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Immunohistochemistry of the PD-L1 protein may be predictive for anti-PD-1 and anti-PD-L1 immunotherapy in
pulmonary adenocarcinoma and in clinically unselected cohorts of so-called non-small-cell lung cancer. Several
PD-L1 immunohistochemistry assays with custom reagents and scoring-criteria are developed in parallel.
Biomarker testing and clinical decision making would profit from harmonized PD-L1 diagnostics. To assess
interobserver concordance and PD-L1 immunohistochemistry staining patterns, 15 pulmonary carcinoma
resection specimens (adenocarcinoma: n=11, squamous-cell carcinoma: n=4) were centrally stained with the
assays 28-8, 22C3, SP142, and SP263 according to clinical trial protocols. The slides were evaluated independently
by nine pathologists. Proportions of PD-L1-positive carcinoma cells and immune cells were scored according to a
6-step system that integrates the criteria employed by the four PD-L1 immunohistochemistry assays. Proportion
scoring of PD-L1-positive carcinoma cells showed moderate interobserver concordance coefficients for the 6-step
scoring system (Light's kappa=0.47–0.50). The integrated dichotomous proportion cut-offs (≥1, ≥5, ≥10, ≥50%)
showed good concordance coefficients (κ=0.6–0.8). Proportion scoring of PD-L1-positive immune cells yielded
low interobserver concordance coefficients both for the 6-step-score (κo0.2) and the dichotomous cut-offs
(κ=0.12–0.25). The assays 28-8 and 22C3 stained similar proportions of carcinoma cells in 12 of 15 cases. SP142
stained fewer carcinoma cells compared to 28-8, 22C3, and SP263 in four cases, whereas SP263 stained more
carcinoma cells in nine cases. SP142 and SP263 stained immune cells more intensely. The data indicate that
carcinoma cells can be reproducibly scored in PD-L1 immunohistochemistry for pulmonary adenocarcinoma and
squamous-cell carcinoma. No differences in interobserver concordance were noticed among the tested assays.
The scoring of immune cells yielded low concordance rates and might require specific standardization. The four
tested PD-L1 assays did not show comparable staining patterns in all cases. Thus, studies that correlate staining
patterns and response to immunotherapy are required to test the significance of the observed differences.
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Immunotherapy for pulmonary carcinomas may
cause strong and durable anti-tumoral immune
responses that may significantly improve overall

survival.1–4 One key signaling pathway is the
interaction of aberrantly expressed PD-L1 ligand on
carcinoma cell and tumor-associated immune cells,
and the PD-1 receptor found on immune effector
cells, most notably T-cells.5 At least five therapeutic
monoclonal antibodies against PD-1 or PD-L1 are
clinically tested (Table 1A).6 Immunohistochemistry
of PD-L1 protein may be predictive for both kinds
of inhibitor.4,7–9 Each clinical trial is evaluating its
own PD-L1 immunohistochemistry assay including
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custom primary antibodies, staining platforms, and
scoring-criteria6 (Figure 1). Although some clinical
trials specifically recruited patients with so-called
‘squamous-cell non-small cell lung cancer’1 and
‘nonsquamous cell non-small-cell lung cancer,’2 other
trials recruited non-small-cell lung cancer patients
independent of the respective histological type.3,4,8,9

Clinical decision making would profit from one
harmonized procedure for PD-L1 testing in pulmonary
adenocarcinoma and squamous-cell carcinoma. As a
first step to gather experience with the clinical trial
assays and to test the reproducibility of an integrated
scoring system (Table 1B), we conducted a round robin
test with two sets of centrally stained immunohistolo-
gical specimens that were scored independently by
nine pathologists. Two laboratory developed assays
and four clinical trial assays stained according to the
manufacturers’ protocols were compared.

Materials and methods

Study Design

A scoring system was defined that combines all
clinically tested proportions cut-offs (Table 1). The
scoring system was tested on a set of n=15
pulmonary carcinoma resection specimens (adeno-
carcinoma n=7, squamous-cell carcinoma n=8) that
were centrally stained for PD-L1 with two laboratory
developed assays and scored by nine pathologists
(‘training set’). The data were validated by second
round of n=15 pulmonary carcinoma resection
specimens (adenocarcinoma n=11, squamous-cell
carcinoma n=4) that were centrally stained for
PD-L1 with four clinical trial assays (‘validation
set’). Each pathologist scored the same stained glass
slides independently and blinded for the staining
protocols. Proportion scores of carcinoma cells and
of tumor-associated immune cells were recorded.

Cases

Specimens of pulmonary squamous-cell carcinoma
and adenocarcinoma were selected from a compre-
hensively annotated patient cohort of a previous
study.10 The two sets were selected to include both
histotypes to mimic the composition of clinical
trials.3,4,8,9 Permission of the institutional ethics
committee was obtained. The histological types are
listed in Supplementary Table 1.

Tissue Processing

Paraffin-sections of the formalin-fixed paraffin-
embedded tissue were cut by two technicians in one
session (training set) or by one technician in one
session (validation set). Sections were mounted on
positively charged, adhesive glass slides (‘Clipped
Corner X-tra Slides’, Leica Biosystems, Wetzlar,
Germany). Consecutive slides were used for the two
stainings of the training set as well as for the four
stainings of the validation set. Cut sections were stored
and transferred at 2–6 °C and stained within 1month.

Immunohistochemistry

Two laboratory developed assays for PD-L1 were set-
up at the University Hospital Cologne, Institute of
Pathology, using primary antibodies E1L3N11 (Cell
Signaling Technology, Cambridge, UK) and SP142
(ref. 7) (Spring Bioscience Corporation, Pleasanton,
CA, USA) on an automated staining system with a
polymer-based detection kit and DAB-chromogen
(Leica Bond Polymer Refine; Leica Biosystems,
Wetzlar, Germany).

Clinical trial assays were performed according to
the manufacturers’ instructions: Dako 28-8 pharmDx
was stained at the Clinic for Dermatology, University
Hospital Essen, Germany with a Dako certified

Table 1 PD-L1 scoring-criteria

Assay, antibody Cell type Negative Low/weak Medium High/strong

A
Nivolumab (α-PD-1; BMS) Dako 28-8 Tumor 0–1% 1–5% 5–10% ≥10%
Pembrolizumab (α-PD-1; MSD) Dako 22C3 Tumor 0–1% 1–50% ≥50%
Atezolizumab (α-PD-L1; Roche) Ventana SP142 Tumor 0–1% 1–5% 5–50% ≥50%

Immune 0–1% 1–5% 5–10% ≥10%
Durvalumab (α-PD-L1; AstraZeneca) Ventana SP263 Tumor 1–25% ≥25%
Avelumab (α-PD-L1; Pfizer + Merck) Dako Tumor 0–1% ?

Negative Positive

B
Proportion Score (‘Cologne Score’) Category: 0 1 2 3 4 5

Cut-off: o1% ≥1% ≥5% ≥10% ≥ 25% ≥50%
Interval: 0–1% ≥1% ≥5% ≥10% ≥ 25% ≥50%

o5% o10% o25% o50% o75%

(A) At least five different monoclonal antibodies against PD-1 or PD-L1 are clinically tested in pulmonary carcinomas. For each therapeutic antibody
an own PD-L1 immunohistochemistry assay is evaluated as predictive biomarker. Each assay includes its own primary antibody, detection system,
and scoring-criteria. (B) The cut-offs of the different scoring-criteria may be integrated into a 6-step scoring system (‘Cologne Score’).
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clinical trial set-up, Dako 22C3 pharmDx8 was
stained by Dako, Carpinteria, CA, USA. Dako assays
were stained on the Dako Link AS-48 autostainer
systems. The two Ventana assays SP142 and SP263
were stained by Ventana, Tucson, AZ, USA on
Ventana Benchmark staining systems.

PD-L1 Immunohistochemistry Scoring

According to the de-facto consensus, a carcinoma cell
was considered ‘PD-L1 positive’ if the cell membrane

was partially or completely stained.1–3,8,9 Cytoplas-
matic PD-L1 staining in the carcinoma cells was
disregarded. Carcinoma cells were quantified by
evaluating the ratio of stained and unstained cells
(Number of PD-L1-positive carcinoma cells÷Number
of all carcinoma cells).2,3

An immune cell was considered ‘PD-L1 positive’
if it featured any PD-L1 staining (membrane/
cytoplasm). PD-L1-positive immune cells are pre-
dominantly macrophages and lymphocytes. For
lymphocytes, membranous and cytoplasmatic stain-
ing cannot be reliably distinguished due to the small

Figure 1 Staining patterns of clinical trial assays for PD-L1 immunohistochemistry. Example micrographs of four clinical trial assays for
PD-L1 immunohistochemistry; matched regions on consecutive slides stained with the indicated assays. The case was scored PD-L1
positive (score 5, ≥50%) by all assays.
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cell size. Immune cells were quantified by evaluating
the ratio of the area covered by stained immune cells
(Area covered by PD-L1-positive immune cells÷Tu-
mor area) as has been described in studies with PD-
L1 inhibitor atezolizumab.4,9

Necrotic areas were excluded from scoring. The
commonly used minimum of ≥100 viable carcinoma
cells was easily fulfilled in all cases given that the
large resection specimens were used.

Integrated Proportion Score

At least five different PD-L1 immunohistochemistry
assays are tested in clinical trials (Table 1A). Custom
scoring-criteria are used for each assay. A common
element of PD-L1 scoring is that the proportions of
PD-L1-positive carcinoma cells (aka ‘tumor cells’) are
estimated,2,3 whereas staining intensity is not
included.7 For at least one assay (SP142), the area
of PD-L1-positive immune cells is an independent
part of the score.4,9 The proportion cut-offs of the
clinical trials overlap and may be integrated into a 6-
step scoring system (Table 1B). The integrated score
uses the categories 0–5 that match the clinical cut-
offs. Thus, if a case is evaluated according to the
scoring system, it can be classified by any of the
included cut-offs.

Whole-Slide Scanning; Statistics

Micrographs were created by whole-slide scanning
using a Pannoramic P250 scanner (3DHistech,
Budapest, Hungary). Statistics were calculated with
‘R’ statistical programming language version 3.2.2
and package ‘psy’ version 1.1 by Bruno Falissard
(www.r-project.org). Interobserver concordance was
assessed using Cohen’s kappa (unweighted) for two-
rater-comparisons and Light's kappa (unweighted)
for multirater comparisons.

Results

Scoring of Carcinoma Cells

For the training set of n=15 pulmonary carcinoma
resection specimens (adenocarcinoma: n=7, squa-
mous-cell carcinoma n=8; Supplementary Table 1),
both laboratory developed assays yielded moderate
concordance levels for the integrated proportion
scoring of PD-L1 stained carcinoma cells (Table 2;
Supplementary table 2): antibody E1L3N on Leica
Bond staining system yielded a Light's kappa coeffi-
cient of κ=0.50 (95% confidence intervals (CI):
0.37–0.64), antibody SP142 on Leica Bond yielded
a comparable Light's kappa of κ=0.49 (95% CI:
0.34–0.66). Classifying the cases by the dichotomous
cut-off criteria that are included in the scoring
system (≥1, ≥ 5, ≥ 10, ≥ 50%) resulted in good
concordance levels of κ=0.61–0.80 (mean: 0.75).

For the validation set of n=15 pulmonary carci-
noma resection specimens (adenocarcinoma: n=11,
squamous-cell carcinoma: n=4), the four clinical trial
assays yielded moderate concordance levels for the
6-step proportion score of stained carcinoma cells,
κ=0.47–0.49 (Table 2; Supplementary Table 3).
Classification by the included dichotomous cut-offs
resulted in good concordance levels, κ=0.59–0.80
(mean: 0.72). No significant differences in concor-
dance levels were noticed among the four assays.

To better quantify the interpretation-differences in
the validation set, all 540 pairwise comparisons of
the proportions-scores of two of the nine observers
were plotted for each assay (15 specimens ×C(9,2)
observer-combination= 540 combinations per assay)
(Figure 2). Similar frequencies of concordant
pairs and of discordant pairs differing by one
category or by ≥2 categories were noticed for each
assay: 57–60% of pairs were concordant, whereas
25–32% differed by one category and 10–15% by
two categories.

Table 2 Interobserver concordance for the scoring of PD-L1-positive carcinoma cells

PD-L1 IHC

Light's kappa (95% CI), tumor cell proportions

6-step score

Proportion cut-off

≥1% ≥5% ≥10% ≥50%

Training set E1L3N on Leica 0.50 [0.37–0.64] 0.73 [0.60–0.88] 0.79 [0.52–0.94] 0.74 [0.46–0.90] 0.76 [0.58–0.92]
Lab dev. assays
n=15 cases NSCLC

SP142 on Leica 0.49 [0.34–0.66] 0.61 [0.41–0.85] 0.77 [0.53–0.91] 0.79 [0.54–0.94] 0.80 [0.56–0.97]

Validation set Dako 28-8 0.49 [0.36–0.63] 0.79 [0.58–0.95] 0.63 [0.44–0.85] 0.65 [0.46–0.84] 0.77 [0.62–0.96]
Clinical trial assays Dako 22C3 0.47 [0.34–0.63] 0.74 [0.44–0.94] 0.78 [0.58–0.94] 0.75 [0.52–0.89] 0.66 [0.42–0.89]
n=15 cases NSCLC Ventana SP142 0.47 [0.35–0.62] 0.72 [0.53–0.89] 0.76 [0.49–0.93] 0.80 [0.62–0.93] 0.63 [0.46–0.80]

Ventana SP263 0.47 [0.34–0.63] 0.59 [0.39–0.73] 0.78 [0.58–0.94] 0.77 [0.55–0.92] 0.75 [0.53–0.90]

Interobserver concordance of two sets of pulmonary squamous-cell and adenocarcinoma slides stained for PD-L1 with two laboratory developed
assays (‘training set’) and four clinical trial assays (‘validation set’). Light’s Kappa (unweighted) and 95% CI for the 6-step score and 4 of the
included cut-offs (square brackets) were calculated.
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Scoring of Immune Cells

Scoring the area covered by immune cells relative to
the tumor area4,9 yielded low concordance levels in
the training set and in the validation set for both, the
integrated scoring system and the dichotomous cut-
offs (mostly κo0.2) (Supplementary Table 4). It has
to be noticed that 14 of the 15 cases of the validation
set featured PD-L1-positive immune cells. The lack
of cases clearly devoid of PD-L1-positive immune
cells limits the interpretability of commonly used
concordance coefficients12 (Supplementary Table 2).

Assays

Scoring of the clinical trial assays indicated qualita-
tive differences between the staining patterns: three
assays showed a linear membranous staining of the
carcinoma cells (28-8, 22C3, SP263), one assay
showed a membranous, partially linear, partially
granular staining (SP142) (Figure 1; Supplementary
Figures 1–5). The differences in staining patterns
were distinctive and enabled the observers to
correctly sort the blinded validation set into three
groups corresponding to the assays SP142, SP263,
and 28-8/22C3 (data not shown).

The proportions of stained carcinoma cells appeared
similar in most cases (Supplementary Table 3;
Supplementary Figure 2). However, systematic

differences were noticed, that particularly affected
four cases: although two assays seemed comparable
in intensity and proportions of stained tumor cells
(28-8, 22C3), two assays appeared to be more intense
(SP142, SP263) and to stain lower proportions
(SP142) or higher proportions of carcinoma cells
(SP263). Both SP142 and SP263 assays were noticed
to stain immune cells more intense, which was
especially evident in tonsil tissue used as control
(Supplementary Figure 1).

To quantify potential differences in the propor-
tions of stained carcinoma cells, the six pairwise
comparisons of the four assays were plotted, each
containing 135 data points (9 observer × 15 speci-
mens) (Figure 3). For 28-8 vs 22C3, 72% of the pairs
were concordant, 13% showed higher proportions
for 28-8 and 16% higher proportions for 22C3.
Comparisons of SP263 vs the other assays indicated
higher proportions for SP263 in 46% (28-8), 44%
(22C3), and 59% (SP142) of the pairs. Comparisons
of SP142 indicated lower proportions in 36% (28-8),
39% (22C3), and 59% (SP263) of the pairs.

Conversely, different frequencies of the propor-
tions were noticed among the assays (Figure 3,
marginal sums): for 28-8 and 22C3, 24 and 26% of
the 135 data points were negative (score 0), whereas
24 and 27% were strongly positive (score 5). For
SP142 and SP263, 40 and 16% of the data points

Figure 2 Interobserver concordance for the scoring of PD-L1-positive carcinoma cells. Pairwise comparisons of each sample and each
combination of the nine observers (For each of the four assays: 15 specimens×C(9,2) observer-combination=540 combinations). Each field
indicates the absolute number of the respective score-pairing. Concordant scores (diagonal) are highlighted gray.
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were negative (score 0), whereas 22 and 41% were
strongly positive (score 5).

Median scores of the nine observers were calcu-
lated for each sample and assay (Supplementary
Table 5). By the median scores, assays 28-8 and 22C3
stained similar proportions of carcinoma cells in 12
of 15 cases. SP142 stained fewer carcinoma cells
compared to 28-8, 22C3, and SP263 in four cases.
SP263 stained more carcinoma cells in nine cases
compared to the other assays. If the cases were to be
classified according to a cut-off of ≥1% stained
carcinoma cells (Supplementary Table 6), 22C3 and
28-8 yielded similar results (11 of 15 positive cases).
For SP142, two cases would have been classified
negative that were classified positive by the other
assays (9 of 15 positive cases) (Supplementary
Figure 4). For SP263, two cases would have been
classified positive that were scored negative by the

other assays (13 of 15 cases positive). If a cut-off of
≥50% stained carcinoma cells was applied (Supple-
mentary Table 6), 22C3, 28-8, and SP142 yielded
similar results (4 of 15 cases positive), whereas SP263
indicated two to be positive, that were o50% with
the other three assays (6 of 15 cases positive).

Given the low concordance rates for the scoring
of immune cells, no cross-assay quantifications of
the proportions and intensities of immune cells
were made.

Discussion

In an early effort to harmonize PD-L1 immunohis-
tochemistry in pulmonary squamous-cell and ade-
nocarcinoma, two sets of n=15 resection specimens
were centrally stained for PD-L1 and scored by nine

Figure 3 Pairwise comparisons of the four clinical trial assays. Analysis of the proportions of PD-L1-positive carcinoma cells stained by
each assay. The six sub-tables show pairwise comparisons of two of the four clinical trial assays. For each comparison, 135 data points
(15 samples× 9 observers) are mapped. Each field indicates the absolute number of the respective score-pairing. Concordant scores
(diagonal) are highlighted gray. The marginal totals indicate the relative frequency of each scoring category for the respective assay.
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pathologists. Scoring of the carcinoma cells
was found to be reproducible for two laboratory
developed assays and four clinical trial assays.
Scoring of the tumor-associated immune cells
yielded low concordance levels. The four clinical
trial assays showed distinctive staining patterns and
differences in the proportions of PD-L1 stained
carcinoma cells.

The predictive value of clinical biomarkers relies
on their biological significance and technical feasi-
bility. For immunohistochemistry, the technical
aspects encompass the employed assay and their
reagents, the type and quality of the investigated
biomaterial and the interpretation of the staining
pattern by the pathologists.13 Harmonization trials
may greatly improve standardization and interobser-
ver concordance for immunohistochemistry scoring
as was demonstrated for HER2/neu14 and ALK.15 In
this study, we focused on the scoring of PD-L1
immunohistochemistry to provide a starting point
for the harmonization of the clinical assays (Table 1).
The different cut-offs were integrated into a 6-step
scoring system. In two sets of pulmonary carcinoma
resection specimens including squamous-cell carci-
noma (n=12) and adenocarcinoma (n=18), the score
yielded moderate concordance levels (κ≈0.50; PD-L1
stained carcinoma cells). The use of six scoring
categories is a quite detailed way to interpret the rate
of PD-L1-positive cells, in particular as the cut-offs 1,
5, and 10% are close to each other. Furthermore,
large resection specimens were used, which compli-
cated proportion scoring; thus, κ≈0.50 seems an
acceptable value. Moreover, the included cut-offs
show good concordance levels of κ=0.6–0.8.

The integrated scoring system contains more
information than a pure dichotomous cut-off. Several
studies have indicated that the response rates to
immunotherapy, median duration of responses, and
overall survival times raise proportional to the rate of
PD-L1-positive carcinoma cells,2,3 indicating that the
information might be clinically valuable.

Interestingly, no significant differences in the
interobserver concordance levels were noticed
among the four clinical trial assays. Apparently each
assay can be interpreted reproducibly in pulmonary
squamous-cell and adenocarcinoma, despite their
differences in staining patterns. However, the finding
cannot be directly translated to other entities: studies
with HER2/neu indicated that specific guidelines
and training are required for breast cancer and
gastric cancer.16 Analogous, entity-specific studies,
and guidelines will be required for PD-L1 testing
given that tumors with different morphologies and
modes of carcinogenesis are investigated.17,18

Scoring of the tumor-associated immune cells
yielded low concordance levels. The two sets were
not perfectly suited for concordance analysis of
immune cells as only two cases (training set) or
one case (validation set) featured immune cells that
stained PD-L1 negative by each assay. Such an
extreme ratio of positive/negative cases limits the

interpretability of concordance coefficients.12 On the
other hand, case discussions by the nine observers
revealed that several aspects about immune cell
scoring require standardization including a defini-
tion of ‘tumor area’ in not-well delimited carcino-
mas, a definition of area ‘covered’ by PD-L1-positive
immune cells and a definition of the borders of
necrotic areas. Given that the SP142 assay has been
used reproducibly in published clinical trials,4,9 we
assume that specific instructions and training may
raise concordance of immune cell scoring.

Although scoring of carcinoma cells seems to be
reproducible for all tested assays, the staining results
by the four clinical trial assays differed system-
atically: with the limitation of having seen only
n=15 resection specimens, the assays yield differ-
ences in both the proportion of stained carcinoma
cells as well as the staining intensity and proportion
of stained tumor-associated immune cells. The
findings are not surprising since each assay was
developed and optimized as predictive biomarker for
a different therapeutic antibody.6 In particular,
immune cells are part of the scoring for atezo-
lizumab8 (SP142 assay) but not for nivolumab1,2
(28-8 assay), or pembrolizumab3,8 (22C3 assay).
Thus, it seems plausible that SP142 stains immune
cells more intense. Our results give an early
quantitation specifically why the clinical trial assays
may not be used interchangeable.

A practical next steps towards harmonization
could be to compare the staining patterns and
predictive value of the 28-8 and 22C3 assays on a
large cohort of samples. The limited number of cases
investigated in our study indicates that the Dako
assays might show comparable staining patterns in
pulmonary squamous-cell carcinomas and adenocar-
cinomas. It would be of high interest to directly
compare their predictive value.

Ultimately, the clinical utility of each PD-L1
immunohistochemistry assay has to be evaluated
by its predictive value. An initial study design could
be to stain PD-L1 in tumor samples of patients
treated with immunotherapy with all four immuno-
histochemistry assays and compare their predictive
value. Biochemical studies to determine the mea-
surement range of each assay as well as mapping of
the bound PD-L1 epitopes might facilitate interpreta-
tion of the immunohistochemistry results. If the
divergent staining patterns that we report are con-
firmed by larger studies, relating PD-L1 immunohis-
tochemistry of all assays to response and outcome of
the same patient cohort will shed light on clinical
significance of the staining differences.
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