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PCSKS INHIBITORS AND METHODS OF USE THEREOF TO TREATY
CHOLESTEROL-RELATED DISORDERS

REFERENCE TO RELATED APPLICATIONS
{0001} This Application claims priority to U.S. Provisional Application No.

63/032451, filed May 29, 2020, the entirety of which is incorporated herein by reference.

REFERENCE TO SEQUENCE LISTING
{00621 The present application 1s being filed along with a Sequence Listing in
electronic format. The Sequence Listing is provided as a file entitled APMOLO25WQO 1xt
created on May 5, 2021, which 15 149,410 bytes in size. The information in the electronic

format of the Sequence Listing ts incorporated herein by reference in its entirety.

BACKGROUND
[0003] The present disclosure relates to Proprotein Convertase Subtilisin Kexin
Type 9 (PCSKY) intubitors, and to therapies targeting PCSK® to treat cholesterol-related

disorders such as heterozygous familial hypercholesterolenia (HeFH).

SUMMARY

[0004] Provided herein is a method of lowering serum LIDL cholesterol (L.DL-C)
m a pediatric subject, comprising: wdentifying a pediatric subject having heterozygous
famibial hypercholesterolemia (HeFH), wherein the subject has a baseline LDL-C of about
200 mg/dL or greater; and administering to the subject an anti-PCSK9 antibody at a dose
from about 350 to about 500 mg, to thereby lower the subject’s LDL-C. Optionally, the
baseline LDL-C is from about 200 mg/dL to about 550 mg/dL.. In some embodiments, the
basehine LDEL-C 15 208 mg/dL or more. In some embodiments, the subject’s LDL-C 13
lowered by at least 20%, at least 30%, at least 40%, about 30% to about 50%, about 20% to
about 50%, about 20% o about 80%, about 30% to about 50%, or about 30% to about 80%.
In some embodiments, the subject’s LDL-C 15 lowered by at least 30%. In some

embodiments, the subject’s LDL-C 15 lowered by about 30% to about 80%. In some
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embodiments, the anti-PCSKS antibody is administered every two weeks to every four
weeks, every two weeks, or every four weeks. Unless exphlicitly stated otherwise herein,

3% 4c

“every four weeks,” “monthly,” and “OQM” as used herein shalf be interchangeable. As such,
administration “every four weeks” shall encompass “monthly” and “QM” adminisiration. In
some embodiments, the anti-PCSK9 antibody is administered every four weeks, and the
subject’s LDEL-C 15 lowered by at least 20%. In some embodiments, the anti-PUCSKO9
antibody 1s administered every two weeks, and the subject’s LDL-C 1s lowered by at least
30%.

{0005 Also provided herein is a method of lowering serum LDL cholesterol
{(LDL-CY in a pediatric subject, comprising: identifying a pediatric subject having
heterozygous familial hvpercholesterclemia (HefFH), wherein the subject has a baseline
LDL-C of about 210 mg/dL or less; and administering to the subject a PCSK9 antibody, at a
dose of about 350 to about 500 mg, to thereby lower the subject’s LDL-C, wherein the
subject’s LDL-C is lowered by at least 40%. Optionally, the baseline LDL-C is less than 208
mg/dL. In some embodiments, the subject’s LDL-C 1s lowered by at least 40%, at least S0%,
at least 60%, about 40% to about 60%, about 40% to about 80%, about 50% to about 60%, or
about 50% to about 80%. In some embodiments, the subject’s LDL-C 15 lowered by at least
45%. Iun some embodiments, the anti-PCSKO antibody 15 adnunistered every two weeks to
every four weeks, every two weeks, or every four weeks. In some embodiments, the anti-
PUSKY antibody s admuimstered every four weeks, and the subject’s LDL-~C is lowered by at
least 40%. In some embodiments, the anti-PCSKY antibody s admunistered gvery two
weeks, and the subject’s LDL-C 15 lowered by at least S0%.

{0806} In some embodiments, the anti-PCSK9 antibody comprises: a heavy chamn
variable region {VH) comprising: a CDRHI, CDRHZ, and a CDRH3 of a CDRH1, CDRH2,
and a CDRH3, respectively, of a VH of evolocumab; and a light chan vaniable region (VL)
comprising: a CDRL1, CDRL2, and a CDRL3 of a CDRLI, CDRL2, and a CDRL3,
respectively, of a VL of evolocumab. In some embodiments, the anti-PCSKO antibody
comprises: a heavy chain variable region (VH) comprising an amino acid sequence at least
90% identical to the VH of evelocumab; and a light chain variable region (VL) comprising
an amino acid sequence at least 90% identical to the VL of evolocumab. In some

embodiments, the anti-PCSKS antibody comprises: a heavy chain variable region (VH)
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comprising an amino acid sequence at least 95% identical to the VH of evolocumab; and a
light chain variable region (VL) comprising an amino acid sequence at least 95% identical to
the VL of evolocumab. In some embodiments, the anti-PUSK? antibody comprises: a heavy
chain variable region (VH) comprising: a CORH1, CDRHZ, and a CDRH3 of a CDRH},
CDRH2, and a CDRH3, respectively, of a VH of evolocumaby; and an amino acid sequence at
least 90% identical to the VH of evolocumaly and a light chain variable region (VL)
comprising: a UDRL1, CDRL2, and a CDRE3 of a CDRLY, CDRL2, and a CDRL3,
respectively, of a VL of evelocumab; and an anunc acid sequence at least 90% identical to
the VL of evolocumab. Optionally, the anti-PCSKS antibody 15 evolocumab.

[8007] In some embodiments, the dose is about 420 mg. In some embodiments,
the dose 13 about 490 mg.

[0008] In some embodiments, the subject’s LDL-C is lowered by at least week 20
of admainistration of the PCSK9 antibody.

{0009} Provided herein is a method of lowering serum LD cholesterol (LDL-C)
m a pediatric subject, comprising: identifying a pediatric subject having heterozygous
famihal hypercholesterolemia (HeFH), wherein the subject has a baseline LDL-C at or above
an upper guartile of baseline LDL-C values among a pediatric HeFH patient cohort; and
administering to the subject an enhanced dosage regimen of a PCSKS inhibitor, wherein the
enhanced dosage regimen comprises an amount and/or dosing frequency that is each
mdependently about 20% to about 500% greater than an average amount and/or average
dosing frequency of the PCSKS mnhibitor for pediatric HeFH patients having a baseline LDL-
C value that 15 less than the upper quartile, whereby the subject’s LDL-C 15 lowered.
Optionally, the amount of the PCSK9 inhibitor 15 about 5% to about 100% greater than the
average amount.  In some embodiments, the dosing frequency of the PCSKS mhibitor 1s
about 15% to about 400% greater than the average dosing frequency. In some embodiuments,
the average dosing frequency 15 a dosing frequency of the PCSKYS mhibitor for pediatric
HeFH patients having a baseline LDL-C value that is less than a median of baseline LDL-C
values among the cohort. In some embodiments, the average amount is an amount of the
PCSKS nhibitor for pediatric HeFH patients having a baseline LDE-C value that s less than
a median of baseline LDL-C values among the cohort. In some embodiments, the subject’s

L.DBL-C s lowered by at least 30%. In some embodiments, the subject’s LDL-C 15 lowered
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by from about 30% to about 80%. In some embodiments, the reduction in the subject’s LML~
C is at least 70% of the average reduction i LDL-C achieved in pediatric HeFH patients
having a baseline LDL-C value that is less than the upper quartile and receiving the PCSKS
mhibitor at the average frequency of administration. In some embodiments, the subject’s
LEBL-C s lowered by at least week 20 of administration of the PCSKY inhibitor.

{0010} Also provided 1s a method of treating or preventing heterozygous familial
hypercholesterofemia (HeFH) or symptoms thereof, comprising: identifying a pediatric
subject in need of treatment or prevention of HeFH or symptoms thereof, wherein the subject
has a baseline LDL-C at or above an upper guartile of baseline LDL-C values among a
pediatric HeFH patient cohort; and administering to the subject an enhanced dosage regimen
of a PCSKS9 inhibitor, to thereby treat or prevent HeFH or symptoms thereof, wherein the
enhanced dosage regimen comprises administering the PCSK9 mhibitor at a mean dose that
is about 20% to about 500% greater than a reference mean dose of the PCSK9 inhibitor for
treating or preventing HeFH or symptoms thereof in pediatric HeFH patients having a
basehine LDL-C value that is less than the upper quartde. Optiovally, the reference mean
dose is a dose of the PCSKY mhbitor for pediatric HeFH patients having a baseline LDL-C
value that is less than a median of baseline LDL-C values among the cohort.  In some
embodiments, the enhanced dosage reguuen comprises an ncrease m a dosing frequency
and/or an amount of the PCSK® inhibitor adminustered to the subject. In some embodiments,
the upper guartile s 1n a range of about 190 mg/dL to abowt 220 mg/dl.. In some
embodiments, the upper quartife 13 about 200 mg/dL. In some embodiments, the subject’s
baseline LDL-C 15 about 200 mg/dL or greater. In some embodiments, the baseline LDL-C
15 from about 200 mg/dL to about 550 mg/dl.. In some embodiments, the baseline LDL-C 13
208 mg/dl. or greater. In some emboduments, the PUSKY nhibitor 15 approved by a
sovernment regulatory agency for lowering seram LDBL cholesterol levels 1o a human patient.
in some embodiments, the average dosing frequency 15 a dosing frequency of the PCRKS
mhibitor for pediatric HeFH patients having a baseline LDL-C value that is less than a
median of baseline LDL-C values among the cohort.  In some embodiments, the PCSK9
mhibitor 15 an antibody, small-molecule inhibitor, or an inhibitory nucleic acid. Optionaily,
the POSKO mhibitor 15 an anti-PCSKS antibody, a siRNA or shRNA. Optionally, the PCSK9

mhibitor comprises one or more of evolocumab, alirocumab, bococizumab, 1D05-1gG2, RG-
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7652, LGT209, REGNT728, LY3015014, 1820, inclisiran, ISIS 394814, ALN-PCS02, SX-
PCK9, and BMS-962476. In some embodiments, the average dosing frequency is in a range
from about once every 2 weeks to about once every 12 weeks. In some embodiments, the
method further comprises determining guartiles of the baseline LDL-C values of the cohort.
In some embodiments, the cohort comprises at least 25 pediatric HeFH patients.  In some
embodiments, the baseline LDL-C values among the cohort is at least 130 mg/dL.

{0011 In some embodiments, the method further comprises measuring the
baseline LDE-C of the subject. In some embodiments, the identifving comprises diagnosing
and/or genotyping the subject for HeFH. In some embodiments, the identifying comprises
diagnosing and/cr genotyping the patient for compound HeFH.

{00121 Also provided herein 13 a method of lowering serum LDL-cholesterol
{(LDL-C) in a pediatric subject, the method comprising: administering to a pediatric subject
an enhanced dosage regimen of a PCSK9 inhibitor, wherein the subject has heterozygous
famihial hypercholesterolemia (HeFH) or symptoms thereof, wherein the enhanced dosage
regimen of the PCSK9 mhibitor comprises an amount of the PCSK9 inhibitor that 1s about
20% to about 500% greater thao a standard-of-care average amount for adults having HeFH,
and/or a dosing frequency of the PCSK9 inhibuor that is about 20% to about 500% greater
than a standard-of-care average frequency for adulis having HeFH, whereby the subject’s
LDBL-C 15 lowered. Optionally, the enhanced dosage regimen lowers LDL-C n the subject
by at least 30%. In some embodiments, the enhanced dosage regimen lowers LDL-C in the
subject by 30%-80%. In some embodiments, the amount of the PCSK? inhibttor is increased
by about 5% to about 100% than the standard-of-care amount. In some embodiments, the
dosing frequency of the PCSKS inhibitor 1s increased by about 15% to about 400% than the
standard-of-care dosing frequency. In some embodiments, the enhanced dosage regimen 1s
continued unt] a therapeutically acceptable end pomt for HeFH 15 achieved In some
embodiments, the PCSKY inhibitor 18 approved by government regulatory agency for
lowering LDEL-C in a human patient. 1n some embodiments, the standard-of-care dosing
frequency 15 between once every 2 weeks to once every 12 weeks. In some embodiments,
the PUSKS inhibitor is an anti-PCSK9 antibody.  Optionally, the anti-PCSK9 antibody
comprises: a heavy chain varnable region (VH)} comprising: a CDRHI, CDRHZ, and a

CDRH3 of a CDRH1, CDRHZ, and a CDRHS3, respectively, of a VH of evolocumalby; and an
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amine actd sequence at least 90% identical to the VH of evolocumab; and a light chain
variable region (VL) comprising: a CORLY, CDRL2, and a CDRL3 of a CDRL, CBRL2,
and a CDRL3, respectively, of a VL of evolocumab; and an aming acid sequence at least
90% identical to the VL of evolocumab. In some embodiments, the anti-PCSK9 antibody is
evolocumab.

{0013} in some embodiments, the standard-of-care amount is between 400 and
500 mg/dose. In some embodiments, the standard-of-care amount and/or frequency is about
420 mg/month.

{0014} In some embodiments, the subject’s LDL-C is lowered by at least week 20
of administration of the PCSK9 inhibitor.

{0015} Provided herein 15 a method of treating or preventing heterozygous
familial hypercholesterclemia (HeFH) or symptoms thereof, comprising: identifying a
pediatric subject in need of treatment or prevention of HeFH or symptoms thereof; and
administering to the subject an enhanced dosage regimen of a PCSK9 inhuibitor, to thereby
treat or prevent HeFH or symptoms thereof, wherein the enhanced dosage regimen comprises
administering the PCSKS inhubitor at an mean dose that is about 20% to about S00% greater
than a standard-of-care mean dose of the PCSK9 mnlubitor to treat or prevent HeFH or
symptoms thereof in an adult patient. Optionally, the enhanced dosage regimen comprises a
higher dosing frequency of the PCSK9 inhibitor than a standard-of-care dosing frequency. In
some embodiments, the enhanced dosage regimen comprises a higher amount of the PCSK9
mhibitor than a standard-of-care amount.  In some embodiments, the PCSK®S mnhibitor 15 an
antibody, smali-molecule mhibttor, or an mhibttory nucleic acid.  Optionally, the PCSKS
inhibitor is an anti-PCSKY antibody. Optionally, the PCSKS 1nhibitor 15 a siRNA or shRNA.
Optionally, the PCSKS inhibitor comprises one or more of evolocamab, alirocumab,
bococizumab, 1D05-1g(G2, RG-7652, LGT209, mchsiran, ISIS 394814, SX-PCK9, and
BMS-962476.

{0016} in some embodiments, the method further comprises administering one or
more other LDL cholesterol-lowering therapy to the subject. Opticnally, the other LDL
cholesterol-lowering therapy comprises a statin, a fibrate, a bile acid sequestrant, niacin, an
antiplatelet agent, an angiotensin converting enzyme mnhibitor, an angiotensin [¥ receptor

antagonist, an acylCoA cholesterol acetyliransferase (ACAT) imnlubitor, a cholestero!
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absorption inhibitor, a cholestero!l ester transfer protein (CETP) inhibitor, a microsomal
triglyceride transfer protein (MTTP) infubitor, a cholesterol modulator, a bile acid modulator,
a peroxisome proliferation activated receptor (PPAR) agonist, a gene-based therapy, a
composite vascular protectant, a glycoprotein IHb/Hla inhibitor, aspirin or an aspirin-like
compound, an IB AT infubitor, a squalene synthase inhibitor, or a monocyte chemoatiractant
protein (MCPY-I inhibitor.

{00171 Also provided 1s a method of lowering serum LI cholesterol (LDL-C) in
a pediatric subject, comprising: adnunistering to a pediatric subject having HeFH, wherein
the subject has a baseline LDL-C of about 200 mg/dL or greater: a PCSK9 antibody at a
dosing frequency of about once a month, and at an amount from about 400 mg to about 450
mg; at least one statin; and at least one other LDL cholesterol-lowering therapy that 1s
different from the PCSK® antibody and the at least one statin, to thereby lower the subject’s
LDL-C by at least 30%. Optionally, the anti-PCSK® antibody comprises: a heavy chain
variable region (VH)} comprising: a CDRHI, CDRH2, and a CDRH3 of a CDRH1, CDRH2,
and a CDRH3, respectively, of a VH of evolocumab; and an amino acid sequence at least
90% identical to the VH of evolocumab; and a light chain variable region (VL) comprising: a
CDRLY, CDRL2, and a CDRL3 of a CDRLY, CDRL2, and a CDRL3, respectively, of a VL
of evolocumab; and an anmino acid sequence at least 90% 1dentical 1o the VL. of evolocumab.
Optionally, the anti-PCSK9 antibody is evolocumab. In some embodiments, the amount is
about 420 mg,

{001 8] Also provided herein is a method of treating or preventing heterozvgous
famihal hypercholesterolemia (HeFH) or symptoms thereof, comprising: administering to a
pediatric subject having HeFH and a baseline serum LDL cholesterol (LDL-C) at or above an
upper quartile of baseling LDL-C values among a pediatric HeFH patient cohort: a PCRK9
mhibitor; at least one statin; and at least one other LDBL cholesterol-lowering therapy that 18
different from the PCSK9 intubitor and the at least one statin, to thereby treat or prevent
HeFH or symptoms thereof, wherein the PCSKY inhibitor s administered according to a
dosage regimen of the PCSKS mhibitor for pediatric HeFH patients having a baseline LDL-C
value that is less than the upper quartile. Optionally, the upper quartile is in a range of about
190 mg/dL to about 220 mg/dL. In some embodiments, the baseline LDL-C 1s about 200

mg/dL or greater. In some embodiments, the PCSK9 inhibitor is administered according to a
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dosage regimen of the PCSK9 ihibitor for pediatric HeFH patients having a baseling LDL-C
value that is less than a median of baseline LDL-{ values among the cohort.

{0019} Provided herein is a method of treating or preventing heterozygous
familial hypercholesterolenia (HeFH) or symptoms thereof, comprising: admuinisiering to a
pediatric subject having HeFH: a PCSKY inhibitor, wherein the PUSK9 inhubitor is
administered according to a standard-of-care dosage regimen to treal or prevent HeFH or
symptoms thereof in an adult patient; at least one statin; and at least one other LDL
cholesterol-lowering therapy that is different from the PCSK9 inhibitor and the at least one
statin, to thereby treat or prevent HeFH or symptoms thereof. Optionally, the at least one
other LDL cholesterol-lowering therapy is administered according to an enhanced dosage
regimen comprising an mean dose of the at least one other LDL cholesterol-lowering therapy
that 1s about 20% to about 500% greater than a standard-of-care mean dose of the at least one
other LDL cholesterol-lowering therapy to treat or prevent HeFH or symptoms thereof in a
pediatric patient. Optionally, the enhanced dosage regiment comprises an increase in a
dosing frequency and/or an increase n an amount of the PCSK? inhibitor.

(0020} In sorme embodiments, the PCSK9 inlubiior is an antibody, small-
molecule inhibitor, or an inhibitory nucleic acid. Optionally, the PCSKO inhibitor comprises
one or more of evolocumab, alirocumab, bococizumab, 1D03-IpG2, RG-7652, LGT209,
REGNT728, LY3015014, 1B20, inclisiran, ISIS 394814, SX-PCKY, and BMS-962476. In
some embodiments, the at least one other LDL cholesterol-lowering therapy comprises a
second PCSKY mhibitor.  Optionally, the second PUSK9 mnhibitor 15 a small-molecule
mwhibitor, or an whibitory nucleic acid. Optionally, the second PCSKY mhibttor comprises
one or more of evolocumab, alirocumab, bococizumab, 1D0S-1gG2, RG-7652, LGT209,
REGN728, LY3015014, 1B20, inchisiran, ISIS 394814, SX-PCKS9, and BMS-962476.

{0021} In some embodiments, the at least one other LDL cholesterol-fowering
therapy comprises a statin, a fibrate, a bile acid sequestrant, macin, an antiplatelet agent, an
angiotensin converting enzyme inhibitor, an angiotensin I receptor antagonist, an acylCoA
cholesterol acetyltransferase (ACAT) inhibitor, a cholesterol absorption inhibitor, a
cholesterol ester transfer protein (CETP) inhibitor, a microsomal triglyceride transfer protein
(MTTP) inhibitor, a cholesterc! modulator, a bile acid modulator, a peroxisome proliferation

activated receptor {PPAR) agonist, a gene-based therapy, a composite vascular protectant, a
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glveoprotein Hb/la inhibitor, aspinin or an aspirin-like compound, an IB AT inhibitor, a
squalene synthase inhibitor, or a monocyte chemoattractant protein (MCP)-1 mhibitor.

{00221 In some embodiments, the age of the subject 1s 17 vears old or younger.
In some embodiments, the age of the subject is between 10 and 17 vears old. In some
embodiments, the subject has compound HeFH.  In some embodiments, the subject is
receiving at least one other LDL cholesterol-lowering therapy. In some embodiments, the
PCSKY inhibitor or anti-PUSKY antibody 1s administered subcutaneously or intravenously.

(0023} Provided herein is a kit for treating a pediatric subject in need of treating
or preventing heterozygous familial hypercholesterolemia (HeFH) or symptoms thereof,
comprising. a dosage form comprising a PCSKS mhibitor in an amount sufficient to
adnuuister the PCSK9 mhibitor to a pediatric subject having HeFH an enhanced dosage
regimen comprising administering to the subject the PCSK9 inhibitor at a dosing frequency
that is at least 2 fold greater than an average dosing frequency of the PCSKY inhibitor for
pediatric HeFH patients having a baseline LDL-C value that is less than the upper quartile.
Optionally, the average dosing frequency 15 a dosing frequency of the PCSK9 inhibitor for
pediatric HeFH patients having a baseline LDL-C value that 1s less than a median of baseline
LDBL-C values among the cohort.

[0024] Also provided s a kit for treating a pediatric subject o need of treating or
preventing heterozyvgous familial hypercholesterolernia (HeFH) or sympioms thereof,
comprising: a dosage form comprising a PCSKS mhubiior m an amount sufficient 1o
admimster the PCSKS inhibitor to a pediairic subject an enhanced dosage regimen
comprising administering to the subject the PCSKS mhibitor at a dosage that 13 about 20% to
about 500% greater than a standard-of-care dosage of the PCSKS inhuibitor to treat or prevent
the cholesteroi-related disorder in an adolt HeFH patient.

{0025} Also provided herein is a method of lowermng serum LIL cholesterol
(LBL-Cy, comprising: administering to a subject a PCSK9 inhibitor, wherein the subject has
heterczyveous familial hypercholesterolemia, wherein the subject 15 a pediatric subject,
wherein the PCSK9 inhibitor is administered in an amount that is at least as effective ag 420
mg of evolocumab, wherein the PCSK9 inhibitor is administered at a frequency of every two

weeks or more, whereby the subject’s LDL-C 1s reduced by more than 30%.

0.
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{0826} Provided herein is a method of lowering serum LDL cholesterol (LEL-C)
i a subject, comprising: identifying a pediatric subject having heterozygous familial
hypercholesterolemia {(HeFH), wherein the subject has a baseline LDL-C above an upper
quartile of baseline LDL-C values among a pediatric HeFH patient cohort; and administering
to the subject an enhanced dosage regimen of a PCSKY inhibitor, whergin the enhanced
dosage regimen comprises a dosing frequency and/or an amount that s from 20% to 500%
greater than an average dosing frequency and/or average amount in a government regulatory
agency-approved label for the PCSKO inhibitor, whereby the subject’s LDL-C 15 lowered by
at least 30%. Optionally, the enhanced dosage regimen comprises a dosing frequency that is
at least 2 fold greater than the average dosing frequency.

00271 In some embodiments, the PCSK9 inhubitor comprises one or more of
evolocumab, alirocumab, bococizumab, 1D03-Ie(G2, RG-7652, LGT209, REGN72S,
LY3013014, 1B20, inclisiran, ISIS 394814, ALN-PCS02, SX-PCK9, and BMS-962476.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 shows a schematic diagram of a study design for evolocumab for
low density lipoprotem-cholesterol (LDL-C) reduction in pediatric subjects  with
heterozygous famihal hypercholesterolenua (HeFH).

{00291 FIGS. 2A and 2B show schematic diagrams of methods of lowering serum
LDL cholesterol (LDBL-Cy n a pediatric subject, according to some embodiments of the
present disclosure.

{6030} FIG. 3 shows a schematic diagram of a method of lowering serum LDL
cholesterol {L.DL-C) n a pediatric subject, according to some embodiments of the present
disclosure.

{0031} FI(G. 4 shows a schematic diagram of a method of treating or preventing
heterozygous familial hypercholesterolenna (HeFH) or symptoms thereof, according to some
embodiments of the present disclosure.

{60321 FIG. 5 shows a schematic diagram of a method of lowering serum LDL
cholesterol (LDL-C) in a pediatric subject, according to some embodiments of the present

disclosure.
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{0833} FIG. 6 shows a schematic diagram of a method of treating or preveniing
heterozygous familial hypercholesterclemia (HeFH) or symptoms thereof, according to some
embodiments of the present disclosure.

{0034 FIG. 7 shows a schematic diagram of a method of lowering serum LDL
cholesterol (LDL-C) in a pediatric subject, according to some embodiments of the present
disclosure.

{60351 FIG. 8 shows a schematic diagram of a method of reating or preventing
heterozygous familial hypercholesterolemia (HeFH) or symptoms thereof, according to some
embodiments of the present disclosure.

0036} FIG. 9 shows a schematic diagram of a method of treating or preventing
heterozygous familial hypercholesterolemia (HeFH) or symptoms thereof, according to some
embodiments of the present disclosure.

{00371 FIGS. 10A and 10B show amino acid sequences of the mature form of
PCSKS with the pro-domain underlined.

[6038] FIG. 11 shows a oucleic acid sequences of human PCSK9 with the
sequence encoding the signal sequence in bold.

{0039 FIG. 12 shows an amino acid of human PCSKS with the pro-domam
underlined and the sigual sequence in bold.

{00401 FIG. 13 shows the amino acid and nucleic acid sequences of human
PUSKY with the pro-domain underhined and the signal sequence in bold.

{00411 FIG. 14 shows some sequence aspects of some embodiments of PCSKS
ihibitors.

{00421 FIGS. 15A and 15B show some sequence aspects of some embodiuments of
PCSKS mhibitors. The highhighted regions denote the vanable regions.

{0043} FI(G. 16 shows some sequence aspects of some embodiments of PCSK9
mhibitors,

{0044] FIG. 17 shows some sequence aspects of some embodiments of PCSK9
imhibitors.

{0045] FI(3. 18 shows some sequence aspects of some embodiments of PCSK9

mhibitors.
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{0846} FIG. 19 shows some sequence aspects of some embodiments of PCSK9
mhibitors.
{08471 FIG. 20 shows some constant domain sequence aspects of some

embodiments of PCSK9 inhibitors.

DETAILED DESCRIPTION

[0048] Methods of treating a subject, eg., a pediatric subject, having a
cholesterol-related disorder, e g., familial hypercholesterolemia (FH), such as heterozygous
FH (HeFH), using a PCSKY inhibitor 18 provided. As disclosed herein, the efficacy of a
PCSKS mhibitor for the treatment or prevention of a cholesterol-related disorder, e.g., HeFH,
can depend on a variety of factors, such as age of the subject, severity of the subject’s
disorder as measured by baseline serum LDL cholesterol (LDL-C) levels, and/or the
subject’s genotype. For example, HeFH can comprise compound heterozygous FH, which
can be relatively severe compared to heterozygotes that comprise a wild-type allele of the
subject gene.  Among a cohort of pediatric HeFH patients, each patient’s baseline LDL-C
can vary. Without being bound by theory, in line with the results presented heremn, the
response to a PCSKY mhibitor therapy, e.g., an anti-PCSKS antibody therapy, may be
blunted when the pediatric HeFH subject receiving treatrnent has a more severe form of the
cholesterol-related disorder reflected, for example, in the subject’s baseline LDL-C level
being at or above an upper gquartile of baseline LDL-C levels among a cohort of pediatric
HeFH patients.  As disclosed herein, the reduction in LDL-C in response to a PCSK9
mhibitor therapy in 8 pediatric HeFH subject having a baseline LDL-C of about 200 mg/dL
or greater, e.g., a baseline LDL-C of 208 mg/dL. or greater, can be attenuated compared to the
reduction achieved by the same PCSKS mhibitor therapy in a pediatric HeFH patient having
a baseline LDL-C lower than about 200 mg/dL, e.g., a baseline LDL-C lower than 208
mg/dl. A pediatric HeFH subject having severe HeFH, ¢ g, having a baseline LDL-C level
at or above the upper quartile, can benefit from an enhanced dosage regimen to compensate
for the blunted response to the PUSKY inhibitor therapy. In some embodiments, the
enhanced dosage regimen includes an increased frequency and/or dosage amount of

administration compared to the frequency and/or dosage amount of administration of a

13-
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dosage regimen for pediatric HeFH patients having a baseline LDL-C that is less than the
upper guariile.

{60491 The term “proprotein convertase subitlisin kexin type 97 or “PCSKY”
refers to a polypeptide as set forth in SEQ 1D NO: 1, 2, 4 and/or 6 1n Figs. 104, 10B, 12, and
13, “PCSK9” has also been referred to as FH3, NARCH, HCHOLA3, proprotein convertase
subtiisinkexin type 9, and neural apoptosis regulated convertase 1. The PCRKY gene
encodes a proprotein convertase protein that belongs to the proteinase K subfamily of the
secretory subtilase family. The term “PCSK9” denotes both the proprotein and the product
generated following autocatalysis of the proprotein. When only the autocatalyzed product is
being referred to (such as for an antibody that selectively binds to the cleaved PCSK®), the
protein can be referred to as the “mature,” “cleaved”, “processed” or “active” PCSKS. When
only the inactive form is being referred to, the protein can be referred to as the “inactive”,
“pro-form”, or “unprocessed” form of PCSK9.

(0050 “PCSKSY inhibitor” denotes a molecule or therapy that inhibits PCSK9
activity to thereby lower LDL-C {and/or other lipids, such as non-HDL-C, ApoB, Lp(a), etc.)
levels. This can include veutralizing antibodies to PCSKY and anti-sense molecules to
PCSKY, for examople. A PCSK9 inhibitor therapy denotes a method that uses a PCSK9
mhibitor agent.

{00511 “Basehne” as used herein with reference to serum LDL cholesterol (LDL-
C} refers to the level of serum LDL-C 1n a subject who has not been administered a PCSKS
mhibitor for treatment of a cholesterol-related disorder, eg, HeFH, or for prevention of
symptoms thereof. Generally, the baseling 15 a fasting LBL-C. In some embodiments, a
subject is taking a {(non-PCSKS inhibitor) LDL-C-lowering therapy, such as a statin, when
the baseline LBL-C 15 established.

{0052} “Median” as used herein in reference to LDL-C levels in a patient cohort,
is the LDL-C value separating the higher half from the lower half of ali the LDL-C levels in
the cohort. Half the LDL-C values in the cohort are below the median, and half are above.
An “apper quartile” is the LDL-C value separating the top 25% from the lowest 75% of all
the LDL-C levels in the cohort. A “lower quartile” 1s the LDL-C value separating the bottom
25% from the highest 75% of all the LDL-C levels in the cohort
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{0053} “Standard-or-care” as used herein has its customary and plain meaning as
understood by one of ordinary skill in the art, in view of the present disclosure. In some
embodiments, the standard-of-care includes guidelines for a course of action, eg.,
administration of a therapeutic agent to treat a disorder, that are generally accepted by
practitioners to be safe and effective for achieving the intended purpose. In some
embodiments, the standard-of-care includes a government-approved guideline for using a
therapeutic agent to ireat a patient. In some embodiments, the standard-of-care inchides a
guideline accepted by a government regulatory agency {e.g., the US Food and Drug
Administration (FDA} or the European Medicines Agency (EMA)). In some embodiments,
the standard-of-care for a therapeutic agent applies to a specific patient population, e g., adult
patients.

[0054] “Government regulatory agency” as used herein refers to a national,
international or local governmental organization that is tasked with approving therapies for
treating a disease or disorder in patients, eg., human patients. Suitable government
regulatory agencies include, without lumitation, the FDA, Furopean Medicines Agency
(EMA), Pharmaceuticals and Medical Devices Agency (Japan), National Medical Products
Admuustration {(China), Health Canada, Mediwcines and Healthcare Products Regulatory
Agency (UK), Central Drug Standard Control Organization (India), and Therapeutic Goods
Admnistration {Austraha).

{0055} An “antibody” refers to an immunoglobulin of any isotype, and includes,
for mstance, chimeri¢, humanized, folly human, and monoclonal antibodies. An “antibody”
as such s a subgenus of an antigen binding protein. For example, human antibodies can be of
any isotype, inchuding IgG (neluding 1gGl, 19062, IgG3 and Ig(G4 subtypes), IgA (including
IgAl and IgA2 subtypes), IgM and IgE. A human Ig(G antibody generally will comprise two
full-length heavy chains and two full-length light chains. Antibodies may be dertved solely
from a single source, or may be “chimeric,” that 15, different portions of the antibody may be
derived from two or more different antibodies from the same or different species. For the
purposes of illustration, PCSK9 protein {e.g., having the amino acid sequence of any one of
SEQ ID NOs: 1, 2, 4, or &) or a fragment theresf is an example of an antigen for an anti-
PUSKO antibody. A canonical immunoglobulin is a tetrameric molecule, with each tetramer

comprising two identical pairs of polypeptide chains, each pair having one “light” (about 25
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kDa} and one “heavy” chain (about 50-70 kDa). The amino-terminal portion of each chain
includes a variable region of about 100 to 110 or more amino acids primarily responsible for
antigen recognition. The carboxy-terminal portion of each chain defines a constant region
primarily responsible for effector function.

{00561 By way of example, antibodies having 1, 2, 3, 4, or 5 amino acid residue
substitutions, msertions or deletions at the N-terminus and/or C-terminus of the heavy and/ or
light chains are included in the defimtion provided that the antibodies retain the same or
similar binding and/or function as the antibodies comprising two full length heavy chains and
two full length light chains.

(0057} Antigen binding proteins that bind to PCSK® are also described herein.
An antigen binding protein may comprise, consist essentially of, or consist of a fragment of
an anti-PCSKQ antibody. In some embodiments, an antigen binding protein to PCSK9 may
be substituted for an anti-PCSKS antibody as described herein.  Antigen binding proteins can
include antibody fragmenis (e g, an antigen binding fragment of an antibody), antibody
dertvatives, and antibody analogs. Further specific examples include, but are not limuted to, a
single-chain variable fragment (scFv), a nanobody (e.g. VH domain of camehd heavy chain
antibodies; VHH fragment, see Cortez-Retamoro et al, Cancer Research, Vol 64:2853-57,
2004), a Fab fragment, a Fab' fragment, a F{ab")2 fragment, a Fv fragment, a Fd fragment,
and a complementarity determining region {CDR) fragment. These molecules can be derived
from any mammalian source, such as human, mouse, rat, rabbit, or pig, dog, or camelid.
Antibody fragments may compete for binding of a target antigen with an intaet antibody and
the fragments may be produced by the modification of intact antibodies (e.g. enzymatic or
chemical cleavage) or synthesized de novo using recombinant DNA technologies or peptide
synthesis. The antibody can comprise, for example, an alternative protemm scaffold or
artificial scaffold with grafted CDRs or CDR derivatives. Such scaffolds mclude, but are not
lumited to, antibody-derived scaffolds comprising mutations introduced to, for example,
stabilize the three-dimensional structure of the antigen binding protein as well as wholly
synthetic scaffolds comprising, for example, a biocompatible polymer. See, for example,
Korndorfer et al., 2003, Proteins: Structure, Function, and Bioinformatics, Volume 53, Issue
1:121-129 (2003); Roque et al, Biotechnol Prog. 20:639-654 (2004}, In addition, peptide

antibody mimetics ("PAMs”) can be used, as well as scaffolds based on antibody mimetics
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atilizing fibronectin components as a scaffold.  In some embodiments, an antigen binding
fragment of an antibody comprises at least one CDR from an antibody that binds to the
antigen, and in some embodiments comprises the heavy chain CDR3 from an antibody that
binds to the antigen. In some embodiments, the antigen binding fragment comprises all three
CDRs from the heavy chain of an antibody that binds to the antigen or from the light chain of
an antibody that binds to the antigen.  In some embodiments, the antigen binding fragment
comprises all six CDRs from an antibody that binds to the antigen (three from the heavy
chain and three from the light chain). The antigen binding fragment in certain embodiments
15 an antibody fragment.

[0058] An antigen binding protein can also include a protein comprising one of
more antibody fragments incorporated into a single polypeptide chain or into multiple
polypeptide chains. For instance, antigen binding protemn can include, but are not limited to,
a diabody (see, e.g., EP 404,097, WO 93/11161; and Hollinger et al,, Proc. Nail. Acad Sci.
USA, Vol 90:6444-6448, 1993); an intrabody; a domain antibody (single VL or VH domain
or two or more VH domains jomed by a peptide linker; see Ward et al, Nature, Vol
341:544-545, 1989); a maxibody (2 scFvs fused to Fo region, see Fredericks et al, Protein
Engineering, Design & Selection, Vol 17:93-106, 2004 and Powers et al, Journal of
Trmmunological Methods, Vol 251:123-135, 2001); a triabody; a tetrabody, a minibody {sc¢Fv
fused to CH3 domain; see Olafsen et al, Protein Eng Des Sel. |, Vol 17:315-23, 2004); a
peptibody (one or more peptides attached to an Fo region, see WO 00/24782), a linear
antibody {a pair of tandem Fd segments (VH-CHI-VH-CHI ) which, together with
complementary hight cham polypeptides, form a pair of antigen binding regions, see Zapata
et al., Protein Eng., Vol 3:1057-1062, 1995); a small modular immunopharmaceuntical (see
U.5. Patent Publication No. 20030133939}, and immunoglobulin fusion proteins {e.g. Ig(G-
schv, 1eG-Fab, 2scFv-Ig(, dscFv-Ig(s, VH-Ig(, 1gG-VH, and Fab-scFv-Fe).

{0059} Within light and heavy chains, the variable (V} and constant regions {(C)

“ ra

are joined by a region of about 12 or more amino acids, with the heavy chain also
including a8 “D” region of about 10 more anmino acids. See generally, Fundamental
Immunology Ch. 7 (Paul, W, ed, 2nd ed Raven Press, N.Y. {1989})) (incorporated by
reference i its entirety for all purposes). The variable regions of each light/heavy chain pair

form the antibody binding site such that an intact immunoglobulin has two binding sites.
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{0860} Immunoglobulin chains exhibit the same general structure of relatively
conserved framework regions (FR) joined by three hypervariable regions, also calied
complementarity determining regions of CDRs. From N-terminus to C-terminus, both light
and heavy chains comprise the domains FR1, CDR1, FR2, CDR2, FR3, CDR3 and FR4.

0061 Human light chains are classified as kappa and lambda light chains. The
term “light chain” refers o a polypeptide comprising, from aming terminus fo carboxyl
terminus, a single immunoglobulin light chain vanable region (VL) and a single
mmunoglobulin bight chain constant domain (CL). Heavy chains are classified as mu (),
delta (A), gamma (v), alpha (o}, and epstlon (g}, and define the antibody's isotype as IgM,
ighd, 1eG, IgA, and IgE, respectively. The term “heavy chain” refers to a polypeptide
comprising, from amino termunus to carboxyl terminus, a single wwmunoglobulin heavy
chain variable region (VH), an mmmunoglobulin heavy chain constant domain 1 (CH1), an
immunoglobulin hinge region, an immunoglobulin heavy chain constant domam 2 (CH2), an
immunoglobulin heavy chain constant domain 3 (CH3), and opticnally an immunoglobulin
heavy chain constant domaim 4 {CH4})  The IgG-class 1s further divided nto subclasses,
namely, [gGl, 1gG2, T9G3, and TgG4. The IgA-class is further divided into subclasses,
namely TgAl and IgA2. The IgM has subclasses including, but not imuted to, IgMl and
IgM2. The heavy chains 10 IgG, IgA, and Igly antibodies have three domams (CH1, CH2,
and CH3), whereas the heavy chaing in IgM and IgE antibodies have four domams (CHI,
CH2, CH3, and CH4). The immunoglobulin heavy chain constant domaing can be from any
mmunoegiobulin tsotype, mcluding soabtypes. The antibody chains are linked together via
mter-polypeptide disulfide bonds between the CL domain and the CHI domain {1.e. between
the light and heavy chain) and between the hinge regions of the antibody heavy chains,

[0062] A “polyclonal antibody” refers to a population of antibodies that are
typically widely varted m composition and binding specificity. A “monoclonal antibody”
(“mAb”) as used herein refers to one or more of a population of antibodies having identical
sequences. Monoclonal antibodies bind to the antigen at a particular epitope on the antigen.

00631 In some embodiments, an anti-PCSKS antibody comprises at least one
CDR set forth in Figs. 14, 15A, 15B, 16, 17, 18, and/or 19. In some embodiments, an anti-
PCSK9 antibody comprises the HCDR1, HCDR2, HCDR3, LCDRI, LCDRZ, and LCDRS of

an antibody as set forth in Figs. 14, 15A, 15B, 16, 17, 18, and/or 19, In some embodiments,
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the anti-PCSKS antibody comprises: a heavy chain vanable region (VH)} comprising an
aming acid sequence at least 90% identical to the VH of evolocumab; and a light chain
vartable region (VL) comprising an amino acid sequence at least 90% identical to the VL as
set forth in Figs. 14, 15A, 15B, 16, 17, 18, and/or 19. In some embodiments, the anti-PCSK9
antibody comprises: a heavy chain variable region (VH)} comprising an amino acid sequence
at least 95% identical to the VH of evolocumab; and a light chain variable region (VL)
comprising an aming acid sequence at least 95% identical to the VL as set forth in Figs. 14,
15A, 15B, 16, 17, 18, and/or 19,

{0064} The term “CDR” refers to the complementarity determining region (also
termed “manimal recognition units” or “hypervariable region”) within anttbody variable
sequences. The CDRs permit the antibedy to specifically bind to a particular antigen of
mterest. There are three heavy chain variable region CDRs (CDRH1, CDRH2 and CDRH3)
and three light chain variable region CDRs (CDRL1, CDRL2 and CDRL3). The CDRs in
each of the two chains typically are aligned by the framework regions to form a structure that
binds specifically to a specific epitope or domain on the target protein. From N-terminus to
C-termunus, naturallv-occurring light and heavy chain variable regions both typically
conform to the following order of these elements: FR1, CDR1, FR2, CDR2, FR3, CDR3 and
FR4. A numbering system has been devised for assigning numbers to anuno acids that
occupy positions in each of these domams. This numbering system 1s defined in Kabat
Requences of Proteins of Immunoclogical Interest (1987 and 1991, NIH, Bethesda, MBY), or
Chothia & Lesk, 1987, J. Mol Biol. 196:901-917; Chothia et al., 1989, Nature 342:878-883.
Complementarity determining regions (CDRs) and framework regions (FR) of a given
antibody may be identified using this systern. Other numbering systems for the amino acids
in immunoglobulin chains include IMGT® (the international ImMunoGeneTics fnformation
system; Lefranc et al, Dev. Comp. Immunol 29:185-203; 2005} and AHo {(Honegger and
Pluckthun, J. Mol Biol. 309(3}:657-670; 2001). One or more UDRs may be incorporated
mto a molecule either covalently or noncovalently to make it an antibody.

00651 In some embodiments, an antigen binding protein of the present disclosure
may incorporate the CDR(s) as part of a larger polypeptide chain, may covalently link the
CDR({s) to another polypeptide chain, or may ncorporate the CDR(s) noncovalently. The

antigen binding proteins may comprise at least one of the CDRs described herein
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mecorporated nto a biocompatible framework structure. In one example, the biocompatible
framework structure comprises a polypeptide or portion thereof that is sufficient to form a
conformationally stable structural support, or framework, or scaffold, which is able to display
one or more sequences of amino acids that bind to an antigen {e.g., (DRs, a vanable region,
etc.) in a localized surface region. Such structures can be a naturally occurring polypeptide
or polypeptide “fold” (a structural motif), or can have one or more modifications, such as
additions, deletions or substitutions of amine acids, relative to a naturally occurring
polypeptide or fold. These scaffolds can be derived from a polypeptide of any species {or of
more than one species), such as a human, other mamumal, other vertebrate, invertebrate, plant,
bacteria or virus.

{00661 Typically the biocompatible framework structures are based on protein
scaffolds or skeletons other than mmmunoglobulin domains. For example, those based on
fibronectin, ankyrin, lipocalin, neocarzinostain, cytochrome b, CP1 zinc finger, PST1, coiled
cotl, LACI-D1, Z domain and tendamistat domains may be used (See eg., Nygren and
Uhlen, 1997, Current Opinion in Structural Biology, 7, 463-469).

{0067} In some embodiments, an antigen binding protein is a bispecific antibody.
Methods of making bispecific antibodies are known in the art. One such method of making a
“bispecific,” or “bifunctional” antibody nvolves the fusion of hybridomas or Iinking of Fab’
fragments. See, e.g., Sovgsivilal and Lachmaunn, 1990, Cha. Exp. Immunol 79:315-321;
Kostelny ef af., 1992, J Immunol 148:1547-1553. Another method mvolves engineering
the Fc portion of the heavy chams such as to create “knobs” and “holes” which facilitate
heterodimer formation of the heavy chains when co-expressed in a cell. U.S. 7,695,963
Sull another method also nvolves engineering the Fe portion of the heavy cham but uses
electrostatic steering to encourage heterodimer formation while discouraging homodimer
formation of the heavy chains when co-expressed m a cell. WO (9/089,004, which 15
meorporated herein by reference in iis entirety.

{00638] The term "human antibody" includes antibodies having antibody regions
such as variable and constant regions or domains which correspond substantially to human
germline immunoglobulin sequences known in the art, including, for example, those
described by Kabat ef af. (1991} {(Joc. ¢ii.}). The human antibodies of the present disclosure

may include amimo acid residues not encoded by human germbine immunoglobulin sequences
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(e.g., mutations introduced by random or site-specific mutagenesis # vifro or by somatic
mutation i vive), for example i the CDRs, and in particular, in CDR3. The human
antibodies can have up 1o one, two, three, four, five, or more positions replaced with an
aming acid residue that 1s not encoded by the human germline immunoglobulin sequence.
The definition of human antibodies as used herein also contemplates fully human antibodies,
which include only non-artificially and/or genstically altered human sequences of antibodies
as those can be derived by using technologies or systems known in the art, such as for
example, phage display technology or transgenic mouse technology, including but not
limited to the Xenomouse.

0069} A humanized antibody has a sequence that differs from the sequence of an
antibody derived from a non-human species by one or more amino acid substitutions,
deletions, and/or additions, such that the humanized antibody s less likely to induce an
immune response, and/or induces a less severe immune response, as compared to the non-
human species antibody, when it is administered to a human subject. In one embodument,
certain amino acids in the framework and constant domains of the heavy and/or light chains
of the non-human species antibody are mutated to produce the humanzed antibody. In
another erobodiment, the constant domainds} froro a human antibody are fused to the variable
domawmn(s) of a non-human species. In another embodiment, one or more amino acud residues
n one or more CDR sequences of a non-human antibody are changed to reduce the likely
mmunogenicity of the non-human antibody when 1t 15 administered to a human subject,
wherein the changed amino acid residues either are not critical for immunospecific binding
of the antibody to s antigen, or the changes to the amino acid sequence that are made are
conservative changes, such that the binding of the humanized antibody to the antigen 15 not
significantly worse than the binding of the non-human antibody to the antigen. Examples of
how to make humanized antibodies may be found wn U8, Pat Nos. 6,054,297, 5,886,152 and
5,877,293,

{0070} A “neutralizing antibody” or “inhibitory antibody” or “antagonizing
antibody”™ refers to an antibody that binds to a target molecule and reduces and/or prevents
the biological effect of that target molecule.  This can be done, for example, by directly
blocking a site on the target molecule through which the target molecule interacts with other

molecules {e.g. blocking a ligand binding site of a receptor or blocking a receptor binding
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site on a ligand)} or by indirectly blocking a site on the target molecule through which the
target molecule interacts with other molecules {such as structural or energetic alterations in
the target molecule). In some embodiments, these terms can also denote an antibody that
prevents the target molecule to which it is bound from performing a biological function. In
assessing the binding and/or specificity of an anitbody or immunologically functional
fragment thereof, an antibody or fragment can substantially inhibit binding of a target
molecule to its binding partner when an excess of aniibody reduces the quantity of binding
partner bound to the target molecule by at least about 1-20, 20-30%, 30-40%, 40-50%, 50-
60%. 60-T0%, 70-80%, $0-85%, 85-90%, 90-03%,_ 05-07%, 97-98%, 08-90% G0 594 00 9%
and 100%. In some embodiments, inhibition is complete.  The measurement of reduction of
binding is done using various assays known to those skilled in the art, {e.g, an in vifro
competitive binding assay) and performed using relevant control molecules so that actual
inhibition i1s measured. For example, numerous competifion assays are well known in the art,
with non-limiting examples being competition ELISA, use of the BiaCore® platform, the
Kinexa® platform, or the like. Further examples mnclude: solid phase direct or indirect
radiotmmunoassay (MA), solid phase direct or indirect enzvme mmmunoassay (EIA},
sandwich competition assay {see, e.g., Stahli et al., 1983, Methods m Enzymology 9:242-
253); sohd phase direct biotin-avidin EIA (see, eg, Kirkland et al, 1986, I Immunol
137:3614-3619) solid phase direct labeled assay, solid phase direct labeled sandwich assay
(see, e.g., Harlow and Lane, 1988, Autibodies, A Laboratory Manual, Cold Spring Harbor
Press}); solid phase direct label RIA using 1-125 label (see, e.g., Morel et al., 1988, Molec.
Immunol. 25:7-15); solid phase direct biotin-avidin EIA (see, e.g., Cheung, et al, 1990,
Virology 176:546-552);, and direct labeled RIA {(Moldenhauver et al, 1990, Scand. I
Immunol. 32:7-82). Typically, such an assay mvolves the use of purified antigen bound to a
solid surface or cells bearning either of these, an unlabeled test antibody and a labeled
reference antibody. In the case of anti-PCSK9 antibodies, such a neutralizing molecule can
diminish the ability of PCSK9 to bind the LBLR to lower LDL-C {and/or other lipnds, such
as non-HDL-C, ApoB, Lp(a), ete.} levels. In some embodiments, the neutralizing ability 1s
characterized and/or described via a competition assay. In some embodiments, the
neutralizing ability is deseribed in terms of an 1Cse or ECso value. In some embodiments, the

antibodies neutralize by binding to PCSKY and preventing PCSKS from binding to LDLR {or
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reducing the abubity of PCSK9 to bind to LDLR). In some embodiments, the antibodigs
neutralize by binding to PUSKS, and while still allowing PCUSK9 to bind to LDLR,
preventing or reducing the PCSK9 mediated degradation of LDLR.  Thus, in some
embodiments, a neutralizing antibody can still permit POSKY/LDLR binding, but will
prevent {or reduce) subsequent PCSK9 involved degradation of LDLR.  In some
embodiments, neuiralizing results in the lowering LDL-C {(and/or other lipids, such as non-
HDL-C, ApoB, Lp(a), etc.}.

(0071} An antibody is said to “specifically bind” its target antigen when the
dissociation constant {(Kp) is <107 M. The antibody specifically binds antigen with “high
affinity” when the Kp is <5 x 107 M, and with “very high affinity” when the Kp is <5x 10"
M. In one embodiment, the antibody has a Ko of <10 M. In one embodiment, the off-rate
is <1 x 107, In other embodiments, the antibodies will bind to human PCSK9 with a Kp of
between about 10 M and 10" M, and in vet another embodiment the antibodies will bind
with a Ko <S5 x 107% As will be appreciated by one of skill in the art, in some embodiments,
any or all of the antibodies can specifically bind to PCSKS9.

(0072} An antibody 1s “selective” when it binds to one target more tightly thao it
binds to a second target.

{0073} The term “isolated protein” meauns that a subject protemn (1) 1s free of at
least some other proteins with which it would normally be found, (2} 5 essentally free of
other proteins from the same source, e g, from the same species, (3} is expressed by a cell
from a different species, {4) has been separated from at least about 50 percent of
polynucleotides, hpids, carbohivdrates, or other materials with which it 1s associated
nature, (53 15 operably associated (by covalent or noncovalent interaction} with a polypeptide
with which 1t 18 not associated n nature, and/or (6) does not occur 1 nature. Typically, an
“solated proten” constitutes at least about 5%, at least about 10%, at least about 25%, or at
least about 50% of a given sample. Genomic DNA, cDNA, mRNA or other RNA, of
synthetic origin, or any combination thereof can encode such an isolated protein. Preferably,
the isolated protein is substantially free from proteins or polypeptides or other contaminants

that are found in 1is natural environment that would interfere with its therapeutic, diagnostic,

prophylactic, research or other use.
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{0874} The term “identity” refers to a relationship between the sequences of two
or more polypeptide molecules or two or more nucleic acid molecules, as determined by
aligning and comparing the sequences. “Percent identity” means the percent of identical
residues between the amino acids or mucleotides in the compared molecules and is calculated
based on the size of the smallest of the molecules being compared. For these calculations,
eaps in alignments (if any} are preferably addressed by a particular mathematical model or
computer program (1.e., an “algorithm™). Methods that can be used to calculate the identity of
the aligned nucleic acids or polypeptides include those described in Computational
Molecular Biology, (Lesk, A M., ed)}, 1988, New York: Oxford University Press;
Biocomputing Informatics and Genome Projects, (Smith, D. W, ed), 1993, New York:
Academic Press; Computer Analysis of Sequence Data, Part |, {(Griffin, A. M., and Griffin,
H (., eds.), 1994, New Jersey: Humana Press; von Heinje, (3., 1987, Sequence Analysis in
Molecular Biology, New York: Academic Press; Sequence Analysis Primer, {Gribskov, M.
and Devereux, [, eds ), 1991, New York: M. Stockton Press; Carillo et al, 1988 SIAM 1.
Applied Math. 48:1073; and Altschul et al. {J Mol Biol. 1990 Gct. 5; 215(33:403-10}.

{0075} In calculating percent identity, the sequences being compared are typically
aligned 10 a way that gives the largest match between the sequences. One example of a
computer program that can be used o determine percent identity 1s the GCG program
package, which includes GAP (Devereux et al., 1984, Nucl Acid Res. 12:387; Genetics
Computer Group, University of Wisconsin, Madison, Wis.). The computer algorithm GAP 15
used 1o align the two polvpeptides or polynucieotides for which the percent sequence dentity
is to be determined. The sequences are aligned for optimal matching of thewr respective
aming acid or nucleotide (the “matched span”, as determined by the algonthm) A gap
opeming penalty {which 15 calculated as 3x the average diagonal, wherein the “average
diagonal” 1s the average of the diagonal of the comparison matrix being used; the “diagonal”
s the score or number assigned to each perfect amino acid match by the particular
comparison matrix) and a gap extension penalty {(which is usually 1/10 tmes the gap opening
penalty), as well as a comparison mairix such as PAM 120, PAM 250 or BLOSum 62 are
used in conjunciion with the algorithm. In certain embodiments, a standard comparison
matrix (see, Dayvhoff et al.| 1978, Atlas of Protein Sequence and Structure 5:345-352 for the

PAM 250 comparison matrix; Henikoff et al., 1992, Proc. Natl. Acad. Sci. UK A, 89:10915-
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10919 for the BLOSum 62 comparison matrix; Altschul, 8. F. 1991, J Mol Biol. 1991 Jun 5,
219(3): 555565 for the PAM 120 comparison matrix) is also used by the algorithm.

{00761 As used herein, the twenty conventional {e.g., naturally occurring} amino
acids and their abbreviations follow conventional wusage  See Immunclogy—A
Synthesis (2Znd Edition, E. 8. Golub and D R Gren, Eds., Sinauer Associates, Sunderland,
Mass. {1991)), which 13 incorporated herein by reference for any purpose. Stersoisomers
(e.g., D-aming acids) of the twenty conventional amino acids, unnatural amino acids such as
a-, a~disubstituted amino acids, N-alkyl amino acids, lactic acid, and other unconventional
amino acids can also be suitable components for polypeptides of the present invention.
Examples of unconventional amino acids include: 4-hydroxyproline, v-carboxyglutamate, e-
NN N-trimethyllysine, e-N-acetyliysine, O-phosphoserine, N-acetylserine, N-
formylmethionine, 3-methylhistidine, S-hydroxylysing, o-N-methylarginine, and other
similar amino acids and imino acids {e.g., 4-hydroxyproline). In the polypeptide notation
used herem, the lefi-hand direction is the amino terminal direction and the right-hand
direction 15 the carboxy-terminal direction, in accordance with standard usage and
convention.

{60771 Sumilarly, unless specified otherwise, the lefi-hand end of single-stranded
polvoucleotide sequences is the 5 end; the left-hand direction of double-stranded
polynucleotide sequences 18 referred to as the 5 direction. The direction of §' to 3" addition of
nascent RNA transcripts 1s referred to as the transcription direction; sequence regions on the
DINA sirand having the same sequence as the RNA and which are 5' to the 5" end of the RNA
transcript are referred to as “upstream sequences”; sequence regions on the DNA strand
having the same sequence as the RNA and which are 37 1o the 3" end of the RNA transcript
are referred to as “downstream sequences.”

{36078} Amino acid substitutions can encompass non-naturally occurring ammno
acid residues, which are typically incorporated by chemical peptide synthesss rather than by
synthesis 1 biological systems. These include peptidomimetics and other reversed or
mverted forms of aming acid moieties.

{0079} Naturally gccurring residues can be divided into classes based on common
side chain properties: 1) hvdrophobic: norleucine, Met, Ala, Val Leu, He; 2} neutral

hydrophilic: Cys, Ser, Thr, Asn, Gln; 3) acidic: Asp, Glu; 4) basic: His, Lys, Arg; 5) residues
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that influence cham orientation: Gly, Pro; and 6) aromatic: Trp, Tyr, Phe. For example,
conservative substitutions in polypeptide molecules described herein (such as antibodies) can
involve the exchange of a member of one of these classes for a member of the same class.
For example, non-conservative substitutions can involve the exchange of a member of one of
these classes for a member from another class. Such substituted residues can be imtroduced,
for example, into regions of a human antibody that are homologous with non-human
antibodies, or into the non-homologous regions of the molecule.

{0080} In making changes to the antigen binding protein or the PCSK® protein,
according to certain embodiments, the hydropathic index of amino acids can be considered.
Fach amino acid has been assigned a hydropathic index on the basis of its hydrophobicity
and charge charactenistics. They are: isoleucine (+4.5); valine (+4.2); leucine (+3.8});
phenylalanine (+2.8); cysteme/cysting {(+2.5); methionine (+1.9); alanine (+1 8); glycine
(—0.4); threonine (—0.7); serine {—0.8)}; tryptophan (—0.9); tyrosine {(—1.3); proline {(—1.6};
hustidine (—3.2); glutamate (—3.3); glutamine (—3.5); aspartate {—3.5); asparagine (=3 5}
fysine (—3.9); and arginine {(—4.5).

[0081] The 1mportance of the hydropathic ammo acid wndex in conferring
mteractive biological function on a protein s understood i the art. Kyte et al, J Mol
Biol, 157:105-131 (1982). It 15 known that certain amino acids can be substituted for other
amino acids having a simular hydropathuc index or score and stdl retamn a similar biological
activity. In making changes based upon the hydropathic index, n certain embodiments, the
substitution of amino acids whose hydropathic indices are within 42 1s mcloded. In certain
embodiments, those which are within 21 are included, and in certain embodiments, those
within +0.5 are included.

{0082} It is also understood in the art that the substitution of like amino acids can
be made effectively on the basis of hydrophilicity, particularly where the biologically
functional protein or peptide thereby created s miended for use in immuanological
embodiments, as in the present case. In certain embodiments, the greatest local average
hydrophilicity of a protein, as governed by the hydrophilicity of its adjacent amino acids,
correlates with its immunogenicity and antigenicity, 1.e., with a biological property of the

protein.
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{0083} The following hvdrophilicity values have been assigned to these aming
acid residues: arginine (+3.0); lysine {(+3.0); aspartate (+3.0x1); glutamate (+3.041}; serine
(+0.3}; asparagine (+0.2}; glutanune (+0.2}; glycine (0); threonine (—0.4); proline (—0.5+1};
alanine {—0.5}; histidine {~0.5); cysteine {—1.0); methionine (1.3}, valine {—1.5); leucine
(—1.8}; 1soleucine (—1.8}; tyrosine (—2.3}; phenylalanine (2.5} and tryptophan {(-3.4). In
making changes based upon similar hydrophilicity values, in certain embodiments, the
substitution of amine acids whose hydrophilicity values are within £2 15 mcluded, in certain
embodiments, those which are within =1 are included, and in certain embodiments, those
within 0.5 are included. One can also wdentify epitopes from primary amino acid sequences
on the basis of hydrophulicity. These regions are also referred to as “epitopic core regions.”

{00841 Exemplary amine acid substitutions are set forth in Table 1.0, By way of
example, selected exemplary substitutions are shown in the right column,

TABLE 1.0

Amino Acid Substitutions

. . Selected Exemplary »
_ Original Residues | Exemplary Substitutiong | e
: : Substiiution
Ala Val, Ley, Ile Val
Arg Lys, Gln, Asn Lys
Asn Gln Gin
Asp Ghu Glu
Cys Ser, Ala Ser
Gin Asn Asn
Gl Asp Asp
Gly Pro, Ala Ala
His Asn, Gln, Lys, Arg Arg
Ley, Val, Met, Ala,
Ile , Leu
Phe, Norleucine
Norleucine, Tle,
Leu ile
Val, Met, Ala, Phe
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L : : G Selected Exemplary
Orivinal Residues Exemplary Substitutions
Substitution
) Arg, 1,4 Diamno-butyric
Lys } Arg
Acid, Gin, Asn
Met Leu, Phe, lle feu
Leu, Val, e, Ala,
Phe Leu
Tyr
Pro Ala Gly
Ser Thr, Ala, Cys Thr
Thr Ser Ser
Trp Tyr, Phe Tyr
Tyr Trp, Phe, Thr, Ser Phe
Ile, Met, Ley, Phe,
Val , ) Leu
Ala, Norleucine

{0085} As psed herein the term “subject” refers to a mammal, including humans,
and can be used interchaungeably with the term “patient.” A subject or patient can inciude
adults or pediatric subjects, unless indicated otherwise.  An adult subject is generally 13
years or older. In some embodiments, an adult subject is between 18 and 90 vears old, e g,
between 18 and 85 years old, or between 18 and 80 years old. A pediatric subject refers to a
subject vounger than 18 years old. In some embodiments, a pediatric subject 15 17 years old
or younger. In some embodiments, the subject is a pediatric subject 10 to 17 vears old. In
some embodiments, the subject i1s a pediatric subject younger than 13 years old.  In some
embodiments, the subject 1§ a pediairic subject 10 to 17 years old and has HeFH.

{0086} The term “treatment” encompasses alleviation of at least one symptom or
other embodiment of a disorder, or reduction of disease severity, and the like. A PCSKS
ihibitor and/or one or more other LDL cholesterol-lowermg therapy need not effect a
complete cure, or eradicate every symptom or manifestation of a disease, to constitute a
viable therapeutic agent. As 15 recognized in the pertinent field, drugs employed as

therapeutic agents may reduce the severity of a given disease state, but need not abolish
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every mamifestation of the disease to be regarded as useful therapeutic agents. Simply
reducing the impact of a disease (for example, by reducing the number or severity of its
symptoms, or by increasing the effectiveness of another treatment, or by producing another
heneficial effect), or reducing the hkelithood that the disease will occur or worsen in a
subject, is sufficient in some embodiments. Certain embodiments of the present disclosure
are directed to a method comprising adminustering to a subject a PCSK9 inhibitor {e.g., an
anti-PCSKY antibody or interfering RNA) in an amount and for a time sufficient to induce a
sustained improvement over baseline of an indicator that reflects the severity of the particular
disorder.

{0087} The term “prevention” encompasses prevention of at least one symptom or
other embodiment of a disorder, and the like. A prophylactically administered treatment
imcorporating an PCSK9 inhibitor and/or one or more other LDL cholesterol-lowering
therapy, according to the present disclosure, need not be completely effective in preventing
the onset of a condition n order to constitute a viable prophylactic agent. Simply reducing
the hikelithood that the disease will occur or worsen in a subject, 1s sufficient i some
embodiments. In some embodiments, developoent of a disease symptom s retarded by
therapeutic methods of the present disclosure.

[0088] The term “pon-HDL cholesterol” encompasses all cholesterol-containing
proatherogenic lipoprotewns, iocluding LDL  cholesterol, very-low-density hipoprotein,
mtermediate-density hipoprotein, lipoproten{a), and chylomicron. Non-HDL cholesterol

levels are calculated by subtracting HIBL cholesterol levels from total cholesterol levels.

METHODS OF TREATMENT

{0089} Methods of lowering serum LDL cholesterol (EDL-C) m a subject, e g, a
pediatric subject, having heterozygous familial hypercholesterolemia (HeFH) are provided.
With reference to Fig 2A, a non-himiting example of the present therapeutic methods is
described.  The method 206 can include identifving 218 a pediatric subject having
heterozygous familial hypercholesterolemia (HeFH), wherein the subject has a baseline
L.D1-C of about 200 mg/dL or greater. The method can further include administering 228 to
the subject a PCSK® antibedy at a dose of about 350 to about 500 mg, to thereby lower the

subject’s LDL-C. In some embodiments, the anti-PCSK9 antibody 15 administered every
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four weeks, and the subject’s LDL-C is lowered by at least 20%, or by about 20% to about
40%. In some embodiments, the anti-PCSK9 antibody is administered more frequently than
every tour weeks, e g, every two weeks, and the subject’s LDL-C is lowered by at least 30%,
e.g., by at least 45%, or by about 30% to about 80%. In some embodiments, the pediatric
subject 1s also on an additional LD -cholesterol-lowering therapy {e.g., a statin}, as described
herein.

{00901 With reference to Fig 2B, a non-limiting example of the present
therapeutic methods is described. The method 280 can include dentifying 268 a pediatric
subject having heterozygous familial hypercholesterolenmia (HeFH), wherein the subject has
a baseline LDL-C of about 200 mg/dL or less. The method can further mclude administering
278 to the subject a PCSK9 antibody at a dose of about 350 to about SO0 mg, to thereby
lower the subject’s LDL-C by at least 40%, or by abouwt 40% to about 80%. In some
embodiments, the baseline LDL-C is less than 208 mg/dL. In some embodiments, the anti-
PCRKS antibody 1s administered every four weeks, and the subject’s LDL-C is lowered by at
least about 40%. In some embodiments, the anti-PCSK9 antibody is admirustered every two
weeks, and the subject’s LDL-C 1s lowered by at least about 50%.

{00911 In some embodiments, the PCSKY antibody comprises: a heavy chamn
vartable region {VH) comprising: a CDRHT, CDRH2, and a CDRH3 of a CDRHI, CDRH2,
and a CDRH3, respectively, of a VH of evolocumab; and a hight chain variable region (VL)
comprising: a CDRL1, CDRL2, and a UDRL3 of a CDRL1, CDRL2, and a CDRL3,
respectively, of a VL of evolocumab. In some emboduments, the PCSKS antibody comprises
an amino acid sequence at least 90% (or at least 91, 92, 93, 94, 95, 96, 97, 98, or 95%)
identical to the VH of evolocumab; and a light cham vanable region (VL) comprising an
amino acid sequence at least 90% (or at least 91, 92, 93, 94, 95, 96, 97, 98, or 99%:) identical
o the VL of evolocumab. In some embodiments, the PCSK9 antibody comprises: a heavy
chain variable region (VH} comprising: a CDRH1, CDRH2, and a CDRH3 of a CDRHY,
CDRHZ, and a CDRH3, respectively, of a VH of evolocumab; and an amino acid sequence at
least 90% {or at least 91, 92, 93, 94, 95, 96, 97, 98, or 99%;) identical to the VH of
evolocumab; and a light chain variable region (VL) comprising: a CDRL1, CDRL2, and a
CDRIL3 of a CDRLI, CDRL2, and a CDRL3, respectively, of a VL of evolocumab; and an

amino acid sequence at least 90% {or at least 91, 92, 93, 94, 95, 96, 97, 98, or 99%) identical
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to the VL of evolocumab. In some embodiments, the PCSKS antibody is evolocumab. The
aming acid sequences of the heavy and light chains of evolocumab is shown in Fig 14,

With reference to Fig. 3, a non-limiting example of the present therapeutic methods s
described.  The method 380 can mclude identifying 318 a pediatric subject having
heterozygous familial hypercholesterolemia (HeFH), wheremn the subject has a baseline
1D1-C at or above an upper quartile of baseline LDL-C values among a pediatric HeFH
patient cohort. The method can further include administering 328 to the pediatric subject an
enhanced dosage regimen of a PCSK9 antibody, wherein the enhanced dosage regimen
comprises an amount and/or dosing frequency that is each independently about 20% to about
500% greater than an average amount and/or average dosing frequency of the PCSKY
intubitor for pediatric HeFH patients having a baseline LDL-C value that is less than the
upper quartile, whereby the pediatric subject’s LDL-C is lowered. In some embodiments, the
pediatric subject’s baseline LDL-C is about 200 mg/dL or greater.

{0092} With reference to Fig. 4, a non-limiting example of a method of treating or
preventing heterozygous famihal hypercholesterolemia (HeFH) or symptoms thereof is
provided. The method 400 can include identifving 410 a pediatric subject in need of
treatment ot prevention of HeFH or symptoms thereof, wherein the pediatric subject has a
baseline LIL-C at or above an upper quartile of baseline LDL-C values among a pediatric
HeFH patient cohort, Further, the method can include admurustering 428 to the subject an
enhanced dosage regimen of a PCSKY inlubitor, to thereby treat or prevent the HeFH or
symptoms thereof, wherem the enhanced dosage regimen comprises a mean dose about 20%
to about S00% greater than a reference wean dose of the PCSKS inhibitor for treating or
preventing HeFH or symptoms thereof i pediatric Hel'H patients having a baseline LDL-C
value that 1s less than the upper quartile. In some embodiments, the enhanced dosage
regimen comprises a mean dose about 20%, about 30%, about 40%, about 50%, about 60%,
about 70%, about 80%, about 90%, about 100%, about 120%, about 140%, about 160%,
about 180%, about 200%, about 220%, about 250%, about 300%, about 350%, about 400%,
about 450%, about 500% or more, or a percentage within a range defined by any two of the

ereater than the reference mean dose.

9 &

preceding values
60931 With reference to Fig. 5, a method of lowening serum LDL-cholesterol

(LBL-C) in a subject is described. The method 509 can include administering 510 to a
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subject an enhanced dosage regimen of a PUSKY inhibitor, wherein the subject has
heterozygous familial hypercholesterclemia (HeFH} or symptoms thereof The enhanced
dosage regimen of the PCSK9 inhibitor comprises an amount of the PCSKO inhibitor that is
about 20% to about 500% greater than a standard-of-care average amount for adults having
HeFH, and/or a dosing frequency of the PCSKS inhibiior that 15 about 20% to about 500%
greater than a standard-of-care average frequency for adults having HeFH, whereby the
subject’s EDL-C 15 lowered.

(0094} With reference to Fig. 0, a non-limiting example of a method of treating or
preventing heterozygous famulial hypercholesterolemia (HeFH) or symptoms thereof is
described. The method 6890 includes identifying 616 a pediatric subject in need of treatment
or prevention of heterozygous famihial hypercholesterolenua (HeFH) or symptoms thereof
The method can further mclude administering 626 to the subject an enhanced dosage regimen
of a PCSKSY inhibitor, to thereby treat or prevent HeFH or symptoms thereof, wherein the
enhanced dosage regimen comprises administering the PCSKY inhibitor at a mean dose about
20% to about 300% greater than a standard-of-care mean dose of the PCSK9 inhibitor to treat
or prevent HeFH or symptoms thereof in an adult patient.

{6095} Also provided herein i3 a method of lowering serum LDL cholesterol
(LDBL-C), comprising: administering to a subject a PCSK9 1nhibitor, wherein the subject has
heterozygous familial hypercholesterolernia, wherein the subject is a pediatnic subject,
wherein the PCSK9 mhibitor 13 administered in an amount that is at least as effective as 420
mg of evolocumab, wherein the PCSK® inhibitor 15 administered at a frequency of every two
weeks or more, whereby the subject’s LDL-C 1s redoced by more than 30%. The efficacy of
the PCSKY mhibitor in some embodiments 1s based on the extent to which the subject’s
serum LDL-~C, or serum total cholesterol, 1s reduced by administering the PCSKS mnhibitor to
HeFH patients. In some embodiments, the refative efficacy of the PCSKS inhibitor and 420
mg of evolocumab is determined i adult or pediatric patienis having HeFH.  In some
embodiments, the PCSK9 inhibitor 1s administered in an amount that is at least as effective as
420 mg of evolocumab administered to an adult patient with HeFH. 1n some embodiments,
the PCUSK9 mhibiior 18 administered in an amount that is at least as effective as 420 mg of
evolocumab administered to a pediatric patient having a baseline LDL-C level that 15 less

than an upper quartile of baseline LDE-C values among a pediatric HeFH patient cohort, as
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described herein. In some embodimeants, the subject has a baseline LDL-C that is at or above
the upper quartile. In some embodiments, the PCSKY inhibitor is at least 70%, at least 80%,
at least 85%, at least 90%, at least 95%, at least 97%, or about 100% as effective as 420 mg
of evolocumab.

[0096] In some embodimenis, a PCSKO inhibitor of the present disclosure {e.g.,
anti-PCSK9 antibody, mhibitory nucleic acid or small molecule inhibitor) is administered to
the subject at least every 4 weeks, every 3 weeks, every 2 weeks, or every week or more
frequently, or at a frequency within a range defined by any two of the preceding values. In
some embodiments, the PCSK9 inhibitor, e.g., anti-PCSK9 antibody, imhibitory nucleic acid,
or small molecule inhibitor, is administered to the subject every 25, 24, 23,22, 21, 20, 19, 18,
17, 16, 15, 14, 13, 12, 11,10, 9, 8, 7, 6, 3, 4, or 3 days, or more frequently. In some
embodiments, the PCSKY inhibitor, e.g., anti-PCSK9 antibody, is administered every two 1o
four weeks. In some embodiments, the PCSKS inhibitor, e g, anti-PCSK®? antibody, is
administered every two weeks. In some embodimenis, the PCSK9 inhibitor, eg., anti-
PCSK® antibody, 1s admimstered every four weeks. In some embodiments, the subject has a
baseline LDL-C of about 200 mg/dL or greater, and the PCSKY whibitor, e.g., anti-PCSK9
antibody, is admimstered every two weeks. In some embodiments, the subject has a baseline
LDL-C of about 200 mg/dL or less, and the PCSKO mbubtior, e.g., anti-PCSK9 antibody, 1s
admunistered every four weeks.

{8097} In some ernbodiments, a PCSK9 antibody of the present disclosure 1s
administered to the subject at an amount, e.g., amount per dose, of at least 10, 20, 30, 40, 50,
60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 320, 340, 360, 380,
400, 420, 440, 460, 480, 490, 500 mg or more, or at an amount within a range defined by any
two of the preceding values. In some embodiments, the PCSK® antibody 13 administered at
an amount, eg., amount per dose, of about 420 mg.  In some embodiments, the PCSK9
antibody is administered at an amount, e.g., amount per dose, of about 490 mg.

{0098} in some embodiments, the PCSK9 whibitor, e.g., anti-PCSKY antibody or
mhibitory nucleic acid, is administered according o an enhanced dosage regimen. In some
embodiments, the enhanced dosage regimen includes a dosing frequency and/or amount that
is increased compared to a reference dosage regimen. In some embodiments, the reference

dosage regimen is a dosage regimen for pediatric HeFH patients having a baseline LDE-C
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value that is less than an upper quartile, e.g., fess than a median, of baseline LDL-C values
among a pediatric HeFH patient cohort, as disclosed herein. In some embodiments, the
reference dosage regimen is a dosage regimen for treating or preventing HeFH or symptoms
thereof 1n pediatric HeFH patients having a baseline EDE-C value that 15 less than an upper
quartile, e.g., less than a median, of baseline LDL-C values among a pediatric HeFH patient
cohort, as disclosed herein.  In some embodiments, the reference dosage regimen i3 a
standard-of-care dosage regimen for the PCSKY inhibitor for an adult patient with HeFH. In
some embodimenis, the PCSKS mhibitor is approved by a government regulatory agency
{e.g., FDA-approved) for lowering LDL-C in & human patient. In some embodiments, a
standard-of-care dosage regimen of a government regulatory agency-approved PCSK®
mhibitor 13 a dosage regimen provided in the government regulatory agency-approved label
for the PCSK9 inlubitor. In some embodiments, the reference dosage regimen is a dosage
regimen n a government regulatory agency-approved label (e.g, FDA-approved label) for
the PCSK®9 inhibitor. In some embodiments, the reference dosage regimen includes an
average dosing frequency and/or average amount in a government regulatory agency-
approved label (e.g., FD A-approved label) for the PCSK9 inhubuior,

[6099] In some embodiments, the enhanced dosage regimen includes a dosing
frequency and/or an amount, e.g., amount per dose, of the PCSKY inhibitor that is greater
than a reference dosing frequency and/or reference amount of the PCSKS inhibitor. In some
embodiments, the enhanced dosage regimen includes a dosing frequency that 1s greater than a
reference dosing frequency. In some embodiments, the enhanced dosage regimen includes a
dosing frequency that 15 at feast 1.2 fold, at least 1.3 fold, at least 1.4 fold, at least 1.5 fold, at
least 1.6 fold, at least 1.7 fold, at least 1.8 fold, at least 1.9 fold, at least 2 fold, at teast 2.1
fold, at least 2.2 fold, at least 2.3 fold, at least 3 fold, at least 3.2 fold, at least 3.5 fold, at least
4 fold, at least 5 fold or more, or a fold amount within a range defined by any two of the
preceding values, greater than a reference dosing frequency. In some embodiments, the
enhanced dosage regimen includes a dosing frequency that 1s at least 20%, at least 30%, at
least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 100%,

at least 120%, at least 140%, at least 160%, at least 180%, at least 200%, at least 250%, at

>

least 300%, at least 400%, at least 500% or more, or a perceniage within a range defined by

any two of the preceding values, greater than a reference dosing frequency.
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{0106} In some embodiments, the reference dosing frequency is about once every
week, every 2 weeks, every 3 weeks, every 4 weeks, every 5 weeks, every 6 weeks, every 7
weeks, every 8 weeks, every 12 weeks, every month, every 2 months, every 3 months, every
4 months, every 6 months or more, or a frequency within a range defined by any two of the
preceding values. In some embodiments, the reference dosing frequency is based on a
dosage regimen of the PCSKS inhibitor for pediatric HeFH patients having a baseline LDE-C
value that s less than an upper quartile, e.g., fess than a median, of baseline LDL-C values
among a pediatric HeFH patient cohort, as disclosed herein. The reference dosing frequency,
n seme embodiments, 15 an average dosing frequency of the PCSK® inhibitor for pediatric
HeFH patients having a baseline LDL-C value that is less than an upper quartile, e g, less
than a median, of baseline LDL-C values among a pediatric HeFH patient cohort, as
disclosed herein.  In some embodiments, the average dosing frequency of the PCSK®
inhibitor for pediatric HeFH patients having a baseline LDL-C value that is less than the
upper quartile, e.g., less than the median, is about once every week, every 2 weeks, every 3
weeks, every 4 weeks, every 5 weeks, every 6 weeks, every 7 weeks, every 8 weeks, every
moonth, every 2 months, every 3 months, every 4 months, every & months or more, or a
frequency within a range defined by any two of the preceding values.

{0101} In some embodiments, the enhanced dosage regimen includes an amount,
e.g., amount per dose, that 1s greater than a reference amount, e.g., reference amount per
dose. In some embodiments, the enhavced dosage regimen ncludes an amount, e.g., amount
per dose, that 1s at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least
70%, at least 80%, at least 90%, at least 100%, at least 120%, at least 140%, at least 160%, at
least 180%, at least 200%, at least 250%, at least 300%, at least 400%, at least S00% or more,
or a percentage within a range defined by any two of the preceding values, greater than the
reference amount.

{0102} In some embodiments, the reference amount, e.g., reference amount per
dose, is at least 10, 20, 30, 40, S0, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 220, 240,
260, 280, 300, 320, 340, 360, 380, 400, 420, 440, 460 mg, 480 mg, 500 mg, 550 mg, 600 mg,
650 mg, 700 mg, 750 mg, 800 mg or more, or an amount within a range defined by any two
of the preceding values. In some embodiments, the reference amount, e.g., reference amount

per dose, is based on a dosage regimen of the PUSKS mhibitor for pediatric HeFH patients
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having a baseling LDL-C value that 15 less than an upper quartile, e g., less than a median, of
baseline LDL-C values among a pediairic HeFH patient cohort, as disclosed herein. The
reference amount, in some embodiments, is an average amount of the PCSKS inhibitor for
pediatric HeF'H patients having a baseline EDL-C value that 15 less than an upper quartile,
e.g., less than a median, of baseline LDL-C values among a pediatric HeFH patient cohort, as
disclosed herein. In some embodiments, the average amount of the PCSKS inhibitor for
pediatric HeFH patients having a baseline LDL-C value that 15 less than the upper quastile,
e.g., less than the median, is at least 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160,
186, 200, 220, 240, 260, 280, 300, 320, 340, 3060, 380, 400, 420, 440, 460 myg, 430 mg, 500
mg, 550 mg, 600 mg, 650 mg, 700 mg, 750 myg, 800 mg or more, or an amount within a
range defined by any two of the preceding values.

10163} In some embodiments, the enhanced dosage regimen includes a dosing
frequency that is increased compared to a standard-of-care average dosing frequency of the
PCRKS inhibitor, e.g., for an adult with HeFH. In some embodimenis, the dosing frequency
of the PCSK9 mhibitor administered to the subject 1s about 15%, about 20%, about 30%,
about 40%. about 30%, about 60%, about 70%, about 80%, about 90%, about 100%, about
120%, about 140%, about 160%, about 180%, about 200%, about 250%, about 300%, about
350%, about 400%, about 450%, about 500% or more, or a percentage within a range defined
by any two of the preceding values, greater than the standard-of-care average dosing
frequency. In some embodiments, the dosing frequency of the PCSK9 inlubitor administered
{o the subject 1s about 15% to about 400% greater than the standard-of-care average dosing
frequency. In some embodiments, the standard-of-care average dosimg frequency 1s about
once every week, every 2 weeks, every 3 weeks, every 4 weeks, every 5 weeks, every 6
weeks, every 7 weeks, every & weeks, every month, every 2 months, every 3 months, every 4
months, every 6 months or more, or a frequency within a range defined by any two of the
preceding values.

{0164] in some embodiments, the enhanced dosage regimen inchides an amount,
e.g., amount per dose, of the PCSKS mhibitor that is greater than a standard-of-care average

amount of the PCSKY inhibitor, e.g., for an adult with HeFH. In some embodiments, the

f=283

amount of the PCSKY inhibitor administered to the subject is about 5%, about 10%, about

15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%,
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about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about &5%, about
90%, about 95%, about 100%, or more, or a percentage within a range defined by any two of
the preceding values, greater than the standard-of-care average amount In some
embodiments, the amount of the PCSK9 inhibitor admimistered to the subject is about 5% to
about 100% greater than the standard-of-care average amount. In some embodiments, the
standard-of-care average amount 1s at least 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140,
160, 180, 200, 220, 240, 260, 280, 300, 320, 340, 360, 380, 400, 420, 440, 460 mg or more,
or an amount within a range defined by any two of the preceding values.

{0105} In some embodiments, the enhanced dosage regimen includes a mean dose
of the PCSK9 nhibitor that is greater than a reference mean dose of the PCSKY inhibitor
{e.g., for pediatric HeFH patients having a baseline LDL-C value that is less than an upper
quartile, e g, less than a median, of baseline LDL-C values among a pediatric HeFH patient
cohort; for treating or preventing HeFH or symptoms thereof in pediatric HeFH patients
having a baseline LDL-C value that is less than an upper quartile, e.g., less than a median, of
basehine LDL-C values among a pediatric HeFH patient cobort, as disclosed herein). The
“mean dose” as used herein refers to an amount of a therapeutic agent, e.g., PCSKY intubitor,
admunstered to the subject per unit time (e.g., mg/day, mg/week, mg/month, etc.}. In some
embodiments, the enhanced dosage regimen includes a mean dose of the PCSKY mhibitor
that s greater than a standard-of-care mean dose of the PCSKQ inhibitor, e.g., for an adult
with HeFH. In some embodiments, the enhanced dosage regimen meludes a mean dose of at
least 140, 160, 180, 200, 220, 240, 260, 280, 300, 320, 340, 360, 380, 400, 420, 440, 460,
480, 500, 520, 550, 600, 620, 630, 700, 720, 750, 800, 820, 850, 900, 920, 950, 1,000, 1,100,
1,200, 1,300, 1,400, 1,500 mg/month or more, or a mean dose within a range defined by any
two of the preceding values. In some embodiments, the enhanced dosage regimen mclades a
mean dose that 18 about 20%, about 30%, about 40%, about 50%, about 60%, about 70%%,
about 80%, about 90%, about 100%, about 120%, about 140%, about 160%, about 180%,
about 200%, about 220%, about 250%, about 300%, about 350%, about 400%, about 450%,
about S00% or more, or a percentage within a range defined by any two of the preceding
values, greater than the reference mean dose. In some embodiments, the reference mean
dose is at least 70, 80, 00, 100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 320, 340,
360, 380, 400, 420, 440, 460, 480, 500, 520, 550, 600, 620, 630, 700, 720, 750, 800, 820,
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850, or 900 mg/month or more, or 2 mean dose within a range defined by any two of the
preceding values.

{0196} In some embodiments, the enhanced dosage regimen includes a dosing
frequency and/or amount that 15 greater than a reference dosing frequency and/or amount
(e.g., a dosing frequency and/or amount for pediatric HeFH patients having a baseline LDL-
C value that 1s less than an upper quartile, e.g., less than a median, of baseling LDL-C values
among a pediatric HeFH patient cohort; a dosing frequency and/or amount for treating or
preventing HeFH or symptoms thereof in pediatric HeFH patients having a baseline LDL-C
value that is less than an upper quartile, e.g., less than a median, of baseline LDL-C values
among a pediatric HeFH patient cohort), as disclosed herein.

{0107} In some embodiments, at least 350, 360, 370, 380, 390, 400, 410, 420,
430, 440, 450, 460, 470, 480, 490, 500 mg of a PCSKY inhibitor {such as a neutralizing
antibody) 1s administered, per dose, to the pediatric subject. In some embodiments,
evolocumab is administered in an amount of at least 350 mg, for example, at least 370 mg, at
least 390 mg, at least 400 mg, at least 420 mg, at least 440 mg, at least 450 mg, at least 460
g, at least 470 mg, at least 480 mg or about 450 mg per dose. In some embodiments, the
amount of the anti-PCSK9 neutralizing anttbody administered 1s at least 350 myg, for
example, at least 370 mg, at least 390 mg, at least 400 mg, at least 420 mg, at least 440 mg,
at least 450 mg, at least 460 my, at least 470 my, at least 480 myg or about 490 mg per dose.
In some embodiments, the amoont of the anti-PCSKY antibody administered is at least 40
mg, for example, at least 80 mg, at least 150 myg, at least 200 mg, at least 350 mg, at least 400
mg, at least 450 mg, at least 480 mg or about 490 mg, or an amount in a range defined by any
two of the preceding values.

{0108} The pediatric HeFH patient cohort can be any suitable group of patients
who are under the age of 18 and have been diagnosed with HeFH. In some embodunents, the
cohort 18 a representative subset of a general population of pediairic patients having or
diagnosed with HeFH. In some embodiments, the cohort includes about 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 130, 140, 150, 160,
170, 180 190, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900, 1,000, 1,200, 1,400,
1,600, 1,800, 2,000, 2,500, 3,000 or more patienis, or a number of patients within a range

defined by any two of the preceding values. In some embodiments, the cohort includes at
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least 25 pediatric HeFH patients. In some embodiments, the cohort includes about 105 or
more pediatric HeFH patients. The patients of the cohort can be diagnosed with HeFH using
any suitable measure, as described herein. In some embodiments, the average age of the
cohort is about 9, 10, 11, 12, 13, 14, 15, 16 years old, or an average age in a range defined by
any two of the preceding values. In some embodiments, a pediatric patient m the cohort 1s at
least 8, 9, 10, 11, or 12 years old. In some embodiments, at least 25%, about 30%, about
35%, about 4%, about 45%, about 50%, about 55%, about 60%, about 65%, about 70%, or
about 75%, or a percentage in a range defined by any two of the preceding values, of the
patients in the cohort are younger than 14 years old. In some embodiments, at least 30%,
about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65% or about
70%, or a percentage in a range defined by any two of the preceding values, of the cohort is
male. In some embodiments, at least 10%, about 15%, about 20%, about 25%, about 30%,
about 353%, about 40%, about 45%, about 30%, about 35%, about 60%, about 63% about
70%, about 75%, about 80%, about 8§3%, about 90%, about 95%, or a percentage in a range
defined by any two of the preceding values, of the cobort is Caucasian. In some
emboduments, at least 10%, about 15%, about 20%, about 25%, about 30%, about 35%,

about 40%, about 45%, about 50%, about 55%, about 60%, about 65% about 70%, about

75%, about 80%, about 85%, about 90%, about 95%, or a percentage in a range defined by
any two of the preceding values, of the cohort 15 of the same race as the race of the pediatric
subject being administered the PCSKY inhubitor {e.g., anti-PCSKY antibody or inhibitory
nucleic acid).

{0109} In some embodiments, the pediatric HelFH patient cobort has a median
baseline LBL-C of about 150 mg/dL., about 155 mg/dL, about 160 mg/dL., about 165 mg/dL,
about 170 mg/dL., about 175 mg/dL, about 180 mg/dL, about 185 mg/dL, about 190 mg/dL,
about 195 mg/dL, about 200 mg/dL, about 205 mg/dL, about 210 mg/dL, about 215 mg/dL,
about 220 mg/dL, about 225 mg/dL, or about 230 meg/dL, or a median baseline LDL-C in a
range defined by any two of the preceding values. In some embodiments, the cohort has a
median baseline LDL-C of about 160 mg/dL to about 190 mg/dL. In some embodiments, the
cohort has a median baseline LBL-C of 173 mg/dL. In some embodiments, the cohort has an
upper quartile baseline LDL-C of about 180 mg/dL, about 185 mg/dL, about 190 mg/dL,
about 195 mg/dL, about 200 mg/dL, about 205 mg/dL, about 210 mg/dL, about 215 mg/dL,
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about 220 mg/dL, about 225 mg/dL, about 230 mg/dL, about 235 mg/dE, about 240 mg/dL,
about 245 mg/dL. about 250 me/dL, about 255 me/dL, or about 260 me/dL, or an upper
quartile baseline LDBL-C in a range defined by any two of the preceding values. In some
embodiments, the cohort has an upper quartile baseline LDL-C of about 190 mg/dL to about
220 mg/dL. In some embodiments, the cohort has an upper guariile baseline LDL-C of about
200 mg/dE.. In some embodiments, the cohort has an upper quartile baseline LDL-C of about
210 mg/dL. In some embodiments, the cohort has an upper guartile baseline LDL-C of 208
mg/dl. In some embodiments, the cohort has a lower quartile baseline LDL-C of about 135
mg/dl, about 140 mg/dL, about 145 mg/dL, about 150 mg/dL., about 155 mg/dL,, about 160
mg/dL, or about 165 mg/dL, or an lower quartile baseline LDL-C in a range defined by any
two of the preceding values. In some embodiments, the cohort has an upper quartile baseline
LDL-C of 154 mg/dL.

{0110} The cohort in some embodiments has an average baseline LDL-C of about
150, about 153, about 160, about 163, about 170, about 175, about 180, about 185, about
190, about 195, about 200 mg/dL, about 205 mg/dL, about 210 mg/dL, about 213 mg/dL,
about 220 mg/dL, about 225 mg/dL, or about 230 mg/dL, or an average baseline LDL-C v a
range defined by any two of the preceding values. In some ernbodiments, a pediatnic patient
1 the cohort has a baselineg LDL-C of about 110 mg/dl. or more, e.g., about 115 mg/dL or
maore, about 120 mg/dL or more, about 125 mg/dL or more, about 130 mg/dL or more, about
135 mg/dl. or more, about 140 mg/dL or more, abowt 145 mg/dL or more, including about
150 mg/dL or more. In some embodiments, a pediatric patient 1n the cohort has a baseline
LDRL-C of at least 130 mg/dL. In some embodiments, a pediatric patient 1 the cohort has a
baseline LBL-C 1 a range of about 90 mg/dL to about 550 mg/dL, e.g., about 100 meg/dL to
about 500 mg/dL, about 110 mg/dL to about 450 mg/dL., about 110 mg/dL to about 400
mg/dl, about 120 mg/dl to about 350 mg/dL, about 130 mg/dl. to about 300 mg/dL,
meluding about 130 mg/dE. 1o about 275 mg/dL. In some embodiments, a pediatric patient in
the cohort has a baseline (e g., fasting) triglyceride of about 600 mg/dL or less, e.g., about
550 mg/dL or less, about 500 mg/dL or less, about 475 mg/dL or less, about 450 mg/dL or
less, about 425 mg/dL or less, about 400 mg/dL or less, about 375 mg/dL or less, mncluding
about 350 mg/dL or less, or a baseline triglyceride within a range defined by any two of the

preceding values.
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{0111} In some embodiments, the cohort has a median baseline non-HDL-C of
about 150 mg/dL, about 155 mg/dL, about 160 meg/dL, about 165 mg/dL, about 170 me/dL,
about 175 mg/dL, about 180 mg/dL, about 185 mg/dL, about 190 mg/dL, about 195 mg/dL,
about 200 mg/dL, about 205 mg/dL, about 210 mg/dL, about 215 mg/dL, about 220 mg/dL,
about 225 me/dL, about 230 mg/dL, about 235 mg/dE., about 240 mg/dL, about 250 mg/dL
or about 260 mg/dL or a median baseline non-HDL-C in a range defined by any two of the
preceding values. In some embodiments, the cohort has an upper quartile baseline non-HDL-
C of about 190 mg/dL, about 195 mg/dL, about 200 mg/dL, about 205 mg/dL, about 210
mg/dl, about 215 mg/dL, about 220 mg/dL, about 225 mg/dL, about 230 mg/dL., about 235
mg/dl, about 240 my/dL, about 245 mg/dL, about 250 my/dL, about 255 myp/dL, about 260
mg/dL., about 265 mg/dL, about 270 mg/dL, about 275 mg/dL, about 280 mg/dL, about 290
mg/dL, or an upper quartile baseline non-HDL-C in a range defined by any two of the
preceding values. In some embodiments, the cohort has a lower quartile baseline non-HDL-
C of about 135 mg/dL, about 140 mg/dL, about 145 mg/dL, about 150 mg/dL, about 155
mg/dL, about 160 mg/dL, about 165 mg/dL, about 170 mg/dL., about 175 mg/dl., about 180
rog/dL, about 185 mg/dL, or an lower quartile baseline non-HDL-C in a range defined by any
two of the preceding values.

[0112] The cohort in some embodiments bas an average baseline non-HDL-C of
about 150, about 155, about 160, about 165, about 170, about 175, about 180, about 185,
about 190, about 193, about 200 mg/dL, about 205 mg/dL, about 210 mg/dL, about 215
mg/dL, about 220 mg/dL, about 225 mg/dL, about 230 mg/dL., about 235 mg/dl., about 240
mg/dL, about 245 mg/dL, about 250 mg/dL., or an average baseline non-HDL-C in a range
defined by any two of the preceding values.

{0113} Patients in the c¢ohort n some embodiments has one or more
cardiovascular risk factors, including, without himitation, hypertension, low HDL-C, current
cigarette smoking, type II diabetes, and family history of premature coronary heart disease
{(CHD). In some embodiments, at least 10%, about 15%, about 20%, about 25%, about 30%,
about 35%, about 40%, about 45%, about 50%, about 55%, or about 60%, or a percentage in
a range defined by any two of the preceding values, of patients in the cohort have low HDL-
C (HDL-C of, e.g., about 60 mg/dL or less, about 50 mg/dL or less, or about 40 mg/dL or

less). In some embodiments, at least 10%, about 15%, about 20%, about 25%, about 30%,
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about 35%, about 40%, about 45%, about 50%, about 55%, or about 60%, or a percentage in
a range defined by any two of the preceding values, of patients in the cohort have a family
history of premature CHD.

{0114 Patients in the cohort 1n some embodiments has received, of 1S receiving
one or more other LDI-cholesterol lowering therapy {e.g, a LDL-cholesterol lowering
therapy that is not a PCSK9 inhihitor therapy, such as statin therapy). In some embodiments,
at teast 30%, about 60%, about 70%, about 75%, about 80%, about 85%, about 930%, about
95%, about 93% or more, or a percentage in a range defined by any two of the preceding
values, of patients in the cohort are taking a statin. In some embodiments, all patients in the
cohort are taking a statin. In some embodiments, at least 1%, about 5%, about 10%, about
15%, about 20%, about 25%, about 30%, about 35%, or more, or a percentage in a range
defined by any two of the preceding values, of patients i the cohort are receiving a high
intensity statin therapy. In some embodiments, at least 20%, about 25%, about 30%, about
35%, about 40%, about 43%, about 50%, about 55%, about 60%, about 63%, about 70%,
about 75%, about 80%, about 85%, about 90% or more, or a percentage in a range defined by
any two of the preceding values, of patients in the cohort are receiving a moderate intensity
statin therapy. In some embodirnents, all patients n the cohort are taking a statin. o sorme
embodunents, at least 196, about 5%, about 10%, about 15%, about 20%, about 25%, about
30%., about 35%, or more, or a percentage in a range defined by any two of the preceding
values, of patients in the cohort are receiving a low intensity statin therapy. In some
embodiments, In some embodiments, at least 1%, about 5%, about 10%, about 15%, abowt
20%, about 25%, about 30%, about 35%, or more, or 3 percentage in 3 range defined by any
two of the preceding values, of patients in the cobort are receiving Ezetimibe.

[0115] In some embodiments, a subject or patient bemng adnmunistered 3 PCRK9
mhibitor, according to methods of the present disclosure, is a pediatric subject or patient. A
pediatric subject is generally under 18 years old {or 17 years old or younger). In some
embodiments, a pediatric subject is between 8 and 17 years old, e.g., between 9 and 17 vears
old, between 10 and 17 years old, between 11 and 17 vears old, including between 12 and 17
vears old. In some embodiments, a pediatric subject is between 10 and 17 vears old.  As

used herein, “between” is used inchusive of the number of years defining the range. Thus, a
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subject “between 10 and 17 vears old” includes subjects who are 10 vears old or older, and
younger than 18 vears old, and includes, e.g., a subject who 15 17 years and 11 months old).

0116} A subject for administering a3 PCSKY inhibitor, according to methods of
the present disclosure, may be identified based on one or more of a varniety of criteria. In
some embodiments, a subject is diagnosed as having HeFH based on one or more clinical
measures. Suitable clinical measures include, without limitation, blood biomarker levels
{(e.g., total cholesterol, LDL cholesterol, and other lipid levels), physical symptoms of HeFH
{e.g., arcus corneae, xanthelasma, tendon xanthomas, or tuberous xanthomas), history of
coronary heart disease (CHD), and family history. In some embodiments, a subject has, or is
identified as having, one or more genetic mutations associated with HeFH.  In some
embodiments, the subject has, or is identified as having, a mutation associated with HeFH in,
without himitation, LDLR, APOB, and/or PCSKS. In some embodiments, the subject has, or
is wdentified as having, one, two, three or more mutations associated with HeFH. In some
embodiments, the subject has, or is identified as having, at least one mutation associated with
HeFH in one, two, three or more genes imphicated 10 HeFH (e g, LDLR, APOB, PCSK%). In
some embodiments, the subject has, or is 1dentified as having, compound HeFH. TIn some
embodiments, the methods of the present disclosure include diagnosing and/or genotyping
the subject to determive the pediatric subject has HeFH, mcluding, without luuitation,
compound HeFH.

{0117} In some embodiments, the methods of the present disclosure include
measuring the baseline LDL-C of the pediatric subject.

{0118} In some embodiments, the subject being admmnistered the PCSK9 inhibitor
{e.g., anti-PCSK9 antibody or mhubitory naocleic acid) has, or 15 identified as having, a
baseline LDL-C that 1s at or above an upper quartife of baseline LDL-C levels among a
cohort of pediatric HeFH patients, as described herein.  In some embodiments, the subject
has, or 1s wdentified as having, a basehine LDL-C of about 200 mg/dL or greater, e.g., about
210 meg/dL or greater, about 220 mg/dL or greater, about 230 mg/dL or greater, about 240
mg/dL or greater, about 250 mg/dL or greater, about 260 mg/dL or greater, about 270 mg/dL
or greater, about 280 mg/dL or greater, about 290 mg/dL or greater, including about 300
mg/dl. or greater. In some embodiments, the subject has, or 15 identified as having, a

baseline LDL-C in a range of about 200 me/dL o about 550 mg/dL, e.g., about 200 mg/dL to
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about 550 mg/dL, about 200 mg/dL to about 500 mg/dL, about 200 mg/dL fo about 450
me/dL, about 200 meg/dL to about 400 mg/dL, about 200 mg/dL to about 350 mg/dL, about
200 mg/dL to about 300 mg/dL., about 200 mg/dL to about 230 mg/dL, including about 200
me/dL to about 275 mg/dL. In some embodiments, the subject has, or s identified as having,
a baseline LDL-C of 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203,
204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221,
223, 224,225 226,227, 228, 229, 230 mg/dL or a baseling LD -C greater than any one of
the preceding values. In some embodiments, the subject has, or 15 identified as having, a
baseline LDL-C of 208 mg/dL or more.

{0119} In some embodiments, the subject being administered the PCSK9 ishibitor
{e.g., anti-PCSK9 antibody or mnhibitory nucleic acid) has, or is identified as having, a
baseline LDL-C that is at or below an upper quartile, e.g., below a median, of baseline LDL-
C levels among a cohort of pediatric HeFH patients, as described herein. In some
embodiments, the subject has, or is identified as having, a baseline LDL-C of about 210
mg/dL or less, e.g., about 200 wg/dL. or less, about 190 mg/dL or less, about 180 mg/dL or
less, about 170 mg/dL or less, about 160 mg/dL or less, about 150 rog/dL or less, about 140
mg/dL or less, about 130 mg/dL or less, about 120 mg/dL or less, including about 110 mg/dL
or less. In some embodiments, the subject has, or 1s wdentified as having, a baseline LDL-C
of 208 mg/dL. or less. In some embodiments, the subject has, or is wdentified as having, a
baseline LDL-C of 173 mg/dL or less. In some embodiments, the subject has, or 1s identified
as having, a baseline LDL-C in a range of about 80 mg/dL to about 210 mg/dL, e.g., about 90
mg/dL to about 210 mg/dL, about 100 mg/dL to about 210 mg/dL., about 110 mg/dL to about
210 mg/dL, about 120 mg/dL to about 210 mg/dL., about 130 mg/dL to about 210 mg/dL,
about 130 mg/dL to about 200 mg/dL, about 130 mg/dL to about 190 mg/dL, about 130
mg/dl. to about 180 mg/dL, mcluding about 130 mg/dl to 173 mg/dl. In some
embodiments, the subject has, or 15 identified as having, a baseline LDL-C between 130
me/dL and 173 meg/dL. In some embodiments, the subject has, or is identified as having, a
baseline LDEL-C between 130 mg/dL and 208 mg/dL. In some embodiments, the subject has,
or is identified as having, a baseline LDL-C of 130, 131, 132, 133, 134, 135, 136, 137, 138,
130, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156,
157, 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174,
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175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192,
193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207, 208 mg/dL or a
baseline LDL-C less than any one of the preceding values. In some embodiments, the
subject has, or is identified as having, a baseline LDL-C of 208 mg/dL or less. In some
embodiments, the methods of the present disclosure include measuring the baseline LDL-C
of the pediatric subject.

{01264 In some embodiments, the methods of the present disclosure lowers the
subject’s LDL-C by at least 30%. In some embodiments, the subject’s LDL-C is lowered by
about 30% to about 80%. In some embodiments, the subject’s LDL-C is reduced by at least
20%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 553%, at least
60%, at least 65%, at least 70%, at least 75%, at least 80%, or more, or by a percentage in a
range defined by any two of the preceding values. In some embodiments, the subject has a
baseline LDL-C of about 200 mg/dL or greater, and the subject’s LDL-C is lowered by at
least 209%, at least 30%, at least 40%, about 30% to about 50%, about 20% to about 50%,
about 20% to about 80%, about 30% to about 50%, or about 30% to about 80%. In some
embodiments, the subject bas a baselive LDL-C of about 200 mg/dL or greater, the PCSK9
mhibitor, e.g., anti-PCSK9 antibody, s adnunistered every four weeks, and wherein the
subject’s LDL-C 13 lowered by at least 20%. In some embodiments, the subject has a

basehine LDL-C of about 200 mg/dL. or greater, the PCSKY inhibitor, eg., anti-PCSK9

€.,
antibody, 1s administered every two weeks, and wherein the subject’s LDL-C is lowered by
at least 30%.

{0121} In some embodiments, the pediatric subject has a baseline LBL-C of about
210 mg/dL or less, and the subject’s LDL-C 13 lowered by at least 40%, at least 45%, at least
50%, at feast 60%, about 40% to about 60%, about 40% to about 80%, about 50% to about
60%, or about 50% to about 80%. In some embodiments, the pediatiic subject has a baseline
LL-C of about 210 mg/dL or less, and the subject’s LIL-C 15 lowered by at least 45%. In
some embodiments, the subject has a baseline LDL-C of about 210 mg/dL or less, the
PCSK9 inhibitor, eg., anti-PUSKY antibody, is administered every four weeks, and the
subject’s LDL-C 1s lowered by at least 40%. In some embodiments, the subject has a
baseline LDL-C of about 210 mg/dL or less, the PCSKY inhibitor, e.g., anti-PCSK9 antibody,

is administered every two weeks, and the subject’s LDL-C is lowered by at least 50%.
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{0122} In some embodiments, the reduction in the pediatric subject’s LDL-C 15 at
least 40%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%, or about 100%, or a percentage within a
range defined by any two of the preceding values, of the reduction in LDL-C achieved in a
reference patient population (e.g., pediatric HeFH patients having a baseline LDL-C value
that s less than the upper quartile or the median of baseline LDL-C values among a pediatric
HeFH patient cohort; adult HeFH patients) that is administered a PCSK® mhibitor therapy
under a reference dosage regimen of the PCSK9 inhibitor {eg., a dosage regimen for
pediatric HeFH patients in the reference patient population; a standard-of-care dosage
regimen for the reference patient population; a dosage regimen under a government
regulatory agency-approved label, etc ). In some embodiments, the reduction in the pediatric
subject’s LDL-C s at least 40%, at least 50%, at least 55%, at least 60%, at least 65%, at

least 70%, at least 75%, at least 80%, at least 83%, at least 90%, at least 95%, or about 100%,

)
or a percentage within a range defined by any two of the preceding values, of the reduction in
LDL-C achieved 1n a reference patient population {e.g., pediatric HeFH patients having a
baseline LDL-C value that 15 less than the upper quartile or the median of baseline LDL-C
values among a pediatric HeFH patient cohort; adult HeFH patients) that is administered the
PCSKY inlubutor at a reference dosing frequency {e.g., an average dosing frequency for
pediatric HeFH patients in the reference patient population; a standard-of-care average
dosing frequency for the reference patient population; an average dosing frequency under a
government regulatory agency-approved label, etc.). In some embodiments, the reduction n
the pediatric subject’s LDL-C 18 at least 70% of the reduction i LDL-C achieved in the
reference patient population that 1s admimstered the PCSK9 inhibitor at the reference dosing
frequency.  In some embodiments, the reduction in the pediatric subject’s LDL-C 1s
substantiaily the same as the reduction 1n LBL-C achieved in the reference patient population
after receiving the PUSKS inhibitor therapy under a reference dosage regimen. In some
embodiments, the enhanced dosage regimen is admuimstered to a pediatric subject until a
therapeutically acceptable end point for HeFH 15 achieved.

{0123} The reduction in LDL-C can be a percentage difference between the
baseline LDML-C and the LDL-C after the administration of the PCSKS mhibitor {e.g., anti-

PCSKS antibody and/or inhibitory nucleic acid). In some embodiments, the percentage

-45-



WO 2021/243002 PCT/US2021/034489

reduction in LDL-C is aclieved by at least week 12, at least week 13, at least week 14, at
least week 15, at least week 16, at least week 17, at least week 18, at least week 19, at least
week 20, at least week 21, at least week 22, at least week 23, at least week 24, at least week
25, at least week 26, at least week 27, at least week 28, at least week 29, or at least week 30
or later, or by at least a time interval within a range defined by any two of the preceding
values, of administration of the PCSKS inhibitor (eg., anti-PCSK9 antibody and/or
inhibitory nucleic acid). In some embodiments, the percentage reduction in LDL-C is
achieved by at least week 20 of administration of the PCSK9 mhibitor. In some
embodiments, the percentage reduction in LDL-C 15 achieved by at least week 24 of
administration of the PCSK9 mhibitor.

{01244 Pharmaceutical compositions comprising the PCSK9 nhibitor {e g., anti-
PCSKS antibody, inhibitory nucleic acid, or small molecular inlubitor) are administered to a
subject in a manner appropriate to the indication and the composition. In some
embodiments, pharmaceutical compositions comprise an antt-PCSK9 antibody. In some
embodiments, pharmaceutical compositions comprise inhibifory nucleic acids {eg,
mterfering RNA such as siIRNA), Pharmaceutical compositions may be administered by any
suttable techmque, ncluding but not himited to parenterally, topically, or by inhalation. If
mjected, the pharmaceutical composition can be adminustered, for example, via intra-
articular, intravenous, miramuscular, intralesional, intraperitoneal or subcutaneous routes, by
bolus myection, or continuous infusion. Delivery by mhalation mcludes, for example, nasal
or oral mhalation, use of a nebulizer, inhalation of the antibody in aerosol form, and the hike,
Other alternatives inchude oral preparations including pills, syrups, or lozenges,

[0125] The PCSK9 mbubitor {e.g., anti-PCSK® antibody and/or ihibitory nucleic
acid} can be adminstered i a suitable form of a composition comprising one or more
additional components such as a physiologically acceptable carner, excipient or diluent.
Optionally, the composttion additionally comprises one or more physiologically active
agents. In various particular embodiments, the composition comprises ong, two, three, four,
five, or six physiologically active agents in addition to one or more PCSKY mhibitors {e.g.,
anti-PCSK9 antibodies, inhibitory nucleic acids or small molecule inhibitors).

0126} Diosages and the frequency of administration may vary according to such

factors as the route of administration, the particular PCSKS inhibitor (s.g., anti-PUSKO
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antibody, nhibitory nucleic acid, or small molecule inhibitor) empioved, the nature and
severity of the disease to be treated, whether the condition is acute or chronic, and the size

and general condition of the subject.

Combination therapies

{0827} Particolar embodiments of methods and compositions of the present
disclosure mvolve the use of at least one PCSKO inhibitor {e.g., anti-PCSKS antibody and/or
mhibttory nucleic acid) and one or more other therapeutics useful for lowering LDL-C, for
example. In one embodiment, PCSKY inhibitors (e, anti-PCSKY antibodies and/or
mhibitory nucleic acids) are administered alone or in combination with other agents useful
for treating the condition with which the subject s afflicted. Examples of such agenis
include both proteinaceous and non-proteinacecus drugs. When multiple therapeutics are co-
administered, dosages may be adjusted accordingly, as is recognized in the pertinent art.
“Co-administration” and combination therapy are not limited to simultaneous administration,
but also nclude treatment regimens in which an PCSK9 inhibitor is admumistered at least
once during a course of treatment that mvolves administering at least one other therapeutic
agent to the subject. In certain embodiments, the PCSKY mhubdor {(e.g, anti-PCSK9
antibody and/or mhibitory nucleic acid) 1s admirustered prior to the admuustration of at least
one other therapeutic agent. In certain embodiments, a PCSK9 mnhibitor (e.g., anti-PCSK9
antibody, mhibitory nucleic acid or small molecale mhibitor) 1s administered concurrent with
the admuinistration of at least one other therapeutic agent. In certain embodiments, a PCSK9
whibitor {e.g., anti-PCSKS antibody, inhnbitory nucleic acid or small molecule inhibitor) 1s
administered subsequent to the adminisiration of at least one other therapeutic agent.

{0128} In one embodiment, the antibody and/or the mhibitory nucleic acid {e.g,
mterfering RNA) 1s adounistered to a subject in combination with a statin and an anti-PCSK9
antibody (e.g., Repatha® product, Praluent™ product, bococizumab). In another embodiment,
the antibody and/or the inhibitory nucleic acid {e.g., interfering RNA) 1s administered to a
subject in combination with a statin and at least one other cholesterol-lowering {serum and/or
total body cholesterol) agent. In some embodiments, the agents that increase the expression
of LDLR, have been observed to increase serum HDL levels, lower LDL levels or lower

triglyceride levels.
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{0129} Provided herein is a method of lowering serum LDL cholesterol (LEL-C)
in a subject, of which a non-limiting example is depicted in Fig. 7. The method 766 can
meclude administering 716 to a pediatric subject having HeFH, wherein the subject has a
baseline LDL-C of about 200 mg/dL or greater: a PCSK® antibody at a dosing frequency of
about once a month, and at an amount from about 400 mg to about 450 myg, at least one
statin; and at least one other LDL chelesterol-lowering therapy that s different from the
PCSKO antibody and the at least one statin, to thereby lower the subject’s LDL-C by at least
30%. In some embodiments, the PCSKY antibody comprises: a heavy chain variable region
{VH) comprising: a CDRHI1, CDRH2, and a CDRH3 of a CDRH1, CDRH2, and a CDRH3,
respectively, of a VH of evolocumab; and an amino acid sequence at least 90% identical to
the VH of evolocumab; and a light chain variable region (VL) comprising: a CDRLI,
CDRLZ, and a CDRL3 of a CDRLI, CDRL2, and a CDRL3, respectively, of a VL of
evolocumab; and an amino acid sequence at least 90% identical to the VL of evolocumab. In
some embodimenis, the anti-PCSK9 antibody is evolocumab.

{01361 Also provided is a method of treating or preventing heterozygous familial
hypercholesterolemia (HeFH) or symptoms thereof, of which a non-limiting example is
depicted m Fig. 8 The method 866 can include administering 818 to a pediatric HeFH
subject having a baseline serum LDL cholesterol (LDL-C) at or above an upper quartile of
baseline LDL-C values among a pediatric HeFH patient cohort, as described herein: a
PUSKY inhubitor; at feast one statin, and at least one other LDL cholesterol-lowering therapy
that 1s different from the PCSK9 nhibitor and the at least one statin, to thereby treat or
prevent HeFH or symptoms thereof, wherein the PCSKS mhibitor 15 admimstered according
to a dosage regimen of the PCSK9 inhibitor for pediatric HeFH patients having a baseline
LDL-C value that 1s less than the upper quartile, e.g., less than the median of baseling LBL-C
values among the cohort.

{0131 With reference to Fig. 9, a non-limiting example of a method of treating or
preventing heterozygous familial hypercholesterolemia (HeFH) or symptoms thereof is
described. The method 9098 can include adminstering 918 to a pediatric subject having
HeFH: a PCRKS inhibitor, wherein the PUSKO inhibitor 1s administered according to a
standard-of-care (e.g., government regulatory agency-approved) dosage regimen to treat or

prevent HeFH or symptoms thereof in an adult patient; at least one statin; and at least one

-4 8-



WO 2021/243002 PCT/US2021/034489

other LDL cholestercl-lowering therapy that is different from the PCSKS9 mhibrior and the at
least one statin, to thereby treat or prevent HeFH or symptoms thereof.

{01324 In some embodiments, the at least one other LDL cholesterol-lowering
therapy is administered according to an enhanced desage regimen comprising a mean dose of
the at least one other LDL cholesterol-lowering therapy that s about 20%, about 30%, about
40%, about 50%, about 60%, about 70%, about 80%, about 90%, about 100%, about 1209,
about 140%, about 160%, about 180%, about 200%, about 250%, about 300%, about 350%,
about 400%, about 450%, about 500% or more, or a percentage within a range defined by
any two of the preceding values, greater than a standard-of-care {e.g., government regulatory
agency-approved) mean dose of the at least one other LDL cholesterol-lowering therapy to
treat or prevent HeFH or symptoms thereof in a pediatric patient.

[0133] In some embodiments, the statin includes, without limitation, atorvastatin,
cerivastatin, fluvastatin, lovasiatin, mevastatin, pitavastatin, pravastatin, rosuvastatin, or
simvastatin.  In some embodiments, the other LDL cholesterol-lowering therapy includes,
without limitation, a statin, a fibrate, a bile acid sequestrant, niacin, an antiplatelet agent, an
angiotensin converting enzyme intubitor, an angiotensin Il receptor antagonist, an acylCoA
cholesterol acetyliransferase (ACAT) wnhubitor, a cholesterol absorption wnhibitor, a
cholesterol ester transfer protein (CETP) inhibitor, a mucrosomal triglyceride transfer protein
{MTTP) mlubitor, a cholesterol modulator, a bile acid modulator, a peroxisome proliferation
activated receptor (PPAR) agonist, a gene-based therapy, a composite vascular protectant, a
glycoprotein 1b/Ia inhibitor, aspirin or an aspirin-like compound, an IB AT wnhibitor, a
squalene synthase inhibitor, or a monocyte chemoattractant protein (MUP)D inhibitor.
Exemplary agents include, but are not limited to, stating {e.g., atorvastatin, cerivastatin,
fluvastatin, lovastatin, mevastatin, pitavastatin, pravastatin, rosuvastatin, simvastatin},
Nicotimie acid (Nizciny (NIACOR, NIASPAN {(slow release niacin}, SLO-NIACIN (slow
release niaciny), Fibric acid (LOPID (Gemfibrozil), TRICOR (fenofibrate}, Bile acid
sequestrants (QUESTRAN (cholestyramine), colesevelam (WELCHOL), COLESTID
(colestipol)), Cholestero!l absorption inhibitors (ZETIA (ezetimibe}), combining nicotinic
acid with statin (ADVICOR (LOVASTATIN and NIASPAN)}, combining a statin with an
absorption inuibitor (VYTORIN (ZOCOR and ZETIA) and/or lipid modifying agents. In

some embodiments, the PCSKS inhibitor {e.g., anti-PCSKS antibody, inhibitory nucleic acid
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or small molecule inhibitor) is combined with PPAR gamma agonists, PPAR alpha/gamma
agonists, squalene synthase inhibitors, CETP inhibitors, anti-hypertensives, anti-diabetic
agents {(such as sulphonyl ureas, insublin, GLP-1 analogs, DDPIV mhibitors), ApoB
modulators, MTP inhibitors and/or arteriosclerosis obliterans treatments. In some
embodiments, the PCSK9 inhibitor {e.g., anti-PCSK9 antibody, inhibitory nucleic acid or
small molecule mhibitor} is combined with an agent that increases the level of LDLR protein
i a subject, such as stating, certain cytokines like oncostatin M, estrogen, and/or certain

herbal ingredients such as berberine.

PCSKS INHIBITORS

{01341 In some embodiments, a PCSKY mhibitor of the present disclosure 15 an
antibody, a mhibitory nucleic acid, or a small molecule inhibitor. In one embodiment, the
anti-PCSK9 antibody is a monoclonal antibody.  In one embodiment, the anti-PCSK9
antibody s a human antibody. In another embodiment, the antibodies are humanized
antibodies. In another embodiment, an inhibitory nucleic acid (e.g., siIRNA or shRNA}) is
admirustered in the present methods. In some embodiments, the PCSK9 inhubitor includes,
without limutation, evolocumab, alirocumab, bococizumab, 1D05-1gG2, RG-7652, LGT209,
REGN728, LY3015014, 1B20, inclisiran, 18IS 394814, SX-PCK9, and BMS-962476.

[0135] In some embodiraents, the PCSK9 inhibitor is approved by a government
regulatory agency (e.g, FDA approved) for lowering serum LDL cholesterol levels i a
human patient, e.g., an adult patient.

{0136} Also conternplated herein are PCSKS lipid lowering agents that can lower

other lipids {apart from LDL-C).

Anti-PCSKS Antibodies

{0137} In some embodimenis, the PCSKY inhibitor is any suitable anttbody that
lowers LDL-C levels through PCSK9.  Such PCSKS inhibitors can include antibodies
evolocumalby (CAS Reg No. 1256937-27-5; WHO No. 9643, IND No. 105188)
(REPATHA®)}, alirocumab (PRALUENT®), bococizamab, REGN728 RGT652,
LY3015014, LGT209, 1D0S (US8,188,234), 1B20 (US8,188,233), SX-PCKY and BMS-

962476, In some embodiments, the antibody is a neutralizing antibody. For conciseness, an
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“anti-PUSKO antibody” may also be referred to herein as a “PCSKS antibody,” and it will be
understood that these two terms are interchangeable herein,

{0138} In some embodiments, the PCSKO antibody comprises: a heavy chain
variable region {VH) comprising a CORH1, CDRH2, and a CDRH3 of a CDRH1, CDRHZ,
and a CORH3, respectively, of a heavy chain of evolocumalb; and a light chain variable
region {VL} comprising a CDRL1, CDRLZ, and a CDRL3 of a CDRL1, CDRL2, and a
CDRL3, respectively, of a light chain of evolocumab, as shown in Fig. 14, In some
embodiments, the PCSKY9 antibody comprises. a heavy chain varable region (VH)
comprising a CDRHI, CDRH2, and a CDRH3 of a CDRH1, CDRH2, and a CDRH3,
respectively, of a heavy chain of evolocumab with up to 3, 2, or 1 anuno acid substitutions
{for example, conservative substitutions} in one or more of the CDRHI1, CDRH2, and
CDRH3, respectively; and/or a light chain varnable region (VL) comprising a CDRUI,
CDRL2, and a CDRL3 of a CDRL1, CDRL2, and a CDRL3, respectively, of a light chain of
evolocumab with up to 3, 2, or 1 amino acid substitutions (for example, conservative
substitutions} n one or more of the CDRLL, CDRLZ, and CDRL3, respectively. In some
embodiments, the PCSK9 antibody comprises: a heavy chamn vanable region (VH)
comprising a CDRHI, CDRH2, and a CDRH3 of a CDRHI, CDRH2, and a CDRH3,
respectively, of a heavy chain of evolocumab with up to 3, 2, or 1 amino acid substitutions
{(for example, conservative substitutions) i each of the CDRHI1, CDRH2, and CDRH3,
respectively; and a light chain vanable region (VL) comprising 3 CDRLI, CDRL2, and &
CDRL3 of o CDRLI, CDRL2, and a CDRL3, respectively, of a fight chain of evolocumab
with up to 3 anmuno acid substitotions (for example, conservative substitutions) in each of the
CDRLL, CDRLZ, and CDRL3, respectively.  In some embodiments, the PCSKYS antibody
comprises: a heavy chain vanable region (VH) comprising 3 CDRHI, CDRH2, and a
CDRH3 that 13 each independently at least 80, 85, 90, 95%, or 100% identical to a CDRH]I,
CDRH2, and a CDRH3, respectively, of a heavy chain of evolocumab; and a light chain
variable region (VL) comprising a CDRLY, CDRLZ, and a CDRL3 that is each
mdependently at least 80, 85, 90, 95%, or 100% identical to a CDRLI, CDRL2, and a
CDRL3, respectively, of a light chain of evolocumab, as shown in Fig. 14, In some
embodiments, the PUSK9 antibody comprises: a heavy chain variable region (VH)

comprising a framework region (FR} 1, FR2, FR3 and a FR4 of a FR1, FR2, FR3 and a FR4,
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respectively, of a heavy chain of evolocumab with up to 3, 2, or 1 amimo acid substitutions
{for example, conservative substitutions) in one or more of the FRI, FR2, FR3 and FR4,
respectively; and/or a light chaimn variable region (VL) comprising a FR1, FRZ, FR3 and a
FR4 of a FR1, FR2, FR3 and a FR4, respectively, of a light chain of evolocumab with up to
3, 2, 1 amuno acid substitutions (for example, conservative substitutions) in one or more of
the FR1, FR2, FR3 and FR4, respectively. In some embodiments, the PUSK9 antibody
comprises: a heavy chain variable region (VH) comprising a FR1, FRZ, FR3 and a FR4 that
is each mdependently at least 80, 85, 90, 95%, or 100% identical to a FR1, FR2, FR3 and a
FR4, respectively, of a heavy chan of evolocumab; and a light chain variable region (VL)
comprising a FRI, FRZ, FR3 and a FR4 that 15 each independently at least 80, 85, 90, 95%,
or 100% identical to a FRI1, FRZ FR3 and a FR4, respectively, of a light chain of
evolocumab, as shown in Fig. 14, In some embodiments, the PCSK9 antibody comprises: a
VH comprising an amino acid sequence at least 85%, at least 90%, at least 95%, or at least
98% or more identical to the VH of evolocumab; and a VL comprising an amino acid
sequence at least 85%, at least 90%, at least 95%, or at least 98% or more identical to the VL
of evolocumab, as shown in Fig. 14, In some embodiments, the PCSK9 antibody comprises:
a VH comprising: a CDRHI, CDRH2, and a CDRH3 of a CDRHY, CDRH2, and a CDRH3,
respectively, of a VH of evolocumab; and an amino acid sequence at least 85%, at least 90%,
at feast 95%, or at least 98% or more dentical to the VH of evolocumab; and a VL
comprising: a CDRL1, CDRL2, and a UDRL3 of a CDRL1, CDRL2, and a CDRL3,
respectively, of a VL of evolocumab; and an amino acid sequence at least 85%, at least 909%,
at least 95%, or at least 98% or more dentical to the VL of evolocumab. In some
embodiments, the PCSKS antibody comprises a VH of a VH of evolocumab; and VL of a VL
of evolocumab. In some embodiments, the PCSKY antibody comprises: a heavy cham
variable region (VH) comprising: a CDRHI, CDRH2, and a CBRH3 of a CDRH1, CDRHZ,
and a CDRH3, respectively, of a VH of evolocumab; and an aming acid sequence at least
90% identical to the VH of evolocumab; and a light chain variable region (VL) comprising: a
CDRLI, CDRL2, and a CDRL3 of a CDRL1I, CDRLZ, and a CDRL3, respectively, of a VL
of evolocumab; and an amino acid sequence at least 90% identical to the VL of evolocumab.

In some embodiments, the anii-PCSK9 antibody is evolocumab.

-8



WO 2021/243002 PCT/US2021/034489

{0139} In some embodiments, the PCSK9 antibody comprises: a heavy chain
variable region {(VH) comprising a CDRH1, CDRH2, and a CDRH3 of a CDRHY, CDRHZ,
and a CORH3, respectively, of a heavy chain of alirocumab; and a light chain variable region
(VL) comprising a CDRLI, CDRL2, and a CDRL3 of a CDRLI, CDRL2, and a CDRL3,
respectively, of a light chain of alirocumab, as shown in Fig. 15A. In some embodiments,
the PCSK9 antibody comprises: a heavy chain variable region {(VH) comprising a CDRH],
CDRHZ, and a CDRH3 of a CORH1, CDRHZ, and a CDRH3, respectively, of a heavy chain
of alirocumab with up to 3, 2, or 1 amino acid substitutions {(for example, conservative
substitutions) in one or more of the CDRHI, CDRHZ, and CDRH3, respectively; and/or a
light chain variable region (VL) comprising a CDRLI, CDRLZ, and a CDRL3 of a CDRLI,
CDRL2, and a CDRL3, respectively, of a light chain of alirocumab with up to 3, 2, or 1
amine acid substitutions {(for example, conservative substitutions) in one or more of the
CDRLI, CDRLZ, and CDRL3, respectively. In some embodiments, the PCSK2 antibody
comprises: a heavy chain variable region (VH) comprising a CDRHI, CDRH2, and a
CDRH3 that 13 each independently at least 80, 85, 90, 95%, or 100% identical to a CDRHI,
CDRH2, and a CDRH3, respectively, of a heavy chain of ahrocumab; and a light chain
variable region (VL) compusing a CDRLY, CDRL2, and a CDRL3 that 5 each
mdependently at least 80, 85, 90, 95%, or 100% dentical to a CDRLI, CDRI2, and a
CDRL3, respectively, of a light chain of alwocumab, as shown i Fig. 15A. In some
embodiments, the PCSK9 antibody comprises: a heavy chain variable region (VH)
comprising a FR1, FR2, FR3 and a FR4 of a FR1, FRZ, FR3 and a FR4, respectively, of a
heavy cham of alirocumab with op to 3, 2, or I amimo acid substitutions {for example,,
conservative substitutions) i one or more of the FR1, FRZ, FR3 and FR4, respectively;
and/or a light chain vanable region (VL) comprising a FR1, FR2, FR3 and a FR4 of a FR1,
FR2, FR3 and a FR4, respectively, of a hight chain of alirocumab with up to 3, 2, or 1 amino
acid substitutions {for example,, conservative substitutions} in one or more of the FR1, FR2,
FR3 and FR4, respectively. In some embodiments, the PCSK9 antibody comprises: a heavy
chain variable region {(VH} comprising a FRI, FRZ, FR3 and a FR4 that is each
mdependently at least 80, 85, 90, 95%, or 100% identical to a FR1, FR2, FR3 and a FR4,
respectively, of a heavy chain of alirocumab; and a light chain vanable region (VL)

comprising a FR1, FRZ, FR3 and a FR4 that 1s each independently at least 80, 85, 90, 95%,
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or 100°% identical to a FRI, FRZ, FR3 and a FR4, respectively, of a light chain of
alirocumab, as shown in Fig. 15A. In some embodiments, the PCSK9 antibody comprises: a
VH comprising an amino acid sequence at least 85%, at least 90%, at least 95%, or at least
98% or more identical to the VH of alirocumab; and a VL comprising an amino acid
sequence at least 85%, at least 90%, at least 95%, or at least 98% or more 1dentical o the VL
of alirocumab. In some embodiments, the PCRKY antibody comprises: a VH comprising: a
CDRHI1, CORHZ, and a CDRH3 of a CDRH1, CDRH2, and a CDRH3, respectively, of a
VH of alirocumab; and an amino acid sequence at least 85%, at least 90%, at least 95%, or at
least 98% or more identical to the VH of alirocumab; and a VL comprising: a CDRLI,
CDRLZ, and a CDRL3 of a CDRLI, CDRL2, and a CDRL3, respectively, of a VL of
alirocumab; and an amino acid sequence at least 85%, at least 90%, at least 93%, or at least
98% or more identical to the VL of alirocumab. In some embodiments, the anti-PCSK®
antibody is alirocumab.

(0140 In some embodiments, the PCSKS antibody comprises: a heavy chain
variable region {VH)} comprising a CDRHI, CDRH2, and a CDRH3 of a CDRH1, CDRH2,
and a CDRH3, respectively, of a heavy chain of bococizumab; and a light chain variable
region (VL) comprising a CDRLI, CDRL2, and a CDRL3 of a CDRLI, CDRL2, and a
CDRL3, respectively, of a light chain of bococizumab, as shown n Fig. 15B. In some
embodiments, the PCSKY antibody comprises: a heavy chain vanable region (VH)
comprising a CDRHI, CDRH2, and a CDRH3 of a CDRHI, CDRH2, and a CDRH3,
respectively, of a heavy chain of bococtzumab with up to 3, 2, or 1 amino acid substitutions
(for example, conservative substitutions} in one or more of the CDRH1, CDRH2, and
CDRH3, respectively; and/or a light chain vanable region (VL) comprising a CBRLI,
CDRL2Z, and a CDRL3 of a CDRL1, CDRLZ, and a CDRL3, respectively, of a light chain of
bococizumab with up to 3, 2, or 1 amino acid substitutions (for example, conservative
substitutions} in one or more of the CDRLI, CDRLZ, and CDRL3. In some embodiments,
the PCSK9 antibody comprises: a heavy chain variable region (VH) comprising a CDRH1,
CDRH2, and a CDRF3 that 1s each independently at least 80, 85, 90, 95%, or 100% identical
to a CDRHI1, CDRH2, and a CDRH3, respectively, of a heavy chain of bococizumab; and a
light chain variable region (VL) comprising a CDRLL, CDREZ, and a CDRL3 that 1s each
mdependently at least 80, 85, 90, 95%, or 100% identical to a CDRLI, CDRL2, and a
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CDRL3, respectively, of a light chain of bococizumab, as shown in Fig. 158 In some
embodiments, the PCSKY9 antibody comprises: a heavy chain varable region (VH)
comprising a FR1, FRZ, FR3 and a FR4 of a FR1, FR2, FR3 and a FR4, respectively, of a
heavy chain of bococizumab with up to 3, 2, or 1 amino acid substitutions (for example,
conservative substitutions} in one or more of the FR1, FRZ, FR3 and FR4, respectively;
and/or a light chain variable region (VL) comprising a FR}, FRZ, FR3 and a FR4 of a FR1,
FRZ, FR3 and a FR4, respectively, of a light chain of bococizumab with up t0 3, 2, or 1
aming acid substitutions (for example, conservative substitutions) in one or more of the FR1,
FRZ, FR3 and FR4, respectively. 1n some embodiments, the PCSK9 antibody comprises: a
heavy chain variable region (VH) comprising a FR1, FRZ, FR3 and a FR4 that is each
independently at least 80, 83, 90, 95%, or 100% identical to a FR1, FRZ, FR3 and a FR4,
respectively, of a heavy chain of bococizumab; and a light chain variable region (VL)
comprising a FRI, FR2, FR3 and a FR4 that is each independently at least 80, 83, 90, 93%,
or 100% identical to a FR1, FR2, FR3 and a FR4, respectively, of a light chain of
bococizamab, as shown in Fig. 15B. In some embodiments, the PCRKS antibody comprises
an amino acid sequence at least 83%, at least 90%, at least 95%, or at least 98% or more
wdentical to the VH of bococizumab; and a2 VL comprising an amino acud sequence at least
85%, at least 90%, at least 95%, or at least 98% or more wentical to the VL of bococizumab.
In some embodiments, the PCSKY antibody cowmprises: a VH comprsing: a CDRHIL,
CDRH2Z, and a CDRH3 of a CDRHI, CDRH2, and a CDRH3, respectively, of a VH of
bococizumab; and an amino acid sequence at least 85%, at least 90%, at feast 95%, or at least
98% or more identical to the VH of bococizumab; and a VL comprising: a CDBRL1, CDRL2,
and a CDRL3 of a CDRLI, CDRL2, and a CDRL3, respectively, of a VL of bococizumab;
and an amino acid sequence at least 5%, at feast 90%, at least 95%, or at least 93% or more
identical to the VL of bococizumab. In some embodiments, the anti-PCSK9S antibody 18
bococizumab.

{0141} In some embodiments, the mhibitor 5 an anti-PCSKS antibody that
contains one or more (including all 6} of the CDRs from the antibody constructs shown in
any one or more of FIGs. 14, 15A, 15B, 16, 17, 18 and 19 In some embodiments, the
PCSKY inhibitor is an anti-PCSKY antibody that contains one or more of the amino acid

heavy and/or light chains of FIGs. 14, 15A, 158, 16, 17, 18 and 19. In some embodiments,
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the PCSK9 mhibitor is an anti-PCSKS antibody that contains one or more of the amino acid
heavy chains, variable regions, and/or CDRs of FIGs. 14, 15A, 158, 16, 17, and the
corresponding amino acid light chains, variable regions, and/or CDRs of FiGs. 14, 15A, 158,
18 and 19. In some embodiments, antibodies that include any one or more of the CDRs of
the antibodies noted herein can be employed. In some embodiments, antibodies that include
the heavy and light chain variable regions of the antibodies noted herein can be employed. In
some embodiments, the antibody 15 at least 95, 96, 97, 98, 99% identical m amino acid
sequence {o an antibody denoted herein. In some embodiments, the anti-PCSK9 antibody is
selected from the antibodies in US8,062,640 {(e.g, HCVR/LCVR = SEQ D NOS:90/92),
1S8,501,184 (e.g., REGN728, HCVR/LCVR = SEQ ID NOS:218/226), US8,080,243 (e.g.,
bococizumab, HCVR/LCVR = SEQ ID Nos:54/583), US8,188,234 (e g, 1DO3 HCVR/LCVR
= SEQ 1D Nos:11/27), USR,188,233 (eg, 1B20, HCVR/LCVR = SEQ 1D Nos:11/27),
LGT209 in US 710,192, US2011/0142849, and US2013/0313927, and RG7652 in
US2012/0195910, LY3015014 in US8330414 (HCVR/LCVR = SEQ 1D Nos:7/8), the
entiteties of each of which 1s hereby incorporated by reference including the disclosure of the
specifically referenced PCSK9 inhibitors.

~

0142} In some embodiments, the anti-PCSK9 antibody includes up to 1, 2, 3, 4
or 5 amino acid mutations to one or more of the CDRs (including the HCDRI, HCDR2,
HCDR3, LCDRI, LCDR2, and/or LCDR3) and/or any of the framework regions of any of
the hight chains or heavy chains of FIGs. 14, 15A, 1SB, 16, 17, 18 and 19 In some
embodiments, the anti-PCSK9 antibody has any of the light chains or heavy chains of FiGs.
14, 154, 158, 16, 17, 18 and 19, but where any of the CDRs (including the HCDRI,
HCDR2, HCDR3, LCDRY, LCDR2, and/or LCDIR3} are vanants of the disclosed sequences,
such that the CDR(s} 15, each mndependently, at least 30, 85, or 90% identical to the
corresponding sequence provided herein.  In some embodiments, any mutated position 18 3
conservative substitution. In some ermbodiments, the conservative mutation 15 one or more of
the options put forth in Table 1.0,

{0143} In some embodiments, the anti-PCSK9 antibody includes up to 3, 2, or 1
mutations in one or more CDRs {including the HCDRY, HCDR2, HCDRS, LCDR1, LCDR2,
and/or LCDR3) and/or one or more framework regions relative to an amino acid sequence

encoded by the variable region of the human germline immunoglobulin sequence. In some
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embodiments, the anti-PCSKS9 antibody includes CDRs (including the HCDRI, HCDR2Z,
HCDR3, LCDRI, LCDR2, and/or LCDR3) that are each independently at least 80%, 85%,
90%, 95%, 98% or more identical to a corresponding CDR encoded by a human germline
mmuncglobulin sequence. In some embodiments, the anti-PCSK9 antibody includes hight
chain FRs {(including the FR1, FR2, FR3, and/or FR4) and/or heavy chain FRs (including the
FRI, FRZ, FR3, and/or FR4) that are each independently at least 80%, 85%, 90%, 95%, 98%,
99%, or about 100% identical to a corresponding FR encoded by a human germline
mmunoglobulin sequence. In some embodiments, the anti-PCSK? antibody ncludes: (1) a
heavy chain variable region encoded by human germline VHI-18 and JHGOB, with up to 3, 2,
or | mutations i one or more CDRs (including the HCDRY, HCDRZ, and/or HCDR3) and/or
one or more framework regions relative to an amino acid sequence encoded by the human
germiine VHI-18 and JH6B; and (i1} a hight chain vanable region encoded by human
germiine Vi-4 and JL2, with up to 3, 2, or 1 mutations in one or more CDRs {including the
LCDRY, LCDR2, and/or LCDR3) and/or one or more framework regions relative to an
amino acid sequence encoded by the human germline V1-4 and JL.2. In some embodiments,
the anti-PCSK9 antibody includes a heavy chain variable region encoded by human germline
VH1-18 and JH6B, with up to 3, 2, or 1 mutations in one or wore CDRs {including the
HCDRI, HCDR2, and/or HCDR3) and/or one or more framework regions relative to an
amino aciwd sequence encoded by the human germline VHI-18 and JHOB. In some
embodiments, the anti-PCSK9 antibody ncludes a heavy chamn vanable region encoded by
human germline VHI-18 and JH6B, where the CDRs (incloding the HCDR1, HCDR2,
and/or HCDR3) are each independently at least 80%, 85%, 90%, 95%, 98% or more identical
to a corresponding CDR encoded by human germiine VHI-I18 and JHO6B. In some
embodiments, the anti-PCSK9 antibody includes a heavy chain varnable region encoded by
human germline VHI-18 and JH6B, where the FRs (ncluding the FR1, FR2, FR3, and/or
FR4) are each independently at least 80%, 85%, 90%, 95%, 98% or more identical to a
corresponding FR encoded by human germline VH1-18 and JHEB. In some embodiments,
the anti-PCSKS antibody includes a light chain variable region encoded by human germline
V1i-4 and JLZ, with up to 3, 2, or | mutations in one or more CDRs {including the LCDR1,
LCDR2, and/or LCDR3) and/or one or more framework regions relative to an amino acid

sequence encoded by the human germlime V1-4 and JL2. In some embodiments, the anti-
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PCSK® antibody includes a light chain vanable region encoded by human germline V1-4 and
JLZ, where the (DRs (including the LCDRI1, LCDR2, and/or LCDR3) are each
independently at least 80%, 85%, 90%, 95%, 98%: or more identical to a corresponding CDR
encoded by human germline V1-4 and JL2. In some embodiments, the anti-PCSK9 antibody
includes a light chain variable region encoded by human germline ¥V1-4 and JL2, where the
FRs {(including the FR1, FR2, FR3, and/or FR4) are each independently at {east 30%, 85%,
90%, 95%, 98% or more 1dentical to a corresponding FR encoded by human germline V1-4
and JL2  In some embodiments, any mutation is a conservative substitution. In some
embodiments, the conservative mutation is one or more of the options put forth in table 1.6,

{0144} In some embodiments, mutations in the CDRs and/or framework regions
preserve residues that form an interaction interface with a bound PCSKS9 protein of the
original antibody. Anti-PCSK? antibody variable region residues that form an interaction
interface with a bound PCSKS protein are known and disclosed in, for example, Example 30
of U8 Patent Application Publication No. 2009/0142352, which is incorporated herein by
reference n its entirety.

[0145] The anti-PCSKS antibodies of the present disclosure can comprise any
suitable constant region known in the art.  The hight chain constant region can be, for
example, a kappa- or lambda-type light chain constant region, e.g., a human kappa- or
lambda-type light chain constant region. The heavy chain constant region can be, for
example, an alpha-, delia-, epsilon-, gamma-, or mu-type heavy chain constant regions, e.g., a
human alpha-, delta-, epsilon-, gamma-, or mu-type heavy chain constant region,

{0146} Techniques are known for deriving an antibody of a different subclass or
isotype from an antibody of juterest, 1.e., subclass switching. Thus, IgG antibodies may be
denived from an IgM antibody, for example, and vice versa. Such techmiques allow the
preparation of new antibodies that possess the antigen-binding properties of a given antibody
(the parent antibody), but also exhibit biological properties associated with an antibody
isotype or subclass different from that of the parent antibody. Recombinant DNA techniques
may be employed  Cloned DNA encoding particular antibody polypeptides may be
emploved in such procedures, e.g., DNA encoding the constant domain of an antibody of the

desired isotype. See also Lanitto et al, Methods Mol Biol 178:303-16 {2002}

-58-



WO 2021/243002 PCT/US2021/034489

{0147} In one embodiment, an anti-PCRKS antibody of the present disclosure
further comprises the constant light chain kappa or lambda domains or a fragment of these.
Exemplary sequences of the light chain constant regions are provided in Fig. 20, and are
generally well known mn the art. In another embodiment, an anti-PUSK9 antibody of the
present disclosure further comprises a heavy chain constant domain, or a fragment thereof,
such as the 1g(G1 or 1gG2 heavy chain constant region. In another embodiment, an anti-
PCSKY antibody of the present disclosure further comprises a heavy chain constant domain,
or a fragment thereof, such as the 1gG2 or 1g(G4 heavy chain constant regions, examples of
amino acid sequences of which are provided mn Fig. 20,

{0148} The anti-PCSKS antibodies of the present disclosure include those having
a desired isotype (for example, 1gA, IgGl, 1gG2, 1gG3, 1G4, 1gM, IgE, and 1gD) as well as
Fab or F{ab’ ), fragments thereof. Moreover, if an 1G4 is desired, it may also be desired to
mtroduce a point mutation in the hinge region as described in Bloom et al, 1997, Protein
Science 6:407, (incorporated by reference herein) to alleviate a tendency to form intra-H

chain disulfide bonds that can lead to heterogeneity in the IgG4 antibodies.

Generation of antibodies

{0149} Antibodies of the present disclosure may be prepared by technigues that
are well known to those skilled in the art. For example, by immuonizing an amimal (e.g, a
mouse or rat or rabbit} and then by immortalizing spleen cells harvested from the animal
after completion of the immunization schedule. The spleen cells can be immortalized using
any technigue known in the art, eg., by fusing them with myeloma cells to produce
hybridomas.  See, for example, Antibodies, Harlow and Lane, Cold Spring Harbor
Laboratory Press, 1% Edition, e.g. from 1988, or 2" Edition, e.g. from 2014).

{0150} In one embodiment, 4 humanized monoclonal antibody comprises the
variable domain of a murine antibody (or all or part of the antigen binding site thereof} and a
constant domain derived from a human antibody. Alternatively, a humanized antibody
fragment may comprise the antigen binding site of a murine monoclonal antibody and a
variable domain fragment {lacking the antigen-binding site) derived from a human antibody.
Procedures for the production of engineered monoclonal antibodies include those described

in Riechmann et al., 1988, Nature 332:323, Liu et al., 1987, Proc. Nat. Acad. Sci. USA
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84:3439, Larrick et al,, 1989, Bio/Technology 7:934, and Winter et al |, 1993, TIPS 14:139.
In one embodiment, the chimeric antibody is a CDR grafied antibody. Technigues for
humanizing antibodies are discussed in, e.g., 1.8 Pat. Nos. 5,869,619, 5225539, 5,821,337,
5,859,205, 6,881,557, Padlan et al, 1995, FASEB J 9:133-39, Tamura et al, 2000, I
Immunol. 164:1432-41, Zhang, W, et al , Molecular fmmunoclogy. 42(12):1445-1451, 2005;
Hwang W. et al., Methods. 36(1):35-42, 2005, Dall’ Acqua WF, et al., Methods 36(1):43-60,
2005; and Clark, M., Immunology Today. 21(8}:397-402, 2000,

(0151} An antibody of the present disclosure may alse be a fully human
monoclonal antibody. Fully human monoclonal antibodies may be generated by any number
of techniques with which those having ordinary skill in the art will be familiar.  Such
methods include, but are not limited to, Epstein Barr Virus (EBV) transformation of human
peripheral blood cells {e.g., containing B lymphocytes), in vitro immunization of human B-
cells, fusion of spleen cells from mmmunized transgenic mice carrving inserted human
immunoglobulin genes, isolation from human immunocglobulin ¥V region phage libraries, or
other procedures as known in the art and based on the disclosure herein.

(01582} Procedures have been developed for generating human monoclonal
antibodies in non-human animals. For example, mice in which one or more endogenous
mmmunogliobulin genes have been nactivated by various means have been prepared. Human
mamunoglobulin genes have been miroduced into the mice to replace the tnactivated mouse
genes. In this technigue, elements of the human heavy and light chain locus are introduced
mto strains of mice derived from embryonic stem cell hines that contain targeted disruptions
of the endogenous heavy chan and light chain loci (see also Bruggemann et al,, Curr. Opin.
Biotechnol. 8:455-58 (1997)). For example, human immunoglobulin transgenes may be
mini-gene constructs, or transloct on veast artificial chiromosomes, which undergo B-
cell-specific DNA rearrangement and hypermuttation in the mouse tymphoid tissue.

[01583] Antibodies produced n the animal mncorporate human mumunoglobulin
polypeptide chains encoded by the human genetic matenial introduced into the animal. In
one embodiment, a non-human amimal, such as a transgenic mouse, is immunized with a
suitable immunogen.

01541 Examples of techniques for production and use of transgenic animals for

the production of human or partially human antibodies are described m U.S. Patents
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5,814,318, 5,569 825, and 5,545,806, Davis et al, Production of human antibodies from
transgenic mice in Lo, ed. Antibody Engineering: Methods and Protocols, Humana Press,
N1191-200 (2003}, Kellermann et al., 2002, Curr Opin Biotechnol. 13:593-97, Russel et al |
2000, Infect Immun. 68:1820-26, Gallo et al.) 2000, Ewr J Immun. 30:534-40, Davis et al |
1999 Cancer Metastasis Rev. 18:421-25, Green, 1999, J Immunol Methods. 231:11-23,
Jakobovits, 1998, Advanced Drug Delivery Reviews 31:33-42, Green et al, 1998 1 Exp
Med. 188:483-95, Jakobovits A, 1998, Exp. Opin. Invest Drugs. 7:607-14, Tsuda et al,
1997, Genomics. 42:413-21, Mendez et al, 1997, Nat Genet. 15:146-36, Jakoboviis, 1994,
Curr Biol 4:761-63, Arbones et al, 1994, Immunity. 1:247-60, Green et al, 1994, Nat
Genet. 7:13-21, Jakobovits et al., 1993, Nature. 362:255-58, Jakobovits et al., 1993, Proc
Natl Acad Sci U 8 A 96:2551-55 Chen, J, M Trounstine, ¥. W. Ali, F. Young, C.
Kurahara, J. Loring, D. Huszar “Immunoglobulin gene rearrangement in B-cell deficient
mice generated by targeted deletion of the JH locus” International Immunology 5§ (1993}
647-656, Choi et al, 1993, Nature Genetics 4: 117-23, Fishwild et al., 1996, Nature
Biotechnology 14: 845-S1, Harding et al, 1995, Annals of the New York Academy of
Sciences, Lonberg et al., 1994, Nature 368; 856-59, Lonberg, 1994, Transgenic Approaches
to Homan Monoclonal Antibodies in Handbook of Experimental Pharmacology 113: 49-101,
Lounberg et al., 1995, Internal Review of Immunology 13: 65-93, Neuberger, 1996, Nature
Biotechnology 14: 826, Taylor et al, 1992, Nucleic Acuds Research 20: 6287-95, Taylor et
al., 1994, International Immunoclogy 6. 579-91, Tomizuka et al,, 1997, Nature Genetics 16
133-43, Tomuzoka et al., 2000, Proceedings of the National Academy of Sciences USA 97
722-27, Tuaitlon et al, 1993, Proceedings of the National Academy of Sciences USA 90
3720-24, and Tuaillon et al, 1994, Journal of Immunology 152: 2912-20.; Lonberg et al,
Nature 368:856, 1994; Taylor et al, Int. Immun. 6:579, 1994, U.S. Patent No. 5,877,397,
Bruggemann et al., 1997 Curr. Opin. Biotechnol. 8:455-58; Jakobovits ef al,, 1995 Ann. N
Y. Acad. Sci. 764:525-35. In addition, protocols mvolving the XenoMouse® (Abgenix, now
Amgen, Inc.} are described, for example in US. 05/0118643 and WO 05/694879, WO
08/24838, WO 00/76310, and US Patent 7,064,244,

{0155] Lymphoid cells from the immumized transgenic mice are fused with
myeloma cells for example to produce hybridomas. Myeloma cells for use in hybridoma-

producing fusion procedures preferably are non-antibody-producing, have lugh fusion
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efficiency, and enzyme deficiencies that render them incapable of growing in certain
selective media which support the growth of only the desired fused cells (hybridomas).
Examples of suitable cell lines for use in such fusions include Sp-20, P3-X63/Ag8, P3-X63-
AgB.653, NS1/1.Ag 4 1, Sp210-Agld, FO, NSO/U, MPC-11, MPC11-X45-GTG 1.7 and
8194/5XX0 Bul; examples of cell lines used 1n rat fusions include RZIORCY3, Y3-Ag 1.2.3,
IR983F and 4B210. Other cell lines useful for cell fusions are U-266, GMI1500-GRGZ,
LICR-LON-HMy?2 and UC729-6.

(0156} The lymphoid {e.g., spleen} cells and the myeloma cells may be combined
for a few minutes with a membrane fusion-promaoting agent, such as polyethylene glycol or a
nonionic detergent, and then plated at low density on a selective medium that supports the
growth of hybridoma cells but not unfused myeloma cells. One selection media 15 HAT
{(hypoxanthine, aminopterin, thymidine}. After a sufficient time, usually about one to two
weeks, colonies of cells are observed. Single colonies are isolated, and antibodies produced
by the cells may be tested for binding activity to, for example, human PCSK9, using any one
of a variety of immunoassays known in the art and described herein. The hybridomas are
cloned {(e.g.. by hmuted ditution cloning or by soft agar plague isolation) and positive clones
that produce an antibody specific to, for exarople, human PCSKO, are selected and cultured.
The monoclonal antibodies from the hybridoma cultures may be isolated from the
supernatants of hybridoma cultures. Thus the present disclosure provides hybridomas that
comprise polynuclectides encoding the PCSKS mhibitors of the present disclosure in the
chromosomes of the cell. These hybridomas can be cultured according to methods described
herem and known m the art,

{0157} Another method for generating human antibodies of the present disclosure
melodes immortalizing human peripheral blood cells by EBV transformation. See, e g, US.
Patent No. 4,464,456 Such an wmmortalized B-cell line {(or lymphoblastoid cell hne)
producing a monoclonal antibody that specifically binds to, for example, human PCSK9, can
be identified by immunodetection methods as provided heremn, for example, an ELISA, and
then isolated by standard cloning techniques. The stability of the lymphoblastoid cell line
producing an antibody may be improved by fusing the transformed cell line with a murine
myeloma to produce a mouse-human hybrid cell line according to methods known in the art

{(see, e.g., Glasky et al, Hybridoma &377-82 (1989)). Sull another method to generate
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human monoclonal antibodies is m vitro immunization, which includes priming human
splenic B-cells with antigen, followed by fusion of primed B-cells with a heterchybrid fusion
partner. See, e.g., Boerner et al., 1991 I Immunol. 147:86-95.

{0158} in certain embodiments, a B-cell that 15 producing a desired antibody is
selected and the light chain and heavy chain variable regions are cloned from the B-cell
according to molecular biology technigues known in the art (WO 92/02551; UK. patent
5,627,052; Babcook et al, Proc. Natl Acad. Sci. USA 93:7843-48 {1996}) and described
herein. B-cells from an immunized animal may be isolated from the spleen, lymph node, or
peripheral blood sample by selecting a cell that is producing a desired antibody. B-cells may
also be isolated from humans, for example, from a peripheral blood sample. Methods for
detecting single B-cells that are producing an antibody with the desired specificity are well
known in the art, for example, by plaque formation, fluorescence-activated cell sorting, in
vitro stimulation followed by detection of specific antibody, and the like. Methods for
selection of specitic antibody-producing B-cells include, for example, preparing a single cell
suspension of B-cells n soft agar that contains antigen. Binding of the specific antibody
produced by the B-cell to the antigen resulis m the formation of a complex, which may be
visible as an mununoprecipitate.  After the B-cells producing the desired antibody are
selected, the specific antibody genes may be cloned by isolating and amplifying DNA or
mRMNA according to methods known in the art and described herein.

{0159} An additional method for obtaining antibodies of the present disclosure is
by phage display. See, e.g., Winter et al, 1994 Annu. Rev. Immunol. 12:433-55; Burton et
al., 1994 Adv. Immunol 57:191-280. Human or murine immunoglobulin variable region
gene combinatorial libraries may be created in phage vectors that can be screened to select Ig
fragments {Fab, Fv, sFv, or multimers thereof} that bind specifically to PCSKS or vanant or
fragment thereof See, eg, US. Patent No. 5,223,409, Huse et al, 1989 Science
246:1275-81; Sasiry et al., Proc. Natl. Acad Sci USA 86:5728-32 (1989); Alting-Mees et
al., Strategies in Molecular Biology 3:1-9 (1990); Kang et al., 1991 Proc. Natl. Acad. Sci.
USA 88:4363-66; Hoogenboom et al., 1992 J. Molec. Biol. 227:381-388; Schiebusch et al |
1997 Hybridoma 16:47-52 and references cited therein. For example, a library contaiming a
plurality of polynucleotide sequences encoding Ig variable region fragments may be nserted

into the genome of a filamentous bacteriophage, such as M13 or a variant thereof, in frame
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with the sequence encoding a phage coat protein. A fusion protein may be a fusion of the
coat protein with the fight chain variable region domain and/or with the heavy chain variable
region domain. According 1o certain embodiments, immunoglobulin Fab fragments may also
be displayed on a phage particle (see, e.g., U.S. Patent No. 5,698 426).

{01601 Heavy and hight chain immunoglobulin ¢cDNA expression libraries may
also be prepared in lambda phage, for example using AlmmunoZap™{(H) and
AmmunoZap M(L) vectors (Stratagene, La Jolla, California). Briefly, mRNA is isolated
from a B-cell population, and used to create heavy and light chain immunoglobulin cDNA
expression libraries in the AlmmunoZap{H) and AMmmuncZap(L) vectors. These vectors may
be screened individually or co-expressed te form Fab fragments or antibodies (see Huse et
al., supra; see also Sastrv et al | supra). Positive plaques may subsequently be converted to a
non-lytic plasmid that allows high level expression of monocional antibody fragments from
E. coli.

{0161} In one embodiment, in a hybridoma the varable regions of a gene
expressing a monoclonal antibody of interest are amplified using nucleotide primers. These
primers may be synthesized by one of ordinary skill in the art, or may be purchased from
commercially available sources. {See, e.g., Stratagene (La Jolla, Califorrua}, which sells
primers for mouse and human variable regions mcluding, among others, primers for Vi,
Vb, Ve, Vag, Cui, Vi and Co regions.) These primers may be used to amphify heavy or
hight cham variable regions, which may then be inserted mto vectors such as
ImmunoZAP™H or ImmunoZ AP™L. (Stratagene), respectively. These vectors may then be
mitroduced mmto E. coli, veast, or mammahan-based systems for expression. Large amounts
of a single-chain protein contamning a fusion of the Vi and Vi domains may be produced
using these methods {see Bird et al | Science 242:423-426, 1988},

{0162} In certain embodiments, the PCSKY inlubitors (eg, anti-PCKS9
antibodies} of the present dislcosure are obtained from transgenic anmimals {e.g., mice) that
produce “heavy chain only” antibodies or “HCAbs” HCAbs are analogous to naturally
occurring camel and Hama single-chain VHH antibodies.

{0163} Nee, for example, U.S. Patent Nos. 8,507,748 and 8,502,014, and U8
Patent  Application Publication Nos.  US2Z009/0285805A1, US2Z2009/0169548A1,
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US2009/0307787A%, US2011/0314563A1, USZ012/0151610A1, W(O2008/122886A2, and
WO2009/013620A2.

{01641 Once cells producing antibedies according to the present disclosure have
been obtained using any of the above-described immunization and other techniques, the
spectfic antibody genes may be cloned by isolating and amplifying DNA or mRNA
therefrom according to standard procedures as desecribed herein.  The antibodies produced
therefrom may be sequenced and the CDRs identified and the DNA coding for the CDRs
may be manipulated as described previously to generate other antibodies according to the
present disclosure.

[0165] In certain embodiments, antibodies are generated by first identifying
antibodies that bind to cells expressing, for example, human PCSK9 and/or compete for
hinding with the antibodies described in this application.

0166} Tt will be undersiood by one skilled in the art that some proteins, such as
antibodies, may undergo a variety of postiransiational modifications. The type and extent of
these modifications often depends on the host cell line used 1o express the protein as well as
the culture conditions.  Such modifications may include vanations 1n glvcosylation,
methionine oxidation, diketopiperazine formation, aspartate isomerization and asparagine
deamudation. A frequent modification is the loss of a carboxy-terminal basic residue (such as
lysine or arginine} due to the action of carboxvypeptidases {as described 10 Harris, R.J Journal
of Chromatography 705:125-134, 1995).

{0167} An alternative method for production of a murine monoclonal antibody 13
1o mject the hybridoma cells mto the peritoneal cavity of a syngenetc mouse, for example, a
mouse that has been treated {e.g., pristane~-primned) to promote formation of ascites fluid
containing the monoclonal antibody. Monoclonal antibodies can be 1solated and purified by
a variety of well-established techniques.  Soch wmsolation techniques include affimity
chromatography  with  Protein-A  Sepharose,  size-exclusion  chromatography, and

r
7
i

ion-exchange chromatography {see, for example, Coligan at pages 2.7.1-2.7.12 and pages
2.9.1-293; Bamnes et al, “Purification of Immunoglobulin G (I2G),” in Methods in
Molecular Biclogy, Vol 190, pages 79-104 (The Humana Press, Inc. 1992)). Monoclonal
antibodies may be purified by affinity chromatography using an appropriate ligand selected

based on particular properties of the antibody {e.g., heavy or light chain isotype, binding
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specificity, etc.). FHxamples of a suitable ligand, immobilized on a solid support, include
Protein A, Protein G, an anticonstant region (light chain or heavy chain) antibody, an
anti-idiotype antibody, and a TGF-beta binding protein, or fragment or variant thereof.

{0168} Molecular evolution of the complementarity determining regions {CDRs)
in the center of the antibody binding site also has been used to isolate antibodies with
increased affinty, for example, those as described by Schier et al, 1996, J. Mol Biol
263:551. Accordingly, such techniques are useful in preparing antibodies of the present
disclosure.

{0169 Although human, partially human, or humanized antibodies will be
suitable for many applications, particularly those involving admimstration of the antibody to
a human subject, other types of antibodies will be suitable for certain applications. The non-
human antibodies of the present disclosure can be, for example, derived from any antibody-
producing animal, such as mouse, rat, rabbit, goat, donkey, or non-human primate {(for
example, monkey such as cynomolgus or thesus monkey, or ape (e.g., chimpanzee)). Non-
human antibodies of the present disclosure can be used, for example, i vitro and cell-
culture based apphcations, or anvy other application where an mmune response to the
antibody of the present disclosure does not occur, 18 insignificant, can be prevented, 1s not a
concern, or 18 desired. An antibody from a particular species can be made by, for example,
mamunizing an animal of that species with the desired immunogen or using an artificial
system for generating antibodies of that species {e.g., a bacterial or phage display-based
system for generaiing anttbodies of a particular species}, or by converting an antibody from
one species into an antibody from ancther species by replacing, eg., the constant region of
the antibody with a constant region from the other species, or by replacing one or more
amino acid residues of the antibody so that it more closely resembles the sequence of an
antibody from the other species. In one embodiment, the antibody 18 a chimernic antibody
comprising amino acid sequences derived from antibodies from two or more different
species.

{01704 Antibodies also may be prepared by any of a number of other conventional
techniques. For example, they may be purified from cells that naturally express them (e.g.,
an antibody can be purified from a hybridoma that produces it}, or produced in recombinant

expression systems, using any technique known i the art. See, for example, Monoclonal
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Antibodies, Hybridomas: A New Dmmension in Bislogical Analyses, Kenneth et al. {eds.},
Plenum Press, New York (1980); and Antibodies: A Laboratory Manual, Harlow and Land
(eds.}, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, (1988},

{0171} Where it 13 desired to improve the affinity of antibodies according to the
present disclosure containing one or more of the above-mentioned CDRs can be obtained by
a number of affinity maturation protocsols including maintaiming the CDRs (Yang et al| 1
Mol. Biol,, 254, 392-403, 1993}, chain shuffling (Marks et al., Bio/Technology, 10, 779-783,
19923, use of mutation strains of E. coli. (Low et al, J. Mol Biol, 250, 350-368, 1996},
DNA shuffling (Patten et al,, Curr. Opin. Biotechnol,, 8, 724-733, 1997), phage display
{Thompson et al, J. Mol Biol, 256, 7-88, 1996} and additional PCR techniques (Cramery, et
al., Nature, 391, 288-291, 1998} All of these methods of affinity maturation are discussed
by Vaughan et al. (Nature Biotechnology, 16, 535-339, 1998).

{01724 Single chain antibodies may be formed by linking heavy and light chain
vartable domain (Fv region) fragmenis via an amino acid bridge {(short peptide linker),
resulting n a single polypeptide chain. Such single-chain Fvs (scFvs) have been prepared by
fusing DNA encoding a peptide linker between DNAs encoding the two variable domain
polypeptides (VL and Vu). The resulting polypeptides can fold back on themselves to form
antigen-binding monomers, or they can form multimers (e.g., dimers, trimers, or tetramers),
depending on the length of a flexible linker between the two variable domains (Rortt et al.,
1997, Prot. Eng 10:423; Korit et al, 2001, Biomol Eng. 18:95-108). By combming
different Vi and Va-comprising polypeptides, one can form multimeric scFvs that bind to
different epriopes (Knangkum et al, 2001, Biomol Eng. 1831-40). Technigues developed
for the production of single chain antibodies include those deseribed in U.S. Patent No.
4,946,778, Bird, 1988, Science 242:423; Huston et al., 1988, Proc. Natl Acad. Sci USA
85:5879; Ward et al., 1989, Nature 334:544, de Graaf et al, 2002, Methods Mol Biol.
178:379-87.

{0173} Antigen binding fragments derived from an antibody can also be obtained,
for example, by proteolytic hvdrolysis of the antibody, for example, pepsin or papain
digestion of whole antibodies according to conventional methods. By way of example,
antibody fragments can be produced by enzymatic cleavage of antibodies with pepsin to

provide a 58 fragment termed F(ab')a. This fragment can be further cleaved using a thiol



WO 2021/243002 PCT/US2021/034489

reducing agent to produce 3.58 Fab' monovalent fragments. Optionally, the cleavage
reaction can be performed using a blocking group for the sulthydryl groups that result from
cleavage of disulfide linkages. As an alternative, an enzymatic cleavage using papain
produces two monovalent Fab fragments and an Fo fragment directly. These methods are
described, for example, by Goldenberg, U.S. Patent No. 4,331,647, Nisonoff et al., Arch.
Biochem. Biophys 89:230, 1960; Porter, Biochem. J. 73:119, 1959; Edelman et al, in
Methods in Enzymology 1:422 {Academic Press 1967); and by Andrews, SM. and Titus,
LA m Current Protocols in Immunology (Coligan JL.E., et al, eds), John Wiley & Sons, New
York (2003}, pages 28.1-2.810 and 2.10A1-210A5.  Other methods for cleaving
antibodies, such as separating heavy chains to form monovalent light-heavy chain fragments
(¥d), further cleaving of fragments, or other enzymatic, chemical, or genetic technigues may
also be used, so long as the fragments bind to the antigen that is recognized by the intact
antibody.

(0174} Another exemplary form of an antibady s a peptide comprising one or
more complementarity deternmuning regions (CDRs) of an antibody. CDRs can be obtained
by constructing polynucleotides that encode the CDR of interest. Such polynucleotides are
prepared, for example, by using the polymerase chain reaction to synthesize the varable
region using mRNA of antibody-producing cells as a template (see, for example, Larrick et
al., Methods: A Companion to Methods in Enzvmology 2:106, 1991; Courtenay-Luck,
“Genetic Manipulation of Monoclonal Antibodies,” in Monoclonal Antibodies: Production,
Engineermng and Clinical Application, Rutter et al. {(eds.), page 166 {Cambridge University
Press 1995); and Ward et al, “Genetic Manipulation and Expression of Antibodies,” in
Monoclonal Antibodies:  Principles and Applications, Birch et al, (eds), page 137
(Wiley-Liss, Inc. 1995)). The antibody fragment further may comprise at least one variable
region domain of an antibody described herein. Thus, for example, the V region domain may
be monomeric and be a Vu or VL domain, which is capable of mdependently binding a
desired target {e.g., human PCSK9) with an affinity at least equal to 107 M or less as
described herein.

{0175} The variable region may be any naturally occurring variable domain or an
engineered version thereof. By engineered version is meant a vanable region that has been

created using recombinant DNA engineering techniques. Such engineered versions include
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those created, for example, from a specific antibody variable region by insertions, deletions,
or changes in of to the amino acid sequences of the specific antibody. One of ordinary skill
in the art can use any known methods for identifying amino acid residues appropriate for
engineering. Additional examples include engineered variable regions containing at least one
CDR and optionally one or more framework aming acids from a first antibody and the
remainder of the variable region domain from a second antibody. Engineered versions of
antibody variable domains may be generated by any number of technigues with which those
having ordinary skill in the art will be familiar,

{01761 The variable region may be covalently attached at a C-terminal aminoe acid
10 at least one other antibody domain or a fragment thereof. Thus, for example, a VH that is
present in the variable region may be linked to an immunoglobulin CHY domain. Sumilarly a
Vi domain may be linked to a Uk domain. In this way, for example, the antibody may be a
Fab fragment wherein the antigen binding domain contains associated Va and Vi domains
covalently linked at their C-termini to a CHI and Cx domain, respectively. The CH1 domain
may be extended with further amino acids, for example o provide a hinge region or a portion
of a hinge region domain as found in a Fab’ fragment, or to provide further domains, such as

antibody CHZ2 and CH3 domains.

Derivatives and variants

{8177} The nucleotide sequences of the anti-PCSK9 antibodies of the present
disclosure, encoding the corresponding amino acid sequences of the antibodies of the present
disclosure, can be altered, for example, by random mutagenesis or by site-directed
mutagenesis {e.g., oligonucleotide-directed site-specific mutagenesis) to create an altered
polynucleotide comprising one or more particular nucleotide substitutions, deletions, or
msertions as compared to the non-mutated polyouclectide.  Examples of techniques for
making such alterations are described i Walder et al., 1986, Gene 42:133; Bauer et al. 1985,
Gene 37:73; Craik, BioTechniques, January 1985, 12-19; Smith et al, 1981, Genetic
Engineering: Principles and Methods, Plenum Press; and U.S. Patent Nos. 4,518,584 and
4,737,462 These and other methods can be used to make, for example, derivatives of the

antibodies that have a desired property, for example, increased affinity, avidity, or specificity
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for a desired target, increased activity or stability in vivo or in vitro, or reduced in vivo side-
effects as compared to the underivatized antibody.

01781 Other derivatives of the antibodies within the scope of this disclosure
include covalent or aggregative conjugates of the antibodies, with other proteins or
polvpeptides, such as by expression of recombinant fussion proteins comprising heterclogous
polypeptides fused to the N-terminus or C-terminus of a polypeptide. For example, the
conjugated peptide may be a heterologous signal {or leader) polypeptide, eg., the yeast
alpha-factor leader, or a peptide such as an epitope tag.  Antibody-containmg fusion proteins
can comprise peptides added to facilitate purification or identification of antibedies {e.g.,
poly-His). An antibody also can be linked to the FLAG peptide as described in Hopp et al,,
Bio/Technology 6:1204, 1988, and U.S. Patent 5,011,912, The FLAG peptide 15 highly
antigenic and provides an epitope reversibly bound by a specific monoclonal antibody
{mADb), enabling rapid assay and facile punification of expressed recombinant protein.
Reagents useful for preparing fusion proteins in which the FLAG peptide is fused to a given
polypeptide are commercially available {Sigma, St Louis, MO).

{0179} In another ernbodiment, oligomers that contain one or more antibodies
may be employed in certain embodiments of the present disclosure. Oligomers may be in the
form of covalently-linked or non-covalently-linked dimers, trimers, or higher oligomers.
Oligomers coraprising two or more antibodies are conternplated for use, with one example
being a homodimer. Other ohgomers include heterodimers, homotrimers, heterotrimers,
homotetramers, heterotetramers, e,

{0180} Ume embodiment is directed to oligomers comprising multiple antibodies
joined via covalent or non-covalent interactions between peptide moteties fused to the
antibodies.  Such peptides may be peptide linkers (spacers), or peptides that have the
property of promoting oligomerization. Leucine zippers and certamn polypeptides derived
from antibodies are among the peptides that can promote oligomerization of anitbodies
attached thereto, as described in more detail below.

{0181} In particular embodiments, the oligomers comprise from two to four
antibodies. The antibodies of the oligomer may be in any form, such as any of the forms

described above, e.g., varants.
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{0182} In one embodiment, an oligomer is prepared using polypeptides derived
from immumoglobuling.  Preparation of fusion proteins comprising certain heterologous
polypeptides fused to various portions of antibody-derived polypeptides {including the Fc
domain} has been described, e.g., by Ashkenazi et al, 1991, PNAS USA 88:10535; Bym et
al., 1990, Nature 344:677; and Hollenbaugh et al., 1992 “Consiruction of Immunoglobulin
Fusion Protems”, in Current Protocols in Immunology, Suppl. 4, pages 10.19.1 - 10.19.11.

{0183} One embodiment of the present disclosure 15 directed to a dimer
comprising two fusion proteins created by fusing an antigen binding fragment of an anti-
PCSK® antibody to the Fe region of an antibody. The dimer can be made by, for example,
mserting a gene fusion encoding the fusion protein into an appropriate exXpression vector,
expressing the gene fusion in host cells transformed with the recomtbinant expression vector,
and allowing the expressed fusion protein to assemble much like antibody molecules,
whereupon interchain disuifide bonds form between the Fc moieties 1o yield the dimer.

{0184} The term “Fe¢ polypeptide” as used herein includes native and mutein
forms of polypeptides derived from the Fe region of an antibody. Truncated forros of such
polvpeptides containing the hinge region that promotes dimerization also are included.
Fusion proteins comprising Fo moweties (and oligomers formed therefromy offer the
advantage of facile purnification by affimty chromatography over Protein A or Protein G
columns.

[0185] Ume suitable Fo polypeptide, described in PCT application WO 93/10151
{hereby ncorporated by reference), is a single chain polypeptide extending from the N-
terminal hinge region to the native C-termunus of the Fe region of a human Ig(G1 antibody.
Another useful Fc polypeptide is the Fo mutem described in 1S, Patent 5,457,035 and n
Baum et al, 1994, EMBO §. 13:3992-4001. The amino acid sequence of this mutemn 1s
identical to that of the native F¢ sequence presented in WO 93710151, except that amino acid
19 has been changed from Leu to Ala, amino acid 20 has been changed from Leu to Ghy, and
aming acid 22 has been changed from Gly to Ala. The mutein exhibits reduced affinity for
Fc receptors.

{0186} in some embodiments, the variable portion of the heavy and/or hight
chaing of a desired antibody may be substituted for the variable portion of an antibody heavy

and/or light chain.
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{0187} Alternatively, the oligomer 1s a fusion protein comprising multiple
antibodies, with or without peptide linkers {spacer peptides). Among the suitable peptide
linkers are those described in U.S. Patents 4,751,180 and 4,935,233,

{0188} Another method for preparing oligomeric antibodies involves use of a
leucine zipper. Leucine zipper domains are peptides that promote oligomerization of the
proteins 1t which they are found. Leucine zippers were originally identified in several DNA-
binding proteins {Landschulz et al., 1988, Science 240:1759), and have since been found in a
variety of different proteins. Among the koown leucine zippers are naturally occurring
peptides and derivatives thereof that dimerize or trimerize. Examples of leucine zipper
domains suitable for producing soluble oligomeric proteins are described in PCT application
WO 94/10308, and the leucine zipper derived from lung swrfactant protein D (SPD)
described i Hoppe et al., 1994, FEBS Letters 344:191, hereby incorporated by reference.
The use of a modified leucine zipper that allows for stable trimerization of a heterologous
protein fused thereto is described in Fanslow et al., 1994, Semin. Immunol 6:267-78. In one
approach, recombinant fusion proteins comprising a desired antibody fragment or derivative
fused to a leucine zipper peptide are expressed in suitable host cells, and the soluble
oligomeric antihody fragments or derivatives that form are recovered from the culture
supernatant.

{0189 In another embodiment, the antibodies can be conjugated to a suitable
vehicle o enhance the half-life thereof. Suitable vehicles include, but are not limited to Fe,
albumin, transfernin, and the ke, These and other sumtable vehicles are known n the art.
Such conjugated vehicles may be 1in monomenie, dimerig, tetrameric, or other form. In one
embodiment, one or more water-soiuble polymer 1s bonded at one or more speeific position,
for example at the anming terminas, of a binding agent. In an example, an antibody derivative
comprises one or more water soluble polymer attachments, including, but not hmiuted to,
polyethylene glvcol, polvoxyethylene glycol, or polypropylene glyeol. See, g, US Pat
Nos. 4,640,835, 4 496,689, 4301,144, 4670417, 4,791,192 and 4,179,337, In certain
embodiments, a derivative comprises one or more of monomethoxy-polyethylene glycol,
dextran, cellulose, or other carbohydrate based polymers, poly-(N-vinyl pyrrolidone)-
polvethylene glycol, propylene glycol homopolymers, a polypropylene oxide/ethylens oxide

co-polymer, polyoxyethylated polyols {e.g., glycerol} and polyvinyl alcohol, as well as

o
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muxtores of such polymers. In certain embodiments, one or more water-soluble polymer 1s
randomly attached to one or more side chamns. In certain embodiments, PEG can act to
improve the therapeutic capacity for a binding agent, such as an antibody. Certain such
methods are discussed, for example, in 1.8, Pat. No. 6,133,426, which is hereby incorporated
by reference for any purpose. In certain embodiments, antibodies of the present disclosure

may be chemically bonded with polymers, lipids, or other moieties.

Antibody production

{0190} The antibodies of the present disclosure can be produced by any suitable
option for the symthesis of proteins (e.g., antibodies), 1 particular, by chemical synthesis or
preferably, by recombinant expression technigues.

{0191} Recombimant expression of the antibodies requires construction of an
expression vector containing a polynuclectide that encodes the antibodies. Once a
polynuclectide encoding the antibody molecule has been obtained, the vector for the
production of the antibodies may be produced by recombinant DNA technology. An
expression vector is constructed containing the antibody coding sequences and appropriate
transeriptional and translational control signals. These methods include, for example, in vitro
recombinant DNA techmques, synthetic technigues, and in vivo genetic recombination.

[6192] The expression vector 1s transferred to a host cell by conventional
technigues and the transfected cells are then cultured by conventional technigues to produce
antibodies of the present disclosure. In one embodiment, vectors encodimg both the heavy
and light chans of an antibody may be co-expressed in the host cell for expression of the
entire immunoglobulin molecule, as detailed below.

{0193} A variety of host-expression vector sysiems may be utilized 1o express the
antibodies of the present disclosure.  Such host-expression systems represent vehicles by
which the coding sequences of mnterest may be produced and subsequently purified, but also
represent cells which may, when transformed or transfected with the appropriate nucleotide
coding sequences, express an antibody molecule of the present disclosure in situ. Bactenal
cells such as £. coli, and eukaryotic cells are commonly used for the expression of a
recombinant antibody molecule, especially for the expression of whole recombinant antibody

molecule. For example, mammalian cells such as Chinese hamster ovary cells {CHO), in
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comjunction with a vector such as the major miermediate early gene promoter element from
human cytomegalovirus is an effective expression system for antibodies {Foecking et al |
Gene 45:101 {19863, Cockett et al., Bio/Technology &2 (19903}

{0194} In addition, a host cell strain may be chosen which modulates the
expression of the mseried sequences, or modifies and processes the gene product in the
specific fashion desired. Such meodifications {e.g., glycosylation} and processing {eg.,
cleavage) of protein products may be important for the function of the protein. Different host
cells have characteristic and specific mechanisms for the post-translational processing and
modification of proteins and gene products. Appropriate cell lines or host systems can be
chosen to ensure the correct modification and processing of the foreign protein expressed.
To this end, eukaryotic host cells which possess the cellular machinery for proper processing
of the primary transcript, glycosvlation, and phosphorylation of the gene product may be
used. Such mammalian host cells include, but are not limited to, CHO, COS, 293, 373, or
myeloma cells.

[0195] For long-term, high-vield production of recombinant proteins, stable
expression is preferred. For example, cell lines which stably express the antibody molecule
may be engineered.  Rather than using expression vectors which contain viral origins of
replication, host cells can be transformed with DNA controlled by appropriate expression
control  elements (e.g., promoter, enhancer, seguences, trapscription ferminators,
polvadenviation sites, etc.), and a selectable marker. Following the mniroduction of the
foreign DNA, engineered cells may be allowed to grow for 1-2 days in an ennched media,
and then are switched to a selective media.  The selectable marker i the recombmant
plasmud confers resistance io the selection and allows cells to stably integrate the plasmmd
mto their chromosomes and grow to form foct which in turn can be cloned and expanded into
cell ines. This method may advantageously be used to engineer cell lines which express the
antibody molecule. Such engineered cell lines may be particularly useful in screening and
evaluation of compounds that interact directly or indirectly with the antibody molecule.

{0196} A number of selection systems may be used, including but not limited to
the herpes simplex virus thymidine kinase (Wigler et al., Cell 11:223 (39773}, hypoxanthine-
guanine phosphoribosyltransferase (Szybalska & Szybalsk:, Proc. Natl Acad Sci USA
48:202 (1992}), and adenine phosphoribosyltransferase (Lowy et al, Cell 22:817 (1980))
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genes can be employed m tk, heprt or aprt-cells, respectively. Also, antimetabolite resistance
can be used as the basis of selection for the following genes: dhfr, which confers resistance to
methotrexate (Wigler et al., Proc. Natl. Acad. Sci. USA 77:357 (1980); O'Hare et al, Proc.
Natl. Acad. Sci. USA 78:1527 (1981)); ept, which confers resistance to mycophenolic acid
(Mulligan & Berg, Proc. Nath Acad. Sci USA 78:2072 (1981)); neo, which confers
resistance to the aminoglycoside G-418 (Wu and Wu, Biotherapy 3:87-95 (1991}); and
hygro, which confers resistance to hygromycin (Santerre et al, Gene 30:147 (1984)).
Methods commonly known in the art of recombinant DNA technology may be routinely
apphied to select the desired recombinant clone, and such methods are described, for
example, in Ausubel et al {eds.), Current Protocols in Molecular Biology, John Wiley &
Sons, NY (1993); Kriegler, Gene Transfer and Expression, A Laboratory Manual, Stockton
Press, NY (1990); and o Chapters 12 and 13, Dracopoli et al. {eds), Current Protocols in
Human Genetics, John Wiley & Sons, NY (1994); Colberre-Garapin et al., J. Mol Biel
180:1 {1981), which are incorporated by reference herein in their entireties.

(01971 The expression levels of an antibody molecule can be increased by vector
amplification {for a review, see Bebbington and Hentschel, "The use of vectors based on
gene amplification for the expression of cloned genes i mammahan cells" (DNA Cloning,
Vol. 3. Academic Press, New York, 1987)). When a marker in the vector system expressing
antibody s amplifiable, increase in the level of inhibitor present in culture of host cell will
merease the number of copies of the marker gene. Since the amplified region is associated
with the antibody gene, production of the antibody will also increase {Crouse et al., Mol
Cell. Biol. 3:257 (1983)).

{0198] The host cell may be co-transfected with two expression vectors, for
example, the first vector encoding an antibody heavy chain derived polypeptide and the
second vector encoding an antibody light chain derived polypeptide. The two vectors may
contain dentical selectable markers which enable equal expression of heavy and light chain
polypeptides.  Alternatively, a single vector may be used which encodes, and is capable of
expressing, for example, both antibody heavy and light chain polypeptides. In such
situations, the light chain should be placed before the heavy chain to avoid an excess of toxic

free heavy chain {Proudfoot, Nature 322:52 (1986); Kohler, Proc. Natl Acad Sci USA

-75-



WO 2021/243002 PCT/US2021/034489

772197 (1980)). The coding sequences for the heavy and light chains may comprise cBNA
or genonuc DNA.

{0199} {Once an antibody molecule of the present disclosure has been produced by
an animal, chemically synthesized, or recombinantly expressed, it may be purified by any
method known in the art for purification of an mmunoglobulin molecule, for example, by
chromatography {e.g., 1on exchange, affinity, particularly by affinity for the specific antigen
after Protein A, and size-exclusion chromatography), centrifugation, differential solubility, or
by any other standard technique for the purification of proteins. In addition, the antibodies of
the present disclosure or fragments thereotf can be fused to heterclogous polypeptide
sequences described herein or otherwise known 1n the art, to facilitate purification.

{02001 In some embodiments, the present disclosure encompasses antibodies
recombinantly fused or chemically conjugated (including both covalently and non-covalently
conjugations) to a polypeptide. Fused or conjugated antibodies of the present disclosure may
be used for ease in purification. See e.g., Harbor et al., supra, and PCT publication WO
93/21232; EP 439,095, Naramura et al, Tromunol Lett. 39:91-99 (1994); U.S. Pat. No.
5,474 981; Gillies et al., Proc. Natl. Acad. Sci. 89:1428-1432 (1992); Fell et al,, J. Imrounol.
146:2446-2452 (1991},

{0201} Moreover, the antibodies or fragments thereof of the present disclosure
can be fused to marker sequences, such as a peptide to facilitate punification. Tn preferred
embodiments, the marker amino acid sequence 15 a hexa-histidine peptide, such as the tag
provided m a pQE vector {QIAGEN, Inc., 9259 Eton Avenue, Chatsworth, Calif, 91311},
among others, many of which are commercially available. As described in Gentz et al, Proc.
Natl. Acad. Sci. USA 86:821-824 (1989}, for instance, hexa-histidine provides for convenient
purification of the fusion protem. Other peptide tags useful for purification include, but are
not himuted to, the "HA" tag, which corresponds o an epitope derived from the influenza

hemagghutinn protein {Wilson et al,, Cell 37.767 (1984)) and the "flag” tag.

Antibody Effector Function

{02682} in some embodimenis, the present disclosure provides antibodies with
altered effector function (e.g., decreasing or ncreasing effector function). Nonlinuting

examples of methods for increasing effector function can be found in U.S. Pat Nos.
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5,624,821, 6,602,684, 7,029,872, U.S. Patent Application Publication Nos. 2006/0067930A1,
2005/0272128A1, 2005/0079605A1, 2005/0123540A1, 2004/0072290A1, 2006/0257399A1,
2004/0261148A1, 2007/0092521, 2006/0040325A1, and 2006/0039904A1, and International
Patent Application Publication Nos. WO 04/029207, WO03011878, W005044859, WO
06071856, and W 06071280

{0203} Methods of engineering Fc regions of antibodies so as to alter effector
functions are known in the art {e.g, U.S. Patent Publication No. 20040185045 and PCT
Publication No. WO 2004/016750, both to Koenig et al., which describe altering the Fe
region to enhance the binding affinity for Fo gamma RIB as compared with the binding
affinmity for FC gamma RIEA; see, also, PCT Publication Nos. WO 99/58572 to Armour et al,
WO 99/51642 to Idusogie et al., and U.S Pat. No. 6,395,272 to Deo et al.). Methods of
modifying the Fe region to decrease binding affinity to Fo gamma RIB are also known in the
art {e.g., U.S. Patent Publication No. 20010036459 and PCT Publication No. WO 01/79299
hoth to Ravetch et al.). Modified antibodies having variant Fc regions with enhanced binding
affinuty for Fo gamma RITA and/or Fo garoma RITA as compared with a wildtvpe Fe region
have also been described (e.g., PCT Publication Nos. WO 2004/063351, 1o Stavenbagen et
al., the disclosure of which 15 incorporated herein 1n its entirety).

{0204} Antibody effector function may also be modified through the generation of
antibodies with altered glycosvlation patterns. Such altered glycosvlation patterns have been
demonstrated {0 increase or decrease the ADCC ability of antibodies, as desired.  Such
carbohydrate modifications can be accomplished by, for example, expressing the antibody mn
a host cell with altered glycosylation machinery. Cells with altered glycosylation machinery
have been described 1n the art and can be used as host cells m which to express recombmant
antibodies of the present disclosure to thereby produce an antibody with altered

slycosylation.

Half-life alteration

02051 In some embodiments, the present disclosure provides for aniibodies
which have an extended half-life m vive. In particular, the present disclosure provides
antibodies which have a half-life in a mammal (for example, but not limited to, a human), of

greater than 3 days, greater than 7 days, greater than 10 days, greater than 15 days, greater
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than 25 days, greater than 30 days, greater than 35 days, greater than 40 days, greater than 45
days, greater than 2 months, greater than 3 months, greater than 4 months, or greater than 5
months.

[0286] To prolong the serum circulation of antibodies {for example, monoclonal
antibodies} or antibody fragments (for example, Fab fragmenis) in vivo, for example, inert
polymer molecules such as high molecular weight polvethyleneglycol (PEG) can be atiached
to the antibodies {including antibody fragments thereof} with or without a multifunctional
linker erther through site-specific comjugation of the PEG to the N- or C-ternunus of the
antibodies or via epsilon-amino groups present on lysine residues. Linear or branched
polymer derivatization that results in minumal loss of biological activity will be used. The
degree of conjugation can be closely monitored by SDS-PAGE and mass spectrometry 1o
ensure proper conjugation of PEG molecules to the antibodies. Unreacted PEG can be
separated from antibody-PEG conjugates by size-exclusion or by ion-exchange
chromatography. PEG-derivatized antibodies can be tested for binding activity as well as for
m vivo efficacy using methods known to those of skill o the art, for example, by
mmmunoassays described heren

{6207} In certain embodiments, antibodies having an mcreased half-life mn vivo
can also be generated by wntroducing one or more amino acid modifications (ie,
substitutions, insertions ot deletions) into an Ig& constant domain, or FeRa binding fragment
thereof {e.g., Fc or hinge Fc domain fragment). See, e.g., International Publication No. WO
98/23289; International Publication No. W 97/34631; and .S, Pat. No. 6,277,375, each of
which 1s incorporated herein by reference in its entirety.

{6208} In some embodiments, covalent modifications of the antibodies of the
present disclosure are included withm the scope of the disclosed subject matter. They may
be made by chemical synthesis or by enzymatic or chemical cleavage of the antibodies, if
applicable. Other types of covalent modifications of the antibodies are introduced nto the
molecule by reacting targeted amino acid residues of the aniibody with an organic
dertvatizing agent that is capable of reacting with selected side chains or the N- or C-terminal

residues.
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Inhibitory nucleic acids

{02609] PCSKQ inhibitors can also inchide RNAI therapies, such as siRNA, for

example inclisiran (ALN-PCSsc). In some embodiments, the PCSK9 mhibitor includes the
specific double stranded sequence of ALN-PCSsc (from US7,605,251, USE,809,292,
US9,260,718 and US88,273,869). In some embodiments, the PCSK9 inhibitor includes
polynucleotide compositions that target PCSK®? and are useful for methods for treatment,
therapy, and prophviaxis in disease related to PUSK9 expression, where reduction or
mhibition of the expression or function of a selected target polynucleotide sequence is
desired. Examples of inhibitory nucleic acids that can be used to target PCSK9 sequences
and reduce PCSK9 expression include, but are not limited to, antisense oligonucleotides, and
RNA mterference {RNA1} agents, including short or small interfering RNA (siRNA), short
hairpin RNA (shRNA), and microRNA (miRNA).  See, for example, U.S. Patent Nos.
6,506,359, 8,394,628, 7,056,704, 7,078,196, 6,107,094, 5,898,031, 6,573,099; and European
Patent No. 1,144,623, See also, for example, U 8. patent application publication nos.
2015/0259689; 2015/0197746; 2011/0092565; U8, Patent Nos. 8,877,917, 8,507 455; and
7,579,451, See also, for example, International Publication No. W 2014/089313 and WO
2018/075658. In some embodiments, the PCSKY mmhibitor is mclisiran, as described in
International Publication No. WO 2014/089313,

[6216] In certain embodiments, an inhibitory oucleic acid that whibits the
function or expression of a target polynucleotide sequence {e.g. PCSKS mRNA sequence) i
a mammalian cell, according to the present disclosure, comprises an agent that provides to a
mammalian cell an at least partially double-stranded RNA molecule {e.g., an mterfering
RINA molecule). A double-stranded RNA molecule may include chemical modifications to
ribonucleotides, including modifications to the nibose sugar, base, or backbone components
of the ribonucleotides, such as those described herein or known in the art. Any such
modifications, as used in a double-stranded RNA molecule {e.g. siIRNA, shRNA, or the like},
are encompassed by the term “double-stranded RINA” for the purposes of this disclosure.
Thus, in general, the term "RNA" may also include RNA-DNA hybrids and polynucleotides
comprising one or more modified nuclectides {e.g. nucleotides with modifications at the 2
position of the ribose ring), except where specified otherwise, e.g., where a 2'-OH group of

ribose 1s required for a particular linkage.
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{0211} In some embodiments at least 10% of a partially double-stranded RNA
molecule is double-stranded. Alternatively, the double stranded portion of these RNA
molecules can be at least 30% of the length of the molecule In another embodiment, the
double stranded portion of these molecules can be at least 50% of the length of the molecule.
In siifl another embodiment, the double stranded portion of these molecules can be at least
70% of the length of the molecule. In ancther embediment, the double stranded portion of
these molecules can be at least 90% of the length of the molecule. In another embodiment,
the molecule can be double stranded over its entire length.  Alternatively, the double-
stranded portion of these molecules can occur at either or both termini, or in some nuddle
portion of the molecule, if the molecule s linear. Similarly, the double-stranded portion can
be 1 any location if the molecule is circular.  In certain embodiments of the present
disclosure, the double-stranded portion of the RNA molecule becomes double-stranded only
when the molecule i1s in the mammalian cell. In still other embodiment of the present
disclosure, the partially double-stranded molecule 15 an RNA/DNA hybrid, for example, a
single strand containing RNA and DNA, prepared in vitro; or a duplex of two such single
strands or portions thereof. In vet another embodiment, the RNA molecule, made in vivo or
mn vitro, 15 a duplex comprised of an RNA single strand and a DNA single strand. In some
embodiments, the partially double-stranded RNA molecule comprises a polynucleotide
sequence that is substantially homologous 1o the target polynucleotide sequence n order to
effectively reduce or inhibit the function or expression thereof. The necessary homology
may be suitably defined by use of a computer algorithm.

{0212} As known m the art and discussed heren, "homology" or "identity” means
the degree of sequence relatedness between two polypeptide or two polynucleotide sequences
as determined by the identity of the match between two lengths of such sequences. Both
identity and homology can be readily calculated by methods in the prior art [See also, eg.,
COMPUTATIONAL MOLECULAR BIOLOGY, Lesk, A, M, ed., Oxford Untversity Press,
New York, (1988);, BIOCOMPUTING: INFORMATICS AND GENOME PROJECTS,
Smith, B. W, ed., Academic Press, New York, {1993}, COMPUTER ANALYSIS OF
SEQUENCE DATA, PART I, Grffin, A, M., and Griffin, H. G, eds., Humana Press, New
Jersey, {1994); SEQUENCE ANALYSIS IN MOLECULAR BIOLOGY, von Heinje, G.,
Academic Press, {1987y, and SEQUENCE ANALYSIS PRIMER, Gribskov, M. and
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Deverswx, I, eds, M Stockton Press, New York, (1991} While there exist a number of
methods to measure identity and homology between two polynucleotide sequences, the terms
"identity”, "similarity" and homology are well known to skilled artisans [H. Carillo and D.
Lipton, SIAM J Applied Math,, 481073 (1988)]. Methods commonly employed to
determine identity or homology between two sequences include, but are not limited to, those
disclosed in Guide to Huge Computers, Martin J. Bishop, ed., Academic Press, San Diego,
1994, and H. Canllo and D Lipton, SIAM J. Applied Math., 48:1073 {1988). Preferred
methods to determine identity or homology are designed to give the largest match between
the two sequences tested. Methods to determine identity and similarity are codified in
computer programs. Preferred computer program to determine identity and homology
between two sequences include, but are not limited to, the algorithm BESTFIT from the
GCG program package [J. Devereux et al, Nucl Acids Res., 12(13:387 (1984}], the related
MACVECTOR program (Oxford), and the FASTA (Pearson) programs. For instance,
searches for sequence similarifies in databases between significant naturally occurring
mammalian polynucleotide sequences and target polynucleotide sequences enable the design
of suttable RNA molecules desired for use in the present disclosure. The algorithm and/or
the degree of homology necessary for any particular RNA molecule may be selected by one
of skill in the art, depending on the wdentity of the target, and/or the closeness of homology of
the target sequence to any naturally occurring mammalian sequence, which 1s desired to be
left functioning normally after use of the methods of the present disclosure,

{0213} In some emboduments, an nhibitory nucleic acid for reducing the
expression or function of PCSKY sequences 13 an RN A1 agent comprising a double~stranded
RINA molecule which comprises two antiparallel strands of contigoons nucleotides that are
sufficiently complementary 1o each other to hybridize to form a duplex region. “Hybridize”
or “hybnidization” refers to the pairing of complementary polynucleotides, typically via
hydrogen bonding {e.g. Watson-Crick, Hoogsteen or reversed Hoogsteen hydrogen bonding)
between complementary bases in the two polynucleotides. The strand comprising a region
having a sequence that is substantially complementary to a target sequence {e.g. target
mRNA}Y is referred to as the “antisense strand.” The “sense strand” refers to the strand that

meludes a region that is substantially complementary to a region of the antisense strand. In
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some embodiments, the sense strand may comprise a region that has a sequence that 1s
substantially identical to the target sequence.

{0214} As used herein, a first sequence s “complementary” to a second sequence
if a polynuclestide comprising the first sequence can hybridize to a polynucleotide
comprising the second sequence to form a duplex region under certain conditions, such as
physiclogical conditions. Other such conditions can mclude moderate or stringent
hybridization conditions, which are known to those of skill in the art. A first sequence is
considered to be fully complementary (100% complementary} to a second sequence if a
polynucleotide comprising the first sequence base pairs with a polynucleotide comprising the
second sequence over the entire length of one or both nucleotide sequences without any
mismatches. A sequence is “substantially complementary” to a target sequence if the
sequence is at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% complementary to
a target sequence. Percent complementarity can be calculated by dividing the number of
hases in a first sequence that are complementary to bases at corresponding positions in a
second or target sequence by the total length of the first sequence. A sequence may also be
said to be substantially complementary to another sequence if there are no more than 5, 4, 3,
or 2 nusmatches over a 30 base pair duplex region when the two sequences are hybridized.
Generally, if any nucleotide overhangs, as defined herein, are present, the sequence of such
overhangs is not considered in determining the degree of complementarity between two
sequences. By way of example, a sense strand of 21 nucleotides in length and an antisense
strand of 21 nucleotides in length that hybridize to form a 19 base pair duplex region with a 2
nucleotide overhang at the 37 end of each strand would be considered to be fully
complementary as the term 1s used herein.

{0215} In some embodiments, a region of the antisense strand comprises a
sequence that 1s fully complementary to a region of the target RNA sequence {e.g. PCSK9S
mRNA, such as buman PCSK9 mRNA}  In such embodiments, the sense strand may
comprise a sequence that is fully complementary to the sequence of the antisense strand. In
other such embodiments, the sense strand may comprise a sequence that is substantially
complementary to the sequence of the antisense sirand, eg having 1, 2, 3, 4 or 3
mismatches in the duplex region formed by the sense and antisense sirands. In certain

embodiments, it 15 preferred that any mismaiches occur within the terminal regions {e.g.
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within 6, 5, 4, 3, or 2 nucleotides of the 5" and/or 3" ends of the sirands). In one embodiment,
any mismatches i the duplex region formed from the sense and antisense strands occur
within 6, 5, 4, 3, or 2 nuclectides of the 5’ end of the antisense strand.

{0216} in some embodiments, an inhibitory nucleic acid that targets PCSK9
sequences and reduce PUSKS expression includes, without limitation, a polynuclestide
sequence that 15 fully, or substantially, complementary to at least a portion of a human
POSKY mRNA sequence. In some embodiments, an inhibitory nucleic acid that targets
PCSKS sequences and reduce PCSKY expression includes an antisense strand that s fully
complementary to at least a portion of an RNA sequence encoded by the nuclentide sequence
shown n Figs. 11 and 13 (SEQ ID NOS: 3, 5} In some embodiments, an inhibitory nucleic
acid that targets PCSK9 sequences and reduce PCSK9 expression includes an antisense
strand that is substantially complementary to at least a portion of an RNA sequence encoded
by the nucleotide sequence shown in Figs. 11 and 13 (SEQ ID NOS: 3, 5}y, e.g having 1, 2, 3,
4, or 5 mismatches in the duplex region formed by the sense and antisense sirands. The
region of full or substantial coroplementarity with the target PCSK9 mRNA can be any
suitable length. In some embodiments, the region of full or substantial complementarity with
the target PCSK9 mRNA 15 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, or 28 nucleotides wn length.

(0217} In certain embaodiments, the sense strand and antisense strand of the
double-stranded RNA may be two separate molecules that hybridize to form a duplex region,
but are otherwise unconuected.  Such double-stranded RNA molecules formed from two
separate strands are referred to as “small iterfering RNAs” or “short interfering RNAs”

(siRNAs).

inhibttory nucleic acid delivery

{0218} The mhibitory nucleic acids {e.g., interfering RNA such as siRNA) can be
admunistered by any method suitable for admumustration of nucleic acid agents, such as a
DNA vaccine or gene therapy vectors. These methods include gene guns, bio injectors, and
skin patches as well as needle-free methods such as the micro-particle DNA vaccine
technology disclosed i U.S. Pat. No. 6,194,389, and the mammalian transdermal needle-free
vaccination with powder-form vaccine as disclosed in U.8. Pat. No. 6,168,587, Additionally,

intranasal delivery is possible, as described in, inter alia, Hamajima et al. (1998}, Clin.
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Immunol. Immunopathol., 88(2), 205-10. Liposomes {e.g., as described in UK. Pat No.
6,472,375 and microencapsulation can also be used. Biodegradable targetable microparticle
delivery systems can also be used {e.g., as described in U8, Pat. No. 6,471,996},

{0219] in one embodiment, the active compounds are prepared with carriers that
will protect the compound against rapid elimination from the body, such as a controlled
release formulation, including implants and microencapsulated delivery  systems.
Biodegradable, biccompatible polymers can be used, such as ethylene vinyl acetate,
polyanhydrides, polyelycolic acid, collagen, polyorthoesters, and polylactic acid.  Such
formulations can be prepared using standard techniques. The materials can also be obtained
commercially from, for example, Alza Corporation and Nova Pharmaceuticals, Inc.
Liposomal suspensions can also be used as pharmaceutically acceptable carriers. These can
be prepared according to methods known to those skilled in the art, for example, as described
m U.S. Pat No. 4,522 811

(0220 The mterfering RNA molecule may be conjugated to one or more
carbohydrate moieties to optimize one or more properties of the interfering RNA molecule,
In many cases, the carbohvdrate moiety will be attached to a modified subunit of the
mnterfering RNA molecule or at the 57 or 37 end of one of strands of the interfering RNA

molecule. E.g

Ty

the ribose sugar of one or more ribonucleotide subunits of an interfering
RNA molecule can be replaced with another motety, eg., a non-carbohydrate {preferably
cyclic) carrier to which s attached a carbohydrate moiety. A cyclic carrier may be a
carbocyelic ring system, e, all ring atoms are carbon atoms, or a heterocychic ring system,
Le., one of more ring atoms may be a heteroatom, e.g., mitrogen, oxygen, sulfur. The cychic
carrier may be 8 monocyclic ring system, or may contam two or more rings, e.g. fused rings.
The cyclic carrier may be a fully saturated ring system, or 1t may contain one or more double
bonds.

{0221 The carbohydrate moiety may be attached to the polynucleotide via a
carrier. The carriers include (1) at least one "backbone attachment point," preferably two
"backbone attachment points” and (11} at least one "tethering attachment point® A "backbone
attachment point" as used herein refers to a functional group, eg. a hydroxyl group, or
generally, a bond available for, and that 15 suitable for incorporation of the carrier into the

backbone, e.g., the phosphate, or modified phosphate, e.g., sulfur containing, backboneg, of a
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ribonucleic acid. A “tethering attachment pont” {(TAP) in some embodiments refers to a
constituent ring atom of the cyclic carrier, e.g., a carbon atom or a heteroatom (distinct from
an atom which provides a backbone attachment point), that connects a selected moiety. The
moiety can be, eg., a carbohydrate, eg monosaccharide, disaccharide, trisaccharide,
tetrasaccharide, oligosaccharide and polysaccharide.  Optionally, the selected moiety is
connected by an intervening tether to the cychic carrier. Thus, the cyclic carrier will often
melude a functional group, e.g., an amine group, or generally, provide a bond, that is suitable
for incorporation or tethering of another chemical entity, e.g., a ligand to the constituent ring.

{02221 In some embodiments the inhibitory nucleic acid, e g., interfering RNA
molecule, is comjugated to a carbohydrate moiety via a carrier, wherein the carrier can be
cyelic group or acyclic group; in specific embodiments, the cyclic group is selected from
pyrrolidinyl,  pyrazolinyl, pyrazolidinyl,  mudazolinyl, imidazolidinyl, piperidinyl,
piperazinyl, [1,3}dioxolane, oxazolidinvl, isoxazolidinyl, morpholinyl, thiazolidinyl,
isothiazolidinyl, quinoxalinyl, pyridazinonyl, tetrahvdrofuryl and decalin; preferably, the

acyclic group 1s selected from serinol backbone or diethanolamine backbone.

Tareeting mhibitory nucleic acids

{02231 In some embodiments, the inlubitory vuclec acid, e.g., nterfering RNA
molecules, are targeted to tissues of interest, e.g., the liver. In some embodiments, the
mhibitory nucleic acid, e.g, mierfering RNA, 13 delivered to the liver.  Accordingly, in
certain embodiments, the mhibitory nucleic acid 15 specifically targeted to liver cells using
vartous methodologies known in the art and described herein.  For example, n certain
embodiments, antibodies or other targeting moieties disclosed heremn below can be used to
specifically target the mhubitory nucleic acid to the hepatocytes using various different
receptors expressed on the surface of hepatocytes.

{0224} A wide vartety of targeting moieties can be coupled to  the
oligonucleotides of the present disclosure. In some embodiments, the targeting moieties are

coupled, e.g., covalently, either directly or indirectly via an intervening tether.

{0225} in some embodiments, a targeting molety alters the distribution, targeting
or lifetime of the molecule into which 1t 15 ncorporated. In preferred embodiments a

targeting moiety provides an enhanced affinity for a selecied target, e.g., molecule, cell or
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cell type, compartment, receptor e g, a cellular or organ compartment, tissue, organ or region
of the body, as, eg., compared to a species absent such a targeting moiety. Targeting
moieties providing enhanced affinity for a selected target are also termed targeting moteties.

{0226} Some targeting moieties can have endosomolytic properties.  The
endosomolyiic targeting moieties promote the fysis of the endosome and/or transport of the
composition of the present disclosure, or its components, from the endosome o the
cvtoplasm of the cell. The endosomolytic targeting moisty may be a polyaniomc peptide or
peptidomimetic which shows pH-dependent membrane activity and fusogenicity. In one
embodiment, the endosomolytic targeting moiety assumes s active conformation at
endosomal pH. The “active” conformation s that conformation in which the endosomolytic
targeting moiety promotes lysis of the endosome and/or transport of the composition of the
present disclosure, or its components, from the endosome to the cytoplasm of the cell
Exemplary endosomolytic targeting moieties include the GALA peptide {Subbarac et al,
Biochemistry, 1987, 26: 2964-2972), the EALA peptide (Vogel et al,, J. Am Chem. Scc,
1996, 118 1581-1586), and thewr derivatives {Turk et al, Biochem. Biophys. Acta, 2002,
1559 56-68). In one embodiment, the endosomolviic component may contain a chemical
group {e.g., an amino acid) which will undergo a change in charge or protonation n response
to a change in pH. The endosomolytic component may be linear or branched.

{02271 In certain embodiments, targeting moieties can wuprove transport,
hybridization, and specificity properties and may also improve nuclease resistance of the
resultant natoral or modified oligoribonucleotide, or a polymeric molecule comprising any
combination of monomers deseribed herein and/or natural or modified nibonucleotides.

[0228] In some embodiments, targeting moieties i general can include
therapeutic modifiers, e.g., for enhancing uptake; diagnostic compounds or reporter groups
e.g., for montoring distribution; cross-linking agents; and nuclease-resistance conferring
moteties.  General examples mclude hpids, steroids, vitaming, sugars, proteins, peptides,
polyamines, and peptide mimics.

{02291 Targeting moleties can clude a naturally occurring substance, such as a
protein {e.g., human serum albumin (1), low-density lipoprotein (LDL), high-density
lipoprotein (HDL), or globulin); a carbohydrate {e.g., a dextran, pullulan, chitin, chitosan,

mulin, cyclodextrin or hyaluronic acid), or a lipid.  The targeting moiety may also be a
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recombinant or synthetic molecule, such as a synthetic polymer, e.g., a synthetic polvamino
acid, an oligonucleotide (e.g. an aptamer). Examples of polyamino acids include polyamino
acid s a polylysine (PLL}, poly L-aspartic acid, poly L-glutamic acid, styrene-maleic acid
anhydride copsolymer, poly(L-lactide-co-glycolide} copolymer, divinyl ether-maleic
anhydride  copolyvmer,  N-{(Z-hyvdroxypropvDmethacrylamide  copolymer  (HMPA),
polyethviene glycol (PEG), pelyvinyl alcohol (PVA), polyurethane, polv(Z-ethylacryllic
acid), N-isopropylacrylamide polymers, or polyphosphazine. Example of polyamines
mclude:  polyethylenimine, polylysine (PLL), spermine, spermidine, polyamine,
pseudepeptide-polyamine, peptidomimetic polyamine, dendrimer polyamine, arginine,
amidine, protamine, cationic lipid, cationic porphyrin, quaternary salt of & polyamine, or an
alpha helical peptide.

{0230] Targeting moieties can also include other targeting groups, eg., a cell or
tissue targeting agent, e.g ., a lectin, glycoprotein, lipid or protein, e.g., an antibody, that binds
to a specified cell type such as a kidney cell. A targeting group can be a thyrotropin,
melanotropin, lectin, glycoprotein, surfactant protein A, Mucin carbohydrate, multivalent
lactose, multivalent galactose, N-acetyi-galactosamine, N-acetyl-gulucosamine multivalent
mamnose, multivalent  fucose, glycosylated polyamincacids, multivalent galactose,
transferrin, bisphosphonate, polyglutamate, polvaspartate, a hipid, cholesterdl, a steroid, bile
acid, folate, vitamin B12, biotin, an RGD peptide, an RGD peptide numetic or an aptamer.

{0231} Other examples of targeting moteties mclade dyes, mtercalating agents
{e.g. acridines), cross-linkers (e.g. psoralene, mitomycin C), porphyrins (TPPC4, texaphyrin,
Sapphyrin}, polveyclic aromatic hydrocarbons (e.g., phenazine, dihydrophenazine), artificial
endonucleases or a chelator {e.g. EDTA), lipophilic molecules, e.g., cholesterol, cholic acid,
I-pyrene butyric acid, dihydrotestosterone, 1,3-Bis-Ofhexadecyliglycerol, geranyloxyhexyl
group, hexadecylglveerol, borneol, menthol, 13-propanediol, heptadecyl group, palmatic
acid, myristic acid, O3-{oleoylithocholic acd, O3-(oleoyljcholenic acid, dimethoxytrityl, or
phenoxazine} and peptide conjugates {e.g., antennapedia peptide, Tat peptide), alkylating
agents, phosphate, aminoe, mercapto, PEG (e.g., PEG-40K), MPEG, [MPEG}, polyamino,
atkyl, substituted alkyl, radiolabeled markers, enzymes, haptens {eg biotin},

transport/absorption facilitators (e.g., aspirin, vitamin E, folic acid}, synthetic ribonucleases
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{e.g., imidarole, bisimidazole, histamine, midazole clusters, acridine-imidazole conjugates,
Fu3+ complexes of tetraazamacrocycles), dinttrophenyl, HRP, or AP
{02321 Targeting moieties can be proteins, e.g., glycoproteins, or peptides, e.g.,

g, an antibody that

f=22]

molecules having a specific affinity for a co-moiety, or antibodies; e
binds to a specified cell type such as a liver hepatocyte. Targeting moieties may also include
hormones and hormone receptors. They can also include non-peptidic species, such as lipids,
lectins, carbohydrates, vitamins, cofactors, multivalent lactose, multivalent galactose, N-
acetyl-palactosamine, N-acetyl-gulucosamine multivalent mannose, multivalent fucose, or
aptamers. The targeting motety can be, for example, a lipopolysaccharide.

[0233] The targeting moiety can be a substance, e.g., a drug, which can increase
the uptake of the inhibitory nucleic acid, e g, mterfering RNA molecule, into the cell, for
example, by disrupting the cell’s cytoskeleton, e.g., by disrupting the cell’s microtubules,
microfilaments, and/or intermediate filaments. The drug can be, for example, taxon,
vincristine, vinblastine, cytochalasin, nocodazole, japlakinolide, latrunculin A, phalloidin,
swinholide A, indanocing, or myoseverin.

[0234] The targeting moiety can increase the uptake of the inhibitory nucleic acid,
e.g., nterfering RNA molecule into the cell by activating an inflammatory response, for
example. Exemplary targeting moteties that would have such an effect include tumor

necrosis factor alpha (TNFalpha), interleukin-1 beta, or ganuna interferon.

Svuthesis of mterfering RNA

{0235} The mterfering RNA molecules that can be emploved in the methods of
the present disclosure can readily be made using techniques known in the art, for example,
using conventional RNA solid phase synthesis. See, for example, UK. Patent No. 8,877,917,
The polynucleotides of the double-stranded RNA molecules can be assembled on a suitable
nucleic acid synthesizer utilizing standard nucleotide or nucleoside precursors {eg
phosphoramidites).  Automated nucleic acid synthesizers are sold commercially by several
vendors, including DNA/RNA synthesizers from Applied Biosystems (Foster City, CA),
MerMade synthesizers from BioAutomation (Irving, TX), and CligoPilot synthesizers from

GE Healthcare Life Sciences (Pitisburgh, PA).
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{0236} The 2' silyl protecting group can be used m comjunction with acid labile
dimethoxyirityl (OMT) at the 5' position of ribonucleosides to synthesize oligonucleotides
via phosphoramidite chemistry. Final deprotection conditions are known not to significantly
degrade RNA products. All syntheses can be conducted in any automated or mamual
synthesizer on large, mediom, or small scale. The syntheses may also be carried out in
multiple well plates or glass slides.

{02371 The 2'-O-silyl group can be removed via exposure to fluoride ions, which
can nclude any source of fluoride 1on, e g, those salts containing fluoride 1on paired with
morganic counterions e g., cesium fluoride and potassium fluoride or those salts contaming
fluoride ion pawred with an organic counterion, e.g., a tetraalkylammonium fluoride. A
crown ether catalyst can be utilized in combination with the inorganic fluoride in the
deprotection reaction. Preferred fluoride ion source are tetrabutylammonium fluoride or
aminechydrofluorides {e ¢, combining aqueous HF with triethylamine in a dipolar aprouic
solvent, e.g., dimethyiformamide).

[6238] The choice of protecting groups for use on the phosphite triesters and
phosphotriesters can alter the stability of the triesters towards fluoride. Methyl protection of
the phosphotriester or phosphuetriester can stabilize the linkage against fluoride 1ons and
improve process yields.

{02391 Since ribonucleosides have a reactive 2' hydroxyl substituent, w can be
desirable to protect the reactive 2' position in RNA with a protecting group that is orthogonal
o a 5-0- dimethoxytrityl proteciing group, e.g., one stable to treatment with acid. Silyl
protecting groups meet this crterion and can be readily removed in a final fluonde
deprotection step that can result in mimimal RNA degradation.

{0240} Tetrazole catalysts can be used in the standard phosphoramidite coupling
reaction. Preferred catalysts mclude e g, tetrazole, S-ethyl-tetrazole, p-nitrophenyltetrazole.

{0241} See also, for example, Trufert et al, Tetrahedron, S2:3005, 1996; and
Manoharan, "Oligonucleotide Conjugates in Antisense Technology,” in Antisense Drug
Technology, ed. 8 T Crooke, Marcel Dekker, Inc, 2001, The protected monomer
compounds can be separated from a reaction mixture and further purified by a method such
as column chromatography, high pressure hiquid chromatography, or recrysiallization. As

can be appreciated by the skilled artisan, further methods of synthesizing the compounds of
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the formulae herein will be evident to those of ordinary skill in the art. Additionally, the
various synthetic steps may be performed in an alternate sequence or order to give the
desired compounds. Other synthetic chemistry transformations, protecting groups {e.g., for
hydroxyl, amino, eic. present on the bases) and protecting group methodologies {protection
and deprotection) useful in synthesizing the compounds described herein are known in the art
and nchude, for example, those such as described in R Larock, Comprehensive Organic
Transformations, YCH Publishers (1989}, T. W. Greene and P. G M. Wuts, Protective
Groups in Organic Synthests, 2d. Ed., John Wiley and Sons (1991); L. Fieser and M. Fieser,
Fieser and Fieser's Reagents for Organic Synthesis, John Wiley and Sons (1994); and L.
Paquette, ed., Encyclopedia of Reagents for Organic Synthesis, John Wiley and Sons (1995),

and subsequent editions thereof.

(02421 Kits for use by medical practitioners and others are provided including one
or more PCSK-9 inhibdors (eg., antibody, mbibitory nucleic acid or small molecule
whibitor), and a label or other instructions for use in treating any of the conditions discussed
herein and/or additional components.  In one embodiment, the kit includes a sterile
preparation of one or more human antibodies, or one or more nterfering RNA which may be
n the form of a composition as disclosed herein, and ray be in one or more vials. Other
PUSKY mhibitors can also be employed.

{0243} Provided herein is a kit for treating a pediatric subject in need of treating
or preventing heterozygous famiial hypercholesterolemia (HeFH) or symptoms thereof. The
kit can mchide a dosage form comprising a PCSKS mhibitor 1u an amount sufficient to
adminster the PCSK?S inhibitor to a pediainic HeFH subject, e.g., 3 pediatric HeFH subject
having a baseline LDL-C at or above an upper quartiie of baseline LDL-C values among a
pediatric HeFH patient cohort, an enhanced dosage regimen, as described herein, comprising
administering to the patient the PCSKS inhibitor at a dosing frequency that is at least 2 fold
greater than an average dosing frequency of the PCSK9 inhibitor for pediatric HeFH patients
having a baseline LDL-C value that 15 less than the upper quartile, e g, less than the median

of baseling LDL-C values among the cohort.



WO 2021/243002 PCT/US2021/034489

{0244} Also provided is a kit for treating a pediatric subject in need of treating or
preventing heterozygous familial hypercholesterolemia (HeFH) or symptoms thereof. The
kit can include a dosage form comprising a PUSKO inhubitor in an amount sufficient to
administer the PCSK9 inhibitor to a pediatric HeFH subject, ¢.g., a pediatric HeFH subject
having a baseline LDL-C at or above an upper quartile of baseline LDL-C values among a
pediatric HeFH patient cohort, an enhanced dosage regimen, as described herein, comprising
administering to the patient the PCSKS inhibitor at a dosage that is about 20% to about 500%
greater than a standard-of-care dosage of the PCSK®9 inhibitor to treat or prevent the

cholesterol-related disorder in an adult HeFH patient.

EXAMPLES
Example 1
[0245] This non-limiting example shows a double-blind, randomized, multicenter,

placebo- controlled, parallel group study to characterize the efficacy, safety, and tolerability
of 24 weeks of evolocumab for fow density lipoprotein-cholesterol (LDL-C) reduction, as
add-on to diet and Lpid-lowering therapy, in pediatric subjects 10 to 17 years of age with
heterozygous familial hypercholesterolenua (HeFH)  The study design 1s shown in Fig. 1.
Fuorolled participants were randomized to recewve evolocumab (420 mg monthly) or matching
placebo njections subcutaneously (Fig. 1), Subject inclusion and exclusion criteria used are
histed below.

0246} Inclusion Criteria:
» Male or female > 10 to <17 vears of age {before 18&th birthday}
* Diagnosis of heterozygous familial hypercholesterolerma
» On an approved statin with stable optimized dose for > 4 weeks
« Other ipid-lowering therapy stable for > 4 weeks (fibrates must be stable for > 6 weeks)
s Fasting LDL-C > 130 mg/dL. (3.4 mmol/L)
« Fasting triglycerides <400 mg/dL (4.5 mmol/L)

02471 Fxcluston Criteria
« Type 1 diabetes, or type 2 diabetes that is or poorly controlled

» Uncontrolled hyperthvroidism or hypothyroidism
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» Cholesterylester transfer protein (CETP) inhibitor in the last 12 months, or mipomersen or
lomitapide in the last 5 months

» Previously received evolocumab or any other investigational therapy to inhibit PCSKS9.

« Lipid apheresis within the last 12 weeks prior {o screening,

» Homozygous Familial Hypercholesterolemia

{0248} Primary Objective and Endpoint:

{02491 To evaluate the effect of 24 weeks subcutanecus (SC) evolocumab
compared with placebo, when added to standard of care, on percent change from baseline in
low-density lipoprotein cholesterol (LDL-C) in pediatric subjects 10 to 17 years of age with
HeFH.

02501 The primary endpoint was the percent change from baseline to week 24 in
LDL-C.

{02511 Secondary Efficacy Objectives and Endpoints:

(02521 To assess the effects of SC evolocumab compared with placebo, when
added to standard of care, on mean percent change from baseline to weeks 22 and 24 and
change from baseline to week 24 in LDL-C, and on percent change from baseline to week 24
n non-high-density lipoprotein cholesterol {non-HDL-C), apolipoprotein B {ApoB), total
cholesterol/HDL-C ratio, and ApoB/Apolipoprotein A-1 (ApoAl) ratio, i pediatric subjects
1010 17 years of age with HeFH.

{0253} Secondary endpoints were the mean percent change in LDL-C from
baseline at weeks 22 and 24 {tier 1}, the change in LDL-C from baseline at week 24 (tier 2);
and the percent change from baseline to week 24 i non-HDL-C, ApoB, total
cholesterol/HDL-C ratio and ApoB/ApoAl ratio {(tier 3).

{0284} Summary of Results:

[0255] A total of 158 subjects were randomized of which 157 received at least
one dose of investigational product (1P} and were ncluded n the full analysis set with 104
recetving evolocumab (EvoMab) 420 mg 8C QM and 53 receiving placebo SC QM. Median
(Q1, Q3) double-blind IP exposure was 5.6 (5.5, 5.0) months in each treatment arm. 96.8%
and 99.4% of the subjects completed IP and the study, respectively (see Table 1.1). The

baseline characteristics of subjects in the full analysis set is shown 1n Table 1.2,
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Table 1.1: Summarv of Subiect and Study Disposition for all Subjects Randomized

Disposition Placebo QM Total
n(%) aM n{%)
{N=105}
%)
investigational product accounting
Subjects who never received P 0(0.0) 1{1.0) 1(0.8)
Subjects who received IP 53 (100.0) 104 (88.0) 157 (89.4)
Subjects who completed IP 53 (100.0) 100 (85.2) 153 (86.8)
Subjects who discontinued P 0(0.0 4(3.8) 4 (2.5}
Adverse event 0(0.0) 1{1.0) 1{0.8)
Subject request 0{0.0) 2(1.9 2{(1.3
Other 0(0.0) 1(1.0) 1{0.8)
Study completion accounting
Subjects who completed study 53 (100.0) 104 {89.0) 187 {(99.4)
Subjects who discontinued study 0 (0.0} 1 {1.0) 1{0.8)
Withdrawal of consent from study 0(0.0) 1{(1.0) 1(0.8)
Table 1.2: Baseline Characteristics for the Full Analvsis Set
Piacebo QM EvolMab 420 mg QM Total
{N=53} {N=104} {N=157}
Demographics
Age in years, mean{SD} 13.7 2.5) 13.7 (2.3 13.7 (2.4
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Age group, <14 years, n{%) 25 {47.2) 48 (46.2) 73 {46.5)
Sex, male, n{%)} 26 (49.1) 43 (41.3) 69 (43.9)
Race, n{%}
White 44 (83.0) 88 (85.8) 133 (84.7)
Black or African American G {6.0} 2{1.8) 2(1.%
Asian 0 (0.0) 2(1.9) 2(1.3)
Other 9 (17.0) 11 (10.6) 20 (12.7)
Ethnicity, n{%}
Hispanic/Latino 7{13.2) 8 (5.8) 13 (8.3)
Region, n{%}
Europe 35 (66.0) 58 (85.4) 103 (B85 .6)
Latin America 8(15.1) 18 (17.3) 25 (18.8)
MNorth America 10 (18.9) 12 (11.5) 22 {(14.0}
Asia Pacific 0 (0.0) & (5.8) (3.8
Cardiovascular risk faciors, n{%}
Hypertension 367 2{1.9} 5 (3.2)
Low HDL-C 18 (34.0) 40 (38.5) 58 (36.8)
Current cigarette smoking 2(3.8) 1{1.0) 3.9
Type Il diabetes meliitus 0(0.0) 1(1.0) 1(0.6)
Family history of premature CHD 21(39.6) 31 (29.8) 52 (33.1)
BMI {kg/m?), mean (8D} 213(4.2) 226 (5.5) 2161
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Coronary ariery disease 0{0.0) G{0.0) 3(0.0)
Cerebrovascular or peripheral .

i 1(1.9) ¢ (0.0) 1(0.5)
Lipid-lowering therapy
Statins, n{%} 52 (98.1) 104 (100.0) 156 (99.4)
High intensity, n{%) 7(13.2) 18 (18.3) 26 (16.6)
Moderate intensity, n{%} 35 (66.0) 63 (60.6) 98 (62.4)
Low intensity, n{%) 10 (18.9) 21(20.2) 31 (19.7)
Unknown intensity, n{%;} G (0.0} 1{1.0) 1{0.8)
Ezetimibe, n{%} 8 (15.1) 13 (12.5) 21 (13.4)
Baseline LDL-C | oo (s 183.0 (47.2) 185.0 (45.0) 184.3 (45.6)
{mg/dL}
Median {Q1, Q3) | 173.0 (145.0, 208.5) | 172.8 (155.0,207.5) | 173.0 (154.0, 208.0)
zgﬁ““e non- Mean (3D 200.2 (48.2) 203.8 (47.3) 202.6 (47 5)
€ {mgidL) o
Median (Q1,Q3) | 185.5 (164.0, 229.5) | 193.3 (172.3,224.8) | 192.0 (169.0, 225.0)

{0256}

The result was statistically significant for the primary endpoint of percent

change in LDL-C from haseline at week 24 {p < 0.0001). EvoMab reduced LDL-C by an

additional 38.30% (standard error {SE) = 3 66} compared to placebo (Table 1.3).

[0257]

EvoMab statistically significantly improved all of the ter 1, 2 and 3

secondary endpoints compared to placebo (Yable 1.3). For the tier 1 secondary endpoint, the

roean percent change in LDL-C from baseline at weeks 22 and 24, EvoMab reduced LDL-C

by an additional 42.09% {SE = 3.17). For the tier 2 secondary endpount, the change in LDL-
C from baseline at week 24, EvoMab reduced LDL-C by an additional 68.6 mg/dL (8E =

7.3).

Table 1.3; Treatment Difference in Primary and Secondarv Endpoinds
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Adjusted
EvoMab ~ Placebo pvalue
Least sguares

astimate {85% Ch)

Primary endpoint -38.30 (-45.54, -31.08) | < 0.0001

Percent change from baseline to week
24in LDL-C

] ~42.08 (-48.34, -35.83) | < 0.0001
Tier 1 Secondary| Mean percant change from bassline to

gndpoint weeks 22 and 24 in LDL-C

Tier 2 Secondary | Change from baseline to week 24 in 88,6 (-83.1,-54.0) < 0.0009

endpoint LDL-C (mg/dL)

Percent change from baseline to week 24 in

non-HDL-C .35.04 (-41.79, -28.30) | < 0.0001

Tier 3 Secondary | )\ » 3247 (-38.82, -26.13) | < 0.0001
endpoints

total cholesterol/HDL-C ratio -30.30 (-36 .40, -24.21) | < 0.0001

ApoB/ApoAT ratio -36.38 (-42.97, -29.80) | < 0.0001

{0258} No new safety concemns were identified from the resulis of the study, and
the subject incidence of treatmenti-emergent adverse events were comparable across both

treatment groups {Table 1.4).

Table 1.4 Summary of Safety Resulis

Placebo QM EvolMab 420 mg
(N=53) QM (N=104}
Treatment Emergent Adverse Evenis (TEAE) 34 (64.2) 64 (61.5)
Grade 2 2 22 {41.5) 46 (44.2)
Grade 2 3° 0(0.0) 4 (3.8)
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Gradez 4 0.0 0 0.0
SAEsP 0 (0.0} 1{1.0)
TEAESs leading fo discontinuation of IP 0{0.0) 1{1.0)
Fatal AEs {or Deaths) 0¢0.0) 0 (0.0}
Most common TEAEs & 2% in EvolMab)
Nasopharyngitis 6{11.3) 12 {11.5)
Headache® 1{1.9) 11 (10.6)
Oropharyngeal pain® 0.0 7{8.7
influenza® 2(3.8) 6 (5.8)
Upper respiratory tract infection® 1{1.9) 8 (5.8}
Gastroenteritis 4 {7.5) 5{4.8)
Pyrexia 337 329
Constipation 0¢(0.0) 3(2.9)
influenza like iliness® 0{0.0) IEY
EOI: Potential hypersensitivity events {narrow terms}® 0 {0.0) 4 {3.8)
EO! Potential hypersensitivity events {broad terms)® 0¢0.0) 7867
EQOL Potential injection site reaction events {(narrow terms} | 3 (5.7) 5{(4.8)
ECE Potential injection site reaction events {broad terms} | 3 (5.7) 5{4.8)
EQL Potential neurccognitive events® 0{0.0) 1 (1.0}
a Grade 3 events included: one event of neurcgenic shock (verbatim: vasovagal shock) assessed as

nonserious and unrelaled to IP; one event of headache assessed as noenserious and unrelaled to 1P; one event

of blond creatine phosphokinase increased due to intense physical activity and assessed as nonserious and

unrelated to IP; and one event of cholelithiasis assessed as sericus and unrelated {o iP. No subject discontinued

P due o a grade 3 adverse event,

b Subject developed abdominal pain within days of starting 1P and was subseguently diagnosed with

choleiithiasis (grade 3) on study day 35; event considerad unrelated to 1P and 1P was continued.
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¢ Events of headache, oropharyngeal pain, influenza, upper respiratory tract infection (URTI), and
influenza like iliness were all nonsericus and moslly grade 1 or 2 (one headache was grade 3), and none led {o
discontinuation of 1P, These events are consistent with the known adverse drug reactions (ADRs) for Repatha
described in the CDS or symploms of those ADRs (Le., influenza, influenza like iliness, nasopharyngitis, and
URTH.

d Hyparsensitivity inciuding rash, urticaria, and angicedema are expectad ADRs for Repatha; the reported

events were ali nonserious, grade 1 or 2, and consistent with those previously abserved.

e Nonserious, grade 1 event of disturbance in attention (verbatim: concentration impairment) on study day
30 and considered related {o IP by the investigator; subject continued on 1P and event cutcome was not
reporied.

[0259] These results show inhibiting PCSKS9 with evolocumab on a background
of statin therapy in a pediatric HeFH patient population was safe and lowered LDL-C by
38.3%, or by 68.6 mg/dL, at 24 weeks.

Example 2

{0260} This noo-limiting example shows the results of subgroup analysis of the
data in Example 1 based ov basehne LDL-C qguarties. The outcomes were divided ioto
subgroups defined by interquartile ranges of the basehne LDL-C for all subjects. The
mterquartile ranges were: Q1 LDL-C < 154 mg/dl; Q2 154 < LDL-C < 173 mg/dL; Q3
173 <LDL-C <208 mg/dL; and Q4: LDL-C > 208 mg/dL.

{02611 The results of the subgroup analysis by basehne LDL-C guartiles is shown

in Tables 2.1 and 2.2.

Table 2.1: Mean of Week 22 and Week 24

Subgroup Level Treatment | LSMean (SE) Treatment pevalue
Group Difference vs.
placebo (SE)
Q1 (< 154 mg/dL} | Placebo 239 (5.35) -50.57 {4.81) <0.001
evolocumab | -48 18 (5.68)
Q2 (184 <LBL-C | Placebo -0.35 (5.46) -49.92 (5.85}) <0.001
<175 mglil) evolocumah | -50.28 (3 35)
QI (I73<LBL-C | Placebo -14.90 {8 45) -43.64 (7.54) <0.001
<208 mg/dL) evolocumab | -38.55 (6.94)
Q4 (LDEL-C>208 | Placebo -8.56(5.39) -27.69 (6.65) <(3.001
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mg/dL) evolocumab | -37.25(3.89)

Interaction p-value: 0.040

Table 2.2 Week 24

Subgroup Level Treatment | LSMean (SE) | Treatment Difference | p-value
Group vs, placebeo (SE}

Q1 (<154 mg/dL} | Placebo .49 (5.69) -47.52 (5.40) <0.001
evolocumab | -47.03 (5.80}

Q2 (154 <LBL-C | Placebo -2.42 (6.81) -39.66 (7.46) <G.001

<173 mg/dL) evolocumab | ~42.08 (4.02)

Q3 (173<LDL-C | Placebo AL76(8.65) | -45.25 (7.89) <0.001

< 208 mg/dL) evolocumab | -37.01 (7.08)

Q4 (LDL-C > 208 | Placebo LTS (6.30) | -23.24 (7.78) 0005

mg/dl) evolocumab | -34.99 (4.54)

Interaction p-value: 0.083

{0262} These results show the percentage reduction in LDEL-C by inhibiting
PCSKS with evolocumab on a background of statin therapy in a pediatric HeFH patient
population can depend on the baseline LDL-C of the patient being treated.  Tn some
embodiments, patients with LDL-C at or above a threshold level show a blunted response to
PCSKS inhibition therapy. In some embodiments the threshold level s 208 mg/dL.. In some
embodiments, LDL-C in pediattic patients having baseline LDL~-C within the top guartie of
baseline LDL-C among the pediatric HeFH patient population s reduced 1o a lesser degree
than 1o patients with baseline LDL-C within the fower three quartiles of baseline LDL-C n
the pediatric HeFH patient population.
Example 3

{0263} This non-limiting example shows treatruent of a pediatric subject having
HeFH with a PCSKS mhibitor administered according to an enhanced dosage regimen.

{0264} A pediatric HeFH subject having a baseline LDL-C of 210 mg/dL 1s
identified. The subject is administered 420 g of evolocumab (REPATHA) subcutaneously

every two weeks. The subject’s LBL-( 1s thereby lowered by at least 30%.
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Example 4

{0265] This non-limiting example shows treatment of a pediatric subject having
HeFH with a PCSK? inhibitor admiunistered according to an enhanced dosage regimen

{0266} A pediatric HeFH subject having a baseline LDL-C of 210 mg/dL 15
identified.  The patient is adnunistered 490 mg of evolocumab (REPATHA) subcutaneocusly
every four weeks. The patient’s LDL-C 1s thereby lowered by at least 30%.

Example 5

{0267} This non-limiting example shows treatment of a pediatric subject having
HeFH with a PCSK9 inhibitor administered according to an enhanced dosage regimen.

{02638} A pediatric HeFH subject has a baseline LDL-C of 210 mg/dl. The
subject’s baseline LDL-C 15 greater than an upper quartile of baseline LDL-C values among a
cohort of pediatric HeFH patients. The subject is administered a PCSKS wnhibitor at a dosing
frequency twice the average dosing frequency for pediatric patients having a baseline LDL-C
value that is less than the upper quartile. The subject’s LDL-C is thereby lowered to a
similar extent as the average reduction in LDL-C achieved by admiunustering the PCSKO
mhibttor to pediatric HeFH patients having a baseline LDL-C value that 1s less than the upper

quartile.

{02691 As shown 1 Examples 1 and 2 above, different subsets of pediatric
patients exhibited different response to anti-PCSK? therapy. It was observed herein that
baseline LDEL-C levels can be used to stratify the pediatric HeFH patients for responsiveness
to the anti-PCSK9 therapy. These findings indicate betier outcomes for anti-PCSK9 therapy
can be achieved in pediatric patients having severe HeFH by adjusting the dosage regimen,
eg., by increasing the frequency of admunistration and/or mcreasing the dose.  Further,
smaller doses and/or lower frequencies of PCSKY imbhubtiors can achieved greater percent

reduction of LDL-C i pediatric patients having relatively low levels of baseline LDL-C.

{02761 Fach reference cited herein is hereby incorporated by reference in its

entirety for all that it teaches and for all purposes.

-100-



WO 2021/243002 PCT/US2021/034489

{0271 As used in this specification and the appended claims, the singular forms

" "o
>

a," "an" and "the" imclude plural references unless the context clearly dictates otherwise.
Any reference to "or" herein is intended to encompass "and/or" unless otherwise stated.

{0272] As will be understood by one skilled in the art, for any and all purposes,
all ranges disclosed herein also encompass any and all possible sub-ranges and combinations
of sub-ranges thereof Any listed range can be eastly recognized as sufficiently describing
and enabling the same range being broken down inio at least equal halves, thirds, quarters,
fifths, tenths, etc. As a non- himiting example, each range discussed herein can be readily
broken down into a lower third, middle third and upper thurd, etc. As will also be understood
by one skilled in the art all language such as "up to,” "at least,” "greater than,” "less than,"
and the like include the number recited and refer to ranges which can be subsequently broken
down into sub-ranges as discussed above. As will be understood by one skilled i the art, a
range ncludes each individual member. Thus, for example, a group having 1-3 articles
refers to groups having 1, 2, or 3 articles. Similarly, a group having 1-5 articles refers to
groups having 1, 2, 3, 4, or 5 articles, and so forth.

[0273] The disclosed subject matter 1s not to be himited i scope by the specific
embodiments described herein, which are intended as single illustrations of individual
embodunents of the present disclosure, and functionally equivalent methods and components
are comtemplated. Indeed, various modifications of the present disclosure, in addition to
those shown and described herein will become apparent to those skilled in the art from the
foregoing description and accompanying drawings. Such modifications are mtended to fall
within the scope of the appended claims.  In at least some of the previously described
embodiments, one of more elements used in an embodiment can interchangeably be used in
another embodiment. It will be appreciated by those skilled i the art that various other
omissions, additions and modifications may be made to the methods and structures described

above without departing from the scope of the claimed subject matter.
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WHAT IS CLAIMED IS:

1. A method of lowering serum LDL cholesterol (LDL-C) in a pediatric subject,
comprising;

identifying a pediatric subject having heterczygous familial hypercholesterolemia
(HelFH), wherein the subject has a baseline LDL-C of about 200 mg/dL or greater; and

administering to the subject an anti-PCSK9 antibody at a dose from about 350 to
about 500 mg, to thereby lower the subject’s LDL-C.

2. The method of claim 1, wherein the baseline LDL-C is from about 200 mg/dL

to about 350 mg/dL.

3. The method of claim 1 or Z, wherein the baseline LDL-C 15 208 mg/dL or
more.
4. The method of anv one of the preceding claims, wherein the subject’s LDL-C

is lowered by at least 20%, at least 30%, at least 40%, about 30% to about 50%, about 20%
to about 30%, about 20% to about 80%, about 30% to about 50%, or about 30% to about
80%.

S. The method of any one of the preceding claims, wherein the subject’s LDL-C
15 lowered by at least 30%.

6. The method of any one of the preceding claims, wherein the subject’s LDL-C
15 lowered by about 30% to about §0%.

7. The method of any one of the preceding claims, wherein the anti-PCSKS
antibody 1s admmistered every two weeks to every four weeks, every two weeks, or every
four weeks.

8. The method of any one of claims 1-3, wherein the anti-PUSK9 antibody 13
admistered every four weeks, and wherein the subject’s LDL-C 13 lowered by at teast 20%,.

9. The method of any one of claims 1-3, wherein the anti-PCSKS antibody 15
administered every two weeks, and wherein the subject’s LDL-C 18 lowered by at least 30%.

10, A method of lowering serum LDL cholesterol (LDL-C} in a pediatric subject,
comprising;

dentifying & pediatric subject  having  heterozygous  familial
hypercholesterolemia (HeFH), wherein the subject has a baseline LDL-C of about

210 mg/dL or less; and
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administering o the subject @ PUSKY antibedy, at a dose of about 350 to
about 500 mg, to thereby lower the subject’s LDBL-C, wherein the subject’s LDL-C is
lowered by at least 40%.
11 The method of claim 10, wherein the baseline LDL-C is less than 208 mg/di.
12, The method of claim 10 or 11, wherein the subject’s LDL-C s lowered by at
least 40%, at least 50%, at feast 60%, about 40% to about 60%, about 40% to about 80%,
about 50% to about 60%, or about 50% to about 80%.
13. The method of any one of claims 10-12, wherein the subject’s LDL-C s
lowered by at least 45%.
14 The method of any one of claims 10-13, wherein the anti-PCSKY antibody 1s
administered every two weeks to every four weeks, every two weeks, or every four weeks.
15, The method of any one of claims 10-13, wherein the anti-PCSK® antibody is
administered every four weeks, and wherein the subject’s LDL-C is lowered by at least 40%.
16. The method of any one of claims 10-13, wherein the anti-FCSK9 antibody is
administered every two weeks, and wherein the subject’s LDL-C 1s lowered by at least S0%.
17. The method of any one of the preceding claims, wheremn the anti-PCSK9
antibody comprises:
a heavy chain vanable region (VH) comprising;
a CDRHI, CDRHZ, and a CDRH3 of a CDRHI, CDRH2Z, and 13
CDRHS3, respectively, of a VH of evolocumab; and
an amino acid sequence at ieast 90% identical to the VH of
evolocumab; and
a Hght cham variable region (VL) comprising:
a3 CDRLY, CDRL2, and a CDRL3 of a CBRLI, CDRL2, and &
CDRL3, respectively, of a VL of evolocumab; and
an amino acid sequence at least 90% identical to the VL of
evolocumab.
18. The method of any one of the preceding claims, wherein the anti-PCSKS
antibody is evolocumab.
19 The method of any one of the preceding claims, wherein the dose is about 420

mg.
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20. The method of any one of claims 1-18, wherein the dose is about 4950 mg.

21 The method of any one of the preceding claims, wherein the subject’s LDL-C
is lowered by at least week 20 of admunistration of the PCSKS antibody.

22. A method of lowering serum LDL cholesterol (LDL-C) in a pediatric subject,
comprising;

identifying a pediatric subject having heterozygous familial hypercholesterolemia
{(HelFH), wherein the subject has a baseline LDL-C at or above an upper quartile of baseline
LDL-C values among a pediatric HeFH patient cohort; and

administering to the subject an enhanced dosage regimen of a PCSK9 inhibitor,

wherein the enhanced dosage regimen comprises an amount and/or dosing frequency
that 15 each independently about 20% to about 500% greater than an average amount and/or
average dosing frequency of the PCSKY imhibitor for pediatric HeFH patients having a
baseline LDL-C value that is less than the upper guartile, whereby the subject’s LDL-C is
lowered.

23 The method of claim 22, wherein the amount of the PCSKS intubitor is about
S% to about 100% greater than the average amount.

24, The method of claim 22 or 23, wherein the dosing frequency of the PCSK9
mhibitor 15 about 15% to about 400% greater than the average dosing frequency.

25, The method of any one of claims 22-24, wherein the average dosing
frequency 1s a dosing frequency of the PCSKY inhibitor for pediatric HeF'H patients having a
baseline LDL-C value that 15 less than a median of baseline LBL-C values among the cohort.

26. The method of any one of claims 22-25, wherein the average amount is an
amount of the PUSKS mhibitor for pediatric HeFH patients having a baseline LDL-C value
that is less than a median of baseline LDL-C values among the cohort.

27. The method of any one of claims 22-26, wherein the subject’s LDL-C 18
lowered by at least 30%.

28. The method of any one of claims 22-27, wherein the subject’s LDL-C i
lowered by from about 30% to about 80%.

29. The method of any one of claims 22-28, wherein the reduction in the subject’s

LDL-C 15 at least 70% of the average reduction in LDL-C achieved in pediatric HeFH
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patients having a baseling LDL-C value that is less than the upper quartile and receiving the
PCRKS mhibitor at the average frequency of administration.

30. The method of any one of claims 22-29, wherein the subject’s LDL-C is
lowered by at least week 20 of administration of the PCSK9 inhibitor,

31 A method of treating or preventing  heterozygous  famihal
hiypercholesterolemia (HeFH} or symptoms thereof, comprising:

wdentifying & pediatric subject in need of ireatment or prevention of HeFH or
symptoms thereof, wherein the subject has a baseline LDL-C at or above an upper quartile of
baseline LDL-C values among a pediatric HeFH patient cohort; and

administering to the subject an enhanced dosage regimen of a PCSKY inhibitor, to
thereby treat or prevent HeFH or symptoms thereof,

wherein the enhanced dosage regimen comprises administering the PCSKY inhibitor
at a mean dose that is about 20% to about 300% greater than a reference mean dose of the
PCSKS inhibitor for treating or preventing HeFH or symptoms thereof in pediatric HeFH
patients having a haseline LDL-C value that 15 less than the upper quartile.

32. The method of claim 31, wherein the reference mean dose is a dose of the
PCSKS inhubitor for pediattic HeFH patients having a baseline LDL-C value that 15 less than
a median of baseline LDL-C values among the cobort.

33 The method of clavm 31 or 32, wherein the enhanced dosage regimen
comprises an increase i a dosing frequency and/or an amount of the PCSK9 mhibitor
administered to the subject.

34 The method of any one of claims 22-33, wheremn the upper quartile 1s in a

range of about 190 me/dL to about 220 mg/dL..

35. The method of any one of claims 22-34, wherein the upper quartile 18 about
200 mg/dL..
36, The method of any one of ¢laims 22-35, wherein the subject’s baseline LDL-

C is about 200 mg/dL or greater.

37 The method of any one of claims 22-36, wherein the baseline LDL-C is from
about 200 mg/dL to about 550 mg/dL.

38 The method of any one of claims 22-37, wherein the baseline LDL-C is 208

mg/dL or greater.
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34, The method of any one of claims 22-38, wherein the PUSKY inlubitor 15
approved by a government regulatory agency for fowering serum LDL cholesterol levels ina
human patient.

40, The method of any one of clums 22-39, wherain the average dosing
frequency 1s a dosing frequency of the PCSK9 inhibitor for pediatric HelFH patients having a
baseline LDL-C value that is less than a median of baseline LDL-C values among the cohort.

41 The method of any one of claims 22-40, wherein the PCSK9 mnhibiter 1s an
antibody, small-molecule inhubitor, or an inhibitory nucleic acid.

42, The method of claim 41, wherein the PCSK9 mhibitor is an anti-PCSK9
antibody, a siRNA or shRNA

43, The method of claim 41, wherein the PCSK9 inhibitor comprises one or more
of evolocumab, alirocumab, bococizumab, 1D05-IgG2, RG-7652, LGT209, REGN728,
LY3015014, 1820, inclisiran, ISIS 394814, ALN-PCS02, SX-PCK9, and BMS-962470.

44, The method of any one of claims 22-43, wherein the average dosing
frequency 1s 1n a range from about once every 2 weeks to about once every 12 weeks.

45, The method of any one of claims 22-44, further comprising determinung
quartiles of the baseline LDL-C values of the cohort.

46, The method of any one of claims 22-45, wherein the cohort comprises at least
25 pediatric HeFFH patients.

47. The method any one of claims 22-46, wherem the baseline LDL-C values
among the cohort 13 at least 130 mg/dl.

48. The method of any one of the preceding clawms, further comprising measuring
the baseline LDL-C of the subject.

49, The method of any one of the preceding claims, wherein the identifymg
comprises diagnosing and/or genotyping the subject for HeFH.

50. The method of any one of the preceding claims, wherein the identifying
comprises diagnosing and/or genotyping the patient for compound HeFH.

51. A method of lowering serum LDL-cholesterol (LDL-C) in a pediatric subject,
the method comprising:

administering to a pediatric subject an enhanced dosage regimen of a PCRKS

mhibitor,
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wherein the subject has heterozygous familial hypercholesterolemia (HeFH)} or
symptoms thereof,

wherein the enhanced dosage regimen of the PCSKY inhibitor comprises an amount
of the PCSK9 inhibitor that is about 20% to about 500% greater than a standard-of-care
average amount for adults having HeFH, and/or

a dosing frequency of the PCSKS inhibitor that 18 about 20% to about 500% greater
than a standard-of-care average frequency for adulis having HeFH, whereby the subject’s
LDL-C 15 lowered.

52, The method of claim 51, wherein the enhanced dosage regimen lowers LDL-C
in the subject by at least 30%.

53. The method of claim 51 or 52, wherein the enhanced dosage regimen lowers
LDL-C in the subject by 30%-80%.

34, The method of any one of claims 51-33, wherein the amount of the PCSK9
inhibitor 1s increased by about 5% to about 100% than the standard-of-care amount.

55 The method of any one of claims 31-34, wheremn the dosing frequency of the
PCSKS mhibitor 1s increased by about 15% to about 400% than the standard-of-care dosing
frequency.

56. The method of any one of clavms 51-35, wherein the enhanced dosage
regimen is continued urdil a therapeutically acceptable end point for HeFH is achieved.

57. The method of any one of claims 51-56, wherein the PUSKS inhibitor 1s
approved by government regulatory agency for lowering LDL-C in a4 human patient.

58. The method of any one of claims 51-57, wheremn the standard-of-care dosing
frequency 1s between once every 2 weeks to once every 12 weeks.

59. The method of any one of claims 51-58, wherein the PCSK9 mhibitor is an
anti-PCSK9 antibody.

&0. The method of claim 39, wherein the anti-PCSK9 antibody comprises:

a heavy chain variable region (VH) comprising:

a CDRH1, CDRH2, and a CDRH3 of a CDRHI, CDRHZ, and a
CDRH3, respeciively, of a VH of evolocumab; and

an amino acid sequence at least 90% identical to the VH of

evolocumab; and
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a light cham varmable region (VL) comprising:
a CDRL1, CDRL2Z, and a CDRL3 of a CDRLI, CDRLZ, and a
CDRL3, respectively, of a VL of evolocumab; and
an amino acid sequence at least 90% identical to the VL of
evolocumab.
61 The method of claim 59 or 60, wherem the anti-PCSK9 antibody s
evolocumab.
62 The method of any one of claims 59-61, wherein the standard-of-care amount
13 between 400 and 500 mg/dose.
63, The method of any one of claims 59-62, wherein the standard-of-care amount
and/or frequency 1s about 420 mg/month.
64, The method of any one of claims 51-63, wherein the subject’s LDL-C 15
lowered by at least week 20 of administration of the PCSK9 inhibitor,
&5 A method of ireating or preventing  heterozygous  familial
hypercholesterolenia (HeFH} or symptoms thereof, comprising:
identifying a pediatric subject 1o need of treatment or prevention of HeFH or
symptoms thereof, and
administering to the subject an enhanced dosage regimen of a PCSK9 inlubtitor, to
thereby treat or prevent HeF'H or symptoms thereof,
wherein the enhanced dosage regimen comprises administering the PCSK9 inhibitor
at an mean dose that is about 20% {0 about 560% greater than a standard-of-care mean dose
of the PCSKS mhibttor to treat or prevent HeFH or symptoms thereof 1 an adult patient.
66, The method of claim 65, wherein the enhanced dosage regimen comprises a
higher dosimg frequency of the POCSKS inhibitor than a standard-of-care dosing frequency.
67. The method of clatm 65 or 66, wherein the enhanced dosage regimen
comprises a higher amount of the PCSK9 mhibitor than a standard-of-care amount.
68 The method of any one of claims 51-67, wherein the PCSKY mhibitor 15 an
antibody, small-molecule inhibitor, or an inhibitory nucleic acid.
69, The method of claim 68, wherein the PCSK9 inhibitor 15 an anti-PCSK®9
antibody.
70. The method of claim 68, wherein the PCSKS inhibitor is a siRNA or shRNA.
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71 The method of claim 68, wherein the PCSK9 inhibitor comprises one or more
of evolocumab, alirocumab, bococizumab, 1D05-1gG2, RG-7652, LGT209, inclisiran, ISIS
394814, SX-PCKY, and BMS-962476.

72. The method of any one of the preceding claims, further comprising
administering one or more other LDL cholesterol-lowering therapy to the subject.

73 The method of claim 72, whergin the other L.DL cholesterol-lowering therapy
comprises a statin, a fibrate, a bile acid sequestrant, niacin, an antiplatelet agent an
angiotensin converting enzyme inhibitor, an angictensin I receptor antagonist, an acylCoA
cholesterol acetyliransferase (ACAT) inhihitor, a cholesterel absorption inhibitor, a
cholesterol ester transfer protein (CETP) inhibitor, a microsomal triglyceride transfer protein
(MTTP} inhibitor, a cholesterol modulator, a bile acid modulator, a perexisome proliferation
activated receptor (PPAR) agonist, a gene-based therapy, a composite vascular protectant, a
glveoprotein Hb/IHa inhibitor, aspirin or an aspirin-like compound, an IB AT immhibitor, a
squalene synthase inhibitor, or 2 monocyte chemoatiractant protein {MCP)-1 inhibitor.

74, A method of lowering serum LDL cholesterol (LDL-C) in a pediatric subject,
comprising;

admunistering to a pediatric subject having HeFFH, wherein the subject has a baseline
LDL-C of about 200 mg/dL or greater:

a PCSKY antibody at a dosing frequency of about once a month, and at an
amount from about 400 mg to about 450 mg;

at least one stating and

at least one other LDL cholesterol-lowering therapy that is different from the

PCSK9 antibody and the at least one statin,

10 thereby lower the subject’s LDL-C by at least 30%.

75, The method of claim 74, wherein the anti-PCSK9 antibody comprises:

a heavy chain variable region (VH} comprising;

a CDRHI, CDRHZ, and a CDRH3 of a CDRHI, CDRH2, and a
CDRHS3, respectively, of a VH of evelocumab; and

an amine acid sequence at least 90% identical to the VH of
evolocumab; and

a light chain variable region (VL} comprising;
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a CDRLI, CDRL2 and a CDRL3 of a CORLI, CDRL2, and a
CDRL3, respectively, of a VL of evolocumab; and

an aming acid sequence at least 90% identical to the VL of

evelocumab.
76. The method of claim 74 or 75, wherein the anti-PCSK9 antibody s
evolocumab.
77. The method of any one of claims 74-76, wherein the amount s about 420 mg.
78, A method of ireating or vpreventing  heterozygous  familial

hypercholesterolemia (HeFH} or symptoms thereof, comprising:

administering to a pediairic subject having HeFH and a baseline serum LDL
cholesterol {(LDL-C} at or above an upper quartile of baseline LDL-C values among a
pediatric HeFH patient cohort:

a PCSK9 inhibitor;

at least one statin; and

at least one other LDL cholesterol-lowering therapy that 15 different from the
PCSKO9 inhibitor and the at least one statin,
to thereby treat or prevent HeFH or symptoms thereof,

wherein the PCSKS inlubutor is adminstered according to a dosage regimen
of the PCSKY inhibitor for pediatric HeFH patients having a baseline LDL-C value
that 1s less than the upper quartile.

79. The method of claim 78, wherein the upper quartile 18 in a range of about 190
mg/dL to about 220 mg/dL.

80, The method of claim 78 or 79, wherem the baseline LDL-C 15 about 200
mg/dL or greater.

81 The method of any one of claims 78-80, wherein the PCSKS mhubitor 15
administered according to a dosage regimen of the PCSK9 mhubitor for pediatric HeFH
patients having a baseline LDL-C value that is less than a median of baseline LDL-C values
among the cohort.

82. A method of treating or preventing heterozygous familal
hypercholesterolemia {(HeFH) or symptoms thereof, comprising:

administering to a pediatric subject having HeFH:
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a PCSKO inhibitor, wherein the PCSK9 inhibitor 15 adnunistered according to

a standard-of-care dosage regimen to treat or prevent HeFH or symptoms thereof in

an adult patient;

at least one statin; and
at least one other LDL cholesterol-lowering therapy that 1s different from the

PCSKSO inhibitor and the at least one statin,

to thereby treat or prevent HeFH or symptoms thereof

]3. The method of claim 82, wherein the at least one other LDL cholesterol-
lowering therapy is administered according to an enhanced dosage regimen comprising an
mean dose of the at least one other LDL cholesterol-lowering therapy that is about 20% to
about 500% preater than a standard-of-care mean dose of the at least one other LDL
cholesterol-lowering therapy to treat or prevent HeFH or symptoms thereof in a pediatric
patient.

84, The method of claim 83, wherein the enhanced dosage regiment comprises an
merease 10 a dosing frequency and/or an increase i an amount of the PCSKY inbubitor,

85, The method of any one of claims 78-84, wheremn the PCSK9 mhibitor 1s an
antibody, small-molecule inhibitor, or an inhibitory nucleic acid.

86, The method of clain 835, wherein the PCSK9 inlubitor comprises one or more
of evolocumab, alirocumab, bococizumab, 1D05-1gG2, RG-7652, LGT209, REGNT2E,
LY30615014, 1B20, inchisiran, ISIS 394814, SX-PCK9, and BMS-962476,

87. The method of any one of claims 74-86, wherein the at least one other LDL
cholesterol-lowering therapy comprises a second PCSKS inhibitor.

88, The method of claim 87, wheremn the second PCSKS mhubitor is a small-
molecule mhibitor, or an mhibitory nucleic acid.

89. The method of claim 88, wherein the second PUSKS inhibitor comprises one
or more of evolocurnab, alirocomab, bococizumab, 1D035-1g(G2, RG-7652, LGT209,
REGNT28, LY3015014, 1820, inchisiran, 1818 394814, SX-PCKS, and BMS-962476.

Q0. The method of any one of claims 74-89, wherein the at least one other LDL
cholesterol-lowering therapy comprises a statin, a fibrate, a bile acid sequestrant, niacin, an
antiplatelet agent, an angiotensin converting enzyme infubitor, an angiotensin I receptor

antagonist, an acylCoA cholesterol acetyliransferase (ACAT) imnbubitor, a cholestero!
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absorption inhibitor, a cholestero!l ester transfer protein (CETP) inhibitor, a microsomal
triglyceride transfer protein (MTTP) infubitor, a cholesterol modulator, a bile acid modulator,
a peroxisome proliferation activated receptor (PPAR) agonist, a gene-based therapy, a
composite vascular protectant, a glycoprotein IHb/Hla inhibitor, aspirin or an aspirin-like
compound, an IB AT infubitor, a squalene synthase inhibitor, or a monocyte chemoatiractant
protein (MCPY-I inhibitor.

o1 The method of any one of the preceding claims or claims 99-102, wherein the
age of the subject is 17 vears old or younger.

92, The method of any one of the preceding claims or claims 99-102, wherein the
age of the subject is between 10 and 17 years old.

3. The method of any one of the preceding claims or claims 99-102, wherein the
subject has compound HeFH.

94, The method of any one of the preceding claims or claims 99-102, wherein the
subject is receiving at least one other LDL cholesterol-lowering therapy.

93, The method of any one of the preceding clatros or claims 99-102, wherein the
PCSKS mhibitor or anti-PCSK9 antibody 15 administered subcutanecusly or intravenously.

56, A kit for treating a pediatric subject i need of ireating or preventing
heterozygous familial hypercholesterolemia (HeFH) or symptoms thereof, comprising:

a dosage form comprising a PCSKY 1nhibitor in an amount sufficient to adnunister
the PCSKY julubitor to a pediatric subject having HeFH an enhanced dosage regimen
comprising administering to the subject the PCSKS mhibitor at a dosing frequency that is at
least 2 fold greater than an average dosing frequency of the PCSKY inhibitor for pediatric
HeFH patients having a basehine LDBL-C value that 15 less than the upper quartile.

97. The kit of claim 96, wherein the average dosing frequency 15 a dosing
frequency of the PCSKYS mhubitor for pediatric HeFH patients having a baseline LDL-C
value that s less than a median of baseling LDL-C values among the cohort.

98. A kit for treating a pediatric subject in need of ireating or preventing
heterozygous familial hypercholesterolemia (HeFH) or symptoms thereof, comprising;

a dosage form comprising a PCSKS inhubitor in an amount sufficient to administer
the PCSK9 mhibitor t0 a pediatric subject an enhanced dosage regimen comprising

administering to the subject the PCSK inhibitor at a dosage that is about 20% to about 500%
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greater than & standerd-of-care dosage of the PCSKY inhibitor to tfreat or prevent the
cholesterol-related disorder in an adult HeFH patient.

99, A method of lowering serum LDL cholesterol (LDL-C), comprising:

administering to a subject a PCSKY inhibitor,

wherein the subject has heterozygous familial hypercholesterclemia,

wherein the subject is a pediatric subject,

wherein the PCSKO inhibitor 15 administered i an amount that is at least as effective
as 420 mg of evolocumab,

wherein the PCSK9 inhibitor is admunstered at a frequency of every two weeks or
more,

whereby the subject’s LDL-C 15 reduced by more than 30%.

100, A method of lowering serum LDL cholesterol (LDL-C) in a subject,
comprising:

identifying a pediatric subject having heterozygous familial hypercholesterolemia
{HeFH), wherein the subject has a baseline LDL-C above an upper quartile of baseline LDL-
C values among a pediatric HeFH patient cohort; and

admiustering to the subject an enhanced dosage regimen of a PCSK9 inhibitor,

wherein the enhanced dosage regimen comprises a dosing frequency and/or an
amount that 1s from 20% to 500% greater than an average dosing frequency and/or average
amount in a government regulatory agency-approved label for the PCSKS inhibitor, whereby
the subject’s LDL-C s lowered by at least 30 %,

101, The method of claim 100, wherein the enhanced dosage regimen comprises a
dosing frequency that 1s at least 2 fold greater than the average dosing frequency.

102, The method of any one of claims 99-101, wherein the PCSKY inlubitor
comprises one or more of evolocumab, alirocumab, bococizumab, 1D05-1gG2, RG-7652,
LGT209, REGNT28, LY3015014, 1B20, mchistran, ISIS 394814, ALN-PCS0Z, SX-PCK9,
and BMS-962476.
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