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METHOBRS FOR TREATING EQSINOPHILIC ESOPHAGITIS BY ADMINISTERING AN IL4R
INHIBITOR

FIELD OF THE INVENTION
[0801] The present invention relates (o the use of interlsukin-4 receptor inhibilors {o treat or

prevent eosinophilic esophagitis in a subject in neead thersof,

BACKGROUND
{08021 Eosinophilic esophagitis (EoE) is an emerging dissase characterized by esophageal
dysfunction and by abnormal ecsinophific inflammation of the esophagus. The typical symploms
of Eok include food refusal, vomiting, heartburn, dysphagia and food impaction which may lead
o inpaired guality of life. Eok is found to be associated with food allergy in many patients.
Some patients may also have concomitant asthma or an alopic disease such as alopic
dermatitis, or allergic rhinitis. EoE is curently diagnosed by sndoscopy of the esophagus and
biopsy of the esophageal tissue o check for eosinophilia. Treatment options are currently
limited to allergen withdrawal, dist modification and corticosteroids. Accordingly, an unmet need
exists in the art for effective therapsutic approaches without adverss side-effects that prevent or

freatl sosinophilic esophagitis and prevent relapse.

BRIEF SUMMARY OF THE INVENTION
(00031 According to one aspect of the present invention, methads are provided for treating,
preventing or ameliorating at least one symplom or indication of sosinophilic esophagitis (Eok)
in a subject. The methods according to this aspect of the invention comprise administering a
tharapeutically effective amount of a pharmaceutical composition comprising an interleukin-4
receptor (IL-4R) inhibitor to a subject in need thereof. In certain embodiments, the subject in
need thereof exhibits an allergic reaction to a food allsrgen or a non-food allergsn.
(00041  According to another aspect of the present invention, methods are provided for
reducing the level of an Eok-associated biomarker in a subject. In certain embodiments, the
EoE-associated biomarker is selectad from the group consisting of, e.g., circulating or
esophagus eosinophils, sotaxin-3, periostin, serum IgE (tolal and aliergen-specific), IL-13, 1L-5,
sarum thymus and activation regulated chamokine {TARC,; CCL1T), thymic stromal
lymphopotetin (TSLP), serum eosingphilic cationic protein (ECP), and eosinophil-derived
neurctoxin (EDN}. The methods comprise administering a therapsutically effective amount of &
pharmaceutical composition comprising an HL-4R inhibifor.
[0605] According to another aspect of the present invention, methods are provided for
reducing the eosinophilic infiltration of esophagus in a subject in need thereof. In certain
embaodiments, methods are provided for reducing inflammation in the esophagus. The methods
comprise administering a therapeutically effective amount of a pharmaceutical composition

comprising an {L-4R inhibitor. In certain embodiments, the eosinophilic infiltration of the
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asophagus is representad by greater than or equal {o about 15 eosinophils per high powered
field in the esophagus of the subject in need thereol, In cerdain embodiments, the number of
eosinophils is reduced by about 50% by day 10 following administration of the {L-4R inhibitor.
[8008] in certain embodiments, the IL-4R inhibitor is administered in combination with a
second therapeutic agent or therapy.

(00071  In certain embodiments, the subject in need thereof has a concurrent disease or
disorder selected from the group consisting of food allergy, atopic dermatitis, asthma, allergic
rhinitis, allergic conjunctivitis and inherited connective tissus disorders.

[0008] Cxemplary IL-4R inhibitors that can be used in the context of the methods of the
present invention include, e.g., small molecule chemical inhibitors of IL-4R or its ligands {iL-4
andfor IL-13), or biological agentis that target IL-4R or its ligands. According to certain
embodiments, the IL-4R inhibitor is an antibody or antigen-binding protein that binds the [L-4Ra
chain and blocks signaling by {L-4, 1.-13, or both IL-4 and IL-13. In certain embodiments, the
anti-iL-4R antibody or anfigen-binding protein comprises the heavy chain complementarity
determining regions (HCDRs) of a heavy chain variable region (HCVR) comprising the amino
acid segquence of SEQ 1D NO: 1 and the light chain CDRs of a light chain variable region
(LCVR) comprising the amingo acid sequence of SEQ D NG: 2. One such type of antigen-
binding protain that can be used in the context of the msathods of the present invention is an
anti-lL-4Ra antibody such as dupilumab,

[0008]  In cerlain embodiments, the present invention provides use of an antibody or antigen-
binding fragment thereof of the invention in the manufacture of a madicament {0 treat or inhibit
or prevent sosinophilic esophagitis in a subject, including humans.

(00101 Other embodiments of the presant invention will becoms apparent from a review of the

ensuing detailed description.

BRIEF DESCRIPTION OF THE FIGURES
[0811] Figure 1 shows the serum gk levels in mice injected with /25 DNA using the
hydrodynamic DNA delivery (HDD) method and subseguently treated with the isotype control,
anti-mib-4R mAb or IL-13Ra2-mFc as described in Example 1 herein.
(08121 Figure 2 shows the esophageal histology scores of mice injected with /125 DNA using
the HDD method and subsequently trealed with the isolype control, anti-mil-4R mAb or lL-
13Ra2-mFc as described in Example 1 herein.
[0813] Figure 3 shows the esophageal histology scores (as described elsewhers herein} of
mice sensitized by phosphate-buffered saline (PBS) or by peanut allergen extract {PAE) and
challenged by PBS or PAE. The mice were treated with anti-mil-4R maAb or an isotype conirol.
[0814] Figure 4 shows sarum levels of {(A) peanut allergen specific IgG1 and {B) IgE in mice
sensitized by PES or by peanut allergen exiract {(PAE) and challenged by PBES or PAE. The

mice were treated with ant-miL-4R mAD or an isotype conirol,
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DETAILED DESCRIPTION
[0015] Before the present invention is described, it is 0 be understood that this invention is
not limited o particular methods and experimental conditions described, as such msthods and
conditions may vary. ltis also to be understood that the terminology used hersin is for the
purpose of describing particular ambodiments only, and is not intended o be limiting, since the
scope of the present invention will be limited only by the appended claims.
[0818] Unlsss defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ardinary skill in the art to which this invention
belongs. As used herein, the term “aboul,” when ussad in raferencs to a parlicular recited
numerical value, means that the value may vary from the recited value by no more than 1%.
For example, as used herein, the expression “aboul 1007 includes 99 and 101 and all values in
between {a.g., 99.1, 88.2, 88.3, 88.4, sic)).
[0817] Although any methods and materials similar or eguivalent to those described herein
can be used in the practice of the present invention, the preferred methods and materials arg
now described. Al publications mentionad herein ars incorporated herein by reference o

describe in their entirety,

Methods for Treating, Preventing or Ameliorating Eosinophilic Esophagitis

(00181 The present invention includes methods for treating, preventing, or ameliorating at least
one symptom or indication of sasinophilic esophagitis (Eok} in a subject. The methods
according to this aspect of the invention comprise administering a therapsutically effective
amount of a pharmaceutical composition comprising an IL-4R inhibitor to the subject in need
thereof. As used herein, the {erms “treal’, “reating”, or the like, mean to alleviate symptoms,
eliminate the causation of symploms sither on a temporary or permanent basis, or to pravent or
slow the appearance of symptoms of sosinophilic inflammation in the esophagus. In certain
embodiments, the present methods are useful for treating or ameliorating at least one sympiom
or indication of EoF including, but not limited {o, eosinophilic infiltration of the esophagus,
thickening of the esophageal wall, inflammation in the esophagus, appearance of trachea-like
rings or ridges in the esophagus, chest and abdominal pain, food refusal, vomiting, dysphagia
and food impaction.

(00191 “Eosinophilic Esophagitis” (Eok), as used herein, means an inflammatory diseass
characterized by abnormal sosinophilic inflammation within the esophagus and esophagsal
dysfunction. The primary symptoms of Zok include, but are not limited fo, chest and abdominal
pain, dysphagia, heartburn, food refusal, vomiting and food impaction. The clinicopathology of
Eok is characterized by presenca of ridges or trachaa-like rings in the esophageal wall and
gosinophilic infiltration in the esophageal mucosa. EoE is presently diagnosed by endoscopy of

the esophagus followed by micrascopic and biochemical analysis of the esophageal mucosal
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lining. EoE may be classifiad as allergic or non-allergic depending upon the status of the
subject. The present invention includes methods o treat both allergic and non-allergic forms of
Eok.

(00201 As used herein, the expression “a subject in need thereol” means a human or non-
human marmmal that exhibits one or more symptoms or indications of egsinophilic esophagitis,
and/or who has been diagnossad with eosinophilic esophagitis (EoE). In certain embodiments,
the methods of the present invention may be used {o treat patients that show elevataed lovels of
one or more Cok-associated biomarkers (described elsewhers herein). For exampls, the
methods of the present invention comprise administering an IL-4R inhibitor to patients with
elevated levels of IgE or ectaxin-3. The term “a subject in need thersof may also include, a.g.,
subjects who, prior (o treatment, exhibil (or have exhibited) one or more indications of Eok such
as, e.g., esophageal overexprassion of pro-inflammatory mediators such as mast cslls,
eosinophilic infiltration of the esophagus, thickening of the esophageal wall, dysphagia, food
impaction and chest and ahdominal pain and/or an slevated level of a EoE-associated
hiomarker. The term also includes subjects who show the presence of 2 15 sosinophils per high
power field in the esophagus, and subjects with elevated peripheral sosinophil counts (>300
celis/ul} or elevated serum gk (>150kU/L).

[0821] In certain embodiments, the present msthods may be used to treat subjscts who
exhibit pathology and symptoms that are observed in subjects with chronic esophagitis including
in gastrossophageal reflux disease (GERD). In certain embodiments, the term “a subject in
need thereof” includes subjects that are non-responsive o or resistant to anti-GERD therapy.
For example, the present methods may be used to freat subjects that are resistant to proton
pump inhibitors (PP}

[00221 Inthe context of the present invention, "a subject in need thereof” may include a subset
of population which is more susceptible to EoE or may show an elevated level of an Eok-
associated biomarker. For example, “a subject in nead thereo may include a subject suffering
from an atopic disease or disorder such as food allergy, atopic dermatitis, asthma, allergic
rhinitis and allergic conjunctivitis. In cerfain embodiments, the term “a subject in need thersof”
includes a subject who, prior to or at the time of administration of the IL-4R inhibitor, has or is
diagnosed with a disease or disorder selected from the group consisting of atopic dermatilis,
asthma, allergic rhinitis and allergic conjunchivitis. In certain embodiments, the term "a subject in
nead thereof” may include patients with inherited connective tissue disorders. Such a subject
population may show an alevated level of an EoE-associated biomarker such as, e.g., igk,
eotaxin-3, periostin, 1L-5, or [L-13.

(08231 In certain embodiments, “a subject in need thereo!” includes a subject susceptible to an
allergen. For example, “a subject in nesd thereo! includes a subject who may exhibit one of the
following characleristics: {8} is prone {o allergic reactions or responses when axposed o ong or

more allergens; (b) has previously exhibited an allergic response or reaction 1o one or more

v



WO 2015/006571 PCT/US2014/046170

allergens; (¢} has a known history of allsrgias; and/or (d} exhibits a sign or symptom of an
allergic response or anaphylaxis. In cerain embodiments, the subject is allergic to an allergen
associated with EoE or that randears the subject susceptible and/or prone to developing EokE.
[0624] The term “allergen,” as used herain, includes any substance, chemical, particle or
composition which is capable of stimulating an allergic response in a susceptible individual,
Allergens may be contained within or derived from a food item such as, e.g., dairy products
{e.g., cow's milk}, egg, wheat, soy, com, rye, fish, shelifish, peanuts and tree nuts. Alternatively,
an allergen may be contained within or derived from a non-food item such as, e.g., dust {(8.g.,
containing dust mite), pollen, insect venom (e.g., venom of bees, wasps, mosquitoss, eto.),
mold, animal dander, latex, medication, drugs, ragweed, grass and birch.

[6625] In certain embodiments, the term “a subject in need thereof” includes a subset of
population which exhibits an allergic reaction to & food allergen. For example, *a subject in need
thereof” may include a subjsct who has an allergy to an allergen contained in a food item
including, but not imited to, a dairy product, egg, wheat, soy, corn, rve, fish, shelifish, peanut, a
iree nut, beef, chicken, oal, barley, pork, green beans, and fruits such as apple and pineapple.
[0028] In cerlain embodiments, the term includes a subject allergic t© a non-food allergen
such as allergens derived from dust, mold, insects, plants including pollen, and pets such as
cats and dogs. Examples of non-food allergens (also known as environmental allergens or
agroallergens) include, but are not imited to, house dust mite allergens, pollen allergens, animal
dander allsrgens, insect venom, grass allergens, and latex,

n o«

[0627] As used herein, the phrases “allergic response,” “allargic reaction,” “allergic symptom,”
and the like, include one or more signs or symptoms selected from the group consisting of
urticaria (e.¢., hives), angicedema, rhinitis, asthma, vomiting, sneezing, runny nose, sinus
inflammation, watery eyes, wheezing, bronchospasm, reduced peak expiratory Hlow (PEF),
gastrointestinal distress, flushing, swollen lips, swollen tongue, reduced blood pressure,

n W

anaphylaxis, and organ dysfunctionffailure. An “allergic response,” "alisrgic reaction,” "allergic
symptom,” efe., also includes immunological responses and reactions such as, e.g., increased
IgE production, increassd allergen-specific immunoglobulin production and/or eosinophilia.
(00287 In some embodiments, the methods herein may be used to treat EoE in children who
ars £ 3 years old. For sxample, the present methods may be used to treat infants who are lass
than 1 month, 2 months, 3 months, 4 months, 5 months, & months, 7 months, 8 months, 8
months, 10 months, 11 months or less than 12 months old. In other embodiments, the methods
of the present invention may be used to treat children who are more than 3 vears old, more than
4 years, 5 years, 6 years, 7 years, 8 years, 9 years, 10 years, 11 years, 12 years, 13 years, 14
years, or more than 15 years old.

(00291 The present invention aiso includes mathods for reducing eosinophilic infiltration. The

methods according to this aspect of the invention comprise administering to the subject one or
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more doses of a pharmaceutical composition comprising an IL-4R inhibitor to reduce or
gliminate the number of eosinophils, e.g., in the esophageal mucosa.

[00301  As used herein, “eosinophilic infiltration” refers to the presence of eosinophils in an
organ or issue including blood, esophagus, stomach, ducdenum, and lisum of a subject. inthe
context of the invention, the term “eosinophilic infiltration” refers o presence of eosinophils in
the mucosal lining of a region of the gastro-intestinal tract including, but not limited o,
esophagus and stomach. Eosinophilic infiltration is analyzed, for example, in an esophagsal
fissue biopsy of a subject suffering from Eok. According to particular embodiments,
“sosinophilic infiltration” refers to the presance of 2 15 sosinephils per high power fisld in the
esophagus. The term “high power field” refers {o a standard iotal magnification of 400X by a
microscope used 1o view eosinophils in a tissue, 8.g., from the esophagus of a subject. In
certain embodiments, “eosinophilic infiltration” includes infiltration into a tissue by leucooytes, for
example, lymphocytss, neutrophils and mast cells. The lsucocyte infiltration info, e.9.,
asophageal tissue can be detactad by cell surface markers such as eosinophil-specific markers
{e.g., CO11cMN9 SiglecF™, F4/807, EMR1”, Siglec 87, and MBP2"), macrophage-specific
markers {e.g., CD11b7, F4/807, CD147, EMR1", and CDB8"), neutrophil-specific markers (e.g.,
CD1ib", Ly8G", LyBC™, C11b7, and CDEBHY, and T-cell-specific markers {e.g., CD3"CD4"
cDa").

(00317 As used herein, a reduction in esophagus eosinophils means that the number of
eosinophils and other leucocytes measurad in the esophagus of a subject with EoE and who
has been treated with an 1L-4R inhibitor, is at least 5%, 10%, 20%, 50%, 70%, 80%, or 90%
lower than the esophagus eosinophils measured in the same or an equivalent subject that has
not been treated with the IL-4R inhibitor. In certain embodiments, reducing sosinophilic
infiltration means detecting less than 15 eosinophils per high power field, more preferably less
than 10 eosinophiis, less than 8 sosinophils, less than 8 eosinophils, less than 7 sosinophils,
less than © eosinophils, or less than 5 eosinophils per high power fisid in a biopsy of the
esophageal mucosa. In certain embodiments, a reduction in esophagus eosinophils means that
ne eosinophils are detected in the esophageal mucosa of a subject.

(00321 The present invention includes methods for treating, preventing or reducing the severity
of eosinophilic esophagitis comprising administering a therapeutically effective amount of a
pharmaceutical compaosition comprising an H-4R inhibitor 10 a subject in need thereof, wherein
the pharmaceutical composition is administered {o the subject in multiple doses, e.g., as part of
a specific therapeutic dosing regimen. For example, the therapsutic dosing regimen may
comprise administering multiple doses of the pharmaceutical composition to the subject at a
frequency of about once a day, once every two days, once every three days, once every four
days, once svery five days, once svery six days, once a week, oncs every two wesks, oncs
every three weeks, once every four weeks, once a month, once avery two months, once every

three months, once every four months, or less frequently.
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[0833] The methods of the present invention, according to certain embodiments, comprise
administering to a subject a therapeutically effective amount of a pharmaceutical composition
comprising an {L-4R inhibitor in combination with a sscond therapeutic agent. The second
therapsutic agent may be an agent selected from the group consisting of, e.g., an lL-1beta
inhibitor, an -5 inhibitor, an 1L-8 inhibitor, an IL-13 inhibitor, an [L-17 inhibitor, an IL-25
inhibitor, a TNFalpha inhibitor, an eotandn-3 inhibitor, an IgE inhibitor, a prostaglandin D2
inhibitor, an immunosuppressant, a corticosteroid, a glucocarticoid, a proton pump inhibitor, a
dacongestant, an antihistamine, and a non-steroidal anti-inflamimatory drug (NSAID). In certain
embadiments, the IL-4R inhibitor of the invention may be administeraed in combination with
therapy including allergen ramoval and diel managament. As used harein, the phrase ‘in
combination with® means that the pharmaceutical composition compiising an {L-4R inhibitor is
administered to the subject at the same time as, just before, or just after administration of the
sacond therapeutic agent. In certain embodimants, the sscond therapeutic agent is
administered as a co-formulation with the IL-4R inhibitor. In a related embodiment, the present
invention includes methods comprising administering a therapeutically effective amount of a
pharmaceutical composition comprising an L-4R inhibifor t© a subject who is on a background
anti-allergy therapeutic regimen. The background anti-allergy therapsutic regimen may
comprise a course of administration of, e.g., stercids, antihistamines, decongestants, anti-igE
agents, stc. The [L-4R inhibitor may be added on {op of the background anti-allergy therapeutic
regimen. In some embodiments, the IL-4R inhibitor is added as part of a “background siep-
down” scheme, wherein the background anti-allergy therapy is gradually withdrawn from the
subject over time {e.9., in a stepwise fashion) while the IL-4R inhibitor is administered the

subject at a constant doss, or at an increasing dose, or at a decreasing doss, over ims.

Eosinophilic Esophagitis-associated Biomarkars

[0834] The present invention also includes methods involving the use, quantification, and
analysis of EoE-~associated biomarkers. As used hergin, the term "Eok-associated biomarker”
means any biological response, cell type, parameter, protein, polypeptide, enzyme, enzyme
activity, metabolite, nuclsic acid, carbohvdrate, or other hiomolecule which is present or
detectable in an Eok patient at a level or amount that is different from (e.g., greater than or less
than) the level or amount of the marker present or detectable in a non-Eok patient. Exemplary
Eok-associated biomarkers include, but are not imited 1o, e.g., esophagus eosinophils, eotaxin-
3 {CCLZ8), periostin, serum IgE (lotal and allergen-specificy, IL-13, IL-5, serum thymus and
activation reguiated chemokine (TARC; CCL17), thymic stromal lymphopoietin {TSLP), serum
eosinophilic cationic protein (ECP), and sosinophil-darived neurotoxin (EDN}Y. The term "EoE-
associated biomarker’ also includes a gene or gene probe known in the art which is differentially
expressed in a subject with EoE as compared to a subject without EoE. For example, genes

which are significantly up-reguiated in a subject with Eok include, but are not iimited o, T-helper
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2 {Th2)-associated chemokines such as CCL8, CCL23 and CCLZ8, periostin, cadherin-like-26,
and TNFo-induced protein 6 (Blanchard et al 2006, J. Clin. Invest. 116: 536 — 547).
Alternatively, “EoE-associated biomarker also includes genes which are down regulated due to
Eok such as terminal differentiation proteins {e.g., filaggrin) (Blanchard et al 2008, J. Clin.
Invast. 116: 538 - 547}, Certain embodimenis of the invention relale (o use of these biomarkers
for monitoring disease reversal with the administration of the HL-4R antagonist. Methods for
detecting and/or quantifving such Eok-associated biomarkers are known in the art; Kits for
measuwring such EcE-associated biomarkers are available from various commercial sources;
and various commercial diagnostic laboratorias offer services which provide measurements of
such biomarkers as well.

[0835] According to cerlain aspects of the invention, methods for treating EoE are provided
which comprise: (a) selecling a subject who exhibits a level of at least one Eok-associated
biomarker prior to or at the time of treatment which signifies the disease state; and (b)
administaring to the subject a pharmaceutical composition comprising a therapsutically effective
amount of an IL-4R antagonist. In certain embodiments of this aspsct of the invention, the
subject is sslected on the basis of an elevated level of IgE or eotaxin-3.

(00381 According to other aspects of the invention, methods for treating Eok are provided
which comprise administering {0 a subject a pharmaceutical composition comprising a
therapeutically effective amount of an IL-4R antagonist, wherein administration of the
pharmaceutical composition to the subject results in a decreass in at least one EoE-associaled
hiomarker {e.g., esophagus sosinophils, ectaxin-3, Igk, ofc.) at a time after administration of the
pharmaceutical composition, as compared o the level of the biomarksr in the subject prior {o the
administration.

(00377  As will be appreciated by a parson of ordinary skill in the art, an increase or decrease
in an EoE-associated biomarker can be determined by comparing (i) the level of the biomarker
measured in a subject at a defined time point after administration of the pharmaceutical
compaosition comprising an [L-4R antagonist to (i) the level of the biomarker measured in the
patient prior {o the administration of the pharmaceutical composition comprising an HL-4R
antagonist (i.e., the "baseline measurement”). The defined fime point at which the biomarker is
measured can be, e.g., at about 4 hours, 8 hours, 12 hours, 1 day, 2 days, 3 days, 4 days, 5
days, € days, 7 days, 8 days, 9 days, 10 days, 15 days, 20 days, 35 days, 40 days, 50 days, 55
days, 60 days, 85 days, 70 days, 75 days, 80 days, 85 days, or more after administration of the
of the pharmaceutical composition comprising an H-4R antagonist,

(00381 According to cerfain embodiments of the present invention, a subject may exhibit a
dacrease in the level of one or more of Igk and/or eotaxin-3 following administration of &
pharmaceutical composition comprising an L-4R antagonist {e.g., an anti-iL-4R antibody). For
example, al about day 1, day 4, day 8, day 15, day 22, day 25, day 29, day 38, day 43, day 50,

day 57, day 64, day 71 or day 85, following administration of & first, second, third or fourth dose
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of & pharmaceutical composition comprising about 75 mg to about 600 mg of an anti-lL-4R
antibody (e.g., dupilumab), the subject, according to the present invention, may exhibit a
decrease in ectaxin-3 of about 1%, 2%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 80%, 95% or more from baseline {(wherein “bassling” is
defined as the level of eolaxin-3 in the subject just prior lo the first administration). Similarly, at
about day 1, day 4, day 8, day 15, day 22, day 25, day 28, day 36, day 43, day 50, day 57, day
84, day 71 or day 85, following administration of a first, second, third or fourth dose of a
pharmaceutical composition comprising about 75 mg to about 800 myg of an anti-lL-4R antibody
{e.g., dupitumab), the subject, according o the present invantion, may exhibit a decreass in igk
of about 1%, 2%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 85% or more from bassline {wherein "baseling’ is defined as the
level of IgE in the subject just prior fo the first administration).

[0039] The present invention also includes msthods for determining whether a subjectis a
suitable subject for whom administration of a pharmaceutical compaosition comprising an [L-4R
antagonist would be beneficial. For example, if an individual, prior 10 receiving a pharmaceutical
composition comprising an HL-4R antagonist, exhibits a level of an Eok-associated biomarker
which signifies the disease siate, the individual is therefore identified as a suitable patient for
whom administration of a pharmacsutical composition of the invention {(a composition
comprising an anti-lL-4R antibody) would be beneficial. In related embodiments, the present
invention includes methods for treating suitable subjects, wherein a suilable subject may be
more susceptible 1o Eok, for example, due o food allergy, or an atopic diseasa. For example,
the present invention includes methods comprising administering an IL-4R antagonist to
subjects who have food allergy, atopic dermatitis, asthma, allergic rhinitis or allergic
conjunctivitis. In another example, the present invention includes methods comprising
administering an L-4R antagonist to subjects who have, Mendslian-inherited connective tissue
disorders, e.g., Marfan syndrome, Loeys-Distz syndroms, hypermaobile Thiers Danlos syndrome
(EDS) or joint hypermobility syndrome (JHE). Such subject populations may have an elevated
level of an Eok-associated biomarker.

(08407 According to certain exemplary embodiments, an individual may be identified as a good
candidate for anti-lL-4R therapy if the individual exhibits one or more of the following: (i} an
aotaxin-3 level greater than about 30 pg/mi, greater than about 40 pg/mi, greater than about 530
pafmi, greater than about 100 pg/mi, greater than about 1500 pgfml, greater than about 200
pgfmi, greater than about 250 pg/mi, greater than about 300 pg/mi, greater than about 350
pa/mi, greater than about 400 pa/mi, greater than about 450 pg/mi, or greater than about 500
pafmi; or (H) & serum IgE level greater than about 114 KU/L, greater than about 150 kU/L,
greater than about 500 KU/L, greater than about 1000 KU/L, greater than about 1500 kUL,
greater than about 2000 kUL, greater than about 2500 kU/L, greater than about 3000 kU/L,
greater than about 3500 KU/, greater than about 4000 KU/, greater than about 4500 KU/ or
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greater than about 5000 KU/L; or (i) = 15 sosinophils per high power fisld in the esophagus of
the subject. Additional criteria, such as other clinical indicators of BEok {e.g., thickening of the
esophagsal wall, and food allergy indicative of EoE}, may be used in combination with any of
the foregoing Eok-associaled biomarkers (o identify an individual as a suitable candidate for

anti-lL-4R therapy as describad elsewhere herein,

interleukin-4 Recepior Inhibitors

{00411 The methods of the presant invention comprise administering 1o a subject in need
thersof a therapeutic composition comprising an interleukin-4 recepitor (IL-4R} inhibitor. As used
herein, an “IL-4R inhibitor” (also referred 1o herein as an *IL-4R antagonist,” an “lIL-4Ra
antagonist,” an “IL-4R blocker,” an “IL-4Ra blocker,” etc.} is any agent which binds to or
interacts with IL-4Ra or an IL-4R ligand, and inhibits or attenuates the normal biclogical
signaling funclion a type 1 and/or a type 2 lL-4 receptor. Human [L-4Rq has the amine acid
saquence of SEQ ID NO: 11, Atype 1 1L-4 receplor is a dimeric receplor comprising an {L-4Ra
chain and a yc chain. A type 2 IL-4 receptor is a dimeric receptor comprising an IL-4Ra chain
and an {L-13Rat chain. Typs 1 {L-4 receptors interact with and are stimulated by {L-4, while
type 2 IL-4 receptors interact with and are stimulated by both 1L-4 and 1L-13. Thus, the IL-4R
inhibitors that can be used in the methods of the present invention may function by blocking L~
4-mediated signaling, lL-13-mediated signaling, or both IL-4- and IL-13-mediated signaling. The
L~4R inhibitors of the present invention may thus prevent the interaction of lL-4 and/or IL-13
with a type 1 or type 2 recaplior.

(00427 Non-limiting examples of categories of {L-4R inhibitors include small molecule 1-4R
inhibitors, anti-IL-4R aptamers, peptide-based IL-4R inhibitors {e.g., “peptibody” molecules),
‘raceptor-bodies” {e.g., engineared molecules comprising the ligand-binding domain of an [IL-4R
component), and antibodies or antigen-binding fragments of antibodies that specifically bind
human IL-4Ra. As used herein, HL-4R inhibitors also include antigen-binding proteins that

specifically bind H-4 and/or IL-13.

Anti-lL-4Rg Antibodies and Antigen-Binding Fragments Thereof

(00431 According to cerlain exemplary embodiments of the present invention, the IL-4R
ithibitor s an anti-lL-4Ra antibody or antigen-binding fragment thersof, The term “antibody,” as
usad herein, includes immunogiobulin molecules comprising four polypaptide chaing, two heavy
{H) chains and two light (L} chains inter-connected by disulfide bonds, as well as multimers
thereof (e.g., IgM). In a typical antibody, each heavy chain comprises a heavy chain varigble
region (abbreviated herein as HCVR or V) and a heavy chain constant region. The heavy
chain constant region comprisas three domains, Cuyt, Cy2 and Cp3. Each light chain comprises
a light chain varighie region {(abbreviated herein as LCVR or V) and a light chain constant
region. The light chain constant region comprises one domain {C. 1), The Vi, and V| regions

can be further subdivided into regions of hypervariability, termed complementarily determining
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regions {CDRs}, interspersed with regions that are more conserved, termed framework regions
(FR). Each Vyand V, is composed of three CDORs and four FRs, arranged from amino-terminus
to carboxy-terminus in the following order: FR1, COR1, FRZ, CDRZ, FR3, COR3, FR4. In
different embodiments of the invention, the FRs of the anti-lL-4R antibody (or antigen-binding
portion thereof) may be identical to the human germling sequences, or may be naturally or
artificially modified. An amino acid consensus sequencs may be defined based on a side-by-
side analysis of two or more CDRs,

[0844] The term “aniibody,” as used hersin, also includes antigen-binding fragments of full
antibody molecules. The terms “antigen-binding portion” of an antibody, “antigen-binding
fragment” of an antibody, and the kke, as used herein, include any naturally occurring,
anzymatically obtainable, synthetic, or genstically snginserad polypeptide or glveoprotain that
specifically binds an antigen to form a complex. Antigen-binding fragments of an antibody may
be derived, e.g., from full antibody molecules using any suitable standard techniques such as
proteohviic digestion or recombinant genetic engineering techniques involving the manipulation
and expression of DNA encoding antibody variabls and oplionally constant domains. Such DNA
is known and/or is readily available from, 2.¢., commercial sources, DNA libraries (including,
2.g., phage-antibody libraries), or can be synthesized. The DNA may be sequenced and
manipulated chemically or by using molacular biology techniques, for example, {o arrange one
or more variable and/or constant domains into a suitable configuration, or {o introduce codons,
craate cysteine rasidues, modify, add or delete amino acids, sic.

[0845] Non-limiting examples of anligen-binding fragments include: (i) Fab fragments; (i}
Fab"2 fragments; (il Fd fragments; (iv) Fv fragments; (v} single-chain Fv (scFv) molecules;
{vi} dAb fragments; and (vii) minimal recognition units consisting of the amino acid rasidues that
rimic the hypervariable region of an antibody (e.g., an isolated complementarity determining
region {(CDR) such as a CDORS3 peplide), or a constrained FR3-CDR3-FR4 peptide. Other
engineered molecules, such as domain-specific antibodiasg, single domain antibodies, domain-
deletad antibodies, chimeric antibodies, COR-grafied antibodiss, diabodiss, triabodies,
tetrabodies, minibodies, nanobodies (e.g. monovalent nanobodies, bivalent nanobodies, sic.),
small modular immunopharmaceuticals (SMIPs), and shark variable IgNAR domains, are aiso
encompassad within the exprassion "antigen-binding fragment,” as used hsarain.

[0848] An antigen-binding fragment of an antibody will typically comprise at least one variable
domain. The variable domain may be of any size or amino acid composition and will generally
comprise at least one CDR which is adjacent to or in frame with one or more framework
sequences. In antigen-binding fragments having a Vi domain associated with a vV domain, the
Vi and Vi domains may be situated relative to one another in any suitable arrangement. For
example, the variable region may be dimeric and contain V-V, V-V or V-V, dimers,
Alternatively, the antigen-binding fragment of an antibody may contain a monomeric Vy or V.

domain.
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(08471 In certain embodiments, an antigen-binding fragment of an antibody may contain at
least one variable domain covalently linked to at least one constant domain. Non-limiting,
examplary configurations of variable and constant domains that may be found within an antigen-
hinding fragment of an antibody of the present invention include: {i) Vu-Cut; (1} VrCuZ; (i) Virr
Cn3; () VG 1-Cl2; (v) Vi Gy 1-Cp2-C3; (vid VirCr2-Cy3; (vl Vi Gy (il Vi-Cy 1 (ix) V-Ci2;
{x) Vi-Cu3; 00 Vi-Cu1-Cu2; (xii} VI -Crl1-Cu2-Cul; (i) Vi-Cu2-Cu3; and (xiv) Vi-Cr. Inany
configuration of variable and constant domains, including any of the exemplary configurations
listed above, the variable and constant domains may be either directly linkad to one another or
may be linked by a full or partial hinge or linker region. A hinge ragion may consist of at least 2
{e.g., 5, 10, 15, 20, 40, 80 or more) amino acids which result in a flexible or semi-flexible linkage
hetween adjacent variable and/or constant domains in a single polypeptide molecule.

Moreover, an antigen-binding fragment of an antibody of the present invention may comprise a
homa-dimer or hetero-dimer {(or ather multimer) of any of the vanable and constant domain
configurations listed above in non-covalent association with one another and/or with one or
more monomeric Vy or Vi domain (e.g., by disulfide bond(s)).

[0048] The term "antibody,” as used herein, also includes mukispecific (e.g., bispecific)
antibodies. A multispecific antibody or antigen-binding fragment of an antibody will typically
comprise at least two different variable domains, wherein sach variable domain is capabls of
specifically binding to a separate antigen or (o a different epitope on the same anligen. Any
multispecific antibody format may be adapted for use in the context of an antibody or antigen-
binding fragment of an antibody of the present invention using routine techniques available in
the arl. For example, the present invention includes methods comprising the use of bispecific
antibodies whersin one anm of an immunoglobulin is specific for L-4Ra or a fragment thersof,
and the other arm of the immunoglobulin is specific for a second therapsutic targst or is
conjugated to a therapeutic moisty. Exemplary bispecific formats that can be used in the
context of the present invention include, without limitation, e.g., scFv-based or diabody bispecific
formats, IgG-scFv fusions, dual variable domain (DVD)-g, Quadroma, knobs-into-holes,
connnon light chain (e.g., common light chain with knobs-into-holes, sic.), CrossMab, CrossFab,
(SEED) body, leucine zipper, Duobody, Ig31/1gG2, dual acting Fab (DAF)-1gG, and Mab?
bispecific formals {see, e.g., Klein ef af. 2012, mAbs 4.6, 1-11, and refarences cited tharsin, for
a review of the foregoing formats). Bispecific antibodias can also be constiucted using
peptide/nuclsic acid conjugation, e.g., whersin unnatural amino acids with orthogonal chemical
reactivity are used to generate site-spacific antibody-oligonucleotide conjugatss which than self-
assemble into mullimeric complexes with defined composition, valency and geomestry. (See,
a.g., Karane et al., J. Am. Chem. Soc. [Fpub: Dec. 4, 2012},

(00491 The antibodiss used in the methods of the present invention may be human antibodies.
The term “human antibody,” as used herein, is intended to include antibodies having variable

and constant regions derived from human germiine immunoglobulin sequences. Ths human
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artibodias of the invention may nonethsless include amino acid residuss not encoded by human
germiine immunoglobulin sequences {e.¢., mutations introduced by random or site~-specific
mutagenesis in vitro or by somatic mutation in vivo), for example in the CDRs and in particular
CDR3. However, the tarm “human antibody,” as used hearein, is not intended to include
antibodies in which CDR sequences derived from the germline of another mammalian speciss,
such as a mouss, have been grafied onto humnan framework seguencss.

(00507 The antibodies used in the methods of the present invention may be recombinant
human antibodies. The term “recombinant human antibody,” as used herein, is intended o
include all human antibodies that are prepared, expressad, creatad or isolated by recombinant
means, such as antibodies expressed using a recombinant expression vector transfected into a
host cell (described further below), antibodies isolated from a recombinant, combinatornal human
antibody library (described further below), antibodies isolated from an animal (a.¢., a mouse)
that is transgenic for human immunoglobulin genes (see e.g., Taylor et al. {1992} Nucl. Acids
Res. 20:6287-6295) or antihodies preparad, expressed, created or isolated by any other means
that involves splicing of human immunogiobulin gene seguences o other DNA sequences,
Such recombinant human antibodies have variable and constant regions derived from human
germiing immunoglobulin sequences. In certain embodiments, however, such recombinant
human antibodies are subjected o in vifro mutageneasis (or, when an animal transgenic for
human lg sequences is used, in vivo somatic mutagenasis) and thus the amino acid sequences
of the Vi and V. regions of the recombinant antibodies are sequences that, while derivad from
and related to human germiine Vy and V| sequesncas, may not naturally exist within the human
antibody germiine repertoire in vivo,

(005811 According to certain embodiments, the antibodies used in the methods of the prasent
invention specifically bind IL-4Ra. The term “specifically binds,” or the like, means that an
antibody or antigen-binding fragment thereof forms a complex with an antigen that is relatively
stable under physiologic conditions. Methods for determining whsther an antibody specifically
binds to an antigen are well known in the art and include, for example, equilibrium dialysis,
surface plasmon resonancs, and the like. For example, an antibody that “specifically binds” iL-
4Raq, as used in the context of the prasent invention, includes antibodies that bind L-4Ra or
portion thereof with a Kp of less than about 500 nk, less than about 300 nM, less than about
200 nM, less than about 100 nM, less than about 90 nM, less than about 80 nM, less than about
70 nM, less than about 80 nM, less than about 50 nM, less than about 40 nM, less than about
30 nM, less than about 20 nM, less than about 10 nM, less than about 5 nM, less than about 4
nhd, less than about 3 nM, less than about 2 nM, less than sbout 1 nM or less than about 0.5
nM, as measured in a surface plasmon resonance assay. An isolated antibody that specifically
binds human IL-4Ra may, however, have cross-reactivity to other antigens, such as IL-dRa
molecules from other (non-human) species.

[0852] According to certain sxemplary embodiments of the present invention, the IL-4R
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inthibitor s an anti-lL-4Ra antibody, or antigen-binding fragment thereof comprising a heavy
chain variable region (HCVR), light chain variable region (LCVR), and/or complementarity
determining regions {CDRs) comprising any of the aminoc acid sequences of the anti-IL-4R
antibodias as set forth in US Patent No. 7,608,683, In cartain exemplary embodiments, the anti-
{L~4Ra antibody or antigen-binding fragment thereof that can be used in the context of the
methods of the present invention comprisas the heavy chain complementarity determining
regions (HCDRs) of a heavy chain variable region (HCVR) comprising the amino acid sequence
of SEQ D NO: 1 and ths light chain complementarity detarmining regions (LCDRs) of a light
chain variable ragion (LCVR) comprising the amino acid sequence of SEQ D NO: 2. According
to cariain embodiments, the anti-lL-4Ra antibody or antigen-binding fragment thereof comprisas
three HCDRs (HCDR1, HCDR2 and HCDR3) and three LCDRs (LCDR1, LCDR2 and LCDR3),
wherein the HCDR1 comprises the amine acid sequence of SEQ 1D NO: 3; the HCDRZ
comprises the amino acid sequence of SEQ 1D NO: 4; the HODR3 comprises the amino acid
sequence of SEG 1D NO: b; the LCDR1 comprises the amino acid sequence of SEQ 1D NG §;
the LCBR2 comprises the amino acid sequence of SEQ 1D NO: 7; and the LCDR3 comprises
the amino acid sequence of SEQ 1D NG: 8. in yet other embodiments, the anti-lL-4R antibody
or antigen-binding fragment thereot comprises an HCVR comprising SEQ 1D NGO: 1 and an
LCVR comprising SEQ 1D NO: 2. In certain embodiments, the mesthods of the present invention
comprise the use of an anti-lIL-4R antibody, wherein the antibody comprises a heavy chain
comprising the amino acid sequence of SEQ ID NO: 13, In some embodimeants, the anti-HL-4R
antibody comprises a light chain comprising the amino acid sequence of SEQ {D NO: 14, An
exemplary antibody comprising a heavy chain comprising the amino acid sequence of SEQ 1D
NG: 13 and a light chain comprising the amino acid sequence of SEQ D NG: 14 is the fully
hurman anti-lL-4R antibody known as dupilumab. According to certain exemplary embodiments,
the methods of the present invention comprise the use of dupilumab, or a bicequivalent thereof.
The term “bicequivalent”, as used herein, refers {0 anti-liL-4R antibodies or {L-4R-hinding
proteins or fragments thereot that are pharmaceutical equivalents or pharmaceutical alternatives
whose rate and/or extent of absorption do not show a significant difference with that of
dupilurnab when administered at the same molar dose under similar experimental conditions,
either single dose or multiple dose. In the context of the invention, the tarm refers to antigen-
binding protains that bind to 1L-4R which do not have clinically meaningful differences with
dupilumab in their safaty, purity andfor polency.

(00531 In cerlain particuiar embodiments, the methods of the present invention comprise the
use of an anti-mouse anti-lL-4R antibody or antigen-binding fragment thereof comprising an
HCVR sequences of SEQ 1D NO: 8 and an LCVR sequence of SEQ 1D NG: 18. In an exemplary
embadiment, the methods of the present invention comprise the use of an anti-mouse anii-lL-4R
antibody (“anti-miL-dRa”} in reducing eosinophilic infiltration of the esophagus in a mouse model

of eosinophilic esophagitis.
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[0684] Other anti-IL-4Ro antibodies that can bs used in the context of the methods of the
present invention include, 2.g., the antibody referred to and known in the arl as AMG317
{Corren ef al., 2010, Am J Respir Crit Care Med., 181(8).788-786}, or any of the anti-lL-4Ro
antibodies as set forth in US Patent No. 7,186,808, US Patent No. 7,805,237, US Patent No.
7,608,693, or US Patent No. 8,002,804,

[00585] The anti-lL-4Ra antibodies used in the context of the methods of the presant invention
may have pH-dependent binding characteristics. For example, an anti-lL-4Ra antibody for use
in the mathods of the present invarntion may exhibit reduced binding to IL-4Ra at acidic pH as
compared to neutral pH. Alternatively, an anti-lL-4Ra antibody of the invention may exhibi
enhanced binding to its antigen at acidic pH as compared o neutral pH. The expression "acidic
pH" includes pH values less than about 8.2, ¢.g., about 6.0, 5.95, 5.9, 5.85, 5.8, 575,5.7, 5.65,
5.6, 555 55,545 54,535 53,525, 5.2, 515, 5.1, 5.05, 5.0, orless. As used herein, the
exprassion "neutral pH" means a pH of about 7.0 to about 7.4. The expression "neutral pH"
includes pH values of about 7.0, 7.05, 7.1, 715, 7.2, 7.25, 7.3, 7.35, and 7.4

(08581 In certain instances, “reduced binding to 1L-4Rq at acidic pH as compared to neutral
pH" is expressed in terms of a ratio of the Ky value of the antibody binding 1o {L-4Ra at acidic
pH to the K value of the antibody binding to IL-4Ra at neutral pH (or vice versa). For example,
an antibody or antigen-binding fragment thereof may be regarded as exhibiting "reducsd binding
{0 L-4Ra at acidic pH as compared o neutral pH" for purposes of the present invention if the
antibody or antigen-binding fragment thereof exhibils an acidic/neutral Ky ratio of about 3.0 or
greater. In certain exemplary embaodiments, the acidic/neutral Kp ratio for an antibody or
antigen-binding fragment of the present invention can be about 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 8.0,
6.5,70,75 80,85 80,95, 100, 10.5, 11.0, 115, 12.0, 125, 13.0, 13.5, 14.0, 145, 15.0,
20.0, 25.0, 30.0, 40.0, 50.0, 80.0, 70.0, 100.0, or greater.

(08571 Antibodies with pH-dependent binding characteristics may be oblained, e.g., by
screening a population of antibodiss for reduced {(or enhanced) binding 1o a particular antigen at
acidic pH as compared {o neutral pH. Additionally, modifications of the antigen-binding domain
at the amino acid level may yield antibodies with pH-dependent characteristics. For exampls,
by substituting one or more amino acids of an antigen-binding domain {&.¢., within a CDR) with
a histidine residue, an antibody with reduced antigen-binding at acidic pH ralative to neutral pH

may be obiained. As used herain, the expression "acidic pH" means a pH of 6.0 or less.

Pharmaceutical Compositions

[0058] The present invention includes methods which comprise administering an IL-4R
inhibitor (o a subject wherein the [L-4R inhibitor is contained within a pharmaceutical
composition. The pharmaceutical compositions of the invention may bs formulated with
suitable carriers, excipients, and other agents that provide suitable transfer, delivery, tolerance,

and the like. A multitude of appropriate formulations can be found in the Tormulary known o gl
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pharmaceutical chemists: Remington's Pharmacsutical Sciences, Mack Publishing Company,
Easton, PA. These formulations include, for example, powders, pastes, sinfments, jellies,
waxas, oils, lipids, lipid {cationic or anionic} containing vesicles (such as LIPOFECTIN™}, DNA
conjugates, anhydrous absorption pastes, oil-in-water and water-in-oil emulsions, emuisions
carbowax {polyethylene glycols of various molecular weights), semi-solid gels, and semi-solid
mixturas confaining carbowan. See also Powell st al. "Compendium of excipients for parenteral
formulations™ PDA {1998} J Pharm Sci Technol 52:238-311.

[0859] Various delivery systems are known and can be used o administer the pharmacsutical
composition of the invention, e.g., encapsulation in liposomes, microparticles, microcapsules,
recombinant cells capable of expressing the mutant virusas, receptor medialed endocytosis
{see, e.g., Wu et al, 1887, J. Biol. Chem. 262: 4425-4432). Methods of administration include,
but are not imited to, intradermal, intframuscular, intraperiioneal, infravenous, subcutansous,
intranasal, epidural, and oral routes. The composition may ba administered by any convenient
route, for example by infusion or bolus injection, by absorption through epithelial or
mucocutaneous linings (e.g., oral mucosa, ractal and intestinal mucosa, ete.) and may be
administered together with other biclogically active agents.

[00801 A pharmaceutical composition of the present invention can be delivered
subcutaneously or intravenously with a standard needle and syringe. In addition, with respect to
subcutansous delivery, a pen delivery device readily has applications in delivering a
pharmaceutical composition of the present invention. Such a pen delivery device can be
reusable or disposable. A reusable pen delivery devica generally ulilizes a replacaable
cartridge that contains a pharmaceutical composition. Once all of the pharmaceutical
composition within the cartridge has been administerad and the cartridge is empty, the emply
cartridge can readily be discarded and replaced with a new cartridge that contains the
pharmaceutical composition. The pen delivery devics can then be raused. In a disposable pen
defivery device, there is no replaceable cartnidge. Rather, the disposable pen delivery device
comes prefilled with the pharmaceutical composition held in a reservoir within the device. Oncs
the reservoir is emptied of the pharmaceutical composition, the sntire device is discarded.
(00617 In certain situations, the pharmaceutical compaosition can be delivered in a controlled
release system. In one embodiment, a pump may be used. In ancther embodiment, polymeric
materials can be used; see, Medical Applications of Controlled Release, Langer and Wiss
{eds.), 1974, CRC Pres., Boca Raton, Florida. In yet ancther embodiment, a controlied release
systam can be placed in proximity of the composition’s target, thus requiring only a fraction of
the systemic dose {(see, e.g., Goodson, 1984, in Medical Applications of Controlled Release,
supra, vol. 2, pp. 115-138). Other controlled release systems ara discussed in the review by
Langer, 1990, Science 249:1527-1534.

(00621 The injectable preparations may includs dosage forms for intravenous, subcutansous,

intracutanecus and intramuscular injections, drip infusions, eic. These injectable preparations
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may be prepared by known methods. For example, the injectable preparations may be
prepared, 2.¢g., by dissolving, suspending or emulsifying the antibody or its salt described above
in a sterile agueous madium or an cily medium conventionally used for injections. As the
aquecus medium for injections, there are, for example, physiological saline, an isotonic solution
containing glucose and other auxiliary agents, etc., which may be used in combination with an
appropriate solubilizing agent such as an alcohol {e.g., sthanol}, a polyalcohol (8.g., propylens
glycol, polysthylene glycol), a nonionic surfactant [e.q., polysorbats 80, HCO-50
{polyoxyethylene (50 mol) adduct of hydrogenated castor oil}}, efc. As the oily medium, there
are employed, 8.¢., sesame oil, soybean oil, afc., which may be usad in combination with a
solubilizing agent such as benzyl benzoate, benzyi alcohol, ele. The injection thus prepared is
preferably filled in an appropriate ampoule.

[0063] Advantageously, the pharmaceutical compaositions for oral or parenteral use described
above are prepared into dosage forms in a unit dose suited (o fit 3 dose of the active
ingredients. Such dosage forms in a unit dose include, for example, tablets, pills, capsules,
injections (ampoules), suppositorias, etc.

[0084] Cxemplary pharmaceutical compositions comprising an anti-lL-4R antibody that can be
used in the context of the present invention are disclosed, e.¢., in US Patent Application
Fublication No. 2012/0097585.

Dosage

[00858] The amount of IL-4R inhibitor (e.g., anti-IL-4Ra antibody) administered 1o a subject
according to the methods of the present invention is, generally, a therapeutically effective
amount. As used hersin, the phrase "therapeutically eflfective amount” means an amount of HL-
4R inhibitor that resulls in one or more oft (8) g reduction in the severity or durgtion of a
symptom of eosinophilic esophagitis; (b} a reduction in the number of essinophils in esophagus;
(¢} prevention or allaviation of an allergic reaction; and (d) a reduction in the use or nesd for
conventional allergy therapy (e.g., reduced or eliminated use of antihistamines, decongssiants,
nasal or inhaled steroids, anti-IgE treatment, epinephrine, efc.).

[0668] In the case of an anti-IL-4Ra antibody, a therapeutically effective amount can be from
about 0.05 mg o about 600 mg, e.g., about 0.05 my, about 0.1 mg, about 1.0 myg, about 1.5 mg,
about 2.0 mg, about 10 mg, about 20 mg, about 30 mg, about 40 mg, about 50 mg, about 60
mg, about 70 mg, about 80 mg, about 80 mg, about 100 mg, about 110 mg, about 120 mg,
about 130 mg, about 140 mg, about 150 mg, about 160 mg, about 170 mg, about 180 mg, about
190 mg, about 200 mg, about 210 mg, about 220 mg, about 230 myg, about 240 mg, about 250
mg, about 260 mg, about 270 mg, about 280 mg, about 280 mg, about 300 mg, about 310 mg,
about 320 mg, about 330 mg, about 340 mg, about 350 mg, about 360 mg, about 370 myg, about
380 mg, about 390 mg, about 400 mg, about 410 mg, about 420 myg, about 430 mq, about 440
mg, about 450 mg, about 460 mg, about 470 mg, about 480 mg, about 480 mg, about 500 mg,
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about 510 mg, about 520 mg, about 530 mg, about 540 mg, about 550 mg, about 560 mg, about
570 mg, about 580 mg, about 580 mg, or about 800 myg, of the anti-lL-4R antibody. In certain
embodiments, 300 mg of an anti-IL-4R antibody is administerad.

[0867] The amount of IL-4R inhibitor contained within the individual dosss may be expressed
in terms of milligrams of antibody per kilogram of patient body weight (1.e., mg/kg). For
example, the IL-4R inhibitor may be administered to a patient at a dose of about 0.0001 o about

100 mgfkg of patient body weight.

EXAMPLES
[00681 The following examples are put forth so as to provide those of ordinary skill in the art
with a complete disclosurs and description of how 1o make and use the methods and
compositions of the invention, and are not intended to limit the scope of what the inventors
regard as their invention. Efforts have been made to ensure accuracy with respsact o numbaers
used {(a.g., amounts, temperature, et} but some experimental errors and deviations should be
accounted for. Unless indicated otherwise, parts are parts by weight, molecular weight is
average molscular weight, temperatura is in degrees Centigrade, and pressurs is af or near

atmospheric.

Exampie 1 Anti-lL-4R antibody reduces sosinophilic ssophagitis in an IL-25-
hydrodynamic DNA delivery (HDD}-driven mouse model

(00697 In this Example, the effect of IL-4Ra blockade on eosinophilic esophagitis in an /25-
hydradynamic DNA delivery (HDD) mouse model was assessed. This model is based on the
ohservation that induced IL-25 expression causes {L-13 signaling via the IL-4Ra/1L-13R
heterodimer receptor, and consequently results in eosinophilia of the gastrointestinal tract,
including eosinophilic infiltration of the esophagus and mucus production.

(066707 On Day 0, Balb/c mice were injected with either a plasmid expressing mouse /125 DNA
(*pRGO77/mif25,” n = 17}, or an empty vector ("pRE877," n = 4}, each at 25 pg of BNA/mouse
by the hydrodynamic DNA delivery (HDD) method (see, e.g., Liu of &/, 19099, Gene Therapy
6:1258-12686). The plasmid was diluted in PBS and was injected at a high volume {10% of body
weight [mi}), and a high injection rate (6-8 seconds per injection) into the tail vein. Mice that
were injected with pRGY77/ mli25 DNA were reated by subcutaneous (8Q) injections of either
an anti-mouse {L-4R antibody ("anti-miL-4Ra") or isotype control or a fusion protsin of [L-13
receptor alpha unit fused to mouse Feregion ("IL-13Ra2-mF¢” used as a decoy receptor;
Yasunaga et al 2003; Cytokine 24: 283-303) an Days 1, 3, 6 and 9 each. Each dose was 50
ma/kg of body weight. The anti-mil-4Ra antibody used in this Example was an antibody
comprising an HCVR with an amino acid ssquence of SEQ 1D NO:© and an LCVR with an
aminc acid sequence comprising SEQ D NO:10. Ths IL-13Ra2-mFc construct had the aming
acid sequence of SEQ 1D NO: 12, Mice were suthanized on Day 12 for esophageal and blood

analysis. Blood was collected, and serum was used (0 detect total Igk levels by ELISA
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[0871] The asophagus harvested from each mouse was fixed, parafiin embedded and stained
with hematoxylin/eosin. Sections were scored for pathology and level of eosinophil infiltration
was scored as follows:

Score 0: no changes in esophagus wall thickness, no leukocyte infiltrates;

Score 1! low o moderate lsukocyte infiltrates detected in sub-mucosa layer;

Score 2: moderate to severs leukocyte infiltrates in sub-mucosa, detectable thickening of

the esophagus wall;

Score 3: severe infiltration of leukocytes rasulting markad thickening of the esophagus

wail.
[00721 The proximal, middle and distal part of each esophagus was evaluated by one score,
and the final score per animal was an average of these three values.
(00731 Mice injected with {25 and treated with isotype control antibody or IL-13Ra2-mF¢
fusion protein showed an ncreasad level of serum IgE which was significantly reduced in the
mice reated with anti-mil-4Ra mAD as compared to IL-13Raz2-mF¢ treatment {see Figure 1).
Histology scoring resuils are ilustrated in Figure 2. Both anti-mil-4Ra mAb and IL-13Ra2-mFc
reduced the pathology score of the esophagus by about 50% (see Figure 2). The t-test was
used initially to calculate significance; however, ANOVA {or non-parametric Kruskall-Wallis test)

was used for ater analysis.

Example 2; Anti-IL-4R antibody reduces eosinophilic infiltration of esophagus in a
mouse model of peanut allergy

(00741 In this Example, the effect of IL-4Ra biockade on peanut allsrgen-induced eosinophilic
agophagitis in a mouse mode! was asssssed.

{08751 Balb/c mice were sensitized with 200 ug of peanut allergen extract {PAE} in 1 myg of
aluminium salts (Alum) adjuvant on day 0 and day 14. Thres weeks later, on day 21, mice wers
challenged intra-nasally with 100 ug of PAE dissolved in 50 ul of phosphats-buffered saline
{(PBS). The challsnge was repeatad on day 24, 27 and 30. Starting day 21, one group of
challenged mice was not treated and two groups were injected with either anti-lIL-4R antibody
{*anti-mil-4R mADb” as described above) at dose 25 mg/kyg, or or isolype control IgG1. The
freatment was applied fwice a week, starling day 21, Mice were euthanized 24 hours gfter the
last challenge with PEA on day 31, blood samples and esophagi were collected.

[0078] Csophagi wers fixed in buffersd formalin, paraffin embedded and sectioned slides of
tissue were stained with H&E. The extent of leukooyte infiltrates and inflammation was scored in
blinded Tashion, using following scoring: 0 = no changes in esophagus wall thickness, no
leukocyte infiltrates; 1 = low 1o moderate leukooyie infiltrates detected in sub-mucosg; 2 =
maoderate to severe leukocyts infiltrates in sub-mucosa, detectable thickening of the esophagus
wall; 3 = severe infiliration of leukocytes resulting in marked thickening of esophagus wall. Each
25% of the esophagus length received one score (4 scores per esophagus), the average was

calculated and used as “score/mouse”.
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[0877] For differential cell count and activily, the esophagus tissue was digested with Liberase
DL enzyme for 30 min at 37°C (n=5 per group). Following Liberase DL digestion, the cell
suspension was fiitered and cells ware stained with eosinophil-, T-cell-, neutrophil-, and
macrophage-specific markers and analyzed by flow cytometry. Some of the calls isolated from
esophagi by Liberase DL digest were stimulated with anti-CD3 and anti-CD28 antibodies o
activate T-cells, and cultured for 3 days. Tissue cullure supernatants wers assayed by ELISA for
levels of ThZ cytokines (iL-13, IL-10, and iL-4).

[00781 The average score for group of mice that was not sensitized & chalienged with peanut
allergen was 0. Mice that were sensilized & challenged and not treated scored 0,925 + 0.497
{mean + SD}, mice sensitized & challenged and treated with isctype control or anti-mil-4R mAb
scored 0.8975 + 0.615, and 0.725 + 0.652, respectively. The differences hatween isolype control
-, anti-mil~-4R mAb - or non-treated groups were not statistically significant, according o one-
way ANGVA test (shown in Figure 3}

(00797 Blood was also collected by cardiac punciure post-mortem and the ssrum analyzed for
levels of total igk and peanut-specific Ig31 (PAE-specific IgG1) levels by ELISA. Briefly, for
PAE-specific IgG1 detection, PAE-coated plates were incubated with serially diluted serum
samples, following by incubation with anti-mouse IgG1-HRP conjugated antibody. The relative
levels of lgG1 serum levels were represented as titer units (OD450 was multipiied by a dilution
faclor required to achisve 0D450 < 0.5). For detection of total IgE levels, serially diluted serum
samples ware incubated with anti-IgE caplure antibody on 86-well plates and the IgE was
detected by biotinylated anti-miouse IgE secondary antibody. Purified mouse IgE that was HRP-
labeled was used as a standard.

[0080] PAE-specific IgG1 and total IgE levels in blood of non-sensitized & non-challenged
mice were 439 £ 17.25 U and 644 + 337.7 ng/mi, respectively. in PAE sensitized and
challenged mice with no additional treatment, the PAE-specific igG1 and total IgE levels
increased to 57822 + 8455 U, and 2857 = 1149 ng/mi, respactively. Mice treated with isotype
control showed 81304 £ 17293 U of PAE-specilic IgG1, and 2518 £ 1613 ng/mi of igk.
Treatment with anti-miL-4Ra mAb did not significantly affect the PAE-specific level of IgGH
{48128 + 22691 U) but significantly reduced the total serunt level of igE {300 £ 187.8 ng/mi) as

compared to either isotype control-treated, or non-treated mice {(shown in Figure 4).

Example 3: Clinical trial of subcutanecusiy administered dupilumab in adult patients with
sosinophilic esophagitis (EokE)

(08811 This study is a 32-week, double-blind, randomized, placebo-controlled study to
investigate the efficacy, safaty, tolerability and immunogenicity of dupilumab in adult patients
with ok, Dupilumab is a fully human anti-iL-4R antibody comprising a heavy chain comprising

the amino acid sequence of SEQ D NO: 13 and a light chain comprising the amino acid
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sequence of SEG D NO: 14; an HOVR/LCVR amino acid sequsnce pair comprising SEQ ID
MNQOs: 1 /2; and heavy and light chain CDR sequences comprising SEQ 1D NOs: 3-8,

[0082] Study treatment is administered for up to 12 weeks with 16 weeks of safely follow-up.
After providing informed consent, eligibility is asssessed at the screening visit conducted within 4
weeks of the Day 1 baseline visit. Straumann Dysphagia Instrument {(SDH) (0-9) symptom diary
data {1 week recall period} and Eok Activity Index (EoEAl} symiptom diary data {1 week recall
period) are collected during the screening visit and weekly during the study (Straumann et al
2010, Gastroenterology 138: 1526-1537). The Adult Eof Quality of Life Quastionnaire is
collected at the screening visit and end of reatment visit, Patients who mest sligibiiity criteria
will undergo Day 1 baseline assessmeants. Patients are randomized in a 1:1 ratio to receive
subcutaneous dupilumab 300 mg or placebo once weekly during the 12-week doubie-blind
stage.

[0083] Patients 18 — 50 years of age with a history of a diagnosis of EoE confirmed by
documented, peak cell density of 2 15 eos/hpt from esophageal histology biopsy specimens at
hoth proximal and distal levels, a history of at least 2 episodes of dysphagia, and a documented
history of, or concomitant allergic asthma, allergic rhinitis, atopic dermatitis, or food allergies; or
elevated peripheral eosinophil counts (2 300 cells/ul) or elevated serum gk (2 150 kU/L) are
ncluded in the study.

[0684] Study drug treatments include a 800mg loading dose of dupilumab on day 1, followed
by a 300mg weekly dose; or a placebo double dose on day 1, followed by a weekly placebo
dose.

[0885] The patients will receive 2 injections {including a loading dose) on day 1, followed by
weekly injections. At the end of the 12-week double-blind treatment phase, patients are followed
for an additional 16 weeks. The study population is stratified by previous response 1o swallowed
fopical corticosteroids use. Inadequate response is defined as failure {0 normalize tissue
gosinophils and resolution of sympioms after at least 2 months of {opical therapy. Esophagesl
biopsies are performed at screening and at week 12, Patients who discontinue the study prior to
12 weeks will have the procedure done at their early termination visit. Measurement of
inflammatory and remodeling esophageal features based on Eok Endoscopic Reference Score
are included as part of the procedure.

[0688] All patients receive concomitant medications {except for prohibited medications) as
neaded, while continuing study treatment. If necassary, rescus madications (such as syslemic
and topical corticosteroids) or emergency esophageal dilation will be provided {o study patients.
Patients receiving rescue therapy are discontinuad from the study treatment. Safsty, laboratory
and clinical sffect measuremants are parformed at spacified clinic visits, Post-treatment follow-
up visits ocour at weeks 16, 20, 24 and 28. Samples for DNA and RNA analysis are collected
from patients who enrolied in the oplional genomics sub-study. Transcriptome sequencing or

microarray analysis of the esophageal biopsy RNA will be performed.
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[0887] The primary objective of the study is to assess the potential efficacy of repeatad weekly
subcutansous doses of dupilumab (12 weeks of treatment) compared o placebo, (o control Eok
in adult patients with active disease. The secondary ohjectives are: (a) to assess ths safety,
folerability and immunogenicity of repeated subculaneous doses of dupilumab in adull patients
with active EoE; (b) 1o assass the sffact of dupilumab on peak eoasinophil counts {eoas/hpi) in
esophagsal biopsies; {c} to evaluate the pharmacokinstics of dupilumnab in adult Eok patients;
{d) to evaluate and oplimize chinical endpoint registration endpoint schema under davelopment;
and {8} to assass the pharmacodynamic effect of dupilumab using biomarkers including
histology and circulating markers {TARC and eotaxin-3).

[00881 The patients are monitored for: {a) percent change in Eosinophilic Esophagitis Activity
index {EokAl) patient reported outcome from baseline fo week 12; (b) changs in 5Dl score from
haseline to week 12; and {c) reduction of serum TARC and plasma eotaxin-3 from baseline to
week 12. The other endpoints monitored include reduction in esophageal hyperplasia,
inflammation, inflammatory gene signature and remodeling (histology), and reduction of

asophageal mucosa eosinopghil counts per high powered fleld (400X},

(00887 The present invention is not to be limited in scope by the specific embodiments
described herein. Indesd, various modifications of the invention in addition to those described
herein will become apparent o those skilled in the art from the foregoing description and the
accompanying figures. Such modifications are intended to fall within the scope of the appended

claims.
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What is claimed is:

1. A method of treating, preventing or amsliorating at least one symptom or indication of
eosinophilic ssophagitis (Eok) comprising administering a therapeutically effective amountof a
pharmaceutical composition comprising an interleukin-4 receptor (IL-4R) inhibitor 1o a subject in

need thereof.

2. The method of claim 1, wherein the symptom or indication of EoE is selected from the
group consisting of sosinophilic infiltration of the esophagus, thickening of the esophageal wall,

food refusal, vomiting, abdominal pain, heartburn, regurgitation, dysphagia and food impaction.

3. The method of any one of claims 1 ~ 2, wherein the subject exhibits an allergic
reaction 1o a food allergen contained in a food itern selected from the group consisting of a dairy
product, egg, wheat, soy, corn, fish, shellfish, peanut, a ires nut, baef, chicken, oal, barley,

pork, green beans, apple and pineapple.

4. The method of any one of claims 1 - 2, wherein the subject exhibits an allergic

reaction 10 a non-food allergen derived from one of dust, polien, mold, plant, cat, dog or insect.

5. The method of any one of claims 1 -~ 4, wharein the administration of the HL-4R

inhibitor results in reducing the level of an Eok-associated biomarker in the subject,

6. The method of claim 5, wherein the EoE-associated biomarker is selected from the
group consisting of esophagus eosinophils, eotaxin-3, periostin, serum gk (lotal and allergen-
specific), IL-13, IL-5, serum thymus and activation regulated chemokine (TARC), thymic stromal
lymphopoietin (TSLP), serum eosinophilic cationic protein (ECP), and eosinophil-derived

neurotoxin {EDN).

7. A method of treating, preventing or ameliorating at least one sympiom or indication of
eosinophilic esophagitis (EoE) comprising:

selecting a subject having an allergic reaction to an allergsn that renders the subject
susceptible to EoE; and

administering a therapeutically effective amount of a pharmaceutical composition

compiising an interleukin-4 recepior (IL-4R) inhibitor to the subject in need thereof.

8. The method of claim 7, whersin the allergen is a food allergen contained in a food
item selected from the group consisting of a dairy product, egg, wheat, soy, corn, fish, shellish,

peanut, a tree nut, beef, chicken, oal, barley, pork, green beans, apple and pineapple.

8. The method of claim 7, wherein the allergen is a non-food allergen derived from one

of dust, pollen, mold, plant, cat, dog or insect.
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10. The method of any one of claims 7 — 8, wherein the symplom or indication of EoE is
selected from the group consisting of eosinophilic infiltration of the esophagus, thickening of the
esophagsal wall, food refusal, vomiting, abdominal pain, heartburn, regurgitation, dysphagia and

food impacton.

11. The method of any one of claims 7 -~ 10, wherein the administration of the {L-4R

inhibitor results in reducing the level of an EoE-associated biomarker in the subject.

12. The method of claim 11, wherein the Eok-associated biomarker is selected from the
group consisting of esophagus sosinophils, eotaxin-3, IgE, TARC, periostin, IL-5, IL-13, thymic

stromal lymphopoietin (TSLP)}, and eosinophil-derived neurctoxin (EDN).

13. A method of treating, preventing or ameliorating at least one symptom or indication
of eosinophilic esophagitis (EoE) comprising:

selecting a subject who exhibits at least one symptom or indication of Eok, wherein the
subject has an elevated level of a biomarker selected from the group consisting of esophagus
eosinophils, ectaxin-3, periostin, seruny IgE (total and allergen-specific), IL-13, {L-5, TARC,
TSLP, serum ECP, and EDN; and

administering a therapeutically effective amount of a pharmaceutical composition

comprising an interlsukin-4 receptor {(IL-4R) inhibitor (o the subjact in need theraof.

14. The method of claim 13, wherein the subisct is selected on the basis of exhibiting 2
15 eosinophils per high powered field {hpf) in the esophagus prior to or at the time of the

freatment {"haseling”).

15, The method of claim 14, wherein the subject exhibits at least 50% decrease in the
numbser of eosinophils per hpf from baseline at day 10 following the administration of the 1L-4R

inhibitor.

18. The method of claim 13, wherein the subject is selected on the basis of exhibiling an
eotaxin-3 level of greater than about 50 pg/mb prior to or at the time of initiation of treatment

{*haseling”).

17. The method of claim 16, wherein the subject exhibits atf least 50% decrease in

gotaxin-3 level from bassline at day 10 following the administration.

18. The method of any one of claims 13 — 17, wharein the subject exhibits an allergic
reaction to a food allergen is contained in a food item selected from the group consisting of a
dairy product, egg, wheat, soy, com, fish, sheilfish, peanul, a tree nut, beef, chicken, oat,

harley, pork, green beans, apple and pineapple.
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18. The method of any one of claims 13 —~ 17, wherein the subject exhibits an allergic
reaction 1o a non-food allergen derived from a source selected from the group consisting of dust,

pollen, mold, plant, cat, dog and insect.

20. The method of any one of claims 13 —~ 19, wherein the indication is sslecied from the
group consisting of eosinophilic infiltration of the esophagus, thickening of the esophageal wall,

food refusal, vomiting, abdominal pain, heartburn, regurgilation, dysphagia and food impaction.

21, A msthod of reducing the levsl of an eosinophilic esophagitis (Eok)-associated
biomarker comprising administering a therapeutically effective amount of a pharmacsutical

composition comprising an interleukin-4 receptor (IL-4R) inhibitor (o a subject in need thereof.

22. The method of claim 21, wherein the Eok-associated biomarker is selected from the
group consisting of the number of eosinophils in the escophagus, eotaxin-3, TARC, periostin,

igk, iL-5, iL-13, thymic stromal lymphopoietin {TSLP), and sosinophil-derived neurofoxin (EDN}.

23. The method of claim 22, wharain the subject exhibits = 15 sosinophils per high
powerad field (hpf} in the esophagus prior to or at the time of the initiation of treatment

{*haseling”).

24, The method of claim 23, wherein the number of eosinophils in the esophagus is

reduced by at least 50% from baseline by day 10 lollowing adminisiration of the IL-4R inhibitor.

25. The method of any one of claims 21 — 24, wherein the subject exhibits an allergic
reaction to a food allergen contained in a food item selected from the group consisting a dairy
product, egg, wheat, soy, corn, fish, shelifish, peanut, 3 tree nut, beef, chicken, 0at, harley,

pork, green beans, apple and pineapple.

28. The method of any one of claims 21 — 24, wharein the subject exhibits an allergic
reaction to a non-food allergen derived from a source selected from one of dust, pollen, mold,

plant, cat, dog, or insect.

27. The method of any one of claims 21 - 26, wherein the subject has eosinophilic

esophagitis (Eok}.

28. The method of any one of claims 1 — 27, wherein the subject, prior to or at the time
of administragtion of the {L-4R inhibilor, has or is diagnosed with g disease or disorder selecied

from the group consisting of atopic dermatilis, asthma, allergic rhinitis and allergic conjunchivilis,

29. The method of any one of claims 1 — 28, wherein the L-4R inhibitor is administered
in combination with a second therapeutic agent or therapy, wherein the second therapeutic

agent or therapy is selected from the group consisting of an [L-1beta inhibitor, an iL-5 inhibitor,
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an {L-8 inhibitor, an 1L-13 inhibitor, an IL-17 inhibitor, an IL-25 inhibitor, 8 TNFalpha inhibitor, an
gotaxin-3 inhibitor, an IgE inhibitor, a prostagiandin D2 inhibitor, an immunosuppressant, a
corticosteroid, a glucocorticoid, a proton pump inhibitor, a NDAID, allergsn removal and diet

management.

3C. The method of any one of claims 1 - 28, wherein the [L-4R inhibitor is an antibody
or antigen-binding fragment thereof that binds IL-4Ra and prevents the interaction of IL-4 and/or

L-13 with a type 1 or type 2 1L-4 receptor.

31. The method of claim 30 wherein the antibody or antigen-binding fragment thereof

prevents the interaction of IL-4 and 1L-13 with both type 1 and type 2 1L-4 receplors.

32. The method of claim 31, wherein the antibody or antigen-binding fragment thereof
comprises the heavy chain complementarily determining regions (HCDRs) of a heavy chain
variable region (HOVR) comprising the aming acid sequence of SEQ 1D NO: 1 and the light
chain complementarity determining regions (LCDRs) of a light chain variable region {(LCVR)

comprising the amino acid sequence of SEQ 1D NG: 2

33. The method of claim 32, wherein the antibody or antigen-binding fragment thereof
comprises three HODRs (HCDR1, HCDR2 and HCDR3S) and three LCDRs (LCDRA, LCDR2 and
LCDR3), wherein the HCDR1 comprises the amino acid seguence of SEQ 1D NO: 3; the
HCDRZ comprises the amino acid sequence of SEQ 1D NO: 4; the HCDR3 comprises the amino
acid sequence of SEQ 1D NO: 5; the LCDR1 comprises the amino acid sequence of SEQ 1D
NQ: 6; the LCDR2 comprises the amino acid sequence of SEQ 1D NO: 7; and the LCDR3

comprises the amino acid sequence of SEQ 1D NO: 8.

34, The method of claim 33, wherein the HCVR comprises the amino acid ssquence of
SEQ D NO: 1 and the LCVR comprises the amino acid sequence of SEQ 1D NO: 2.

35, The method of claim 30 or 31, wherein the antibody or antigen-binding fragment
thereof comprises a heavy chain comprising the amino acid sequence of SEQ D NGO 13 and a

light chain comprising the amino acid sequence of SEQ 1D NO: 14,

36. The methad of any one of claims 1 — 35, wherein the [L-4R inhibitor is dupilumab or

a bioceqguivalent thersof,
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