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METHODS FOR REDUCING LIPOPROTEN(a) LEVELS BY ADMINISTERING AN INHIBITOR
OF PROPROTEIN CONVERTASE SUBTILIGIN KEXIN-9 {(PCSKS)

FIELD OF THE INVENTION

[opn1]  The present invention relates {o the field of therapeutic treatments of diseases and
disorders which are associated with elevated levels of lipoproteins. More specifically, the
invention relates to the adminisiration of PCEKS inhibitors 1o reduce the levels of serum Lp(a) in
a patient.

BACKGROUND
{op02]  Lipoprotein(a) (Lp{a)) is 8 low-density lipoprolein-iike particle formed by the association
of apolipoprotein{a) (Apo(a)} with apoplipoprotein B100 (ApoB100). The Apo{a) component is
covalently linked 1o the ApoB 100 component in the assembled Lp(a) panticle via a disulfide
bond. Elevated serum Lp(a) has been shown in severatl studies to comrrelate with a variety of
atherosclerctic and thrombotic disorders. (See, e.g., Marcovina and Koschinsky {1888}, Am. J.
Cardiol. §2:57U-68U; Ignatescu ef al (1998), Thromb. Haemast. 80:231-232; Lippt and Guidi
{2000}, Q. J. Med. 93:75-84; Bennet ef al. (2008), Arch. Intem. Med. 168:588-808; The
Emerging Risk Faciors Colisboration {2009), J Am. Med. Assoc. 302:412-423; and Lamon-
Fava ef g {2011). J. Lipid Res. 52:1181-1187). Thus, therapeutic reduction of serum Lp{a)
levels has been suggested as a means for treating or reducing the risk of cardiovascular
disorders. There are few available therapeutic options for fowering serum Lp{a) levels.
Examples of treatments thal have been tested andlor proposed for lowaring serum Lp{a)
include administration of acetyisalicylic acid, L-garnitine, niacin or anacetrapib, or LDL
apheresis. (See, .¢., Parhofer (2011}, Curr. Pharm Des 17.871-878). No currently available
ireatments, however, provide adequate and practical therapy for elevated Lp(a).
{0003] Proprotein convertase subtilisin/kexin type 9 (PCSKD) is a proproiein converiase
belonging to the proteinase K subfamily of the secretory subtilase family. The use of PCSK9
inhibitors (anti-PCSKS antibodies) to reduce serum total cholesterol, LDL cholesterol and serum
righycerides is described in US Patent Appl, Publ. No, 2010/0168788. Nonetheless, heratofore,
PCSKS inhibitors have not been shown to lowsr Lp(a) levels in patients. Thus, there remains a
nead in the art for therapeutic methods of lowering serum Lp{a) levels,

BRIEF SUMMARY OF THE INVENTION
{poos]  The present invention addresses the aforementioned need in the ant by providing
methods for fowering serum Lp{a) levels in an individual, The methods of the invention
comprise selecting a patient who exhibits elevated serum Lp(a), and administering a
pharmaceutical composition comprising a PCEKY inhibitor to the patient, The patient is
selected on the basis of having an elevated serum Lp(a) level that is indicative of enhanced risk
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for cardiovascular and/or thrombotic occlusive diseases and disorders. The patient may also be
selected on the basis of exhibiting additional risk factors for such diseases and disorders in
which a reduction in Lp(a)} levels would be beneficial or risk-lowering. For example, patients
with hypercholesterolemia (e.g., heFH, nonFH, etc ) may be good candidates for treatment with
the therapeutic methods of the present invention.

{0008] PCSKS inhibitors which may be administered in accordance with the methods of the
present invention include, e.g., anti-PCSKS antibodies or antigen-binding fragments thereof.
Specific exemplary anti-PCSKS antibodies which may be used in the practice of the methoads of
the present invention include any antibodies or antigen-binding fragments as sei forth in US
Fatent Appl. FPubl. No. 2010/0166768, and/or disclosed herein.

{0006] The PCSKS inhibitor may be administerad 10 a subject subsutaneously or
intravenously. Furthermore, the PCIK? inhibitor may be administered o a patientwhoison a
therapeutic statin regimen at the time of therapeutic intervantion.

[ooo7)  Other embodiments of the present invention wilt become apparent from a review of the
ensuing detalied description.

DETAILED DESCRIPTION
[ooos} Before the present invention is described, it is fo be understood that this invention is
not imited o particular methods and experimental conditions described, as such methods and
conditions may vary. it is also fo be understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is not intended 1o be limiting, since the
scope of the present invention wilt be limited only by the appended claims.
[o008)  Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ardinary skill in the ant to which this invention
belongs. As used herein, the term "aboul” when used in reference o a particular recited
numerical value, means that the value may vary from the recited value by no maore than 1%.
For example, as used harein, the expression "about 100" includes 89 and 101 and all values in
between {(e.g., 991, 982 993 994 eic).
[oo10]  Although any methods and materials similar or equivaient to those described herein
can be used in the practice of the present invention, the preferred methods and materials are
now described. All publications mentioned herein are incorporated herein by reference o

describe in their entirety.

Elevated Serum Lp(a) Levels

{oo11]  The present invention provides methods for reducing serum Lp(a) levels in a patient.
The methods of the invention comprise selecting a patient who exhibits elevated serum Lp(a),
and administering o the patient a pharmaceutical composition comprising a PCSKS inhibitor,

As used herain, the expressions "Lp(a)" of Ylipoprotein(a)" refer {o a low-density lipoprotein-like
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particle formed by the association of apolipoprotein{a) (apo(a}) with apolipoprotein B160 (apo
B100).

[e012] In the context of the present invention, "elevated serum Lp{a)" means a serum Lp{a}
jevel greater than about 14 mgfdl. In certain embodiments, a patient is considered to exhibit
elevated serum Lp(a) if the level of serum Lp(a} measured in the patient is greater than abowt
15 mg/dL, 20 mg/dL, 25 mg/dL, 30 mg/dl, 35 mg/dl, 40 mg/dL, 45 mg/dL, 50 mgidL, 60 mgidL,
70 mg/dl., 80 myg/dL, 90 mg/dl, 100 mg/dl, 120 mg/dl, 140 mg/di., 180 mg/dl., 180 my/dl., or
200 my/dl. The serum Lp(a) level can be measured in & patient post-prandial. In some
embodiments, the Lp{a) level is measured after a pericd of time of fasting {e.g., after fasting for
§ hrs, 8 hrs, 10 brs, 12 hrs or more). An exemplary method for measuring serum Lp@jin a
patient is by rate immune-naphelomelry, aithough any clinically acceptable diagnostic method

can be used in the context of the present invention.

Patient Population

{eo13] The methods of the present invention are usefid for reducing serum Lp{a} levels in
human subjects that exhibit an elevated feval of serum Lp{a). In some instances the patientis
otharwise healthy except for exhibiting slevated serum Lpfa). For example, the patient may not
exhibit any other risk factor of cardiovascular, thrombotic or other diseaseas or disorders at the
time of treatment. in other instances, however, the patient is selected on the basis of being
diagnosed with, or at risk of developing. a disease or disorder that is caused by or correlated
with elevated serum Lp{a). For example, at the fime of, or prior {0 administration of the
pharmaceutical composition of the present invention, the patient may be diagnosed with or
identified as being at risk of developing a cardiovascular disease or disorder, such as, e.g.,
coronary artery disease, acute myocardial infarction, asymptomatic carotid atherosclerosis,
stroke, peripheral artery occlusive disease, efe. The cardiovascular disease or disorder, in
some instances, is hypercholesterolemia. For gxample, a patient may be selected for treatment
with the methods of the present invention if the patient is diagnosed with or identified as being
at risk of developing a hypercholesterolemia condition such as, e.g., heterozygous Familial
Hypercholesteroternia (haFH), homozygous Famitial Hypercholesterolemia (hoFH), as well as
incidences of hypercholasterolemia that are distinet from Familial Hyperchotesterolemia
{nonFH).

{8014} In other instances, at the time of, or prior o adminisiration of the pharmaceutical
somposition of the present invention, the patient may be diagnosed with or identified as being at
risk of developing a thrombotic occlusive disease or disorder, such as, e.g., puimonary
embolism, central retinal vein occlusion, ete. In certain embodiments, the patlent is selected on
the basis of being diagnosed with or at risk of developing a combinalion of two or more of the
abovementioned diseasas or disorders. For example, al the time of, or prior to administration of
the pharmaceutical composition of the present invention, the patient may be diagnosed with or
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identified as being al risk of developing coronary antery disease and pulmonary embolismy.
Other diagnostic combinations {e.g., atherosclerosis and central retinal vein occlusion, hefFH
and stroke, elc.} are alse included in the definition of the patient populations that are treatable
by tha methods of the present invention.

{eo1s] In vetother instances, the patient who is {o be treated with the methods of the presant
invention is salected on the basis of one or more factors selected from the group consisting of
age {e.g., older than 40, 45, 50, 55, 60, 85, 70, 75, or B0 years), race, gender {male or female),
exsrcise habits {e.g., regular exerciser, non-exerciser}, other preexisting medical conditions
{e.g., type-il diabetes, high blood pressure, etc.), and current medication status {e.g., currently
taking statins [e.g..carivastatin, atorvastatin, simvasiatin, pitavastatin, rosuvastatin, fluvastatin,
lovastatin, pravastatin, etc ], beta blockars, niacin, etc.). The present invention aiso includes
methods for reducing serum Lp(a) levels in patients who are intolerant of, non-responsive 1o, or
inadequately responsive to conventional statin therapy. Potential patients can be
selected/screened on the basis of one or more of these factors {e.g., by questionnaire,

diagnostic evaluation, elc.} before being treated with the methods of the present invention.

{oo1e] The present invention also includes methods for increasing transintestinal cholesterol
excration (TICE) in a subject by administering a PCSK® inhibitor 10 the subject. For example,
the present invention provides methods for increasing TICE in a subject by administering to the
subject an anti-PCSK? antibody, £.g., the antibody referred to herein as "mAb316P". According
o certain embodiments, the present invantion includes methods comprising identifying a subject
for which enhanced TICE woukd be baneficial, or identfying a subjest that exhibits impaired
TICE, and administering a PCSKY inhibitor {e.¢., mAR316F) o the subject.

PCSKS inhibitors

{0017}  The methods of the prasent invention comprise administering 1o a patient a therapeutic
composition comprising a2 PCSKY inhibitor. As usad herain, a "PLSKS inhibitor" is any agent
which binds o or interacis with human PCSKS and inhibits the nomal biclogical function of
PLSKY in vitro or in vive. Non-limiting examples of categories of PUSKS inhibitors include small
molecule PCSKD antagonists, peplide-based PCSK? antagonists {e.g., “peptibody” molecules),
and antibodies or antigen-binding fragments of antibodias that specifically bind human PCSKS.
[6018] The term “human proprotein convertase subtilisin/kexin type 9" or "human PCSKY" or
"HPCSKY", as used herein, refers o PCSKS having the nucleic acid sequence shown in SEQ D
NQ:754 and the amino acid sequence of SEQ ID NO:755, or a biclogically actlive fragment
thereof.

[0019] The term "antibody”, as used herein, is infended to refer fo immunoglobulin molecules
comprising four polypeptide chains, two heavy {H} chains and two light (L) chains inter-
connacted by disulfide bonds, as wall as multimers thereof (e.g., IgM). Each heavy chain
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comprises a heavy chain variable region {abbreviated hergin as HCVR or V) and a heavy chain
constant region. The heavy chain constant region comprises three domains, Cul, 82 and Ci3.
Each fight chain comprises a light chain variable region (abbreviated herein as LCVR or V) and
a light chain constant region. The light chain constant region comprises one domain (C,1). The
¥V and ¥V, regions can be further subdivided into regions of hypervariability, termed
complementarily determining regions {CDRs}, interspersed with regions that are more
conserved, termed framawork regions (FR). Each Vy and V) is composed of three CDRs and
four FRs, arranged from amino-terminus to carboxy-terminus in the following order, FR1, CDR1,
FR2, CDR2, FR3, CDR3, FR4. In different embodiments of the invention, the FRs of the anti-
PCSKR antibady {or antigen-binding portion thereof) may be identical to the human germling
sequences, or may be naturally or artificially modified. An aming acid consensus sequence may
be defined basad on a side-by-side analysis of two or more CORs.

foo20]  The term "antibody.” as used herein, also includes antigen-binding fragments of full
antibody molecules. The terms “antigen-binding portion” of an antibody, "antigen-binding
fragment” of an antibody, and the ke, as used herein, include any naturally occurring,
enzymatically obtainable, synthetic, or genetically engineered polypeptide or giycoprotein that
specifically binds an antigen to form a complex. Antigen-binding fragments of an antibody may
be derived, e.g., from full antibody molecules using any suitable standard technigues such as
proteolyiic digestion or recombinant genetic engineering techniques involving the maniputation
and expression of DNA encoding antibody variable and optionally constant domains. Such
DNA is known andior is readily available from, e.¢., commercial sources, DNA fibraries
{including, e.g., phage-antibody libraries), or can be synthesizad. The DNA may be sequenced
and manipulated chemically or by using molecular biclogy {echniques, for example, to arange
one or more variable andior constant domains into a suitable configuration, or to introduce
codons, create cysteine residues, modify, add or delete aming acids, efc.

[o21] Nondlimiting examples of antigen-binding fragments include: (i} Fab fragments; (il
F{aR"2 fragments; (iil} Fd fragmenis; {iv} Fv fragments; {v) single-chain Fv (scFv) molecules;
{vi} dAb fragments; and {vi} minimal recognition units consisting of the amino acid residues that
mimic the hypervariable region of an antibody (g.¢., an isolated complementarity determining
region {CDR) such as a CDOR3 peptide), or a constrained FR3-CDR3-FR4 paptide. Other
engineerad molecules, such as domain-specific antibodies, single domain antibodies, domain-
deleted antibodies, chimeric antibodies, CDR-grafted antibodies, diabodies, triabodies,
tetrabodies, minibodies, nanobodies {g2.g monovalent nanobodies, bivalent nanobodias, eic.),
small modutar immunopharmaceuticals (SMIPs), and shark variable IgNAR domains, are also
encompassed within the expression "antigen-binding fragment.” as used herein.

{0022} An antigen-binding fragment of an antibody will typically comprise at least one variable
domain. The variabie domain may be of any size or amino acid composition and will generally
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comprise at least one COR which is adjacent {o or in frame with one or more framework
sequences. In antigen-binding fragmants having a Vy, domain associated with a vV, domain, the
Vi and V domains may be situated relative to one another inn any suitable arrangement. For
example, the variable region may be dimeric and contain V-V, ViV, or V.2V, dimers
Alternatively, the antigen-binding fragment of an antibody may contain a monomeric Vi, or vy,
domain.

{0023} In certain embodiments, an antigen-binding fragment of an antibody may contain at
least one variable domain covalently linked to at least one constant domain. Non-limiting,
exemplary configurations of variable and constant domains that may be found within an antigen-
binding fragment of an antibody of the present invention include: (i) Vi Gyt (i) Ve Cu2; (i) Ve
Co3: {iv) VierCu 1-Cu2; (V) Vir G 1-Ca2-Ca3; (v Vi Cu2-Cu3; (i) Vir Gy (i) Vi-Cud i) V-Cls
{x} Vi-Cii31 (o) V-G 1-C2) (i) V-G 1-Cr2-C3; (i) Vi-Cu2-Cul; and (xiv) V-Cy. In any
configuration of variable and constant domains, including any of the exemplary configurations
listed above, the variable and consiant domains may be either divectly linked to one another or
may be linked by a full or partial hinge or linker region. A hinge region may consist of at least 2
{e.g.. 5, 10, 15, 20, 40, 80 or more) amino acids which result in a flexible or semi-flexible linkage
between adjacent variable andfor constant domains in & single polypeplide molecule.
Moreover, an antigen-binding fragment of an antibody of the present invention may comprise a
homo-dimer or hetero-dimer {or other muitimer) of any of the variable and constant domain
configurations listed above in non-covalent association with one another and/or with one or
more monomeric Vi, or Vi domain {e.g.. by disulfide bond{s}).

[op24]  As with full antibody molecules, antigen-binding fragmenis may be monaspecific or
multispecific {e.g., bispecific). A multispecific antigen-binding fragment of an antibody wilt
typically comprise at least two different variable domains, wherein each variable domain is
capable of specifically binding 10 a separate antigen or to a diferent eplitope on the same
antigen. Any multispecific antibody format, including the exemplary bispecific antibody formats
disclosed herein, may be adapied for use in the context of an antigen-binding fragment of an
antibody of the present invention using routine techniques available in the art.

{o025] The constant region of an antibody is important in the abiity of an antibody to X
complemant and mediate cell-dependent cylotaxicity. Thus, the isotype of an antibody may be
selected on the basis of whether it is desirable for the antibody o mediate cylotoxicity.

fooze] The ferm "human antibody”, as used herein, is intended o include antibodias having
variable and constant regions derivad from human germiine immunoglobulin sequences. The
human antibodies of the invention may nonetheless include amino acid residues not encoded
by human germiine immunoglobulin sequences {e.g., muiations introduced by random or site-
specific mulagenesis in vitro or by somatic mutation in wivo), for example in the CDRs and in
particular CDR3. However, the term "human antibody”, as used herein, is notl intended to
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include antibodies in which CDR seguences derived from the germifing of another mammalian

species, such as a mouse, have been grafied onto human framework sequeances.

{00271 The term "recombinant human antibody”, as usad herein, is intended o include all
human antibodies that are preparad, expressed, craated or isolated by recombinant means,
such as antibodies expressed using a recombinant expression vector transfected into a host call
{described further below), antibodies isolated from a recombinant, combinatorial human
antibody library (described further below), antibodies isolated from an animal {e.g., @ mouse)
that is fransgenic for hiuman immunoglobulin genes {see e.g., Taylor at al. {1992) Nucl. Acids
Res. 20:6287-86295) or antibodies prepared, expressed, created or isolated by any other means
that involves splicing of human immunogiobulin gene sequences 1o other DNA saequences.
Such recombinant human antibodies have variable and constant ragions derived from human
germiing immunoglobulin seguences. In certain embodiments, however, such recombinant
human antibodies are subjectad to in vitro mutagenesis {or, when an animal ransgenic for
human lg seguences is used, in vive somatic mutagenesis) and thus the amino acid sequences
of the Vy and V, regions of the recombinant antibodies are sequences that, while derived from
and related to human germiine V,; and V, sequences, may not naturally exist within the human
antibody germiine repenioire in vivo.

{po28] Human antibodies can exist in two forms that are associated with hinge hetercgeneity.
In one form, an immunoglobulin motecule comprises a stable four chain construct of
approximately 150-160 kDa in which the dimers are held together by an interchain heavy chain
disulfide bond. In a second form, the dimers are not linked via inter-chain disulfide bonds and a
molecule of about 75-80 kDa is formed composed of a covalently coupled light and heavy chain
{half-antibody}. These forms have been exiremely difficult to separate, even after affinity
purification.

[a029] The frequency of appearance of the second form in various intact IgG isolypes is due
to, but not limited to, structural differences associated with the hinge region isotype of the
antibody. A single aming acid substitution in the hinge region of the human IgG4 hinge can
significantly reduce the appearance of the second form (Angal &1 al. (1993} Molecudar
immunciogy 30:1086) {0 ievels typically cbserved using g human igG1 hinge. The instant
invention encompasses antibodies having one of more mutations in the hinge, Cu2 or 813
region which may be desirable, for sxample, in production, to improve the vield of the desired
antibody form.

{0030] An "isolated antibody " as used herein, means an antibody that has been identified and
separated andfor recoverad from atl least one component of its natural environment. For
exampile, an antibody that has been separated or removed from al least one component of an
organism, or from a fissue or cell in which the antibody naturally exists or is naturally produced,
is an "isolated antibody” for purposes of the present invention. An isolated antibody also
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includes an aniibody i site within a recombinant cell. isolated anlibodies are antibodies that
have beean subjected to at feast one purification or isolation siep. According to certain
embodiments, an isolated antibody may be substantially free of other celiular material and/or
chemicals.

{0031] The term "specifically binds,” or the ke, means that an antibody or antigan-binding
fragment thereof forms a complex with an antigan that s relatively stable under physioclogic
conditions. Methods for determining whether an antibody specifically binds to an antigen are
well known in the art and include, for example, equilibrium dialysis, surface plasmon resonanca,
and the fike. For example, an anlibody that "specifically binds" PCSKE, as used in the context
of the present invention, includes antibodias that bind PCSKS or portion thereof with a K, of less
than about 1000 nM, less than about 500 ni, less than about 300 nM, less than about 200 alM,
tess than about 100 nM, less than about 90 nld, less than about 80 nM, less than about 70 nM,
less than about 80 oM, less than about 56 nM, fess than about 40 nM, 1833 than about 30 ni,
fess than about 20 nM, less than about 10 nM, less than about 5 nM, less than about 4 nM, less
than about 3 nM, less than about 2 nM, less than about 1 nM or less than about 0.5 nM, as
measured in a surface plasmon resonance assay. An isolated antibody that specifically binds
human PCSKS, however, have cross-reactivity to other antigens, such as PCSKS molecules
from other {non-human) species.

[0032] The anti-PCSKS antibodies useful for the methods of the present invention may
comgrise one or more aming acid substifutions, insertions andfor deletions in the framework
andfor COR regions of the heavy and light chain variable domains as compared to the
corresponding germiine sequences from which the antibodies ware derived. Such mutations
can be readily asceriained by comparing the amine acid sequences disclosed herein fo
germiine sequences available from, for exampile, public antibody sequence databases. The
present invention includes methods involving the use of antibodies, and antigen-binding
fragments thereof, which are derived from any of the amino acid sequences disclosad herein,
wherain one or more amino acids within one or more framework and/or COR regions are
mutated to the corresponding residue(s) of the germline sequence from which the antibody was
derived, or to the corvesponding residue(s) of another human germiine sequence, orto a
conservalive amino acid substitution of the corresponding germiine residus(s) (such sequence
changes are referred to herein collectively as "germiine mutations"). A person of ordinary skill in
the art, starting with the heavy and light chain variable region sequences disclosed herein, can
easily produce numerous antibedies and antigen-binding fragments which comprise one or
more individual germiine mutations or combinations thereof. In certain embodiments, aff of the
framework and/or COR residues within the Vand/or V. domains are mutated back to the
residues found in the original germiine sequence from which the antibody was derived. in other
erbodiments, only certain residues are mutated back 1o the original germiine sequence, .g.,
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only the mutated residues found within the first 8 amino acids of FR1 or within the iast 8 amino
acids of FR4, or only the muiated residues found within CDR1, CDR2 or CODRS. in other
embodiments, one or more of the framework andfor COR residue(s) are mutated fo the
cofresponding residue(s) of a different germiine sequence (i ., a germiine sequence that is
different from the germtdine sequence from which the antibody was originally derived).
Furthermore, the antibodies of the present invention may contain any combination of two or
more germiine mutations within the framawork and/or CDR regions, &.g., wherein ceriain
individuat residugs are mutated to the corresponding residue of a particudar germiing sequence
while certain other residues that differ from the original germiine sequence are maintained or
are mutated 10 the corresponding residue of a different germiine sequence. Once obiained,
antibodies and antigen-binding fragments that contain one or more germiine mutations can be
easily tasted for one or more desired property such as, improved hinding specificity, increased
binding affinity, improved or enhanced antagonistic or agonistic biological properiies (as the
case may be), reduced immunogenicity, etc. The use of antibodies and antigen-binding
fragments obtained i this general manner are encompassed within the present invention.
{8033] The present invention also includes methods involving the use of anti-PCSKYS
antibodies comprising vanants of any of the HCVR, LCVR, andfor CEBR amino acid sequences
disclosed herein having one or more conservative substitutions. For example, the present
invention includes the use of anti-PCBKS antibodiss having HCVR, LCVR, and/or COR amino
acid sequences with, e.¢., 12 of fawer, & or fewer, 6 of fewer, 4 or fewer, efC. conservalive
amino acid substitutions relative 1o any of the HCVR, LCVR, and/or CDR amino acid sequences
disclosed herain,

{o034] The term "surface plasmon resonance”, as used herein, refers to an optical
phenomanon that aliows for the analysis of real-time interactions by detlection of alterations in
protein concenfrations within a biosensor matrix, for example using the BlAcore™ system
{Biacore Life Sciences division of GE Healthcare, Piscataway, NJ}.

[0035] The term "Kq ", as usad herein, is intended 1o refer 1o the equilibrium dissociation
constant of @ particular antibody-antigen interaction.

{6036] The term "epitope” refers io an antigenic determinant that interacts with a specific
antigen binding site in the variable region of an antibody molecule known as a paratope. A
single antigen may have more than one apitops,. Thus, different antibodies may bind to differant
areas on an antigen and may have different biological effects. Epitopes may be aither
conformational or linear. A conformationat epitops is praoduced by spatially juxiaposed amino
acids from different segments of the linear polypeptide chain. A linaar apitope is one produced
by adjacent aming acid residues in a polypeptide chain. In certain circumstance, an epitope
may include moieties of saccharides, phosphoryt groups, or sulfony! groups on the antigen.
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Preparation of Human Antibodies

{00371  Methods for generating human antibodies in transgenic mice are known it the art. Any
such known methods can be used in the context of the present invention 10 make human
antibodies that specifically bind to human PCSKS.

{eo3g]  Using VELOCIMMUNE™ technology (see, for exampie, US 6 538 541, Regeneron
Pharmaceuticals) or any othar known methoed for generating monocional antibodies, high affinity
chimeric antibodies to PCEKY are initially isolated having & human variable region and a mouse
constant region. The VELOCIMMUNE® technology involves generation of 3 transgenic mouse
having a genome comprising human heavy and light chain variable regions operably linked fo
endogenous mouse constant region loct such that the mouse produces an antibody comprising
a human variable region and a mouse constant ragion in response o antigenic stimulaion. The
DNA encoding the variable regions of the heavy and light chains of the antibody are isolated
and operably linked to DNA encoding the human heavy and light chain constant regions. The
ENA is then expressed in & cell capable of expressing the fully human antibody.

{0039}  Generally, 2 VELOCIMMUNE® mouse is challenged with the antigen of interest, and
lyrnphatic cells (such as B-cells) are recovered from the mice that express antibodies. The
tymphatic cells may be fused with a2 myeloma cell ling to prepare immontal hybridoma cell ines,
and such hybridoma cell lines are screened and selected fo identify hybridoma celf lines that
produce antibodies specific to the antigen of interest. DNA encoding the variable regions of the
heavy chain and fight chain may be isolated and linkad 1o desirable isotypic constant regions of
the heavy chain and Hght chain. Such an antibody protein may be produced in a cell, sugch as a
CHO cell. Allernatively, DNA encoding the antigen-specific chimeric antibodias or the variable
domains of the light and heavy chains may be isolated directly from antigen-specific
ymphocytes.

{op40]  Initially, high affinity chimeric antibodies are isolated having a human variable region
and a mouse constant region. The antibodies are characterized and selected for desirable
characteristics, including affinity, selectivity, epitope, elc, using standard procedures known fo
those skilled in the arl. The mouse constant regions are replaced with a desired human
constant region o generaie the fully human antibody of the invention, for example wild-type or
madified 1gG1 or 1gG4. While the constant region selected may vary according 1o specific use,
high affinity antigen-binding and target specificity characteristics reside in the variable region.
{oo41} In general, the antibodies that can be used in the methods of the present invention
possess high affinities, as describiad above, when measured by binding to antigen either
immobilized on sofid phase or in solution phase. The mouse constant regions are replaced with
desirad human constant regions to generate the fully human antibodies of the invention. While
the constant region selected may vary according fo specific use, high affinity antigen-binding
and target specificity characleristics reside in the variable region.
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{aba2]  Speciic examples of human antibodies or antigen-binding fragrents of antibodies that
specifically bind PCSKS which can be used in the context of the methods of the present
fvention include any antibody or antigen-binding fragment which comprises the three heavy
chain CDRs (HCDR1, HCDRZ and HCDR3) contained within a heavy chain vanable region
{HCVR) having an amino acid sequence selected from the group consisting of SEQ 1D NOs: 2,
18, 22, 26, 42, 46, 60, 86, 70, 74, 80, 94, 98, 114, 118, 122, 138, 142, 148, 162, 1686, 170, 186,
190, 194, 210, 214, 218, 234, 238, 242, 258, 262, 266, 282, 286, 280, 306, 310, 314, 330, 334,
338, 354, 388, 362, 378, 382, 386, 402, 4006, 410, 426, 430, 434, 450, 454, 458, 474, 478, 482,
498, 502, 508, 522, 526, 530, 548, 550, 554, 570, 574, 578, 594, 588, 602, 618, 622, 626, 642,
646, B50, 666, 670, 874, 690, 884, 698, 714, 718, 722, 738 and 742, or a substantially similar
sequence thereof having at least 0%, at least 95%, at least 88% or at least 89% sequence
identity. The antibody or antigen-binding fragment may comprise the three light chain CDRs
{LCVR1, LCVR2, LOVRAS) contained within a light chain variable region (LCVR) having an
amino acid sequence selected from the group consisting of SEQ 1D NOs: 10, 20, 24, 34, 44, 48,
§8, 88, 72, 82, 92, 96, 106, 118, 120, 130, 140, 144, 154, 164, 168, 178, 188, 192, 202, 212,
216, 228, 236, 240, 250, 260, 264, 274, 284, 288, 288, 308, 312, 322. 332, 330, 348, 356, 380,
370, 380, 384, 304, 404, 408, 418, 428, 432, 442, 452, 456, 488, 478, 480, 480, 500, 504, 514,
524, 528, 538, 548, 552, 562, 572, 576, 588, 596, 600, 610, 620, 624, 634, 644, 648, 658, 668,
872, 832, 692, 888, 708, T18, 720, 730, 740 and 744, or a substantially similar sequence
thereof having al least 90%, at least 95%, at teast 38% or at least 99% sequence identity.
[0043]  In certain embodiments of the present invention, the antibody or antigen-binding
fragment thereof comprises the six CDORs (HCDR1, HCDRZ, HCDR3, LCDR 1, LCDRZ and
LCDR3) from the heavy and light chain variable region amino acid sequence pairs
{HCVRILCVR) selected from the group consisting of SEQ 1D NOs: 2/10, 18/20, 22/24, 26/34,
42144, 46/48, SO/58, 86/68, 70/72, 74/82, 90/92, 94/96, 98/106, 114/116, 118120, 122/130,
1387140, 142/144, 146/154, 182/164, 166/168, 170/178, 186/188, 180/192, 184/202, 210/212,
2147218, 218/228, 2341238, 238/240, 2421250, 258/260, 262/264, 256/274, 282/284, 288/288,
290/298. 306/308, 310312, 314/322, 330/332, 334/336, 338/3486, 354/356, 358/360, 362/370,
378/380, 382/384, 386/394, 402/404, 406/408, 410/418, 426/428, 430/432, 434/442, 450/452,
4547456, 4581466, 474/476, 478/480, 482/490, 498/500, 502/504, 506/514, 522/524, 526/528,
530/538, 546/548, 550/552, 554/562, 570/572, 574/576, 578/586, 534/596, 588/600, 602/610,
B618/820, 622/8624, G26/634, 842/644, £46/648, 650/658, 6566/8668, 670/672, 674/682, 6380/682,
894/6908, 698/706, 714/716, 718/720, 722/730, 738/740 and 742/744.

[0044] In centain embodiments of the present invention, the anti-PCSKS antibody, or antigen-
binding fragment thereof, that can be used in the methods of the present invention has
HCDR1/HCDRZMCDODRILCDR 1/LCOR2/LCDR3 amino acid sequences selecied from SEQ D
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NQs: 76/78/80/84/86/88 (mALI16FY and 220/222/224/228/230/232 {(mAL30ON) (See US Patent
App. Publ No. 2010/0166768).

[g045} In cerain embodiments of the present invention, the antibody or antigen-binding
fragment thereof comprises HOCVR/LCVR amine acid sequence pairs selected from the group
consisting of SEQ 1D NQOs: 2/10, 18/20, 22/124, 26/34, 42/44, 46/48, 50/88, 68/68, 7O/72, 74/82,
80/92, 84/96, 88/106, 114/116, 118/120, 122/13Q, 1387140, 142/144, 146/154, 162/184,
166/168, 170/178, 186/188, 190/192, 194/202, 210/212, 2144218, 218/220, 234/236, 238/240,
2421280, 2581260, 262/264, 2B6/274, 282/284, 286/288, 200/208, 306/308, 310/312, 314/322,
J30/332, 3341336, 338/346, 354/356, 358/360, 362370, 378/380, 382/384, 386/394, 402/404,
406/408, 4107418, 426/428, 430/432, 434/442, 4501452, 454/456, 458/4686, 474/476, 478/4810,
482/490, 498/600, 502/504, 506/514, 522/524, 52671528, 530538, 546/548, 550/5652, 554/562,
S70/8672, 574/676, 575/686, 594/506, £598/600, 802/610, 618/620, 622/624, 626/634, 642/644,
546/848, 650/658, 666/668, 670/672, 6T74/682, 6O0/692, 624/696, 888/7086, T14/716, T18/720,
7227730, 738740 and 742/744.

Pharmaceutical Compositions and Methods of Administration

{poas]  The present invention includes methods which comprise administering a PCSKS
inhibitor to a patient, wherein the PCSKS inhibitor is conlained within a pharmaceutical
composition.  The pharmaceutical compositions of the invention are formulated with suitable
carriers, excipients, and other agents that provide suitable transfer, delivery, tolerance, and the
fike. A multilude of appropriate formulations can be found in the formulary known 1o all
pharmaceutical chemists: Remington's Pharmaceutical Sciences, Mack Pubilishing Company,
Easton, PA. These formulations include, for example, powders, pastes, ointments, jellies,
waxas, oils, lipids, lipid {cationic or anionic) containing vesicles (such as LIPCFECTIN™Y), DNA
conjugates, anhydrous absorption pastes, oli-in-water and water-in-oil emulsions, emulsions
carbowax {polyethylene glycols of various molecular weights), semi-solid gels, and semi-solid
mixiures containing carbowax. See also Powelt et al. "Compendium of excipients for parenteral
formuslations” PDA (1988) J Pharm Sci Technol 52:238-311.

{opa7]  Various delivery systems are known and can be used to administer the pharmaceutical
compuosition of the invention, &.¢., encapsulation in lippsomas, microparticles, microcapsules,
recombinant cells capable of expressing the mulant viruses, receptor mediated endooyiosis
{see, .g., Wu et al, 1987, 4. Biol. Chem. 282:4429-4432). Methods of administration include,
but are not limited 1o, intradermal, intramuscular, intraperitonsal, intravenous, subcutaneous,
intranasal, epidural, and oral routes. The composition may be administered by any convenient
route, for exampie by infusion or bolus injection, by absorption through epithelial or
mucocuianeous linings {e.g., oral mucosa, rectal and intestinal mucosa, efc.) and may be

administered together with other hiolegically active agents.

{op48] A pharmaceutical composition of the present invention can be delivered
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subcutaneously or intravencusly with a standard needle and syringe. In addition, with respect
to subcutaneous delivery, a pen delivary device readily has applications in delivering a
pharmaceutical composition of the present invention. Such a pen delivery device can be
reusable or disposable. A rsusable pen delivery device generally utilizes a replaceable
cartridge that contains a pharmaceutical composition. Once all of the pharmaceutical
composition within the carlridge has been administered and the carridge is empty, the emply
cartridge can readily be discarded and replaced with a new cartridge that contains the
pharmaceutical composition, The pen delivery davice can then be reused. in a disposable pen
delivery device, there is no replaceable cartridgs. Rather, the disposable pen delivery device
comes prefilled with the pharmaceutical composition held in a reservoir within the device. Once
the reservoir is emptied of the pharmaceutical compaosition, the entire device is discarded.
{0049] Numerous reusable pen and autoinjector delivery devices have applications in the
subcutaneous delivery of a pharmaceutical composition of the present invention. Examples
include, but are not limited to AUTOPEN™ {Qwen Mumford, inc., Woodstock, UK),
DISETRONIC™ pen (Disstronic Medical Systems, Bergdor!, Switzerland), HUMALOG MiX
75/258™ pen, HUMALOG™ pan, HUMALIN 70/30™ pen (Eli Lilly and Co., indianapolig, IN},
NOVOREN™ {, Il and it (Novo Nordisk, Copenhagen, Denmark), NOVOPEN JUNIOR™ {(Novo
Nordisk, Copenhagen, Denmark}, BD™ pen (Becton Dickinson, Franklin Lakes, NJ3,
OPTIPEN™ GPTHPEN PRO™ OPTHPEN STARLET™ and OPTICLIK™ (sanofi-aventis,
Frankfurt, Germany), 1o name only a few. Examples of disposable pen delivery devices having
applications in subcutansous delivery of a phanmaceutical composition of the present invention
include, but are not limited {o the SOLOSTAR™ pen (sanofi-aventis), the FLEXPEN™ (Novo
Nordisk), and the KWIKPEN™ (EH Lilly), the SURECLICK™ Auteinjector (Amgen, Thousand
Qaks, CA), the PENLET™ (Haselmeier, Stuttgart, Germany), the EPIPEN (Dey, L.P.), and the
HUMIRA™ Pen (Abbott Labs, Abboft Park iL), to name only a few.

[eo50] In ceddain situations, the pharmaceutical composition can be delivered in a controlied
release system. In one embodiment, a pump may be used (see Langer, supra; Sefton, 1887,
CRC Crit. Ref. Biomed. Eng. 14:201}. In another embodiment, polymeric materials can be
used; see, Medical Applications of Controlled Release, Langer and Wise (eds.}, 1874, CRC
Pres., Boca Raton, Florida. In yet another embodiment, & controlied release system can be
placed in proximity of the composition’s target, thus requiring only a fraction of the systemic
dose {see, e.g., Goodson, 1884, in Medical Applications of Controlled Release, supra, vol, 2,
pp. 1151383 Other controlled release systems are discussed in the review by Langer, 1930,
Science 248:1527-1833.

{0051} The injectable preparations may include dosage forms for intravenous, subcutaneous,
infracutaneous and inframuscular injections, drp infusions, etc. Thess injectable preparations
may be prepared by known methods. For example, the injeciable preparations may be
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prepared, e.g., by dissolving, suspending or emulsifying the antibody or its salt describead above
in a sterile aguecus madivm or an oify medium conventionally used for injections. As the
agueous medium for injections, there are, for example, physiological saline, an isotonic sclution
containing glucose and other awxdliary agents, efc., which may be used in combination with an
appropriate solubilizing agent such as an alcohol (e.g., ethanol}, a polyalcohol {e.q., propylene
giycol, poiyethylena glycol}, a nonionic surfactant fe.g., polysorbate 80, HCO-50
{polyoxyethylens (B0 mol) adduct of hydrogenated castor oil}], efc. As the oily medium, there
are emploved, e.g., sesame oll, soybean off, etc., which may be used in combination with a
solubilizing agent such as benzyl benzoate, benzyl aleohol, ete. The injection thus prepared is
preferably filled in an appropriate ampoule.

{o052] Advantageously, the pharmaceutical compositions for oral or parenteral use described
above are prepared into dosage forms in 2 unit dose suited to it 2 dose of the active
ingredients. Such dosage forms in a unit dose include, for example, tablets, pills, capsules,
injections (ampoules), suppositories, efc.

Dosage

{D053]  The amount of FCSKY inhibitor (& .g., anti-PCSKS antibody) administered to a subject
according to the methods of the present invention is, generally, s therapeutically effective
amount. As used herein, the phrase "therapeutically effective amount” means a dose of PCSKS
nhibitor that resulis in a detectable reduction in serum Lp{a). For example, "therapeutically
effective amount” of a PCSKY inhibitor includes, e.g., an amount of PCSKS inhibitor that causes
a reduction of at least 2%, 8%, 10%, 15%, 20%, 25%, 30%, 40%, 50% or more in Lp{a) levels
when administered to @ human patient, 2.g., as fllustrated in Example 2, herein. Alternatively,
animal models can be used to establish whether a particular amount of a candidate PCSKS
inhibitor is a therapeutically effective amount,

[0054) Inthe case of an anti-PCSKS antibody, a therapeutically effective amount can he from
about 0.05 mg 1o about 608 myg, &.g., about 0.05 mg, about 8.1 mg, about 1.0 mg, about 1.5
mg, abnit 2.0 mg, about 10 myg, about 20 myg, about 30 mg, about 40 mg, about 50 myg, about
680 mg, about 70 myg, about B0 mg, about 80 mg, about 100 myg, about 110 mg, about 120 myg,
about 130 mg, about 140 mg, about 150 mg, about 180 myg, about 170 myg, about 180 mg,
about 190 mg. about 200 mg, about 210 mg, about 220 myg, about 230 mg. about 240 mg,
about 260 mg, about 260 mg, about 270 mg, about 280 myg, about 280 mg, about 300 mg,
about 310 mg, about 320 mg, about 330 mg, about 340 my, about 350 mg, about 360 my,
about 370 mg, about 380 mg, about 390 mg, about 400 mg, about 410 mg, about 420 mg,
about 430 mg, about 440 mg, about 450 mg, about 460 mg, about 470 mg, about 480 mg,
about 480 mg, about 560 mg, about 510 mg, about 520 mg, abouf 530 mg, aboui 540 mag,
about 550 mg, about 580 mg, about 570 mg, sbout 580 mg. about 580 mg. or about 800 mg, of
the ant-PCSKS antibody.
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{opss]  The amount of anti-PCEBKE antibody contained within the individual doses may be
expressad in terms of milligrams of antibody per kilogram of patient body weight {{ e., mgfkg).
For example, the anti-PCBKY antibody may be administered to a patient at a dose of about
6.0001 to about 10 myikg of patient body weight.

Combination Therapies

[80s6] The methods of the present invention, according to certain embodiments, may
comprise administering a pharrmaceutical compuosition comprising an anii-POSKS antibody 1o a
patient who is on a therapeutic regimen for the treatment of hypercholesterolemia at the time of,
or just prior to, administration of the phamaceutical composition of the invention. For example,
a patient who has praviously been diagnosed with hypercholesterofemia may have been
prescribed and is {aking a stable therapeutic regimen of ancther drug prior to andfor concurrent
with administration of a pharmaceuticat composition comprising an anti-PCSKY andibody. The
prior or concurrent therapautic regimen may comprise, e.g., {1} an agent which induces a
celiular depletion of cholasterol synthesis by inhibiting 3-hydroxy-3-methyigiutaryt (HMG)-
cosnzyme A (CoA) reductase, such as a statin {e.g., carivastatlin, atorvastatin, simvastatin,
pitavastatin, rosuvastatin, fluvastatin, fovastatin, pravasiatin, eic.); (2) an agent which inhikits
cholesterol uptake and or bile acid re-absorption; {3) an agent which increase lipoprotein
catabotism {such as niacin), and/or (4} activators of the LXR transcription factor that plays a role
in cholesterol elimination such as 22-hydroxycholesterol. n certain embodimeants, the patient,
prior {o or concurent with administration of an anti-PCSKS antibody is ot a fixed combination of
therapautic agenis such as ezetimibe plus simvastatin, a statin with a bile resin {e.qg.,
cholestyramine, colestipol, colesevelam); niacin plus a statin {(e.g., niacin with lovastatin), or with

other lipid lowering agents such as omega-3-fally acid aethyl esters (for example, omacor).

Administration Regimens

{0057] According 1o certain embodiments of the present invention, multiple doses of 2 PCSKS
inhibitor may be administered fo a subject over a defined time course. The methods according
{o this aspect of the invention comprise sequentially administering to a subject multiple doses of
a PCSKS inhibitor.  As used herein, “sequentially administering” means that each dose of
PCSK2 inhibitor is administered to the subject at a different point in time, e.g., on different days
separated by a predetermined interval (¢.¢., hours, days, weeks or months). The present
invention includes methads which comprise sequentially administering o the patient a single
initial dose of a PCSKS inhibitor, followed by one or more secondary doses of the PCEKS
inhibitor, and optionally followed by one or more tertiary doses of the PCSKY inhibitor.

{oos8]  The terms "initial dose,” "secondary dosss,” and “tertiary doses,” refer {o the temporal
sequence of administration of the PCSK9 inhibitor. Thus, the "initial dose” is the dose which is
administered at the beginning of the reatment regimen (aiso referred to as the "baseline dose’);
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the “secondary doses” are the doses which are administered after the initial dose; and the
“tertiary doses” are the doses which are administerad afler the secondary doses. The inilial,
secondary, and lertiary doses may all contain the same amount of PCSKS inhibifor, but will
generally differ from one another in terms of frequency of adminisiration. in cerfain
embodiments, however, the amount of PCSKS inhibitor contained in the initisl, secondary
andior tertiary doses will vary from one another (2.4.. adjusied up or down as appropriate)
during the course of freatment.

foosel  in one exemplary embodiment of the present invention, each secondary andfor tertiary
dose is administerad 110 30{e.g., 1,2, 3. 4. 5,6, 7,8, 8,10, 11, 12, 13, 14, 15, 18, 17, 18, 18,
20, 21, 22,23, 24, 25, 26, 27, 28, 29, 30, or more) days after the immaeadiately preceding dose.
The phrase "the immaediaiely preceding dose." as used herein, means, in a sequence of multiple
administrations, the dose of PCSKS inhibitor which is administered to a patient prior to the
administration of the very next dose in the sequence with no intervening doses.

[pos0] The methods according to this aspect of the invention may comprise administering fo a
patient any number of secondary andior tertiary doses of a PCSKS inhibitor. For exampie, in
certain embodiments, only a single secondary dose is administered to the patient. In other
embodiments, two or miore (6., 2, 3, 4, 5, 6, 7, 8, or more} secondary doses are adminisiered
{o the patien!. Likewise, in certain embodiments, only a single tertiary dose is adminisiered to
the patient, in other embodiments, two or more {e.g., 2, 3, 4, 5, 6,7, 8, or more) tertiary doses
are administered to the patient.

[o081] in embodiments involving multiple secondary doses, each secondary dose may be
administered at the same frequency as the other secondary doses, For example, sach
secondary dose may be administered o the patient 1 {0 29 days afler the immadiately
preceding dose. Similarly, in embodimants involving multiple tertiary doses, esach tertiary dose
may be administered at the same frequency as the other tertiary doses. For example, each
tertiary dose may be administered to the patient 1 {o 60 days after the immediately preseding
dose. Allernatively, the frequency at which the secondary and/or tertiary doses are
administerad {o a palient can vary over the course of the treatment regimen. The frequency of
gdministration may alsc be adjusied during the course of treatment by a physician depending
on the needs of the individual patient following clinical examination.

EXAMPLES

{0052] The following examples are put forth 8o as to provide those of ordinary skill in the ant
with a complete disclosure and description of how to make and use the methods and
compositions of the invention, and are not intended to limit the scope of what the inventors
regard as their invention. Efforis have Deen made 1o ensure acouracy with respedct to numbers
used {2.g., amounts, temperature, ic.} but some experimental errors and deviations shouid be
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accounted for. Unless indicated sthenwise, paris are parts by weighi, molecular weight is
average molecular weaight, temperature is in degrees Centigrade, and pressure is at or near

atmospheric,

Example 1. Generation of Human Antibodies o Human PC3K2

[oo83] Human anti-PCSKY antibodies ware genarated as dascribad in US Patent App. Publ
No, 2010/0166768. The exemplary PCSKS inhibitor used in the following Example is the
human anti-PCSKS antibody designated mAB316P. mADb3 18P has the following aming acid
sequence characteristics: heavy chain variable region (HCVR) comprising SEQ 1D NG:90; light
chain variable domain {LCVR) comprising SEQ 1D NO:92; heavy chain complementarity
determining region 1 (HCDR1) compyrising SEQ 1B NO'76; HCOR2 comprising SEQ 1D NQ:78;
HCDR3 comprising SEQ 1D NO:80; light chain complementarity determining region 1 (LCDR1)
comprising SEQ 1D NO:84; LODRYZ comprising SEQ D NCG:86; and LODR2 comprising SEQ D
NO:BS.

Example 2: Clinical Trials of An Anti-PCSKES Monoclonal Antibody, As Mono- or Add-On
Therapy in Heterozygous Famifial and Non-Familial Hypercholesterolemia

introduction
[oos4] This example describes the results from two clinical frials in which single doses of the
anti-PC8KS monoclonal antibody mAb316P were administered intravenausly {IV) or
subcutaneousty (8C) to healthy volunteers, and a multiple-dose dlinical trial of mAB316P in
subjects with either Familial Hypercholesterolemia (FH) or nonFH, receiving stable doses of
atorvastatin or dietary intervention only.
Methods

A. Study Design
[eos5] Three clinical rials were conducted using mAb316F administered to human patients.
Two of the irials were single dose placebo-controlied studies of mAR316P administered IV aor
SC, respectively.  The third trial was a phase 1b, double-blind, randomized, placebo-controlled,
ascending multiple-dose evaluation of mAR316F administered SC to subjects with FH or nonFH,
The third trial was conducted in two parts: Part A and Part B. Iy Part A of the third trial, each
subject received a total of 3 administrations of mALITEP (80 mg, 100 mg or 1560 mg) or
matching placebe. In Part B of the third trial, each subject received 2 administrations of either
mAb316R (200 mg) or matching placebo. in both parts of the multiple SC dose trial, the first
dose was administered in an inpatient unit where subjects were confined and observed for 48
hours post-dose. Subsequent doses were administered in an outpatient setting with at least 2

hours of past-dose observation.
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The single dose IV study included 5 sequential cohorts (0.3, 1.0, 3.2,8.0, 0r 120

matkg of mARITEP), and the single ST dose #ial included 4 sequential dose cohors {50, 100,
150, and 250 my of mABI16R}. Based on initial results from these trigls, the third trial

gvaluated SC mAbI16P doses of 50 mg, 100 mg, 150 mg, or placebo administared on days 1,

29 and 43 to 7 groups of subjecis with FH or nonFH (Part A), and 200 mg or placebo

administered on days 1 and 29 to an eighth group of subjects with FH or nonFH (Parst B}, The

dosing regimens and patient compositions of the three rials are summarized in Table 1.

Table 1
Total No.
mAb 316 | Patient Patients Screening Atorvastatin
Dose Group | {MADbJI16:Pbo} Patient Type LDL-C Dose
Single IV Dose
0.3 mg/kg 1
1.0 mgfky 2
2:2 izx :g j 8(6:2) v?;iiggr . > 100 mgidh. None
mgkg | 8
Single 5C Dose
50 mg 1
:gg zg 2 8 (6:2) vgiigg - > 100 mg/dL. None
250 mg 4
Muttiple 8C Dose
Part A
50 mg 1 ? {(5:2) FH
2 10 {8:2) nontH
100 mg ° L032) ik >100 mg/idl | 10-40 mg OD
4 10 {8:2) nonFH
5 7 {5:2) FH
150 myg 8 10 {8:2) nonkH
7 10 {8:2) nonFH > 138 mg/dL Nong
PartB
200 mg 8 10 {8:2) FH & nonfFH > 100 mg/dl. 10-40 mg OD
{00871 in the multiple SC dose trial, gach dose level commenced with 3 sentingl group of 3

{FH, non-FH, or both) subjects, with at least 1, but not more than 2, subjects receiving

mAb316P. Eonroliment of addiional subjects at a given dose level only proceaded after the

initial 3 subjects had safely completed their day 3 post-treatment assessments. Enroliment in
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the next higher dose level was opened once 10 subjects had complated the day 15 safety
assessments, Enroliment, once started at each dose level, continued independent of the dose

escalation decision and day 15 safety review.

C. Subjects
{oo88] Subjects in the single-dose studies were heaithy men and women {18-63 years of age,
50-85 kg in body weight, body mass index [BMI} = 18-30 kg/m*®) with serum LDL-C >100 mg/dL
{2.5¢ mmoliL). The use of all non-study agents o alter lipids was prohibited throughout these
studies.

{e0s9] Subjects in the muidtiple-dose study had heterozygous FH or nonFH (18-85 vears of
age, BMI=18.0-35.0 kg/m*) and were on stable atorvastatin therapy (10 to 40 mg per day) with
LD cholesteral =100 mofdh. (2.58 mmolbL), or nonFH and were on diet only with LDL
cholesterol » 130 mg/dl {3.38 mmoliL) (Table 1). All subjects reviewed and signed an informad
consent praviously approved by an institutional review board prior to any study refated
procedures. Subjects in the FH group met Simon Broome criteria for definite or possible FH
{Simon Broome Register Group (1891}, BMJ 303:893-896; Neif f af., {2000}, BMJ 321148}
while nonFH subjects did not. Those taking atorvastatin were on a stable dose, 10 1o 40 mg
daily, for at least 28 days prior {o baseline, and remained on the same dose throughout the
study. NonFH patients on diet only could not have received lipid-lowering therapy for at least 28
days prior to baseling, and remained off such treatmant throughout the study. Potentially
gligible patients not on gtorvastatin could enter g 4 week run-in period durning which were
switched to & dose of atorvastatin (10 to 40 mg per day) that was likely to maintain LDL
cholesterol near their pre-study level and =100 mgfdl {2.58 mmolil). All subjects had
triglycerides <300 mg/dL and blood prassure controlied on fewer than 3 antihyperiensive
medications. Patients with a history of cerebrovascular, cardiovascular, or peripheral vascular
atherosclerotic disease, diabetes, or disorders known to produce secondary elevations of LDL
cholesterol were excluded as were those with hepatic transaminases (ALT or AST) >1.2 times
the upper limit of normal (x ULN), »2+ proleinuria or creatine kinase (CK) >3 x ULN, unless
clearly exercise related in which case they were required to have repeat testing with CK <3 x
ULN,

D. Laboratory Measurements and Methods
[eo70]  In the multi-dose study, serum lipid (fotal-, HDL-, LDU- non-HOL-, and VLDL
sholesterol) and apolipoprotein {Apo) B, A1 and Lp(a), hs-CRP and safely laboratory tests were
performed after 12 hour overnight fasts {water only) on screening (day -21 fo -3}, day -2 (for
those on atorvastatin}, day -1, days 1, 2, 3, 8, 15, 28, 43, 57, 71, 85, 89, 120, and the end-of-
study {day 148). All laboralory measurements were performed by a central laboratory which
maintained Part I} cerdification by CDC Lipid Standardization Program and accreditation by the
College of American Pathologists. Triglycerides and cholesterol were measured with enzymalic
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golorimelric tasts (Olympus AUZ700 or AUS400 Analyzer, Qlympus, Center Valley,
Pennsylvania, USA) with calibration directly traceable 1o CDC reference procedures, Apo B
containing lipoproteins were precipitated with dextran sulphate and HDL cholesterol was
measured on the supernatant. (Warnick ef al, (1978}, J Lipid Res. 19:65.76). LDL-and VLDL
cholesterol were measured after preparative ultracentrifugation {beta-quantification). Apo A1,
8, Lp(a) and hs-CRP were measured with rate immune-nephelometry (Dade Behring BN
nephelometer, Siemens Healthcare Diagnostics, Deerfield, Hlinols, USA). Al tipid,
apolipoprotein, and hs-CRF values were blinded to the investigators, study staff, and patients
from after day -2 for the atorvastatin treated groups or day -1 for diet only group.

E. Statistical Plan
{0071] Effects of mALIIEP on lipid parameters in the single-dose studies were assessad
using analysis of covarlance (ANCOVA) models. Least squares means of differences between
freatment groups and the pooled placebo group, 85% confidence intervals, and p-values for
comparisen behween treatment groups versus placebo by visit were obtained within the
framework of ANCOVA, Significance for alt tests was set at 6.05.
{0072]  In the multi-dose study, all subjects who received placebo and atorvastatin were
pooled into two placebo groups of either FH or nonFH subjects. The 6 subjects in both the FH
and nonFH (atorvastatin freated) placebs groups, and & and 8 subjecis in each of the respective
FH and nonFH mAb316P-traated dose groups providad at feast 80% power o defect a
treatment difference of 30% (SD=15%) versus placebo in mean percentage change from
baseline of LDL cholesterol at each study visit when comparing each dose with placebo with @
2-sided test at the 5% significance level. No adjustments were made for multiple comparisans.
Group 7 results were summarized separately by treatment and placebo and the two groups
were compared individually, ANCOVA with treatmeant arm as the fixed effect and the relevant
baseline value as a covariate was used to analyze the continuous variables. Missing values
weare imputed by the Last Observation Capried Forward (LOCF) method. All p-values, sxcept for
triglycerides and Lp{a), which were derived from the Rank-based analysis of covariates, were
drawn from the ANCOVA model.

{0073] To summarize the lipid and lipoprotein effects, resulls were selected from siudy day 57
on which the effects of two subsequent 2-week dosing periods could be observed. The study
was not powered for a direct statistical comparison of the response of FH subjects to nonFH
subiects.

Resulis

A. Study Population
[op7a] A total of 40 subjects were randomized in the single dose IV study and 32 were
randomized in the single dose 8C study. For Part A of the mulliple-dose SC study, a tolal of 57
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subjects were screened and 62 were randomiized {21 FH and 41 nonFH). A tolal of 10 subjects
were included in Part B of the multi-dose SC study {4 FH and 8 nonfFH). Baseling
characteristics of the subjects in the single dose studies and Part A of the multi-dose siudy are
shown in Table 2A. Baseline characteristics of the subjects in Part B of the multi-dose study are

shown in Table 2B.

Tabie 24
Multiple Doss SC - Part A
nonFH Diet
Single Dose | Single Dose Alone {no
v SC FH nenfFH atorvastating
No. Patients 40 32 24 30 16
Median Age 38 34 40 &2 82
Gender
Male 65% T4% 81% 59% 56%
Famale 35% 26% 19% 41% 44%
Median BMI 26 25 27 27 27
{kg/im?)
Race (%)
vWhite 55% 44% &6% 93% 100%
Black/African 37 5% 50% 14% 7% g%
American
Amarican Indian/ 7.5% 8% 0% 0% 0%
Alaskan Native
Atorvastatin Dose
10 mg Nona None 14% 63% None
20mg None None 33% 33% None
40 mg None None 52% 4% None
Baseline Value
LDL-C {mgidL) 133 127 134 111 174
ApoB {mg/al) 1.1 1.0 1.1 1.8 1.3
HDL-C {mg/dL) 54 55 44 51 51
TG (mgidly | 08 | 103 | 113 | 136 | 133
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Tabile 2B
T Multiple Dose SC - Part B (200 mg dose)
FH and NonFH
Gombined FH NonFH
Pbo mAb316P Pbo mAh316P Pbo mAbL316P
No. Patients 2 8 1 3 1 5
Median Age 35 4585 27 50 43 41
Gender
Male 50% 37.5% 100% 866.7% 0% 20%
Female 50% 62.5% 0% 33.3% 100% 80%
Mediaﬁp Bt 29.38 26.02 2826 2543 30.52 28.81
{kgfm™}
Racs (%)
White 100% 100% 100% 1608% 100% 100%
Atorvastatin Doss
10 mg 50% T5% 0% 33.3% 100% 100%
20 my 0% 12.5% 0% 33.3% 0% 0%
40 mg 50% 12.5% 100% 33.3% 0% 0%
Baseline Value
LDL-C {mmoll} 3.08 3.32 378 378 233 3.08
ApolB {g/L) .85 1.08 0.92 1.08 Q.77 1.07
HDL-C {(mmoli) 1.03 1.23 0.88 1.19 1.17 1.30
TG {mmolil) 1.17 1.23 1.01 .98 1.33 1.30

B. Lipid and Lipoprotein Response

[0075]

Administration of a single IV or SC dose of mAbS16P 1o healthy volunteers produced

simifar mean maximum percent reductions in LDL cholesterol of 55-60%. The degree and

duration of LDL cholestero! lowering was dose dependent and LDL cholesterol reductions were

sustained at least until 29 and 22 days after administration of higher dose levels of IV or 8C

mAb31E6P, respectively. Similarly, in the muitiple-dose study, the mean percent reduction from

baseiline in LDL cholesterol was dose dependent and exceeded 50% two weeks after dosing

with 158 mg in the FH and nonFH on atorvastatin and the nonFH dist slone populations . Al but

1 subject in each population that received 150 mg in the muitiple-dose study experienced a
reduction of at least 40% from baseline,

[0076]

Lipid and apolipoprotein baseling and day 57 levels for all reatment groups in Part A of

the muliiple-dose study are shown in Tables 3A {alorvastatin-treated subjects) and 3B (diet only

- 1o atorvastatin treatment).
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Tabie 3A
Atorvasiatin-Treated Subjects
Placebo mAb316P Dose
{Pho) 50 mg 166 mg 150 mg

Parameter N=12 N=13 N=13 N=13
DL Baseline 125 (19) 114 (15) 121 (31) 123 (27)
Cholesterol | day 57 195 {17) 148 (29) 130 (16) 127 (26)
mean {(SD) | % change vs Pbo 302 -53.7 61.0
mg/dL o value vs Pbo <0.0001 <0.0001 <0.0001
Total Baseline 193 (20} 191 (24) 192 (27) 197 (32)
Cholesterol | day 57 195 (17) 148 (28) 130 (18) 127 (26)
mean {SD) | % change vs Pho -24.6 -33.2 -36.4
mg/dl p value vs Pbo <0.0001 <0.0001 <0.0001
HDL Baseline 43 (10) 52 (16} 48 (10) 48 (11
Cholesterol day 57 42 {10) 55 {14} 51 {103 54 (12}
mean (81} | % change vs Pho 13.2 11.3 18.2
mgidl. p value vs Pbo 0.0153 0.0338 0.0009
™ Baseline 125 (20) 115 (16) 119 (30) 123 (29)
Cholestercl | day 57 129 (15) 74 (15) 58 (14) 52 (21)
mean {SD} | % change vs Pbo 417 55,8 62.4
mg/dl p value ve Pbo <0.0001 <0.0001 <0.0001

Basshne 113 118 (43:171) | 135 (46:210) | 117 (65:278)
Trighycerides (60:244)
?gigfiqﬂax} day 57 (553;%6} 07 (40189} | 111 (31:173) | 92 (80:181)
mg/dl % change vs Pbo -18.3 7.5 -11.7

p value vs Pbo 0.0142 0.2515 0.0609
Apolipo- Baseline 107 (12) 104 (15) 100 (21) 106 (22)
protein B day 57 108 {14) 74 (14) 80 (12) 58 (14)
mean (SD) % change vs Pho -31.5 -42.0 -46.4
mg/dl. b value vs Pha <0 0001 <0.0001 <0.0001
Apolipo- Baseline 132 {19) 165 (38) 144 (23) 145 (23)
protein A1 | day 57 132 (20) 182 (31) 150 (20) 161 (24)
mean (SD) | % change vs Pbo 8.9 6.8 135
mg/dl. p value vs Pbo 0.019 0.086 0.013
Lipoprotein Baseline {zﬁi | deEs 50 (7:142) 61 (5:154)
f:i_d;an day 57 {zﬁ o | 42(4:145) 26 (3:95) 47 (5:119)
e [Wchangevspee | I ST EYE I

p value vs Pho 0.1109 0.0015 0.1226
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Diat Only ~ No Alorvastatin Treatment

Placabo (Pbo) 180 mg mAb3I16R
Parameter Ne=2 N=8
Baseline 152 {(18) 179 {48)
;Z:f?;gste*‘c" day 57 242 (45) 154 (29)
mgfdL. % change vs Fho H7.0
p value vs Pbo <03.0001 0.0023
| Raseline 228 (6) 257 (58)
x::;?gg;ammz day 57 242 (45) 164 {2€)
ma/dL. % change vs Pbo -43.3
p value vs Pbo £.0028
Bassline 54 (14 50 (8)
gggnc{g‘gis*em’ day 57 64 (8) 51 (10)
mardL. % change vs Pho -18.9
p value vs Pbo g.17
Baseline 152 (12} 177 {48}
‘n“i:fz‘géis‘m‘ day 57 158 (30} 79 (24)
mg/dL. % change vs Pho 58 4
p value vs Pbo <0.0025
Triglycarides Baseline 116 {86:146) 127 (82:268)
median day 57 93 (68:118) 1186 (70:186)
{min:max) % change vs Pho -16 .86
mg/dl. n value vs Pho 0.4820
_ ’ Baseline 118 (23} 138 {37)
:}ﬁfﬁggtem B ey 57 118 (6) 76 (19)
mgldL. ‘ % change vs Pbo -45.0
p value vs Pbo §.003
Apolipoprotein Basaline 138 (8} 151 {15)
Al day 57 170 {32} 154 {18)
ean (SD) YechangevsPbo | 4 182
mg/dL. p value vs Pho 0.073
Lipoprotein (a) | Baseline 47 {30:63) 34 (5:111)
median day 57 58 (41.75) 38 (4:119)
{min:max) % change vs Pho 438
mg/dL p value vs Pbo 0.0415
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{ab77]  The LDL cholestero! response at day 87 was similar in all subjects imespective of FH or
nonFH, atorvastalin treated or on diet alone. Corresponding changes were also observed in
total- and non-HDL cholestercl and Apo B (Tables 3A and 3B). Importantly, reductions were
also observed in Lp(a). Additionally, in patients taking atorvastatin favorable changes were
seen in both HDL cholesterol and apoAt.

{0078] Simiar improvements weare observed in the mAh316P-treated patients in Part B of the
mouttiple-dose study. That is, subcutaneous adminisiration of 200 mg of mAb316P induced
rapid, substantial, and sustained reductions in LDL-C, {otal cholesterol, non-HDL-C, apoB, and
in the ratio of apoB/apoA. Patients who received 200 mg of mAb316P SC also appeared to
demonstrate a trend toward higher levels of HDL-C and ApoAt.

Discussion

{oo79] This Example describes human trials of the anti-PLSKS antibody referred to herein as
mAb316P, stasting with two single ascending duse studias in healthy volunteers and extending
into a large multiple-dose proof of concapt trial in patients with both FH and nonFH treated with
either a statin or on diet alone. These trials confirm the potential to bring about rapid and
significant reductions in LDL cholestero! with RPCSKE inhibition in both familial and nonfamifial
hypercholesterolemia, whether on a statin or on diet alone. The populations tested encompass
the large majority of patients with hypercholesterciemia.

{sog0] The robust and reproducible effect on LDL cholesterol of mAb316P from singie IV
dosing. through single SC dosing, 1o multiple SC doses is seen within an unexpectedly short
time after administration, reaching a maximum at approximately 2 weeks. This rapidity exceeds
that for all other therapeutic modalities for hypercholesterclemia other than removal of LDL
cholesterol via apheresis, and is more rapid than for stalins. That large reductions of LDL
cholesterol can be achieved with mAb316R in patients already on relatively high doses of
atorvastatin known to produce 40% to 50% LDU cholesterol reductions clearly distinguishes the
potential of mAD318R from other investigational therapies that have been added to statins, such
as ezetimibe, bile acid sequestrants, and squalene synthase inhibitors. The LDL cholesterol
lowering efficacy of mAb318P, combined with apparent tolerability and safety, highlights the
surprising therapeutic advantages of mAb316F over several other Apo B/ALDL-C lowering
agents in development such as Apo B antisense, MTPR inhibitors, and thyroid hormone
analoguss. In fadt, the achievement in many of the subjects in these studies of low LDL
cholesterol levels of 50 mg per deciliter {1.29 mmol/L) or less without any increase in hepatic
transaminases is in marked contrast {o results obtained with agents that inhibit hepatic VLDL
and LDL formalion. Epidemiology studies demonstrating that genetic under-expression or even
the absence of PCSKS and life-long fow levels of LDL cholesterol appsaar not to be associated
with unexpected morbidity or mortality, provide a level of comfort with regard o the therapeutic
potential of drug inhibition of PCSKS.
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{6081} The ant-PCSKE antibodies of the present invention such as mADI16P also provide
patients unable 1o tolerate stating (now estimated o be approximately 5% to 10% of all statin
treated patients} a significant opportunity to achieve large (at least 50%) reductions in LDL
cholesteral. For many of the estimated 10 million patients woridwide with FH, the anti-PCSKS
antibodies of the invention, including mAb316P, offer the real possibility that their use along with
stating may finally achieve oplimal LDL cholesterol control and potentially further reduce their
substantial risk of the early and recurrent cardiovascular disease. The currently disclosed
therapeutic methodologies may also offer many patients the poteniial 1o discontinue LDL
apherasis, an invasive, time consuming, axpensive avery 2-week procadure thal provides only
shori-term LDL ¢holesterol reduction.

{0082] Additional unexpecied beneficial effects on other lipids were seen in HDL cholesterod,
Apo Al and, most surprisingly, Lp{a) which trended to, or reached, statistical significance,
including in patients treated with atorvastatin, Imponantly, before now, no therapeutic biclogic
agents {e.g., anti-PCBKY antibodies} have been shown clinically to reduce Lp(a}, which has
been thought not 1o be cleared via the LDL receptor. Thus, the current experimeris are the first
demonsiration of the ability of a PCSK® inhibitor {o reduce serum Lp(a) levels in patisnts.

[0083] Regarding safety, mAL316P injection site reactions were minimal, MABR316F was also
generally safe and well tolerated with no trand in drug-related advarse evenls and no evidenca
of hepato- or myo-foxicity. The few CK slevations that were seen were exercise refated.

[o084] In summary, this Example shows that mAD316R inhibition of PCSKS, besides
effectively lowering LDL cholesters! in human patients, surprisingly reduced Lp{a) levels as well

Example 3: A Randomized, Double-Blind, Placebo Controlled, 12 Week Study of the
Safety and Efficacy of An Anti-PC8KS Monocional Antibody in Patients with
Heterozygous Familial Hypercholesterolemia

[p085} A clinical irial was conducted (o assess the efficacy of varying subcoutaneocus (SC)
doses and dosing regimens of mAb3 18R on serum low-density lipoprotein cholesterol (LDL-C)
and other lipids/apolipoproteins {e.¢., total cholesterol, high-density lipoprotein cholesterdi,
triglycerides, apo B, Apo A1, and Lp{al) in patients with heterozygous familial
hypercholesterolemia (heFH).

Patient Population

{0086} The patient population for this study included men and women, ages 18-75 years old,
who were diagnosed with heFH, exhibited LDL-C levels of 100 mg/dL or greater, and who were
on a stable daily statin dose (either with or without ezetimibe) at the start of the study. Patients
were excluded if they wars taking any additional lipid lowering compoaunds such as fibratas,
niacin, omega-3 falty adids, bile acid resins, plant stanols {e.g., Benecol, flaxseed oil, psyliiumi,
of red yeast rice. A total of 77 patients completed the study.
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Drug Formuiation
[6087]
polysorbate 20, 10% sucross, and had g pH of 8.0

The drug formulation comprised 150 mg/ml of mARIMEP, 10 mM histidine, 0.2%

Method of Administration

{gos8]
injection into the abdomen. Each treatment included two subcutaneous injections of 1 mi. each.

The drug formulation {or placebo) was administered to the patients by subcutaneous

Administration Regimens

[0089]
placebo once avery two weeks; Group 2 included 18 patients who received 150 mg of

The patients were divided into five groups. Graup 1 included 15 patients who received

mAb316P once avery two weeks; Group 3 included 15 patients who received 150 mg of
mAb318P once every four weeks; Group 4 included 16 patients who received 200 mg of
mAh316P once every four weeks: and Group 5 included 15 patients who received 300 mg of

mAb316P once every four weeks. The study duration was 12 weeks.

Efficacy Assessment

{0090}
weaek follow-up period, The samples were collected after at least a 12 hour fast {in the morming

Blood samples were coliected from the patients throughout the study, and during an 8

before any drug intake). Measurements of the following parameters were determined from the

blood samples: (1) Tolal Cholesterol; (2) LDL-C; (3} HDL-C; (4) Triglycerides (TG), (5} Apo B,
{6} Apo At and {7) Lp(a). The median percent changes in these parameters compared 1o
placebo at the end of the shudy {week 12) are summarized in Table 4,

Table 4
Group i 2 3 4 5
No. of Palients 15 16 15 18 15
Treatment Placebo mAbJ16R mAb316P mAb316F mAb316P
Doss N/A 150 mg 150 mg 200 myg 300 mg
Dosing Freguency Q2W QAW Q4w Q4W Q4w
Total Cholesterol -8.52 ~38.27 -18.89 -15.31 ~28.84
LRL-C 490 -66.71 -24.30 -24 .07 -48.35
HDL-C +2.48 +14.63 +6.33 +6.53 +4.48
Triglycerices ~10.65 -16.23 ~18.73 -8.87 -4.92
Apo B -7.32 -48.97 -19.09 -14.69 -38.27
Apo A1l ~7.24 +9.88 +3.13 +(.33 +5.38
Lp(a) -11.07 -22.50 -11.30 -8.00 -14.29
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Exampile 4: A Randomized, Double-Blind, Parallel-Group, Placebo Controlled, 12 Week
Study of the Safety and Efficacy of An Anti-PCSKS Monocional Antibody in Patients with
Primary Hypercholesterolamia on Stable Aforvastatin Therapy

{ooa1] A clinical trial was conducted 1o assess the efficacy of five doses and two dose
regimens of mAb316F over 12 weeks in patients with primary hypercholesterolemia and LDL-C
levels greater than 100 mg/dL on ongoing stable atorvastatin therapy. Efficacy was assessed
based on changes in serum low-density lipoprotein cholesterol (LDL-C) and other
lipidsiapotipoproteins {e.g., total cholesteral, high-density ipoprotein cholesterol, triglycerides,
apo B, Apo A1, and Lp{a]) over the course of the siudy.

Patient Population

{onaz} The patient population for this study included men and women, ages 18-75 years oid,
who were diagnosed with primary hypercholesterclamia, exhibited LDL-C levels of 100 mg/dL or
greater, and who were on stable atorvastatin therapy of 10, 20 or 40 mg for at least six weeks
prior to the start of the sludy. Patients were excluded i they were taking any additional lipid
lowering compounds such as fibrates, niacin, omega-3 fatty acids, bile acid resins, plant stanois
{e.g.. Benecol, iaxseead oil, psyllium), or red yeastrice. A total of 118 patienis completed the
study.

Drug Formulation
{0093} The drug formulation comprised 150 mg/mL of mADb3Z16P, 10 mbi histidine, 0.2%
polysorbate 20, 10% sucrose, and had a pH of 8.0.

Method of Administration

[6094] The drug formulation {or placebo) was administered to the patients by subcutaneous
injection into the abdomen. Each treatment included two subcutanecus injections of 1 ml each.

Administration Regimens

[Bo9s}  The patients were divided into six groups. Group 1 included 20 patients who received
placebo once avery two weeks; Group 2 included 18 patients who received 50 mg of mARZ1GP
once avery two weeks; Group 3 included 20 patients who received 100 mg of mAL316P once
svery two weeks; Group 4 included 18 patisnts who received 150 mg of mABLITER once every
two weeks: Group § included 20 patients who receivad 200 mg of mAL316F once every four
weeks; and Group 6 included 21 patients who received 300 mg of mAb316P once every four
waeks. The study duration was 12 weeks.

Efficacy Assessment

[0096] Biood samples were colicted from the patients throughout the study, and during an 8
weaek follow-up period. The samples were collected afler at least a 12 hour fast {in the morning
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before any drug infake). Measurements of the following parameters were determined from the
blood samples: {1) Tolal Cholesterol; (23 LDL-C; (3) HDL-C; (4) Triglycerides (TG), (5) Apo B,
{8) Apo At and {7} Lp(a). The median percent changes in these paramelers compared to
placebo at the end of the study {week 12) are summarized in Table &

Table 5
Group 1 2 3 4 5 6
No. of Patients 20 19 20 18 20 21
Treatment | Placebo | mABb316F | mAD3II6P | mAL316P | mAD316P | mAD316P
Dose N/A 50 my 100 myg 150 myg 200 mg 300 mg |
Dosing Q2W Q2w Q2w Q2w Q4W Q4w
Freguency
Total Cholesterol -3.73 ~23.34 ~40.21 -45.03 -29.81 -33.48
LDL-C -6.892 -37.04 -64.28 -74.83 -49.48 -51.98
HDL-C} +1.81 +5.08 +7.93 +8.96 +8.59 +12.08
Triglycerides | +22.42 -7.85 ~11.41 -22.93 +1.27 -3.17
Apo B +0.76 -28.67 48 67 -54.16 -30.87 -32.95
Apo A1 +0.58 +1.40 -0.88 +1.11 +0.66 +3.42
Lp{a} 0.00 ~13.33 -27.27 -28.57 -18.92 ~11.11

Example 5: A Randomized, Double-Blind, Parallel-Group, Placebo Controlled, Fixed Dose
Study of the Safety and Efficacy of An Anti-PCSKY Monocional Antibody Co-
Administered with 80 mg Atorvastatin in Patients with Primary Hypercholesterolemia
[8097] A clinical {rial was conducted 1o assess the efficacy of mAb2 18P when co-administered
with 80 mg of atorvastatin over 8 weeks in patients with primary hypercholesterclemia and LDL-
C levels greater than 100 mg/idL. Efficacy was assessed based on changes in serum low-
densily lipoprotein cholesterol {LDL-C) and other lipids/apolipoproteins (e.q., total cholestersi,
high-density lipoprotein cholesterol, triglycerides, apo B, Apo A1, and Lp[a}) over the course of
the study.

Patient Population

{ooa8] The patient population for this study included men and women, ages 18-75 years oid,
who were diagnosed with primary hypercholesterolemia, exhibited LDL-C levels of 100 mg/dL or
greater, and who were on slable atorvasiatin therapy of 10 mg for at ieast six weeks prior io the
start of the study. Patients were excluded if they were taking any additional lipid lowering
compounds such as fibrates, niacin, omega-3 fatty acids, bile acid resins, plant stanols {e.g.,
Benecol, flaxseed ol, psyliium), or rad yeast rice. A {otal of 88 patients completed the study.

Drug Formulation
{op29] The drug formulation comprised 150 mg/mi of mADbB3 18P, 10 mM histidine, 0.2%
polysorbate 20, 10% sucrose, and had a pH of 8.0
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Method of Administration

{o1o0]  The drug formulation {or placebo} was administered o the patienis by subcutaneous

injection into the abdomen. Each treatment included one subcutansous injection of 1 mi.

Administration Regimens

[e101] The patients were divided into three groups. Group 1 included 29 patients who
received placebo once avery two weeks plus 80 mg atorvastatin daily; Group 2 included 30
patients whao received 150 mg of mAb316F ance every two weeks plus 80 mg atorvastatin dally;
and Group 3 included 29 patients who received 150 mg of mARI TGP once every two weeks
plus 10 myg atorvastatin daily. The study duration was B weeks.

Efficacy Assessment

[e102] Blood samples were collected from the patients throughout the study, and during an 8
week follow-up period. The samples were collected after atleast a 12 hour fast (in the moming

before any drug intake). Measuremenis of the following parameters were delermined from the

biood samples: {1} Tolal Cholesterol: (2} LDL-C: (3) HDL-C; (4) Triglycerides (TG); (5} Apo B;
{6) Apo At {T) Apo BiApo Al ratio; and {8) Lp{a). The percent changes in these parameters

compared o placebo al the end of the study are summarized in Table 6.

Table 6
GEroup 1 2 3
No. of Patients 29 30 28
Treatment Placebo mAb318P mAR316P
Bose NIA 160 mg 160 mg
Dosing Frequency Q2w Q2w QW
Daily Atorvastatin 80 mg 80 mg 10 mg
Total Cholesterol =16.59 ~47.21 40,45
LOL-C -26 87 -70.62 -3 37
HDL-C -5.71 +5.17 +1.39
Triglycerides -11.89 -24.67 -3.88
Apo B -12.00 -58.00 -54 39
Apo Al -5.56 4.55 -3.69
Lp(@a} -2.70 -31.01 -34.65

[0103] Taken together, the resulls from these studies (Examplas 3-5) confirm the ability of

mAB3J16P to effectively fower LOL cholesterol and beneficiafly affect other lipi¥/apolipoprotein

parameters in patients when administered at various doses and dosing regimens. These

clinical Examples also confirm the unexpected finding that mAB216P is able (o significantly

reduce Lp(@) levels in patients under various gircumsiances.

[0104] The present invention is not {o be limited in scope by the specific embodiments

described herein. Indesd, various modifications of the invention in addition {o those described
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herain will become apparent to those skifled in the art from the foregoing description and the
accompanying figures. Such modifications are intended to fall within the scope of the appended

claims.
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What is claimed is;

1. A method for reducing lipoprotein{a) {Lp(a)} levels, the method comprising
selecting a patient who exhibits elevated serum Lp(a), and administering to the patient a
pharmaceutical composition comprising a PCSKS inhibitor.

2. The method of claim 1, wherein the patient is selected on the basis of a serum
Lp{a) level greater than about 20 mg/dL.

3. The method of claim 2, wherein the patient is sslected on the basis of a serum
Lp(a) level greater than about 100 mgidl..

4. The method of any one of claims 1 to 3, wherein prior to or at the time of
administration of the pharmaceutical composition, the patient is diagnosed with or identified as
being at risk of developing a cardiovascular disease or disorder.

5. The method of claim 4, whersin the cardiovascular disease or disorder is selected
from the group consisting of coronary artery disease, acute myocardial infarction, asymptomatic
carotid atherosclerasis, siroke, and peripheral artery occlusive disease.

8. The method of claim 4, wherein the cardiovascular disease or disorder is
hypercholesterolemia,

7. The method of claim 8, wherein the hypercholesteroiemia is helerozygous
Familial Hypercholesterolemia {heFH).

8. The method of claim 8, wherein the hypercholesterciemia is not Familial
Hypercholesterolemia (nonFH).

a, The methad of any one of claims 1 {0 3, wherein prior to or at the time of
administration of the pharmaceutical composition, the patient is diagnosed with or identified as
being at risk of developing a thrombotic occlusive disease or disorder.

10.  The method of claim 8, wherein the thrombeotic occlusive disease or disorder is
selected from the group consisting of pulmonary embaolism and central retinal vein occlusion.

11.  The method of any one of claims 1 to 10, wherein the PCSKS inhibitor is an
antibody or antigen-binding fragment thereof that specifically binds PC3KS.

12.  The methad of claim 11, wherein the pharmaceuticat composition comprises 28
mg o 200 mg of the PCSKY inhibitor.
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13, The method of claim 12, wherein the pharmaceutical composition comprises §0
rag to 150 mg of the PCSKE inhibitor.

4. The method of claim 13, wherein the pharmaceutical compeosition comprises 80
myg of the PCSKE inhibitor.

18,  The method of claim 13, wherein the pharmaceutical composition comprises 100
mg of the PCSKE inhibitor,

18. The method of claim 13, wherein the pharmaceutical composition comprises 150
myg of the PCSKE inhibitor.

17.  The method of any one of claims 11 to 18, wherein the antibody or antigen
binding fragment thereof comprises the heavy and light chain CORs of 3 HCVRALCVR amino
acid sequence pair selected from the group consisting of SEQ 1D NOs: 90/92 and 218/226.

18. The method of claim 17, whersin the antibody or antigen-binding fragment thereof
comprises heavy and light chain CDR amino acid sequences having SEQ 1D NOs:220, 222,
224,228, 230 and 232.

18, The method of claim 18, wherein the antibody or antigen-binding fragment thereof
comptises an HCVR having the amino acid sequence of SEQ 1D NO:218 and an LCVR having
the amino acid sequence of SEQ 1D NOG:228.

20. The method of claim 17, wherein the antibody or antigen-binding fragment
thersof comprises heavy and light chain CDR amino acid sequences having SEQ D NOs.76,
78, 80, 84, 86 and 88.

2%1.  The method of claim 20, wherein the antibody or antigen-binding fragment thereof
comiprises an HOVR having the amine acid sequencs of SEQ 1D NO:30 and an LCVR having
the amino acid sequence of SEQ 1D NO:82.

22. The method of any one of claims 11 to 18, wherein the antibody or antigen-
binding fragment therecf binds to the same epitope on PCSKY as an antibody comprising heavy
and light chain CDR amino acid sequences having SEQ 1D NOs:220, 222 224 228 230 and
232; or SEQ D NOs: 78, 78, 80, 84, 86 and 86.

23.  The method of any one of claims 11 to 16, whersin the antibody or antigen-
binding fragment thereof competes for binding to PCSKS with an antibody comprising heavy
and light chain CDR amino acid sequences having SEQ 1D NOs:220, 222, 224, 228, 230 and
232; or SEQ ID NOs: 76, 78, 80, 84, 86 and 88.
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24. The method of any one of claims 1 1o 23, wherein the patient is on a therapsutic

statin regimen at the time of or just prior to administration of the pharmaceutical composition.

25. The method of claim 24, wherein the therapeutic stalin regimen comprises a
statin selected from the group consisting of cerivastatin, atorvastatin, simvastiatin, pilavastatin,

rosuvastatin, fluvastalin, lovastatlin and pravastatin.
26.  The method of claim 25, wherein the statin is atorvastatin,

27. The method of any one of claims 1 to 23, wherein the patient isnot on a
therapeutic statin regimen at the time of administration of the pharmaceutical composition.

28. A pharmaceutical composition comprising a PCSKS inhibitor for use in reducing
ipoprotein(a) (Lp(a)) levels in a patient who exhibits an elevated serum Lp(a) level,

29,  The pharmaceutical composition of claim 28, wherein the patient exhibits a serum
Lp(a) lsvel greater than about 20 mo/dL.

30.  The pharmaceutical composition of claim 28, wherein the patient exhibits a serum
Lp{a} level greater than about 106 mgidL.

31.  The pharmaceutical composition of any one of ¢claims 28 to 30, wherein the
patient is diagnosed with or identified as being at risk of developing a cardiovascular disease or
disorder.

32. The pharmaceutical composition of claim 31, wherein the cardiovascular disease
or disorder is selected from the group consisting of coronary artery disease, acute myocardial
infarction, asymptomatic carotid atherosclerosis, stroke, and peripheral artery occlusive diseasea.

33.  The pharmaceutical composition of claim 31, wherein the cardiovascular disease
or disorder is hypercholesterolamia.

34.  The pharmaceutical composition of claim 33, wherein the hypercholesterclemia is
heterozygous Familial Hypercholesterolemia (heFH}.

35. The pharmaceutical composition of claim 33, wherein the hypercholesterolemia is
riot Familial Hypercholesteralemia {nonFH).

36. The pharmaceutical composition of any ane of claims 28 (o 30, wherein the
patient is diagnosed with or identified as being at risk of developing a thrombotic occlusive
disease or disorder.
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37. The pharmaceutical composition of claim 36, wherein the thrombotic occlusive
disease or disorder is selected from the group consisting of pulmonary embolism and central
retinal vein occlusion.

38. The pharmaceutical composition of any one of claims 28 to 37, wherein the
PCSKS inhibitor is an antibody or antigen-binding fragment thereof that specifically binds
PCSKS.

39.  The pharmaceutical composition of claim 38, wherein the pharmaceutical
composition comprises 20 mg to 200 mg of the PCSKS inhibitor.

40.  The pharmaceutical composition of claim 38, wherein the pharmaceutical

composition comprises 50 mg to 150 mg of the PCSKS inhibitor.

41. The pharmaceutical composition of claim 40, wherein the pharmaceutical
composition comprises 58 mg of the PCSKS inhibitor.

42.  The pharmaceutical composition of claim 40, wherein the pharmaceutical
composition comprises 100 mg of the PCSKS inhibitor.

43. The pharmaceutical composition of claim 40, wherein the pharmaceutical
composition comprises 150 myg of the PCSKS inhibitor.

44, The pharmaceutical composition of any one of claims 38 1o 43, wherein tha
antibody or antigen binding fragment theraof comprises the heavy and light chain CDRs of @
HCVRILCVR amino acid sequence pair selected from the group consisting of SEQ 1D NOs:
890/92 and 218/228.

45.  The pharmaceutical composition of claim 44, wherein the antibody or antigen-
binding fragment thereof comprises heavy and light chain COR amino acid seguences having
SEQ D NOs:220, 222, 224, 228, 230 and 232

46. The pharmaceutical composition of claim 45, wherein the antibody or antigen-
binding fragment thereof comprises an HCVR having the aming acid sequence of SEQ D
NO:218 and an LCVR having the amino acid sequence of SEQ 1D NO:226.

47. The pharmaceutical compaosition of claim 44, wherein the artibody or antigen-
binding fragment thereof comprises heavy and light chain COR amino acid sequences having
SEQID NQOs:76, 78, 80, 84, 86 and 88.
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48.  The pharmaceulical composition of claim 47, wherain the antibody or antigen-
binding fragment thereof comprises an HCVR having the amino acid sequence of SEQ 1D
NC:90 and an LCVR having the amino acid sequence of SEQ 1D NO:82.

49.  The pharmaceutical composition of any one of claims 38 to 43, wherein the
antibody or antigen-binding fragment thereof binds fo the same epitope on PCSKS as an
antibody comprising heavy and light chain CDR amino acid sequences having SEQ ID
NOs:220, 222, 224, 228, 230 and 232; or SEQ ID NQs: 76, 78, 80, 84, 86 and 88.

0.  The pharmaceutical composition of any one of claims 38 to 43, wherein the
antibody or antigen-binding fragment thereof competes for binding to PCBKE with an antibody
comprising heavy and light chain COR amino acid seguences having SEQ (D NOs:220, 222,
224,228, 230 and 232; or SEQ D NQs: 78, 78, 80, 84, 86 and 88.

&1. The pharmaceutical composition of any one of claims 28 to 50, wherein the

patient is on a therapeulic statin regimen.

52. The pharmaceutical composition of claim 51, wherein the therapeutic statin
regimen comprises a statin selected from the group consisting of cerivastatin, atorvastatin,
simvastatin, pitavasiatin, rosuvastatin, fluvastalin, lovastatin and pravastatin.

83. The pharmaceutical composition of claim 52, wherein the statin is atorvastatin,

54.  The pharmaceutical composition of any one of claims 28 to 50, wherein the
patient is not on g therapeutic statin regimen.



