moreover,
distribution plots were created to check the single spot varia-
tion. All p values were two-sided and considered significant
when p < 0.05. Analyses were performed by means of the
Statistical Package Software R (Version 3.4.1, (2017-06-30)
www.r-project.org or higher).
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Results

Inter-observer variability

Inter-observer analysis of PD-L1 scoring by the three central
pathologists showed moderate to good agreement for 22C3
pharmDx, 22C3 on VBMU and 22C3 on LBO when TPS
was used as a continuous variable (Table 1). When TPS was
stratified into clinically meaningful categorical data as three
groups (< 1; 1–49; ≥ 50), there was very good agreement for
22C3 on VBMU and for SP263 and good agreement for 22C3
pharmDx on ASL48 and22C3 on LBO (Table 1, p < 0.0001
for all kappa values). Representative images of PD-L1 IHC
with different protocols and antibodies and across different
participants are shown in Figs. 1 and 2, respectively.

Multi-institutional cross-comparison

Comparison of the average TPS values as detected by the
three readers across all TMA specimens and participating in-
stitutions revealed a high degree of variability between centers
(Fig. 3). The median value of the TPS detected in 12 centers
using 22C3 on LBO was significantly lower as compared to
one of the 8 centers using 22C3 on VBMU (Fig. 3, filled light
blue and filled yellow box, respectively) (p < 0.01).

The difference of the median TPS between the reference
22C3 pharmDx and the average median TPS of all 22C3 on
VBMU was not significant (Fig. 3, filled green and yellow
box, respectively), though there were two outliers with very
low median TPS values (centers 10 and 12). The average
median TPS of SP263 was highly concordant with the refer-
ence 22C3 pharmDx (Fig. 3 filled blue box).

Analysis of TPS grouped into three clinically meaningful
TPS categories (< 1, 1–49; ≥ 50) showed a clear shift towards
a higher percentage of negative cases (TPS < 1) and a lower
proportion of cases with TPS ≥ 50 in the centers using 22C3
on LBO than in those using 22C3 on VBMU (Table 2, Fig. 4).
When using only two categories (0–49; ≥ 50), 22C3 on LBO
showed significantly less cases with a treatment-relevant PD-
L1 high level expression (TPS ≥ 50) compared to the 22C3
pharmDx reference (p < 0.01), whereas there was only a trend
towards this direction in the centers using 22C3 on VBMU.
On average, 6 (21%), 14 (48%), and 3 (10%) TMA tumor
specimens would have been misclassified as PD-L1 negative

for first-line treatment with pembrolizumab (TPS < 50) in the
22C3 on VBMU, 22C3 on LBO, and the SP263 group, re-
spectively. Despite the high variability between the centers
with 22C3 on LBO, some did reach a high concordance of
more than 80% agreement with the reference 22C3 pharmDx
assay on ASL48.

Discussion

This Swiss national cross-validation study of PD-L1 staining
was born out of the urgent need to enable reliable PD-L1
testing to select NSCLC patients for first-line monotherapy
with the PD-1 inhibitor pembrolizumab despite unavailability
of the DAKO ASL48 platform needed for the FDA-approved
companion test 22C3 pharmDx. To the best of our knowledge,
this is the first multi-institutional study comparing the perfor-
mance of centrally developed and thus standardized PD-L1
LDTs across different institutions. Our study illustrates the
challenges and limitations of adopting central LDTs, notably
without local adjustments, for PD-L1 IHC. The focus was on
analytical cross-platform harmonization. Inter-observer vari-
ability between the three pathologists involved in scoring was
not a relevant confounding factor given the good or very good
concordance for the clinically relevant categories and cut-offs
across all analyses. We show that LDTs using concentrated
22C3 on other platforms can principally provide results that
are concordant with the reference DAKO 22C3 pharmDx as-
say on the DAKO ASL48.

The median values of the continuous TPS in the eight cen-
ters with the PD-L1 LDT using concentrated DAKO 22C3
antibody on VBMU tended to be lower but were not signifi-
cantly different from the 22C3 pharmDx assay. Thus, in most
centers, the centrally developed 22C3 protocol on VBMU
showed a good concordance with 22C3 pharmDx on
ASL48. However, there were two outlier centers with worry-
ingly low median TPS. In these two centers, on average, 21%
of specimens scored above the TPS of 50 by the 22C3
pharmDx assay fell below this treatment relevant threshold.

Previous single institutional studies using the prediluted
22C3 antibody provided in the Dako pharmDx PD-L1 assay
on the VBMU platform showed good concordance with the
22C3 pharmDx assay [11, 12]. The study by Neuman et al.
optimized multiple IHC conditions resulting in 22 different

Table 1 Inter-observer
comparison of independent PD-
L1 scoring by three central pa-
thologists (Fleiss kappa values)

Continuous values Categorical values

TPS < 1; 1–49; ≥ 50

22C3 Benchmark U (mean of 8 centers) 0.617 0.876

22C3 Bond (mean of 12 centers) 0.485 0.771

SPS263 Benchmark U (mean of 5 centers) 0.440 0.836

TPS tumor proportion score
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VBMU protocols, which highlights the efforts needed to es-
tablish a local LDT [11]. They selected the best protocol in
relation to the 22C3 pharmDx assay for harmonization on 41
NSCLC specimens, which resulted in concordant results in
88% of cases when using categorized PD-L1 results.
Similarly to our study, two studies established LDTs with
concentrated 22C3 for the VBMU and found an almost

100% concordance rate for categorized TPS with the
pharmDx assay when analyzed in their own laboratory, but
again, they did not challenge their protocol by an inter-
laboratory comparison [13, 14].

The LBO platform is in common use in Switzerland and
other European countries, but has never been validated for
PD-L1 testing within a clinical trial. Thus, unless these

22C3 VBM

22C3 LBO

Center 1 Center 8 Center 10Fig. 2 Representative images of
PD-L1 staining results on
matched areas of core Cf1 with
22C3 VBM and 22C3 LBO, re-
spectively, across three different
centers. The images highlight the
fainter staining of the LBO pro-
tocol despite some variability in
the 22C3 VBM protocol. For all
three centers, the 22C3 VBM
shows a TPS > 50%. For 22C3
LBO, center 8 has a discordant
result with a TPS < 50%. VBM
Ventana Benchmark, LBO Leica
Bond

22C3 pharmDX 22C3 VBM 22C3 LBO SP263 Assay

Cb1

Cf2

Fig. 1 PD-L1 staining results on matched areas with different protocols
and in two different NSCLC specimens (all stainings performed at center
1): Core Cb1 shows PD-L1 staining in 100%of tumor cells irrespective of
the protocol. Assays 22C3pharmDX and SP263 as well as 22C3 VBM
show comparable staining intensities, whereas 22C3 LBO demonstrates

fainter staining. Core Cf2 22C3 LBO not only stains fainter but also stains
significantly fewer tumor cells (TPS < 50%). Assays 22C3pharmDX and
SP263 as well as 22C3 VBM show a TPS > 50%. NSCLC non-small cell
lung cancer, VBM Ventana BenchMark, LBO Leica Bond, TPS tumor
proportion score
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laboratories have a second platform on which they can run a
clinically validated PD-L1 assay or send out their specimens
for PD-L1 testing, they have to rely on LDTs. 22C3 LDT on
LBO was clearly more challenging given the significant dis-
cordance between the 12 centers and overall low mean TPS.
Notably, on average, almost half of all samples with a TPS ≥
50 by the reference 22C3pharmDx assay would have been
false-negative by this cut-off. Nevertheless, it is remarkable
that few laboratories reached satisfactory results, illustrating
that reliable testing on LBO is possible under optimal analyt-
ical conditions.

Our findings show that centrally developed protocols can
provide valid PD-L1 results, but that local optimization of
protocols is crucial for valid PD-L1 testing as laboratory-
specific conditions may significantly differ (for example, plat-
form calibration, water conditions, etc.). Additionally, the
22C3 on LBO seems to be more sensitive to local conditions
than on VBMU. The study by Roge et al. also demonstrated
uniformly lower TPS values on the Leica platform compared
to the reference 22C3pharmDx assay and a LDT using 22C3
on VBMU, despite efforts to improve the protocol. However,
this had an impact on only one of 14 NSCLC (7%) with
TPS ≥ 50 by the reference assay, which was misclassified as
PD-L1 negative by the Leica protocol [14].

A comparative interlaboratory comparison of the
22C3pharmDx reference assay would have been interesting
in order to test the robustness of this highly standardized,
ready-to-use test. Unfortunately, due to the unavailability of
the DAKOASL48 platform, wewere not able to perform such
an analysis. Two previous multi-institutional studies tested the
22C3pharmDx between three institutions each with

concordance coefficients in the substantial to almost perfect
range (kappa values for three step scoring TPS1, TPS1–49,
and TPS ≥ 50: 0.82–0.91) [4, 5]. The robustness of the assay
was also evident in the PD-L1 module of the international
external quality assurance program NordiQC, where the assay
provided an overall pass rate of 96% (27 of 28 institutions)
[15]. During the course of our study, the Ventana SP263 PD-
L1 assay was CE-marked and cleared to be interchangeable
with the DAKO 22C3 pharmDx assay, providing another val-
id option for PD-L1 testing for laboratories having only the
Ventana platform in use [6]. This decision is supported by the
high concordance between the SP263 and the 22C3 pharmDx
assays in previous studies and also evident from our own data
[1, 3–5, 16, 17]. The SP263 assay applied according to the
manufacturer’s recommendations showed a high concordance
between the five institutions and was almost equivalent to
DAKO 22C3 pharmDx on ASL48. Notably, it has recently
been shown that the 22C3 pharmDx and SP263 assays did not
only have a good analytical concordance at a TPS ≥ 50 cut-off
but also an equivalent predictive performance in patients treat-
ed with nivolumab [18]. These rather uniform findings have
recently been challenged by others questioning the inter-
changeability of 22C3 and SP263 PD-L1 assays [12, 19].
For example, Munari et al. found twice as many PD-L1-
positive NSCLC specimens with SP263 on Ventana than with
22C3 both on the Ventana and ASL48 platform at the TPS ≥
50 cut-off [19]. Conversely, the higher positivity rate of SP263
was restricted to the cut-off of TPS ≥ 1 by Hendry et al. This
controversy emphasizes the persistent challenge of immuno-
histochemical PD-L1 testing due to a multitude of factors
including biological tumor heterogeneity, variation in

SP263

%
 P

D
-
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mut

evitisop
1

L
sllec

Fig. 3 Notched boxplots depicting percentage of positive tumor cells by
center for the four PD-L1 protocols compared to the DAKO 22C3phDx
reference standard. Reference standard (green); 22C3 on VBM in 8 cen-
ters and their mean (filled box) (yellow); 22C3 on LBO in 12 centers and

their mean (filled box) (light blue); and SP263 in 5 centers and their mean
(filled box) (dark blue). VBM Ventana Benchmark, LBO Leica Bond
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analytical chemistry, antibody clones, financial factors, and
unavoidable inter-observer variability [12]. It has recently
been emphasized that PD-L1 IHC remains an imperfect bio-
marker and that it is unfair to compare it with addictive onco-
gene biomarkers that can stratify patients for targeted treat-
ment more precisely and accurately by nature [18, 19].

This study has certain limitations. The TMA contained a
relatively low number of 23 NSCLC specimens. However, by
using up to three samples per tumor, we could almost triple the
number of samples for analysis. Enrichment for tumors with a
TPS ≥ 50 allowed us to further increase the statistical power
towards this currently relevant cut-off. The participants used a
pre-defined protocol for their platform for 22C3 LDT on
VBMU or on LBO. In diagnostic practice, however, local
optimization and validation of IHC protocols (LDT and as-
says) are a common practice in pathology laboratories, since
local pre-analytical conditions and slight local variations in

machine calibration can influence staining. It is possible that
such local fine-tuning of the protocols would have positively
influenced the concordance between laboratories in this study.

Taken together, there has been an impressive proliferation
of harmonization and comparative studies during the past
2 years aiming to resolve the dilemma of PD-L1 testing.
Several editorials and recent reviews provide guidance for
pathologists through this thick jungle of partly conflicting data
[20–22]. Overall, the ever-growing published evidence and
our own data suggest that PD-L1 IHC using a standardized
protocol for 22C3 antibody on VBMU is feasible and pro-
vides satisfactory results in most centers. The CE-marked
SP263 assay is confirmed as a valid alternative to the 22C3
pharmDx on ASL48 to select patients for first-line monother-
apy with pembrolizumab. 22C3 PD-L1 IHC on LBO using a
standardized protocol shows major staining variability be-
tween centers, suggesting that PD-L1 IHC on LBO is more

Table 2 Prevalence of categorical
PD-L1 results by protocol and
center

PD-L1 Tumor proportion score

PD-L1 protocol Center < 1 (1–49) ≥ 50 Total n

n % n % n %

22C3 PhDX 1 15 27.8 10 18.5 29 53.7 54

22C3 VBM 1 24 38.1 6 9.5 33 52.4 63

7 24 38.1 8 12.7 31 49.2 63

8 23 37.7 8 13.1 30 49.2 61

10 26 40.6 15 23.4 23 35.9 64

11 25 39.7 12 19.0 26 41.3 63

12 26 41.3 11 17.5 26 41.3 63

15 27 42.9 17 27.0 19 30.2 63

16 21 32.8 12 18.8 31 48.4 64

Mean (± SD) 24 (± 1.9) 37.5 12 (± 3.7) 18.8 28 (± 4.7) 43.8 64

22C3 LBO 1 25 39.7 14 22.2 24 38.1 63

2 36 59.0 15 24.6 10 16.4 61

3 24 37.5 11 17.2 29 45.3 64

4 40 62.5 19 29.7 5 7.8 64

5 29 46.0 19 30.2 15 23.8 63

6 22 34.9 13 20.6 28 44.4 63

7 28 44.4 16 25.4 19 30.2 63

8 27 44.3 19 31.1 15 24.6 61

9 29 45.3 18 28.1 17 26.6 64

10 26 40.6 17 26.6 21 32.8 64

13 18 31.0 11 19.0 29 50.0 58

14 24 37.5 13 20.3 27 42.2 64

Mean (± SD) 27 (± 5.9) 42.2 18 (± 3.0) 28.1 19 (± 7.8) 29.7 64

SP263 assay 1 16 29.1 9 16.4 30 54.5 55

8 16 31.4 9 17.6 26 51.0 51

10 17 31.5 11 20.4 26 48.1 54

15 17 30.9 11 20.0 27 49.1 55

16 17 30.9 12 21.8 26 47.3 55

Mean (± SD) 16 (± 0.5) 29.6 10 (± 1.3) 18.5 28 (± 1.7) 51.9 54
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sensitive to local conditions. In any case, local fine-tuning of
IHC protocols, rigorous local validation, and participation in
ring trials remain critical when using a laboratory developed
22C3 IHC test. Monitoring of the local PD-L1 TPS rates for
comparison with data from the literature and other laboratories
is currently being used in Switzerland as another attractive
tool for continuous quality control of PD-L1 IHC in routine
diagnostic practice at www.biopath.ch [23].
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