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Programmed death ligand 1 (PD-L1) is one of two ligands
for programmed death 1 (PD-1) and can be expressed in
lymphocytes (T and B cells) and antigen-presenting cells,
such as dendritic cells, macrophages, tumor cells and tumor-
infiltrating immune cells. The PD-1/PD-L1 pathway plays
an important role in the prevention of autoimmunity, and
it has become clear that this pathway is one of the tumor
immune escape mechanisms. By interrupting the interaction
between PD-1 and PD-L1I, the negative regulatory effects
are reversed and the antitumor effect has been expected to
be enhanced. Immune checkpoint inhibitors (ICIs) which
are a type of immunotherapies have recently become a focus
of attention in the field of oncology. Anti-PD-1 monoclonal
antibodies and anti-PD-L1 monoclonal antibodies which
are a kind of ICIs have improved the prognosis of patients
with various types of cancer, and these drugs have already
been applied in the clinical setting in the treatment of
non-small cell lung cancer (NSCLC). In cases involving
metastatic NSCLC and progression after platinum-based
chemotherapy, pembrolizumab, which is one type of anti-
PD-1 monoclonal antibody was approved for the treatment
of patients with NSCLC expressing PD-L1 in at least 1%
of tumor cells based on data from the KEYNOTE-010
study (1). In patients with metastatic NSCLC and no
prior systemic therapy, pembrolizumab was approved
for the treatment of patients with NSCLC expressing
PD-L1 in at least 50% of tumor cells on based on data
from the KEYNOTE-024 study (2). In contrast, nivolumab
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which is another anti-PD-1 monoclonal antibodies
was approved for all NSCLC, regardless of the PD-L1
expression, based on data from the CheckMate 057 (3) and
CheckMate 017 (4) studies. Most recently, the anti-PD-L1
antibody atezolizumab was approved for the treatment of
advanced NSCLC based on data from the OAK trial (5).
The PD-L1 expression of tumor cells is assessed by
immunohistochemical staining of PD-L1. However,
there is a major issue with regard to the assessment of the
PD-L1 expression and the use of ICIs. To evaluate the
PD-L1 expression, there are five different PD-L1 IHC
assays. Each the ICIs has its own assay that was specifically
developed and associated with a clinical trial. In the case of
pembrolizumab, the PD-L1 IHC 22C3 pharmDx assay is
performed on the Dako Autostainer Link 48 platform with
an automated staining protocol using anti-PD-L1 antibody
clone 22C3 to detect the expression of PD-L1 protein,
whereas the PD-L1 IHC 28-8 pharmDx assay is performed
on the Dako Autostainer Link 48 platform using anti-
PD-L1 antibody clone 28-8 for nivolumab, the Ventana
PD-L1 (SP263) assay is performed on the VENTANA
Benchmark ULTRA staining platform with anti-PD-L1
antibody clone SP263 for durvalumab, and the Ventana
PD-L1 (SP142) assay can only be performed using the
VENTANA Benchmark ULTRA platform with anti-PD-L1
antibody clone SP142, an OptiView DAB IHC Detection
Kit and an OptiView Amplification Kit for atezolizumab.
The 22C3 assay is a companion diagnostic test, and the 28-8
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and SP142 assays are complementary diagnostic tests that
are performed in the USA. In this way, it is recommended
that each validated assay is performed on a particular
staining platform. However, most diagnostic laboratories do
not usually have two different automated staining platforms.

Recent report of Adam et a/. (6) analyzed the concordance
of staining results among five PD-L1 IHC antibodies (28-8,
22C3, E1L3N, SP142, and SP263) using the platforms that
were available at different facilities. Previous studies raised
concerns about the compatibility of the results from these
IHC assays. Adam et al. showed the high concordance of
the results of the assays using the 28-8, 22C3 and SP263
antibodies, consistent with the Blueprint Project Phase
I results (7). Recent data presented by Fujimoto et al. (8)
also showed that these assays have good concordance. The
report from Adam ez a/. showed that an alternative assay
performed with the antibody clone 22C3 on the Ventana
staining platform had lower concordance than the Dako
trial-validated assay (22C3 antibody clone on the Dako
staining platform). A recent report by Neuman er al. (9)
showed that two alternative assays with antibody clone 22C3
on the Ventana BenchMark XT platform demonstrated
approximately 85% concordance with the results of the
Dako trial-validated assay. With regard to the SP263 assay,
it is known that there is a tendency for tumor cells and
immune cells to be stained more strongly than is observed
in the 28-8 and PD-L1 IHC 22C3 pharmDx assays (10). In
the report by Adam er al. (6), Figure 2 showed that antibody
clone 22C3 on the Ventana BenchMark UTLRA achieved
a slightly lower positive rate in comparison to the study by
Neuman ez 4l. and that the SP263 antibody clone showed a
high positive rate of 0.80, which was higher than the rates
observed with the other PD-L1 antibody clones among
the seven centers. Recently, the SP263 assay has come
into use as an alternative to both the 22C3 assay and the
28-8 assay for the evaluation of non-squamous cell NSCLC
in Europe, based on the data from previous reports, such
as the Blueprint Project Phase I (7), however, the decision
with regard to non-squamous NSCLC patients was good
because the Ventana platform is used by a greater number
of laboratories than the Dako platform.

The SP142 assay was shown to stain fewer tumor cells
in comparison to the 22C3, 28-8 and SP263 assays (7,10).
The data presented by Adam ez al. (6) also showed that the
positive rate in the SP142 assay tended to be lower than
that in the SP263 assay. However, their SP142 assay data
were compared to the SP263 assay on the Ventana platform;
thus, we cannot judge their correctness. The poor staining
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of the tumor cells may be attributed to the protocols that
were developed by the laboratory in which the amplification
step is performed after antibody incubation and the use
of a prediluted kit (approved by the Food and Drug
Administration in the United States). A recent report in
the European Society for Medical Oncology conference
2017 indicated that most tumor cells considered negative in
PD-L1 IHC using antibody clone SP142 were also negative
in IHC using the 22C3 antibody clone. Further data are
required to judge whether the SP142 assay can be used as
an alternative to the 22C3 PD-L1 IHC assay.

Antibody clone E1L3N is one of most popular antibodies
in laboratory-developed tests (LDTs). A study compared
three trial-validated assays (22C3, 28-8 and SP142) and an
assay using antibody clone E1L3N as LDTs demonstrated
that the 22C3 and 28-8 assays and the E1L3N LDT showed
similar results with regard to staining tumor cells for
PD-L1 (11). However, Adam ez a/. (6) reported that the
E1L3N LDT displayed a relatively low positive rate for
PD-L1 staining. They evaluated the concordance of SP142
and E1L3N assay compared with the SP263 assay. However,
we considered that they should evaluate the concordance
using various platforms with a PD-L1 IHC antibody.

Overall, the study by Adam ez 4/. (6) provided valuable
data on PD-L1 IHC testing, and the article was thought-
provoking. Their conclusion was that 50% of the LDTs do
not have sufficient concordance. The standardization of the
staining process and platforms is important and urgent for
obtaining consistent and reproducible results in the real-
world clinical setting of lung cancer patients. In this article,
the evaluation of PD-L1 staining was performed by one
pathologist who had received comprehensive training in
performing 28-8 or 22C3 assays. The different PD-L1 THC
assays are not necessarily the same, and there is a possibility
of different PD-L1 staining pattern. For example, the
SP142 assay differs from other PD-L1 assays by its distinct
staining pattern and stains both membrane and granular
cytoplasm in tumor cells. Therefore, if a pathologist is only
trained in who to perform 28-8 or 22C3 assays, then he may
not be trained to identify PD-L1 staining patterns using
other PD-L1 IHC antibodies (SP142, SP263 and E1L3N).
We conclude that PD-L1 staining should be evaluated by
some pathologists.

Although these IHC assays identify the expression of
PD-L1 protein, the antibody clones recognize different
parts as the epitope of PD-L1 protein. In brief, the antibody
clones 22C3 and 28-8 recognize the extracellular domain
of the PD-L1 protein, and SP263, SP142 and EIL3N
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recognize the intracellular domain of PD-L1 protein.
Furthermore, these antibody clones do not always display
high affinity binding to these epitopes. The differences
in these epitopes and in the binding affinity may lead to
the different tumor cell staining results that are observed
among the PD-L1 IHC antibody clones. It is also known
that PD-L1 has two isoforms, and that the PD-L1 isoform
expression might contribute to PD-L1 staining.

The importance of PD-L1 as a biomarker for anti-PD-1
antibodies or anti-PD-L1 antibodies cannot be ignored;
however, there is an urgent need to search for another ‘real’
biomarkers that can predict the efficacy and safety of ICIs.
ICIs will bring new hope to advanced NSCLC patients if a
‘real” biomarker for ICIs can be discovered. Further efforts
and studies for searching such biomarkers are also required.
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