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Xiaoling Zhang, PhD*

Abstract: Nivolumab, a fully human IgG4 programmed death 1
(PD-1) immune checkpoint inhibitor antibody, developed by
Bristol-Myers Squibb Inc., has activity across non-small cell
lung cancer (NSCLC) histologies and is Food and Drug Ad-
ministration approved for treatment of metastatic squamous
NSCLC with progression on or after platinum-based chemo-
therapy. PD-L1 has been investigated as a potential biomarker
to predict clinical response to nivolumab in clinical settings. We
report an automated PD-L1 immunohistochemistry (IHC) as-
say, which was developed to detect cell surface PD-L1 in for-
malin-fixed paraffin-embedded human tumor tissue specimens
using Dako’s Autostainer Link 48. The primary antibody for
this assay is a rabbit monoclonal anti-human PD-L1 antibody,
clone 28-8. The specificity of 28-8 for PD-L1 was demonstrated
by antigen competition and genetic deletion of PD-L1 in tumor
cell lines. The specificity of the PD-L1 IHC assay was further
evaluated in a collection of 30 normal human tissues. The PD-
L1 IHC assay was optimized for high sensitivity and precision in
routine application. A pathology scoring and interpretation
method specific to nivolumab clinical studies was adopted for
the assay. The analytical performance of the assay was validated
for application in the determination of PD-L1 status in human
NSCLC specimens. The clinical application of the assay and
scoring method was further validated in 3 Clinical Laboratory
Improvement Amendments certified labs. The assay is currently
being investigated in a variety of clinical studies for use as an
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in vitro diagnostic to select and stratify patients for treatment
with the anti-PD-1 therapeutic antibody, nivolumab.

Key Words: programmed cell death 1 ligand 1 (PD-L1), pro-
grammed cell death 1 (PD-1), immunohistochemistry (IHC)
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Programmed cell death 1 (PD-1) and its ligands are
checkpoint regulators in immune cells.? PD-L1
(CD274), the PD-1 ligand, can also be expressed on the
surface of tumor cells and engages PD-1 on the surface of
the effector immune cells to evade an antitumor immune
response.’” The expression of PD-L1 has been reported
in a number of human malignancies including non—small
cell lung cancer (NSCLC). Immunoassays using different
primary antibodies, assay formats, and scoring ap-
proaches have been reported to assess the prevalence of
PD-L1 positivity in NSCLC. An immunohistochemistry
(IHC) assay was used to detect PD-L1 protein expression
in the cytoplasm and on the cell surface of tumor speci-
mens in 2 small NSCLC cohorts, one with 52 frozen
sections!? and the other with 109 formalin-fixed paraffin-
embedded (FFPE) sections.!! Specimens from both co-
horts were collected pretreatment and staged I to IV
based on The American Joint Committee on Cancer
Staging classification. The estimated PD-L1 positivity
rate was similar approximately 50% from both studies
using the median value as an arbitrary cut-point. In 1
study, an analysis of squamous NSCLC FFPE specimens
found 19.6% PD-L1 positivity (42/214, membrane and
circumferential staining).'> Another study assessed PD-
L1 expression in 120 NSCLC FFPE specimens and ob-
served a positivity rate of 57.5% (staining in tumor cy-
toplasm and/or cell membrane).'? In this study, PD-L1
expression was significantly correlated with degree of
tumor cell differentiation and stage of tumor node
metastasis. A more recent study using a quantitative flu-
orescence assay analyzed 2 cohorts (n = 340 and 204) of
stage I to IV NSCLC in FFPE tissue microarrays.'* The
PD-L1 positivity was measured by the overall fluorescent
signals in tumor tissue compartment above the expression
threshold based on normal tissue compartment and the
average was approximately 30%. Multiple factors may
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contribute to the varied PD-L1 prevalence reported
across these studies including differences in antibodies,
assay methods, stages of the tumors, and treatments be-
fore sample collection [Bristol-Myers Squibb Inc. (BMS)/
Dako presentation, 2013 Society for Immunotherapy of
Cancer annual meeting]."

A PD-L1 IHC assay has been used to determine
PD-L1 expression in a clinical phase 1 multiple dose es-
calation study of nivolumab in patients with previously
treated advanced melanoma, NSCLC, RCC, CRPC, or
CRC [Bristol-Myers Squibb Inc. (BMS)/Dako pre-
sentation, 2013 World Conference on Lung Cancer, on-
line publication].'® There were 63 subjects with NSCLC
(29 squamous, 34 nonsquamous), who provided archival
tumor samples evaluable for analysis of PD-L1 ex-
pression. Using a 5% threshold to define PD-L1-positive
status, 31 of 63 evaluable NSCLC subjects (49%) were
found to be PD-L1 positive, including 15 squamous
subjects and 16 nonsquamous subjects. Using a 1% ex-
pression threshold to define PD-L1-positive status, 35 of
63 evaluable NSCLC subjects (56%) were found to be
PD-L1 positive, including 18 squamous subjects and 17
nonsquamous subjects.

Historically, the 5% expression threshold was uti-
lized by several investigators,'”-!® and while the rationale
was not described it has been presumed that this value
was above the “noise,” or intrinsic variability of the entire
assay process, and would yield a reproducible result. The
1% and 5% expression thresholds were selected by BMS
based on preliminary data from early-phase clinical
studies indicating both a reasonable frequency of PD-L1
positivity that effectively divided the patient population,
and a numerically higher objective response rate among
PD-L1-positive subjects relative to PD-L1-negative sub-
jects. In this report, we present the specificity, sensitivity,
analytical performance, and validation of this assay as an
aid to determine PD-L1 status in patients with NSCLC
using the 1% and 5% expression thresholds.

MATERIALS AND METHODS

Principles of the PD-L1 IHC Assay

This PD-L1 IHC assay utilizes a monoclonal rabbit
antibody directed against the extracellular domain of
human PD-L1. The negative control reagent is a mono-
clonal rabbit IgG isotype control (DAI1E; Cell Signaling
Technology, Danvers, MA). Deparaffinization, rehydra-
tion, and target retrieval was performed in the PT Link
(Dako PT100). Slides were then processed on the Au-
tostainer Link 48 (Dako AS480) using an automated
staining protocol validated for the PD-L1 THC assay. The
IHC staining protocol includes sequential application of a
peroxidase-blocking reagent, PD-L1 primary antibody or
negative control reagent, mouse anti-rabbit IgG linker,
visualization reagent consisting of secondary antibody
molecules and horseradish peroxidase coupled to a
polymer backbone, 3,3'-diaminobenzidine tetrahydro-
chloride (DAB) chromogen reagent with hydrogen per-
oxide substrate, and a DAB enhancer which modifies the
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color of the precipitated chromogen. Automated staining
runs included a control slide containing a PD-L1-positive
cell line (NCI-H226) and a PD-Ll-negative cell line
(MCF-7) to serve as run controls. Reagents utilized in
addition to the PD-LI1 assay components included a
wash buffer specially formulated for automated THC
staining, and a hematoxylin counterstain. ITHC-stained
slides were mounted in nonaqueous, permanent mounting
media.

Generation of PD-L1 Primary Antibody 28-8

Hybridoma clones were generated after immuniza-
tion of rabbits with purified recombinant human PD-LI
containing the extracellular domain of huPD-L1 (Phel9-
Thr239). Candidate clones were screened by IHC using
parental and engineered cell lines with or without ex-
pression of huPD-L1 or huPD-L2, and positive and
negative human normal and tumor specimens. Anti-PD-
L1 antibody, clone 28-8, was identified as the best can-
didate in multiple screenings and showed no reactivity to
huPD-L2 (Supplemental Fig. 1, Supplemental Digital
Content 1, http://links.Iww.com/AIMM/A92). A stable
transfectant monoclonal anti-PD-L1 clone 28-8 was
produced for the PD-L1 IHC assay (Abcam, Cambridge,
MA).

Specimen Preparation for Routine Application

All specimens used in these studies were FFPE.
Sections were cut at 4 um thickness, placed on charged
slides, and dried in an oven for 1 hour. Human tissues
sections were dried at 56 to 60°C and experimental cell
lines were dried at 40 to 44°C. The cut sections were
stored in dark at 2 to 8°C and used for the PD-L1 THC
assay within 4 months.

Generation of Tumor Cell Line FFPE Blocks With
Engineered PD-L1 and PD-L1 Knock-out

Full-length human PD-L1 cDNA were transfected
into parental HT-29 cell line. Transfected cells were en-
riched by Protein A Dynabeads (Life Technologies,
Carlsbad, CA), and single cell cloned using limiting di-
lutions.

PD-L1 knock-out clones were generated from ES-2
and L2987 parental lines using a transcription activator-
like effector nucleases (TALENSs) genomic targeting ap-
proach.’ TALE from the plant pathogenic bacterium
Xanthomonas, fused to the catalytic domain of Fokl
endonuclease, was constructed to recognize PD-L1 gene
(Cd274) sequences. Fokl cleaves only when present as a
dimer, allowing precise recognition of sequences on op-
posing DNA strands. The resulting chromosomal double-
stranded breaks elicit an error-prone cellular DNA repair
mechanism known as nonhomologous end-joining. This
mechanism was utilized to generate cell lines with
frame-shift mutations in the PD-L1 gene locus Cd274.
TALEN constructs targeting exon4 of human Cd274,
transcript variant 1 (NM_014143.3), were designed and
constructed by Cellectis (Paris, France) in the vector
pTAL.CMV.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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T7.v2. TALENs were designed to recognize the following
sequences:

TALENI1-Left: ¥-TGGATCCAGTCACCTCT-3

TALENI1-Right: 5-TAGCCCTCAGCCTGACA-%¥

TALEN2-Left: -TGAGGGCTACCCCAAGG-¥

TALEN2-Right: ¥-CAAGCAGTGACCATCAA-3

ES-2 and L2987 cells were transfected with the
TALEN pairs. Transfected cells were single cell cloned
using limiting dilutions. PCR was performed across the
target site using Accuprime pfx polymerase (Life Tech-
nologies) and primers: Cd274 2s: 5-GGCAGAGCTAG
CAGGTGTTC-3; Cd274 2a: 5Y-GGATGAATGGAGG
TGAGGAA-3'. PCR amplicons were sequenced to con-
firm the mutations.

ES-2 clone T1-1 was determined to have 73% Cd274
knock-out with 2 different Cd274 edited sequences lead-
ing to a 5bp deletion (73% of the TOPO clones se-
quenced), and a 6 bp deletion (27%) which maintains the
open-reading frame for Cd274. ES-2 clone T1-22 was
determined to have 100% Cd274 knock-out with 8§ dif-
ferent Cd274 edited sequences leading to 298 bp deletion
(29%), 202bp deletion (23%), 55bp deletion (23%),
25bp deletion (18%), 5bp deletion (4%), 5bp deletion/
1 bp insertion (1%), 4bp deletion (1%), and 375bp de-
letion (1%). L2987 clone L2-10 was determined to have
100% Cd274 knock-out with 3 different Cd274 edited
sequences leading to 5bp deletion (53%), 7bp deletion
(40%), and 268 bp insertion (7%). L2987 clone L2-14 was
determined to have 100% Cd274 knock-out with 2 dif-
ferent Cd274 edited sequences leading to 11bp deletion
(54%), and a 124 bp insertion (46%). No wild-type Cd274
exon4 sequences were observed in any TOPO clones
originating from the PCR amplicon obtained from these
clones.

PD-L1 expression of all the parental and genetically
engineered clones was verified using the Fluorescence-
Activated Cell Sorter (FACS) staining with a PE-labeled
antibody to PD-L1 (clone 29E.1A3.; BioLegend, San
Diego, CA).

Antigen Competition of PD-L1 IHC Staining

Recombinant human PD-L1 protein (hPDLI-
TVMYV-His) was used as the antigen for PD-L1 antibody
competition in ITHC staining. The recombinant human
PD-L1 is comprised of the PD-L1 extracellular domain
linked to a His-tag through a 4 amino acid linker. The
anti-PD-L1 primary antibody solution with antigen
competition was prepared with 10 x (4 pg/mL) and 50 x
(20 pg/mL) molar excess of the antigen containing addi-
tional nonspecific blocking reagents 2% BSA, 3% PEG,
0.1% Tween, 0.2% casein, and 0.015 mol/L sodium azide.
The 28-8 primary antibody solution with addition of
antigen was preincubated at room temperature for 1 hour
before IHC staining procedures.

Statistical Methods for Agreement Analysis of
Repeatability Tests

Positive/negative results of PD-L1 tumor scores
were determined based on the expression level thresholds.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

For each repeatability test, the number of total non-
redundant pair-wise comparisons (T), concordant neg-
ative pair-wise comparisons (CN), and concordant
positive pair-wise comparisons (CP), and discordant pair-
wise comparisons (Disc) for a given specimen were cal-
culated. No reference result was assumed for each test.
Therefore, average percent agreement was calculated for
Negative Percent Agreement (ANA), Positive Percent
Agreement (APA), and Overall Percent Agreement (OA)
as the following?’:

ANA = 2xCN/(2xCN+Disc);
APA = 2xCP/(2xCP+Disc);

OA = (CN+CP)/T

The 95% confidence intervals for ANA, APA, and
OA were calculated based on the percentile bootstrap
method. Each dataset was randomly sampled from, with
replacement, to produce 10,000 bootstrap datasets. The
frequency of CNs, CPs, and Discs for each bootstrap
dataset was calculated. Using the frequencies, ANA,
APA, and OA were calculated for each bootstrap dataset.
Percent agreements from bootstrap datasets were rank
ordered, and the 2.5 and 97.5 percentiles were used for the
lower and upper bounds of the confidence intervals.

RESULTS

Primary antibody concentration and incubation
times for assay components were optimized for maximum
sensitivity with minimum background staining on human
tumor specimens covering a wide dynamic range of
PD-L1 expression. A software program for the PD-L1
ITHC assay was developed and validated for use on the
Autostainer Link 48. The components and assay con-
ditions for the PD-L1 IHC assay are presented in
Table 1.

Results of PD-L1 THC assay stained slides were
interpreted using light microscopy, inspecting the entire
section using x 4 objectives and turned to x 10, x 20, and
x40 gradually to examine the PD-L1 staining. Positive
PD-L1 staining is defined as complete and/or partial cir-
cumferential linear plasma membrane staining at any in-
tensity that can be differentiated from background and
diffuse cytoplasmic staining. Granular staining in the
cytoplasm was not considered as positive staining al-
though it can be attributed to cytoplasmic PD-L1 protein.
Negative staining is defined as no staining of the plasma
membrane. Positive PD-L1 was computed for tumor cells
in tissues with a minimum of 100 evaluable tumor cells.
When applicable, the staining intensity of PD-L1 was
graded in a 0 to 3 grading scale; the staining intensity
values are 0 (no staining), 1+ (weak), 2+ (moderate),
and 3+ (strong) (Fig. 1, top). The percentage of viable
tumor cells of the entire specimen that exhibit PD-L1
plasma membrane staining at any intensity was recorded
as the PD-L1 tumor score (Fig. 1, bottom). The per-
centage of positive tumor PD-L1 cells was determined
using 1% increment for scores ranging from 0 to 10%. A
10% increment was applied for percentage scores > 10%
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TABLE 1. Components for the PD-LT IHC Assay

Description
IHC assay reagents

Buffered solution containing detergent and an
antimicrobial agent

Buffered solution containing hydrogen
peroxide, detergent, and sodium azide

Monoclonal rabbit anti-PD-L1 in a buffered
solution (28-8; Abcam)

Monoclonal rabbit IgG isotype control
antibody (DAIE; Cell Signaling
Technology) in a buffered solution

Monoclonal mouse secondary antibody
against rabbit immunoglobulins in a
buffered solution

Components

Target retrieval
solution, low pH
Peroxidase-blocking

reagent
Primary antibody

Negative control
reagent

Linker antibody

Visualization Dextran coupled with HRP and secondary
reagent-HRP antibody molecules

DAB + substrate Buffered solution containing hydrogen
buffer peroxide and an antimicrobial agent

DAB + chromogen 3,3’-diaminobenzidine tetrahydrochloride in

an organic  solvent
Cupric sulfate in water
Each slide contains sections of formalin-fixed
paraffin-embedded cell pellets: NCI-H226
(PD-L1 positive) and MCF-7 (PD-L1
negative)
Ancillary IHC reagents
Tris-buffered saline solution containing
Tween 20, pH 7.6
Hematoxylin counterstain
Equipment
THC slide-staining instrument (Dako AS480)
Pretreatment module for tissue specimens
(Dako PT100)

DAB enhancer
Control slides

Wash buffer for
automated IHC
Hematoxylin

Autostainer Link 48
PT Link

DAB indicates diaminobenzidine tetrahydrochloride; HRP, horseradish per-
oxidase; IHC, immunohistochemistry; PD-L1, programmed cell death 1 ligand 1.

PD-L1: 3+ (strong)

PD-L1: 2+ (moderate)

(rounding to the nearest 10%); however, 1% increments
was used when applicable. The specimen is considered to
be PD-L1 positive if determined to be greater than or
equal to the threshold tumor score, or PD-L1 negative if
determined to be less than the threshold tumor score. The
estimated number of viable tumor cells in the tumor space
was used as the denominator for computation of the
score.

Variable degrees of PD-L1 surface membrane ex-
pression were also detected on immune cells, specifically
histiocytes (macrophages) and lymphocytes, and when
present were recorded in accord with the Principles set
forth by the “Immunoscore Consortium.”2! These data,
however, have not at this point been incorporated into the
formal scoring algorithm that forms the basis of the
present report.

The PD-L1 THC assay specifically detects PD-L1
membrane protein expressed in tumor cells in FFPE
blocks. HT-29 is a human colorectal tumor cell line that
showed nondetectable PD-L1. Three stable HT-29 cell
lines overexpressing full-length human PD-L1 were gen-
erated and showed differential expression of PD-L1 by
FACS analysis (see the Materials and methods section).
FFPE cell pellets of the parental and PD-L1 over-
expressing cell lines were stained by the PD-L1 THC as-
say. The level of PD-L1 detected by IHC was consistent
with the PD-L1 level detected by FACS, and was abol-
ished by the addition of PD-L1 antigen to the protein-rich
antibody diluent (see the Materials and methods
section, Fig. 2).

To demonstrate the specificity of the PD-L1 THC
assay in detecting endogenous PD-L1 protein expressed

PD-L1: 1+ (weak) PD-L1: 0 (no staining)

n"?'xlq.

____,‘.__:_m;f.

il (-

& _Qq;,-,f?z '

| 0% PD-L1+ tumor ¢ells (red arrow) o
' Intermediate abundance of PD-L1+ Immune fis
(blackarrow) B = el Y

’ / - =

5 Squamous NSCLC ol &

100% PD-L1+ tumor cells (red arrow) ~: Y
LOwﬂbmdance of PD-L1+ Immune cells e
{bladcaubw) N " P s S
o ', ‘/' ¢ h‘ . . _.C: - . & .. (*-'
o ) : . p N i
:’ - 4 » : r - *® p h' - -
- T Ay - ‘\‘ AN ‘1'."
nJ = —¥/ e .
Undl g - T A 4 i
. '.:‘. & E - '-'. )P z’
52" n & L i o ¥
| [ o ‘ . & e 8 . 3 P 4.:
. » ¥ o . L ]
AR SRR T £
Noquuam@ NSCJ.C Ty 8 ;,_. :

FIGURE 1. Positive PD-LT membrane staining in NSCLC tumor tissues illustrating intensity grades (top, x20) and PD-L1 tumor
scores (bottom, x40). NSCLC indicates non-small cell lung cancer; PD-L1, programmed cell death 1 ligand 1.
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FIGURE 2. Photomicrographs ( x 40) of HT-29 parental and PD-L1 overexpressing FFPE cell pellets stained by the PD-L1 IHC assay
with and without antigen competition. FFPE indicates formalin-fixed paraffin-embedded; IHC, immunohistochemistry; NCR,
negative control reagent; PD-L1, programmed cell death 1 ligand 1.

in tumor cells, FFPE cell pellets of the parental and
knock-out cell lines were stained by the PD-L1 THC as-
say. Human ovarian clear cell carcinoma tumor cell line
ES-2 and human lung adenocarcinoma tumor cell line
L2987 showed high level of PD-L1 expression by FACS
analysis. PD-L1 gene expression was genetically disrupted
and knocked out by a genomic editing approach as de-
scribed in the Materials and methods section. The knock-
out of the PD-L1 expression in the 2 cell lines was verified
by direct DNA deep sequencing and FACS analysis of the
cells (see the Materials and methods section). Membrane
staining of PD-L1 was not detectable in the 100% knock-
out cell pellets. Membrane staining of PD-L1 in the pa-
rental cell lines was abolished by the addition of PD-LI
antigen to the protein-rich antibody diluent (see the
Materials and methods section, Fig. 3). Because the
knock-out cells were selected by cell cloning, it is likely
that a low percentage of incomplete knock-out cells were
present that were below the detection limit of FACS and
batch sequencing. Very faint blush cytoplasmic staining
was observed in some knock-out cells, and is thus non-

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

specific for PD-L1. To demonstrate that PD-L1 antigen
specifically blocked binding of PD-L1 antibody clone 28-
8 to PD-L1, IHC testing with a pair of broadly expressed
control epithelial biomarkers CK8/CK18 was performed
with and without competition by PD-L1 antigen. The
addition of PD-LI antigen to the CK8/CK 18 cocktail did
not block the IHC staining of CK8 and CK18, further
supporting the specificity of PD-L1 antibody 28-8 in de-
tecting PD-L1 by the PD-L1 THC assay (Supplemental
Figs. 2A, B, Supplemental Digital Content 2, http://
links.lww.com/AIMM/A93).

The PD-L1 THC assay was used to detect PD-L1 in
30 different “normal” human FFPE specimens. The PD-
L1 THC assay detected PD-L1 protein localized in the
plasma membrane of cell types known to express the PD-
L1 antigen such as immune cells and cells of epithelial
origin (Supplemental Table 1, Supplemental Digital
Content 3, http://links.lww.com/AIMM/A94). Cytoplas-
mic staining was noted in some cell types but was not
evaluated as positive staining. Background staining was
<1 grade in all specimens tested.
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assay. FFPE indicates formalin-fixed paraffin-embedded; IHC, immunohistochemistry; NCR, negative control reagent; PD-L1,

programmed cell death 1 ligand 1.

The PD-L1 IHC assay detected PD-L1 plasma
membrane protein in FFPE NSCLC specimens with de-
sired dynamic range and showed 73% PD-L1 positivity
rate for 1% threshold and 45% positivity rate for 5%
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threshold in a collection of 186 commercial archival
NSCLC specimens representing a variety of the histologic
subtypes and tumor stages (Supplemental Fig. 3, Sup-
plemental Digital Content 4, http://links.lww.com/

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Analytical Precision of the PD-L1 IHC Assay in
Validation Study

Greatest Variation Observed

Test No. Specimens for <15% Tumor Score (%)
Inter-instrument 10 squamous 2
10 nonsquamous
Inter-operator 12 squamous 2
12 nonsquamous
Inter-day 10 squamous 3
10 nonsquamous
Intra-run 10 squamous 3
10 nonsquamous
Intra-lot 6 squamous 1
6 nonsquamous
Lot-to-Lot 16 squamous 1
20 nonsquamous

16 squamous 1

20 nonsquamous

Samples were FFPE archival surgical NSCLC specimens representing different
stages and histologic subtypes covering a full range of PD-L1 expression levels.
Repeatability was evaluated by comparing results from 6 separate experiments
comparing testing on 3 operators, 3 sets of instruments (PT Link and Autostainer
Link), and operations in 5 nonsequential days.

All tests utilized >20 sequential sections from single specimen; variation in
tumor tissues from section to section cannot be completely excluded.

FFPE indicates formalin-fixed paraffin-embedded; IHC, immuno-
histochemistry; NSCLC, non-small cell lung cancer; PD-L1, programmed cell
death 1 ligand 1.

AIMM/A95). Validation of assay precision was demon-
strated by repeatability tests (Table 2). The robustness of
the assay conditions was tested in a range of assay
parameters near the optimal conditions. The range of
assay conditions meeting acceptable performance speci-
fications was identified.

The use of PD-L1 IHC assay was validated for the
detection of PD-L1 expression at 1% and 5% thresholds

to determine PD-L1 status. The precision of the assay on
the PD-L1-positive/PD-L1-negative determination was
demonstrated by repeatability tests within the same THC
run and runs across 3 instruments, 3 analysts, and 5
nonconsecutive testing days. Each test included 20 to 24
unique NSCLC specimens representing different stages
and histologic subtypes covering a full range of PD-L1
expression levels with a minimum of 25% of the PD-LI
scores within 10% PD-L1 score range around the cut-off
threshold. Each of the repeatability tests showed 100%
agreement in pair-wise comparison of all nonredundant
pairs of the PD-L1 staining scored by 1 observer using a
comparative microscope, demonstrating high analytical
precision of the assay excluding observer variability.

The performance of the assay for PD-L1 status
determination based on 1% and 5% thresholds was es-
tablished for day-to-day, site-to-site, observer-to-observer
reproducibility on the Dako Autostainer Link 48 by
conducting a blinded study in 3 external Clinical Labo-
ratory Improvement Amendments certified clinical labs
where the laboratory technicians and pathologists were
trained and certified for use of this assay. The lower
bound of the 95% percentile bootstrap confidence inter-
val computed on pair-wise percent agreement was > 85%
for all comparisons, as presented in Table 3 for day-to-
day/site-to-site comparison and in Table 4 for observer-
to-observer comparison.

DISCUSSION
We have developed an automated PD-L1 IHC as-
say, using rabbit monoclonal clone 28-8 to detect cell
surface PD-L1 in FFPE human tumor tissue specimens
using the Dako Autostainer Link 48. We demonstrated

TABLE 3. Site-to-Site Reproducibility of the PD-L1 IHC Assay on NSCLC

Site-to-Site Studies % Agreement

95% CI (Percentile Bootstrap)

N (Pair-wise Comparisons)

Intersite ANA (93.9)
1% Cut-off APA (95.5)
OA (94.8)
Intersite ANA (90.2)
5% Cut-off APA (90.2)
OA (90.2)
Intrasite ANA (97.0)
1% Cut-off APA (97.7)
OA (97.4)
Intrasite ANA (94.8)
5% Cut-off APA (94.8)
OA (94.8)

92.4-95.3 540 (CN)
94.4-96.5 740 (CP)
70 (Disc)
93.6-95.9 1350 (T)
88.5-91.8 609 (CN)
88.5-91.8 609 (CP)
132 (Disc)
88.6-91.8 1350 (T)
95.2-98.4 223 (CN)
96.5-98.9 303 (CP)
14 (Disc)
95.9-98.7 540 (T)
92.8-96.7 256 (CN)
92.8-96.7 256 (CP)
28 (Disc)
92.8-96.7 540 (T)

Samples were FFPE archival surgical NSCLC specimens representing different stages and histologic subtypes covering a full range of PD-L1 expression levels.

Sequential sections were randomized into 3 groups for distribution to 3 study sites.
Five independent IHC runs were performed at each site.
Data were analyzed as described in the Materials and methods section.

ANA indicates average negative percent agreement; APA, average positive percent agreement; CI, confidence interval; CN, concordant negative pairs; CP, concordant
positive pairs; Disc, Discordant pair-wise comparisons; FFPE, formalin-fixed paraffin-embedded; THC, immunohistochemistry; NSCLC, non—small cell lung cancer; OA,

overall percent agreement; PD-L1, programmed cell death 1 ligand 1; T, total pairs.
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TABLE 4. Observer-to-Observer Reproducibility of the PD-L1 IHC Assay on NSCLC

Site-to-Site Studies % Agreement

95% CI (Percentile Bootstrap)

N (Pair-wise Comparisons)

Interobserver ANA (96.1)
1% Cut-off APA (96.5)
OA (96.3)
Interobserver ANA (91.3)
5% Cut-off APA (89.3)
OA (90.4)
Intraobserver ANA (97.7)
1% Cut-off APA (97.9)
OA (97.8)
Intraobserver ANA (98.7)
5% Cut-off APA (98.3)
OA (98.5)

94.7-97.4 369 (CN)
95.2-97.7 411 (CP)
30 (Disc)
94.9-97.5 810 (T)
89.2-93.2 408 (CN)
86.8-91.6 324 (CP)
78 (Disc)
88.3-92.3 810 (T)
95.6-99.3 125 (CN)
96.0-99.3 139 (CP)
6 (Disc)
95.9-99.3 270 (T)
97.2-99.7 147 (CN)
96.5-99.6 119 (CP)
4 (Disc)
97.0-99.6 270 (T)

Samples were FFPE archival surgical NSCLC specimens representing different stages and histologic subtypes covering a full range of PD-L1 expression levels. Samples
(each set includes 1 PD-L1, 1 NCR, and 1 H&E stained slides) were randomized and rotated among the 3 pathologists in the 3 study sites for 3 blinded independent

interpretations.
Data were analyzed as described in the Materials and methods section.

ANA indicates average negative percent agreement; APA, average positive percent agreement; CI, confidence interval; CN, concordant negative pairs; CP, concordant
positive pairs; Disc, Discordant pair-wise comparisons; FFPE, formalin-fixed paraffin-embedded; IHC, immunohistochemistry; NCR, negative control reagent; NSCLC,
non-small cell lung cancer; OA, overall percent agreement; PD-L1, programmed cell death 1 ligand 1; T, total pairs.

that the assay specifically detects PD-L1 plasma mem-
brane protein expressed in tumor cells. The assay showed
high analytical precision and day-to-day, site-to-site, and
observer-to-observer reproducibility for determination of
PD-L1 status based on 1% and 5% cut-off thresholds.
A number of preanalytical variable factors outside
our design control process can potentially compromise the
reproducibility of the PD-L1 IHC assay results. Our
standard procedure for preanalytical processing of tumor
biopsies is to immerse biopsy samples into 10% neutral
buffered formalin for fixation within 30 minutes of col-
lection and to keep the samples immersed for 24 to 48
hours before paraffin embedding. We attempted to assess
the impact of sample ischemia time and fixation method on
the PD-L1 staining using freshly excised human tonsil and
frozen NSCLC tumor tissues processed with variable
conditions. In this work, sample ischemia time is defined as
the period of the time when tissues are removed from
in vivo conditions and kept under in vitro conditions to the
time when tissues are placed in fixative reagents. Com-
promised staining results were not observed in the testing
of a range of ischemia time for up to 12 hours and fixation
time in 10% neutral buffered formalin for up to 72 hours.
Another preanalytical variable factor is the presence
of tumor heterogeneity in PD-L1 expression. We at-
tempted to assess the variability of multiple samples from
the same case and the variability between primary versus
metastatic sample types. With a collection of commercial
archival FFPE samples including 30 cases of multi-
samples per case and 20 pairs of matched primary versus
metastatic tissues, we observed discordant PD-L1 results
in 6% of the multisampled cases and 30% of the matched
primary versus metastatic cases. Continued study of tu-
mor heterogeneity and its impact on PD-L1 expression
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will aid in development of appropriate sample qual-
ification criteria for PD-L1 IHC assays.

The PD-L1 ITHC assay is currently being used in
late-stage nivolumab clinical studies of multiple in-
dications including NSCLC. The clinical validation of the
assay and its utility in identifying patients for treatment
with nivolumab have been demonstrated in 2 phase III
trials in previously treated NSCLC with distinct his-
tologies.®’ The clinical utility of this assay is being further
evaluated in NSCLC clinical trials in the first-line setting.
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