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ABSTRACT

Programmed death ligand-1 (PD-L1) expression as determined by 
immunohistochemistry (IHC) is potentially predictive of clinical outcome. The aim of 
this study was to assess the concordance of reported PD-L1 IHC assays and investigate 
factors influencing variability. Consecutive sections from 20 non-small cell lung 
cancers (NSCLCs) comprising resection, core biopsy, cytology and pleural fluid samples 
underwent IHC with 5 different antibody/autostainer combinations: 22C3/Link48, 
28-8/BOND-MAX, E1L3N/BOND-MAX, SP142/BenchMark and SP263/BenchMark. PD-
L1 RNA levels were assessed using RNAscope. The frequency of positive cases using 
scoring thresholds from clinical trials was 72%, 33%, 61%, 56%, and 33% for the 
5 IHC protocols respectively, and 33% for RNAscope. Pairwise agreement on the 
classification of cases as positive or negative for PD-L1 expression ranged from 61%-
94%. On a continuous scale, the lowest correlation was between 28-8/BOND-MAX 
and SP142/BenchMark (R2=0.25) and highest was between 22C3/Link48 and E1L3N/
BOND-MAX (R2=0.71). When cases were ordered according to tumor cell (TC)%, a 
similar ranking of cases across IHC protocols could be observed, albeit with different 
quanta and limits of detection. Single-slide OPAL 7-color fluorescence IHC analysis 
revealed a high degree of co-localization of staining from the 5 PD-L1 antibodies. 
Using SP142 antibody in a BOND-MAX protocol led to increased TC% quanta, while 
retaining a similar ranking of samples according to TC%. The results of this study 
highlight tumor PD-L1 status can vary significantly according to IHC protocol. Protocol-
dependent staining intensities and nominated thresholds for positivity contribute to 
this variability, while the antibody used appears to be less of a factor.
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INTRODUCTION

In patients with advanced non-small cell lung 
cancer (NSCLC) treated with programmed death-1 
(PD-1)/programmed death ligand-1 (PD-L1) inhibitors, 
survival benefit is seen in only a subset of patients [1, 2]. 
Accumulating evidence suggests that PD-L1 expression 
determined by immunohistochemistry (IHC) may be 
a useful biomarker for identifying patients who might 
benefit from PD-1/PD-L1 inhibitors [3]. However, 
different assays to assess PD-L1 expression have been 
used for different PD-1/PD-L1 inhibitors [4]. To select 
for pembrolizumab, the recommended companion in 
vitro diagnostic (IVD) assay is the 22C3 antibody (Ab) 
clone with the Dako Link 48 autostainer [5, 6]. For 
nivolumab, it is the 28-8 clone with the Dako Link 48 
autostainer [7], while for durvalumab it is the SP263 
clone with the Ventana BenchMark Ultra autostainer [8, 
9]. For atezolizumab, tumor and immune cell PD-L1 
expression are assessed using the Ab clone SP142 with 
the Ventana BenchMark Ultra autostainer [10, 11]. In-
house or laboratory-developed tests (LDTs) for PD-L1 
expression have also been used in the clinical setting [12]. 
The different IHC Ab clones, staining protocols, staining 
platforms, scoring systems and thresholds for positivity 
have led to considerable complexity in the assessment of 
PD-L1 expression [4]. For most diagnostic laboratories, 
it is neither feasible nor cost-effective to provide the 
full range of PD-L1 assays. There is clearly a need to 
reduce the complexity of PD-L1 testing and to make it 
more robust and accessible. The aims of this study were 
therefore to systematically compare the results from 
commercially available PD-L1 IHC assays in clinically 
relevant NSCLC samples, and identify factors affecting 
the classification of PD-L1 status.

RESULTS

PD-L1 IHC staining in tumor and immune cells

Application of the recommended IHC protocols 
(Supplementary Table 1) for the 5 PD-L1 Abs resulted 
in specific staining of epithelial cells in placental tissue 
(Supplementary Figure 1). In NSCLC samples, staining 
was predominantly localized to TCs, with occasional 
faint blushes in the stroma (Figure 1). Staining of TCs 
was observed primarily at the membrane, as well as in 
the cytoplasm of some cases at lower intensity. There 
were notable differences in staining intensity between 
protocols, with staining observed to be strongest with 
SP263/Benchmark, moderate with 22C3/Link48, 28-8/
BOND-MAX and E1L3N/BOND-MAX, and weak with 
SP142/BenchMark.

Staining of tumor-infiltrating ICs was not assessable 
in cell blocks and fine needle aspirates (FNAs) due to 
the nature of the samples. In resection and small biopsy 

samples, staining was observed in occasional aggregates 
of lymphocytes and neutrophils using all 5 protocols, and 
more noticeably with SP142/BenchMark, 22C3/Link48 
and 28-8/BOND-MAX. Staining was also observed in 
islands of macrophages, which were relatively abundant 
in most samples. Given the small sample size after 
exclusion of cell blocks and FNAs, comparison of IC PD-
L1 expression between assays was not performed.

Comparison of PD-L1 assay results

The distribution of TC% staining in each sample 
according to PD-L1 IHC protocol is shown in Figure 
2A. Table 1 summarizes the frequency of positive cases 
according to the various IHC protocols, Abs and scoring 
thresholds. Using the recommended IHC protocols and the 
scoring thresholds reported in clinical trials, the frequency 
of positive cases was 72%, 33%, 61%, 56%, and 33% for 
22C3/Link48, 28-8/BOND-MAX, E1L3N/BOND-MAX, 
SP142/BenchMark, and SP263/BenchMark, respectively. 
Table 2  shows the pairwise agreement between clinically 
relevant protocols for the classification of PD-L1 
expression, ranging from 22% (SP142/Benchmark TC50/
TC10 and SP263/Benchmark TC1) to 94% (22C3/Link48 
TC50 and SP142/BenchMark TC50/IC10).

Considerable variation in the pairwise correlation of 
TC% was observed for different protocols, with the lowest 
between 28-8/BOND-MAX and SP142/BenchMark 
(R2=0.25) and the highest between 22C3/Link48 and 
E1L3N/BOND-MAX (R2=0.71) (Figure 2). Unsupervised 
hierarchical clustering of TC% values revealed three 
subgroups: 22C3/Link48 and E1L3N/BOND-MAX, 
28-8/BOND-MAX and SP142/BenchMark, and SP263/
BenchMark alone. There was no obvious clustering of 
cases according to the sample type, indicating that PD-L1 
TC% scoring was not biased by this factor. Similar trends 
in the ranking of cases by TC% were observed across 
IHC protocols. Cases with the highest or lowest TC% 
were generally the same across different IHC protocols. 
Cases with low TC% in protocols that were generally 
associated with strong staining (i.e. protocols using 
SP263/BenchMark and 22C3/Link48) often showed no 
detectable staining with protocols associated with weaker 
staining (i.e. protocols using SP142/BenchMark, 28-8/
BOND-MAX and E1L3N/BOND-MAX). This suggests 
the IHC protocols stained cases in mostly the same rank, 
but differed with respect to the staining intensity and 
detection limit, consistent with a concentration effect.

Correlation between IHC and RNA in-situ 
hybridization for PD-L1 expression

To provide a reference for PD-L1 expression 
independent of the IHC protocol, PD-L1 RNA 
expression was assessed by RNA in-situ hybridization 
using RNAscope. Staining was visible as brown dots or 
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clusters predominantly in tumor and occasionally in the 
mesenchyme (Supplementary Figure 2). Positive PD-L1 
RNA expression was seen in 6 of 18 (33%) samples. The 
sensitivity and specificity of each IHC assay at various 
thresholds is summarized in Supplementary Table 2. Only 
the results from the E1L3N/BOND-MAX IHC assay 
correlated significantly with positive RNA expression 
(p=0.038).

Co-localization of staining according to 
multimarker fluorescence IHC

Differences in staining results between protocols 
may have been due to the different affinities of each 
Ab for TCs. To study the binding of multiple Abs to the 
same cells, OPAL 7-plex fluorescence IHC staining was 
performed using the 5 PD-L1 Abs, a CD3 Ab and DAPI on 
a single tissue section. An optimal staining protocol was 

Figure 1: Representative IHC stains of PD-L1 in NSCLC using 22C3/Link48, 28-8/BOND-MAX, E1L3N/BOND-
MAX, SP142/BenchMark, SP263/BenchMark, and SP142 BOND-MAX protocols. Scale bar = 150 μm.


