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TREATMENT OF HEADACHE USING ANTI-CGRP ANTIBODIES

RELATED APPLICATIONS

0001} The instant application is 2 continuation-in-part of international patent application No.
PCTAUS2020/01 2781, filed January 8, 2020, which claims priority to 118, Provisional Application
No. 627789,828, filed January 8, 2019 (Attoroey Docket No. 1143257.008600); 1.8, Provisional
Application No. 62/872,989, filed July 11, 2019 (Attorney Dockat No, [143257.008001); and 11.S.
Provisional Application No. 62/842, 162, filed May 2, 2019 (Attomey Dincket No. 1143257.009000),

all of which applications are incorporated by reference in their entireties hersin.

SEQUENCE LISTING DISCLOSURE

F0002] The instant application contains a Sequence Listing which has been submitted in ASCH
format via EFS-Web and is bereby incorporated by reference in its entirety. Said ASCH copy, created

on February 14, 2020, is named “11432570009200tx0” and is 357,541 bytes in size.

BACKGROUND

{0003} Field

{0004} This invention pertains to methods of treatment of headache disorders, such as migraine,
using antibodies and [ragments thereof (inciuding Fab fragments) that specifically bind to human
Calcitonin Gene Related Peptide (hereinafler “CGRF™). The invention also pertains to immediate
treatment of headache, e.g., chronic migraine, using antibodies and fragments therenf (including Fab
fragments) that specifically bind to human Calcitonin Gene Relnted Peptide (hereinafter “CGRP™).
{0005 Desceiption of Related Ant

{0006] Calcitonin Gene Related Peptide (CGRP) is produced as 3 multifunctional neuropeptide
of 37 amino acids in length, Two forms of CGRP, the CGRP-alpha and CGRP-beta forms, exist in
humans and have similar activities, CGRP-alpha and CGRP-beta differ by three amino acids in
humans, and are derived from different genes. CGRP is released from numerous tissues such as
trigeminal nerves, which when activated release nearopeptides within the meninges, mediating
neurogenic inflarnmation that is characterized by vasodilation, vessel leakage, and mast-celt
degradation. Durham, P.L., New Eng. /. Med., 350 (111:1073-75 (2004). Biological effecis of CGRP
are mediated via the CORP receptor (CGRP-R), which consists of a seven-transmembrane
component, in conjunction with receptor-associated membrane protein (RAMP), CGRP-R further
requires the activity of the receptor component protein (RCP), which is essential for an efficient
coupling to adenylate cyclase through G proteins and the production of cAMP. Doods, HL, Curs. Op.

{nvest. Drugs, 29126168 (20011,
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§0007] Migraines are nevrovascular disorder affecting approximately 10% of the adolt
population in the U.S., and are typically accompanied by intense headaches. CGRP is believed to
play a prominent role in the development of migraines. In fact several companies, i.e., Amgen, Eli
Lilly, Teva and Alder Biopharmaceutivals {recently acquired by Lundbeck ASS) have developed angi-
CGRP and anti-CGRP-R antibodies for use in treating or preventing mi graine headaches. The present
assignee has previously filed patent applications related to anti-CGRP antibodies and uses thereof
including published PCT Application W(/2012/162243 [iled May 21, 2012 entitled "ANTI-CGRP
COMPOSITIONS AND USE THERBOF”, published PCT Application WOR012/163257 filed May
21, 2012, entitled “USE OF ANTI-CGRP ANTIBODIES AND ANTIBODY FRAGMENTS TO
PREVENT OR INHIBIT PHOTOPHOBIA OR LIGHT AVERSION IN SUBIBCTS IN NEED
THEREGF, ESPRCIALLY MIGRAINE SUFFERERS” published PCT Application
W(2012/162253, filed May 21, 2012, entitied “USE OF ANTLCGRP OR ANTICGRP-R
ANTIBODIES OR ANTIBODY FRAGMENTS TCO TREAT OR PREVENT CHRONIC AND
ACUTE FORMS OF DIARRHEA” and published PCT Application WO/2015/003122, filed July 3,
2014, entitled "REGULATION OF GLUCOSE METABOLISM USING ANTI-CGRP
ANTIBODIES” all of which applications are incorperated by reference in their entirety.

BRIEF SUMMARY

{(008]) In one aspect, the present disclosure provides a method for treatment of migraine or
headache in & patient in the need of immediate refief of migraine or headache symptoms or for
prevention of migraine or headache in a patient in need of immediate preventative treatment of
migraine or headache, comprising intravenous administering to a patiznt in need 100 or 300 mg of an
anti-CGRF antibody comprising the light chain CDR 1, 2, and 3 polypeptide sequences of SEQID
NO: 224; SEQ ID NO: 226; and SEQ ID NO: 238,'respectiveiy and heavy chain CDR 1,2, and 3
polypeptide sequences of SEQ ID NO: 204; SEQ ID NO: 206; and SEQ ID NO: 208, respectively.
{0009} In some aspects, said patient may exhibit at least one headache andior migraine sympiom
ai the time of administration.

{00103 In sore aspects, said at Jeast one headache and/or migraine symptom may comprise ong

or more of pain, nausea, photophobia, or phonophobia.

0ot In some aspects, said at least one headache and/or migraine symptom may comprise head
pain.
f0012] In some aspects, the most bothersome symptom may be alleviated after said

administration, sach as within the first day after administration, within 12 hours after administration,
within 6 houes after administration within 5 hours after administration, within 4 hours afler
administration, within 3 houss after administration, within 2 hours after administration, or within 1
hour of afier administration, within 30 minutes after administration, or such as between 1-6 hoors

after administration,
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{{013] In some aspects, said patient may no longer have a migraine after said administration,
such as within the first day after administration, within 12 hours after adnsinistration, within 6 hours
after administration within 3 houss after administration, within 4 hours afier administration, within 3
hours after administeation, within 2 hours after administration, or within 1 bour of after
adouinistration, within 30 minutes after administration, or such as between 1-6 hours after
administration.

[0 4] In some aspects, said anti-CGRP antibody may comprise the light chain CDR 1, 2, and 3
polypeptide sequences encoded by SEQ ID NO: 234; SEQ ID NO: 236; and SEQ ID NO: 238,
respectively and heavy chain CDR 1, 2, and 3 polypeptide sequences encoded by SEQ D NO: 214,
SEQ ID NO: 216; and SEQ ID NO: 218, respectively.

{0015} In some aspects, said anti-CGRP antibody may comprise the variable light chain
polypeptide of SEQ ID NG: 222,

10163 In some aspects, said anti-CGRP antibody may comprise the variable light chain
polypeptide encoded by SEQ ID NG: 232.

{0017} I some aspects, said anti-CGRP antibody may comprise the variable heavy chain
polypeptide of SEQ 1D NQ: 202,

{0018} In some aspects, said antl-CGRP antibody may coraprise the variable heavy chain
polypeptide encoded by SEQ ID NO: 212,

[0019] In some aspecis, said anti-CGRP antibody may comprise the variable light chain
polypeptide of SEQ I NO: 222 and the variable heavy chain polypeptide of SEQ ID NO: 202.
{0020} In some aspects, said anti-CORP antibody may comprise the variable Hght chain
pulypeptide encoded by SEQ ID NO: 232 and the vadiable heavy chain polypeptide encoded by SEQ
MNO: 212

f0021] In some aspects, said anti-CGRP antibody may comprise the light chain polypeptide of
SEQ IDNO: 221,

f0022] I some aspecis, said anti-CGRP antibody may comprise the light chain polypeptide
encoded by SEQ ID NO: 231,
{0023] In some aspects, said anti-CGRP antibody may comprise the heavy chain polypeptide of

SEQ ID NO: 201 or SEQ T NO: 566,

{0024} In some aspects, said anti-CORP antibody may comprise the heavy chain polypeptide
encoded by SEQ 1D NO: 211 or SEQ Iy NO: 567,

{0025} In some aspects, said ant-CORP antibody may comprise the light chain polypeptide of
SEQ ID NO: 221 and the heavy chain polypeptide of SEQ ID NO: 201 or SEQ ID NO: 566.

[0026] In some aspects, said ant-CGRP antibody may comprise the light chain polypeptide
encoded by SEQ ID NO: 231 and the heavy chain polypeptide encoded by SEQ 1D NO: 211 or SEQ
15 NG: 567,
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4
fa27] In some aspects, said intravenous administration may be infused over a period of
approximately 30 min o 60 minutes,

{0028} In some aspects, the headache or migraine symptoms may decline or may be abolished

immediately after administration, such as within the first day after administration, within 12 hours
after adminisiration, within 6 hours after administration within 5 hours after administration, within 4
hours after administration, within 3 hours after administration, within 2 hours after administration, or
within 1 hour of after administration, within 30 minutes after administration, or such as between 1-6
hours after administration,

[06029] In some aspects, said patient may be headache free 2 hours post-completion of infusion.
{00307 In some aspects, said method may further comprise intravenously adosinistering 100 mg
of said anti-CORP antibody every 10-14 weeks, preferably every 11-13 weeks, more preferably every
12 weeks,

{0031} In some aspects, said method may further comprise intravenously administering 300 mg
of said anti-CGRP antibody every 10-14 weeks, proferably every 11-13 weeks, more preferably every
£2 weeks.

{0032] In some aspects, said anti-CGRP antibody may be comprised in a formulation comprising
or consisting of histidine (L-histidine), sorbitol, polysorbate 80, and water.

{00331 In some aspects, said formulation may comprise or may consist of, per | mil. volume, 100
mg ant-CORP antbody, 3.1 mg L-Histidine, 40.5 mg Sorbitol, and (.15 mg Pollysorbate 80, or
having amounts of each constituent within +/- 10% of said values, and having a pH of 5.8 or within
+- 10% of said value.

{6034 In some aspects, said formulation may comprise or may consist of, per | mL volume, 100
myg anti-CGRP antibody, 3.1 mg L-Histidine, 40.5 mg Sorbitol, and 0.15 mg Polysorbate 80, or
having amounts of each constituent within +/- 5% of said valuss, anddor having a pH of 5.8 or within
+i~ 5% of said value.

{0035] In some aspects, said formulation may comprise o may consist of, per 1 mb, velume, 100
my anti-CORP antibody, 3.1 mg L-Histidine, 40.5 mg Sorbitol, and 0.15 mg Polysorbate 80, or
having amounts of each constituent withio +/- 1% of said values, andfor having a pH of 5.8 or within
+- 1% of said value,

{00386} In some aspects, said formulation may comprise or ray consist of, per | mL volume, 100
mg anti-CGRP antibody, 3.1 mg L-Histidine, 40.5 mg Sorbitol, and 6.1 mg Polysorbate 80, or
having areouots of each constituent within +/- 0.5% of said values, andfor baving apH of 5.8 or
within +/- 0.5% of said value.

{0037} Int some aspects, said formulation may comprise or may consist of, per 1 mL volume, 100
mg anti-CGRP antibody, 3.1 mg L-Histidine, 40.5 mg Sorbitol, and 0.15 mg Polysochate 80, or
having amounts of each constituent within +/- 0.1% of said values, and/or having a pH of 5.8 or

within +/- 0.1% of said value,
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{0038} In some aspects, said L- Histidine in said formulation coraprises 2 mixtore of L-Histidine
and L-Histidine monchydrate. Said 3.1 mg of histidine in said formulation may comprise a mixture of
L-Histidine (1 mg) and L-Histidine monohydrate (2.8 rag), which in the final formalation sums up to
3.1 mg L-histidine free bage.

{0039] In some aspects, said formulation may be comprised in a 100 mg/ml single-dose vial
wherein each ml. contains 100 my anti-CGRP antibody, L-histidine (1 mg), L-histidine hydrochiodde
monobydrate (2.8 mg), polysorbate 80 (0,15 mg), sorbited (40.5 mg), and Water for Injection, USP, &
apHof 58

{00407 In some aspects, said formulation may be comprised i a 300 mgfmL single-dose vial
wherein each ml. containg 300 mg anti-CGRP antibody, L-histidine (1 mg), L-histidine hydrochloride
monohydrate (2.8 mg), polysorbate 80 (0,15 mg), sorbitol (40.5 mg), and Water for Injection, USP, at
a pH of 5.8.

{00413 In some aspects, said migraine or headache may be selected from the group comprising
acute migraine or headache, migraines with or without aura, chronic migraine, episodic migraine,
chronic/episodic migraine, hemiplagic migraines, cluster headaches, migrainous neuralgia, chronic
headaches, tension headaches, general headaches, headaches due to an underlying structural problem
in the head or peck, sinus headaches {such as for exarple associated with sinusitis}, and allergy-
induced headaches or migraines,

[G042] In some aspeets, said patient may exhibit a pain Jevel of at fcast 2 on the VRS-4 at the
time of administration of said antibody.

{0043] In some aspects, sald patient may exhibit a pain fevel of at least 3 on the VRS-4 at the
time of administration of said antibody.

0044} In some aspents, said patient may exhibit a pain level of at most 2 on the VRS-4
irmediately after administration, such as within the first day afier administration, within 12 hours
after administration, within 6 bours afier administration within 5 hours after administration, within 4
hours afier administration, within 3 hours after administration, within 2 hours after administration, or
within 1 hour of after administration, within 30 minutes after administration, or such as between 1-6
hours after administration,

{0045} In some aspects, said patient may exhibit a pain level at most 1 on the VRS4
immediately after administration, such as within the first day after administration, within 12 bours
after administration, within 6 hours after administration within & hours afier administration, within 4
hours after administration, within 3 hours after adnunistration, within 2 hours after administration, or
within 1 hour of after administration, within 30 minutes after administration, or such as between 1-6
hours after administration,

[0046] In soime aspects, said patient may not be administered any acute migraine medication

within a pedod of time before and after said administration, such as within 15 minutes, within 30
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minutes, within | hour, within 2 howrs, within 3 hours, within 4 hours, within 5 hours, or within 6
hours before and after said administration.

{00473 In some aspects, said acute migraine medication may comprise a triptan, an analgesic
such as non-opioids or opioids/narcotics, acetaminophen, an NSAID, a combination medication, an
ergotamine, or an ergot derivative,

{048} In some aspects, said non-opioid analgesic may comprise paracetamol {acetaminophen),
gomptise use of one or more of sumatriptan, zolmitriptan, naratriptan, rizatriptan, eletriptan,
alrootriptan, or frovatriptan; said opiotd may comprise use of one or more of oxycodone, tramadod,
butorphanel, morphine, codeine, and hydrocodone; said combination medication may comprise two
drugs with analgesic effects (for example, paracetamol and codeing), an analgesic and an adjuvant
{for example, paracetamol and caffeine) and/or said combination-analgesics may comprise at least one
oploid (such as tramadel, butorphanol, morphine, codeine, hydrocodone, or any combination thereof),
barbiturate such as butalbital, andéor caffeine, and/or said combinatinn-analgesic may comprise
acetylsalicylic acid (aspirin), paracetamol and caffeine (EXCEDRIN®, EXCEDRIN MIGRAINE®).

{00497 In some aspects, the patient may be reeeiving or has received additional migraine
medication.
{0650} In some aspects, the patient may receive additionsl migraine medication prior, concurrent

ot after administration of the anti-CGRP antibody.

[0051] In some aspects, the patient may receive additional migraine medication within a period
of time before and after said anti-CGRP antibody administration, such as within 15 minutes, within 30
minutes, within 1 hour, within 2 hours, within 3 hours, within 4 hours, within 5 hours, or within 6
hours before and after said anti-CGRP antibody administration,

[0052] In some aspects, said additional migraine medication may comprise an acute andfor a
chronic migraine medication.

0033} In some aspects, said additional migraine medication may comprise a triptan, an
analgesic such as non-opioid or opioid/narcotic, acetarninophen, an NSAID, a combination
medication, an ergotamine, or an ergot derivative,

{00341 In some aspects, said non-opioid analgesic may comprise paracetamol {acetaminophen),
acetylsalicylic acid {aspirin), another NSAID, or another non-opioid analgesic; said triptan comprises
use of one or roore of sumatriptan, zolmitriptan, naratriptan, rizatriptan, eletriptan, almotriptan, or
frovairiptan; said opioid comprises use of one or more of oxycodone, tramadol, butorphanol,
morphine, codeine, and hydrocodone: said combination medication comprises two drugs with
analgesic effects {for example, paracetamol and codeine), an analgesic and an adjuvant {for example,
paracetamol and caffeine) andfor said combination-analgesics comprises at least one opioid (such as

tramadel, butorphancl, morphine, codeine, hydrocedone, or any combination thereof), barbiturate
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such as butalbital, andfor caffeine, aad/or said combination-analgesic comprises acetylsalicylic acid
{aspirin}, paracetamol and caffeine (FXCEDRING, EXCEDRIN MIGRAINE®).
{0055} In some aspects, said anti-CGRP antibody may be expressed in or shtained by expression

in Pichin pastoris.

{0056] I some aspects, sald anti-CGRP antibody may be expressed in or obtained by expression
in CHO cells.
{0057} In some aspects, said patient may be administered 100 mg or 300 g of said anti-CGRP

antibody every three months.

{0058} In some aspects, said method may result in immediate relief of migraine or headache
symptoms,
{0059] In some aspects, said method may result in iromediate preventative treatment of migrains

or headache.

HEE The present disclosure furiher provides methods of immediate treatment of headache,
comprising administering to a pa.eiem in need an effective amount of at least one anti-CGRP antih;)dy
or antibody fragment or an anti-CGRP-R antibody or antibody fragment or one or more formulations
comprising said antibody or antibody fragment as disclosed herein, In some aspects, said antibody
may be adrinistered while said patient has » headache. In some aspects, said antibody administration
may be initiated within 1-6 bours of the onset of said headache. Tn some aspects, said headache reay
comprise migraine, e.g., episodic migraine or chronic migraine. Said headache may comprise
medication overuse headache. In some aspects, said anti-CGRP antibody or antibody fragrment AbS or
a Fab fragment thereof, having the light chain CDR 1, 2, and 3 polypeptide sequences of SEQ ID NO:
234; SEQ I NG: 226; and SEQ 1D NO: 228, respectively and the heavy chain CDR 1, 2, and 3
polypeptide sequences of SEQ ID NOG: 204: SEQ ID NO: 206; and SEQ ID NO: 208; or having the
light chain CDR 1, 2, and 3 polypeptide sequences encoded by SEQ ID NO: 234; SEQ ID NO: 236,
and SEQ I NO: 238, respectively and heavy chain CDR 1, 2, and 3 polypeptide sequences encoded
by SEQ ID NO: 214; SEQ ID NO: 216; and SEQ ID NO: 218, respectively. In some aspects, said
anti-CORP antibody may comprise the variable light chain polypeptide of SEQ ID NO: 222 and the
variable heavy chain polypeptide of SEQ ID NO: 202, Said anti-CGRP antibody may comprise the
variable light chain polypeptide encoded by SEQ ID NO: 232 and the variable heavy chain
polypeptide encoded by SEQ ID NC: 212, Said anti-CGRP antibody may comprise the light chain
pilypeptide of SEQ ID NO: 221 and the heavy chain polypeptide of SEQ ID NO: 201 or SEQ ID NO:
366. In some aspects, said anti-CORP antibody may comprise the ght chain polypeptide encoded by
SEQ ID NO: 231 and the heavy chain polypeptide encoded by SEQ ID NO: 211 or SEQ ID NO: 567.
In some aspects, said anti-CGRP antibody may comprise the antibody expression product jsolated
from recombinant cells which express nucleic acid sequences encoding the variable light chain
polypeptide of SEQ ID NO: 222 and the variable heavy chain polypeptide of SEQ ID NO: 202, which

polypeptides optionally are respectively linked to human fight and heavy constant region
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polypeptides, e.g., human IgGl, IgG2, IgG3 or 1gG4 constant regions, which constant regions
eptionally may be modified to alter glycosylation or proteolysis, wherein said recombinant cells
uptionally comprise yeast or mammalian cells, e.g., Pichia pastoris or CHO cells. In sorg aspacts,
said anti-CGRP antibody may comprise the antibody expression product isolated from recombinant
cells which express nucleic acid sequences encoding the light chain of SEQ 1D NO: 221 and the
heavy chain polypeptide of SEQ 1D NO: 201 or SEQ 1D NO: 566, wherein said recombinant cells
optionally comprise yeast or mammalian cells, e.g., Pichia pastoris or CHO cells, wherein the
constant regions thereof optionally may be modified to alter glycosylation or proteolysis or other
effector functions. In some aspects, any of the aforementioned anti-CGRF antibodies or antibody
fragmeats, preferably Ab&, may be optionally comprised in a formulation as disclosed herein, e.g.,
comprising histidine {L-histidine}, sorbitol, polysorbate 80, such as, per | mL volume, about 100 mg
anti-CGRP antibody, about 3.1 mg L-Histidine, about 40.5 mg Sorbitol, and about 0.15 mg
Polysorbate 80, having a pH of about 5.8. In some aspects, said administered dosage of said antibody
may be between about [00 mg and about 300 mg, such as about 100 mg, about 300 mg, 100 mg, or
300 mg. In some aspects, said dosage may be administered by different means, e.g., intravenously,
€.8., in a saline solution such as (.9% sodium chioride in a suitable volume, such as 100 mb.

{0061} In some aspects, said patient may exhibit less than 25 headache days per month, less than
28 headache days per month, less than 13 headache days per month, or less than 10 headache days per
month. For example, said patient may exhibit Jess than 14 headache days, less than headache 13 days,
less than headache 12 days, less than headache 11 days, less than 10 headache days, less than 9
headache days, less than 8 headache days, less than 7 headache days, or less than 6 headache days per
month. In some aspects, said patient may exhibit between 2-15 headache days, e.2., 3-14 headache
days, 4-13 headache days, 3-12 headache days, 6-11 headache days, or 7-10 headache days/month.
{0062} In some aspects, said patient may exhibit less than 10 migraines per month, such as
between 1-9 migraines per month, such as between 2-8 migraines per month, between 3-7 migraine
per month, between 4-6 migraine per month, or about 5 migraines per month. In some aspects, said
patient may exhibit fewer than | migraine per month on average, e.g., on average one migraine every
< months, ong every 3 months, one every 4 or 6 months, or intermediate values such as 2 every 3
months, etc. In some aspects, said migraine may be diagnosed in accord with the JCHD-3 guidelines.
{00633 In exemplary embodiments, said headache may comprise medication overuse headache.
Said medication overuse headache may be determined based on nweeting the following criteria; (a)
headache occurring on 15 or rore days/month in a patient with a pre-existing headache disorder; and
{b) overuse for more than 3 months of one or more drugs that can be taken for acute and/or
symptomatic treatment of headache.

{0064} Tn some embodiments, said overuse may comprise use of an ergot alkoid (e.g.,
ergotamine) on 10 or more days/month, use of a triptan on 10 or more days/menth, use of one or more

non-opiotd analgesics (such as paracetamo! (acetaminophen), acetylsalicylic acid (aspirin), another
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NSAID, or another non-opioid analgesic on 15 or more days/month, use of one or more combination-
analgesics {as further deseribed below) on 10 or more days/month, use of one or more opisids on 10
or more daysfmonth, or use of a combination of two or more drug classes (as further described below)
on 10 or more daysfmonth,

{0065} In the methods herein, said triptan may include, withowt limitation thereto, any one of or
any combination of triptans such as sumatrptan, rolmitriptan, naratriptan, rizatriptan, eletriptan,
almoiriptan, and frovatriptan, among others.

{0066} In some aspects, said medication overuse headache may cornprise ergotamine-overuse
headache, triptan-overuse headache, non-opicid analgesic-overuse headache, opioid-overuse
headache, combination-analgesic-overuse headache, medication-overuse headache attributed to
maftiple drug classes not individually overused, medication-overuse headache attributed to
unspecified or unverified overuse of multiple drug classes, or medication-overuse headache attributed
to other medication,

{00671 In somoe aspects, saiid non-opiold analgesic-overuse headache may comprise paracetamol
{acetaminophen)-overuse headache, non-steroidal anti-inflammatory drug (NSAID)-overuse headache
such as acetylsalicylic aeid (aspirin}-overuse headache or ibuprofen-overuse headache, or another
non-opioid analgesic-overuse headache,

{0068] In some aspecty, said ergolamine-overase headache may comprise headache occurring on
15 or oove days/month i 2 patient with & pre-existing pdmary headache and developing as a
consequence of regular use of an ergot alkaloid such as ergotamine on 10 or more days/month for
more than 3 months.

{0069] Int the methods herein, said ergot alkaloid may comprise ergotamine, nicergoline,
methysergide, or dihydroergotamine, or may comprise an ergot derivative.

{0070] In sume aspects, said triptan-overuse headache may comprise headache occurring on 15
or mote days/month in a patient with a pre-existing primary headache and developing as a
consequence of regular use of one or more triptans on 10 or more days/month for more than 3 months.
1671} In some aspects, said non-opicid analgesic-overuse headache may comprise headache
ocourring on 15 or more days/month in a patient with a pre-existing primary headache and developing
a8 a consequence of regular use of one or more non-opioid analgesics (such as paracetamol
(acetaminophen), soetylsalicytic acid (aspirin}, ibuprofen, another NSAID, or another non-opioid
analgesic} on 15 or more days/month for more than 3 months.

{007 In the methods herein, said NSAID may comprise any NSAID or combination thereof,
including without limitation thersto, iboprofen, naproxen, or indomethacin.

{00733 In some aspects, said combination-analgesic-overuse headache may comprise headache
occurring on 15 or more days/month developing as a consequence of regular use of one or more
combination-analgesics on 10 or more days/month for more than 3 months. In the context of

medication overuse headache, the term combination-analgesic refers to formulations combining drugs
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of twa or move classes, each with analgesic effects (for example, paracetamol and codeine) or
analgesics in combination with agents acting as adjuvants (for example, caffeine). Commonly
overused combination-analgesics combine non-opicid analgesics with at least one opioid, barbiturate
such as butalbital and/or caffeine. In exemplary embodiments, the combination-analgesic overuse-
headache is due to the combination of acetaminophen, aspirin, and caffeine, e.g., EXCEDRIN ® or
EXCEDRIN MIGRAINE ®. Other known combination analgesics comprise an analgesic in
combination with at least one non-analgesic, e.g., with a vasseonstrictor drug such ag
pseudoephedrine for sinus-related preparations, antihistarine drug used to treat allergy sufferers, etc.
{0074] In some aspects, sald opioid-overase headache may comprise headache oceurring on 18
or more days/month i a patient with a pre-existing primary headache and developing as a
vonsequence of regular use of one or more opioids 10 or more days/month for more than 3 months.
f07 5] In some aspects, said medication-overuse headache attributed v multiple drug classes not
individually overused may comprise headache occurring on 135 or more days/month in a patient with a
pre-existing primary headache and developing as a result of regular intake of any combination of
ergotamine, triptans, non-opioid analgesics and/or opioids on a total of at least 10 days/month for
more than 3 maonths without overuse of any single drug or drug class alone,

{0076} In the methads herein, said opicid may be any one or any combination of opinid drugs,
including without imitation thereto, oxycodene, tramadol, butorphanol, marphine, codeine,
hydrocodone, thebaing, oripavine, mixed opium alkaloids such as papaveretum, diacetylmarphing,
nicomorphine, dipropanoylmorphine, diacetyldibydromorphine, acetylpropionyimorphine,
desomorphine, methyldesorphine, dibenzoylmorphine, ethylmorphine, heterocodeine, buprenorphine,
etorphine, hydromorphone, oxymorphone, fentanyl, alphamethyifentanyl, alfentanil, sufentanil,
remifentanil, carfentanyl, ohmefentanyl, pethidine (meperidine), ketobemidone, MPPP, allylprodine,
prodine, PEPAP, promedol, diphenylpropylamine, propoxyphene, dextropropoxyphene,
dextromoramide, bezitramide, piritramide, among others.

{0077} In some aspects, said medication-overuse headache attributed (o unspecified or unverified
overuse of multiple drug classes may comprise headache cecurring on 15 o more days/month i a
patient with a pre-existing primary headache and developing as a result of regular intake of any
combination of ergotamine, triptans, non-opioid analgesics and/or opioids on at least 10 days/month
for more than 3 months, wherein the identity, quantity andfor pattern of use or overuse of these classes
of drug is not reliably established.

{0078] In some aspects, said medication-overuse headache altributed to other medication may
comprise headache occurring on 15 or more days/month in a patient with a pre-existing primary
headache and developing as a result of regular intake of one or more medications other than those
described above, taken for acute or symptomatic ireatment of headache, on at least 10 days/month for

more than 3 months.
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{0079 The amount and duration of medication use may be determined utilizing known methods,
such as the usage reported by the patient or a relative, a diary, medical records, drug purchase history,
prescription fulfilment, biomarkers of medication use, incidence of medication toxicity, incidence of
medication overdose, andfor other judicators of a patient's medication use.

[O080] The present disclosure provides methods of treating or preventing probable medication
overuse headache, comprising administering o a patient in need an effective amount of an anti-CGRP
antibody or anti-CORP antibody fragment or one or more formelations comprising said anti-CORP
antibody or anti-CGRP antibody fragment as disclosed herein. In some aspects, safd anti-CGRP
antibody Ab6, baving the light chain CDR 1, 2, and 3 polypeptide sequences of SEQ I NO: 224;
SEQ ID NO: 226; and SEQ XD NO: 228, respectively and the heavy chain CDR 1,2, and 3
polypeptide sequences of SEQ 1D NO: 204; 8EQ 1D NO: 206, sad SEQ 1D NO: 208; or having the
light chain CDR [, 2, and 3 polypeptide sequences sncoded by SEQ 1D NO: 234; SEQ IDy NG: 236:
and SEQ ID NO: 238, respectively and heavy chain CDR 1, 2, and 3 polypeptide sequences encoded
by SEQ ID NO: 214; SEQ ID NO: 216; and SEQ ID NO: 218, respectively. In some aspeets, said
anti-CORP antibody may comprise the variable fight chain polypeptide of SEQ ID NO: 222 and the
variable heavy chain polypeptide of SEQ ID NG: 202, Said anti-CGRP antibody may comprise the
variable light chain polypeptide encoded by SEQ ID NO: 232 and the variable heavy chain
polypeptide encoded by SEQ ID NO: 212, Said anti-CGRP antibody may comprise the light chain
polypeptide of SEQ ID NO: 221 and the heavy chain polypeptide of SEQ ID NO: 201 or SEQ ID NO:
366, In some aspects, said anti-CGRP antibody may comprise the Hght chain polypeptide encoded by
SBEQ I NO: 231 and the heavy chain polypeptide encoded by SEQ ID NG: 211 or SEQ ID NG 367,
In some aspects, said anti-CORP antibody may comprise the antibody expression product isolated
from recombinant celis which express nucleic acid sequences encoding the variable light chain
polypeptide of SEQ ID NG 222 and the variable heavy chain polypeptide of SEQ ID NO: 202, which
polypeptides optionally are respectively Hinked o human light and heavy constant region
polypeptides, e.g., human IgG1, IgG2, 1gG3 or Ig(G4 constant regions, which constant regions
optionally may be modified to alter glycosylation or proteolysis, wherein said recombinant cells
optionatly comprise yeast or mammalian cells, e.g., Pichia pastoris or CHU cells. Said anti-CGRP
antibody may comprise the antibody expression product isolated from recombinant cetls which
express nucleic acid sequences encoding the light chain of SEQ ID NO: 221 and the heavy chain
polypeptide of SEQ I NO: 201 or SEQ ID NO: 566, wherein said recombinant celis optionally
comprise yeast or marmmalian cells, e.g., Pichia pastoris o CHO cells, wherein the constant regions
thereof optionally may be modified to alter glycosylation or proteolysis or other effector functions.
Any of the aforementioned anti-CGRP antibodies or antibody {ragments, preferably AbS, may be
optionally comprised in a formulation as disclosed herein, e.g., comprising histidine (L-histidine),
sorbitol, polysorbate 80, such as, per | mi volume, about 100 mg anti-CGRP antibody, ahout 3.1 mg
1~Histidine, about 40.5 mg Sorbited, and about 0.15 mg Polysorbate 80, having a pH of about 5.8, The
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administered dosage of said antibody may be between about 100 mg and about 300 mg, such as about
100 rag, about 300 mg, 100 mg, or 300 mg. The dosage may be administered by different means, e.g.,
intravenously, e.g., in a saline solution such as (.9% sodium chioride in a suitable volume, such as
100 mL. Probable medication oversse headache refers (o criteria () and (b} not being entirely
fulfilled, e.g., having at least 0% or at least 90% of the specified number of headache days andfor
medication use days per menth, andfor over a shorter time perind such as at least 2 months, optionally
in the absence of another ITHD-3 diagnosis,

{0081} In somne aspects, said medication-overuse headache {such as ergotamine-overuse
headache, triptan-overuse headache, non-opioid analgesic-overuse headache, opioid-overuse
headache, combination-analgesic-overuse headache, medication-overuse headache attributed to
multiple drug classes not individually overused, medication-overuse headache attributed o
unapecified or unverified overuse of multiple drug elasses, or medication-overuse headache attributed
to other medication) may be diagnosed according to the third edition of the International
Classification of Headache Disorders (JCHD-3), See Headache Classification Committee of the
International Headache Society (IHS), The International Classification of Headache Disorders, 3rd
edition, Cephalalgia. 2018 Jan;38(1 :1-211, which is hereby incorporated by reference in its entirety.
0082} Herein, the criterion that a headache ocours "as 3 conseguence of” over use of a
medication or medications refers to the apparent association between the madication(s) overuse and
the headache, .g., that the medication(s} overuse and headache are present at the above-specified
frequency such that cassation may be presumed.

{6083} The present disclosure also provides methods of treating chronic migraine, comprising
intravenously administering to a patiznt in need thereof 4 first dosage comprising between about 100
mg and about 300 mg of an anti-CGRP antibody, wherein said anti-CGRP antibody preferably
comprises the light chain polypeptide of SEQ ID NO: 221 and the heavy chain polypeptide of SBEQ ID
NO: 201 or 566, wherein in the first 24 hours after administration of said first dosage the patient
exhibits ai least a 50% reduction in migraine prevalence,

{0084] In another aspect, the disclosure provides methods of reating chronic migraine,
comprising intravenously administering 1o 4 patient in need thereof & first dosage comprising between
about 100 mg and about 300 mg of an anti-CGRP antibody, wherein said anti-CGRP antibody
preferably comprises the light chain polypeptide of SEQ ID NO: 221 and the heavy chain polypeptide
of SEQ 1D NO: 201 or 566, wherein on the first day following the day of administration the patient
exhibits at least a S0% reduction in migraine prevalence.

10085} In some exemplary embodiments, the dosage, e.g., the first dosage, of said anti-CGRP
antibody may be 100 mg.

{01186} In other exemplary embodiments, the dosage, e.g., the first dosage, of said anti-CGRP

antibody may be 300 mg,
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{0087 In other exeraplary embodiments, the method may further comprise intravenously
adrinistering 100 mg of said anti-CGRP antibody every 10-14 weeks, preferably every 11-13 weeks,
miore preferably every 12 weeks.

{1088} fn other exemplary embodiments, the method may further comprise intravenously
administering 310 mg of said anti-CGRP antibody every 10-14 wesks, preferably every 11-13 waeks,
more preferably every 12 weeks.

{0089} The antibody may be provided or administered in « formulation as disclosed herein, e.g.,
comprising histidine {L-histiding], sorbitol, polysorbate 80, such as, per | mL. volume, about 100 mg
anti-CGRP antibody, about 3.1 mg L-Histidine, about 40.5 mg Sorbitol, and about 8.15 mg
Polysorbate 80, having a pH of about 4.8,

{0090] Prior to said first dosage, the patient may exhibit between about 10 and about 22 migraine
days per month, such as between abowt 13 and about 19 migraine days per month, such #s abowt 18
mgraine days per month.

{6091} Prior to said {irst dosage, the patient may exhibit between about 14 and about 27
headache days per month, such as between sbout §7 and about 24 headache days per month, such as
about 20 or about 21 headache days per month.

{0092} In some embodiments, the patient may have been diagnosed with migraine at least 10
yeurs prior to said first dosage, such as af least 13 years prior to said first dosage, such as at least 18 or
at least 19 years prior to said first dosage.

[0093] In some embodiments, the patient may have been diagnosed with chronic migraine at
feast 3 years prior to said first dosage, such as at least § years prior to said frst dosage, such as at least

F1or at least 12 years prior to said first dosage.

{GG94] In some embodiments, the paticnt may bave a headache when administered said first
dosage.
{00935] In some embodiments, the patient may have a migraine, such as a migraine with aura,

when administered said first dosage.

f0086] In some embodiments, the patient may have a reduction in the number of migraine days
by at least 30% in the one mooth period afier being administered said first dose relative to the baseline
number of migraine days experienced by that patient prior 1o said first dose,

{00eT] In some embodiments, the patient may have  reduction in the number of migraine days
by at least 75% in the one month period after being administered said first dose relative to the baseline
number of migraine days experienced by that patient prior to said first dose,

{G098] In some embodiments, the patient may have a reduction in the number of migraine days
by 100% in the one month perind afler being administered said first dose relative to the baseline

nurabier of migraine days experienced by that patient prior to said first dose.
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{0089} In some embodiments, the patient may have a reduction in the number of migraine days
by at least 30% in the 12 week period after being administered said first dose relative to the baseline
number of migraine days experienced by that patient prior fo said fiest dose.

[0100) In some embodiments, the patient may have a reduction in the number of migraine days
by at teast 73% in the 12 week period after being administersd said first dose relative to the baseline
number of migraine days experienced by that patient prior to said first dose.

{0131} In some embodiments, the patient may have a reduction in the number of migraine days
by [00% in the 12 week period after being administered said first dose relative to the baseline number
of migraine days experienced by that patient prior to said first dese.

f0102] In some embodiments, the method may further comprise administering, e.g.,
intravenously, a second doss of said anti-CGRP antibody to said patient within abowt 10-14 weeks,
preferably 11-13 weeks, more preferably about {2 weeks or about 3 months, after said frst dose,
{0103} In some embodiments, said first dose may comprise about 100 mg, about 125 mg, about
150 mg, about 175 mg, about 200 my, about 225 mg, about 250 mg, about 275 mg, or about 300 mg
of said anti-CGRP antibody. "

{3104} In some embodiments, said patient may be 3 chronic migraine patient or episodic
migraine patient at risk of developing medication overnse headache. Said patient may use acute
headache medication on at least 1, 2,3, 4, 5,6, 7, 8, 9, or 10 day(s) per month. Said patient may use
acute headache medication on at least 10 days per month, Optionally said acute medication use is
determined over a baseline period of at least 28 days. Said acute medication use may be reported by
the patient, a caregiver, or based on records. Said acute medication may comprise use of ergot
alkaloids, triptans, non-opioid analgesics, acetaminophen, aspirin, NSAIDs, non-opieid analgesics,
combination-analgesics, or opicids.

(0105} In some embodiments, prior (o said administration, the patient may exhibit between about
15 and about 30 migraine days per month, such as between about 16 and about 28 migraine days per
month, such as between abhout 17 and about 26 migraine days per month, such as about 16 migraine
days per month.

{0106] In some embodiments, prior to said administration, the patient may exhibit between ahout
£5 and about 27 headache days per month, such as between about 17 and about 24 headache days per
month, such as about 20 or about 21 headache days per month.

{0107} In some embodiments, said patient may have been disgnosed with migraine at least {0
years prior to said administration, such as at least 15 years prior to said administration, such as at leayt
18 or at Jeast 19 years prior to said administration,

{0108} in some embodiments, said patient may have been diagnosed with chronic migraine at
teast 5 years prior to said administration, such as at least 8 years prior to said administration, such as

at least 11 or at least 12 years prior to said administration,
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§0109] In some embodiments, said patient may have a reduction in the number of migraine days
by at least 50% in the one month period after being administered said antibody relative to the bascline
number of migraine days experienced by that patient prior to said administration,

{01103 In some embodiments, said patient may have a reduction in the number of migraine days
by at least 75% in the one month period after being administered said antibody relative to the baseling
number of raigraine days experienced by that patient prior fo said administeation,

{111} i some embodiments, said patient may have a reduction in the number of migraine days
by H30% in the one month period after being administered said aniibody relative to the baseline
number of migraine days experienced by that patient prior to said administration.

{0112} In some embodiments, said patient may have a reduction in the number of migraine days
by at least 30% in the 12 week period after being adounistered said antibody relative (o the baseline
number of migraine days experienced by that patient prior to said administration.

{6113] In some embodiments, said patient may have & reduction in the number of migraine days
by at feast 75% in the 12 week period after being administered said antibody relative to the baseline
number of migraine days experienced by that patient prior to said administration.

[0114] In some embodiments, said patient may have a reduction in the number of migraine days
by [00% in the 12 week period after being administered said antibody refative to the baseline number
of migraine days experienced by that patient prior i said administration.

f0115] In some embodiments, said method may further comprise administering, e.g.,
intravenously, a second dose of said anti-CGRP antibody to said patient within about 10-14 weeks,
preferably 11-13 weeks, more preferably about 12 weeks or about 3 months, after said administration.
U In some embodiments, said administration may comprise about 100 mg, about 125 mg,
about 150 mg, about 173 mg, about 200 mg, about 223 mg, about 250 mg, about 275 myg, or about
300 mg of said anti-CGRP antibody,

7 In some embodiments, said anti-CGRP antibody may be aglycosylated or if glycosylated
only may contain only mannose residues.

{0118} In some embodiments, said anti-CORP antibody may consist of the light chain
polypeptide of SEQ ID NO: 221 and the heavy chain polypeptide of SEQ 1D NO: 201 or SEQ ID NO:
366. Said anti-CORP antibody may consist of the Hght chain polypeptide encoded by SBQ ID NO:
231 and the heavy chain polypeptide encoded by SEQ ID NO: 211 or SEQ ID NO: S67.

{0119} in some enbodiments, said anti-human CGRP antibody or antibody fragment comprises
the variable Hght chain of SEQ ID NO: 222 andfor the variable heavy chain of SEQ 1D NG: 202. In
some embodiments, said anti-human CGRP antibody or antibody fragment comprises the variable
light chain encoded by SEQ ID NO: 232 andfor the variable heavy chain encoded by SEQ ID NO:
282,

0120} In some embodiments, said anti-human CGRP antibody or antibody fragment comprises

the fight chain of SEQ 1 NC: 221 andfor the heavy chain of SEQ D NO: 201 or SEQ ID NO: 566.
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In some embodiments, said anti-human CGRP antibody or antibody fragment comprises the light
chain encoded by SEQ [D NO: 231 andfor the heavy chain encoded by SEQ ID NO: 211 or SEQ ID
NO: 567,

{6121} fn some embodiments, said anti-CGRP antibody may comprise the antibody expression
product isolated from recombinant cells which express nucleic acid sequences encoding the VL
polypeptide of SEQ I NO: 222 and the VH polypeptide of SBEQ ID NG: 202, which polypeptides
optionally are respectively Hnked to buman light and heavy constant region polypeptides, e.g., human
g1, 132, 1gG3 or IgG4 constant regions, which constant regions optionally may be modified to
alter ghyeosylation or proteolysis, wherein sald recombinant cells optionally comprise yeast or
mammalian cells, e.g., Pickia pastoris or CHO cells,

{0122] In some embodiments, said anti-CGRP antibedy may comprise the antibody expression
preduct fsolated from recombinant cells which express nucleic acid sequences encoding the Hght
chain of SEQ ID NO: 221 and the heavy chain polypeptide of SEQ ID NO: 201 or SEQ ID NO: 566,
wherein said recombinani cells optionally comprise yeast or maromalian cells, e.g., Pichia pasioris or
CHO cells, wherein the constant regions thereof optionally may be modified to alter glycosylation or
protendysis or other effector functions.

{01233 In some embodiments, any of the aforementioned anti-CGRP antibodies or antibody
fragmenis may be comprised in a formulation as disclosed herein, e.g., comprising histidine (L-
histidine}, sorbitod, polysorbate 80, such as, per I mi volume, about 100 mg ant-CGRP antibody,
about 3.1 mg L-Histidine, about 40.5 mg Sorbitol, and about 0.15 mg Polysorbate 80, having a pH of
about 5.8. The antibody or fragmant may be administered by different means, e.g., intravenously,
e.g., in a saline solution such as 0.9% sodium chioride in a suitable volume, such as 100 ..

{0124) In some embodiments, about 100 mg, about 125 mg, about 150 myg, sbout 175 mg, about
208 mg, about 225 mg, about 230 mg, about 273 myg, or about 300 mg of said anti-CGRP antibody or
antibody fragment is administered, e.g., intravenously.

{0125] In viher embodiments, about 100 mg of said anti-CGRP antibody or antibody fragment is
administered.

{11267 In other embodiments, about 300 mg of sald anti-CGRP antibody or antibody fragment is
administered, «.g., intravenously.

0127} In exeroplary embodiments, the anti-human CGRP antibody or antibody fragment is
administered, e.g., intravenously at a frequency which is at most every 10-14 weeks, preferably every
11-13 weeks, more preferably every 3 months or every 12 wesks, wherein the antibody dosage is
administered in a single formulation or divided into different formulations which are administered at s
frequency of approximately every 10-14 weeks, preferably every 11-13 weeks, maore preferably every
3 months or every 12 weeks. The phrase “the antibody dosage is administered in 2 single formulation
or divided into different forrmudations” refers to the administration of the recited amount of antibody

within a relatively short period of time, e.g., within 4 period of several hours, e.g., 1 fo 8 hours, about
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one day, within about two days, or within about one week, which may be by the same or different
roules {e.g., L.v., Lm., andfor ..}, siies of administration. The term “different formulations”™ in this
context refers to antibody dosages that are administered at different times andfor at different sites
and/or different routes, irrespective of whether the dosages are the same or different with respect to
the chemical composition of the pharmaceutical formulation in with each dosage {5 administered; for
example, the concentration, excipients, carriers, pH, and the like may be the same or different
between the different sdministered dosages.

f0128] Int other exemplary embodiments, the anti-human CGRP antibody or antibody fragment
dosage is administered in a single formulation or divided into different formulations which are
administered at a frequency of approximately every 8 weeks or every 2 months,

{0129] In other exemplary embodiments, the anti-human CGRP antibody or antibody fragment
dosage is administered in a single formulation or divided into different formulations which are
administered at 3 frequency of approximately every 10-14 weeks, preferably every 11-13 weeks, more
preferably every 12 weeks or every 3 months.

303 I other exemplary embodiments, the anti-human CGRP antibody or antibody fragment
dosage is adminisicred in a single formulation or divided into different formalations which are
administered at a frequency of approximately svery 16 wesks or every 4 months,

{0134 In other exemplary embodiments, the anti-buman CGRP antibody or antibody fragment
dosage is administered in 2 single formulation or divided into different formulations which are
administered at g frequency of approximately every 20 weeks or every § months.

{0132} In other exemplary embodiments, the anti-human CORP antibody or antibody fragment
dosage is adninistered in 3 single formolation or divided into different formulations which are
administered at 1 frequency of approximately every 24 weeks or every 6 months.

[0133] In other exemplary embodiments, the ant-humaen CGRP antibody or antibody fragment
dosage is admuinistered in a single formulation or divided into different formulations which are
administered at a frequency of approximately every 28 weeks or every 7 months.

{0134] In other exemplary embodiments, the anti-huoman CGRP antibody or antibody fragiment
dosage is administered in a single formulation or divided into different formulations which are
administersd ai a frequency of approximately every 37 weeks or every 8 months,

0135} I other exemplary embodiments, the anti-human CGRP antibody or antiboady fragment
dosage is administered in 4 single formulation or divided into different formulations which are
administered at a frequency of approximately every 36 weeks or every 9 months. .

[0136] In other exemplary embodiments, the anti-human CGRP antibody or antibody fragment
dosage is administerad in a single formulation or divided into different formulations which are

administered at a frequency of approximately every 40 weeks or every 8 months,
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{0137} In other exemplary embadiments, the anti-human CGRF antibody or antibody fragment
dosage is administerad in a single formulation or divided into different formulations which are
administered at 2 frequency of approximately every 44 weeks or every ¢ months.

{0138] In other exemplary embodiments, the anti-human CORP antibody or antibody fragment
dosage is administered in a single formulation or divided into different formulations which are
administered at a frequency of approximately every 48 waeks or every 10 months.

{0139] In other exemplary embodiments, the anti-buman CORP antibody or antibody fragment
dosage is administered in a single formulation or divided into different formulations which are
administered at a frequency of approximately svery 52 weeks or every 11 months.

{3140y In other exemplary embodiments, the anti-burean CGRP antibody or antibody fragment
dosage is administered in a single formolation or divided into different formulations which are
administered at a frequency of approximately every 56 weeks or every 12 months,

614143 In other exemplary embodiments, the anti-human CGRP antibody or antibody fragment
dosage is administered in a single formuolation or divided into different formulations which are
administered at a frequency of approximately every 15-18 months.

{0142] In other exemplary embodiments, the anti-human CGRP anubody or antibody fragment
dosage is administered in a single formulation or divided into different formulations which are
adrninistered at a frequency of approximately every 18-21 months.

{0143} In other exemplary embodiments, the aoti-human CORP antibody dosage or antibody
fragment used in the afore-mentioned methods is administered in a single formulation or divided into
different formulations which are administesed at a frequency of approsimately every 2 years.
{0144} In other exemplary embodiments, the anti-human CORP antibody used in the afore-
mentioned methods is administered systemically,

{01435] In other exemplary embodiments, the anti-human CGRP antibody or antibody fragment
used in the afore-mentioned methods is adrinistered by a mode of administration is selected from
intravenous, intramuscular, intravenous, intrathecal, intracranial, topical, intranasal, and oral. Ina
preferred embodiment, the anti-human CGRP antibody or antibody fragment used in the afore-
mentioned methods is administered intravenously.

[G146] In other exemplary embodiments, the anti-human CGRP antibody ased in the afore-
mentioned methods bas an in vive half-life of at least 10 days.

{6147} In other exemplary embodiments, the anti-human CGRP antibody has an in vive half-life
of at least 15 days, .

[{(148] In other exemplary embodiments, the anti-human CGRP antibody used in the afore-
mentioned methods has an i vive balf-life of at least 20 days.

[3149] In other exemplary embodiments, the anti-human CGRP antibody used in the afore-

mentioned methods has an i vive all-life of at least 20-30 days.
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{0150} In other exemplary embodiments, the anti-human CGRP antibody is adminisiered at a
dosage of between about 100 mg and about 300 mg has an in vive half-life of £ 20% of at Ieast about
{284 # 44 hours).

[0151] In other exemplary embodiments, the anti-human CGRP antibody used in the afore-
mentioned methods binds to human o- sud fCGRP.

{0152} In other exemplary embodiments, the administered anti-human CGRP antibody dosage
resulis in the inhibition of vasodilation induced by topically applied capsaicin at least 30 days after
antibody administration.

{0153} In other exemplary embodiments, the administered anti-human CGRP antibody dosage
results in the inhibition of vasadilation indoced by wpically applied capsaicin at jeast 60 days after
antibody administration.

{0154} In other exemplary embodiments, the administered anti-human CGRP antibody dosage
results in inhibition of vasadilation induced by twpically applied capsaicin at least 960 days after
antibody administration.

{0155] In other exemplary embodiments, the administered anti-human CORP antibody dosage
results in the inbibition of vasodilation induced by topically applied capsaicin at least 120 days after
antibody administration. .
{0156] In other exemplary embodiments, the administered anti-buman CGRP antibody dosage
results in the inbibition of vasoditation induced by topicafly applied capsaicin at keast 130 days after
antibody administration.

(01873 In other exemplary embodiments, the administered anti-human CGRP antibody dosage
results in the inbibition of vasodilation induced by topically applied capsaicin at least 180 days after
antibody administration.

[0158) In other exemplary embodiments, the administered anti-human CGRP antibody dosage
resulis in the inhibition of vasodilation induced by topically applied capsaicin more than 180 days
after antibody administration.

[0159] In other exemplary smbodiments, the administered anti-human CORP antibody dosage
resules in sustained pharmacodynamic {PK) activity, within 3% of the maximal response (Imax) (as
compared to Jower antibody doses).

{01601 In other exemplary embodirnents, the administered anti-human CORP antibody dosage
results in sustained pharmacodynamic (PK) activity which is maintained for at least 2-3 months after
antibody administration, wherein PK analysis of the anti-human CGRP antibody is derived from
plasma concentrations.

[0161] In other exemplary embodiments, the administered anti-human CGRP antibody dosage is
between about 100 mg and about 300 mg or more which is administered no more frequently than

every 2 months,
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{0162] The present invention is additionally directed to the use of specific antibodies and
fragments thereof having binding specificity for CORP, in particular antibodics having desired
epitopic specificity, high affinity or avidity andfor functional properties. A preferred embodiment of
the invention is directed to usage of chimeric or humanized antbodies and fragments thereof
(including Fab fragments) capable of binding to CGRP and/or inhibiting the binlogical activities
mediated by the binding of CGRP to the CGRP receptor (“CGRP-R”) e.g., wherein such antibodies
optionally are derived from recombinant cells engineered to express same, optionally yeast or
mammalian cells, further optionally Pichia pasioris and CHO celis.

[0163] In another preferred embodiment of the fnvention, full length antibodies and Fab
fragments thersof are contemplated that inhibit the CGRP-alpha-, CGRP-beta-, and rat CGRPdriven
production of cAMP. In a further preferred embodiment of the invention, full length and Fab
fragments thereol are contemplated that reduce vasodilation in a reciplent following administration.
[0164] The invention also contemplates usage of conjugates of angi-CGRP antibodies and
binding fragments thereof conjugated to one or more functional or detectable mojeties. The invention
alsir contemplates usage of chimeric or humanized anti-CORP or anti-CORP/CGRP-R complex
antibodies and binding fragments thereof. In one embodiment, binding fragments include, but are not
limited to, Fab, Fab', Flab');, Py, scFv fragments, SMIPs {small molecule §mmumphamxacegitimis),

camelbodies, nanobodies, and IgNAR.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0165] FiGs. 1A-1IF provide the polypeptide sequences of the full-length heavy chain for
antibodies Ab1-Abld with their framework regions (FR), complementarity determining regions
{CDRsj, and constant region sequences delimited.

[3166] FiGs. 2A-2D provide the polypeptide sequences of the full-length light chain for
antibodies Abl-Abl4 with their framework regions (FR), complersentarity determining regions
{CDRs}, and constant region sequences delimited.

[0157) FiGs. 3A-3P provide exemplary polynucieotide sequences encoding the full-length heavy
chain for antibodies Ab1-Abld with their framework regions (FR}, complementarity determining
regions (CDRa), and constant region coding sequences delimited.

[0i68] FI6s. 4A-41 provide exemplary polynuclentide sequences encoding the full-length tight
chain for antibodies Ab1-Ab1i4 with their framework regions (FR), complementarity determining
regions (CDRs), and constant region coding sequences delimited,

{0169] FIG. & provides the polypeptide sequence coordinates within the full-length heavy chain
polypsptide sequences of antibodies Abl-Ab14 of sequence features including the variable region and

complementarity determining regions (CDRs), and the SEQ ID NO of each individual featuce.
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FO170) F1G. 6 provides the polypeptide sequence coordinates within the full-length heavy chain
polypeptide sequences of antihodies AbI-Abl4 of sequence features including the framework regions
{FRs} and constant region, and the SEQ ID NO of each individual feature,

{0171} FIG. 7 provides the polypeptide sequence coordinates within the full-length light chain
polypeptide sequences of antibodies Ab1-Ab14 of sequence features including the variable region and
complementarity determining regions ({CDRs), and the SEQ ID NO of each individual feature.

{0172} FIG, 8 provides the polypeptide sequence covrdinates within the fufl-length light chain
polypeptide sequences of antibodies Ab1-Ab14 of sequence features including the framework regions
(FRs} and constant region, and the SEQ ID NO of each individual feature,

{0173] FIG. 9 provides the polynucleotide sequence coordinates within the exemplary
polynuclectide sequences encoding the full-length heavy chain polypeptide sequences of antibodies
Abl-Abl4 of sequence features including the variable region and complementarity determining
regions {CDRs), and the SEQ 1D NO of each individual feature,

{01743 FIG. 18 provides the polynucleotide sequence coordinates within the exemplary
polynucleotide sequences encnding the full-length heavy chain polypeptide sequences of antibodies
Abli-Abid of sequence features including the framework regions (FRs) and constant region, and the
SEQ ID NO of each individual feature,

{0175] F1G. 11 provides the polynucleotide sequence coordinates within the exerplary
polynuclentide sequences encoding the full-length light chain polypeptide sequences of antibodics
Abl-Abl4 of sequence features including the variable region and complernentarity determining
regions {CDRs), and the SEQ ID NO of each individual feature,

{0176} FIG, 12 provides the polynucleotide sequence coordinates within the exemplary
polynucleotide sequences encoding the full-length Jight chain polypeptide seguences of antibodies
Ab1-Abl4 of sequence features including the framework regions (FRs) and constant region, and the
SEQ ID NO of each individual feature,

(01771 FIG. 13 shows the number of subjects in a human clinical trial described in Example 2
who were either treated with AbS (treatment group} or placebo groups who showed a 50, 75 or 100%
reduction in migraines at each mobitoring point throughout the period. The right bac in sach group
corresponds 1o patients receiving 1000 mg Ab6 and the left bar in sach group corresponds to matched
placebo controls. Tn each response rate group the patients receiving Ab6 had a significantly greater
response rate than placebo-treated controds, with p values of 0.0153, 0.0034, and 0.0006 in each
respective group as indicated. The administered antibody was produced in P, pastoris and consisted of
the light chain polypeptide of SEQ ID NO: 221 and the heavy chain polypeptide of SEQ ID NO: 201,
{0178} FIG. 14 shows the median (+ QR) % change from baseline in the number of migraine
days per month in the placebe and Ab6 ~treated group over the 12 weeks post-treatment. (p=0.0078),
The upper (red) line and lower (blue) line show results for placebo-treated controls and patients

administered 1000 mg Ab6, respectively,
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F0179] FIG. 15 shows the median (= QR) % change from haseline in the number of migraine
episodes per month in the placebo and Ab6 -treated group over the 12 weeks post-treatment. The
upper (red) Hne and lower {blue} line show results for placebe-treated controls and patients
adrministered 1000 mg Ab6, respectively.

{G180] FIG. 16 shows the median {+ QR} % change from baseline in the oumber of mi graine
hours per month in the placebo and AbS -treated group over the 12 weeks post-treatment. The upper
(red} line and lower (blue) line show results for placebo-treated controls and patients administered
1000 mg Ab6, respectively,

{0181} FIG. 17 summarizes the screening of patieots, allocation into the treatment and control
groups, and loss of patients through follow-up.

{0182} FI. 18 compares the HIT-6 responder analysis for the Ab6-treated and placebo groups
at baseline, week 4 after treatment, week § after treatment and week 12 after treatment,

{4831 FIG, 19 shows the percentage of patients for whom the HIT-6 analysis indicated that the
effect of headaches was only “some” or “littlernone™ at baseline and after Ab6 administration, At
baseline most patients had sither “substantial” or “severe” impact from migraines, Af each
subsequent time point, a significantly greater percentage of patients administered 1000 mg Ab6 had
only “sume” or “little/none” HIT-6 impact (left bar in each group, colored blue) as compared to
placebo controls (right bar in each group, colored red).

{0184) FIG. 28 containe the pharmacokinetic (PK) profile for Ab6 adminisiered intravenously at
a single dosage of 1000 mg.

[0185] FIG. 21 contains plasma-free pharmacokinetic {PK) parameters N (sumber of patients),
mean, and standard deviation (SD3) for a single 1000 my intravenous dosage of Abs, The parameters
shown in the table and the units are Cos (pgfmL), AUCs.. {mg*he/mL), half-life (days), V, (L} and
Cr {mldhn).

{3186} F1G. 22 shows the change (mean +- SEM) change from baseline in migraine days per
racnth for AbS (1000 mg L.v.} versus placebo as a single dose for the study described in Example 2.
{04187} FIG. 23 shows the average migraine days {(+/- 8D} over tme for the full analysis
population for the study described in Example 2. Normalization was applied to visit intervals where
eDiaries were completed for 21-27 days by multiplying the observed frequency by the inverse of the
completion rate.

[O188] FIG. 28 shows the distribution of migraine days actual and change for the ABS treatment
group during weeks 1-4 for the study described in Example 2.

{0189] FIYG. 25 shows the distribution of migeaine days actual and change for the placebo group
during weeks 1-4 for the study described in Example 2.

{{190] FIG. 26 shows the distribution of migraine days actual and change for the AbS treatment

group during weeks 3-8 for the study described in Example 2.
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[0191] FIG. 27 shows the distnbution of migraine days actual and change for the placebo group
during weeks 3-8 for the study described in Exarnple 2.

{6193 FiG. 28 shows the distribution of migraine days actual and change for the Ab6 treatrnent
group during weeks 9-12 for the study described in Example 2,

193] FIG. 29 shows the distribution of migraine days actual and change for the placebo group
during weeks 9-12 for the study described in Example 2.

[G194] FIG, 30 shows the 50% responder rate for the AbS and placebs treatment groups for the
study described in Exaraple 2. Subjects with > 50% reduction in migraine frequency wers considered
to be a 50% responder. Normalization was applied to visit intervals where eDiary was completed for
21-27 days by multiplying the obrerved frequency by the inverse of the completion rate.

{0195} FIG. 31 shows the 75% responder rate for the AbS and placebo treatment groups for the
study described in Example 2. Subjects with » 75% reduction in migraine frequency were considered
to be a 753% responder. Normalization was applied as deseribed with FIG. 36.

[0io6] FIG, 32 shows the 100% responder raie for the Abf .md placebo treatment group for the
study described in Example 2. Subjects with 100% reduction in migraine frequency were considersd
to be a 100% responder. Normalization was applied as described with FIG. 30,

{01977 FIG. 33 shows the mean raigraine severity over time for the full analysis population for
the study described in Example 2. On the scale used, a mean migraine score of 3 represents
“moderate pain.”

{3195} FIG. 34 summarizes the change from baseline in measured attributes for the placebo and
treatment groups in the study deseribed in Example 2.

{0199} FIG. 35 shows the percentages of patients with migraine in the 300 mg, 100 mg, and
placebr treatment groups at days 1, 7, 14, 21, and 28 in the clinjcal trial described in Example 3. The
uppermost line shows results for placebo, the lowest line shows results for the 300 mg dosage, and the
middle line shows resulis for the 100 mg dosage.

{0200} FIG. 36 show the percentage of patients in the 300 mg and 100 mg treatment groups
achieving a 50% reduction in migraine days in month 1, over months 1-3 (after the 1st infusion), and
aver months 4-5 (afier the 2nd infusion) in the clinical trial described in Exarnple 3. In each graph,
the data bars, from left to right, show results for the 100 mg, 300 mg, and placebo groups, Statistical
significance is as shown. -++ indicates a statistically significant difference from placebo; + indicates a
statistically significant difference from placebo (unadjusted); and § indicates a statistically significant
difference from placebo {post hoc).

{0201} FIG. 37 show the percentage of patienis in the 300 mg and 100 mg treatment groups
achieving a 75% reduction in migraine days in month 1, over months 1-3 {after the 1st infusion), and
wver months 4-3 (after the 2nd infusion) in the clinical tial described in Example 3. Data order and

statistical significance labels are as indicated with FIG. 38,
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02023 FIG. 38 show the percentage of patients in the 300 mg and 100 mg treatment groups
achieving a 100% reduction in migraine days in month 1, over months 1-3 (after the 1st infusion), and
over months 4-5 (after the 2nd infusion) in the clinical trial described in Example 3. Data arder and
statistical significance labels are as indicated with FIG. 36.

{02033 FIG. 3¢ summarizes the characteristics of patients in each treatment group in the clinical
trial described in Example 3. * According to the American Academy of Neurology/American
Headache Society guidelines for migraine preventative teeatment {medications identified by clinical
review of coded medical data); SD, standard deviation; BMI, body mass index.

[6204] FIG. 40. Diflerence from placebs in change from baseline in mean migraine days
{MMD} over months 1-3 by baseline subgroup for a human clinical trial of chronic migraine patients.
In the graph, the data point refers to the mean value and the line shows the 95% confidence interval
(1) of the change from placebo for the 100 mg (upper line} or 300 mg (lower line) treatment group,
for each subgroup as labeled at the far jeft.

[02035] FIG. 41, Difference from placebo in change from basefine in mean migraine days
(MMD; over months 1-3 by baseline subgroup for 3 human clinical trial of episodic migraine patients.
The graph is labeled as in FIG. 48.

{0206] FIG. 42. Change from baseline in mean migraine days (MMDs) acrass 2 dose intervals
in chronic migraine patients with at Jeast | day of acute medication use per month at baseline.
Triangle: placebo (n=366). Clrcle: 100 mg AbS per dose (n=356). Square: 300 mg AbS per dose
{n=35{).

{0207} FIG, 43 Mean days with acute medication use in chronic migraine patients with at least
one day per month of acute medication use at baseline. Triangle: placebo (n=366). Circle: 100 mg
AbbS per dose (n=356). Square: 300 mg AbS per dose (n=350).

{0208} FIG. 44. Change from baseline in acute medication use by subgroups of chronic migraine
patients with differing baseline days of acute medication use. Solid lnes: patients with 10 or more
days of acute medication use per month at baseline. Dashed lines: patients with at least 1 and less
than 10 days of acute medication use per month at baseline. Triangle: placebo. Circle: 100 mg Ab6
per dose. Square: 300 myg AbS per dose.

{02091 FI1G. 45, Summary of Acate Medication Days by Subgroups of Chronic Migraine
Patients with Baseline Acute Medication Use.

{0219] FIG. 46, Change from baseline in mean migraine days {MMDs) acroas 2 dose intervals
in episodic migraine patients with at least 1 day of acute medication use per month at baseline.
Triangle: placebo (n=222). Circle: 100 mg AbS per dose {n=221). Square: 300 mg Ab6 per dose
(n=222).

021 FIG. 47. Mean days with acate medication use in episndic migraine patients with at least
one day per month of acute medication use at baseline, Triangle: placebo (51:2225, Circle: 100 mg

AbS per dose (n=221}. Square: 300 mg AbS per dose (1=222).
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0212} FIG. 48. Change from baseline in acute medication vse by subgroups of episodic
migraine patients with differing baseline days of scute medication use. Solid lines: patients with 10 or
more days of acute medication use per month at baseline, Dashed lines: pationts with at least | and
fess than 10 days of acute medication use per month at baseline. Triangle: placeho. Circle: 100 mg
Ab6 per dose. Square: 300 rag AbS per dose.

{6213] FIG. 49. Summary of Acute Medication Days by Subgroups of Episodic Migraine
Fatients with Baseline Acute Medication Use.

{{1214] FIG. 56. Inclugion of Day -1 in the Migraine Data. Day 0 is defined as the day of the

infusion, Thus, the data on Day 0 are indicative of the treatment effect post-infusion

DETAILED DESCRIPTION

(652153 Use of anti-CGRP antibodies for treatment of headache is described herein. Additionally,
anti-CGRP antibodics are demonstrated herein to be effective for treatment of chronic migraine. The
treatment was shown to have a very rapid onset of efficacy, with relief from migraine observed on the
first day following administration.

{0216} Definitions

(217} it is to be understood that this invention is not limited to the particular methodology,
protocols, cell lines, animal species or genera, and reagents described, as such may vary, Ttis also to
be understood that the terminclogy used herein is for the purpose of deseribing particalar
embadiments, only, and is not intended to Himit the scope of the present invention which will be
timited only by the appended claims. As used herein the singular forms "a”, "and”, and "the” include
plural referenis unless the context clearly dictates otherwise. Thus, for example, reference to "a cell”
includes a plurality of such cells and reference to “the protein” includes reference to one or more
proteins and equivalents thereof known to those skilled in the art, and so forth. Al technical and
scientific terms used hersin have the same meaning as comrmonly understood to one of ordinary skill
in the art to which this invention belongs unless clearly indicated otherwise,

[0218] As used herein, the term "medication overuse headache” refers to s headache that mests
the criteria for that condition specified in ICHD-3 (Headache Classification Committes of the
International Headache Socicty (THS), The International Classification of Headache Disorders, 3rd
edition, Cephalalgia. 2018 Jam38(1%:1-211). The term includes subtypes of medication overuse
headache, as defined in the ICHD-3, such as triptan-overuse headache, non-opioid analgesic overuss
headache, opioid overuse headache, ete,

[0219] As used herein, the term “reduction in migraine prevalence” refers to a reduction {e.g., a
stated percentage reduction, such as 50%) in the likelihood of a patient having 2 migraine in the stated
period, such as the 18 bour, 20 hour, 24 hour, 28 hour, or 30 hour period, preferably the 24 hour
period, after a first dosage of an antibody, or on the first day following the day of antibody

adrainisiration {i.e., on the first full day following the day on which the antibody administration is
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completed). It is to be understond that a given patient may or may vot have a rigraine during that
period, as the reduction in likelihood may be observable over a large number of patients irrespective
of the outcome for an individual patient.

{0220} As used berein, the term "chronic migraine” refers to a condition wherein a patient
exhibits, on sverage, at least 15 migraine days and/or headache per month. The term “episodic
migraine” refers to a condition wherein 2 patient exhibits, on average, less than 15 headache andfor
migraine days per month,

{0221} As used herein, the term "diagnosed with chronic migraine” refers to a patient mesting the
clinical criteria for chronie migraine, whether or not a formal diagnosis of that patient was performed.
[0222) As used herein, the term "intravenously administering” refers to a mode of administration
wherein a substance, e.g., an antibody, is introduced directly into the circulation of that patient, ranst
typically into the venous circulation. The sobstance may be introduced in 2 carder floid, such as an
aqueons solution, e.g., normal saline. The substance may be administered in a2 single formulation or
in multiple formulations, as long as the administration is completed over a short period of time {(e.g.,
within 1 day, preferably within 12 hours, more preferably within 6 hours, and most preferably within
{-2 hours).

f0223) As used herein, the term “the baseline number of migraine days” refers to the number of
migraine days exhibited by a patient in a specified time period, e.g., prior t treatment, For example,
the baseline number of migraine days may be determined over a pedod of one month, or lunger, e.g.,
by recording each day whether or not a migraine oocurred.

{02241 As used herein, the term “immediate relief” is intended to mean a relief in headache or
migraine symptoms in a patient, e.g., headache or migraine symptoms associated with an acute
migraine or chironic/episodic migraine or another headache o migraine condition associated with
frequent headache or migraine episodes, wherein said relief of symptoms is experienced rapidly or
immediately after anti-CGRP antibody treatient, e.g., refief of one or more symptoms is experienced
by the patient within a short time period post-infusion with AbS, such as within minutes or a few
hours, such as within 10 minutes, 20 minutes, 30 minutes, 60 minutes, 1 hoor, 2 hours or 6 hours, up
o e.g. & day.

{0225] As used herein, the term “immediate preveniative treatrnent™ is intended to mean
prevention of headache or migraine symptoms in a patient, e.g., prevention of headache or migraine
symptorns associated with an acute migraine or chronic/episodic migraine or another headache or
migraine condition. In this context, “iounediate preventative treatment” refers to the prophylactic
treatment of a subject who is at risk of developing migraine or headache, resulting in a decrease in the
probability that the subject will develop headache or migraine. Typically, due to a patient history of
headache or migraine episodes, there is a high risk of a new headache or niigraing episode in the
patient. Typically the prevention of symptoms is experienced rapidly or immediately after anti-CGRP

antibody treatment, e.g., prevention of one or more symptoms is experienced by the patient within a
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short time period post-infusion with Ab6, such as within minutes or a few hours, such as within 10
minutes, 20 minutes, 30 minutes, 50 minutes, 1 hour, 2 hours or 6 hours, up to e.g. a day.

{0226} As used herein, the terms “4-point scale” or “4 point pain scale” or “VRS” or “VRE4”
refer to the d-point verbal rating scale (VRS used o measure pain (VRS-4} (see “The Intermational
Classification of Headache Disorders, 3vd edition”, Cephalalgia, 2018, Vol. 38(1) 1-211, atf pg. 210
{(“intensity of pain”}). In the VKS the patient is asked to rale the pain verbally on a 4 point scale
{between & and 3}, with 3 being severe, 2 being moderate, | being mild, and 0 being no pain. It may
also be scoved on a verbal rating scale expressed in terms of its functional conseguence: {, no pain; 1,
mild pain, does not interfere with esual activities; 2, moderate pain, inhibits but does not wholly
prevent usual activities; 3, severe pain, prevents all activites,

0227} Ag used herein, the term "migraine days per month” refers to the nomber of days per
month on which a patient has a migraine, i.¢., at any time during that day, the patient has symptoms
that meet the clinical definition of migraine. The number of migraine days per raonth may be
determined by recording each day whether or not a2 migraine occurred.

[0228] As used herein, the term "headache days per month™ refers to the number of days per
month on which a patient has a headache, Le., at any time during that day, the patient has symptoms
that meet the clinical definition of 2 headache. The number of headache days per month may be
determined by recording cach day whether or not a headache occurred,

{12391 “alvitonin Gene Reloted Peptide (CGRPY: As used herein, CGRP encompasses not only
the following Home sapiens CGRP-alpha and Homo sapiens CGRP-beta amino acid sequences
available from American Peptides {Sunnyvale CA} and Bachem (Torrance, CA):

[0230] CORP-alpha: ACDTATCVTHRLAGLLSRSGGVVKNNFVPTNVGSKAF-NH: (SEQ
D NQ: 5613, wherein the terminal phenylalanine is amidated;

{0231} CGRE-beta: ACNTATCVTHRLAGLLSRSGGMVESNFVPTNVGSKAF-NH, (SEQ ID
NO: 562}, wherein the terminal phenylalanine is amidated; but also any membrane-bound forms of
these CORP amino acid sequences, as well as mutants (mutiens}, splice variants, isoforms, orthologs,
homologues and variants of this seguence.

{02324 Expression Vector: These DNA vectors contain elements that facilitate manipulation for
the expression of a foreign protein withio the target host cell, e.g., a yeast or mammalian cell such as
Pichia pastoris or CHO eells. Conveniently, manipulation of sequences and production of DNA for
transformation is first performed in a bacterial host, e.g. . cofi, and usually vectors will include
sedquences (o facilitate such manipulations, including a bacterial origin of replication and appropriate
bacterial selection marker. Selection markers encode proteins necessary for the survival or growth of
transformed host cells grown in a selective culture medium. Host cells not transformed with the
vector containing the selection gene will not survive in the culture medium. Typical selection genes
eacode profeins that (2) confer resistance to antibiotics or other toxins, (b} complement ausetrophic

deficiencies, or {c} supply critical nutrients not available from coraplex media. Fxemplary vectors
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and methods for transformation of yeast are described, for example, in Burke, I, Dawson, D., &
Stearns, T. (2000}, Methods in yeast genetics: a Cold Spring Harbor Laboratory course manual,
Plainview, N.Y.: Cold Spring Harbor Laboratory Press.

{6233] Expression vectors for use in yeast or mammalian cels will generally further include
yeast or mararnalian specific sequences, including a selectable auxotrophic or drug marker for
identifying transformed yeast strains or transformed mamimalian cells. A drug marker may further be
used to amplify copy number of the vector in the host cell.

H12343 The polypeptide coding sequence of interest is operably linked to transcriptional and
translational regularory sequences that provide for expression of the polypeptide in host eells, e. £,
Pichia pastoris or CHO cells. These vector components may include, but are not lmited o, one or
more of the following: an enbancer element, 3 promoter, and a transcription termination seguence.
Sequences for the secretion of the polypeptide may also be included, e.g. a signal sequence, and the
like. A yesst or mammalian origin of replication is optional, as exprassinn vectors are ofien
integrated inte the host cell genome. In one embodiment of the invention, the polypeptide of intereut
is operably finked, or fused, to sequences providing for eptimized secretion of the polypeptide frim
veast diploid cells.

{02353 Nuclefe acids are "operably linked” when placed into a functional refationship with
another nucleic acid sequence. For example, DNA for a signal sequence is operably Jinked to DNA
for z polypeptide if it is expressed as a preprotein that participates in the secretion of the polypeptide,;
a promoter or enthancer §s operably linked 10 a coding sequence if it affects the transcription of the
sequence. Generally, "operably linked” means that the DNA sequences being linked are contiguous,
and, in the case of a secretory leader, contiguous and in reading frame. However, enhancers do not
have to be contiguous. Linking is accomplished by ligation at convenient restriction sites or
alternatively via a PCR/recombination method faodliar to those skilled in the ant (Gateway®
Technology: Invitrogen, Carlsbad California). If such sites do not exist, the synthetic oligonuclentide
adapters or linkers are used in accordance with conventional practice.

{3236] Promoters are untranslated sequences located upstream (5 to the start codon of 2
stractural gene (geoerally within about 100 to 1000 bp) that controf the transcription and transiation of
particular nucleic acid sequences to which they are operably linked. Such promoters fall into several
classes: inducible, constitutive, and repressible promoters (that increase levels of transeription in
response to shsence of a repressor). Inducible promoters may initiate increased levels of transcription
from DINA under their control in response to some change in culture conditions, £.g., the presence or
absence of a nutrient or a change in temperature,

[0237) The promoter fragment may also serve as the site for homologous recombination and
integration of the expression vector into the same site in the host genome; alternatively a selectable
marker is used as the site for homologous recombination. Examples of suitable promoters from
Pickic include the AQX and promoter (Cregg o al. (1989} Mol Cell, Biol. 9:1316-1323); ICL
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promoter {Menendez ef af. (2003} Yeast 20(§3):1097-108); ghyceraldebyde-3-phosphate

AOX and FLDI1 promoters are inducible.

{0238} Other yeast prowmoters include ADHI, aleohol dehydrogenase IT, GAL4, PHO3, PHOS,
Pyk, and chimeric promoters derived therefrom. Additionafly, non-yeast promotess may be used in
the invention such as mammalian, insect, plant, reptile, amphibian, viral, and avias promoters, Muost
typically the promoter will comprise a mammalian promoter (potentially endogenous to the expressed
genes) or will comprise a yeast or viral promoter that provides for efficient wanseription in yeast
systems.

{0239] Examples of mammalian promoters include cytomegalovirus ({CMV) derived promoters,
chicken 3-sctin (CBM) derived promoters, adenomatous polyposis coli (APC) derived promoters,
teucine-rich repeat containing G protein-coupled receptor § (LGRS) promoters, CAG promoter, Beta
actin promoter, elongation factor-1 (EFY) promoter, early growth response § (EGR-1) promoter,
eukaryotic initiation factor 44 (EIF4AL bromotcr, simian virus 40 (SY40) early promoter, mouse
manmary tumor virus (MMTY), human inemunodeficiency virus (HIV) long terminal repeat {(LTR)
promoter, MoMuoLV promoter, an avian Jeukemia virus promoter, an Epstein-Barr virus immediate
early promoter, a Rous sarcoma virus promoter, as well as human gene promers such as, but not
limited tg, the actin promoter, the myosin promoter, the hemoglobin promoter, and the creatine kinase
promoter, among others. Combinations of two or mare of the foregoing promoters may also be used,
Further, inducible promoters may be used. The use of an inducible promoter provides a molecular
switch capable of turning on expression of the polynuclestide sequence which it is operatively linked
when such expression is desired, or turning off the expression when expression is not desired.
Examples of inducible promoters include, but are not limited to a metallothionine promoter, a
glucocorticoid promoter, a progesterons promoter, and a tetracycline promoter.

{240 The polypeptides of interest may be produced recombinantly not only directly, but also as
a fusion polypeptide with a heterologous polypeptide, e.g. a signal sequence or other polypeptide
having & specific cleavage site at the N-terminus of the mature protein or polypeptide. In general, the
signal sequence may be a component of the veetor, or it may be a part of the polypeptide coding
sequence that is inserted into the vector. The heterologous signal sequence selected preferably is one
that is recognized and processed through one of the standard pathways available within the host cell.
The §. cerevisiae alpha factor pre-pro signal has proven effective in the secretion of a varisty of
recombinant proteing from P, pastoris. Other yeast signal sequences include the alpha mating factor
signal sequence, the invertase signal sequence, and signal sequences derived from other secreted veast
polypeptides. Additionally, these signal peptide sequences may be engineered to provide for
eohanced secretion in diploid yeast expression systems. Secretion signals for use in mammalian as

well as yeust cells include mammalian signal sequences, which reay be heterologbus to the protein
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being secreied, or ray be a native sequence for the protein being secreted. Signal sequences include
pre-pepiide sequences, and in some instances may include propeplide sequences. Many such signal
sequences are known in the art, including the signal sequences found on immunoglobulin chains, e.z.,
K28 preprotoxin sequence, PHA-E, FACE, human MCP-1, human serum athumin signal sequences,
human Ig heavy chain, human Ig Jight chain, and the like. For example, ses Hashimoto es. ol Protein
Eng 11(2) 75 (1998); and Kobayashi e7. af. Therapeutic Apheresis 2(4) 257 {1998).

{02411 Transcription may be increased by insenting a transedptional activator sequence into the
vector. These activators are cis-acting elerents of DNA, usually about from 10 to 300 by, which act
on a promoter {0 increase its transcription. Transcriptional enhancers are relatively orientation and
position independent, having been found 5' and 3' (o the transcription unit, within an intron, ss well as
within the coding sequence itself. The enhancer may be spliced into the expression vector al a
position 5" or 3’ to the coding sequence, but is preferably located at a site 8 from the promoter.

(02423 Expression vectors used in eukaryotic host cells may also contain sequences necessary for
the termination of transeription and for stabilizing the mRNA. Such sequences are commonly
avatlable from 3’ to the translation termination codon, in untranslated regions of eukaryotic or viral
DNAs or eDNAs. These regions contain nucleotide segments transeribed as polyadenylated
fragments in the ontranslated portion of the mRNA.

{0243} Construction of suitable vectors containing one or more of the above-lisied components
employs standard ligation techniques or PCRfrecombination reethods. Isolated plasmids or DNA
fragments are cleaved, tailored, and re-ligated in the form desired to generate the plasmids required or
via recombination methods. For analysis to confirm correct sequences in plasmids constructed, the
figation mixtures are used to transform host cells, and successful transformants selected by antibiotic
resistance {e.g. ampicithin or Zeocin) where appropriate. Plasmids from the transformants are
prepared, analyzed by restriction endonuclease digestion andfor sequenced.

{0244] As an alternative to restriction and ligation of fragments, recombination methods based
on att sites and recombination enzymes may be used to insert DNA sequences into a vector. Such
methods are described, for example, by Landy (1988 Ann. Rev. Riochem, 58:913-949; and are known
to those of skill in the art. Such methods niilize intermolecular DNA recombination that is mediated
by a mixture of lambda and F. coli -encoded recombination proteins, Recombination occurs between
specific atiachment {aif) sites on the interacting DNA molecules. For a description of att dtes see
Weisberg and Landy (1983} Site-Specific Recombination in Phage Lambda, in Lambda {f, Weisberg,
ed(Cold Spring Harbor, NY:Cold Spring Harbor Press}, pp. 211-250. The DNA segments flanking
the recombination sites are swiiched, such that after recombination, the a sites are hybrid sequences
comprised of sequences donated by each parental vector. The recombination can occur between

DNAs of any topology.
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{06245} At sites may be introduced into a sequence of interest by ligating the sequence of interest
into an appropriate vecior; generating a PUR product containing e B sites through the use of specific
primers; generating 2 cDNA library cloned into an appropriate vector containing att sites: and the like.
[0246] Folding, as used herein, refers to the three-dimensional structure of polypeptides and
proteins, where interactions between amino acid residues act to stabilize the structure. Froper folding
is typically the arrangement of a prlypeptids that resolts in optimal biological activity, and in the case
of antibodies can conveniently be monitored by assays for activity, e.g. antigen binding.

{0247} The expression host may be further modified by the introduction of sequences encoding
one of more enzymes that enhance folding and disulfide bond formation, e, foldases, chaperonins,
eic. Such sequences may be constitutively or inducibly expressed in the yeast host cell, using vectors,
markers, efc. as known in the art. Preferably the sequences, jocluding transcriptional regulatory
elements sufficient for the desired pattern of expression, are stably integrated in the yeast genome
through a targeted methodology.

(0248} For example, the eukaryotic PDE s not only an efficient catalyst of protein cysteine
oxidation and disulfide bond isomerization, but also exhibits chaperone activity. Co-expression of
PDI can facilitate the production of active proteins having muliiple disulfide bonds. Also of interest is
the expression of BIP (immuaoglobulin heavy chain binding protein); cyclophiling and the fike. In
one embuadiment of the invention, each of the haploid parental strains expresses a distinct folding
enzyme, e.g. one strain may express BIF, and the other strain may express PDY or combinations
thereof.

f02449) The terms “desired protein” or "desived antibody” are used interchangeably and refer
generally to a parent antihody specific to a target, Le., CORP or a chimeric or humanized antibody or
a binding portion thereof derived therefrom as described herein, The term “antibody” is intended to
include any polypeptide chain-containing molecular structure with 2 specific shape that fits to and
recognizes an epitope, where one or more non-covalent binding interactions stabilize the complex
between the molecular structure and the epitope. The archetypal antibody molecule is the
immunoglobulin, and all types of inununoglobuling, IgG, IgM, Iga, IgE, 1gD, etc., from all sources,
.. human, rodent, rabbit, cow, sheep, pig, dog, other mammals, chicken, other avians, ste., are
considersd to be “antibodies.” A preferred source for producing antibodies useful as starting material
according to the invention is rabbits. Numerous antibody coding sequences have been deseribed; and
others may be raised by methods well-known in the art. Examples thereof include chimeric
antibodies, human antibodies and other non-human mammalian antibodies, homanized antibodies,
single chain antibodies {such as scFvs), camelbodies, nanobodies, IgNAR (single-chain antibodies
derived from sharks), sraall-modular immunopharmaceuticals (SMIPs), and antibody fragments such
as Fabs, Fab', Flab'); and the like. See Streltsov VA, et al., Structure of a shark IgNAR antibody
variable domain and modeling of an early-developmental isotype, Protein Sci. 2008 Nov;14{1112901-

9. Epub 2003 Sep 30; Greenberg AS, et al,, A new antigen recepior gene family that undergoes
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rearrangement and exiensive somatic diversification in sharks, Nature, 1995 Mar 9;374(6518): 168-73:
Nuital] 8D, et al,, Isclation of the new antigen receptor from wobbegong sharks, and use as a scaffold
for the display of protein luop libraries, Mol Immunol. 2001 Aug;38(41:313-26; Hamers-Casterman C,
et al., Naturally occurring antibodies devoid of Hght chaing, Nature. 1993 Jun 3;363(6428):446-8; Gill
DA, et al, Biopharmaceutival drug discovery using novel protein scaffolds, Curr Opin Biotechnol,
2006 Dec; 17(6):653-8. Epub 2006 Ot 19,

f0250] For example, sntibodies or antigen binding fragmests may be produced by genetic
engineering. In this technique, as with other methods, antibody-producing cells are sensitized to the
desired antigen or immunogen. The messenger RNA isofated from antibody producing cells is used
as a template to make cDNA using PCR amplification. A Hbrary of vectors, each containing ong
heavy chain gene and one light chain gene retaining the initial antigen specificity, is produced by
insestion of appropriate sections of the amplified immunoglobulin ¢cDNA into the expression vectors.
A combinatorial library is constructed by combining the heavy chain gene library with the light chain
gene library. This results in a Hbrary of clones which co-express a heavy and lght chain (reserabling
the Fab fragment or antigen binding fragment of an antibody molecule). The vectors that carry these
genes are co-transfected into a host cell. When antibody gene synthesis is induced in the transfected
host, the heavy and light chain proteins self-assemble to produce active antibodies that can be
detected by screening with the antigen or immunogen. ‘

0254 Antibody coding sequences of interest include those encoded by native sequences, as well
as nucleic acids that, by virwe of the degeneracy of the genetic code, are not identical in sequence to
the disclosed nucleic acids, and variants thereof. Variant polypeptides can include amino acid (aa)
substitutions, additions or deletions. The amino acid substitutions can be conservative amino acid
substitutions or substitutions 10 eliminate non-essential amino acids, such as to alter a glycosylation
site, or to minimize misfolding by substitution or deletion of one or more cysteine residoes that are
not necessary for function. Variants can be designed so a5 1o retain or have enhanced biological
activity of a particular region of the protein (e.g., a functional domain, catalytic amino acid residues,
exc). Variants also include fragments of the polypeptides disclosed herein, particularly biologically
active fragments and/or fragments comresponding to functional domains. Techniques for in vitro
mutagenesis of cloned genes are known. Also included in the subject invention are polypeptides that
have been modified using ordinary molecular biclogical techniques so as to improve their resistance
to proteolytic degradation or to optimize solubility proparties or to render ther more suitable as a
therapeutic agent.

032521 Chimeric antibodies may be made by recombinant means by combining the variable light
and heavy chain regions (Vi and Vi, obtained from antibody producing cells of une species with the
constant lght and heavy chain regions from another. Typically chimeric antibodies utilize rodent or
rabbii variable regions and human constant regions, in order to produce an antibody with

predominantly human domains. The production of such chimeric antibodies is well known in the an,
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and may be achizved by standard means (as described, e.g., in U.8. Patent No. 5,624,659,
incorporated herein by reference in its entirety). It is further contemplated that the human constant
regions of chimeric antibodies of the invention may be selected from IgG1, 1gG2, 19G3, and IgG4
constant regions.

{0253} Humanized antibodies are engineered to contain even more burman-like immunoglobulin
domains, and incorporate only the complementarity -determining regions of the animal -derived
antibody. This is accomplished by carefully examining the sequence of the hyper-variable loops of
the variable regions of the monoclonal antibody, and fitting them to the structure of the human
antibody chains. Although facially complex, the process is straightforward in practice. See, 2.g., UL.8.
Patent No. 6,187,287, incorporated fully herein by reference.

{0254} In addition to entire immunoglobuling {or their recombinant counterparts),
immunoglobulin fragments comprising the epitope binding site (e.g., Fab’, Fab’),, or other
fragments) may be synthesized. “Fragment,” or minimal imrounoglebulins may be designed utilizing
recombinant immunoglobulin technigues. For instance “Fv"” immunoglobuling for use in the present
invention may be produced by synihesizing a fused variable light chain region and a varlable heavy
chain region. Combinations of antibodies are also of interest, e g. diabodies, which comprise two
distinct Fv specificities. In another embodiment of the invention, SMIPs {small molecule
immunopharmaceuticals), camelbodizs, nanobodies, and IgNAR are encompassed by
immunoglobulin fragmerus,

{02535} Immunoglobuling and fragments thereof may be modified post-translationally, e.g. to add
effector moieties such as chemical linken, detectable modeties, such as fluorescent dyes, enzymes,
toxing, subsirates, bioluminescent materials, radicactive materials, cherniluminescent moieties and the
tike, or specific binding moieties, such as streptavidin, avidin, or biotin, and the like may be utilized
in the methods and compositions of the present invention. Examples of additional effector molecules
are provided infra.

[0256] A polynucieotide sequence "corresponds” to & polypeptide sequence if transiation of the
polynuclentide sequence in accordance with the genetic cude yields the polypeptide sequence {i.e., the
polynucieotide sequence “"encodes” the polypeptide sequence), one polynucleotide sequence
"corresponds” to another polyoucientide sequence if the two sequences encode the same polypeptide
sequence,

{02571 A "heterologous” region or domain of a DNA construct is an identifiable segment of
DNA within a larger DNA molecule that is not found in association with the larger molecule in
nature. Thus, when the heterologous region encodes @ mammalian gene, the gene will usually be
flanked by DNA that does not flank the mammalian genomic DNA in the genome of the source
organism. Anotber example of a heterologous region is a construct where the coding sequence itself is

not found in nature {e.g., 3 cDNA where the genomdc coding sequence contains introns, or synthetic



WO 2020/222892 PCT/US2020/018702
34

sequences having codons different than the native gene}. Allelic variations or naturally-cccurring
mutational events do not give rise {0 a heterologous region of DNA as defined herein.

{0258} A "coding sequence” is an in-frame sequence of codons that (in view of the genetic code}
correspond t or encode a protein or peptide sequence. Two coding sequences correspond to each
wther if the sequences or their complementary sequences encode the same aming acid sequences. A
coding sequence in association with appropriate regulaiory sequences may be transeribed and
translated into a polypeptide. A polyadenylation sigoal and transeription termination sequence will
usually be Jocated 3' 1o the coding sequence. A “promoter sequence” is a DNA regulatory region
capable of binding RNA polymerase in a cell and initiating transcription of a downstream (3
direction) coding sequence. Promoter sequences typically contain additional sites for hinding of
regulatory molecules {e.g.. ranscription factors} which affect the transcription of the coding sequence,
A coding sequence §s "under the control” of the promater sequence or “operatively laked" to the
promoter when RNA pelymerase binds the promoter sequence in a cell and transcribes the coding
seguence inty mRNA, which is then in turn translated into the protein encoded by the coding
sequence.

{02591 Vectors are used to introduce a foreign substance, such as DNA, RNA or profein, nto an
organism or host cell. Typical vectors inchude recombinant viruses (for polynucleotides) and
liposores (for polypeptides). A "DNA vector” is a replicon, such as plasmid, phage or cosmid, to
which another polynuclentide segment may be attached s as 1o bring about the replication of the
attached segment. An "expression vector” is a DNA vector which contains regulatory sequences
which will direct polypeptide synthesis by an appropriate host cell. This usually means a promoter to
bind RNA polymerase and initiate transcription of mRNA, as well as rihosome hinding sites and
initiation signals to direct translation of the mRNA into a polypeptideds). Incorporation of a
polynuciectide sequence into an expression vector at the proper site and in correct reading frame,
followed by transformation of an appropriate host cell by the vector, enables the production of &
polypeptide encoded by said polynucleotide sequence.

{0260} "Amplification” of polynucleotide sequences is the in virro production of multiple copies
of a particular nucleic acid sequence. The amplified sequence is usualfy in the form of DNA. A
variety of techniques for carrying out such amplification are described in a review article by Van
Brunt (1990, Bio/Technol,, B(4):291-294). Polymerase chain reaction or PCR is a prototype of nucleic
acid arnplification, and use of PCR herein should be considered exemplary of other suitable
amplification techoiques. _

[0261] The general structure of antibodies in veriebrates now is well understood (Edelman, G.
M., Ann N.Y. Acad. Sci., 190: 5 (1971)). Antibodies consist of two identical light pelypeptide chains
of molecular weight approximately 23,000 daltons (the “light chain™), and two identical heavy chains
of molecular weight 33,000-70,000 (the “heavy chain”). The four chains are joined by disulfide

bonds in a Y™ configuration wherein the light chains bracket the heavy chains starting at the mouth
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of the "Y™ configuration, The “branch™ portion of the “Y™ configuration is designated the Fa region;
the stem portion of the “Y” configuration is designated the Fe region. The amino acid sequence
orientation runs from the Neterminal end at the top of the “Y” configuration to the C-terminal end at
the bottom of each chain, The N-terminal end possesses the variable region having specificity for the
antigen that elicited it, and is approximately 100 amino acids in length, there being slight variations
between light and heavy chain and from antibody to antibody.

{0262] The variable region is linked in each chain to a constant region that extends the remaining
length of the chain and that within a particelar class of antibody does not vary with the specificity of
the antibody (L.e., the antigen eliciting it} There are five known major classes of constant regions that
determine the class of the immunoglobolin molecule (IgG, IgM, IgA, IgD, and IgE comesponding to
Y. . €, &, and ¢ (garmma, muy, aipha, delta, or epsilon) heavy chain constant regions). The constant
region or class determines subsequent effector function of the antibody, including activation of
complement (Kabat, E. A., Structural Concepts in Immunology and Immunochemistry, 2nd Ed., p.
413-434, Holt, Rinehart, Winston {19763}, and other cellular responses (Andrews, . W., et af.,
Clinical Immunobiolsgy, pp 1-18, W. B. Sanders (1980} Kohl, 8., er of., Immunology, 48: 187
(18833}, while the variable region determines the antigen with which it will react. Light chains are
classified as either « (kappa) or & {lambda). Each heavy chain class can be prepared with either kappa
or jambda light chain. The light and heavy chains are covalently bonded to each other, and the “tail”
portions of the two heavy chains are bonded 1o each other by covalent disulfide linkages when the
immunoglobuling are generated either by hybridomas or by B cells.

{0263] The expression “variable region” or “VR” refers to the domains within each pair of light
and heavy chains in an antibody that are involved directly in binding the antibody to the antigen.
Each heavy chain has at one end a variable domain {Vg) followed by 2 number of constant domains.
Each light chain has a variable domain (V1) at one end and a constant domain at its other end; the
constant domain of the light chain is aligned with the first constant domain of the heavy chain, and the
light chain varisble domain is aligned with the variable domain of the heavy chain.

{0264] The expressions “complementarity detenmining region,” “hypervariable region,” or
“CDR? refer to one or more of the hyper-variable or corplementarity determining regions (CDRs)
found in the variable regions of light or heavy chains of an antibody (See Kabat, E. A. er al.,
Sequences of Proteins of Immunological Interest, National Institutes of Health, Bethesda, Md.,
(1987}). These expressions include the hypervariable regions as defined by Kabat ef al. (“Sequences
of Proteins of Immunological Interest,” Kabat E., e al., US Dept. of Health and Human Services,
1983) or the hypervariable loops in 3-dimensional structures of antibodies (Chothia and Lesk, J Mo,
Biol 196 901-917 (1987)). The CDRs in each chain are held in close proximity by framework
regions and, with the CDRs from the other chain, contribute to the formation of the antigen binding
site, Within the CDRs there are select amino acids that have been described as the selectivity

determining reginns {SDRs) which represent the eritical contact residues used by the CDR in the
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antibody-antigen interaction (Kashmiri, 8., Methods, 36:25-34 (2005} In the present invention when
specific antibody aming acid or nucleic acid residues are referenced by number this generally refers to
its position within a specified amine acid or nucleic acid sequence (i.e., particular sequence identifier)
and/or in accordance with Kabat er af numbering,

{02653 The sapressions “framework region” or *FR” refer to one or more of the framework
regions within the variable regions of the light and heavy chains of an antibody (See Kabat, B. A. e
at., Sequences of Proteins of Immunological Interest, National Institutes of Health, Bethesda, Md.,
{1987}). These expressions include those amino acid sequence regions interposed between the CDRs
within the variable regions of the light and heavy chains of an antibody.

{0264] “Umax” refers to the maximum {or peak) concentration that an antibody or other
compound achieves in tested area (e.9., in the serum or another compariment such as cerebrospinal
fluid} after the drug has been administered. For example, serum Cmax may be measured from serurm,
©.g., prepared by collecting a bload sample, allowing it to clot and separating solid components by
centrifugation or other meang to yield serum (blood containing neither blood cells nor clotting
factors), and then detecting the concentration of the analyte in the serum by ELISA or other means
known in the art.

{32671 AU refers to the arca under the concentration-time curve which is expressed in units
of mg/ml. * br (or equivalently mg*hr/ol) unless otherwise specified. “AUCs.” refers to the area
under the concentration-time curve from time=0 1o Iast quantifiable concentration. “AlUCu,s refers
to the area under the concentration time curve from time=0 extrapolated to infinity,

[0268] “Imax” refers to the maximal pharmacodynamic response elicited by an anti-CGRP
antibody dosage, preferably a dosage of 350 mg or more, more typically at least 750 or 1000 mg, as
compared to the response elicited by a lower anti-CGRP antibody doses, e.g., wherein such response
may be detected by the inhibition of vasodilation after topical application of capsaicin.

[0269] Anti-CGRP Antibodies and Binding Fragments Thereof Having Binding Specificity for
CORP

f02704 The invention specifically includes the uce of specific anti-CGRP antibodies and antibody
fragments referred to herein as AbI-Ab14 which comprise or consist of the CDR, VL, VH, CL, CH
polypeptides sequences identified in FIGs, 14-12. The polypeptides comprised in an especially
preferred anti-CGRP antibody, AbG is further described below.

{0271} Antibody AbS

{0272} In a preferred exemplary embodiment, the invention includes humanized antibodies
having binding specificity 1o CGRP and possessing a variable light chain sequence comprising the
sequence set forth below:
OVLTQSPSSLSASYGDRVTINCQASQSVYHNTYLAWYQQKPOKVPKOLIYDASTLASGVPSR
FSGSGSGTDFTLTISSLOPERDVATYYCLGSYDOTNGDCFVEFGGGTKVEIKR (SEQ ID NO: 222).
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[0273] The invention also includes humanized antibodies having binding specificity to CGRP
and possessing a light chain sequence comprising the sequence set forth below:
QVLTOSPSSLEASVODRVTINCQASQSVYHNTYLAWYQUKPGKVPKQLIYDASTLASGVPSR
FSGSGSGTDRTLTISSLOQPEDVATY YCLGSYDUTNGDCRVRGGGTKVEIKRTVAAPSVFIFRPS
DEQLRSGTASVVCLLNNFYPREAKVOQWRKVDNALQSGNSQESVTEQDSKDSTY SLSSTLTLSK
ADYEKHRVYACEVTHQGLSSPYTKSFNRGEC (SEQ ID NO: 221).

[(274) The invention further includes humanized antibodies having binding specificity to CGRP
and possessing a variable heavy chain sequence comprising the sequence set forth below:
EVQLVESGGGLYQPGGSLRLECAVSGIDLSGY YMNWYRQAPGKGLEWVGVIGINGATYYAS
WARKGRFTISRDNSKTTYYLOMNSLRAEDTAVYFCARGDIWGQGTLVTVYSS (SEQ ID NO:
202).

{62753 The invention also includes humanized antibodies having binding specificity to CGRP
and possessing a heavy chain sequence comprising the sequence set forth below:
EVQLVESGGGLVQPGGSLRLECAVSGIDLSGY YMNWVROQAPGKGLEWVGVIGINGATYYAS
WARKGRFTISRDNSKTTVYLOQMNSLRAEDTAVYFCARGDIWGQGTLVTVSSASTEGPSVFPLA
PSSKSTSCGGTAALGCLVEDYFPEPVTVESWNSGALTSGVHTFPAVLOQSSGLYSLSSVVTVPSSS
LGTOQTYICNVNHKPSNTKVDARVEPKSCDKTHTCPPCPAPELLGGPSVFLEPPKPKDTLMISE
TPEVICVVVDVSHEDPEVKENWY VDGVEVHNAKTRPREEGYASTYRVVSVLTVLHOQDWLN
GKEYKCRYSNKALPAPIEKTISKAKGQPREPQVY TLPPSREEMTKNQYSLTCLVKGFYPSDA
VEWESNGQPENNYRTTPPYLDSDGSFRLY SKLTVDKSRWQQON VFSCSVMHBALHNHYTO
KSLSLSPGK (SEQ ID NO: 201),

{1276] Alternatively, the heavy chain of AbS may lack the C-terminal lysine of SEQ ID NO:
201, ie., a heavy chain sequence comprising the sequence et forth below:
EVQLVESGGOLVQPGGSLRLSCAVSGIDLSGY YMNWVROQAPGKGLEWVGVIGINGATY Y AS
WAKGRFTISRDNSKTTVYLOMNSLRAEDTAV YFCARGDIWGQGTLYVTVSSASTKCGPSVFPLA
PSSKSTSGOTAALGULVEDYFPEPVTVSWNSGALTSGVHTFPAVLOQSSGLYSLSSYVTVPSSS
LGTOTYICNVNHKPSNTKVDARVEPK SCDETHTCPPCPAPELLGGPSVFLFPPKPKDTLMISR
TPEVTCVVVDVSHEDPEVKFNWY VDGVEVHNAKTKPREEQYASTYRVVSVLTVLHODWLN
GKEYKCEVSNKALPAPIEKTISKAKGOPREPQVY TLPPSREEMTKNQVSLTCLVKGFYPSDIA
VEWESNGOPENNYETTPPVLDSDGSFFLY SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQ
KSLSLSPG (SEQ ID NO: 564},

{0277} The invémion further contemnplates antibodies comprising one or more of the polypeptide
sequences of SEQ ID NO: 224; SEQ ID NO: 226; and SEQ IT NO: 228 which correspond o the
complementarity-determining regions ({CDRS, or hypervariable regions) of the variable light chain
sequence of SEQ ID NO: 222 or the Hght chain sequence of SEQ 1D NO: 221, andfor ane o more of
the polypeptide sequences of SBQ D NG: 204; SEQ ID NO: 206; and SEQ 1D NO: 208 which

correspond to the complementanity-determining regions (CDRs, or hyparvadable regions) of the
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variable heavy chain sequence of SEQ ID NO: 202 or the heavy chain sequence of SEQ ID NO: 201
or SEQ ID NO: 366, or combinations of these polypeptide sequences. In another embodiment of the
invention, the antibodies of the invention or fragments thereof comprise, or alternatively consist of,
combinations of one or more of the CDRs, the variable heavy and variable fight chain sequences, and
the heavy and light chain sequences set forth ahove, including all of them.

(06278} The invention also confemplates fragments of the antibody having binding specificity 1o
CGRP. In one embodiment of the invention, antibody fragments of the invention comprise, or
alternatively consist of, the polypeptide sequence of SEQ 1D NO: 222 or SEQ ID NO: 221, In
another embodiment of the invention, antibedy fragments of the invention comprise, or alternatively
consist of, the polypeptide sequence of SEQ ID NO: 202 or SEQ ID NO: 201 or SEQ ID NO: 566.
279} In a fusther embodiment of the invention, fragments of the antibody having binding
specificity to CGRP comprise, or alternatively consist of, one or more of the polypeptide sequences of
SEQ 1D NO: 224; SEQ ID NO: 226; and SEQ 1D NO: 228 which comrespond to the complementarity-
determining regions (CDRs, or hypervariable regions) of the variable light chain sequence of SEQ TD
NO: 222 or the Hght chain sequence of SEQ ID NO: 221,

{0280} In a further embodiment of the invention, fragments of the antibody having binding
specificity to CGRF comprise, or alternatively consist of, one o mote of the polypeptide sequences of
SEQ 1T NO: 204; SEQ D NO: 206; and SEQ ID NO: 208 which correspond to the complementarity-
determining regions (CDRs, or hypervariable regions) of the variable heavy chain sequence of SEQ
I NOx 202 or the heavy chain sequence of SEQ 1D NO: 201 or SEQ ID NO: 566,

{02813 The invention slso contemplates antibody fragments which include one or more of the
antibody fragrments described herein, In one embodiment of the invention, fragments of the
antibodies having binding specificity to CORF comprise, or alternatively consist of, one, two, three or
more, including all of the following antibody fragments: the variable lght chain region of SEQ ID
NG: 222; the variable heavy chain region of SEQ ID NO: 202; the complementarity-determining
regions (SEQ ID NO: 224; SEQ I3 NO: 226; and SEQ ID NO: 228) of the variable fight chain region
of SEQ ID NO: 222; and the complementarity-determining regions (SEQ ID NO: 204; SEQ ID NO:
206; and SEQ I NC: 208) of the variable heévy chain region of SEQ 1D NO: 202,

02821 in a particufarly preferred embodiment of the invention, the humanized anti- CORP
antibody is AbS, comprising, or alternatively consisting of, SEQ [ NO: 221 and SEQ ID NO: 201 or
SEQ I3 NO: 566, and having at feast one of the biological activities set forth herein,

{0283 In & further particularly preferred embodiment of the invention, antibody fragments
comprise, or aliernatively consist of, Fab {fragment antigen binding) fragments having binding
specificity for CGRP. With respect to antibody Ab6, the Fab fragment includes the variable light
chain sequence of SEQ ID NO: 222 and the varable heavy chain sequence of SEQ ID NO: 202. This
embodiment of the invention further contemplates additions, deletions, and variants of SEQ ID NGO«
232 andfor SEQ ID NO: 202 in said Fab while retaining binding specificity for CGRP.



WO 2020/222892 PCT/US2020/018702
39

f0284] In another particularly preferred embodiment of the invention, said anti-CGRP antibody
may comprise the antibody expression product isolated from recombinant cells which express nucleic
acid sequences encoding the variable light chain polypeptide of SEQ Iy NO: 222 and the variable
heavy chain polypeptide of 8EQ ID NO: 202, which polypeptides opticnally are respectively linked to
human light and heavy constant region polypeptides, e.g., human IgGt, [gG2, IgG3 or IgG4 constant
regions, which constant regions optionally may be modified to alter glycosylation or proteolysis,
wherein said recombinant cells optionally comprise veast or mammalian cells, e.p., Pichia pastoris o
CHO cells,

[0285] In another particularly preferred embodiment of the invention, said snti-CGRP antibody
may comprise the antibody expression product isolated from recombinant cells which express nucieic
acid sequences encoding the light chain of SEQ ID NO: 221 and the heavy chain polypeptide of SEQ
ID NG: 201 or SEQ ID NO: 566, wherein said recombinant cells optionally comprise yeast or
mammatian cells, e.g., Pichia pastoris or CHO cells, whersin the constant regions thereof optionally
may be modified to alter glycosylation or proteolysis or other effector functions.

{0288} In another particularly preferred embodiment of the invention, any of the aforementioned
aoti-CGRP antibodies or antibody fragments may be optionally comprised in a formulation as
disclosed herein, e.g., comprising histidine {L-histidine), sorbitol, polysorbate 80, such as, per | ml.
volume, about 100 mg ant-CGRP antibody, about 3.1 mg L-Histidine, about 40.5 mg Sorbitol, and
about .13 mg Polysorbate 80, having « pH of about 5.8,

{0287] In one embodiment of the invention described herein (infra), Fab fragments may be
produced by enzymatic digestion {e.g., papain) of Ab6. In another embodiment of the invention, anti-
CGRP antibodies such as Ab6 or Fab fragments thereof may be produced via expression in
mammalian cells such as CHO, NSO or HEK 293 cells, fungal, insect, or microbial systems such as
yeast cells {for example diploid yeast such as diploid Pichin) and other yeast strains. Suitable Pickia
species include, but are not Hmited to, Pichia pastoris.

[(5288] In another embodiment, antibody fragments may be present in one or more of the
following non-limiting forms: Fab, Faly', Fab')s, Fv and single chain Fv antibody forms. Ina
preferred embodiment, the anti-CORP antibodies described herein further comprises the kappa
constant light chain sequence comprising the sequence set forth below:

02897 TY AAPSVEFPPSDEQLEKSGTASVVCLLNNFYPREARKVOWKVDNALQSGNSQESY
TEQDSKDSTYSLSSTLTLASKADYEKHE VY ACEVTHQGLSSPVTESFNRGRC (SEQ I NO:
563).

{02801 In another preferred embodiment, the anti-CGRP antibodies deseribed herein further
comprises the gemma-1 constant heavy chain polypeptide sequence comprising the sequence set forth
betow or the sarne sequence lacking the carboxry terminal lysine residue (SEQ ID NO: 364 and SEQ
D NO: 568, respectively):
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{2813 ASTEGPSVFPLAPSSKSTSGGTAALGULVEKDYFPEPVIVSWNSGALTSGVHTEPA
YLOSSGLY SLASYVTVPSSSLGTQTYICNVNHKPSNTK VDK RVEPKSCDKTHTCPPCPAPELL
GOPSVFLFPPEKPKDTLMISRTPEVTCVYYDVEHEDPEVEFNWY VDGVEVHNAK TKFREEQY
ASTYRVVSVLTVLHODWLNGEEYRKCKVSNKALPAPIEKTISKAKGOQPREPQVYTLPPSREEM
TKRQVSLTCLYKGRYPSDIAVEWESNGOPENNY K TTPPVLDSDGSFRLY SKLTVDKSRWQQG
NYFSCSVMHEALHNHYTQKSLSLSFGK (SEQ T NO: 564).

{291 ASTEKGPSYFPLAPSSKSTSCGTAALGCLYVEKDYFPEPYVTVSWNSGALTSGVHTFPA
VLOQSSGLY SLSSVVTVPSSSLGTOTYICNVNHEPSNTE VDK RVEPKSCDK THTCPPCPAPELL
GGPSVFLFPPKPRKDTLMISRTPEVTCVY VDV SHEDPEVEFNWYVDGVEVHNAK TEPREEQY
ASTYRVYSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPOVY TLPPSREEM
TENQVSLTCLVEGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVRKSRWOOG
NVFSCSVMHEALHNHYTQKSLSLIPG (SEQ 1D NG: 565).

[0293] For clarity, any antibody disclosed herein is intended to include any variant of the
disclosed constant region variant sequences, €., Ab6 may comprise the constant region of SEQ ID
NO: 564 containing the C-terminal lysine or may comprise the constant region of SEQ ID NO: 563
lacking the C-terminal Iysine. Thus, every disclosure hersin of the beavy chain of SEQ ID NO: 201
also includes a variant lacking the C-terminal lysine residue thereof, i.e., having the heavy chain
variable region sequence of Ab6 (SEQ I NO: 2025 and the constant region sequence of SEQ ID NO:
563, For example, the sequence enéoding an antibody cornprising a2 C-terminal lysioe in the heavy
chain may, when expressed in cell lines such as CHO cells, produce an antibody facking said C-
terminal lysing due to proteolysis, or a mixtuce of heavy chains containing or lacking said C-terminal
fysine.

f0244} in another embodiment, the invention contemplates use of an isolated anti-CGRP
antibody comprising a Vy polypeptide sequence selected from: SEQ ID NO: 2, SEG ID NO: 42, SEQ
I NOG: 82, SEQ ID NO: 122, SEQ ID NO: 162, SEQ ID NO: 202, SEQ ID NO: 242, SEQ ID NO:
282, SEQ 1D NO: 322, SEQ ID NC: 362, SEQ ID NO: 402, SEQ 1D NO: 442, SEQ ID NO: 482, or
SEQ ID NO: 522, or a variant thereof! and further comprising 2 Vi polypeptide sequence selected
from: SEQ ID NO: 22, SEQ IDNG: 62, SEQ ID NO: 102, SEQ ID NO: 142, SEQ ID NO: 182, SEQ
1D NG: 222, SEQ ID NOG: 262, SEQ ID NO: 302, SEQ Iy NO: 342, SEQ ID NO: 382, SEQ ID NG
422, SEQ ID NQO: 462, SEQ 1D NO: 302, or SEQ ID NGO 542, or a variant thereof, wherein one or
more of the framework residues (PR residues) in said Vi, Vi polypeptide has been substituted with
another amino acid residue resulting in an anti-CGRP antibody that specifically binds CGRP. The
invention conternplates humanized and chimeric forms of these antibodies. The chimeric antibodies
may include an Fe derived from lgGl, 1gG2, TgG3, or 1gG4 constant regions.

{02857 In one embodiment of the invention, the antibodies or Vi or Vi, polypeptides originate or
are selected from one or more rabbit B cell populations prior to initiation of the humanization process

referenced hersin,
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{(296) In another embodiment of the invention, the aoti-CGRP antibodies and fragments thereof
do not have binding specificity for CGRP-R. In a further embodiment of the invention, the anti-
CGRP antibodies and fragments thereof inhibit the association of CGRP with CGRP-R. In another
embodiment of the invention, the anti-CGRP antibodies and fragments thereof inhibit the association
of CGRP with CGRP-R and/or additional proteins and/or multimers thereof, and/or antagonizes the
hiclogical effects thereof.

[oza7) As stated herein, antibodies and fragments thereof may be modified post-transiationally to
add effector moleties such as cherical linkers, detectable moisties such as for example flunrescant
dyes, enzymes, substrates, bloluminescent materials, radicactive raterials, and chemiluminescent
mojeties, or functional moileties such as for example streptavidin, avidin, biotin, a cytoioxin, &
cytotonic agent, and radioactive materials,

{0298} Antibodies or fragments thereof may also be chemically modified to provide additional
advantages such as increased solubility, stability and circulating time {in vive half-life) of the
polypeptide, or decreased immunogenicity {See 1.8, Pal. No. 4,178,337}, The chemical moieties for
derivatization may be selected from water soluble polymers such as polyethylene glyeol, ethylens
glycolipropylene glyend copolymers, carboxymethylcellulose, dextran, polyvinyl alcohol and the fike,
The antibodies and fragments thereof may be muodified at random positions within the melecule, or at
predetermined positions within the molecule and may include one, two, three or more attached
chemical moietics.

{02997 The polymer may be of any molecular weight, and may be branched or unbranched. For
polyethylene glycol, the prefesred molecular weight is between aboat § kDa and about 100 kDa (the
term "sbout” indicating that in preparations of polysthylene glycol, some molecules will weigh more,
some less, than the stated molecular weight) for ease in handling and manufacturing. Other sizes may
be used, depending on the desired therapeutic profile {e.g., the duration of sustained release desired,
the effects, if any on bicdogical activity, the ease in handling, the degree or lack of antigenicity and
other known effects of the polyethylene glycol to 3 therapeutic protein or analog). For example, the
polyethylens glycod may have an average molecular weight of about 200, 500, 1000, 1500, 2000,
2500, 3060, 3500, 4000, 4500, 5000, 5300, 6006, 6500, 7000, 7300, 8000, £500, 9000, 9500, 10,000,
10,500, 11.000, 11,500, 12,000, 12,500, 13,000, 13,500, 14,000, 14,500, 15,000, {5,500, 16,000,
16,500, 17,000, 17,500, 18,000, 18,500, 13,000, 19,500, 20,000, 25,000, 30,000, 35,000, 40,000,
56,600, 35,000, 60,000, 65,000, 70,000, 75,000, 80,000, 5,000, 90,000, 95,000, or 100,000 kDa.
Branched polyethylene glycols are described, for example, in U.S. Pat. No. 5,643,575, Morpurge et
al., Appl. Biochem. Bistechnol. 56:59-72 (1996}, Vorobjev et al,, Nucleasides Nucleotides 18:2745-
2730 (1999); and Caliceti et al., Bigconjug. Chem. 10:638-646 (1999), the disclosures of each of
which are incorporated herein by reference.

{03007 There are a number of attachment methods available to those skilled in the art, See e.g.,

EP O 401 384, herein incorporated by reference (coupling PEG to G-CSF), See also Malik et al., Exp.
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Hemarol, WR1028-1035 (1992} (reporting pegylation of GM-CSF using tresyl chioride}. For example,
polyethylene glycol may be covalently bound through amino acid residues via a reactive group, such
as, a free amine or carboxy! group. Reactive groups are those to which an activated polyethylene
glyeo] molecule may be bound. The amine acid residues having a free amino group may include
lysine residues and the N-terminal amino acid residues; those having a free carboxyl group may
include aspartic acld residues glutamic acid residues and the C<terminal amino acid residus,
Sulfhydryl groups may also be used as a reactive group for atiaching the polyethylene glyeo
molecules, Preferred for therapeutic purposes is attachment #¢ an amino group, such as attachment at
the N-terminus or lysine group.

[0301] As suggesied above, polyethylene glycol may be attached to proteins via linkage to any of
& number of amino acid residues. For example, polyethylene glycol can be linked to polypeptides via
covalent bonds to lysine, histidine, aspartic acid, glutamic acid, or cysteine residues. One or more
reaction chemistries may be employed to attach polyethylene glycol to specific amino acid residues
{e.g., lysine, histidine, aspartic acid, glotamic acid, or cysteine} or to more than one type of amino
acid residue (e.g., lysine, histidine, aspartic acid, giutamic acid, cysteine and combinations thereof).
03021 Alternatively, antibodies or fragments thereof may have increased in vive half-lives via
fusion with albumin (including but not limited to recombinant human serurm albumin or fragments or
variants thereof {See, e.g., U8, Pai. No. 5,876,969, issued Mar. 2, 1999, EP Patent 0 413 622, and
U.S. Pat. No. 5,766,883, issoed Jun. 16, 1998, herein incorporated by reference in their entirety)} or
other circulating blood proteins such as transferrin or ferritin. In a preferred embaodiment,
prlypeptides andfor antibodies of the present invention (including fragments or variants thereof} are
fused with the mature form of human serum albumin (i.e., aming acids 1-585 of human serum
albumin us shown in FIGS, 1 and 2 of EP Patent 0 322 094) which is hersin incorporated by reference
in its entivety. Polynucleotides encoding fusion proteins of the invention are also encompassed by the
invention.

{0303] Regarding detectable moieties, further exemplary enzymes include, but are not fimited to,
horseradish peroxidase, acetylcholinesterase, alkaline phosphatase, beta-galactosidase and luciferase.
Further exernplary fluorescent materials include, but are not limited o, rhodamine, fluorescein,
fluorescein isothiocyanate, umbelliferone, dichlorotdazinylamine, phycoerythrin and dansyl chloride.
Further exemplary chemfluminescent moisties include, but are not limited to, luminol. Purther
exemplary bicluminescent materials include, but are not limited to, luciferin and acquorin. Further
exemplary radivactive materials include, but are not limited to, Todine 125 $¥D), Carbon 14 (40),
Salfar 35 (8}, Tritium (“"H) and Phosphorus 32 (2P},

{0304] Regarding functional moleties, exemplary cytotoxic agents include, but are not limited o,
metholrexate, aminopterin, G-mercaptopurine, 6-thioguanine, cytarabine, 3-fluorouracil decarbazine;
alkylating agents such as mechlorethamine, thivepa chlorambucil, melphalan, carmustine {BSNL,

mitomycin C, lormustine (CONU, T-methyinitrosourea, cyclothosphamide, mechlorethamine,
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busulfan, dibromomannitol, strepiozotocin, mitomycin C, cis-dichiorodiamine platinam (5 (DDP)
cisplatin and carboplatin (paraplatin); anthracyclines include daunorubicin (formerly daunomycin),
doxorubicin (adriamycin}, detorubicin, carminomycin, idarubicin, epirubicin, mitoxantrone and
bisantrene; antibictics include dactinomycin {(actinomyein D), blsomycin, calicheamicin,
mithramycin, and anthramycin (AMC): and antimytotic agents such as the vinca alkaloids, vineristine
and vinblastine. Other cytotoxic agents include paclitaxel {taxol), ricin, pseudomonas exotoxin,
gemcitabine, cytochalasin B, gramicidin D, ethidiom bromide, emetine, etoposide, tenoposide,
colchicin, dihydroxy anthracin dione, |-dehydrotestosterone, glucocorticoids, procaine, tetracaine,
lidocaine, propranciol, puromyein, procarbazine, hydroxyurea, asparaginase, corticostercids,
mytotane (OP-(DDD)), interferons, and mixtures of these cytotoxic agents.

{03051 Further cytotoxic agents include, but are not limited to, chemethempeugic agents such as
carboplatin, cisplatin, paclitaxel, gemcitabine, calicheamicin, doxorubicin, 3-flucrouracil, mitoraycin
C, activomyein D, cyclophosphamide, vincristine and bleomyein, Toxic enzymes from plants and
bacteria such as ricin, diphtheria toxin and Pseudomaonas toxin may be conjugated to the bumanized
o chimeric antibodies, or binding fragments thereof, to generate celi-type-specific-killing reagents
{Youle, et al., Proc. Nat'l Acad. Sci. USA 77:5483 (1980); Gilliland, et al., Proc. Nat'l Acad. Sci. USA
774539 (1980); Krofick, et al., Proc. Nat'l Acad. 5ci, USA 77:5418 {1980)).

§03086] Other cytnioxic agents include cytotoxic ribonucleases as described by Goldenberg in
LS. Pat. No. 6,633,104, Embodiments of the invention also relate to radicimmunoconjugates where
a radionuclide that emits alpha or beta particles is stably coupled o the antibody, or binding fragments
thereof, with or without the use of a complex-forming agent. Such radionuclides include beta-emitters
such as Phosphorus-32 (7P}, Scandium-47 (V'8¢), Copper-67 (¥Cu), Gallium-67 (9Ga), Yitrium-88
(Y}, Yiriem-90 (UY), lodine-125 (1), Iodine-131 ('), Samarium-153 (8m), Lutetium-177

{*"'Luy, Rhenivm-186 {"*Re) or Rhenium-188 (™Re), and alpha-emitters such as Astatine-211

{0307} Methods are known in the art for conjugating an antibody or binding fragment thereof to
a detectable moiety and the like, such as for exanple those methods described by Hunter et al, Nature
144:943 (1962); David 2t al, Biockemistry 13:1014 (1974); Pain et al, /. fmmunol, Meth. 40:219
{1981); and Nygren, I, Histochem. and Cytochen. 30:407 (1982).

[308] Embodiments described herein further include variants and equivalents that are
substantially homologous to the antibodies, antibody fragments, diabodies, SMIPs, camelbodies,
nancbodies, IgNAR, polypeptides, variable regions and CDRs set forth herein, These may contain,
e.g., conservative substitution mutations, (i.¢,, the substitution of one or more amino acids by similar
amini acids). For examnple, conservative substitution refers to the substitution of an amino acid with
another within the same general class, e.g., one acidic amino acid with another acidic amino acid, one
basic amine acid with another basic amino acid, or one neutral amino acid by another neutral amino

acid. What is intended by a conservative arino scid substitution is well known in the art.
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{0309] Irt ancther embodiment, the invention contemplates polypeptide sequences having at least
90% or greater sequence hornulogy to any one or more of the polypeptide sequences of antibody
fragments, variable regions and CDRs set forth herein. More praferably, the invention contemplates
polypeptide sequences having at least 95% or greater sequence homology, even more preferably at
least 98% or greater sequence homuology, and still more preferably at least 99% or grester sequence
homology to any one or more of the pulypeptide sequences of antibody fragments, variable regions
and CDRs ser forth herein. Methods for determining homology between nucleic acid and amino acid
sequences are well knowa o those of ordinary skill in the art.

{0310} In ancther embodiment, the invention further contemplates the above-recited polypeptide
homologs of the antibody fragments, variable regions and CDRs set forth herein further having anti-
CGRP activity, Non-limiting examples of anti-CGRP activity are set forth herein.

{8311} The present invention also contemplates anti-CGRP antibodies comprising any of the
polypeptide or polynucleotide sequences described herein substituted for any of the other
polynuclestide sequences described herein. For example, without limitation thereto, the present
invention contemplates antibodiss comprising the combination of any of the variable light chain and
variable heavy chain sequences described herein, and further contemplates antibodies resulting from
substitution of any of the CDR sequences described herein for any of the other CDR sequences
described herein.

63123 Additional Exemplary Embodiments of the Jovention

{0313} In another embodiment, the invention contemplates treatment methods using one or more
anti-human CORP antibodies or antibody fragmenis thereof which specifically bind to the same
overapping linear or conformational epitope(s) andfor competes for binding to the same overlapping
finear or conformational epitope(s) on an intact human CGRP polypeptide or fragrent thereof as an
anti-human CORP antibody selected from AbL, AbZ, Ab3, Ab4, AbS, AbS, Ab7, Ab, Ab%, ABIQ,
Abil, AbI2, AbY3, or Abl4. In a preferred embodiment, the anti-human CGRP antibody or fragment
thereof specifically binds to the same overlapping linear or conformational epitope(s) andfor competes
for binding to the same overlapping linear or conformational epitope(s) on an intact humsan CGRP
prdypeptide or a fragment thereof as Ab3, AbS, Abi3, or Abl4,

{0314] A prefecred erabodiment of the invention is directed to treatment methods asing chimeric
or humanized antibodies and fragments thereof {including Fab fragments) having binding specificity
for CORP and inhibiting biological activities mediated by the binding of CGRP (o the CGRP recepior.
In a particularly preferved embodiment of the invention, the chimeric or humanized anti-CGRP
antibodies are selected from Ab3, Ab6, {%bii%, or Abld.

{0315] In another embodiment of the invention, the anti-human CGRP antibody used in the
described treatment methods is an antibody which specifically binds to the same overlapping linear or

conformational epitopes on an intact CGRP polypeptide or fragment thereof that is {are) specifically
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bound by Ab3, Ab6, AbI3, or Abl4 ag ascertained by epitopic mapping using overlapping linear
peptide fragments which span the full length of the native human CGRP polypeptide.

{0316] In another embodiment, the invention is also directed to treatment methods using an
isolated anti-CGRP antibody or antibody fragment comprising one or mare of the CDRs contained in
the Vy polypeptide sequences selected from: 3, 13, 23, 33, 43, §3, 63, 73, 83, 93, 103, 113, 123, or
§33, or a variant thereof, and/or one or more of the CDRs contained in the Vi polypeptide sequences
selected from: 1, 11, 21, 31, 41, 51,61, 71, 81, 81, 10§, 111, 121, or 131, or a variant thereof.

{03171 In one embuodiment of the invention, the anti-human CGRF antibody discussed is the two
prior paragraphs cornprises at least 2 complementarity determining regions (CDRS) in sach the
variable Heght and the vardable heavy regions which are identical to those contained in an anti-human
CGRP antibody selected from Abl, Ab2, Ab3, Abd, AbS, Ab6, AbT, AbS, AbY, Abl0, AbI1, AbIZ,
Ab13, or Abid.

{0318} In a preferred embodiment, the anti-bursan CGRP antibody used in the described
treatrent methods comprises at least 2 complementarity determining regions (CDRs) in each the
variable light and the variable heavy regions which are identical to those contained in Ab3 or AbS. In
another embodiment, all of the CDRs of the anti-human CGRP antibody discussed above are identical
(0 the CDRs contained in an anti-human CGRP antibody selected fﬁ}m Abl, AbZ, Ab3, Ab4, AbS,
AbG, AbT7, ABR, AbY, AbIO, Abll, AbI2, AbI3, or Abl4. In a prefened embodiment of the
invention, all of the CDRs of the anti-human CGRP antibody discussed above are identical to the
CDRs contained in an anti-human CGRP antibody selected from AbY or AbS.

{0319 The invention further contemplates treatment methods whereln the one or mose anti-
human CORP antibodies discussed above are aglycosylated or if glycosylated are only mannosylated:
that contain an Fc region that has been modified to alter effector function, half-life, proteolysis, andfor
ghycosylation; are human, humanized, single chain or chimeric: and are a humanized antibody derived
from a rabbit {parent) anti-human CGRP antibody. An exemplary mutation which impairs
glycosylation comprises the mutation of the Asn residue at position 297 of an 1g(3 heavy chain
constant region such as IgG1 v another aming acid, such as Ala as described in ULS. Pat. No.
5,624,821, which is incorporated by reference in its entirety,

{03247 The invention further contemplates one or more anti-human CGRP antibodies wherein
the framework regions (FRs) in the variable light region and the variable heavy regions of said
antibody respectively are human FRs which are unmodified or which have been modified by the
substitution of one or more human FR residues in the variable lght or heavy chain region with the
coreesponding FR residues of the parent rabbit antibody, and wherein said human FRs have been
derived from human variable heavy and light chain antibody sequences which have been selected
from a library of human germiine antibody sequences based on their high level of homology to the
corresponding rabbit variable heavy or light chain regions relative to other human germiine antibody

sequences contained o the Hbrary,
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{13213 The invention also contemplates 3 method of treating or preventing medication overuse
headache, e.g., associated with the overuse of snti-migraine drugs andfor associated with triptan
andfor ergot andfor analgesic overuse, comprising administering to a patient exhibiting medication
oversse headache or at risk of developing medication overuse headache a therapeutically sffective
amount of at least one anti-homan CGRP antibody or fragment described herein. The invention also
contemplates that the freatment method may involve the administration of two or more anti-CGRP
antibodies or fragments thereof and disclosed herein. If more than one antibody is administered to the
patient, the moltiple antibodies may be administered simultansously or concurrently, or may be
staggered in their administration. The anti-CGRP activity of the anti-CGRP antibodies of the present
invention, and fragments thereof having binding specificity to CGRP, may also be described by their
strength of binding or their affinity for CGRP. In one embodiment of the invention, the antd-CGRP
antibodies of the present invention, and fragments thereof having binding specificity to CGRP, bind to
CGRP with a dissociation constant (Kp} of less than or equal 1o Sx107 M, 107 M, 5x10% M, 108 M,
SxIO®M, 109 M, Sx100 M, 1M, Sx10°8 M, 109 M, 5102 M, 1040 M, Sx10 0 M, or 107 M.
Freferably, the anti-CGRP antibodies and fragments thereof bind CGRP with a dissociation constant
of less than or equal to 1Y M, SXI0Y M, or 17 M. In another embodiment of the invention, the
anti-CGRP antibodies of the present invention, and fragments thereof having binding specificity to
CGRP, bind to a lincar or conformational CORP epitope.

f032321 I another embodiment of the invention, the anti-CGRP activity of the anti CGRP
antibodies of the present invention, and fragments thereof having binding specificity to CGRP, bind to
CGRP with an off-rate of less than or egual to 104 8, Sx105 81, 10% 87, 5x10¢ 87, 108 84, 5x107
S or 18

{0323} In a further embodiment of the invention, the anti-CGRP activity of the anti-CGRP
antibodies of the present invention, and fragments thereof having binding specificity to CGRP, exhibit
anti-CGRP activity by preventing, ameliorating or reducing the symptoms of, or alternatively treating,
diseases and disorders associated with CGRP. Noo-limiting examples of diseases and disorders
associated with CORP are set forth herein and inchude headache and migraine disorders.

{0324} Polynucleotides Bncoding Anti-CGRP Antibedy Polypeptides

{03325} As aforementioned the invention specifically includes the use of specific anti-CGRP
antibodies and antibody fragments referred 1o herein as Ab1-Abi4 which comprise or consist of the
CDR, VL, VH, CL, and CH polypeptides having the sequences identified in FIGs, 14-12. The
nuclelc acld sequences encoding the foregoing V1, VH, CL, and CH polypeptides comprised in Abl.
Abl4 are also comprised in FIGs. 14-12. The nucleic acid sequences which encode the CDR, VL.,
VH, CL, and CH polypeptides of an especially preferred anti-CGRP antibody, Ab6, are further
described below.

{03261 Antibody AbS
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{0327} The invention is further directed to polynucleotides encoding antibody polypeptides
having binding specificity to CGRP. In one embodiment of the invention, polynucleotides of the
invention comprise, or alternatively consist of, the following polynucleotide sequence encoding the
variable light chain polypeptide sequence of SEQ ID NO: 222:

{0328} CAAGTGCTGacceagictocatectecoigieigeatelgtaggagacagagicaccatc AA TigeCAGGUCA
GTCAGAGTGTTTATCATAACACCTACCTGGO CigptatcageagasaccagggaaagiicetaagC A Actgateta
GATGCATCCACTUTGGCATC Tpggicecalologiteagt g gragt gealot g g gacagatticacictoac Calcageage
ctgcagectgaagatgtigcaacttattactgi CTGOGUAGTTATGATTGTACTAATGGTGATTGTTTTG T Titeg
gogpaggaacceaaggigganatcasacgt (SEQ ID NG: 233).

f0339) In one embodiment of the invention, polynuclestides of the invention comprise, or
alternatively consist of, the following polynucleotide sequence encoding the Hght chain polypeptide
sequence of SEQ I NG: 221

0330} CAAGTGCTGacceagictecatectucotglelgeatetgtaggagacagagicaccaic AATigc CAGGCCA
OTCAGAGTGTTTATCATAACACCTACCTGGU g glatcageagaaaccagggasagticetaagCA Actgateta
IGATGCATCCACTCTGGCAT Tegapteecatetegtitcagigpeagiggatoiggpacagatiicacicicaocateageage
cigeagecigaagaigtigeaactattacigiCTOGGUAGTTATGATTGTACTAATGGTGATTGTTTTGT Tieg
geggaggaaccanggteparaicazacgt ACGGTGGCTGCACCATCTGTCTTCATCTICCCGCCATCTGAT
GAGCAGTTOAAATCTGGAACTGCCTCTGTTATGTGCCTGUTGAATAACTTCTATCCCAGA
GAGGUCAAAGTACAGTGGAAGUOTGGATAACGCOCTCCAATCGGGTAACTCCCAGGAGAS
TOTCACAGAGCAGGACAGCAAGGACAGCACCTACAGCCTCAGCAGCACCCTGACGOTGA
GCAAAGCAGACTACGAGAAACACAAAGTCTACGCCTGOGAAGTCACCCATCAGGGLOTG
AGCTCGCOCGTCACAAAGAGCTTCAACAGGGGAGAGTGTTAG (SEQ ID NO: 235,

3331} In another embodiment of the invention, polynucleotides of the invention comprise, or
altemnatively consist of, the following polynucieotide sequence encoding the variable heavy chain
polypeptide sequence of SEQ ID NO: 202:

{0332} gaggigeagetT gtgpagtctgggrgaggrtiggiceagectggpgpptocetgagactetoctgtgeaGT oggadT
CGACCTCagtGGCTACTACATGAA CgggtcegicagactocagggaagegecigragtepetcGCGAGTCATTGG
TATTAATGGTGCCACATACTACGCGAGUTEGGCGAAAGO cgattcaceatcicoagagacaaticcaagA
CCACGGT Glatcticaaatgaacagestgagagetgaggacactgoigtptat TTCmGCTAGAGGGGACAT iggggce
aagggaccctegteaccgic TCCGAGC (SEQ ID NG: 212

(0333} in one embodiment of the invention, polynucleotides of the invention comprise, or
alternatively consist of, the following polynuclentide sequence encoding the heavy chain polypeptide
sequence of SEQ ID NG: 201:

{0334} gaggtgeagetTgtppapiciggppragpctigptceagectggggegtoccigagacictocigiecaGT otggaAl
COACCTCagtGGUTACTACATGAA g ptecgteaggotocagppanggpactpeagtpeaicGOAGTCATTGES
TATTAATGOTGUCACATACTACGUGAGUTGGGCGAAAGG Cogaticaccatetccagagacaaticcaag A
CCACGGTGralcitcaaatgaacagentgagagetgaggacacipetatmat T TCpGUTAGAGGGGAC AT Ciggagec
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aagggacceiogieaccgic TCGAGCGLCTCUACCAAGCGGCLCATCOUGTUTTCCCOCTGOCASCCTCC
TCCaAGAGCACCTCTOOGGCGCACAGCGGCCCTGGGOTGCCTCOTCAAGOACTACTTCCCC
GAACCGGTGACGETGTCOTGUAACTCAGGUGCCCTGALC AGLGGCOTOCACACCTTICCC
GGUTGTCCTACAGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTCACCGTGUCCTCCAG
CAGCTTGGOCACCCAGACCTACATCTIGCAACGTGAATCACAAGCCCAGCAACACCAAGG
TGGACGCGAGAGTTCAGCUCAAATCTTGTCACAAAACTCACACATGCCCACCGTGLCCA
GCACCTCAACTCCTGGGOGGACCETCAGTCTTCCTCTTCCCCCCAAAADCCAAGGACACT
CTCATGATCTCLCeGACCCCTCAGGTCACATGCGTGG TGO TGGACCTGAGCCACGAAGALC
CCTGAGGTUCAAGTTCAACTOGTACGTOCACGGUGTOGAGGTCOCATAATGCCAAGACAAA
GUCCCGGUHAGGAGCAGTACGCCAGCACGTACCGTGTGGTCAGCGTCOTCACOGTCCTGO
ACCAGGACTOGCTGAATOOCAAGGAGTACAAGTGCAAGGTCTCCAACAAAGUCCTCCCA
GCOCCCATCGAGAAAACCATCTCCAAAGCCAAAGGUUAGCOCCGAGAACCACAGOTGTA
CACCCTOQUCCCCATCCCGGGAGGAGATGACCAAGAACCAGOTCAGCCTCACCTGUCTGG
TCAAAGGCTTCTATCCCAGCGACATCOCCETGGAGTGGGAGAGCAATGGOCAGOCGGAG
AACAACTACAAGACCACGUCTCCCGTGCTGRACTCCGACGGUTCCTTCTTCCTCTACAGC
AAGCTCACCGTGGACAAGAGCAGGTGGUAGCAGGGOAACSTOTTICTCATGCTCOGTGAT
GCATGAGGUTCTCCACAACCACTACACGCAGAAGAGCUTCTCCCTGTCTOCGGOTAAATG
ASEQIINO: 2

[(1338} in one embodiment of the invention, polynuclectides of the invention comprise, or
alternatively consist of, the following polynucleotide sequence encoding the heavy chain polypeptide
sequence of SEQ ID NG 586
gagptgcagetTaiggagtoigepggagpotizgtocageciggggagtoccigagactciectgtecaGT Cielgpa ATCGACCT Ca
giGGCTACTACATOAACgpgiecgtcaggetecaggpangpgpctpeagizggicGGAGTCATTGOTATTAAT
GGTGCCACATACTACGUGAGUTGGOCGAAAGGCegattcaccatetecagagacaatiocaag ACCACGGT
Glalcticaaatgascagectgagagetgaggacactgetgtptat TTCitGCTAGAGGGGACAT Clgggpocaagggacacic
gicaccgi TCOAGCGOCTCCACCAAGGGUCCATCGOGTCTTCCCCCTGGCACCCTCOTCCrAGA
GCACCTCTGGGGGCACAGCGGLOCTOOGUTOCCTOGTCAAGGACTACTTCCCUGAACTG
GTCGACGOTGTCGTGGAACTCAGGCGCCCTGACCAGCGGOGTGCACACCTTICCCGGUTETC
CTACACTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTCACCOTOCCCTCCAGCAGUTTG
GGCACCCAGACCTACATCTGCAACGTGAATCACAAGUUCAGCAACACTAAGGTGCOACGC
GAGAGTTGAGCCCAAATCTTGTOACAAAACTCACACATGCCCACCETGUCCAGCACCTS
AACTCCTGGGOUGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGACACCCTCAT G
TCTCCCEGACCCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGG
TCAAGTTCAACTGGTACGTGOACGGUGTGOAGGTGCATAATGCCAAGACAAAGCCGCGE
GAGGAGCAGTACGCCAGCACGTACCGTGTGGTCAGUGTCCTCACCOTCCTGUACCAGGA
CTGGCTGAATGGCAAGGACGTACAAGTGLAAGGTCTCCAACAAAGCCCTOCCAGCCCCCA
TCGAGAAAACCATCTCCAAAGCCAAAGOGCAGCCCCCAGAACCACAGGTGTACACCCTS
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COCCCATCOUGGGAGGAGATGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTC AAAGG
CTTCTATCCCAGCGACATCOCCGTGCAGTGOGAGAGCAATGGGCAGCCGGAGAACAALT
ACAAGACCAUGCCTCCCGTGUTGGACTCCGACGGCTCOTICTTCCTCTACAGCAAGCTCA
CCGTGGACAAGAGUAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAG
GCTCTGCACAACCACTACACGCAGAAGAGCOTUTCCCTGTCTCCGGGTTGA (SEQ ID NO:
5673,

{0336] In a further erbodiment of the invention, polynuslectides encoding antibody {ragments
having binding specificity to CGRP comprise, or alternatively consist of, one or more of the
polynuclectide sequences of SEQ ID NO: 234; SEQ ID NG: 236; and SEQ ID NO: 238 which
correspond 1o polynucleotides encoding the complerentarity-determining regions (DR, or
hypervariable regions) of the light chain variable sequence of SEQ ID NO: 222 or the light chain
sequence of SEQ 1D NO: 221,

{0337] In a further embodiment of the invention, polynucieotides encoding antibody fragments
having binding specificity to CORP comprise, or alternatively consist of, one or more of the
polynucicotide sequences of SEQ ID NO: 214; SEQ ID NO: 216; and SEQ 1D NO: 218 which
correspond to polynucleotides encoding the complementarity-determining regions (CDRs, or
hypervariable reginms) of the heavy chain variable sequence of SEQ ID NO: 202 or the heavy chain
sequence of SEQ 1D NOQ: 201 or SEQ ID NO: Se66.

1338} The invention also contemplates polybuclectide sequences including one or more of the
polynuclentide sequences encoding antibody fragments described herein. In one embodiment of the
invention, polynucleotides encoding antibody fragments having binding specificity to CGRP
comprise, or alternatively consist of, one, two, three or more, including all of the following
polynuclectides encoding antibody fragments: the polynucleotide SEQ 1D NO: 232 encoding the Hght
chain variable sequence of SEQ ID NO: 222; the polynucieotide SEQ ID NO: 231 encading the light
chain sequence of SEQ 1D NO: 221 the polynuslectide SEQ ID NO: 212 encoding the heavy chain
variable sequence of SEQ ID NO: 202; the polynucisotide SEQ ID NO: 211 encoding the heavy chain
sequence of SEQ ID NO: 201; the polynucleotide SEQ ID NO: 367 encoding the heavy chain
sequence of SEQ 1 NO: 566, polynucleotides encoding the complementarity-determining regions
(SEQ ID NO: 234; BEQ ID NO: 236; and SEQ ID NO: 238) of the light chain variable sequence of
SEQ D NO: 222 or the Hight chaln sequence of SEQ ID NG: 2215 and polynucieotides encading the
complementarity -determining regions (SEQ ID NO: 214; SEQ ID NO: 216; and SEQ 1D NO: 218 of
the heavy chain variable sequence of SEQ 1D NO: 202 or the heavy chain sequence of SEQ ID NO:
201 or SEQ D NG: 366,

{03393 In a preferred embodiment of the invention, polynucleotides of the invcmiunlcnmprise, or
aliernatively consist of, polynucleotides encoding Fab (fragment antigen binding) fragments having
binding specificity for CGRP. With respect to antibody Abs, the polynucleotides encoding the full
lengih Ab6 antibody comprise, ot alternatively consist of, the polynucleotide SEQ 1D NO: 231
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encoding the light chain sequence of SEQ ID NO: 221 and the polynucieotide SEQ ID NO: 211
encoding the heavy chain sequence of SEQ D KNO: 201 or the polynucleotide SEQ ID NO: 567
encoding the heavy chain sequence of SEQ ID NO: 566,

{03407 Another embodiment of the invention contemplates these polynucleotides incorporated
inio an expression vector for expression in mammalian cells such as CHG, NSO, HEK-283, or in
fungal, insect, or microbial systems such as yeast cells such s the yeast Pichia. Suitable Pichia
species include, but are not limited to, Pichia pastoris. Tn one smbodiment of the invention deseribed
herein (infra), Fab fragivents may be prodoced by enzymatic digestion {e.g., papain) of Ab6 following
expression of the full-length polynuclectides in a suitable host. In another embodiment of the
invenition, anti-CGRP antibodies such as AbS or Fab fragments thereof may be produced via
expression of Ab6 polynuclectides in mammalian cells such as CHO, NSO or HEK 293 eeils, fungal,
insect, or microbial systems such as yeast cells (for example diploid yeast such as diploid Pickin) and
other yeast sirains. Suitable Pichia species include, but are not limited to, Pichia pastoris.

{03413 In one embodiment, the invention is directed to an isolated polynucieotide comprising a
polynucleatide eﬁcmfzing an anti-CORP Vi antibody amino acid sequence selected from SEQ ID NO:
2, SEQ ID NG: 42, SEQ ID NO: 82, SEQ ID NO: 122, SEQ ID NO: 162, SEQ ID NO: 202, SEQ ID
NO: 242, SEQ ID NO: 282, 3EQ ID NO: 322, SEQ ID NO: 362, SEQ ID NO: 432, SEQ ID NO: 442,
SEQ ID NO: 482, or SEQ ID NO: 522 or encoding @ variant thereof wherein at least one framewink
residue (PR residue) has been substituted with an amino acld present at the corresponding position in
a rabbit anti-CGRP antibody Vi polypeptide or a conservative amino acid substitution,

{0342} In another embodiment, the invention i direcied to an isolated polynucleatide comprising
the polynucleotide sequence encoding an anti-CGRP V) antibody amine acid sequence of SEQ ID
NO: 22, SEQ ID NO: 62, SEQ ID NO: 102, SEQ ID NO: 142, SEQ ID NO: 182, SEQ ID NO: 222,
SEQ I NO: 262, SEQ ID NO: 302, SEQ ID NOG: 342, SEQ ID NO: 382, SEQ D NQ: 422, SEQID
NO: 462, SEQ D NO: 502, or SEQ ID NO: 542, or enceding a variant thereof wherein at least one
framewurk residue (FR residue) has been substituted with an amino acid present at the corresponding
position in a rabbit anti-CGRP antibody V. polypeptide or a conservative amino acid substitution.
{0343} In yet another embodiment, the invention is directed to one or more heterologous
polynucleotides comprising a sequence encoding the polypeptides contained in SEQ ID NO: 22 and
SEQID NG 2; SEQ ID NO: 82 and SEQ ID NO: 42; SEQ I NQ: 102 and SEQ ID NO: 82: SEQ I
NO: 142 and SEQ 1D NOG: 122 SEQ ID NO: 182 and SEQ ITy NO: 162; SEQ 1D NO: 222 and SEQ
10 NO:; 202; SEQ ID NO: 262 and SEQ 1D NO: 242; SEQ ID NO: 302 and SEQ ID NO: 282; 8EQ
1D NO: 342 and SEQ ID NC: 322; SEQ ID NG: 382 and SEQ 1D NO: 362, SEQ ID NC: 422 and
SEQ D NO: 402; SEQ ID NO: 462 and SEQ ID NO: 442; SEQ D NO: 302 and SEQ ID NO: 482; or
SEQ ID NO: 542 and SEQ ID NO: 522,

{0344] In another embodiment, the invention is directed to an isolated polynucieotide that

expresses a polypeptide containing at keast one CDR polypeptide derived from an ant-CGRP
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antibody wherein said expressed polypeptide alone specifically binds CGRP or specifically binds
CGRP when expressed in assaciation with another polynucleotide sequence that sxpresses a
poiypeptide containing at least one UDR polypeptide derived from an anti-CGRP antibody wherein
said at least one CDR is selected from those contained in the Ve or Vi polypeptides of SEQ ID NG
22, SEQID NO: 2, SEQ ID NO: 62, SEQ ID NO: 42, SEQ ID NO: 102, SEQ ID NO: 82, SEQ ID
N 142, SEQ ID NG: 122, SEQ ID NO: 182, SEQ ID NG: 162, SEQ ID NG: 222, SEQ ID NO: 202,
SEQ ID NO: 262, SEQ D NO: 242, SEQ ID NO: 302, SEQ ID NO: 282, SEQ ID NG: 342, SEQID
NG: 322, SEQID NOQ: 382, SEQ ID NQGx 362, SEQ ID NO: 422, SEQ ID NO: 402, SEQ ID NQO: 462,
SEQ ID NO: 442, SEQ 1D NO: 502, SEQ ID NG 482, SEQ ID NO: 542, or SEQ ID NO: 522,

{03451 Host cells and vectors comprising said polynucleotides are also contemplated,
{0346} The invention further contemplates vectors comprising the polynucieotide sequences

encoding the variable heavy and light chain polypeptide sequences, as well as the individual
complementarity -determining regions (CDRs, or hypervariable regions), as set forth herein, as well as
host cells compriéing said vector sequences. In one embodiment of the invention, vthe host cell is &
yeast cell. In another embodiment of the inventicn, the yeast host cell belongs to the genus Pichia.
{0347] Methods of Producing Antibodies and Fragments thereof

{0348] In ancther embodiment, the present invention contemplates methods for producing anti-
CGI::{P antibodies and fragments thereof. Methods for producing amiEadies and fragments thereof
secreled from polyploidal, preferably diploid or tetraploid strains of mating competent yeast are
taught, for example, in U.S. patent application publication no. US 2009/00226359 to Olson &t al,, and
in LS. patent no. 7,935,340 to Garcia-Martinez et al., the disclosures of each of which are herein
incorporated by reference in their entireties. Methods for producing antibodies and fragments thereof
in mammalian cells, e.g., CHO cells are further well known in the art.

f03491 Uther methods of producing antibodies are alse well known to those of ordinary skill in
the art. For example, methods of producing chimeric antibodies are now well known in the ant (See,
for example, U.S. Patent No. 4,816,567 to Cabilly et al.; Morrison et al., PAN.AS. US4, 81:85651-55
{1984y, Neuberger, MLS. et al,, Nature, 314:268-270 (1983); Boulianne, (L. ot al., Nature, 312:643-
46 (1984}, the disclosures of each of which are herein incorporated by reference in their entireties),
{0350] Likewise, other methods of producing humanized antibodies are now well known in the
art (See, for example, U.S. Patent Nos. 5,530,101, 5,585,089, 5,693,762, and 6,180,370 to Queen ot
al; UL3. Paters Nos. 3,225,539 and 6,548,640 to Winter; U.S. Patent Nos, 6,034,297, 6 407,213 and
6,639,055 to Carter et al; U5, Patent No. 6,632,927 to Adair; Jones, P.T. et al, Noare, 321:522-525
{1986); Reichmann, L., et al, Nature, 332:323.327 {1988); Verhoeyen, M, et al, Science, 239:1534-36
{1988}, the disclosures of each of which are herein incorporaied by reference in their entiretics).
{0351] The term “opioid analgesic” herein refers to all drugs, natural or synthetic, with
morphine-ike actions. The synthetic and semi-synthetic opioid analgesics are derivatives of five

chemical classes of compound: phenanthrenes; phenytheptylamines; phenyipiperidines; morphinans:
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aod benzomorphans, all of which are within the scope of the term. Exemplary opioid analgesics
include codeine, dihydrocodeine, diacetylmorphine, hydrocodone, hydromorphone, levorphanol,
oxymorphore, alfentanil, buprenorphing, butorphanol, fentanyl, sufentanyl, meperidine, methadone,
natbuphine, propoxyphene and pentazocine or pharmaceutically acoeptable salts thereof.

[0352] The term "NSAID" refers to a non-steroidal anti-inflammatory compound, NSAIDs are
categorized by virtue of their ability to inhibit cyclooxygenase. Cyelnoxygenase | and
cycloogygenase 2 are two major isoforms of cyclooxygenase and most standard NSAIDs are mined
inhibitors of the two fsoforms. Most standard NSAIDs fall within one of the following five structural
categories: {1) propionic acid derivatives, such s« ibuprofen, naproxen, naprosyn, diclofenac, and
ketoprofen; (2} acetic acid derivatives, such as tolmetin and siindac; (3} fenamic acid derivatives, such
as mefenamic acid and meclofenamic acid; (4) biphenylcarboxylic acid derivatives, such as diflunisal
and flufenisal; and (3} oxicams, such as piroxim, sudoxicam, and isoxicam. Another class of NSAID
has been described which selectively inhibit eyelooxygenase 2. Cox-2 inhibitors have been described,
g, in U8, Pat. Nos. 5.616,501; 5,604,260, 5,593,994, 5,550,142; 5,536,752# 5,521,213; 5,475,995,
3,839,780; 5,604,253, 5,552.422; 5,510,368, 5,436,265; 5,409,944, and 5,130,311, all of which are
hereby incorporated by reference. Certain exemplary COX-2 inhibitors include celecoxib {SC-58635),
DUP-697, flosulide (CGP-28238), meloxicam, 8-methoxy-2 naphthylacetic acid {6-MNA), rofecoxib,
MK-866, nabumetone (prodrug for 6-MNA S, nimesulide, NS-398, SC-5766, SC-58215, T-614: or
combinations thereof,

{0353} In some embodiments, aspirin and/or acetaminophen may be taken in conjunction with
the subject CGRP antibody or fragment. Aspirin is another type of non-steroidal anti-inflammatory
compound.

{0334} The subject to which the pharmaceutical formulation is administered can be, e.g., any
human or non-human animal that is in need of such treatment, prevention andfor amelioration, or who
waould otherwise benefit from the inhibition or attesuation of medication overuse headache. For
example, the subject can be an individual that is diagnosed with, or who is deemed to be at risk of
being afflicted by medication overuse headache, The present invention further includes the use of any
of the pharmaceutical formulations disclosed herein in the manufacture of a medicament for the
treatment, prevention and/or ameHoration of medication overuse beadache.

{03351 Administration

{6356] In one embodiment of the invention, the anti-CGRP antibodies described herein, or
CGRP binding fragments thereof, as well as combinations of said antibodies or antibody fragments,
are administered to a subject at a concentration of between about 0.1 and 100.0 mgrkg of body weight
of recipient subject. In a preferred embodiment of the invention, the anti-CGRP antibodies described
herein, or CGRP binding fragiments thereof, as well as combinations of said antibodies or antibody
fragments, are administered to a subject at a concentration of about 0.4 mgfkg of body weight of

recipient subject andfor at a dosage of 100 or 300 mg. In a preferred embodiment of the jovention. the
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anti-CGRP antibudies described heretn, or CGRP hinding {ragments thereof, as well as combinations
of said antibedies or antibody fragments, ame administered 1o a recipient subject with a frequency of
once every twenty-six weeks or six months or less, such as once every sixieen weeks or four months
or Jess, once every eight weeks or two months or less, once every four weeks or monthly or less, once
every two weeks or bimonthly or less, once every week or less, or once daily or less. In general the
administration of sequential doses may vary by plus or minus a few days from the aforementioned
schedule, e.g., administration every 3 months or every 12 weeks includes administration of a dose
varying from the schedule day by plus or minus 1,2, 3,4, 5, 5, or 7 days.

113571 Fab fragments may be administered every two weeks or less, every week or less, once
daily or less, muliiple times per day, and/or every few howrs. In one embodiment of the invention, a
patient receives Fab fragments of 0.1 mg/kg to 40 mgfkg per day given in divided doses of 1 to 6
fimes a day, or in & sustained release form, effective to obtain desired results.

{03588] It is to be understood that the concentration of the antibody or Fab administered to a given
patient may be greater or jower than the exemplary administration concentrations set forth above,
{0359] A person of skill in the art would be able o determine an effective dosage and frequency
of adnunistration through routine expedmentation, for example guided by the disclosure herein and
the teachings in Goodman, L. 5., Gilman, A, Brunton, L. L, Lazo, I, 8., & Parker, K. L. (2006}
Geodman & Gilman's the pharmacological basis of therapeutics. New York: McGraw-Hill; Howland,
R. D, Myeek, M. §.. Harvey, R, A, Charape, P. €., & Mycek, M. 1. {2006). Pharmacology.
Lippincott’s illustrated reviews. Philadelphia: Lippincott Williams & Wilkins; and Golan, D. B
{2008}, Principles of pharmacology: the pathophysiologic basis of drug therapy. Philadelphia, Pa,,
fete.}: Lippincott Williams & Wilkins.

(0360} In another embodiment of the invention, the anti-CGRP antibodies deseribed herein, or
CGRP binding fragments thereof, as well as combinations of said antibodies or antibody fragments,
are administered to a subject in a pharmacentical formaulation.

{0361} A “pharmaceutical conaposition” refers to a chemical or biological composition suitable
for administration to a mammal, Such compositions may be specificalty formulated for
adminisiration via one or more of 4 number of routes, including but not fimited to buccal,
epicutanecus, epidural, inhalation, intraarterial, intracardial, intracerebroventricular, intradermal,
intramuscalar, intranasal, intraocular, intraperitoneal, intraspinal, intrathecal, intravenous, oral,
parenteral, rectally via an enema or suppository, subcutaneous, subdermal, sublingual, transdermal,
and transmucosal, prefecably intravenous. In addition, administration can occer by means of
injection, powder, liquid, gel, drops, or other means of administration,

[6362] A “pharmaceatical excipient” or 2 “pharmaceutically accepiable excipient™ is a carrier,
usually a liguid, in which an active therapeutic agent is formulated. In one embodiment of the
invention, the active therapeutic agent is a bumanized antibody described herein, or one or more

fragments thereof. The excipient generally does not provide sny pharmacological activity to the
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formulation, though it may provide chemical and/or biological stability, and release characieristics,
Exemplary formulations can be found, for example, 1o Remington’s Pharmacentical Sciences, 19
Ed., Grennaro, A, Ed., 1995 which is incorporated by reference.

[0363] As used herein “pharmacentically acceptable carrier” or “excipient” includes any and all
golvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption
delaying agents that are physiclogically compatible, In one embodiment, the carrier is suitable for
parenteral administration. Alternatively, the carrier can be suitable for intravenous, intraperiioneal,
intramuscular, or sublingual administration. Pharmaceuticaily acceptable carriers inciude sterife
aquecus sclutions or dispersions and stertle powders for the extemporanecus preparation of sterile
injectable sobutions or dispersions. The use of such media and agents for pharmaceutically active
substances is well known in the art. Except insofar as any conventional media or agent is
incompatible with the active compound, use thereof in the pharmaceutical compositions of the
invention i cnntenﬂplated. Supplementary active compounds can also be inwrporaféd into the
COmPUsitions.

{6364] Pharmaceutical compositions typically must be sterile and stable under the conditions of
manufaciure and storage. The invention conternplates that the pharmaceutical composition is present
in lyophilized form. The composition can be formulated as a solution, microcemulsion, liposome, or
other srdered structure suitable to high drug concentration. The carcier can be a solvent or dispersion
medium containing, for example, water, ethanol, polyol (for example, glycerol, propylene glyeol, snd
liguid polyethylene glycol), and suitable mixtures thersof. The invention further contemplates the
inclusion of a stabilizer in the pharmaceutical composition. The proper fluidity can be maintained, for
sxample, by the maintenance of the required particle size in the case of dispersion and by the use of
surfactants.

[6365] In many cases, it will be preferable to include isotonic agents, for example, sugars,
polyaicohols such as mannitol, sorbitol, or sodium chioride in the composition. Prolonged absarption
of the injectable compositions can be brought abowt by including in the composition an agent which
delays absorption, for example, monostearate salts and gelatin, Moreover, the alkaline polypeptide
can be formulated in a time release formulation, for example in 2 composition which includes a slow
release polymer. The active compounds can be prepared with carriers that will protect the compound
against rapid release, such as a controlled release formulation, including implants and
microgncapsulated defivery systems. Biodegradable, biocompatible polymers can be used, such as
ethylene vinyl acetate, polyanhydrides, priygivendic acid, collagen, polyorthoesters, polylactic acid
and polylactic, polyglycolic copolymers (PLG). Many methods for the preparation of such
formulations are known to those skilled in the art.

{63651 An exemplary composition comprises, consists essentially of, or consists of an anti-
CORP antibody or fragment thereof (e.g., AbS), an excipient such as histidine, an isotonic agent such

as sorbitol, and a swrfactamt such as polysorbate 80 in an aqueons solution. For example, the
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composition may comprise, consist essentially of, or consist of histidine (L-histidine}, sorbitol,
polysorbate 80, such as, per 1 mL volume, about 100 mg ant-CGRP antibody (e.g., Ab6), about 3.1
mg L-Histidine, about 40.5 mg Sorbitol, and sbout 0.15 mg Polysorbate 88, having a pH of about 5.5,
or approximately that constitution, e.g., within 10% of those values, within 5% of those values, within
14 of those values, within 0.5% of those values, or within 0,19 of those values, and water. For
exarnple, the pH value may be within 10% of 5.8, i.e., between 5.22 and 6.38. The AbS antibody may
comprise or consist of the variable Hght and heavy chain polypeptides of SEQ 1D NO: 222 and SEQ
I NO: 202 respectively, or the light and heavy chain polypeptides of SBEQ ID NG: 221 and SEQ 1D
N2 201 respectively, or the light and heavy chain polypeptides of SEQ ID NO: 221 and 5EQ ID NG
386 respectively. The compasition may be in the form of an agueous solution, or a concentrate {e.g.,
Iyophilized) which when reconstituted, e.g., by addition of water, yvields the aforementioned
constitution. An exemplary composition consists of, per ml., 100 mg of the light and heavy chain
polypeptides of SEQ ID NO: 221 and SEQ ID NO: 201 respectively, about 3.1 mg L-Histiding, about
40.5 mg Sorbitol, and about .13 mg Polysarbate 80, and water 3.8, or approximately that
constitution, £.g., within 10% of those quantities, within 5% of those quantities, within 1% of those
quantities, within 0.53% of those quantities, or within 0.1% of those quantities. Another exemplary
compositon consists of, per mi., 100 mg of the light and heavy chain polypeptides of SEQ ID NO:
221 and SEQ ID NO: 366 respectively, about 3.1 mg L-Histidine, about 40.5 mg Sorbitol, and ahout
(.13 mg Polysorbate 80, and water .S, or approgimately that constitution, e.g., within 10% of those
quantities, within 5% of those quantities, within 9% of those guantities, within 0.5% of those
quantities, or within 0.1% of those quantities. The compuosition may be suitable for intravenous or
subcutanecus administration, preferably intravencus administration. For example, the composition
may be suttable for mixing with an intravenous solution (such as 1.9% sodium chloride) at an amount
of between about 100 mg and about 300 mg antibody added to 100 ml of intravenous solution.
Preferably the composition may be shelf-stable for at feast 1, 3, 6, 12, 18, or 24 months, e.g., showing
formation of aggregates of no more thas 3% or no more than 10% of the antibody or fragment after
storage at room temperature or when refrigerated at 4°C for the specified duration, or in an
acoelerated aging test that simulates storage for that duration.

{0367} For each of the recited embodiments, the compounds can be administered by a variety of
dosage forms. Any biologically-acceptable dosage form known to persons of ordinary skill in the an,
and combinations thereof, are comtemplated. Examples of such dosage forms inciude, withowt
limitation, reconstitutable powders, elixirs, Hquids, sehutions, suspensions, emulsions, powders,
granules, particles, microparticles, dispersible granules, cachets, inhalants, aeroscl inhalants, patches,
particle inhalants, implants, depot implants, injectables (including subcutansous, intramuscular,
intravenous, and intradermal, preferably intravenous), infustons, and combinations thercof.

f0368} The above description of various illustrated embodiments, of the invention is not intended

3 be exhaustive or ts limit the fnvention (o the precise form disclosed. While specific embodiments,
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of, and exampies for, the inventinn are described herein for iHustrative purposes, various equivalent
modifications are possible within the scope of the invention, as those skilled in the relevant art will
recognize. The teachings provided herein of the invention can be applied to other purpases, sther
than the examples described above,

{1369 These and other changes can be made to the invention in light of the above detailed
description. In general, in the fullowing claims, the terms used should not be constroed to limit the
invention to the specific embodiments, disclosed in the specification and the claims. Accordingly, the
invention is not Hmited by the disclosure, but instead the scope of the invention is to be determined
entirely by the following claims.

{0370 The invention may be practiced in ways other than those particularly described in the
foregoing description and examples. Nomerous modifications and variations of the invention are
possible in light of the above teachings and, therefore, are within the scope of the appended claims.
{0371 Certain CGRP antibody polynuclentides and polypeptides are disclosed in the sequence
listing accompanying this patent application filing, and the disclosure of said sequence listing is
herein incorporated by reference in its entirety.

(372} The entire disclosure of cach document cited (including patents, patent applications,
Jjournal articles, abstracts, manuals, books, or other disclosures) in the Background of the Invention,
Detailed Deseription, and Examples is herein incorporated by reference in their entireties.

{0373} The following examples are put forth 5o as to provide those of ordinary skill in the art
wiih a complete disclosure and description of how to make and vse the subject invention, and are not
intended to limit the scope of what is regarded as the invention. Efforts bave been made o eosure
accurzey with respect to the nurnbers used (e.g. amounts, temperature, concentrations, 2c.) but some
experimental errors and deviations should be allowed for. Unless otherwise indicated, parts are parts
by weight, molecular weight is average molecular weight, temperature is in degrees centigrade; and
pressure i$ at or near atmosphere.

ADDITIONAL EXEMPLARY EMBODIMENTS

S1 Use of an anti-CORP antibody for the manufacture of a medicament for treating wmigraine
or beadache in a patient in the need of irmediate relief of migraine or headache symptoims ar for
prevention of migraine or headache fn a patient in need of immediate preventative treatment of migraine
or headache, wherein said medicament is for intravenous infusion in a dosage of 100 or 300 my of said
anti-CGRP antibody, wherein said anti-CGRP antibody comprises the Hght chain CDR 1, 2, and 3
polypeptide sequences of SEQ 1D NO: 224; SEQ ID NO: 226; and SEQ ID NO: 278, respectively and
heavy chain CDR 1, 2, and 3 polypeptide sequences of SEQ 1D NO: 204; SEQ ID NO: 206; and SEQ
1D NO: 208, respectively.
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8% Use of the anti-CGRP antibody of embodiment S1, wherein said medicament is for use in
a patient that patlent exhibits at least one headache andfor migraine symptom at the time of

administration.

53, Use of the anti-CGRP antibody of embodiment §2, wherein said at least one headache

and/or rnigraine symptom comprises one or more of pain, navsea, photophobia, or phonophobia,
S4, Use of the anti-CORF antibody of embodiment 83, wherein said pain is head pain.

85. Use of the anti-CGRP antibody of any one of embodimenis $2-54, wherein the muost
bothersome symptom is alleviated after said administration, such as within the first day after
administration, within 12 hours after admunistration, within 6 hours after administration within § hours
after administration, within 4 houes after administration, within 3 hours after administration, within 2
howrs after administration, or within 1 hour of after administration, within 30 minutes afler

adndinistration, or such as between 1-6 hours after administration.

86. Use of the anti-CGRP antibody of any ene of embodiments 82-85, wherein said patient no
longer has a migraine after said administration, such as within the first day after administration, within
12 hours after administeation, within 6 hours after administration within 5 hours after administeation,
within 4 hours ‘after administration, within 3 hours alter admdnistration, within 2 hours afier
administration, or within 1 hour of after administration, within 30 minutes after administration, or such

as between -6 hours after administration.

57, Use of the anti-CGRP antibody of any one of the foreguing embodiments, wherein said
anti-CGRF antibody comprises the light chain CDR 1, 2, and 3 polypeptide sequences encoded by SEQ
1D NG: 234; SEQ 1D NO: 236; and SEQ ID NO: 238, respectively and heavy chain CDR 1, 2, and 3
polypeptide sequences encoded by SEQ 1D NO: 2i4; SEQ ID NO: 216; and SEQ ID NO: 218,

raspactively.

$8. Use of the anti-CGRP antibody of any one of the foregoing embodiments, wherein said

anti-CGRP antibody comprises the variable Jight chain polypeptide of SEQ ID NO: 222,

59, Use of the anti-CORP antibody of any one of the foregoing embodiments, wherein said

anti-CGRF antibody comprises the variable light chain polypeptide encoded by SBEQ 1D NO: 232,

§iQ. Use of the anti-CGRP antibody of any one of the foregoing embodiments, wherein said

anti-CORP antibody comprises the variable heavy chain polypeptide of SEQ I NO: 202,

SiL Usé of the anti-CGRP antibody of any one of the foregoing embodiments, wherein said

anti-CGRP antibody comprises the variable heavy chain polypeptide encoded by SEQ ID NO: 212,
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Siz. Use of the anti-CGRP antibody of any one of the foregoing embodiments, wherein said
anti-CGRP antibody comprises the variable light chain polypeptide of SEQ ID NO: 222 and the variable
heavy chain polypeptide of SEQ ID NO: 202.

Si3. Use of the ant-CORP antibody of any one of the foregoing embadiments, wherein sald
anti-CORP antibody comprises the variable light chain polypeptide encoded by SEQ 1D NO: 232 and
the variable heavy chain polypeptide encoded by SEQ 1D NO: 212,

Si4. Use of the anti-CGRP antibody of any one of the foregoing embodiments, whersin said

anti-CGRP antibody comprises the light chain polypeptide of SEQ ID NG: 221,

Sis. Use of the anti-CGRP antibody of any one of the foregoing embodiments, wherein said

anti-CORF antibody comprises the light chain polypeptide encoded by SEQ ID NO: 231,

S16. Use of the anti-CGRP antibody of any one of the foregoing embodiments, wherein said

anti-CORP antibody comprises the heavy chain polypeptide of SEQ ID NO: 201 or SEQ ID NO: 566,

817, Use of the anti-CORP antibody of any one of the foregoing embodiments, wherein said
anti-CGRP antibody comprises the heavy chain polypeptide encoded by SEQ ID NO: 211 or SEQ ID
NG: 567,

S18. Use of the anti-CORP antibody of any one of the foregoing embodinents, wherein said
anti-CGRP antibody comprises the light chain polypeptide of SEQ ID NO: 221 and the heavy chain
polypeptide of SEQ ID NO: 201 or SEQ D NO: 566,

518, Use of the anti-CGRP antibody of any one of the foregoing embodiments, whereln said
anti-CGRP anubody comprises the light chain polypeptide encoded by SEQ IDY NC: 231 and the heavy
chain polypeptide encoded by SEQ ID NO: 211 or SEQ 1D NO: 567,

§20. Use of the anti-CGRP antibody of any one of the foregoing embodiments, wherein said

intravenous administration is infused over a period of approximately 30 min to 60 minutes.

8521, Use of the anti-CGRP antibody of any one of the foregoing embodiments, wherein the
headache or migraine symptoms decline or are abolished fmmediately afler administration, such as
within the first day after administration, within 12 hours after admdnistration, within & hours after
administration within 5 hours after administration, within 4 hours after administration, within 3 hours
after administration, within 2 hours after administration, or within 1 hour of after administration, within

30 minutes after administration, or such as between 1-6 hours after admdnistration,
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§22. Use of the anti-CGRP antibody of any one of the foregoing embodiments, wherein said

patient is headache free 2 hours post-corapletion of infusion.

523, Use of the anti<CORP antibody of any one of the foregoing embodiroents, wherein said
medicament is for intravenous administration in a dosage of 100 mg of said anti-CORP antibody every

Hi-14 weeks, preferably every F1-13 weeks, more preferably every 12 weeks.

8§24, Use of the anti-CORP antibody of any one of embodiments $1-822, whercin said
medicament is for intravenocus administration in a dosage of 300 mg of said anti-CORP antibody every

10-14 weeks, preferably every 11-13 weeks, more preferably every 12 weeks,

823, Use of the anti-CGRP antibody of any one of the foregoing embodiments, wherein said
anti-CGRP antibody is comprised in a formulation comprising or consisting of histidine {L-histidine),

sorbitol, polysorbate 80, and water,

826, Use of the anti-CGRP antibody of embodiment $23, wherein said formulation comprises
or consists of, per 1 mL volume, {00 mg anti-CORP anubody, 3.1 mg L-Histidine, 40.5 mg Sorbitol,
and 0.15 mg Polysorbate 80, or baving amounts of each constitosnt within +/- 109 of said values, and

having a pH of 5.8 or within -+ 10% of said value.

S&7. Use of the anti-CGRP antibody of embodiment 825, wherein said forowlation comprises
or consists of, per 1 mi volume, 100 mg anti-CGRP antibody, 3.1 mg L-Histdine, 40.5 mg Sorbitol,
and 0.15 mg Polysorbate 80, or having amounts of each constituent within +/- 3% of said values, andfor

having a pH of 5.8 or within +/- 5% of said value.

528, Use of the anti-CGRP antibody of embodiment $25, wherein said formulation comprises
or consists of, par | mL volume, 100 myg anti-CGRP antibody, 3.1 mg L-Histidine, 40.5 myg Sorbitol,
and (.15 mg Polysorbate 80, or having amounis of each constituent within +/- 1% of said values, andfor

having a pH of 5.8 or within +/~ 1% of said value.

S28. Use of the anti-CGRP antibody of embodiment 525, wherein said formulation comprises
or consists of, per | mL volwme, 130 mg anti-CGRP antibody, 3.1 mg L-Histidine, 40.5 mg Sorbitol,
and 0.15 mg Polysorbate 80, or having amounts of each constituent within +/- 0.5% of said values,

andfor having a pH of 5.8 or within +/- 0.5% of said value,

830, Use of the anti-CGRP antibody of embodiment 8§25, wherein said formulation comprises
or consists of, per § mb volume. 100 myg anti-CGRP antibody, 3.1 mg L-Histidine, 40.5 mg Sorbitol,
and 0.13 mg Polysorbate 80, or baving amounts of each constituent within +/- 0.1% of said values,

andfor having a pH of 5.8 or within +/- 0.1% of said value.
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S3t. Use of the ant-CGRP antibody of any one of embodiments 823-830, wherein said L-

Histidine in said formulation comprises a mixture of L-Histidine and L-Histidine monohydrate.

832 Use of the anti-CGRP antibody of any one of embodiments 525-530, wherein said 3.1 mg
of histidine in said formulation comprises a mixture of L-Histidine (1 mg) and L-Histidine monohydrate

{2.8 mg), which in the final formulation sums up to 3.1 mg L-histidine free hase.

533, Use of the anti-CGRP antibody of any one of embodiments $26-S32, wherein said
formulation is comprised in a 100 mg/mL single-dose vial wherein each ml. contains 100 mg anti-
CGRP antibody, L-histidine {1 mg), L-histidine hydrochlordde monobydeate (2.8 mg), polysorhate 80
{€.13 mg), sorbirol {(40.5 mg}, and Water for Injection, USP, ata pH of 5.8.

S34. Use of the anti-CGRP antibody of any one of embodiments 826-832, wherein said
forroulation is comprised in a 300 mg/ml. single-dose vial wherein cach ml contains 300 mg anti-
CGRP antibody, L-histidine {1 mg}, L-histidine hydrochloride monohydrate (2.8 mg), polysorhate 80
({115 myg), sorbitol (40.5 mg), and Water for Injection, USP, at a pH of §.8.

535 Use of the anti-CGRP antibody of any one of the foregoing embodiments, wherein sald
migraine or headache is selected from the group comprising acute migraine or headache, migraines with
or without aura, chronic migraine, episodic migraine, chronic/episodic migraine, hemiplegic migraines,
clusier headaches, migrainous neuralgia, chronic headaches, tension headaches, general headaches,
headaches due to an underlying structural problem in the head or neck, sinus headaches (such as for

example associated with sinusitis), and allergy-induced headaches or migraines.

536, Use of the anti-CGRP antibody of any one of the foregoing embodiments, whersin said
medicament is for administration to a patient that exhibits a pain level of at least 2 on the VRS-4 at the

time of admunistration of said antibody,

§37. Use of the anti-CGRP antibody of any one of the foregoing embodiments, wherein said
medicament is for administration to a patient that exhibiis a pain level of at least 3 on the VRS-4 at the

time of administeation of saild antibody.

S38. Use of the anti-CGRF antibody of any one of embodiments 81-837. wherein said
medicament is for administration to a patient that exhibits a pain level of at most 2 on the VRS-4
immediately after administration, such as within the first day afier administration, within 12 hours after
administration, within 8 hours after administeation within 5 hours after administration, within 4 hours
after administration, within 3 hours after administration, within 2 hours after administration, or within
1 hour of after administration, within 30 minutes after administration, or such as between 1-6 hours

after administration,



WO 2020/222892 PCT/US2020/018702
61

538, Use of the anti-CORP antibody of any one of the foregoing embuodiments, wherein said
medicament is for administration to a patient that exhibits a pain level at most § on the VRS-4
immediately after administration, such as within the first day after administration, within 12 hours after
administration, within 6 hours after administration within 5 hours after administration, within 4 hours
after administration, within 3 hours after administration, within 2 hours afier administration, or within
i bour of after administration, within 30 minutes after administration, or such as between 1-6 hours

after administration.

S440. Use of the anti-CGRP antibody of any one of the foregoing embodiments, wherein said
medicament is for administration to a patient that is not administered any acute migraine medication
within a period of time before and after said administration, such as within 1§ minutes, within 30
mdnutes, within | hour, within 2 hours, within 3 hours, within 4 hours, within 3 hours, or within 6 hours

before and after said administration.

S41. Use of the anti-CGRP antibody of embodiment 540, wherein said acute migraine
medication comprises a triptan, an analgesic such as non-opioids or opiside/narcotics, acetaminophen,

an NSAID, & combination medication, an ergotamine, or an ergot derivative.

S42. Use of the anti-«CGRP antibody of embodiment S41, wherein said non-opioid analgesic
comprises paracetamoi {(acetaminophen}, acetylsalicylic acid (aspirin, another NSAID, or another ron-
opioid analgesic; sald triptan comprises use of one or more of sumatriptan, zolmitriptan, naratriptan,
rizatriptan, eletriptan, almotriptan, or frovairiptan; said opioid comprises use of one or more of
oxycodone, tramadod, butorphanol, morphing, codeine, and hydrocodone; sald combination medication
conmpriges two drugs with analgesic effects {for example, paracetamol and codeine), an analgesic and
an adjuvant (for example, paracetamol and caffeine) and/or said combination-analgesics comprises at
least one opicid {such as tramadol, butorphanol, morphine, codeine, hydrocodone, or any combination
thereol}, barbiturate such as butalbital, andfor caffeine, andfor sald combination-analgesic comprises
acetylsalicylic acid {aspirin}, paracetamot and caiffeine (EXCEDRING, EXCEDRIN MIGRAINE®).

543, Use of the anti-CORP antibody of any one of embodiments $1-83%, wherein the patient is

receiving or has received additional migraine medication.

S44. Use of the anti-CGRP antibody of any one of embodiments $1-539 or S43, wherein the
patient receives additional migraine medication prior, concurrent or after administration of the anti-
CORP antibody,

543, Use of the ant-CGRP antibody of any one of embodiments $1-339 or $43-844, whersin
the patient receives additional migraine medication within a period of time before and after said anti-

CGRP antibody administration, such as within 135 minutes, within 30 minutes, within | hoor, within 2
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hours, within 3 hours, within 4 hours, within $ hours, or within 6 hours before and after said anti-CGRP

antibody administration.

5486, Use of the anti-CGRY antibody of any one of embodiments S44 or 845, wherein said

additional migraine medication comprises an aoute andfor a chronic migraine medication,

347, Use of the anti-CGRFP antbody of any one of embodiments $44-546, wherein said
additional migraine medication comprises a triptan, an analgesic such as non-opioid or opioid/narcotic,

acetaminophen, an NSAID, a combination medication, an ergotamine, or an ergot derivative,

548, Use of the anti-CGRP antibody of embodiment $47, whersin sald non-opioid analgesic
comprises paracetamol {acetaminophen), acetylsalicylic acid (aspirin}, another NSATD, or another non-
opioid analgesic; said triptan comprises use of one or more of sumatriptan, zolmittiptan, naratriptan,
rizatriptan, eletriptan, almotriptan, or frovatriptan; said opioid comprises use of one or more of
oxycodone, tramadol, butorphanol, morphine, codeine, and hydrocodons; said combination medication
comprises two drugs with analgesic effects (for example, paracetamol and codeine), an analgesic and
an adjuvant {for example, paracetamol and caffeine) andfor sald combination-analgesics comprises at
Jeast one opioid {xuch as tramadol, butorphancd, morphine, codeine, hydrocodone, or any combination
thereol), barbiturate such as butalbital, andfor caffeine, andfor said combination-analgesic comprises

acetylsalicylic acid (aspirin}, paracetamol and caffeine (EXCEDRING, EXCEDRIN MIGRAINE®;,

544, Use of the anti-CORP antibody of any of any one of the foregoing embodiments, wherein

said anti-CGRP antibody is expreased in or obtained by expression in Pichia pastoris.

S30. Use of the anti-CORP antibody of any of any one of embodiments $1-548, wherein said

anti-CORP antibody is expressed in or obtained by expression in CHO cells.

$51. Use of the anti-CGRP antibody of any of any one of the foregoing embodiments, wherein

said patient is administered 100 mg or 300 myg of said anti-CGRP antibody every three months.

352, Use of the anti-CGRF antibody of any of any one of the foregoing embodiments, wherein

satd method results in immediate relief of migraine or headache symptoms,

883 Use of the anti-CGRP antibody of any of any one of the foregoing embodiments, wherein

said method results in immediate preventative treatment of migraine or headache,

FURTHER EXEMPLARY EMBODIMENTS
Ei An anti-CORP antibody for use in treating migraine or headache in a patient in the need of
immediate relief of migraine or headache symptoms or for use in preventing igraine or headache in a

patient in need of immediate preventative treatment of migraine or headache, wherein said anti-CGRP
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antibody is for intravenous infusion in a dosage of 100 or 300 mg of said anti-CGRP antibody, wherein
said anti-CGRP antibody comprises the light chain CDR 1, 2, and 3 polypeptide sequences of SEQ ID
NO: 224; SEQ ID NO: 228, and SEQ D NO: 228, respectively and heavy chain CDR 1, 2, and 3
polypeptide sequences of SEQ I NO: 204; SEQ 1D NO: 206; and SEQ ID NO: 208, respectively,

E2. The anti-CGRF antibody for use according to embodiment Ef, wherein said anti-CGRP
antibody is for use in o patient that patient exbibils at least one headache and/or migraine symptom at

the time of administration.

E3. The anti-CGRP antibody for use according to embodiment E2, wherein said at feast one

headache andfor migraine sympiom comprises one or more of pain, nausea, photophobia, of

phonophobia,

E4. The anti-CGRP antibody for use according to embodiment B3, wherein sald pain is head
pain.

ES. The anti-CGRP antibody for use according to any one of embodiments, B2-Ed, wherein the

most bothersome symptom s alleviated after said administration, such as within the first day after
administration, within 12 hours after administration, within 6 hours after administration within 3 hours
after administration, within 4 hours after adiminisiration, within 3 hours after administration, within 2
hours after administration, or within 1 hour of after administration, within 30 minutes after

administration, or such as between -6 hours after administration.

E6. The anti-CGRP antibody for use according to any one of embodiments E2-E5, wherein said
patient no longer has a migraine after said administration, such as within the finst day after
administration, within 12 hours afier administration, within & hours after administration within 5 hours
after administration, within 4 hours after administration, within 3 hours after administration, within 2
hours after administration, or within 1 hour of after administration, within 30 minutes after

administration, or such as between 1-6 hours after administration.

E7. The anti-CGRP antibody for use according to any one of the foregoing embodiments,
wherein said anti-OGRP antibody comprises the light chain CDR 1, 2, and 3 polypeptide sequences
encoded by SEQ ID NO: 234; 3EQ ID NO: 236; and SEQ Iy NO: 238, respectively and heavy chain
CDR 1, 2, and 3 polypeptide sequences encoded by SEQ ID NO: 214; SEQ ID NG 218, and SEQ ID
N 218, respectively.

E8. The anti-CGORP antibody for use according to any one of the foregoing embodiments,

wherein said anti-CORF antibody comprises the variable fight chain polypeptide of SEQ ID NO: 222,
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E9. The anti-CORP antibody for use according to any one of the foregoing embodiments,
wherein said anti-CGRP antibody comprises the variable light chain polypeptide encoded by SEQ ID
N 232,

E10. The anti-CORP antibody for use according to any one of the {oregoing embodiments,

wherein said anti-CGORP antibody comprises the variable heavy chain polypeptide of SEQ ID NG: 202,

EiL The ant-CGRP antibody for use according to any one of the foregoing embodiments,
wherein sald anti-CGRP antibody comprises the variable heavy chain polypeptide encoded by SEQ ID
NO: 212,

Eiz2. The anti-CGRP antibody for use according 1o any one of the foregoing embodimenis,
wherein said anti-CORP antibody comprises the variable light chain polypeptide of SEQ Iy NG: 222
and the variable heavy chain polypeptide of SEQ ID NO: 202.

Bl The anti-CGRP antibody for use according to any one of the foregoing embodiments,
wherein said anti-CGRP antibody comprises the variable light chain polypeptide encoded by SEQ IDd
NO: 232 and the variable heavy chain polypeptide encoded by SEQ ID NO: 212,

Eid, The anti-CORP antibody for use according to any one of the foregoing embodiments,

wherein said anti-CORP antibody comprises the light chain polypeptide of SEQ ID NO: 221.

Eis, The anti-CGRP antibody for use according to any one of the foregoing embodiments,

wherein said anti-CGRP antibody comprises the light chain polypeptide encoded by SEQ ID NO: 235,

Lits. The anti-CGRF antibody for use according to any one of the foregoing embodiments,
wherein said anti-CGRP antibody comprises the heavy chain polypeptide of SEQ D NO: 20! or SEQ
ID NO: 566,

Ei7. The anti-CGRP antibody for use according to any one of the foregoing embodiments,
wherein said anti-CGRP antibody comprises the heavy chain polypeptide encoded by SEQ 1D NO: 211
or SEQ ID NO: 567,

Eig, The anti-CGRP antibody for use according to any one of the foregoing embodiments,
wherein said anti-CGRP antibody comprises the light chain polypeptide of SEQ ID NG: 221 and the
heavy chain polypeptide of SEQ ID NO: 201 or SEQ ID NO: 568,

Eig, The anti-CGRP antibody for use according to any one of the foregoing embodiments,
wherein said anti-CGRP antibody comprises the Hght chain polypeptide encoded by SEQ 1D NO: 231
and the heavy chain polypeptide encoded by SEQ 1D NO: 211 or SEQ ID NO: 567,
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E20. The anti-CGRP antibody for use according o any one of the foregoing embodiments,

wherein said intravenous administration is infused over a period of approximately 30 min to 60 minutes,

E21. The anti-CGRP antibody for use according to any one of the foregoing embodiments,
wherein the headache or migraine symptoms decline or are sbolished immediately afler adminisiration,
such as within the first day after administration, within 12 hours after administration, within 6 hours
after administration within $ hours after administration, within 4 hours after administration, within 3
hours after adninistration, within 2 houes after administration, or within 1 hour of after administration,

within 30 minutes after administration, or such as betwsen |-6 hours after administration.

E22. The anti-CGRP antibody for use according to any one of the foregoing embodiments,

wherein said patient is headache free 2 hours post-completion of infusion.

E23. The anti-CORP antibody for use according to any one of the foregoing embodiments,
wherein said anti-CGRP antibody is for intravenous adiministration in & dosage of 100 mg of said anti-

CGRP antibody every 10-14 weeks, preferably evary 11-13 weeks, more preferably every 12 weeks.

E24. The anti-CGRP antibody for use according to any one of embodiments E1-E22, whersin
said anti-CORP antibody is for intravenous adminisiration in 2 dosage of 300 mg of said anti-CGRP

antibody every 10-14 weeks, preferably every 11-13 weeks, more preferably every §2 weeks.

E25. The anti-CGRP antibody for use according to any one of the foregoing embodiments,
wherein said anti-CGRP antibody is comprised in a formulation comprising or consisting of histidine

{L-histidine}, sorbitol, polysorbate 80, and water.

£26. The anti-CGRP antibody for use according to embodiment E25, wherein said formulation
comprises or consists of, per | ml volume, 100 mg anti-CGRP antibody, 3.1 mg L-Histidine, 40.5 mg
Sorbitol, and 0.13 mg Polysorbate 80, or having amounts of cach constituent within +/- 10% of said

values, and having a pH of 5.8 or within +/- 10% of said value,

E27. The anti-CGRP antibody for use according to embodiment E23, wherein said formulation
comprises or consists of, per | mb volume, 100 mg anti-CGRP antibody, 3.1 mg L-Histidine, 40.5 mp
Sorbitol, and 0.13 mg Polysorbate 80, or having amounts of each constituent within +/- 5% of said

values, andfor having a pH of $.8 or within +/~ 5% of said value.

K2R, The anti-CGRP antibody for use according to embodiment E25, wherein said formuldation
comprises or consists of, per 1 mL volume, 100 mg anti-CGRP antibody, 3.1 mg L-Histidine, 40.5 mg
Sorbitol, and 0.15 my Polysorbate 80, or having amounts of sach constituent within +/- 1% of said

values, and/or having a pH of 5.8 or within +/- 1% of said value.
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E29. The anti-CGRP antibody for use according to embodiment E23, wherein said formulation
comprises or consists of, per [ ml volume, 100 my anti-CGRP antibody, 3.1 mg L-Histidine, 40.5 mg
Sorbitol, and .15 mg Polysorbate 80, or having amounts of each constituent within +/- 0.5% of said

values, and/or having a pH of 8.8 or within +/- 0.5% of said value.

B3 The anti-CGRP antibody for use according to embodiment E28, wherein said formulation
comprises or consists of, per T mib. volume, 100 mg anti-CGRP antibody, 3.1 mg L-Histidine, 40.5 mg
Sorbito], and .15 rog Polysorbate 80, or having amounts of each conatituent within +/- 0.1% of said

values, and/or having a pH of 5.8 or within +/- .1% of said value.

E31L. The anti-CORP antibody for use according to of any one of embodiments B25-E30,
wherein said L- Histidine in sald formulation comprises a mixture of L-Histidine and L-Histidine

monchydrate.

E3z. The anti-CGRP antibody for use according to any one of embodiments E25-830, wherein
said 3.1 mg of histidine in said formulation comprises a mixture of L-Histidine {1 mg) and L-Histidine

monahydrate {2.8 mg), which in the final formulation sums up to 3.1 mg L-histidine free base.

E33, The anti-CGRP antibody for use according to any one of embodiments E26-E32, wherein
said forrnulation is comprised in 2 100 mg/mi single-dose vial wherein each mL contains 100 mg anti-
CGRP antibody, L-histidine (! mg), L-histidine hydrochloride monohydrate (2.8 mg), polysorbate 80
{£.13 mg}, sorbitol (40.5 mg}, and Water for Injection, USP, at apH of 5.8,

E34. The antd-CGRP antibody for use according to any one of embodiments E26.E32, wherein
said formulation is comprised in a 300 mp/mL single-dose vial wherein each ml. contains 300 mg anii-
CGRP antibody, L-histidine (1 mg), L-histiding hydrochloride monohydrate (2.8 mg), polvsorbate 80
{0.15 mg), sorbitod (40.5 mg), and Water for Injection, USP, at apH of 5.8,

E33, The anti-CGRP antibody for use according to any one of the foregoing embodiments,
wherein said migraine or headache is selected from the group comprising acute migraine or headache,
migraines with or without aera, chronic migraine, episodic migraine, chronicfepisodic migraine,
hemiplegic migraines, cluster headaches, migrainous neuralgia, chronic headaches, tension headaches,
general headaches, headaches due to an underlying structural problem in the head or neck, sinus

headaches (such as for example associated with sinusitis), and allergy-induced headaches or migraines.

E3s. The anti-CGRP antibody for use according to any one of the foregoing embodiments,
wherein said anti-CGRP antibody is for administration o a patient that exhibits a pain level of at least

2 on the VRS-4 at the time of administration of said antibody.
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E37. The antd-CGRP antibody for use according (o any one of the foregoing embodiments,
wherein said anti-CORF antibody is for administration to a patient that exhibiis a pain level of at Jeast

3 on the VR34 at the time of administration of sald antibody.

E38. The anti-CGRP antibody for use according o any one of the foregoing embodiments,
wherein said anti-CORP antibody i3 for administration to a patient that exhibits a pain level of at most
2 or 3 on the YRS-4 immediately after administration, such as within the first day after administration,
within 12 hours afier administration, within 6 hours after administration within 5 hours after
administration, within 4 hours after administration, within 3 hours aiter administration, within 2 hours
after admninistration, or within 1 hour of after administration, within 30 minutes after administration, or

such as between [-6 hours after administration.

E39. The anti-CORP antibody for use acenrding to any one of the foregoing embodiments,
wherein said anti-CGRP antibody is for administeation to a patient that exhibits 4 pain level at most 1
on the VRS-4 immediately after administration, such as within the first day after administration, within
{2 hours after adminisiration, within 6 houes after administration within 5 hours after administration,
within 4 hours after administration, within 3 hours after administration, within 2 hours after
administration, or within 1 hour of after administration, within 30 minutes after adminisiration, or such

as between 1-6 hours after adminisiration.

E40, The anti-CGRP antibody for use according to any one of the furepoing embodiments,
wherein said anti-CGRP antibody is for administration (o a patient that is not administered any acute
migraine medication within a period of time before and after said adminigiration, such as within 15
minutes, within 30 minutes, within 1 hour, withia 2 hours, within 3 hours, within 4 hours, within 5

hours, or within 6 houes before and after said administration.

B4l The anti-CGRP antibody for use according to embodiment E40, wherein said scute
migraine medication comprises a iriptan, an analgesic such as non-opicids or opivids/narcotics,

acetaminophen, an NSAID, a combination medication, an ergotamine, or an ergot derdvative,

Ed42, The anti-CGRP antibody for use according to embodiment E41, wherein said non-opioid
analgesic comprises paracetamol (acetaminophen), acetvlsalicylic acid (aspirin), another NSAID, or
another non-opioid analgesic; said triptan comprises use of one or more of sumatriptan, rolmitriptan,
naratriptan, rizatriptan, eletriptan, almoiriptan, or frovatriptan; said opicid comprises use of one or more
of oxycodone, tramadol, butorphancl, morphine, codeine, and hydrocodone; said combination
medication comprises two drugs with analgesic effects (for example, paracetamol and codeine), an
analgesic and an adjuvant (for example, paracetamol and caffeine) andfor said combination-analgesics

comprises at least one opioid (such as tramadol, butorphanol, motphine, codeine, hvdrecodone, or any
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combination thereof}, barbiturate such as butaibital, and/or caffeine, andfor said combination-analgesic
comprises acetylsalicylic acid (aspirin), paracetamol and caffeine (EXCEDRIN®, EXCEDRIN
MIGRAINE®).

E43. Use of the anti-CGRP antibody of any one of embodiments E1-E39, wherein the patient is

receiving or has recelved additional migraine medication.

Ea4, Usa of the anti-CGRP antibody of any one of embodiments E1-E39 or B43, wherein the
patient receives additional migraine medication prior, concurrent or after administration of the antd-

CGRP antibody.

E4S. Uise of the anti-CGRP antibody of any one of embodiments E1-539 or E43-F44, wherein
the patient receives additional migraine medication within a period of time before and after said ami-
CGRP antibody sdministration, such ag within 15 minutes, within 30 minutes, within | hour, within 2
hours, within 3 hours, within 4 hours, within 5 hours, or within 6 hours before and after said anti-CORP

antibody administration.

Ed6. Use of the anii-CGRP antibody of any one of embodiments E4d or B45, wherein said

additional migraine medication comprises sn acute andfor a chronic migraine medication.

E47. Use of the ant-CGRP antibody of any one of embodiments F44-FEd46, wherein said
additional migraine medication comprises a triptan, an analgesic such as non-opioid or opinid/narcotic,

acetaminophen, an NSAID, a combinaton medication, an ergotamine, or an ergot dervative,

E48. Use of the anti-CGRY antibody of embodiment B47, whersin said non-opioid analgesic
comprises paracetamol {acetaminophen), acetylsalicylic acid (aspirin), another NSAID, or another non-
opioid analgesic; said wiptan comprises use of one or more of sumatriptan, zolmitriptan, naratriptan,
rizatriptan, eletriptan, almotriptan, or frovatriptan; said oploid comprises use of one or more of
oxycodone, tramadol, butorphanol, morphine, codeine, and hydrocodone; said combination medication
comprises two drugs with analgesic effects {for example, paracetamol and codeine), an analgesic and
an adjuvant (for example, paracetamol and caffeine) andfor said combination-analgesics comprises at
least one opicid {such as tramadol, butorphanel, morphine, codeine, hydrocodone, o any combination
thereot), barbiturate such as butalbital, andfor caffeine, and/or said combination-analgesic comprises
acetylsalicylic acid (aspirin), paracetarno] and caffeine (EXCEDRING, EXCEDRIN MIGRAINE®).

E49, The anti-CGRP antibody for use according to any of any one of the foregoing embodiments,

wherein satd anti-CGRP aatibody is expressed in or obtained by expression in Pickia pasioris.

E30. The anti-CGRP antibody for use according to any of any one of embodiments B1-E39,

wherein said anti-CORP antibody is expressed in or obtained by expression in CHO cells.
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E5L Use of the anti-CORP antibody of any of any one of the foregoing embodiments, wherein

said patient is administered 100 mg or 300 mg of said anti-CORP antibody every three months.

ES2. Use of the ani-CGRP antibody of any of any one of the foregoing embodiments, wherein

said method results in immediate relief of migraine or headache symptoms.,

ES3. Use of the antt-CGRP antibody of any of any one of the foregoing embodiments, wherein

said method results in immediate preventative treatment of migraing or headache.

[0374] EXAMPLES

{03753 The following examples are provided in order to illustrate the invention, but are not to be
construed as limiting the scope of the claims in any way.

{0378} EXAMPLE {

{0377} Preparation of Antibodies that Bind CGRP

[378}) The preparation of exemplary anti-CORP antibndies Abl-Ab14 having the sequences in
FiIGs, 1A-12 is disclosed in commonly owned PCT Application W(/2012/162243, published on
November 28, 2012, the contents of which are incorporated by reference herein. This application
exemplifies synthesis of these antibodies in Pickia pastoris cells. The present Applicant further
conternplates synthesis of anti-CGRP antibodies AbI-Abi4, and Ab6 in particular in CHO cells.
{0379] EXAMPLE2

{03803 Human Clinical Study Evaluating the Safety and Efficacy of an Anti-CGRP Antibody
According to the Invention

{03843 CLINICAL TREATMENT PROTOCOL

{0382} The humanized 3oti-CORP 1gG1 antibody identified herein as Ab6 was assessed in
human subjects for its ability to inhibit, alleviate or prevent the number of, duration, and/or the
intensity of migraine episcdes. The AbS antibody contains the Vi, and light chain polypeptides
respectively in SEQ ID NG: 222 and SEQ D NO: 221, and contains the Vi and heavy chain
polypeptides respectively in SEQ ID NO: 202 and SEQ ID NO: 201, This antibody comprises an
IgGl constant region that contains a mutation in the heavy chain constant region (replacement of
asparagine residue at position 297 with an alanine residue which substantially eliminates
ghycosylation and lytic activity (see US Patent No. 5,624,821).

{0383} Specifically, the clinical efficacy of the Ab6 antibody was tested in a placebo controlied
double-blind, randomized study. The individuals in the study were all selected based on specific
criteria. Particularly all were diagnosed as migraine sufferers ai < 50 years of age (ICHD-IE, 2004
Section 1), and forther had a‘ history of migraine > 12 months with > § and < 14 migraine daﬁ in sach

28 day period in the 3 munths prios to screening.
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[0384] Further, all of the individuals in the study used acute migraine medications < 14 days per

28 day period and, within those days, ¢ 10 days of triptan use per 28§ day perind in the 3 rounths prior

to screening and the 28 day period of completion of eDiary prior to randomization.

{0385} Table | summarizes the demographic characteristics of the study population,
Table 1: Baseline Demographics and Clinical Characteristics
Characteristic Placeboiv AbS 1000mg iv

(=82} {n=81}

Mean £5D Age (years) 39.0 (9.6} 386 (108
Mean £51 Weight (kg) 754 (14.4) 75.0{16.5)
Female Gender &6 (B4 &7 {83%:)
Race:
Caucasian 86 {80.5%) &8 (81.5%;)
African American S RO 13 {12.4%)
Asian 3(3.7%) 4 {5.0%)
(ther 4 (4.8%:} [ES WL
Bageline (per 28 days):
Mean 28D Migraine Days 8827 84 {2.1)
Mean +8D Migraine Episodes 6.7(2.4) 6.0 (2.2
Mean 25D Headache Freguency 3.6(2.8) 8.2(2.6)
Mean 5D Migraine Hours TT251.0 0.1 (49.1)
Mean £S5 HIT-6 Score 64.5 {(4.44) SEREGVAY
Mean =51 MSGQ RFP Score 490179 48.5{21.2}
Mean +SD MS(} RFR Score 61.9(22.7) 63.9 (24.0)
Mean 8D MS(Q EF Score 39.5(22.9) 398 27.0)

{0384] Throughout the study all of the individuals were required to record their migraine status

daily using an e-diary.  In the e-diary the subjects in the study were required to record the number of

migraine days/month, migraine episodes/month, migraine hoursfmonth, migraine severity, and the use

of any abortive medicine such as triptans.
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{0387} In addition, the study participants were required to use the e-diary 10 record their migraine
states in the 28 day period prior to treatment with antibody or placebo in order to establish a migraine
day/hour/episode baseline per month. Also, this aliowed the subjects in the study to become familiar
with the use of the e-diary.

{O38E] After the 28-day run-in the subjects in the stady were broken into two groups, sach
including B0 subjects {FIG. 17). In the first group, i.e.. the antibody treatment group, (n=80) each
subject in the group was administered intravencusly a single 1000 mg dose of Ab6. In the second
group {n=80}, L.e., the placebe group, each of the subjects was given an intravenous injection
containing only the aquecus antibody carrier solution.

{0389] The individuals in the treated and placebo groups were assessed in the 24 weeks post-
dose administration. Initially, 2 12 week interim analysis was conducted. Subsequent to the 12 week
interm analysis, a refined analysis was conducted. This refined analysis potentially included, for
example, addition or removal of patient data in accord with the study protocol, e.g., updating data that
had not been fully Joaded from the e-diaties. This refisement resulted in slight changes but did not
alier the overall conclusions.

{0390} The efficacy of the antibody versus the placebo was assessed in part based on the
recorded data in the e~clary entries, For example, this analysis included a comparison of the number
of recowded migraine daysfmonth, migraine episodes/month, migraine hours/month in the subjects in
the treated versus the placebo group, The percentage of responders in sach group (ie., the subjects
with 30%, 75%, and 100% reduction in migraine days) in both groups was also compared.

{0391] In addition, the responses of the Ab6- and placebo-treated subjects in both groups to
MSEQ and HIT-6 questionnaires are to be evaluated and compared. M3Q is a frequently wiilized
disease-specific tool 10 assess the impact of migraine on health-related quality of life (HRQL). MSQ
comprises a 16-item Migraine-Specific Quality-of-Life Questionnaire (Version 1.0, which was
developed by Glaxo Wellcome Inc. MS{ is hypothesized to measure 3 parameters: (i) Rofe
Function-Restrictive; (i} Role Function-Preventive; and (it} Emotional Fuoction.

{13921 The HIT-6 or functional impact (also called the Headuche Impact Test or HIT-6)
similarty is a well known tool for assessing migraine intensity. This test uses six guestions to capture
the impact of headache and its reatment on an individual's functional health and well-being,

{6393} Also, the pharmacokinetic (PK) properties of the CGRP antibody and immunogenisity are
tor be assessed in the Abd antibody treated subjects,

{0394} CLINICAL RESULTS AND ANALYSIS

{0393} The results of this human clinical trial and analysis through week 12 in the treated
subects are sumumarized in the Table 2 below.

{03%86] Table 2. Responder analysis for migraine days
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Time period | % reduction Placebo iv Ab6 1000mg iv P value
migraine days
Week 1-4 n=80 n=75
50 40 (50.0) 58(77.3) p=0.0005
75 19 (23.8} 39 (53.0) p=0.0005
100 4 (5.0 21 28.8) p=0.0001
Week 5-8 =80 n=78
50 43{53.8) 389 (75.6} p=0.0048
75 28 (35.0) 35 (4 p=0.2353
100 1215.0) 21 (269 p=0.0791
Week 9-12 n=77 =72
30 531 (66.3) 750 p=0.2827
75 24 (31 3B (52.8) p=0.0083
160 13 {169} 29{40.3) p=0.0019
[(1397] In addition, the results of the clinical study were compared based on the number of

responders in the treatment and placebo groups. As shown in FEG. 13 the number of subjects who
showed a 30, 75 or 100% reduction in migraine days for each month of the interim period were
compared in the treatment and placebo growps. As shown in the figure, 60% of the AbS- treated
group had at least 50 % reduction in headache days, 31% of the AbS- treated group had at least 75 %
reduction in headache days and 13 % of the Ab6 treated group had 100 % reduction in headache days.
{0398) By contrast, 33% of the placebo-treated group had at least 50 % reduction in headache
days, 9% of the placebo-trested group had at least 75 % reduction in headache days, and 0 % (none)

of the placebo- treated group had 100 % reduction in headache days.
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{0399} These results clearly show that the reduction in the number of migraine days was much
greater in the AbS-treated group. But for the significant placebo effect, the difference in these
numbers would have been more pronounced. (Flevated placebo effect is not surprising as the
phenomenon is often very high for migraine and other neurological drugs).

[0400) In addition, the % change from baseline in the number of migraine days per month in the
placebo and Ab6 -treated group was compared. As shown in FIG, 14, the median {x QR) % change
fram baseline in the number of migraine days per month in the placebo and AbS ~treated group was
compared for the 2 groups during the 12 weeks post-treatment. These results which are statistically
significant (p=0.0078) clearly show the AbG-treated group had a much greater reduction in the
number of headache days per month compared to basefine than the placebo-treated group.

{04017 Also, the % change from baseline in the number of migraine episodes per month in the
placebo and Ab6 -treated group was compared. As shown in FIG. 15 the median (% QR) % change
from baseline in the nuraber of migraine episodes per month in the placebo and Ab6 ~treated group
was compared during the 12 weeks post-treatment, These results indicate that the AbG-tireated group
had 4 significantly greater reduction in the nwmber of migraine episodes per month compared 1o
baseline than the placebo-treated group.

0402} Further, the % change from baseline in the number of migraine hours per month in the
placebo and Abb-treated group was compared. As shown in FIG. 16, the median (x QR) % change
from baseline in the number of migraine hours per month in the placebo and AbS ~treated group was
compared for the 2 groups during the 12 weeks post-treatment. These results clearly show the Abs.
treated group had a greater reduction in the number of migeaine hours per month compared o baseline
than the placebo-treated group.

{0403] in addition, the HIT-8 results were compared for both groups. As noted, this
guestionnaire finds well accepied usage in sssessiog the migraine status of individuals with
frequent/chronie migraine. FIG. 18 compares the HIT-6 responder analysis for the Abf-treated and
placebo groups at baseline, week 4 after treatment, week § after treatment and week 12 after
treatment, The results at each time point reveal that the AbG-treated group had a statistically
significant improvement in the HIT-6 seores relative to the placebo group, L.e., 54.4% for the Ah6-
treated compared to 30% for the placebo at week 4 (p=0.0023), 51.3% for the AbS-treated compared
16 38.0% for the placebo at week 8 (p=0.1094) and 61.1% fir the AbS-treated compared to 33.3% for
the placebo at week 12 (p=0.0007). FIG. 19 shows the percentage of patients having a HIG-6 score
of some or littlesnone over time in the placebo and AbS treatment groups {statistical significance a
shown).

{34043 In addition, FIG. 20 contains the pharmacokinetic {PK) profile for Ab6 administered
intravenously at a single dosage of 1000 mg in mg/mL over the 24 week period following Ab6

administration.
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{04051 FIG. 21 contains plasma-free pharmacokinetic (PK) parameters N (number of patients),
mean, and standard deviation (8D} for a single 1000 mg intravenous dosage of Ab6. The parameters
shown in the table and the units are Crox {ug/ml), AUCs.. (mg*hr/mL), half-life {(days), V. (L) and
O {mbshr).

{0400} Further analysis was conducted for patient data between 12-wesks and 24-weeks. The
treatment group sontinued to exhibit decreased migraine days relative 1o the control group, however,
the magnitude of the difference decreased over time. Additionally, the contrel group exhibited fewer
migraine days per month than at baseline. This was thought to result at least in part from “disry
fatigue” wherein patients potentially report no migraine on a day in which a migraine actoally
securred, in order to avoid the time and effort of answering further queries about the migraine that
would result from giving an affirmative answer to the question of whether they had a migraine on a
given day.

§04071 Further analysis of the study results are shown in FIGs. 22-33. These result include
analysis of the change (mean +/- SEM) from baseline io migraine days per month for Ab6 (1000 mg
i.v.) versus placebn (FIG. 22), change in average migraine days (+/- SD} over time for the full
analysis population (FIG. 23). Additionally, shown are the distribution of migraine days actual and
change for the Ab6 treatment group during weeks 14 (FIG. 24), distribution of migraine days actual
and change for the placebo group during weeks 1-4 (FIG. 28), disiribution of migraine days actual
and change for the AbS treatment group during weeks 5-8 (FIG. 26}, distribution of migraine days
actual and change for the placebo group during weeks 5-8 (FIG. 27), disuribution of migraine days
actual and change for the Ab6 treatment group during weeks 9-12 (FIG. 28), and distribution of
migraine days actual and change for the placebo group during weeks 9-12 (FIG. 29).

[0408] Responder rate analysis was also performed (FIGs. 30-32). These figures respectively
show the 50%, 75%, and 100% responder rate for the Ab6 and placebo treatrnent groups. Subjects
with > 50% reduction in migrains frequency were considered to be a 50% responder. Subjects with >
75% reduction in migraine frequency were considered to be a 75% responder. Likewise, subjects
with 100% reduction in migraine frequency were considered 1o be a 100% responder.

[0409] in FIGs. 22 and 38-32, normalization was applied to visit intervals where eDiaries were
completed for 21-27 days by multiplying the observed freguency by the inverse of the completion
rate.

{0410] Migraine severity was also analyzed. FIG. 33 shows the mean migraine severity over
time for the full analysis population. On the scale used, a mean migraine score of 3 represents
“moderate pain,”

{04111 FI6G. 34 summarizes the change from baseline in migraine days, migraine episodas,
migraine hours, average migraine severity, headache frequency, and cutcoms measures including the
HIT-6 score, MS( {(Migraine Specific Quality of Life Questionnaire Y RFP {Rule Function-
Preventative), MSQ RFR (Role Function-Restrictive), and MSQ EF (Emotional Function},
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{3412} EXAMPLE 3

{0413} Human Clinical Study Evaluating the Safety and Efficacy of an Anti-CGRP Antibody in
Chronic Migraine Paticnts

f04143 This example describes a randomized, double-blind, placebo-controlled clinical trial
evaluating the safety and efficacy of Ab6 for chronic migraine prevention. In the study, 1,072
patients were randornized o receive AbS (300 mg or 100 mg), or placebo administered by infusion
once every 12 weeks. To be eligible for the trial, patients must have experienced at feast 15 headache
days per month, of which at least eight met criteria for migraine, Patients that participated in the trial
had an average of 16.1 migraine days per month at baseline. Study endpoints included the mean
change from baseline in monthly migraine days, reduction in migraine prevalence at day  and over
days 1-28, and reduction of at least 30%, 75%, and 100% from baseline in mean monthly migraine
days, change from baseline in mean monthly scute migraine-specific medication days, and redoctions
fronm baseline in patient-reported impact scores on the Headache Tinpact Test (HIT-63. The
administered antibody, AbS, is an anti-CGRP antibody consisting of the light chain polypeptide of
SEQ D NO: 221 and heavy chain polypeptide of SEQ 1D NG 201,

{1415} Pattent characteristics are summarized in FIG, 39, with separate columns for patients
receiving placebo, 110 my of the antibody, or 300 mg of the antibody. Patients had a mean number of
years from migraine diagnosis of between 17.0 and 19.0 years, 2 mean duration of suffering from
chronic migraine of between 11.5 and 12.4 years, and between 44.3% and 45.2% of paticnts utilized
at least one prophylactic medication. At baseline, in both antibody treatment groups the mean number
of migraine days per month was 16.1, while for the placebo group, the mean number of migraine days
per month was 18.2.

{0416] The reduction in a specified percentage (50%, 75%, or 100%) from baseline in mean
monthly migraine days refers to the number or percentage of patients in a treatiment group that
exhibited the given percentage reduction in the number of migraine days per month. For example, &
patient exhibiting 16 migraine days per month at baseline would be a 75% responder if the number of
migraine days per month was decreased by at least 12 days per month over specified period.

{04171 The reselts are shown in FIGs, 35-39. FIG. 35 shows the percentages of patients with
migraine in the 300 mg, 100 mg, and placebo treatment groups at days 1, 7, 14, 21, and 28. The
uppermost line shows resulis for placebo, the lowest line shows resulis for the 300 myg dosage, and the
middle kine shows results for the 100 mg dosage,

{0418} As shown in FIG. 35, at day 1 the percentage reduction in migraine prevalence was 52%
for the 300 mg dosage. 309 at the 100 mg dosage, and 27% for placebo. The decrease was
statistically significant compared to the placebo group for both the 100 mg and 300 mg treatment
groups.

{04193 F1Gs. 36-38 show the percentage of patients in the 300 mg and 100 mg treatment groups

achieving, respectively, 30%, 75%, and 1009 reduction in migraine days in month 1, over months 1-3
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{after the 1st infusion}, and over months 4-5 (after the 2nd infusion). In each graph, the data bars,
from Jeft to right, show results for the 100 mg, 300 mg, and placebo groups. Statistical significance is
as shown. ++ indicates a statistically significant difference from placebs; + indicates a statistically
significant difference from placebo (unadjusted); and § indicates a statistically significant difference
from placebo {post boc).

{0420] EXAMPLE 4

{3421} Baseline Subgroup Analysis for Human Clinical Studies Evaluating the Safety and
Efficacy of an Anti-CGRP Antibody in Chronic or Episodic Migraine Patients

[0422] In the study of Chronic Migraine described in Example 3, at intake, sach patient was
assessed for potential ymedication overuse headache (MOH;, MOH was prasent in 38.9% (139
patients} in the 100 mg treatment group, 42.0% (147 patients) in the 300 mg treatment group, and
39.6% (145 patients) in the placebo group. Assessment of the treatment outcomes in this patient
subset indicated that treatment with the anti-CGRP antibody was efficacious for MOH (FIG. 41).
Specifically, in the 100 mg treatment group, mean migraine days per month changed by -3.0 days
{83% CI, -4.56 1o -1.32 days} in the patients baving MOH at baseline, compared to MOH patients
receiving placebo. Similarly, in the 300 mg treatment group, mean migraine days per month changed
by -3.2 days (93% (I, -4.66 to -1.78 days} in the patients having MOH at baseline, compared to MOH
patients receiving placebo. By confrast, for patients without MOH at baseline, in the 100 mg
treatment group, mean migraine days per month changed by -1.3 days (95% CF, -2.43 0 .16 days},
compared to patients without MOH at baseline receiving placebo. Likewise, for patients without
MOH at baseline in the 300 mg treatment group, meen migraine days per month changed by -2.1 days
(95% CI, -3.24 16 -0.88 days), compared to patients without MOH at baseline recetving placebo.
Efficacy for other subgroups was shown as well, including efficacy for patients with mean migraine
day (MMD]) frequency less than 17 days o greater than or equal to 17 days, patients with an age at
diagnusis of less than or equal to 21 years or greater than 21 years, patients having a duration of
migraine of less than or equal to 15 year or greater than 15 years, patients suffering from migraing
with aura or migraine with o aura, patients with prior prophylactic medication use or no prior
prophylactic medication use, patients with concomitant prophylactic medication use or no
concomitant prophylactic medication use, ant patients with triptan use on greater than or egual to 33%
of days, or less than 33% of days. In each case, efficacy for each subgroup was shown (FIG. 41).
{0423] In another human clinical trial of patients with episodic migraine, patients were
randomized 1o recetve AbS 100 mg (n=221), 300 mg (n=222), or placebo (12222} in a double blind,
paraliel study. After a 28 day screening period, patients were administered the drag or placebo
intravenously every 3 months for 4 total infusions (FIG. 46). Efficacy was shown over months 1-3 for
both the 100 mg and 300 mg treatment groups, with a mean change in migraine days of -3.9 for the
100 mg treatment group and -4.3 days for the 300 mg reatment group, compared to -3.2 days for the

placebo group. Efficacy for subgroups of patients was also shown, including efficacy for patients
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with mean rigraine day (MMDj frequency less than or equal to 9 days or greater than § days, patients
with an age ai diagnosis of less than or equal to 21 years or greater than 21 years, patients having &
duration of migraine of less than or squal to 15 year or greater than 15 years, and patients suffering
from migraine with aura or migraine with no aura,

{0424} EXAMPLE 3

[0425] Effects of AbG treatment on medication use in chronic and episodic migraine patients
[0426] Buring the studies of chronic migraine patients described in Exampie 3 and episodic
migraine patients described in Example 4, patlents also recorded use of acute medication in 2 daily
elHary and were allowed to use acute medication ai their own discretion, Acute medications for
migraine included ergots, triptans, and analgesics (e.g., NSAIDS, opioids, and caffeins-containing
combination analgesics).

f0427} For further analysis, patients were stratified by the number of days with acute medication
use during the 28-day screening period (1-9 or 210 days; “baseline”). Acute medication days were
calculated for individual types of acute medications and combined, meaning that it 2 or more types
medications were used on the same calendar days, they were counted as separate medication use days.
For example, if a patient took an opioid and a triptan on the same day, it counted as 2 days of acute
medication use. These analyses included patients with at feast | acute medication use day during the
28-day baseline screening period.

{428} In both chrunic migraine and episodic migraine patients who used acute medication
during the 28-day baseline period, Abf treatment resulted in greater average reduciions in monthly
migraine days and acute medication days than placebo as early as Month 1 after dosing, with similar
results across 2 dose intervals over & months.

[0428] Ab6 consistently demonsirated greater reductions in mean monthly migraine days over 6
months of treatment than placebo in chronic migraine patients taking >1 day of acute medication use
during baseline (FIG. 42). Chronic migraine patients who had at least one day of acute medication
use per month dudng baseline demonstrated greater decreases in acute medication use than placebo ag
early as month 1 after treatment and across the entire 6 month treatment period (FIG. 43). Inthe
subgroup of chronic migraine patients who were taking 1-9 days of acute medication during baseline,
the change from baseline in days of acute medication use was greater in the 300 mg Ab6 group than
placebo across 6 months of reatment (FEG, 44). A clear decrease in medication days per month was
abserved for patients with at least 10 days of medication use per month at baseling for both AbS
treatment group compared 1o placebo over the entire 6 month period. FIG. 45 shows the changes in
medication use days at Month | and Month 6 in the subgroups of chronic migraine patients with 21,
19, and >10 days of acote medication use at baseline, With the exception of Ab6 100 mg at month 6
in patients with 18 days/month of use at baseline, AbS demonstrated a greater treatment effect in

reducing acute medication use than placebo.
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{04309 Similarly, across 2 dose intervals over § months, episodic raigraine patients with one or
more days of acute medication use during baseline experienced grester reductions in mean monthly
migraine days with Ab6 than Placebo (FIG. 46). Episodic migraine patients who had at feast one day
of acute medication use per month during baseline demonstrated greater decreases in acute medication
use than placebo as early as month 1 after treatment and across the entire 6 month treatment period
{FIG. 47 In the subgroup of episodic migraine patients who were taking -9 days of acute
medication during baseline, the change from baseline in days of acute medication use was greater
with Ab6 than placebo across 6 months of treatment (FIG. 48). A similar pattern was observed in the
subgroup of patients who were taking 210 days of acute medication during baseline, though smaller
samnple sizes may have contributed to the less consisient pattern over time. F1G. 49 shows the
changes in medication use days at Month 1 and Month 6 in the subgroups of episodic migraine
patients with 21, 18, and >10 days of acute medication use at baseline, With the exception of Abg
100 myg at Month 6 in patients with 210 days/month of use at baseline, the reduction in acute
soedication use was greater in the AbG treatment groups than placebo.

{0431} The results show that both episodic migraine and chronic migraine patients who were at
risk for medication-overuse beadache (310 days/month of acute medication use) demonstrated the
greatest reductions in acute medication use, with AbS treatment generally resulting in Jarger decreases
in medication use days than placebs.

0432} The most frequently reported acute headache medications in > 0% of subjects included
Thomapyrin N (44.5%) {a combination of paracetamol, aspirin, and calfeine), ibuprofen (40.6%),
sumatriplan (33.6%;, paracetamol (acetaminophen) (20.3%), and naproxen sodium (18.2%). The most
frequently reported preventive headache medication in > 10% of subjects was topiramate {12.5%:.
{0433 Example 6

{0434] Efficacy of anti-CGRP Antibodies in Subjects Experiencing an Acute Attack of Migraing
{04335} This example describes a randomized, double-blind, placebo-controlled clinival trial
evaluating the safety and efficacy of Ab6 for the acute treatment of migraine. In the study,
approximately 430 patients are randomized 1:1 to receive cither 100 mg Ab® or placebo, During a
screening period (approx. 1-8 weeks) patients are assessed for migraine frequency and medication use
freguency. Eligible patients have a migraine attack frequency of about 4-15 migraine days per month
i the 3 months prior fo screening. By history, the subject’s typical migraine attack, if antreated,
would be associated with headache pain of moderate to severe intensity and a most bothersome
symptom of nausea, photophobia, or phonophobia, Subjects must be headache free for at least 24
howrs prior to onset of a qualifying migraine in order to participate in the trial. On the day of
treatment, the patient will travel (o the study site and intravenous infusion of 100 mg Ab6 or placebo
will commence between about §-6 hours from the start of the atiack. Patients will not have received
any other monoclonal antibody (e.g., any CGRP antagonist antibody) within the 6 month period prior

0 screening.
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f0438] Co-Primary Endpoints are time o headache pain freedom and time (o absence of most
bothersome sympiom. Co-Key secondary are headache pain freedom at ¥ hours and absence of most
bothersome symptom at 2 hours, Secondary endpoints are time to headache pain relief, headache pain
freedom at 2 hours with sustained headache pain freedom for 24 and 48 hours, use of rescue
medication by 24 hours and by 48 hours, absence of photophobia at 2 hours, absence of phonophobia
at 2 hours, absence of nausea at 2 hours, change from Baseline in Headache Impact Test (HIT &) at
Week 4, and change from Baseline in Migraine Treatment Optimization Questionnalre-6 (mTOQ-6}
at Week 4. Exploratory Endpoints are absence of headache pain at all imepoints other than 2 hours,
absence of photophobia at all imepoints otber than 2 hours, absence of phonophobia at all timepoints
other than 2 hours, absence of nausea at all imepoints other than 2 hours, pain relapse when the
subject was headache pain-free at 2 hours, patient Global Impression of Change (PGIC) at Week 4,
and time to next migraine. Headache pain is collected on a 4-point scale with 3 being severe, 2 being
moderate, 1 being mild, and 0 being no pain. Pain freedom is no pain {0 with the absence of rescue
medication {note that in the wial rescue medication is not to be used for 2 hours post completion of
infusion in order o separate the effects of the antibody from the resoue medication, however, in the
course of normal use, rescue medication optionally may be used; any use of rescue medication is
collected as data).

{1437 Statistical analysis is performed fo determine significance of the difference in endpoinis
between patients receiving Ab6 or placebo, including the time to pain freedom and time to absence of
most bothersome symptom, and each of the other aforementioned endpoints.

F0438) Use of rescue medication refers to any intervention (mmedical or device) provided to the
subject to provide relief of migraine. In the study this should not be provided sooner than 2 hours
following completion of the study drug administration in order to separate the effects of the antibody
from the effects of said rescue medication, however, rescue medication is not contraindicated. The
proportion of subjects requiring rescue medication use is suromarized in the study. Acute rescue
medication includes any medication to treat migraine or migraine associated symptoms, e.g., riptans,
analgesics such as non-opioids or opioids/narcotics, acetaminophen, NSAIDS, combination
medications such as EXCEDRIN® or EXCEDRIN MIGRAINE®, antiemetic medications,
ergotamines, ergot derivatives, atc.

{04391 Absence of Migraine-Associated Symptoms (Photophobia, Phonophobia and Nausea)
refers 1w the absence or presence of each of the aforementioned migraine-associated symptoms, as
reported by the subject. The proportion of subjects absent the symptoms, with no administration of
rescue medication, is summarized in the study.

{04407 Headache Impact Test (HIT-6) is assessed as the change from baseline of the total score,

and is summarized and compared between treatment groups in the study.
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{044 1] Migraine Treatment Optimization Questionnaire-6 (nTOQ-A) is assessed ag the change
from baseline of the total score and is sunumarized and compared between the treatment groups in the
study,

13442} Time to Headache Pain Relief is assessed as the first time point post completion of
infusion at which the subject reports relief of pain meaning their headache pain has gone from
moderate or severe {2 or 3) to mild or no pain {1 or 8) with no administration of rescue medication.
{04437 Pain Relapse i5 assessed as the oceurrence of headache of any severity within 48 hours of
drug administration for a patient who has nio headache pain (03 4t 2 hours. The proponiion of subjects
with recurrence of headache pain of any severity is summarized in the study.

{06444) The study shows that AbS is effective and safe for acute migraine treatment.

{04451 Example 7

{4463 In the pivotal clinical studies the patients received AbG as 100 mg or 300 mg dosages, as
described in Example 3. Including day -1 (post infusion of AbS&) in the statistical analysis shows that
an apparent treatment effect is present immediately after infusion when the treatment effect is
assessed (FIG. 50). In the Figure Day 0 is defined as the day of the infusion and Day -1 data represent
the pre-infusion condition. A substantial decrease in the percentage of migraines from Day -1
{baseline, the day prior to infusion) to Day 0 is apparent. Moreover, the magnitude of the effect
is greater with the 300 myg dosage than the 100 rog dosage, and both show a greater effect than

the placebs group.
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CLAIMS
What is claimed is:
1. A method for treatment of migraine or headache in a patient in the need of immediate relief

of migraine or headache symptoms or for prevention of migraine or headache in a patient in need of
immediate preventative treatment of migraine or headache, comprising intravenous administering to a
patient in need 100 or 300 mg of an anti-CGRP antibody comprising the light chain CDR 1, 2, and 3
polypeptide sequences of SEQ ID NO: 224; SEQ ID NO: 226; and SEQ ID NO: 228, respectively and
heavy chain CDR 1, 2, and 3 polypeptide sequences of SEQ ID NO: 204; SEQ ID NO: 206; and SEQ
ID NO: 208, respectively.

2. The method of claim 1, wherein said patient exhibits at least one headache and/or migraine

symptom at the time of administration.

3. The method of claim 2, wherein said at least one headache and/or migraine symptom

comprises one or more of pain, nausea, photophobia, or phonophobia.
4. The method of claim 3, wherein said pain is head pain.

5. The method of any one of claims 2-4, wherein the most bothersome symptom is alleviated
after said administration, such as within the first day after administration, within 12 hours after
administration, within 6 hours after administration within 5 hours after administration, within 4 hours
after administration, within 3 hours after administration, within 2 hours after administration, or within
1 hour of after administration, within 30 minutes after administration, or such as between 1-6 hours

after administration.

6. The method of any one of claims 2-5, wherein said patient no longer has a migraine after
said administration, such as within the first day after administration, within 12 hours after
administration, within 6 hours after administration within 5 hours after administration, within 4 hours
after administration, within 3 hours after administration, within 2 hours after administration, or within
1 hour of after administration, within 30 minutes after administration, or such as between 1-6 hours

after administration.

7. The method of any one of the foregoing claims, wherein said anti-CGRP antibody
comprises the light chain CDR 1, 2, and 3 polypeptide sequences encoded by SEQ ID NO: 234; SEQ
ID NO: 236; and SEQ ID NO: 238, respectively and heavy chain CDR 1, 2, and 3 polypeptide sequences
encoded by SEQ ID NO: 214; SEQ ID NO: 216; and SEQ ID NO: 218, respectively.

8. The method of any one of the foregoing claims, wherein said anti-CGRP antibody
comprises the variable light chain polypeptide of SEQ ID NO: 222.
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9. The method of any one of the foregoing claims, wherein said anti-CGRP antibody
comprises the variable light chain polypeptide encoded by SEQ ID NO: 232.

10. The method of any one of the foregoing claims, wherein said anti-CGRP antibody
comprises the variable heavy chain polypeptide of SEQ ID NO: 202.

11. The method of any one of the foregoing claims, wherein said anti-CGRP antibody
comprises the variable heavy chain polypeptide encoded by SEQ ID NO: 212.

12. The method of any one of the foregoing claims, wherein said anti-CGRP antibody
comprises the variable light chain polypeptide of SEQ ID NO: 222 and the variable heavy chain
polypeptide of SEQ ID NO: 202.

13. The method of any one of the foregoing claims, wherein said anti-CGRP antibody
comprises the variable light chain polypeptide encoded by SEQ ID NO: 232 and the variable heavy
chain polypeptide encoded by SEQ ID NO: 212.

14. The method of any one of the foregoing claims, wherein said anti-CGRP antibody
comprises the light chain polypeptide of SEQ ID NO: 221.

15. The method of any one of the foregoing claims, wherein said anti-CGRP antibody
comprises the light chain polypeptide encoded by SEQ ID NO: 231.

16. The method of any one of the foregoing claims, wherein said anti-CGRP antibody
comprises the heavy chain polypeptide of SEQ ID NO: 201 or SEQ ID NO: 566.

17. The method of any one of the foregoing claims, wherein said anti-CGRP antibody
comprises the heavy chain polypeptide encoded by SEQ ID NO: 211 or SEQ ID NO: 567.

18. The method of any one of the foregoing claims, wherein said anti-CGRP antibody
comprises the light chain polypeptide of SEQ ID NO: 221 and the heavy chain polypeptide of SEQ ID
NO: 201 or SEQ ID NO: 566.

19. The method of any one of the foregoing claims, wherein said anti-CGRP antibody
comprises the light chain polypeptide encoded by SEQ ID NO: 231 and the heavy chain polypeptide
encoded by SEQ ID NO: 211 or SEQ ID NO: 567.

20. The method of any one of the foregoing claims, wherein said intravenous administration is

infused over a period of approximately 30 min to 60 minutes.
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21. The method of any one of the foregoing claims, wherein the headache or migraine
symptoms decline or are abolished immediately after administration, such as within the first day after
administration, within 12 hours after administration, within 6 hours after administration within 5 hours
after administration, within 4 hours after administration, within 3 hours after administration, within 2
hours after administration, or within 1 hour of after administration, within 30 minutes after

administration, or such as between 1-6 hours after administration.

22. The method of any one of the foregoing claims, wherein said patient is headache free 2

hours post-completion of infusion.

23. The method of any one of the foregoing claims, further comprising intravenously
administering 100 mg of said anti-CGRP antibody every 10-14 weeks, preferably every 11-13 weeks,

more preferably every 12 weeks.

24. The method of any one of claims 1-22, further comprising intravenously administering 300
mg of said anti-CGRP antibody every 10-14 weeks, preferably every 11-13 weeks, more preferably

every 12 weeks.

25. The method of any one of the foregoing claims, wherein said anti-CGRP antibody is
comprised in a formulation comprising or consisting of histidine (L-histidine), sorbitol, polysorbate 80,

and water.

26. The method of claim 25, wherein said formulation comprises or consists of, per 1 mL
volume, 100 mg anti-CGRP antibody, 3.1 mg L-Histidine, 40.5 mg Sorbitol, and 0.15 mg Polysorbate
80, or having amounts of each constituent within +/- 10% of said values, and having a pH of 5.8 or

within +/- 10% of said value.

27. The method of claim 25, wherein said formulation comprises or consists of, per 1 mL
volume, 100 mg anti-CGRP antibody, 3.1 mg L-Histidine, 40.5 mg Sorbitol, and 0.15 mg Polysorbate
80, or having amounts of each constituent within +/- 5% of said values, and/or having a pH of 5.8 or

within +/- 5% of said value.

28. The method of claim 25, wherein said formulation comprises or consists of, per 1 mL
volume, 100 mg anti-CGRP antibody, 3.1 mg L-Histidine, 40.5 mg Sorbitol, and 0.15 mg Polysorbate
80, or having amounts of each constituent within +/- 1% of said values, and/or having a pH of 5.8 or

within +/- 1% of said value.

29. The method of claim 25, wherein said formulation comprises or consists of, per 1 mL

volume, 100 mg anti-CGRP antibody, 3.1 mg L-Histidine, 40.5 mg Sorbitol, and 0.15 mg Polysorbate
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80, or having amounts of each constituent within +/- 0.5% of said values, and/or having a pH of 5.8 or

within +/- 0.5% of said value.

30. The method of claim 25, wherein said formulation comprises or consists of, per 1 mL
volume, 100 mg anti-CGRP antibody, 3.1 mg L-Histidine, 40.5 mg Sorbitol, and 0.15 mg Polysorbate
80, or having amounts of each constituent within +/- 0.1% of said values, and/or having a pH of 5.8 or

within +/- 0.1% of said value.

31. The method of any of claims 25-30 wherein said L- Histidine in said formulation comprises

a mixture of L-Histidine and L-Histidine monohydrate.

32. The method of any of claims 26-30, wherein said 3.1 mg of histidine in said formulation
comprises a mixture of L-Histidine (1 mg) and L-Histidine monohydrate (2.8 mg), which in the final

formulation sums up to 3.1 mg L-histidine free base.

33. The method of any of claims 26-32, wherein said formulation is comprised in a 100 mg/mL
single-dose vial wherein each mL contains 100 mg anti-CGRP antibody, L-histidine (1 mg), L-histidine
hydrochloride monohydrate (2.8 mg), polysorbate 80 (0.15 mg), sorbitol (40.5 mg), and Water for
Injection, USP, at a pH of 5.8.

34. The method of any of claims 26-32, wherein said formulation is comprised in a 300 mg/mL
single-dose vial wherein each mL contains 300 mg anti-CGRP antibody, L-histidine (1 mg), L-histidine
hydrochloride monohydrate (2.8 mg), polysorbate 80 (0.15 mg), sorbitol (40.5 mg), and Water for
Injection, USP, at a pH of 5.8.

35. The method of any one of the foregoing claims, wherein said migraine or headache is
selected from the group comprising acute migraine or headache, migraines with or without aura, chronic
migraine, episodic migraine, chronic/episodic migraine, hemiplegic migraines, cluster headaches,
migrainous neuralgia, chronic headaches, tension headaches, general headaches, headaches due to an
underlying structural problem in the head or neck, sinus headaches (such as for example associated with

sinusitis), and allergy-induced headaches or migraines.

36. The method of any one of the foregoing claims, wherein the patient exhibits a pain level of

at least 2 on the VRS-4 at the time of administration of said antibody.

37. The method of any one of the foregoing claims, wherein the patient exhibits a pain level of

at least 3 on the VRS-4 at the time of administration of said antibody.

38. The method of any one of claims 1-37, wherein the patient exhibits a pain level of at most

2 on the VRS-4 immediately after administration, such as within the first day after administration,
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within 12 hours after administration, within 6 hours after administration within 5 hours after
administration, within 4 hours after administration, within 3 hours after administration, within 2 hours
after administration, or within 1 hour of after administration, within 30 minutes after administration, or

such as between 1-6 hours after administration.

39. The method of any one of the foregoing claims, wherein the patient exhibits a pain level at
most 1 on the VRS-4 immediately after administration, such as within the first day after administration,
within 12 hours after administration, within 6 hours after administration within 5 hours after
administration, within 4 hours after administration, within 3 hours after administration, within 2 hours
after administration, or within 1 hour of after administration, within 30 minutes after administration, or

such as between 1-6 hours after administration.

40. The method of any one of the foregoing claims, wherein the patient is not administered any
acute migraine medication within a period of time before and after said administration, such as within
15 minutes, within 30 minutes, within 1 hour, within 2 hours, within 3 hours, within 4 hours, within 5

hours, or within 6 hours before and after said administration.

41. The method of claim 40, wherein said acute migraine medication comprises a triptan, an
analgesic such as non-opioids or opioids/narcotics, acetaminophen, an NSAID, a combination

medication, an ergotamine, or an ergot derivative.

42. The method of claim 41, wherein said non-opioid analgesic comprises paracetamol
(acetaminophen), acetylsalicylic acid (aspirin), another NSAID, or another non-opioid analgesic; said
triptan comprises use of one or more of sumatriptan, zolmitriptan, naratriptan, rizatriptan, eletriptan,
almotriptan, or frovatriptan; said opioid comprises use of one or more of oxycodone, tramadol,
butorphanol, morphine, codeine, and hydrocodone; said combination medication comprises two drugs
with analgesic effects (for example, paracetamol and codeine), an analgesic and an adjuvant (for
example, paracetamol and caffeine) and/or said combination-analgesics comprises at least one opioid
(such as tramadol, butorphanol, morphine, codeine, hydrocodone, or any combination thereof),
barbiturate such as butalbital, and/or caffeine, and/or said combination-analgesic comprises

acetylsalicylic acid (aspirin), paracetamol and caffeine (EXCEDRIN®, EXCEDRIN MIGRAINE®).

43, The method of any one of claims 1-39, wherein the patient is receiving or has received

additional migraine medication.

44. The method of any one of claims 1-39 or 43, wherein the patient receives additional

migraine medication prior, concurrent or after administration of the anti-CGRP antibody.
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45. The method of any one claims 1-39 or 43-44, wherein the patient receives additional
migraine medication within a period of time before and after said anti-CGRP antibody administration,
such as within 15 minutes, within 30 minutes, within 1 hour, within 2 hours, within 3 hours, within 4

hours, within 5 hours, or within 6 hours before and after said anti-CGRP antibody administration.

46. The method of claim 44 or 45, wherein said additional migraine medication comprises an

acute and/or a chronic migraine medication.

47. The method of any of claims 44-46, wherein said additional migraine medication comprises
atriptan, an analgesic such as non-opioid or opioid/narcotic, acetaminophen, an NSAID, a combination

medication, an ergotamine, or an ergot derivative.

48. The method of claim 47, wherein said non-opioid analgesic comprises paracetamol
(acetaminophen), acetylsalicylic acid (aspirin), another NSAID, or another non-opioid analgesic; said
triptan comprises use of one or more of sumatriptan, zolmitriptan, naratriptan, rizatriptan, eletriptan,
almotriptan, or frovatriptan; said opioid comprises use of one or more of oxycodone, tramadol,
butorphanol, morphine, codeine, and hydrocodone; said combination medication comprises two drugs
with analgesic effects (for example, paracetamol and codeine), an analgesic and an adjuvant (for
example, paracetamol and caffeine) and/or said combination-analgesics comprises at least one opioid
(such as tramadol, butorphanol, morphine, codeine, hydrocodone, or any combination thereof),
barbiturate such as butalbital, and/or caffeine, and/or said combination-analgesic comprises
acetylsalicylic acid (aspirin), paracetamol and caffeine (EXCEDRIN®, EXCEDRIN MIGRAINE®).

49. The method of any of any one of the foregoing claims, wherein said anti-CGRP antibody

is expressed in or obtained by expression in Pichia pastoris.

50. The method of any of any one of claims 1-48, wherein said anti-CGRP antibody is

expressed in or obtained by expression in CHO cells.

51. The method of any of any one of the foregoing claims, wherein said patient is administered

100 mg or 300 mg of said anti-CGRP antibody every three months.

52. The method of any one of the foregoing claims, wherein said method results in immediate

relief of migraine or headache symptoms.

53. The method of any one of the foregoing claims, wherein said method results in immediate

preventative treatment of migraine or headache.



