
Abstract. Background/Aim: While the PD-L1 22C3 pharmDx
assay is an FDA-approved diagnostic assay for pembrolizumab
use, not every pathology laboratory has the Dako Autostainer
to use this assay. Since Ventana BenchMark platforms are more
common, the Ventana SP263 assay can be used to inform
treatment decisions involving nivolumab and pembrolizumab
in non-small cell lung cancer (NSCLC). However, some studies
have shown discordant results between the two assays. This
study aimed was to compare PD-L1 expression using these two
assays. Materials and Methods: A total of 100 samples from
consecutive cases of resected NSCLC were tested using the two
PD-L1 assays. Results: The agreement rates of the two assays
were 88-97% at various cut-offs. There was no significant
difference between 22C3 and SP263 in tumour proportion
score (p=0.455). Conclusion: The SP263 assay can be used in
the place of the 22C3 assay for PD-L1 testing, for guiding
therapy with PD-1 axis inhibitors in NSCLC.

Recently, programmed cell death 1 (PD-1)/programmed cell
death ligand 1 (PD-L1) inhibitors have demonstrated efficacy
in patients with advanced non-small cell lung cancer
(NSCLC) (1-3). The identification of patient selection
markers for PD-1/PD-L1 inhibitors is critical because of the
high treatment costs and potential toxicities associated with
these agents. Evidence from clinical trials has revealed that
PD-L1 expression on tumour cells (TCs), as assessed by
immunohistochemistry (IHC), is a biomarker for predicting
the treatment efficacy of immunotherapy (4, 5). 

Currently, only the PD-L1 IHC 22C3 pharmDx assay,
which has been developed for use on the Dako Autostainer,
has been approved by the Federal Drug Administration (FDA)
as a companion diagnostic assessment for pembrolizumab use.
However, not every pathology laboratory has the Dako
Autostainer, whereas the Ventana BenchMark platforms are
more common in pathology laboratories (6). This represents a
major drawback for widespread use of the PD-L1 IHC test in
clinical practice. Recently, a fourth antibody, SP263, has been
investigated alongside durvalumab for development using the
Ventana BenchMark platforms (7, 8). In several studies, the
22C3 assay has shown a high correlation with the SP263 assay
(9-14). Thus, the SP263 assay is now Conformité Européene-
approved to inform treatment decisions involving the use of
nivolumab and pembrolizumab in NSCLC (15). However,
some studies have shown discrepancies in the results of the
SP263 and 22C3 assays (16, 17). 

Thus, in this study, PD-L1 expression results as evaluated
by the IHC 22C3 pharmDx assay on the Dako Autostainer
platform were compared with those observed using the
SP263 assay on the Ventana BenchMark platform.

Materials and Methods
Patients and tumour specimens. A total of 100 formalin-fixed,
paraffin-embedded (FFPE) samples were collected from consecutive
resected lungs with NSCLC at Kobe City Medical Center General
Hospital. Specimens were considered adequate for analysis if they
were collected within 1 year of PD-L1 staining, as the fading of PD-
L1 IHC expression has been reported in tissue blocks older than 1
year (18). Specimens diagnosed with adenocarcinoma in situ and
minimally invasive adenocarcinoma were excluded. 

Patients who reported never having smoked were defined as
never smokers, those who had smoked within 1 year of NSCLC
diagnosis were categorized as current smokers, and the remaining
patients were considered former smokers. All patients were
classified on the basis of clinical stage according to the 7th edition
TNM classification (19). All tumour specimens included in the
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pathological analysis were obtained with informed consent (or
formal waiver of consent) with approval by our Ethics Committee.

Tissue IHC and evaluation. The expression of PD-L1 in NSCLC
specimens was analysed with IHC staining using the two assay systems
(22C3 and SP263). Sections 4 μm thick were cut serially from FFPE
tumour blocks and then routinely deparaffinized and rehydrated. For
the 22C3 assay, sections were stained with PD-L1 22C3 mouse
monoclonal primary antibodies using the EnVision FLEX visualization
system on a Dako Autostainer Link 48 system (20, 21). For the SP263
assay, sections were stained with rabbit monoclonal primary antibodies
and a matched rabbit immunoglobulin G-negative control, with an
OptiView DAB IHC Detection Kit on a BenchMark XT automated
staining platform (22). Samples were anonymized, and two pathologists
(YK and JF) independently scored all slides, according to the respective
scoring algorithms for these assays. TCs were considered PD-L1-
positive if the cell membrane was partially or completely stained.
Cytoplasmic PD-L1 staining in TCs was disregarded, and the staining
intensity was not considered. Haematoxylin and eosin (HE) staining
was used for each sample to help orient the pathologists when
evaluating the IHC slides. The tumour proportion score (TPS) of PD-
L1 in TCs was expressed as the percentage of PD-L1-positive TCs in
the overall tumour section and was estimated in increments of 5%,
except in the case of 1% positivity. In the case of a disagreement, the
slides were re-examined until a consensus was reached.

Several cut-offs related to the levels of PD-L1 expression have
been used in clinical trials (3, 7, 23). Cut-off values of 1%, 25%,
and 50% were set according to the values used in prospective
clinical trials of PD-1 axis inhibitors.

Statistical analysis. Concordance between assays was evaluated using
the overall percentage of agreement (OPA) related to specific
thresholds. OPAs were determined according to the 1%, 25%, and
50% thresholds. The Wilcoxon signed rank test was used to evaluate
differences in TPS. To evaluate the distribution of each monoclonal
antibody polynomial trend curves were used. Statistical analyses were
conducted using JMP 11 software (SAS Institute, Cary, NC, USA).

Results
A total of 99 specimens were considered adequate for
analysis, whereas one specimen did not contain enough TCs.
Patient characteristics are summarized in Table I. Most
patients (74%) had stage I NSCLC. Their mean age was 71.3
years, and 72 (73%) patients had adenocarcinoma histology. 
The interobserver concordance in the scoring of PD-L1-
positive carcinoma cells was assessed (Table II). Good
agreement between the two pathologists was observed. In
both assays, the OPAs at the PD-L1 expression cut-offs of
1%, 25%, and 50% were >90%. 

The concordance rates for the 22C3 and SP263 assays
based on the consensus TPS as determined by two
pathologists are shown in Table III. The distributions of IHC
intensities stratified by the three cut-offs (1%, 25%, and
50%) were analysed. The OPAs at the 1%, 25%, and 50%
cut-offs were 88%, 94%, and 97%, respectively. There was
no significant difference between 22C3 and SP263 in actual
TPS (median (interquartile range): 0 (0-30%) vs. 0 (0-20%),

p=0.455). Specifically, for 22C3 and SP263, 51% and 50%
of patients were negative (TPS <1%), respectively; 23% and
28% had TPS values of 1-24%, respectively; 7% and 5% had
TPS values of 25-49%, respectively; and 19% and 17% were
strongly positive (TPS ≥50%), respectively. The distributions
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Table I. Patient characteristics.

Patient characteristics                                            n (%)
                                                                              (N=99)

Age (years)                                                              
  Mean (SD)                                                        71.3 (9.7)
Gender                                                                     
  Male                                                                 63 (64)
  Female                                                             36 (36)
Smoking status                                                        
  Never                                                               33 (33)
  Current or former                                            66 (67)
Histology                                                                 
  Adenocarcinoma                                             72 (73)
  Squamous cell carcinoma                               18 (18)
  Others                                                                 9 (9)
Stage                                                                        
  I                                                                        73 (74)
  II                                                                       15 (15)
  III                                                                     10 (10)
  IV                                                                       1 (1)

SD: Standard deviation.

Table II. Comparison of PD-L1 TPS by several cut-offs.

22C3                                                      Pathologist B

Pathologist A                  <1               1-24             25-49              ≥50

<1                                     44               1                    0                        0
1-24                                   6             20                    1                        0
25-49                                 0               4                    3                        1
≥50                                     0               0                    1                      18

Concordant pairs: 0.86 (85/99); Pathologist A higher: 0.11 (11/99);
Pathologist B higher: 0.03 (3/99); Agreement (1%, 25%, 50%): 93%,
95%, 98%.

SP263                                                     Pathologist B

Pathologist A                  <1               1-24             25-49              ≥50

<1                                     46               1                    0                        0
1-24                                   3             26                    2                        1
25-49                                 0               0                    2                        1
≥50                                     0               0                    2                      15

Concordant pairs: 0.90 (89/99); Pathologist A higher: 0.05 (5/99);
Pathologist B higher: 0.05 (5/99); Agreement (1%, 25%, 50%): 96%,
97%, 96%. PD-L1: Programmed cell death ligand 1; TPS: tumor
proportion score.



of the TC staining percentage for each assay, as agreed upon
by two pathologists, are shown in Figure 1.

Twenty-one cases exhibited discordant results between the
22C3 and SP263 assays. Of these, 19 cases exhibited similar
values between the two assays but were assigned different
categories as the values were near the cut-off point. Of the 21
discordant cases, 13 were negative (<1%) according to one assay
of the two assays used. Of these 13 specimens, all exhibited TPS
values of between 1 and 10% in the positive assay. In addition,
four were considered discordant, as these cases exhibited TPS
values of 1-24% in one assay but 25-49% in the other assay.
Furthermore, four were strongly positive (≥50%) in one assay
but not both. In these four cases, the TPS values according to
the 223C and SP263 assays were 75% and 40%, 70% and 10%,
60% and 20%, and 30% and 50%, respectively.  

Discussion
This study compared two PD-L1 IHC assay systems. A high
correlation between PD-L1 IHC expression results obtained
with the 22C3 and SP263 tests in NSCLC were found. 

Administration of pembrolizumab in particular, requires the
use of the FDA-approved companion diagnostic 22C3 assay
on the Dako Autostainer Link 48. However, this may not be
practical in many pathology laboratories for various reasons,

including the unavailability of the specified platform and the
availability, instead ,of other platforms (24). For this reason,
demonstration of the utility of the Ventana system is needed
in clinical settings. At present, the PD-L1 IHC assays with
SP142 and SP263 require the use of Ventana platforms.
However, previous studies have shown that the SP142 assay
is an outlier among PD-L1 assays (10-12). Thus, the
concordance between the 22C3 and SP263 assays is important.

In our study, the distributions of PD-L1 status as assessed
by the 22C3 assay were slightly different from those reported
in clinical trials (3, 25). However, PD-L1 expression is lower
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Figure 1. Analytical comparison of TPS values by case after analysis with each assay. 

Table III. Comparison of PD-L1 TPS by several cut-offs.

                                                                     SP263

22C3                                <1               1-24             25-49              ≥50

<1                                     43               7                    0                        0
1-24                                   6             16                    1                        0
25-49                                 0               3                    3                        1
≥50                                     0               2                    1                      16

Concordant pairs: 0.79 (78/99); SP263 higher: 0.09 (9/99); 22C3 higher:
0.12 (12/99); Agreement (1%, 25%, 50%): 88%, 94%, 97%. PD-L1:
Programmed cell death ligand 1; TPS: tumor proportion score.



in patients with early-stage NSCLC than in those with
advanced stage disease (26, 27). Considering these findings
and our present data, the staining results of 22C3 were
concordant with previous results.

Our data indicate a high analytical correlation between the
expression results obtained by the two different commercially
available PD-L1 assays. At a cut-off of 50% or higher, which
is used for the selection of patients for first-line treatment with
pembrolizumab, the OPA was 97% between the 22C3 and
SP263 assays. Additionally, the OPA at a cut-off of 1% or
higher was also near 90%. In our cohort, there were 21
discordant cases out of 99 cases using cut-offs of 1, 25, and
50%. Of these 21 discordant cases, 19 exhibited values in the
two assays that were close but were around one of the cut-off
points. Therefore, the actual TPS values of most discordant
cases were similar between the two assays.

Consistent with our results, in several studies, the results of
the 22C3 assay have shown a high correlation with those of the
SP263 assay (9-14). However, some studies have shown high
rates of discordant results between the SP263 and 22C3 assays
(16, 17). The precise reason for these discrepancies is unclear.
There are various possible explanations, such as tumour
heterogeneity, the number of TCs in the specimen, variability
in the performance of the staining platform, and variability in
the performance of the observer. In a previous study reporting
discordant results between the 22C3 and SP263 assays,
interobserver agreement appeared to be lower than that in our
study (16). Additionally, another discordant study cohort
consisted of tissue microarrays constructed from two patient
cohorts (17). In this study, TCs were scored if a minimum of
50 viable TCs were present, although 100 viable cells is
considered appropriate in clinical settings. According to a
previous study that compared the performances of the 22C3
and SP263 assays (9), discordant results were more common
from small biopsy samples. Therefore, further study is needed
to investigate the characteristics of the differences between
discordant and concordant specimens.

Our study has certain limitations. First, this was a
retrospective, single-centre study with a small number of
Japanese patients. Second, we used only surgical specimens in
this study and only analyzed concordance in those with an
adequate number of TCs. However, as mentioned, discordant
results may be more common among small biopsy samples (9). 

In conclusion, on the basis of this study and previous
studies, the SP263 assay could be used in place of the 22C3
assay for PD-L1 testing for the purposes of guiding therapy
with anti-PD-1/PD-L1 in NSCLC.
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