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DESCRIPTION

BACKGROUND OF THE INVENTION

TECHNICAL FIELD

[0001] This disclosure relates to histochemical methods of classifying a tumor on the basis of
expression of Programmed Death Ligand-1 (PD-L1), particularly in conjunction with therapies
that disrupt signaling initiated by PD-L1.

BRIEF DESCRIPTION OF RELATED ART

[0002] Human PD-L1 encodes a 290 amino acid (aa) type | membrane precursor protein with
a putative 18 aa signal peptide, a 221 aa extracellular domain, a 21 aa transmembrane region,
and a 31 aa cytoplasmic domain. Human PD-L1 is constitutively expressed in several organs
such as heart, skeletal muscle, placenta and lung, and in lower amounts in thymus, spleen,
kidney and liver. PD-L1 expression is upregulated in a small fraction of activated T and B cells
and a much larger fraction of activated monocytes. PD-L1 expression is also induced in
dendritic cells and keratinocytes after IFN gamma stimulation.

[0003] PD-L1 is involved in the negative regulation of some immune responses and may play
an important role in the regulation of peripheral tolerance. PD-L1 is known to bind to two
receptors: Programmed cell death protein 1 (PD-1, also known as PCDP-1 and CD279); and
B7-1 (also known as CD80). Interaction of PD-L1 with PD1 or with B7-1 results in inhibition of
TCR-mediated proliferation and cytokine production (Freeman et al., J. Exp. Med. 192(7):
1027-34 (2000); Butte et al., Immunity 27(1): 111-22 (2007)). PD-L1 has been suggested to
play a role in tumor immunity by increasing apoptosis of antigen-specific T-cell clones (Dong et
al. Nat Med 8:793-800 (2002)). Indeed, PD-L1 expression has been found in several murine
and human cancers, including human lung, ovarian and colon carcinoma and various
myelomas (lwai et al. PNAS 99:12293-7 (2002); Ohigashi et al. Clin Cancer Res 11:2947-53
(2005)). Thus, measuring the amount of PD-L1 protein in biological samples may aid in the
early detection of cancer pathologies and may help assess the efficacy and durability of
investigational drugs that inhibit the binding of the PD-L1 protein.

[0004] WO 2014/165422 A1 discloses a method for predicting if a human patient diagnosed
with non-small cell lung carcinoma is likely to respond to treatment with a PD-1 antagonist,
wherein a "modified P score" (MPS) is assigned to a tissue section that has been stained with
an IHC assay in each tumor nest using an antibody that specifically binds to human PD-L1.
The MPS results from estimating, across all of the viable tumor cells and mononuclear
inflammatory cells in all of the examined tumor nests, the percentage of cells that have at least
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partial membrane staining of any intensity. The scoring process may further comprise
assigning a "stroma score” based on the presence or absence of PD-L1 membrane staining in
stroma surrounding each tumor nest.

[0005] WO 2014/165082 A2 is concerned with the screening and development of antibodies
and antigen binding fragments that specifically bind to PD-L1. In particular, anti-PD-LI
antibodies having specific heavy and light chain amino acid sequences are disclosed, and the
use of these antibodies for the detection of PD-L1 in IHC assays with formalin-fixed, paraffin-
embedded tissue samples.

[0006] A press release of Ventana Medical Systems, Inc. and Medimmune
(http://mww.ventana.com/documents/media/pd-11-assay-6-4-2014.pdf) announces the
development of an IHC assay with the anti-PD-LI rabbit monoclonal antibody SP263 to enroll
patients in clinical trials for Medimmune's MEDI4736 anti-PD-LI therapy for non-small cell lung
cancer.

[0007] Weber et al. (J Clin Oncol. 2013 Dec 1;31(34):4311-8) disclose the results of a phase |
study with ninety melanoma patients that were treated with nivolumab, a human
immunoglobulin G4-blocking antibody against PD-1. The immunohistochemical analysis of
pretreatment tumors of forty-four patients for PD-L1 shows a significant association between
PD-L1 staining and treatment response. However, it is also pointed out that PD-L1 staining
could not be used to accurately select patients for nivolumab treatment because patients with
negative staining could respond to nivolumab.

[0008] Ribas et al. (Clin Cancer Res. 2014 Oct 1;20(19):4982-4) generally discuss potential
interactions between cancer cells and T cells limited by PD1/PD-L1 and come to the conclusion
that assays for predicting a patient's response to anti-PD1/PD-L1 antibody therapy will likely
need to take into account PD-L1 expression as well as other variables that quantitate tumor
antigen-specific T-cell infiltration.

SUMMARY OF THE INVENTION

[0009] Provided herein is a histochemical method of classifying a tumor on the basis of PD-L1
expression, the method comprising:

contacting a tissue sample from the tumor with an antibody specific for human PD-L1 or an
antigen-binding fragment thereof in a manner that deposits a stain on the tumor sample in
proximity to areas of the tumor sample to which the antibody binds, wherein the antibody
comprises a heavy chain CDR1 comprising SEQ ID NO: 1, a heavy chain CDR2 comprising
SEQ ID NO: 2, a heavy chain CDR3 comprising SEQ ID NO: 3, a light chain CDR1 comprising
SEQ ID NO: 4, a light chain CDR2 comprising SEQ ID NO: 5, a light chain CDR3 comprising
SEQ ID NO: 6;
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quantitating a percentage of tumor cells having membrane-staining at any intensity above
background; and

scoring the tumor for PD-L1 expression, wherein the tumor is scored as PD-L1 positive if the
tumor cells having membrane-staining at any intensity above background exceeds a
predetermined cutoff that correlates with a likelihood that the tumor will respond to a PD-1 axis
binding therapeutic agent, and wherein the cutoff is 25% or more of tumor cells having
membrane-staining at any intensity above background and the scoring does not include
quantitating anti-PD-LI stained immune cells.

[0010] Exemplary antibodies can include heavy chains having a variable domain amino acid
sequence comprising SEQ ID NO: 7 and/or a light chain having a variable domain amino acid
sequence comprising SEQ ID NO: 8.

[0011] In an embodiment, the stain is deposited by contacting the tissue sample with a second
antibody capable of binding to the antibody specific for human PD-L1, wherein the second
antibody comprises a detectable label that mediates deposition of the stain.

[0012] In an embodiment, the antibody specific for human PD-L1 is a rabbit monoclonal
antibody, and the second antibody can be an anti-rabbit Ig.

[0013] In another embodiment the detectable label comprises an affinity tag, and deposition of
the stain further comprises contacting the sample with a binding entity specific for the affinity
tag, the binding entity comprising an enzyme that catalyzes deposition of the stain. In an
embodiment, the affinity tag is a hapten and the binding entity is a third antibody that is specific
for the hapten.

[0014] In an embodiment, the stain is the result of a reaction between the enzyme and a
chromogen.

[0015] In an embodiment, the chromogen is selected from the group consisting of
diaminobenzidine (DAB), 4-nitrophenylphospate (pNPP), fast red, bromochloroindolyl
phosphate (BCIP), nitro blue tetrazolium (NBT), BCIP/NBT, fast red, AP Orange, AP blue,
tetramethylbenzidine (TMB), 2,2'-azino-di-[3-ethylbenzothiazoline sulphonate] (ABTS), o-
dianisidine, 4-chloronaphthol (4-CN), nitrophenyl-p-D-galactopyranoside (ONPG), o-
phenylenediamine (OPD), 5-bromo-4-chloro-3-indolyl-B-galactopyranoside (X-Gal),
methylumbelliferyl-B-D-galactopyranoside  (MU-Gal), p-nitrophenyl-a-D-galactopyranoside
(PNP), 5-bromo-4-chloro-3-indolyl-B-D-glucuronide (X-Gluc), 3-amino-9-ethyl carbazol (AEC),
fuchsin, iodonitrotetrazolium (INT), tetrazolium blue and tetrazolium violet.

[0016] In an embodiment, the chromogen is DAB.

[0017] In an embodiment, the background intensity is determined by staining a serial section of



DK/EP 3254110 T3

the tissue sample from the tumor with an Ig control antibody.

[0018] In a specific embodiment, tumor cells having membrane-staining are identified by
comparing the tissue sample contacted with the anti-human PD-L1 antibody with a serial
section of the tumor stained with hematoxylin and eosin (H&E), and matching regions in the
tissue sample contacted with the anti-human PD-L1 antibody that contain stain above
background with regions bearing the morphological characteristics in the H&E-stained serial
section.

[0019] In another specific embodiment, the tumor is a non-small cell lung carcinoma (NSCLC)
or squamous cell carcinoma of the head and neck (SCCHN).

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]
FIG. 1 illustrates a detection scheme useful in the present methods.

FIG. 2 illustrates various cases demonstrating the range of membrane and cytoplasmic
staining in SCCHN samples at 20X magnification when labeled SP263.

FIG. 3 illustrates an exemplary PD-L1 positive SCCHN sample labeled with SP263 with range
of tumor cell membrane and cytoplasm staining. The image at the top is a sample labeled with
SP263 and stained with DAB. The image at the bottom is an H&E-labeled sample. The lower
left corner also shows smaller immune cells with membrane staining (arrow).

FIGS. 4-6 illustrate use of immune cells as an internal positive control in SCCHN. Top images
are H&E labelled samples. Bottom images are SCCHN samples labeled with SP263 and
stained with DAB.

Figs. 7A and 7B are placental tissue labeled with the SP263 antibody and stained with DAB.

Fig. 8 is a SCCHN sample determined to be negative using SP263. Top image is H&E; bottom
image is DAB.

Fig. 9 is a SCCHN sample determined to be negative using SP263.

Fig. 10. is an SCCHN sample stained with SP263 having 70% of PD-L1-positive tumor cells at
1X magnification. Top image is H&E stain; bottom image is DAB stain.

Fig. 11. is an SCCHN sample stained with SP263 having cell membrane staining in 100% of
tumor cells, and is accompanied by tumor immune cell staining along periphery of tumor at 4X
magnification. Top image is H&E stain; bottom image is DAB stain.

Fig 12 is an SCCHN sample stained with SP263 having immune cell staining and no tumor
staining. Total immune cells in tumor area in this image is 15% with 35% of the immune cells
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staining with PD-L1 expression at 5X magnification. Top image is H&E stain; bottom image is
DAB stain.

Fig 13 is an SCCHN sample stained with SP263 and DAB involving weak membrane (arrow)
staining of the tumor visible at 20X magnification.

Fig 14 is an SCCHN sample stained with SP263 involving membranous immune cell staining
(lower left corner) with tumor cell membrane staining. Top image is H&E stain; bottom image is
DAB stain.

Fig 15 is an NSCLC case showing anthracosis (black arrow in top right image) and foreign
body giant cell reaction (arrow in top left image) not associated with case interpretation. A
different area of the case contains anthracotic pigment (hatched arrow) overlapping with
punctate immune cell staining (black arrow in bottom image arrow). All images are at 20X
magnification.

FIG. 16 illustrates various cases demonstrating the range of membrane and cytoplasmic
staining in NSCLC samples at 20X magnification when labeled SP263.

Fig. 17 is an NSCLC stained with SP263 and DAB and having tumor cells with basolateral
pattern of membrane staining are illustrated at 20X magnification. Top image is H&E stain;
bottom image is DAB stain.

Fig. 18 is an NSCLC stained with SP263 and DAB and having tumor cells with basal-only
(black arrow) staining and basolateral (hatched arrow) pattern of membrane staining are
illustrated at 20X magnification. Top image is H&E stain; bottom image is DAB stain.

Fig. 19 is an NSCLC stained with SP263 and DAB and having peri-nuclear Golgi-like staining
within tumor cells at 40X magnification. Left image is H&E stain; right image is DAB stain.

Fig. 20 is an NSCLC stained with SP263 and DAB and having tumor cells with alveolar
macrophages (arrow) at 20X magnification. Top image is H&E stain; bottom image is DAB
stain.

Fig. 21 is an NSCLC stained with SP263 and DAB showing tumor cells with lymphocytic and
plasma cells immune cells at 20X magnification. Top image is H&E stain; bottom image is DAB
stain. Punctate (solid arrow) and diffuse (hatched arrow) immune cell staining with adjacent
PD-L1 negative tumor (zero percent staining at 20X magnification) can be seen in the DAB-
stained image.

Fig. 22 illustrates an NSCLC stained with SP263 having plasma cells with weak diffuse
cytoplasmic staining. Surrounding tumor cells demonstrate heterogeneous tumor cell
membrane staining (10X left, 20X right, H&E top, DAB, bottom).

Fig. 23 illustrates an NSCLC stained with SP263 having neutrophils show PD-L1 expression
(hatched arrow). Case also has moderate tumor cell membrane staining (black arrow) (40X).
Top image is H&E stain; bottom image is DAB stain.
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Fig. 24 illustrates an NSCLC stained with SP263 having negative tumor and immune cell
staining (zero percent) at 20X magnification). Left image is H&E stain; right image is DAB stain.

Fig. 25 illustrates an NSCLC stained with SP263 having tumor cell membrane with zero
percent staining. Tumor area contains 30% immune cells at lower power view with 35% of
immune cells showing PD-L1 expression (10X left, 20X right, H&E top, DAB, bottom).

Fig. 26 illustrates an NSCLC stained with SP263 having tumor with 5% of cells demonstrating
membrane staining (arrow). Tumor area (consisting of viable tumor and surrounding
desmoplasia and inflammation) contains 10% immune cells and 50% of immune cells with PD-
L1 expression (4X). Top image is H&E stain; bottom image is DAB stain.

Fig. 27 illustrates an NSCLC stained with SP263 having tumor with 10% of cells demonstrating
membrane staining in this field. Tumor area contains 10% immune cells and 10% of immune
cells with PD-L1 expression (10X). Top image is H&E stain; bottom image is DAB stain.

Fig. 28 illustrates an NSCLC stained with SP263 having tumor with 15% of cells showing
membrane staining (outlined region). Tumor-associated immune cell staining also seen. (2X).
Top image is H&E stain; bottom image is DAB stain.

Fig. 29 illustrates an NSCLC stained with SP263 having tumor with 20% of cells demonstrating
membrane staining in this field. Tumor area contains 5% immune cells and 10% of immune
cells with PD-L1 expression (10X). Top image is H&E stain; bottom image is DAB stain.

Fig. 30 illustrates an NSCLC stained with SP263 having tumor with 25% of cells demonstrating
membrane staining in this field. Tumor area contains 5% immune cells and 5% of immune cells
with PD-L1 expression (4X). Top image is H&E stain; bottom image is DAB stain.

Fig. 31 illustrates an NSCLC stained with SP263 having tumor with 35% of cells demonstrating
membrane staining in this field. Tumor area (consisting of viable tumor and surrounding
desmoplasia and inflammation) contains 10% immune cells and 5% of immune cells with PD-
L1 expression (4X). Top image is H&E stain; bottom image is DAB stain.

Fig. 32 illustrates an NSCLC stained with SP263 having tumor with 50% of cells demonstrating
membrane staining in this field. Tumor area (consisting of viable tumor and surrounding
desmoplasia and inflammation) contains 10% immune cells and 5% of immune cells with PD-
L1 expression (4X). Top image is H&E stain; bottom image is DAB stain.

Fig. 33 illustrates an NSCLC stained with SP263 having tumor with 70% of cells demonstrating
membrane staining in this field. Tumor area contains 3% immune cells and 15% of immune
cells with PD-L1 expression (4X). Top image is H&E stain; bottom image is DAB stain.

Fig. 34 illustrates an NSCLC stained with SP263 having tumor cell membrane staining at 100%
(4X). Top image is H&E stain; bottom image is DAB stain.

Fig. 35 illustrates an NSCLC stained with SP263 having positive tumor cell membrane staining
with negative tumor immune cell staining (20X). Top image is H&E stain; bottom image is DAB
stain.
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Fig. 36 illustrates an NSCLC stained with SP263 having alveolar macrophage staining
associated with tumor (black arrow) and alveolar macrophage staining not associated with
tumor (hatched arrow) (10X). Only the immune cells associated with tumor are enumerated.
Top left image is H&E stain; top right and bottom images are DAB stain.

Fig. 37 illustrates an NSCLC stained with SP263. At 4X (top two images), the staining pattern
appears to be predominantly tumor cell membrane staining; however examination at higher
power (20X, bottom image) reveals the tumor is negative for PD-L1 with membranous (closed
arrow head) and punctate (hatched arrow) immune cell staining. Dendritic cell staining is also
seen (open arrow head). Top left image is H&E stain; top right and bottom images are DAB
stain.

Fig. 38 and 39 illustrate an SP263- negative NSCLC case with immune cell staining. At 4X
(Fig. 38), the immune cells in the tumor area are better appreciated in the PD-L1-stained
image and comprise 40% of the tumor area with 80% of immune cells staining (4X). Higher
power (Fig. 39) confirms PD-L1 is highly expressed in the immune cell component of the tumor
(20X). Top images are H&E stain; bottom images are DAB stain.

Fig. 40 illustrates an SP263- positive case with immune cell staining. In this view, 15% of the
tumor area contains immune cells with 30% of immune cells expressing PD-L1 (4X).

Fig. 41 illustrates an NSCLC stained with SP263 having weak cytoplasmic (black arrow) and
weak membrane (closed arrow head) staining of the tumor. Staining of alveolar macrophages
also seen (hatched arrow). Top images are 10X; bottom image is 20X. Top left image is H&E
stain; top right and bottom images are DAB stain.

Fig. 42 illustrates an NSCLC stained with SP263 having weak membrane staining (black
arrows). Top images are 10X; bottom image is 20X. Top left image is H&E stain; top right and
bottom images are DAB stain.

Fig. 43 illustrates an NSCLC tumor with weak cytoplasmic and weak membrane (black arrow)
staining and only weak membrane staining (hatched arrow) at 20X magnification. Top images
are H&E stain; bottom images are DAB stain.

Fig. 44 illustrates an NSCLC tumor with weak cytoplasmic and weak membrane staining and
immune cell staining (10X left, 20X right, top images are H&E stain; bottom images are DAB
stain).

Fig. 45 illustrates an NSCLC tumor with membranous immune cell staining (black arrow) and
punctate immune cell staining (hatched arrow) intermixed with tumor cell membrane staining
(closed arrow head) (40X). Top left image is H&E stain; top right and bottom images are DAB
stain.

Fig. 46 illustrates an NSCLC tumor cell membrane (open arrow head) staining intermixed with
diffuse (hatched arrow) and punctate (closed arrow head) immune cells staining (20X). Top
images are H&E stain; bottom images are DAB stain.
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Fig. 47 illustrates an NSCLC case showing anthracosis (black arrow, top left image) and
foreign body giant cell reaction (black arrow, top right image) not associated with case
interpretation (top row, 20X). A different area of the case contains anthracotic pigment (bottom,
hatched arrow) overlapping with punctate immune cell staining (bottom, closed arrow head) as
well as tumor cell membrane staining (bottom, open arrow head) (20X).

DETAILED DESCRIPTION OF THE INVENTION

[0021] It is to be understood that this disclosure is not limited to particular aspects described,
as such may, of course, vary. It is also to be understood that the terminology used herein is for
the purpose of describing particular aspects only, and is not intended to be limiting, since the
scope of the present disclosure will be limited only by the appended claims.

[0022] Unless defined otherwise, all technical and scientific terms used herein have the same
meanings as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. Although any methods and materials similar or equivalent to those described herein
can be used in the practice or testing of the present disclosure, the preferred methods, devices
and materials are now described. Nothing herein is to be construed as an admission that the
disclosure is not entitled to antedate such disclosure by virtue of prior disclosure.

[0023] The practice of the present technology will employ, unless otherwise indicated,
conventional techniques of tissue culture, immunology, molecular biology, microbiology, cell
biology and recombinant DNA, which are within the skill of the art. See, e.g., Sambrook and
Russell eds. (2001) Molecular Cloning: A Laboratory Manual, 3rd edition; the series Ausubel et
al. eds. (2007) Current Protocols in Molecular Biology; the series Methods in Enzymology
(Academic Press, Inc., N.Y.); MacPherson et al. (1991) PCR 1: A Practical Approach (IRL
Press at Oxford University Press); MacPherson et al. (1995) PCR 2: A Practical Approach;
Harlow and Lane eds. (1999) Antibodies, A Laboratory Manual; Freshney (2005) Culture of
Animal Cells: A Manual of Basic Technique, 5th edition; Gait ed. (1984) Oligonucleotide
Synthesis; U.S. Patent No. 4,683,195; Hames and Higgins eds. (1984) Nucleic Acid
Hybridization; Anderson (1999) Nucleic Acid Hybridization; Hames and Higgins eds. (1984)
Transcription and Translation; Immobilized Cells and Enzymes (IRL Press (1986)); Perbal
(1984) A Practical Guide to Molecular Cloning; Miller and Calos eds. (1987) Gene Transfer
Vectors for Mammalian Cells (Cold Spring Harbor Laboratory); Makrides ed. (2003) Gene
Transfer and Expression in Mammalian Cells; Mayer and Walker eds. (1987) Immunochemical
Methods in Cell and Molecular Biology (Academic Press, London); and Herzenberg et al. eds
(1996) Weir's Handbook of Experimental Immunology.

[0024] All numerical designations, e.g., pH, temperature, time, concentration and molecular
weight, including ranges, are approximations which are varied (+) or (-) by increments of 1.0 or
0.1, as appropriate, or alternatively by a variation of +/-15 %, or alternatively 10%, or
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alternatively 5% or alternatively 2%. It is to be understood, although not always explicitly stated,
that all numerical designations are preceded by the term "about". It also is to be understood,
although not always explicitly stated, that the reagents described herein are merely exemplary
and that equivalents of such are known in the art.

[0025] It is to be inferred without explicit recitation and unless otherwise intended, that when
the disclosure relates to a polypeptide, protein, polynucleotide or antibody, an equivalent or a
biologically equivalent of such is intended within the scope of this disclosure.

[0026] As used in the specification and claims, the singular form "a", "an" and "the" include
plural references unless the context clearly dictates otherwise. For example, the term "a cell"
includes a plurality of cells, including mixtures thereof.

[0027] As used herein, the "administration” of an agent or drug to a subject or subject includes
any route of introducing or delivering to a subject a compound to perform its intended function.
Suitable dosage formulations and methods of administering the agents are known in the art.
Route of administration can also be determined and method of determining the most effective
route of administration are known to those of skill in the art and will vary with the compaosition
used for treatment, the purpose of the treatment, the health condition or disease stage of the
subject being treated and target cell or tissue. Non-limiting examples of route of administration
include oral administration, vaginal, nasal administration, injection, topical application and by
suppository. Administration includes self-administration and the administration by another. It is
also to be appreciated that the various modes of treatment or prevention of medical conditions
as described are intended to mean "substantial", which includes total but also less than total
treatment or prevention, and wherein some biologically or medically relevant result is achieved.

[0028] Administration can be effected in one dose, continuously or intermittently throughout the
course of treatment. Methods of determining the most effective means and dosage of
administration are known to those of skill in the art and will vary with the composition used for
therapy, the purpose of the therapy, the target cell being treated and the subject being treated.
Single or multiple administrations can be carried out with the dose level and pattern being
selected by the treating physician.

[0029] As used herein, the term "animal” refers to living multi-cellular vertebrate organisms, a
category that includes, for example, mammals and birds. The term "mammal” includes both
human and non-human mammals. Similarly, the term "subject" or "patient" includes both
human and veterinary subjects, for example, humans, non-human primates, dogs, cats, sheep,
mice, horses, and cows.

[0030] As used herein, the term "antibody" collectively refers to immunoglobulins or
immunoglobulin-like molecules including by way of example and without limitation, IgA, IgD,
IgE, 1gG and IgM, combinations thereof, and similar molecules produced during an immune
response in any vertebrate, for example, in mammals such as humans, goats, rabbits and
mice, as well as non-mammalian species, such as shark immunoglobulins. The term "antibody"
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includes intact immunoglobulins and "antibody fragments" or "antigen binding fragments"” that
specifically bind to a molecule of interest (or a group of highly similar molecules of interest) to
the substantial exclusion of binding to other molecules (for example, antibodies and antibody

fragments that have a binding constant for the molecule of interest that is at least 103 M-

greater, at least 104 M1 greater or at least 10° M1 greater than a binding constant for other
molecules in a biological sample). The term "antibody” also includes genetically engineered
forms such as chimeric antibodies (for example, humanized murine antibodies),
heteroconjugate antibodies (such as, bispecific antibodies). See also, Pierce Catalog and
Handbook, 1994-1995 (Pierce Chemical Co., Rockford, lll.); Kuby, J., Immunology, 3rd Ed.,
W.H. Freeman & Co., New York, 1997.

[0031] More particularly, "antibody" refers to a polypeptide ligand comprising at least a light
chain or heavy chain immunoglobulin variable region which specifically recognizes and binds
an epitope of an antigen. Antibodies are composed of a heavy and a light chain, each of which
has a variable region, termed the variable heavy (VH) region and the variable light (VL) region.
Together, the VH region and the VL region are responsible for binding the antigen recognized
by the antibody.

[0032] Typically, an immunoglobulin has heavy (H) chains and light (L) chains interconnected
by disulfide bonds. There are two types of light chain, lambda (A) and kappa (k). There are five
main heavy chain classes (or isotypes) which determine the functional activity of an antibody
molecule: IgM, IgD, 1gG, IgA and IgE. Each heavy and light chain contains a constant region
and a variable region, (the regions are also known as "domains"). In combination, the heavy
and the light chain variable regions specifically bind the antigen. Light and heavy chain variable
regions contain a "framework" region interrupted by three hypervariable regions, also called
"complementarity-determining regions” or "CDRs". The extent of the framework region and
CDRs have been defined (see, Kabat et al., Sequences of Proteins of Immunological Interest,
U.S. Department of Health and Human Services, 1991). The Kabat database is now
maintained online. The sequences of the framework regions of different light or heavy chains
are relatively conserved within a species. The framework region of an antibody, that is the
combined framework regions of the constituent light and heavy chains, largely adopt a B-sheet
conformation and the CDRs form loops which connect, and in some cases form part of, the B-
sheet structure. Thus, framework regions act to form a scaffold that provides for positioning the
CDRs in correct orientation by inter-chain, noncovalent interactions.

[0033] The CDRs are primarily responsible for binding to an epitope of an antigen. The CDRs
of each chain are typically referred to as CDR1, CDR2, and CDR3, numbered sequentially
starting from the N-terminus, and are also typically identified by the chain in which the
particular CDR is located. Thus, a VH CDRS3 is located in the variable domain of the heavy
chain of the antibody in which it is found, whereas a VL CDR1 is the CDR1 from the variable
domain of the light chain of the antibody in which it is found. An antibody that binds PD-L1 will
have a specific VH region and the VL region sequence, and thus specific CDR sequences.
Antibodies with different specificities (i.e. different combining sites for different antigens) have
different CDRs. Although it is the CDRs that vary from antibody to antibody, only a limited



DK/EP 3254110 T3

number of amino acid positions within the CDRs are directly involved in antigen binding. These
positions within the CDRs are called specificity determining residues (SDRs).

[0034] The term "antibody" is further intended to encompass digestion fragments, specified
portions, derivatives and variants thereof, including antibody mimetics or comprising portions of
antibodies that mimic the structure and/or function of an antibody or specified fragment or
portion thereof, including single chain antibodies and fragments thereof. Examples of binding
fragments encompassed within the term "antigen binding portion" of an antibody include a Fab
fragment, a monovalent fragment consisting of the VL, VH, CL and CH, domains; a F(ab')2
fragment, a bivalent fragment comprising two Fab fragments linked by a disulfide bridge at the
hinge region; a Fd fragment consisting of the VH and CH, domains; a Fv fragment consisting of
the VL and VH domains of a single arm of an antibody, a dAb fragment (Ward et al. (1989)
Nature 341:544-546), which consists of a VH domain; and an isolated complementarity
determining region (CDR). Furthermore, although the two domains of the Fv fragment, VL and
VH, are coded for by separate genes, they can be joined, using recombinant methods, by a
synthetic linker that enables them to be made as a single protein chain in which the VL and VH
regions pair to form monovalent molecules (known as single chain Fv (scFv)). Bird et al. (1988)
Science 242:423-426 and Huston et al. (1988) Proc. Natl. Acad Sci. USA 85:5879-5883. Single
chain antibodies are also intended to be encompassed within the term "fragment of an
antibody.” Any of the above-noted antibody fragments are obtained using conventional
techniques known to those of skill in the art, and the fragments are screened for binding
specificity and neutralization activity in the same manner as are intact antibodies.

[0035] "Antibody fragments" or "antigen binding fragments" include proteolytic antibody
fragments (such as F(ab')2 fragments, Fab' fragments, Fab'-SH fragments and Fab fragments
as are known in the art), recombinant antibody fragments (such as sFv fragments, dsFv
fragments, bispecific sFv fragments, bispecific dsFv fragments, F(ab)'2 fragments, single chain
Fv proteins ("scFv"), disulfide stabilized Fv proteins ("dsFv"), diabodies, and triabodies (as are
known in the art), and camelid antibodies (see, for example, U.S. Pat. Nos. 6,015,695;
6,005,079; 5,874,541; 5,840,526; 5,800,988; and 5,759,808). An scFv protein is a fusion
protein in which a light chain variable region of an immunoglobulin and a heavy chain variable
region of an immunoglobulin are bound by a linker, while in dsFvs, the chains have been
mutated to introduce a disulfide bond to stabilize the association of the chains.

[0036] As used herein, the term "antigen" refers to a compound, compaosition, or substance
that may be specifically bound by the products of specific humoral or cellular immunity, such as
an antibody molecule or T-cell receptor. Antigens can be any type of molecule including, for
example, haptens, simple intermediary metabolites, sugars (e.g., oligosaccharides), lipids, and
hormones as well as macromolecules such as complex carbohydrates (e.g., polysaccharides),
phospholipids, and proteins. Common categories of antigens include, but are not limited to,
viral antigens, bacterial antigens, fungal antigens, protozoa and other parasitic antigens, tumor
antigens, antigens involved in autoimmune disease, allergy and graft rejection, toxins, and
other miscellaneous antigens.
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[0037] As used herein, "binding affinity" refers to the tendency of one molecule to bind
(typically non-covalently) with another molecule, such as the tendency of a member of a
specific binding pair for another member of a specific binding pair. A binding affinity can be
measured as a binding constant, which binding affinity for a specific binding pair (such as an

antibody/antigen pair) can be at least 1x10°° M, at least 1x10® M, at least 1x10°7 M, at least

1x108 M, at least 1x10° M, at least 1x1071° M, at least 1x10-"" M or at least 1x10°12 M. In one
aspect, binding affinity is calculated by a modification of the Scatchard method described by
Frankel et al.,, Mol. Immunol., 16:101-106, 1979. In another aspect, binding affinity is
measured by an antigen/antibody dissociation rate. In yet another aspect, a high binding
affinity is measured by a competition radioimmunoassay. In several examples, a high binding

affinity for an antibody/antigen pair is at least about 1x10°8 M. In other aspects, a high binding
affinity is at least about 1.5x10° M, at least about 2.0x10°8 M, at least about 2.5x108 M, at
least about 3.0x10°8 M, at least about 3.5x108 M, at least about 4.0x10°8 M, at least about
4.5x10-8 M, or at least about 5.0x10-8 M.

[0038] The terms "cancer,” "neoplasm,"” and "tumor," used interchangeably and in either the
singular or plural form, refer to cells that have undergone a malignant transformation that
makes them pathological to the host organism. Primary cancer cells (that is, cells obtained
from near the site of malignant transformation) can be readily distinguished from non-
cancerous cells by well-established techniques, particularly histological examination. The
definition of a cancer cell, as used herein, includes not only a primary cancer cell, but also any
cell derived from a cancer cell ancestor. This includes metastasized cancer cells, and in vitro
cultures and cell lines derived from cancer cells. When referring to a type of cancer that
normally manifests as a solid tumor, a "clinically detectable” tumor is one that is detectable on
the basis of tumor mass; e.g., by such procedures as CAT scan, magnetic resonance imaging
(MRI), X-ray, ultrasound or palpation. Biochemical or immunologic findings alone may be
insufficient to meet this definition.

[0039] A neoplasm is an abnormal mass or colony of cells produced by a relatively
autonomous new growth of tissue. Most neoplasms arise from the clonal expansion of a single
cell that has undergone neoplastic transformation. The transformation of a normal to a
neoplastic cell can be caused by a chemical, physical, or biological agent (or event) that
directly and irreversibly alters the cell genome. Neoplastic cells are characterized by the loss of
some specialized functions and the acquisition of new biological properties, foremost, the
property of relatively autonomous (uncontrolled) growth. Neoplastic cells pass on their
heritable biological characteristics to progeny cells.

[0040] The past, present, and future predicted biological behavior, or clinical course, of a
neoplasm is further classified as benign or malignant, a distinction of great importance in
diagnosis, treatment, and prognosis. A malignant neoplasm manifests a greater degree of
autonomy, is capable of invasion and metastatic spread, may be resistant to treatment, and
may cause death. Abenign neoplasm has a lesser degree of autonomy, is usually not invasive,
does not metastasize, and generally produces no great harm if treated adequately.
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[0041] Cancer is a generic term for malignant neoplasms. Anaplasia is a characteristic
property of cancer cells and denotes a lack of normal structural and functional characteristics
(undifferentiation).

[0042] A tumor is literally a swelling of any type, such as an inflammatory or other swelling, but
modern usage generally denotes a neoplasm.

[0043] Histogenesis is the origin of a tissue and is a method of classifying neoplasms on the
basis of the tissue cell of origin. Adenomas are benign neoplasms of glandular epithelium.
Carcinomas are malignant tumors of epithelium. Sarcomas are malignant tumors of
mesenchymal tissues. One system to classify neoplasia utilizes biological (clinical) behavior,
whether benign or malignant, and the histogenesis, the tissue or cell of origin of the neoplasm
as determined by histologic and cytologic examination. Neoplasms may originate in almost any
tissue containing cells capable of mitotic division. The histogenetic classification of neoplasms
is based upon the tissue (or cell) of origin as determined by histologic and cytologic
examination.

[0044] As used in this context a "tumor cell" refers to a neoplastic cell. Neoplastic cells can be
distinguished from other cells histologically on the basis of morphology, as would be well-
known by persons of ordinary skill in the art. Such methods may include manual inspection by
a skilled pathologist or automated methods.

[0045] As used herein, the term "chimeric antibody" means an antibody in which the Fc
constant region of a monoclonal antibody from one species (e.g., a mouse Fc constant region)
is replaced, using recombinant DNA techniques, with an Fc constant region from an antibody
of another species (e.g., a human Fc constant region). See generally, Robinson et al.,
PCT/US86/02269; Akira et al., European Patent Application 184,187; Taniguchi, European
Patent Application 171,496; Morrison et al., European Patent Application 173,494; Neuberger
et al.,, WO 86/01533; Cabilly et al. U.S. Pat. No. 4,816,567, Cabilly et al., European Patent
Application 125,023; Better et al., Science 240: 1041-1043, 1988; Liu et al., Proc. Natl. Acad.
Sci. USA 84: 3439-3443, 1987; Liu et al., J. Immunol. 139: 3521-3526, 1987; Sun et al., Proc.
Natl. Acad. Sci. USA 84: 214-218, 1987; Nishimura et al., Cancer Res 47: 999-1005, 1987;
Wood et al., Nature 314: 446-449, 1885; and Shaw et al., J. Natl. Cancer Inst. 80: 1553-1559,
1988. In certain aspects the target binding region or site will be from a non-human source (e.g.
mouse or primate) and the constant region is human.

[0046] As used herein, the term "comprising” is intended to mean that the compositions and
methods include the recited elements, but do not exclude others. "Consisting essentially of
when used to define compositions and methods, shall mean excluding other elements of any
essential significance to the combination for the intended use. For example, a composition
consisting essentially of the elements as defined herein would not exclude trace contaminants
from the isolation and purification method and pharmaceutically acceptable carriers, such as
phosphate buffered saline, preservatives and the like. "Consisting of shall mean excluding
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more than trace elements of other ingredients and substantial method steps for administering
the compositions of this disclosure. Aspects defined by each of these transition terms are
within the scope of this disclosure.

[0047] As used herein, the term "detectable label" refers to a molecule or material that can
produce a detectable (such as visually, electronically or otherwise) signal that indicates the
presence and/or concentration of the label in a sample. When conjugated to a specific binding
molecule, the detectable label can be used to locate and/or quantify the target to which the
specific binding molecule is directed. Thereby, the presence and/or concentration of the target
in a sample can be detected by detecting the signal produced by the detectable label. A
detectable label can be detected directly or indirectly, and several different detectable labels
conjugated to different specific-binding molecules can be used in combination to detect one or
more targets. For example, a first detectable label conjugated to an antibody specific to a
target can be detected indirectly through the use of a second detectable label that is
conjugated to a molecule that specifically binds the first detectable label. Multiple detectable
labels that can be separately detected can be conjugated to different specific binding
molecules that specifically bind different targets to provide a multiplexed assay that can provide
simultaneous detection of the multiple targets in a sample. A detectable signal can be
generated by any mechanism including absorption, emission and/or scattering of a photon
(including radio frequency, microwave frequency, infrared frequency, visible frequency and
ultra-violet frequency photons). Detectable labels include colored, fluorescent, phosphorescent
and luminescent molecules and materials, catalysts (such as enzymes) that convert one
substance into another substance to provide a detectable difference (such as by converting a
colorless substance into a colored substance or vice versa, or by producing a precipitate or
increasing sample turbidity), haptens that can be detected through antibody-hapten binding
interactions using additional detectably labeled antibody conjugates, and paramagnetic and
magnetic molecules or materials. Particular examples of detectable labels include enzymes
such as horseradish peroxidase, alkaline phosphatase, acid phosphatase, glucose oxidase, -
galactosidase or B-glucuronidase; fluorphores such as fluoresceins, luminophores, coumarins,
BODIPY dyes, resorufins, and rhodamines (many additional examples of fluorescent molecules
can be found in The Handbook--A Guide to Fluorescent Probes and Labeling Technologies,
Molecular Probes, Eugene, Oreg.); nanoparticles such as quantum dots (obtained, for
example, from QuantumDot Corp, Invitrogen Nanocrystal Technologies, Hayward, Calif.; see
also, U.S. Pat. Nos. 6,815,064, 6,682,596 and 6,649,138); metal chelates such as DOTA and
DPTA chelates of radioactive or paramagnetic metal ions like Gd 3+; and liposomes, for
example, liposomes containing trapped fluorescent molecules. Where the detectable label
includes an enzyme, a detectable substrate such as a chromogen, a fluorogenic compound, or
a luminogenic compound can be used in combination with the enzyme to generate a
detectable signal (A wide variety of such compounds are commercially available, for example,
from Invitrogen Corporation, Eugene Oreg.). Particular examples of chromogenic compounds
include diaminobenzidine (DAB), 4-nitrophenylphospate (pNPP), fast red, bromochloroindolyl
phosphate (BCIP), nitro blue tetrazolium (NBT), BCIP/NBT, fast red, AP Orange, AP blue,
tetramethylbenzidine (TMB), 2,2'-azino-di-[3-ethylbenzothiazoline sulphonate] (ABTS), o-
dianisidine, 4-chloronaphthol (4-CN), nitrophenyl-p-D-galactopyranoside (ONPG), o-
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phenylenediamine (OPD), 5-bromo-4-chloro-3-indolyl-B-galactopyranoside (X-Gal),
methylumbelliferyl-B-D-galactopyranoside  (MU-Gal), p-nitrophenyl-a-D-galactopyranoside

(PNP), 5-bromo-4-chloro-3-indolyl-B-D-glucuronide (X-Gluc), 3-amino-9-ethyl carbazol (AEC),
fuchsin, iodonitrotetrazolium (INT), tetrazolium blue and tetrazolium violet. Alternatively, an
enzyme can be used in a metallographic detection scheme. Metallographic detection methods
include using an enzyme such as alkaline phosphatase in combination with a water-soluble
metal ion and a redox-inactive substrate of the enzyme. The substrate is converted to a redox-
active agent by the enzyme, and the redox-active agent reduces the metal ion, causing it to
form a detectable precipitate. (See, for example, co-pending U.S. patent application Ser. No.
11/015,646, filed Dec. 20, 2004, PCT Publication No. 2005/003777 and U.S. Patent Application
Publication No. 2004/0265922). Metallographic detection methods include using an oxido-
reductase enzyme (such as horseradish peroxidase) along with a water soluble metal ion, an
oxidizing agent and a reducing agent, again to form a detectable precipitate. (See, for
example, U.S. Pat. No. 6,670,113). Haptens are small molecules that are specifically bound by
antibodies, although by themselves they will not elicit an immune response in an animal and
must first be attached to a larger carrier molecule such as a protein to generate an immune
response. Examples of haptens include di-nitrophenyl, biotin, digoxigenin, and fluorescein.
Additional examples of oxazole, pyrazole, thiazole, nitroaryl, benzofuran, triperpene, urea,
thiourea, rotenoid, coumarin and cyclolignan haptens are disclosed in U.S. Provisional Patent
Application No., 60/856,133, filed Nov. 1, 2006.

[0048] As used herein, an "epitope" or "antigenic determinant” refers to particular chemical
groups or contiguous or non-contiguous peptide sequences on a molecule that are antigenic,
i.e., that elicit a specific immune response. An antibody binds a particular antigenic epitope.
Epitopes usually consist of chemically active surface groupings of molecules such as amino
acids or sugar side chains and usually have specific three dimensional structural
characteristics, as well as specific charge characteristics. Conformational and
nonconformational epitopes are distinguished in that the binding to the former but not the latter
is lost in the presence of denaturing solvents.

[0049] The term "human antibody" as used herein, is intended to include antibodies having
variable and constant regions derived from human germline immunoglobulin sequences. The
human antibodies of the disclosure may include amino acid residues not encoded by human
germline immunoglobulin sequences (e.g., mutations introduced by random or site-specific
mutagenesis in vitro or by somatic mutation in vivo). However, the term "human antibody" as
used herein, is not intended to include antibodies in which CDR sequences derived from the
germline of another mammalian species, such as a rabbit, have been grafted onto human
framework sequences. Thus, as used herein, the term "human antibody" refers to an antibody
in which substantially every part of the protein (e.g., CDR, framework, CL, CH domains (e.g.,
CH1, CH2, CH3), hinge, VL, VH) is substantially non-immunogenic in humans, with only minor
sequence changes or variations. Similarly, antibodies designated primate (monkey, baboon,
chimpanzee, etc.), rodent (mouse, rat, rabbit, guinea pig, hamster, and the like) and other
mammals designate such species, sub-genus, genus, sub-family, family specific antibodies.
Further, chimeric antibodies include any combination of the above. Such changes or variations
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optionally and preferably retain or reduce the immunogenicity in humans or other species
relative to non-modified antibodies. Thus, a human antibody is distinct from a chimeric or
humanized antibody. It is pointed out that a human antibody can be produced by a non-human
animal or prokaryotic or eukaryotic cell that is capable of expressing functionally rearranged
human immunoglobulin (e.g., heavy chain and/or light chain) genes. Further, when a human
antibody is a single chain antibody, it can comprise a linker peptide that is not found in native
human antibodies. For example, an Fv can comprise a linker peptide, such as two to about
eight glycine or other amino acid residues, which connects the variable region of the heavy
chain and the variable region of the light chain. Such linker peptides are considered to be of
human origin.

[0050] As used herein, the term "humanized antibody" refers to an antibody comprising a
humanized light chain and a humanized heavy chain immunoglobulin. A humanized antibody
binds to the same antigen as the donor antibody that provides the CDRs. The acceptor
framework of a humanized immunoglobulin or antibody may have a limited number of
substitutions by amino acids taken from the donor framework. Humanized or other monoclonal
antibodies can have additional conservative amino acid substitutions which have substantially
no effect on antigen binding or other immunoglobulin functions. Humanized immunoglobulins
can be constructed by means of genetic engineering (see for example, U.S. Pat. No.
5,585,089).

[0051] As used herein, the term "humanized immunoglobulin” refers to an immunoglobulin
including a human framework region and one or more CDRs from a non-human (for example a
mouse, rat, rabbit or synthetic) immunoglobulin. The non-human immunoglobulin providing the
CDRs is termed a "donor,” and the human immunoglobulin providing the framework is termed
an "acceptor.”" In one aspect, all the CDRs are from the donor immunoglobulin in a humanized
immunoglobulin. Constant regions need not be present, but if they are, they must be
substantially identical to human immunoglobulin constant regions, i.e., at least about 85%, or at
least about 95% or more identical. Hence, all parts of a humanized immunoglobulin, except
possibly the CDRs, are substantially identical to corresponding parts of natural human
immunoglobulin sequences.

[0052] As used herein, the term "monoclonal antibody" refers to an antibody produced by a
single clone of B-lymphocytes or by a cell into which the light and heavy chain genes of a
single antibody have been transfected. Monoclonal antibodies are produced by methods
known to those of skill in the art, for instance by making hybrid antibody-forming cells from a
fusion of myeloma cells with immune spleen cells. Monoclonal antibodies include humanized
monoclonal antibodies.

[0053] As used herein, "PD-L1" (Programmed death ligand-1) or "B7-H1" (Human B7 homolog
1), or PDCD1L1 (Programmed cell death 1 ligand 1) is a member of the growing B7 family of
immune proteins that provide signals for both stimulating and inhibiting T cell activation.
Human PD-L1 encodes a 290 amino acid (aa) type | membrane precursor protein with a
putative 18 aa signal peptide, a 221 aa extracellular domain, a 21 aa transmembrane region,
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and a 31 aa cytoplasmic domain (Entrez Gene ID: 29126, UniProtKB: Q9NZQ7).

[0054] As used herein, "PD-1", "PDCD1" (Programmed cell death protein 1) or "CD279" is an
inhibitory cell surface receptor involved in the regulation of T-cell function during immunity and
tolerance. Human PD-1 encodes a 288 amino acid (aa) single pass Type | cell surface
membrane protein of the immunoglobulin superfamily with a putative 20 aa signal peptide, a
150 aa extracellular domain, a 21 aa transmembrane region, and a 97 aa cytoplasmic domain
(Entrez Gene ID: 5133; UniProtKB: Q15116).

[0055] As used herein, "CD80" (T-lymphocyte activation antigen CD80), "Activation B7-1
antigen”, "BB1", "B7" or (CTLA-4 counter-receptor B7.1) is involved in co-stimulatory signals
essential for T-lymphocyte activation. Human CD80 encodes a 288 amino acid (aa) single pass
cell membrane receptor protein with a putative 34 aa signal peptide, a 208 aa extracellular
domain, a 21 aa transmembrane region, and a 25 aa cytoplasmic domain (Entrez Gene ID:
941; UniProtKB: P33681).

[0056] As used herein, the term "specific binding" means the contact between an antibody and
an antigen with a binding affinity of at least 10® M. In certain aspects, antibodies bind with

affinities of at least about 10"7 M, and preferably 108 M, 10° M, 101 M, 10" M, or 1012 M.

[0057] As used herein, "SP263" refers to a monoclonal antibody that specifically binds to the
cytoplasmic domain of PD-L1 and has CDR sequences as disclosed in Table 1:
Table 1

CDR1 CDR2 CDR3
Heavy INHAIS (SEQ ID NO: 1) {TINSDTHTYYATWPKG {RIFSSSNI (SEQ ID
Chain (SEQ ID NO: 2) NO: 3)
Light QASQSIYNNNWLS  {LASTLAS (SEQ ID NO: {IGGESSNNDGIA
Chain  {(SEQ ID NO: 4) 5) (SEQ ID NO: 6)

[0058] The full heavy and light chain variable domain sequences are as follows:

SP263 HC immunoglobulin variable domain sequence:
QSLEESGGRLVTPGTPLTLTCTASGFSLSNHAISWVRQ

APGKGLEWIGTINSDTHTYYATWPKGRETISKTSSTTV
DLKMTSPTTEDTATYFCARRIFSSSNIWGPGTLVTVSS

(SEQ ID NO: 7)

SP263 LC immunoglobulin variable domain sequence (kappa):
AIVMTQTSSPVSAVVGGTVAINCQASQSIYNNNWLSW
FQQKPGQPPKLLIYLASTLASGVPSRFKGSGSGTQFTL
TISDVVCDDAATYYCIGGESSNNDGIAFGGGTEVVVK

(SEQ TD NO: 8)
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[0059] The present methods relate to methods for histochemically or immunohistochemically
assaying, evaluating, and scoring PD-L1 expression in tumor samples. To this end, tumor
samples are labeled with an entity capable of specifically staining PD-L1 protein in a manner
that is detectable histologically. One way in which this is accomplished is by labeling the tumor
samples with antibodies or antigen-binding fragments thereof that specifically bind to PD-L1
(anti-PD-LI). Examples of anti-PD-LI are disclosed in, for example, US 62/069,420.

[0060] Anti-PD-LI antibodies and antibody fragments that are useful in these methods are: (1)
capable of specifically binding to PD-L1; (2) capable of generating strong membrane staining in
PDL1-positive tissue; and (3) low to no background staining (such as nuclear staining). One
example of such an antibody is SP263, which is disclosed in US 62/069,420. SP263 was
developed using a peptide sequence consisting of amino acid residues 272-290 of human PD-
L1 (CGIQDTNSKKQSDTHLEET (SEQ ID NO: 9)) covalently conjugated to a keyhole limpet
haemocyanin (KLH) carrier protein to immunize New Zealand white rabbits. The CDR
sequences of SP263 are disclosed in Table 1. Other examples of anti-PD-LI, both currently
existing and not yet developed, will be immediately apparent to the person of ordinary skill in
the art.

[0061] The tumor samples can be labeled with the anti-PD-LI by automated or manual
methods. Devices for automated labeling of tissue samples for immunohistochemistry are well
known in the art, including, for example, the BENCHMARK series of IHC/ISH advanced staining
instruments from Ventana Medical Systems, the OMNI and AUTOSTAINERLINK advanced
staining instruments from Dako, and the BOND advanced staining systems from Leica
Biosystems.

[0062] Binding of the anti-PD-LI to the tumor sample is detected by contacting the tissue
sample with a detectably-labeled entity capable of specifically binding to the anti-PD-LI.
Numerous detection schemes are known in the art, including, for example, primary-secondary
labeling schemes, wherein the anti-PD-LI is contacted with a secondary antibody capable of
specifically binding to the anti-PD-L1 (e.g. using a rabbit monoclonal antibody IgG as the
primary and a detectably labeled anti-rabbit IgG antibody as the secondary); and binding-pair
labeling schemes, wherein the primary antibody contains a moiety bound thereto that forms a
specific binding pair with a detectably labeled second binding moiety (e.g. detecting
biotinylated primary antibodies using detectably labeled biotin-binding entities, such as avidin
or streptavidin).

[0063] In one specific example, binding of the anti-humanPD-LI to the tumor sample is
accomplished using a secondary antibody conjugated with non-endogenous haptens. An anti-
hapten antibody conjugated to one or more detectable labels (such as an enzyme capable of
catalyzing a reaction depositing a chromogen). An example of such as scheme is the
VENTANA OptiView DAB IHC detection kit. A schematic of this detection kit is presented at FIG.
1. A formalin-fixed, paraffin embedded tissue sample (100) is contacted with the anti-human
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PD-L1 antibody (101) under conditions that permit specific binding of the antibody. The
antibody is then contacted with a secondary antibody (102) specific for the anti-PD-LI antibody
that is modified with several non-endogenous haptens (103). The sample is then contacted
with an anti-hapten antibody (104) that is conjugated to an enzyme capable of catalyzing a
reaction depositing a chromogen (105).

[0064] Labeled tumor samples are then visualized microscopically and assayed for PD-L1
staining. The tumor sample is then scored based on the percentage of total tumor cells that
contain any amount of detectable anti-PD-LI membrane staining above background are
counted. Preferably, the scoring does not include analysis of PD-L1 expression in non-tumor
cells. A tumor having a percentage of tumor cells that contain detectable anti-PD-LI membrane
staining that falls above a predefined cutoff are classified as "PD-L1-positive." The cutoff is
preferably determined empirically by evaluating patient responses to a PD-1 axis directed
therapeutic. PD-1 axis directed therapeutics include agents that disrupt binding of PD-1 ligands
(such as PD-L1 and PD-L2) to PD-1. For example, a PD-1 axis directed therapeutic includes:
anti-PD-1 monoclonal antibodies (such as OPDIVO (nivolumab), KEYTRUDA (pembrolizumab),
Pidilizumab (CT-011, Cure Tech), BMS 936559 (Bristol Myers Squibb), and MPDL3280A
(Roche)); and anti-PD-LI monoclonal antibodies (such as MEDI4736, MPDL3280 and
avelumab). In an embodiment, the cutoff is set at 25%, wherein tumors having 25% or more
tumor cells that contain any amount of detectable anti-PD-LI membrane staining are
considered to be PD-L1-positive tumors.

[0065] Patients having PD-L1-positive tumors as determined in this manner may be candidates
for treatment with a therapeutic agent that disrupts binding of PD-L1 to PD-1 and/or CD80.
Exemplary therapeutic agents include antibodies or antibody fragments that bind to the
extracellular domain of PD-L1, thereby preventing PD-L1 from binding to PD-1 and/or CD80.
Many such antibodies are currently being tested clinically. One such example is termed
MEDI4736, which is currently the subject of numerous clinical trials.

EXAMPLES

I. Staining Process

[0066] A high quality companion diagnostic to predict which patients are more likely to respond
to PD-1/PD-L1 antibody-based therapy is needed to ensure successful treatment. Here we
describe a PD-L1 immunohistochemical (IHC) diagnostic test developed by Ventana Medical
Systems.

IA. Principle of the process
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[0067] VENTANA PD-L1 (SP263) is a rabbit monoclonal primary antibody which binds to PD-L1
in paraffin-embedded tissue sections. The specific antibody can be localized using a
haptenated secondary antibody followed by a multimer anti-hapten-HRP conjugate (OptiView
DAB IHC Detection Kit, Cat. No. 760-700). The specific antibody-enzyme complex is then
visualized with a precipitating enzyme reaction product. Each step is incubated for a precise
time and temperature. At the end of each incubation step, the VENTANA BENCHMARK
automated slide stainer washes the sections to stop the reaction and to remove unbound
material that would hinder the desired reaction in subsequent steps. It also applies LCS (Cat.
No. 650-210 / Cat.No. 650-010), which minimizes evaporation of the aqueous reagents from
the specimen slide. In addition to staining with VENTANA PD-L1 (SP263), a second slide is
stained with a rabbit monoclonal negative control Ig (Cat. No. 790-4795) to assess background
staining.

IB. Specimen Preparation

[0068] Routinely processed, formalin-fixed, paraffin-embedded tissues are suitable for use with
this primary antibody when used with the VENTANA OptiView DAB IHC detection kit and
VENTANA BenchMark ULTRA, BenchMark XT and BenchMark GX automated slide stainers.
The recommended tissue fixative is 10% neutral buffered formalin (NBF) for a period of at least
6 hours up to 48 hours. Acceptable fixatives for use with VENTANA PDL1 (SP263) are Zinc
Formalin and Z-5 fixatives when used with at least 6 hours of fixation time. Other fixatives,
including 95% alcohol, AFA and PREFER, are unacceptable for use with the VENTANA PD-L1
(SP263). The amount used is 15 to 20 times the volume of tissue. A 3 mm or smaller section of
tissue should be fixed no less than 4 hours and no more than 8 hours. Fixation can be
performed at room temperature (15-25 °C).

[0069] Slides should be stained immediately, as antigenicity of cut tissue sections may diminish
over time. However, cold ischemia testing of the SP263 antibody using a xenograph tissue
model did not establish any conditions from hour zero to hour 24 that were not favorable with
the assay.

IC. Staining Procedure

[0070] An exemplary assay using VENTANA PD-L1 (SP263) Rabbit Monoclonal Antibody was
developed for use on VENTANA BENCHMARK XT, BENCHMARK GX AND BENCHMARK
ULTRA automated slide stainers in combination with VENTANA detection kits and accessories.
Table 2 illustrates an exemplary staining protocol for use on BENCHMARK stainers:

Table 2

Procedure Type Method

Deparaffinization Selected
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Procedure Type Method

Cell Conditioning (Antigen _
Unmasking) CELL CONDITIONING 1, 64 minutes, Standard

Pre-primary peroxidase

Inhibitor Selected

BENCHMARK GX or XT instrument: 16 minutes, 37 °C

Antibody (Primary) BENCHMARK ULTRA instrument: 16 minutes, 37 °C

OPTIVIEW HQ Linker 8 min (default)
OPTIVIEW HRP Multimer 8 min (default)
Counterstain Hematoxylin 1, 4 to 8 minutes
Post Counterstain Bluing, 4 minutes

[0071] Due to variation in tissue fixation and processing, as well as general lab instrument and
environmental conditions, it may be necessary to increase or decrease the primary antibody
incubation, cell conditioning or protease pretreatment based on individual specimens, detection
used, and reader preference.

Il. Scoring Squamous Cell Carcinoma of the Head and Neck

[0072] SCCHN neoplastic cells labeled with the SP263 antibody are evaluated for percent
positivity of the tumor cells with membrane staining at any intensity of the diaminobenzidine
(DAB) signal. The immunohistochemical staining in SCCHN is membranous and/or
cytoplasmic, and may be expressed homogeneously or heterogeneously throughout the
neoplasm. Membrane staining can have a discontinuous or circumferential pattern.
Cytoplasmic staining is generally diffuse with some cases displaying a finely granular quality.
Figure 2 illustrates various cases demonstrating the range of membrane and cytoplasmic
staining in tumor cells at 20X magnification when labeled as set forth above.

[0073] The total percentage of membrane signal intensities is visually estimated and used to
generate the percent tumor positive score. An isotype-matched negative control antibody is
used to evaluate the presence of background in test samples and establish a staining intensity
baseline. Figure 3 illustrates an exemplary positive case with range of tumor cell membrane
and cytoplasm staining. The lower left corner also shows smaller immune cells with membrane
staining (arrow).

lIA. Internal Positive Controls

[0074] Immune cells may serve as positive internal controls, and exhibit a range of staining
intensity: negative, weak diffuse cytoplasmic and/or weak to strong membranous signal. A
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punctate pattern of staining may be seen in association with lymphocytes. PD-L1 expression
has been observed in Ilymphocytes, macrophages, plasma cells, and neutrophils.
Representative images of immune cells stained with the SP263 antibody are provided at Figs.
4-6 as a reference.

/IB. Tissue Requirements

[0075] This exemplary assay used at least one serial tissue section for each of. (1)
hematoxylin and eosin (H&E) staining; (2) negative control antibody staining; and (3) staining
with the SP263 antibody. In addition normal human term placenta tissue can be used as a
control for the PD-L1 (SP263) assay. This tissue shows moderate to strong uniform staining of
the membrane and cytoplasm of trophoblast-lineage cells. Placental stromal tissue and
vasculature can be used for assessment of any background staining. If H&E evaluation
indicates that the patient specimen is inadequate then a new specimen should be obtained.
Repeat staining of a specimen should be carried out on unstained slides if (1) the tissue run
control slide does not exhibit acceptable staining; (2) the negative control case slide does not
exhibit acceptable staining; or (3) the SP263 antibody stained case slide (the PD-L1 IHC slide)
is not evaluable. If the last of these slides is not interpretable due to artifacts, edge effects,
necrosis, lack of tissue, or any other reason, then the slide cannot be used for clinical
evaluation. If controls are acceptable and the SP263 antibody stained slide is evaluable, the
slide can be evaluated by a trained pathologist as described in the Scoring Criteria.

lIC. Positive Tissue Control

[0076] A known positive control tissue fixed and processed in the same manner as the patient
specimens should be run for each set of test conditions and with every SP263 antibody
staining procedure performed. The control tissue (an index case) should be a fresh autopsy,
biopsy, surgical specimen prepared and fixed as soon as possible in a manner identical to
patient specimens. This tissue may be used to monitor all steps of specimen processing and
staining. A tissue section fixed or processed differently from the test specimen can be used as
a control for reagents and staining but not for fixation or tissue preparation. A positive SCCHN
case with moderate staining is more suitable for quality control than one that stains strongly; it
can be used to detect minor levels of reagent degradation or out-of-specification issues that
might be instrument-related. Positive membrane staining of neoplastic cells in the control tissue
confirms antibody was applied and the instrument functioned properly. The positive tissue
control should be used only to monitor performance; it should not be used to aid the clinical
diagnosis of patient samples. Additionally, the assay illustrated herein can utilize as a positive
control human term placental tissue, which shows moderate to strong uniform staining of the
membrane and cytoplasm of trophoblast-lineage cells. Placental stromal tissue and
vasculature can be used for assessment of any background staining. Exemplary images of
placental tissue stained with the SP263 antibody are at Figs. 7A and 7B.



DK/EP 3254110 T3

/ID. Scoring Criteria

[0077] A PD-L1 IHC Clinical Status is assigned by a trained pathologist based on his or her
evaluation of the percentage of specific PD-L1 IHC staining. A cutoff for positivity and negativity
is selected based on clinical data from known responders to the PD-1 axis therapeutic being
used. In this exemplary embodiment, a 25% cutoff was selected. A clinical status of negative is
assigned to cases with a total percent of tumor cells with membrane staining at any intensity of
less than 25%. A clinical status of positive is assigned to cases with total percent of tumor cells
with membrane staining at any intensity of greater than or equal to 25%. Clinical interpretation
of SCCHN cases stained with the SP263 antibody was based on the criteria noted in table 3.
Table 3

PD-L1 Scoring Algorithm
Interpretation Staining Description

Positive for PD- {225% of tumor cells with membrane positivity for PD-L1 at
L1 any intensity above background staining as noted on the
corresponding negative isotype control.

Negative for PD- {<25% of tumor cells with membrane positivity for PD-L1 at
L1 any intensity above background staining as noted on the
corresponding negative isotype control.

[0078] Images of various negative and positive staining patterns are provided in the
subsequent sections.

1ID(1). Negative Cases

[0079] Negative staining intensity is characterized by the absence of any detectable signal or
by membranous staining of any intensity in less than 25% of neoplastic cells.

[0080] Negative Case 1 is illustrated at Fig. 8. Zero percent of tumor and immune cells have
visible membrane staining at 10X magnification, and thus this case is classified as negative.

[0081] Negative Case 2 is illustrated at Fig. 9. Weak to moderate tumor cell membrane
staining (raw score of 15%) and immune cell staining is observed at 10X magnification, and
thus the case was classified as negative.

1ID(2). Positive Cases

[0082] Positive staining intensity was characterized by the presence of membranous staining



DK/EP 3254110 T3

of any intensity in greater than or equal to 25% of neoplastic cells.

[0083] Positive Case 1 is illustrated at Fig. 10. Tumor cell membrane staining is observed in at
70% of tumor cells at 1X magnification.

[0084] Positive Case 2 is illustrated at Fig. 11. Tumor cell membrane staining is observed in
100% of tumor cells, and is accompanied by tumor immune cell staining along periphery of
tumor at 4X magnification.

1ID(3). Evaluation of Immune Cell Staining

[0085] Immune cell staining was captured for exploratory purposes. A variety of immune cells
display staining, and include lymphocytes, macrophages, reticular dendritic cells, plasma cells
and neutrophils. The H&E-stained slide was initially examined to determine the total
percentage of the tumor area (tumor cells and any desmoplastic stroma) involved by immune
cells. Areas not considered part of the tumor area include non-viable tumor, such as areas with
cautery or crush artifacts, acellular pools of mucin, and extensive necrosis. Normal lymphoid
tissue uninvolved by the neoplasm, as seen in lymph nodes with metastatic tumor, and any
foreign body giant cell reaction are not evaluated as a part of the tumor area or immune cells
involving the tumor. The PD-L1 IHC slide is then scored for the percentage of tumor-
associated immune cells staining for PD-L1. In cases where positively-staining immune cells
are intermixed with positively-staining tumor cells, it can be difficult to quantify the amount of
staining for each component. Examples of immune cell interpretation are given at Fig 12, which
has immune cell staining and no tumor staining. Total immune cells in tumor area in this image
is 15% with 35% of the immune cells staining with PD-L1 expression at 5X magnification.

1ID(4). Challenging Cases

[0086] Cases are given a clinical status according to percentage of tumor cells with membrane
staining. Various staining patterns and morphologic features may make interpretation and
quantification of tumor membrane staining difficult. Some cases may be particularly challenging
due to the following issues:

= Weak Cytoplasmic Staining

[0087] Some specimens may exhibit weak tumor cell cytoplasmic staining of the tumor cells
that may be confused at low power with weak tumor cell membrane staining. For this reason
when evaluating stained slides, weak staining should be confirmed with examination at higher
powers to distinguish between tumor cell membranous and cytoplasmic staining.
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= Strong Immune Cell Staining Overlapping with Tumor Cell Staining

[0088] Some tumors may contain an extensive inflammatory component both surrounding the
tumor and infiltrating within the tumor. In instances when strong staining is seen for both tumor
and immune cells it can be challenging to differentiate and quantify the assay staining between
the two cell populations. The presence of immune cells infiltrating the tumor should be
confirmed using the H&E slide. The pattern of PD-L1 staining is utilized to help attribute
expression to immune cells (punctate staining) and tumor cells (linear membrane staining).

= Obscuring Endogenous Material

[0089] Occasionally in SCCHN samples endogenous material, such as anthracotic pigment,
melanin pigment or hemosiderin, may obscure and interfere with interpretation of assay
staining of tumor and immune cells. Comparison of the negative isotype control slide with the
PD-L1 stained slide can aid in differentiating between biomarker staining and endogenous
material.

[0090] Some challenging cases are shown at Figs. 13-15.

Challenging Case 1 (Fig. 13) involves weak membrane (arrow) staining of the tumor visible at
20X magnification, which can be easy to miss.

Challenging Case 2 (Fig. 14) involves membranous immune cell staining (lower left corner)
with tumor cell membrane staining. Note the difficulty in distinguishing the staining of
intermixed immune cells from the surrounding tumor cell staining at 10X magnification.

Challenging Case 3 (Fig. 15) involves a NSCLC case showing anthracosis (black arrow in top
right image) and foreign body giant cell reaction (red arrow) not associated with case
interpretation. A different area of the case contains anthracotic pigment (hatched arrow)
overlapping with punctate immune cell staining (black arrow in bottom image arrow). All images
are at 20X magnification.

lll. Scoring Non-Small Cell Lung Carcinoma

[0091] NSCLC neoplastic cells labeled with the SP263 antibody are evaluated for percent
positivity of the tumor cells with membrane staining at any intensity of the diaminobenzidine
(DAB) signal. The immunohistochemical staining in NSCLC is membranous and/or cytoplasmic,
and may be expressed homogeneously or heterogeneously throughout the neoplasm.
Membrane staining can have a discontinuous, circumferential or basolateral pattern.
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Cytoplasmic staining is generally diffuse with some cases displaying a finely granular quality.
Rare cases have shown a peri-nuclear Golgi-like body staining with variable intensity. Various
cases demonstrating the range of membrane and cytoplasmic staining in tumor cells are
illustrated at Fig. 16-19. Tumor cells with basolateral pattern of membrane staining are
illustrated at 20Xmagnification in Fig. 17. Tumor cells with basal-only (black arrow) staining and
basolateral (hatched arrow) pattern of membrane staining are illustrated at 20X magnification
at Fig. 18. Figure 19 illustrates an unusual case with peri-nuclear Golgi-like staining within
tumor cells at 40X magnification.

[0092] The total percentage of membrane signal intensities is visually estimated and used to
generate the percent tumor positive score. An isotype-matched negative control antibody is
used to evaluate the presence of background in test samples and establish a staining intensity
baseline.

HlIA. Internal Positive Controls

[0093] Immune cells may serve as positive internal controls, and exhibit a range of staining
intensity: negative, weak diffuse cytoplasmic and/or weak to strong membranous signal. A
punctate pattern of staining may be seen in association with lymphocytes. PD-L1 expression
has been observed in Ilymphocytes, macrophages, plasma cells, and neutrophils.
Representative images of immune cells stained with the SP263 antibody are provided at Fig.
20-24.

[0094] Fig. 20 illustrates tumor cells with alveolar macrophages (arrow) at 20X magnification.
Positive alveolar macrophage staining can be seen in the DAB-stained image (arrow in the
bottom image) with adjacent PD-L1 negative tumor (zero percent staining at 20X
magnification).

[0095] The H&E images in Fig. 21 shows tumor cells with lymphocytic and plasma cells
immune cells at 20X magnification. Punctate (solid arrow) and diffuse (hatched arrow) immune
cell staining with adjacent PD-L1 negative tumor (zero percent staining at 20X magnification)
can be seen in the DAB-stained image.

[0096] Fig. 22 illustrates plasma cells with weak diffuse cytoplasmic staining. Surrounding
tumor cells demonstrate heterogeneous tumor cell membrane staining (10X left, 20X right,
H&E top, DAB, bottom).

[0097] As seen at Fig. 23, neutrophils from the H&E show PD-L1 expression (hatched arrow).
Case also has moderate tumor cell membrane staining (black arrow) (40X).

llIB. Tissue Requirements
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[0098] The above-described assay requires one serial tissue section for hematoxylin and eosin
(H&E) staining, a second serial tissue section for negative control antibody staining, and a third
serial tissue section for staining with the SP263 antibody. In addition, normal human term
placenta tissue can be used as a control for the assay. This tissue shows moderate to strong
uniform staining of the membrane and weak to strong uniform staining of the cytoplasm of
trophoblast-lineage cells. Placental stromal tissue and vasculature can be used for assessment
of any background staining. If H&E evaluation indicates that the patient specimen is inadequate
then a new specimen should be obtained. Repeat staining of a specimen should be carried out
on unstained slides if (1) the tissue run control slide does not exhibit acceptable staining; (2)
the negative control case slide does not exhibit acceptable staining; or (3) the SP263 antibody
stained case slide (the PD-L1 IHC slide) is not evaluable. If the last of these slides is not
interpretable due to artifacts, edge effects, necrosis, lack of tissue, or any other reason, then
the slide cannot be used for clinical evaluation. If controls are acceptable and the SP263
antibody stained slide is evaluable, the slide can be evaluated by a trained pathologist as
described in the Scoring Criteria.

llIC. Positive Tissue Control

[0099] A known positive control tissue fixed and processed in the same manner as the patient
specimens should be run for each set of test conditions and with every SP263 antibody
staining procedure performed. The control tissue (an index case) should be a fresh autopsy,
biopsy, surgical specimen prepared and fixed as soon as possible in a manner identical to
patient specimens. This tissue may be used to monitor all steps of specimen processing and
staining. A tissue section fixed or processed differently from the test specimen can be used as
a control for reagents and staining but not for fixation or tissue preparation. A positive NSCLC
case with moderate staining is more suitable for quality control than one that stains strongly; it
can be used to detect minor levels of reagent degradation or out-of-specification issues that
might be instrument-related. Positive membrane staining of neoplastic cells in the control tissue
confirms antibody was applied and the instrument functioned properly. The positive tissue
control should be used only to monitor performance; it should not be used to aid the clinical
diagnosis of patient samples. Additionally, the assay illustrated herein can utilize as a positive
control human term placental tissue, which shows moderate to strong uniform staining of the
membrane and cytoplasm of trophoblast-lineage cells. Placental stromal tissue and
vasculature can be used for assessment of any background staining. Exemplary images of
placental tissue stained with the SP263 antibody are at Figs. 7A and 7B.

HlID. Scoring Criteria

[0100] A PD-L1 IHC Clinical Status is assigned by a trained pathologist based on his or her
evaluation of the percentage of specific PD-L1 IHC staining. A cutoff for positivity and negativity
is selected based on clinical data from known responders to the PD-1 axis therapeutic being
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used. In this exemplary embodiment, a 25% cutoff was selected. A clinical status of negative is
assigned to cases with a total percent of tumor cells with membrane staining at any intensity of
less than 25%. A clinical status of positive is assigned to cases with total percent of tumor cells
with membrane staining at any intensity of greater than or equal to 25%. Clinical interpretation
of NSCLC cases stained with the SP263 antibody was based on the criteria noted in table 3
above.

[0101] Images of various negative and positive staining patterns are provided in the
subsequent sections.

llID(1). Negative Cases

[0102] Negative staining intensity is characterized by the absence of any detectable signal or
by membranous staining of any intensity in less than 25% of neoplastic cells.

[0103] Negative Case 1 is illustrated at Fig. 24. Negative tumor and immune cell staining (zero
percent) is seen at 20X magnification.

[0104] Negative Case 2 is illustrated at Fig. 25. Tumor cell membrane with zero percent
staining. Tumor area contains 30% immune cells at lower power view with 35% of immune cells
showing PD-L1 expression (10X left, 20X right).

[0105] Negative Case 3 is illustrated at Fig. 26. Tumor with 5% of cells demonstrating
membrane staining (arrow). Tumor area (consisting of viable tumor and surrounding
desmoplasia and inflammation) contains 10% immune cells and 50% of immune cells with PD-
L1 expression (4X).

[0106] Negative Case 4 is illustrated at Fig. 27. Tumor with 10% of cells demonstrating
membrane staining in this field. Tumor area contains 10% immune cells and 10% of immune
cells with PD-L1 expression (10X)

[0107] Negative Case 5 is illustrated at Fig. 28. Tumor with 15% of cells showing membrane
staining (outlined region). Tumor-associated immune cell staining also seen. (2X).

[0108] Negative Case 6 is illustrated at Fig. 29. Tumor with 20% of cells demonstrating
membrane staining in this field. Tumor area contains 5% immune cells and 10% of immune
cells with PD-L1 expression (10X)

llID(2). Positive Cases

[0109] Positive staining intensity was characterized by the presence of membranous staining
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of any intensity in greater than or equal to 25% of neoplastic cells.

[0110] Positive Case 1 is illustrated at Fig. 30. Tumor with 25% of cells demonstrating
membrane staining in this field. Tumor area contains 5% immune cells and 5% of immune cells
with PD-L1 expression (4X).

[0111] Positive Case 2 is illustrated at Fig. 31. Tumor with 35% of cells demonstrating
membrane staining in this field. Tumor area (consisting of viable tumor and surrounding
desmoplasia and inflammation) contains 10% immune cells and 5% of immune cells with PD-
L1 expression (4X).

[0112] Positive Case 3 is illustrated at Fig. 32. Tumor with 50% of cells demonstrating
membrane staining in this field. Tumor area (consisting of viable tumor and surrounding
desmoplasia and inflammation) contains 10% immune cells and 5% of immune cells with PD-
L1 expression (4X).

[0113] Positive Case 4 is illustrated at Fig. 33. Tumor with 70% of cells demonstrating
membrane staining in this field. Tumor area contains 3% immune cells and 15% of immune
cells with PD-L1 expression (4X).

[0114] Positive Case 5 is illustrated at Fig. 34, which exhibits tumor cell membrane staining at
100% (4X).

[0115] Positive Case 6 is illustrated at Fig. 35, which exhibits positive tumor cell membrane
staining with negative tumor immune cell staining (20X).

HlID(3). Evaluation of Immune Cell Staining

[0116] Immune cell staining was captured for exploratory purposes. A variety of immune cells
display staining, and include lymphocytes, macrophages, reticular dendritic cells, plasma cells
and neutrophils. The H&E-stained slide is initially examined to determine the total percentage
of the tumor area (tumor cells and any desmoplastic stroma) involved by immune cells. Areas
not considered part of the tumor area include non-viable tumor such as areas with cautery or
crush artifacts, and extensive necrosis. Normal lymphoid tissue uninvolved by neoplasm, for
instance as seen in lymph nodes with metastatic tumor, is not evaluated as a part of the tumor
area or immune cells involving the tumor. The PD-L1 IHC slide is then scored for the
percentage of tumor-associated immune cells staining for PD-L1. In cases where positively-
staining immune cells are intermixed with positively-staining tumor cells, it can be difficult to
quantify the amount of staining for each component. Examples of immune cell interpretation
are illustrated at Figs. 36-40.

[0117] Immune Case 1 (Fig.36) contains alveolar macrophage staining associated with tumor
(black arrow) and alveolar macrophage staining not associated with tumor (hatched arrow)



DK/EP 3254110 T3

(10X). Only the immune cells associated with tumor are enumerated.

[0118] Immune Case 2 is illustrated at Fig. 37. At 4X, the staining pattern appears to be
predominantly tumor cell membrane staining; however examination at higher power (20X)
reveals the tumor is negative for PD-L1 with membranous (closed arrow head) and punctate
(hatched arrow) immune cell staining. Dendritic cell staining is also seen (open arrow head).

[0119] Immune Case 3 is illustrated at Fig. 38 and 39, which is a negative tumor case with
immune cell staining. At 4X (Fig. 38), the immune cells in the tumor area are better
appreciated in the PD-L1-stained image and comprise 40% of the tumor area with 80% of
immune cells staining (4X). Higher power (Fig. 39) confirms PD-L1 is highly expressed in the
immune cell component of the tumor (20X).

[0120] Immune Case 4 is illustrated at Fig. 40, which is a positive tumor case with immune cell
staining. In this view, 15% of the tumor area contains immune cells with 30% of immune cells
expressing PD-L1 (4X).

1lID(4). Challenging Cases

[0121] Cases are given a clinical status according to percentage of tumor cells with membrane
staining. Various staining patterns and morphologic features may make interpretation and
quantification of tumor membrane staining difficult. Some cases may be particularly challenging
due to the following issues:

= Weak Cytoplasmic Staining

[0122] Some specimens may exhibit weak tumor cell cytoplasmic staining of the tumor cells
that may be confused at low power with weak tumor cell membrane staining. For this reason
when evaluating VENTANA PD-L1 (SP263) assay stained slides, weak staining should be
confirmed with examination at higher powers to distinguish between tumor cell membranous
and cytoplasmic staining.

= Strong Immune Cell Staining Overlapping with Tumor Cell Staining

[0123] Some tumors may contain an extensive inflammatory component both surrounding the
tumor and infiltrating within the tumor. In instances when strong staining is seen for both tumor
and immune cells it can be challenging to differentiate and quantify the VENTANA PD-L1
(SP263) assay staining between the two cell populations. The presence of immune cells
infiltrating the tumor should be confirmed using the H&E slide. The pattern of PD-L1 staining is
utilized to help attribute expression to immune cells (punctate staining) and tumor cells (linear
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membrane staining).

= Obscuring Endogenous Material

[0124] Occasionally in NSCLC samples endogenous material, such as anthracotic pigment,
melanin pigment or hemosiderin, may obscure and interfere with interpretation of VENTANA
PD-L1 (SP263) assay staining of tumor and immune cells. Comparison of the negative isotype
control slide with the PD-L1 stained slide can aid in differentiating between biomarker staining
and endogenous material.

[0125] Some challenging cases are shown at Figs. 41-47.

Challenging Case 1 (Fig. 41) illustrates weak cytoplasmic (black arrow) and weak membrane
(closed arrow head) staining of the tumor. Staining of alveolar macrophages also seen
(hatched arrow). (20X).

Challenging Case 2 (Fig. 42) illustrates weak membrane staining (black arrows) at 20X
magnification.

Challenging Case 3 (Fig. 43) illustrates tumor with weak cytoplasmic and weak membrane
(black arrow) staining and only weak membrane staining (hatched arrow) at 20X magnification.

Challenging Case 4 (Fig. 44) illustrates a tumor with weak cytoplasmic and weak membrane
staining and immune cell staining (10X left, 20X right).

Challenging Case 5 (Fig. 45) illustrates membranous immune cell staining (black arrow) and
punctate immune cell staining (hatched arrow) intermixed with tumor cell membrane staining
(closed arrow head) (40X).

Challenging Case 6 (Fig. 46) illustrates tumor cell membrane (open arrow head) staining
intermixed with diffuse (hatched arrow) and punctate (closed arrow head) immune cells
staining (20X).

Challenging Case 7 (Fig. 47) illustrates an NSCLC case showing anthracosis (black arrow, top
left image) and foreign body giant cell reaction (black arrow, top right image) not associated
with case interpretation (top row, 20X). A different area of the case contains anthracotic
pigment (bottom, hatched arrow) overlapping with punctate immune cell staining (bottom,
closed arrow head) as well as tumor cell membrane staining (bottom, open arrow head) (20X).

IV. Clinical application

[0126] The above-described staining method and scoring algorithm was applied to a small
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training set from a Phase 1/2 study of MEDI4736 (NCT01693562). MEDI4736 is a human IgG1
mADb that blocks PD-L1 binding to PD-1 and CD-80 with high affinity and selectivity. Samples of
both NSCLC and SCCHN are considered test positive when the membrane of = 25% tumor
cells stain for PD-L1 at any intensity. Inter-reader precision in determining PD-L1 status
resulted in an overall percentage agreement of 97% and 92% for NSCLC and SCCHN,
respectively. For both NSCLC and SCCHN, PD-L1+ patients had a higher response rate than
PD-L1-patients.
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PATENTKRAV

I. Histokemisk fremgangsmade til klassificering af en tumor pa basis af PD-L1-
ekspression, hvilken fremgangsmade omfatter:

at bringe en vaevspreve fra tumoren i kontakt med et antistof, der er specifikt for human
PD-L1 eller et antigenbindende fragment deraf, pa en made, der afsatter en farve pa
tumorpreven i narheden af omrader af tumorpreven, til hvilke antistoffet binder sig, hvor
antistoffet omfatter en tungkade-CDR1 omfattende SEQ ID NO: 1, en tungkade-CDR2
omfattende SEQ ID NO: 2, en tungkaede-CDR3 omfattende SEQ ID NO: 3, en letkeede-CDR1
omfattende SEQ ID NO: 4, en letkede-CDR2 omfattende SEQ ID NO: 5, en letkeede-CDR3
omfattende SEQ ID NO: 6,

at kvantificere en procentdel af tumorceller, der har membranfarvning ved en hvilken
som helst intensitet over baggrundsintensiteten, og

at score tumoren for PD-L1-ekspression, hvor tumoren scores som PD-L1-positiv, hvis
procentdelen af tumorceller, der har membranfarvning ved en hvilken som helst intensitet over
baggrundsintensiteten, overstiger et forudbestemt skeringspunkt, der korrelerer med en
sandsynlighed for, at tumoren vil respondere pa et PD-1-aksebindende terapeutisk middel, og
hvor skaeringspunktet er 25 % eller mere af tumorceller, der har membranfarvning ved en
hvilken som helst intensitet over baggrundsintensiteten, og scoringen ikke indbefatter
kvantificering af anti-PD-L1-farvede immunceller.

2. Fremgangsmade ifelge krav 1, hvor antistoffet, der er specifikt for human PD-
L1, omfatter en tungkaede med en aminosyresekvens med variabelt domane omfattende SEQ
ID NO: 7.

3. Fremgangsmade ifelge krav 1, hvor antistoffet, der er specifikt for human PD-
L1, omfatter en letkeede med en aminosyresekvens med variabelt domane omfattende SEQ ID
NO: 8.

4. Fremgangsmade ifelge krav 1, hvor antistoffet, der er specifikt for human PD-
L1, omfatter:

en tungkaede med en aminosyresekvens med variabelt domane omfattende SEQ ID
NO: 7 og

en letkeede med en aminosyresekvens med variabelt domane omfattende SEQ ID NO:

5. Fremgangsmade ifolge et hvilket som helst af kravene 1-4, hvor farven afsattes

ved at bringe vaevsproven 1 kontakt med et andet antistof, der er 1 stand til at binde sig til det
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antistof, der er specifikt for human PD-L1, hvor det andet antistof omfatter en detekterbar
marker, der medierer afsatning af farven.

6. Fremgangsmade ifelge krav 5, hvor antistoffet, der er specifikt for human PD-
L1, er et monoklonalt kaninantistof, og det andet antistof er et anti-kanin-Ig.

7. Fremgangsmade ifelge krav 6, hvor den detekterbare marker omfatter et
affinitetsmarke, og hvor afsztning af farven endvidere omfatter at bringe preven i kontakt med
en bindende enhed, der er specifik for affinitetsmarket, hvilken bindende enhed omfatter et
enzym, der katalyserer afsetning af farven.

8. Fremgangsmade ifelge krav 7, hvor affinitetsmerket er en hapten, og den
bindende enhed er et tredje antistof, der er specifikt for haptenen.

0. Fremgangsmade ifolge krav 8, hvor farven er resultatet af en reaktion mellem
enzymet og et kromogen.

10. Fremgangsmade ifolge krav 9, hvor kromogenet er valgt fra gruppen bestaende
af  diaminobenzidin (DAB), 4-nitrophenylphosphat (pNPP), hurtig rod,
bromchlorindolylphosphat (BCIP), nitroblat tetrazolium (NBT), BCIP/NBT, AP-orange, AP-
bla, tetramethylbenzidin (TMB), 2,2'-azino-di-[3-ethylbenzothiazolinsulfonat] (ABTS), o-
dianisidin, 4-chlornaphthol (4-CN), nitrophenyl-B-D-galactopyranosid (ONPG), o-
phenylendiamin (OPD), 5-brom-4-chlor-3-indolyl-p-galactopyranosid (X-Gal),
methylumbelliferyl-B-D-galactopyranosid (MU-Gal), p-nitrophenyl-a-D-galactopyranosid
(PNP), 5-brom-4-chlor-3-indolyl-B-D-glucuronid (X-Gluc), 3-amino-9-ethylcarbazol (AEC),
fuchsin, iodonitrotetrazolium (INT), tetrazoliumbla og tetrazoliumviolet.

11.  Fremgangsmade ifelge krav 10, hvor kromogenet er DAB.

12.  Fremgangsmade ifolge et hvilket som helst af de foregdende krav, hvor
baggrundsintensiteten bestemmes ved farvning af en seriel sektion af vaevspreven fra tumoren
med et Ig-kontrolantistof.

13. Fremgangsmade ifelge krav 12, hvor tumorceller, der har membranfarvning,
identificeres ved sammenligning af vavspreven, der er bragt i kontakt med det anti-humane
PD-L1-antistof, med en seriel sektion af tumoren, der er farvet med hematoxylin og eosin
(H&E), og tilsvarende regioner 1 veevspreven, der er bragt i kontakt med det anti-humane PD-
L1-antistof, der indeholder farve over baggrundsintensiteten, med regioner, der barer de
morfologiske karakteristika 1 den H&E-farvede serielle sektion.

14.  Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor
tumoren er et ikke-lille celle-lungecarcinom (NSCLC) eller pladecellecarcinom i1 hovedet og

halsen (SCCHN).
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Fig. 6
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Fig. 16
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