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(57) Abstract: The present disclosure relates
to methods, uses, medicaments, pharmaceutic-
al formulations, dosage forms, and kits for in-
hibiting the progression of structural damage
in psoriatic arthritis (PsA) patients using IL-
17 antagonists, e.g., IL-17 antibodies and an-
tigen- binding fragments thereof, e.g.,
secukinumab.
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USE OF IL-17 ANTAGONISTS TO INHIBIT THE PROGRESSION OF STRUCTURAL
DAMAGE IN PSORIATIC ARTHRITIS PATIENTS

This disclosure claims priority to U.S. Provisional Patent Application No 62/048,512
filed September 10, 2014, the disclosure of which 1s incorporated by reference herein 1n 1ts

entirety.

TECHNICAL FIELD

The present disclosure relates to methods for inhibiting the progression of structural
damage 1n psoriatic arthritis (PsA) patients (e.g., patients previously treated with biologicals,
e.g., TNF alpha inhibitors, and patients not previously treated with biologicals) using IL-17

antagonists, e.g., secukinumab.

BACKGROUND OF THE DISCLOSURE

PsA 1s a chronic, systemic inflammatory disease atfecting peripheral joints, connective
tissues and the axial skeleton, and may be associated with psoriasis of the skin and nails
(Boehncke and Menter (2013), Am J Clin Dermatol;14:377-88; Gladman et al. (2005) Ann
Rheum Dis.;64(Suppl 2):1114—17). PsA 1s a multifaceted disease, including synovitis, enthesitis,
dactylitis, spondylitis, uveitis and inflammatory bowel disease. Traditional disease modifying
anti-rheumatic drugs (DMARDs) include methotrexate (MTX), sulfasalazine, cyclopsorine, and
leflunomide and are 1nadequate for a number of patients because these drugs only partially
control established disease (Mease PJ (2008) Psoriatic Arthritis. In: Klippel et al, eds. Primer on
Rheumatic Diseases. 13th ed. New York: Springer Science, p. 170-192). Tumor necrosis factor
(TNF) inhibitors have improved the management of PsA 1n recent years (Mease (2013) Curr
Opin Rheumatol.;25:287-96; Mease and Armstrong (2014) Drugs 2014a; 74:423-41; Gossec et
al. (2012) Ann Rheum D1s;71:4—12; Menter et al. (2011) J Am Acad Dermatol 2011;65:137-74),
but not all patients respond to or tolerate these agents (1.e., about 40% of PsA patients) and many
continue to experience significant impairment of physical function, disability and reduced quality
of life (Boehncke and Menter (2013) Am J Clin Dermatol 2013;14:377-88; Gladman et al.
(2005) Ann Rheum Di1s.;64(Suppl 2):1114-17).

Approximately two-thirds of patients with PsA experience progressive and irreversible
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structural damage (e.g., erosions, joint space narrowing (JSN), osteolysis, ankylosis, etc.)
assoclated with varying degrees of disability. Within 2 years of onset of PsA, almost 50% of
patients manifest > 1 erosion and after 10 years of follow-up 55% develop > 5 deformed joints
(Kavanaugh et al (2014) Ann. Rheum. Dis. 73:1000-1006). While some therapies have been
shown to prevent structural damage 1n TNF naive patients (e.g., ustekinumab, see Kavanaugh et
al. (2014), supra), currently, there 1s no biological that prevents the progression of structural

damage 1n PsA patients having prior TNF exposure (1.e., TNF 1nadequate responders [ TNF-IR]).

SUMMARY OF THE DISCLOSURE

In light of the above, there 1s a need to develop new therapies that inhibit the progression
of structural damage associated with PsA, particularly for PsA patients who are TNF-IR.

A growing body of evidence implicates interleukin-17A 1n the pathogenesis of PsA.
Increased levels of interleukin-17A—producing cells are found 1n the circulation and joints and
psoriatic skin plaques of patients (Jandus (2008) Arthritis Rheum;58:2307-17; Kagami (2010) J
Invest Dermatol;130:1373-83; Lin (2011) J Immunol;187:490-500; Noordenbos (2012) Arthritis
Rheum;64:99-109), and have been shown to correlate with measures of disease activity and
structural damage (Menon et al. (2014) Arthritis Rheumatol.;66:1272-81). Moreover, phase 2
studies have demonstrated that inhibiting the interleukin-17A ligand (Mclnnes et al. (2014) Ann
Rheum Dis 2014;73:349-56) or receptor (Mease et al. (2014) N Engl J Med; 370:2295-306)
improves signs and symptoms of PsA, although the effect of interleukin-17A 1nhibition on
structural damage has not previously been shown.

Secukinumab (AIN457) 1s a high-affinity fully human monoclonal anti-human antibody
that 1nhibits Interleukin-17A activity. In a recent PsA proof-of-concept (PoC) study
(AIN457A2206) (Example 1), secukinumab did not meet 1ts primary efficacy endpoint
(proportion of ACR20 responders at week 6 1n active vs. placebo). However, larger studies,
using an improved dosing regimen (Example 2), now show that secukinumab 1s highly effective
in the treating both the signs and symptoms of PsA. Moreover, radiographic data (Examples 3-
4) 1ndicates that secukinumab 1s the first biological to show significant inhibition of the
progression of structural damage 1n PsA patients regardless of prior TNF inhibitor therapy status
(TNF-naive versus prior TNF treatment) or concomitant methotrexate administration. To our

knowledge, secukinumab 1s the first biological to exhibit inhibition of progression of structural
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damage 1n PsA patients who have been previously treated with a TNF alpha antagonist (e.g.,
TNF-IR patients). For example, PsA trials with ustekinumab, an antagonistic anti-1L-12/23 p40
monoclonal antibody, did not show inhibition of radiographic progression of joint damage 1n

patients having prior TNF alpha antagonist exposure. Because IL-23 induces the differentiation

of naive CD4(+) T cells into highly pathogenic helper T cells (Th17/Th(IL-17)) that produce IL-

17, the fact that secukinumab inhibits radiographic progression of joint damage in patients
having prior TNF alpha antagonist exposure whereas ustekinumab did not, 1s unexpected.

Accordingly, disclosed herein are methods of inhibiting the progression of structural
damage 1n a PsA patient, comprising administering an IL-17 antagonist to a patient in need
thereof. Also disclosed herein are methods of reducing signs and symptoms of active PsA 1n a
PsA patient, inhibiting the progression of structural (e.g., bone and/or joint) damage 1n a PsA
patient, and/or improving physical function 1n a PsA patient, comprising administering an IL-17
antagonist to a patient in need thereof. In some embodiments of the disclosed uses, methods and
kits, the patient 1s biologic-naive. In some embodiments of the disclosed uses, methods and kaits,
the patient 1s biologic-experienced. In some embodiments of the disclosed uses, methods and
kits, the patient has not previously been treated with a TNF alpha antagonist. In some
embodiments of the disclosed uses, methods and kits, the patient has previously been treated
with a TNF alpha antagonist. In some embodiments of the disclosed uses, methods and kits, the
patient had an 1nadequate response to the previous treatment with the TNF alpha antagonist
(TNF-mnadequate responder (TNF-IR)). In some embodiments of the disclosed uses, methods
and kits, inhibition of the progression of structural damage 1s measured by the van der Henjde
psoriatic arthritis-modified total Sharp score (mTSS). In some embodiments of the disclosed
uses, methods and kits, inhibition of the progression of structural damage 1s measured by erosion
and joint space narrowing (JSN) scores. In some embodiments of the disclosed uses, methods
and kits, progression of erosion, joint space narrowing, pencil-in-cup phenomena, joint widening,
joint narrowing, subluxation, bony proliferation, osteolysis, and/or ankylosis 1s inhibited. In
some embodiments, the disclosed methods further comprise administering the patient a
DMARD, e.g., methotrexate (MTX). In some embodiments of the disclosed uses, methods and
kits, the IL-17 antagonist 1s administered to the patient intravenously (1.v.) at about 10 mg/kg
every other week during week O, 2, and 4 and thereafter 1s administered to the patient

subcutaneously (s.c.) at about 75 mg, about 150 mg, or about 300 mg monthly (every 4 weeks),
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beginning during week 8. In some embodiments of the disclosed uses, methods and kits, the IL-
17 antagonist 1s administered to the patient s.c. at about 75 mg, about 150 mg, or about 300 mg
weekly during weeks O, 1, 2, and 3, and thereafter 1s administered to the patient s.c. at about 75
mg, about 150 mg or about 300 mg monthly (every 4 weeks), beginning during week 4. In some
embodiments of the disclosed uses, methods and kits, the patient has concomitant psoriasis (e.g.,
concomitant moderate to severe plaque-type psoriasis). In some embodiments of the disclosed
uses, methods and kits, inhibiting the progression of structural damage 1s defined as a change
from baseline in mTSS <0.5. In some embodiments of the disclosed uses, methods and kits,
inhibiting the progression of structural damage 1s defined as a change from baseline 1n erosion
score of <0.3. In some embodiments of the disclosed uses, methods and kits, inhibiting the
progression of structural damage 1s defined as a change from baseline in JSN score of <0.2. In
some embodiments of the disclosed uses, methods and kits, the patient 1s selected for treatment
based on the patient having previously been administered a TNF alpha antagonist. In some
embodiments of the disclosed uses, methods and kits, the IL-17 antibody, e.g., secukinumab, 1s
administered as a liquid pharmaceutical composition (e.g., reconstituted from a lyophilisate or
not reconstituted from a lyophilisate, preferably not reconstituted from a lyophilisate).

In some embodiments of the disclosed uses, methods and kits, the IL-17 antagonist 1s an
IL-17 antibody or antigen-binding fragment thereof. In some embodiments of the disclosed uses,
methods and kits, the IL-17 antibody or antigen-binding fragment thereof 1s selected from the
group consisting of: a) an IL-17 antibody or antigen-binding fragment thereof that binds to an
epitope of 1L-17 comprising Leu74, Tyr85, His86, Met87, Asn88, Vall24, Thrl125, Prol26,
Ile127, Vall28, His129; b) an IL-17 antibody or antigen-binding fragment thereof that binds to
an epitope of IL-17 comprising Tyr43, Tyrd4, Argd6, Ala79, Asp80; ¢) an IL-17 antibody or
antigen-binding fragment thereof that binds to an epitope of an IL-17 homodimer having two
mature IL-17 protein chains, said epitope comprising Leu74, Tyr85, His86, Met87, Asn88,
Vall24, Thr125, Prol26, Ile127, Vall28, His129 on one chain and Tyr43, Tyrd4, Arg46, Ala79,
Asp80 on the other chain; d) an IL-17 antibody or antigen-binding fragment thereof that binds to
an epitope of an IL-17 homodimer having two mature IL-17 protein chains, said epitope
comprising Leu74, Tyr85, His86, Met87, Asn88, Vall24, Thrl125, Prol126, Ile127, Vall 28,
His129 on one chain and Tyr43, Tyrd4, Argd6, Ala79, Asp80 on the other chain, wherein the IL-
17 antibody or antigen-binding fragment thereof has a Kp of about 100-200 pM, and wherein the
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IL-17 antibody or antigen-binding fragment thereof has an in vivo halt-life of about 23 to about
35 days; and e) an IL-17 antibody or antigen-binding fragment thereof comprising: 1) an
immunoglobulin heavy chain variable domain (Vg) comprising the amino acid sequence set forth
as SEQ ID NO:8; 11) an immunoglobulin light chain variable domain (V1) comprising the amino
acid sequence set forth as SEQ ID NO:10; 1) an immunoglobulin Vg domain comprising the
amino acid sequence set forth as SEQ ID NO:8 and an immunoglobulin Vi domain comprising
the amino acid sequence set forth as SEQ ID NO:10; 1v) an immunoglobulin Vg domain
comprising the hypervariable regions set forth as SEQ ID NO:1, SEQ ID NO:2, and SEQ ID
NO:3; v) an immunoglobulin Vi domain comprising the hypervariable regions set forth as SEQ
ID NO:4, SEQ ID NO:5 and SEQ ID NO:6; v1) an immunoglobulin Vg domain comprising the
hypervariable regions set forth as SEQ ID NO:11, SEQ ID NO:12 and SEQ ID NO:13; vi1) an
immunoglobulin Vg domain comprising the hypervariable regions set forth as SEQ ID NO:1,
SEQ ID NO:2, and SEQ ID NO:3 and an immunoglobulin Vi domain comprising the
hypervariable regions set forth as SEQ ID NO:4, SEQ ID NO:5 and SEQ ID NO:6; vii) an
immunoglobulin Vg domain comprising the hypervariable regions set forth as SEQ ID NO:11,
SEQ ID NO:12 and SEQ ID NO:13 and an immunoglobulin Vi, domain comprising the
hypervariable regions set forth as SEQ ID NO:4, SEQ ID NO:5 and SEQ ID NO:6; 1x) an
immunoglobulin light chain comprising the amino acid sequence set forth as SEQ ID NO:14; x)
an 1mmunoglobulin heavy chain comprising the amino acid sequence set forth as SEQ ID
NO:135; or x1) an immunoglobulin light chain comprising the amino acid sequence set forth as
SEQ ID NO:14 and an immunoglobulin heavy chain comprising the amino acid sequence set
forth as SEQ ID NO:15. In some embodiments of the disclosed uses, methods and kits, the IL-
17 antibody or antigen-binding fragment thereof 1s secukinumab.

Additionally disclosed herein are methods of inhibiting the progression of structural
damage 1n a PsA patient, comprising administering to the patient about 75 mg - about 300 mg
secukinumab (e.g., about 150 mg-about 300 mg, e.g., about 75 mg, about 150 mg, about 300 mg)
monthly, wherein the patient has previously been treated with a TNF alpha antagonist.

Additionally disclosed herein are methods of inhibiting the progression of structural
damage 1n a PsA patient, comprising administering to the patient about 75 mg - about 300 mg
(e.g., about 150 mg-about 300 mg, e.g., about 75 mg, about 150 mg, about 300 mg) secukinumab
monthly, wherein the patient has previously been treated with a TNF alpha antagonist.
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Additionally disclosed herein are methods of inhibiting the progression of structural
damage 1n a PsA patient, comprising administering to the patient about 75 mg - about 300 mg
(e.g., about 150 mg-about 300 mg, e.g., about 75 mg, about 150 mg, about 300 mg) secukinumab
monthly, wherein the patient 1s selected for treatment based on having previously been treated
with a TNF alpha antagonist.

Additionally disclosed herein are methods of inhibiting the progression of structural
damage 1n a PsA patient, comprising selectively administering to the patient about 75 mg - about
300 mg (e.g., about 150 mg-about 300 mg, e.g., about 75 mg, about 150 mg, about 300 mg)
secukinumab monthly based on the patient having previously been treated with a TNF alpha
antagonist.

Additionally disclosed herein are methods of inhibiting the progression of structural
damage 1n a PsA patient, comprising administering to the patient about 150 mg or about 300 mg
(e.g., about 150 mg-about 300 mg, e.g., about 75 mg, about 150 mg, about 300 mg) secukinumab
by subcutaneous 1njection, with 1nitial dosing at weeks 0, 1, 2, and 3, followed by monthly
dosing starting at week 4. In some embodiments, the patient has previously been treated with a
TNF alpha antagonist.

Additionally disclosed herein are methods of inhibiting the progression of structural
damage 1n a PsA patient, comprising administering to the patient about 10 mg/kg secukinumab
by intravenous 1njection at weeks 0, 2, and 4, and thereafter administering to the patient about
150 mg or about 300 mg secukinumab by subcutaneous injection starting at week 8. In some

embodiments, the patient has previously been treated with a TNF alpha antagonist.

BRIEF DESCRIPTON OF THE FIGURES
Figure 1. AIN457F2306 study design.
Figure 2A-C. American College of Rheumatology (ACR) responses over time from baseline to
week 24 (Placebo-controlled Phase), and through Week 52 for subjects randomized to
secukinumab at baseline. The proportion of subjects with a 20% (Fig. 2A), 50% (Fig. 2B) and
70% (Fig. 2C) improvement in ACR response criteria (ACR 20, ACR 50 and ACR 70,
respectively) over time 1s shown. Missing data were imputed as nonresponses through Week 24;
observed data are reported from Week 24 to Week 52. *P<0.03, **P<0.01, and ***P<0.001

versus placebo.
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Figure 3A-B. Mean change from baseline 1n modified total sharp score (vdH-mTSS) through
week 24 (Placebo-controlled Phase), and through Week 52 for subjects randomized to
secukinumab at baseline. The mean change from baseline in vdH-mTSS at Week 24 (Fig. 3A)
and Week 52 (Fig. 3B) 1s shown. Statistical analyses at Week 24 were evaluated using a non-
parametric ANCOV A model, with linear extrapolation for missing data. Data to Week 52
represent those subjects randomized to secukinumab at baseline only. *P<0.05 versus placebo.
Figure 4A-B. ACR responses through Week 24 1n biologic-naive and biologic-experienced
subjects (non-responder imputation analysis). The proportion of subjects with a 20%, 50% and
70% 1mmprovement in ACR response criteria (ACR 20, ACR 50 and ACR 70, respectively) over
time 1s shown for a) biologic-naive subjects (Fig. 4A) and biologic-experienced (Fig. 4B)
subjects. Missing data were imputed as nonresponses. *P<0.05, **P<0.01, ***P<0.001 versus
placebo. No statistical comparison with placebo was possible for ACR 70 response at Week 24
1in subjects who were biologic-experienced due to the absence of responders 1n the placebo
oroup.

Figure SA-B. ACR responses over time to Week 24 1n subjects with and without concomaitant
MTX (non-responder imputation analysis). The proportion of subjects with a 20%, 50% and
70% mmprovement in ACR response criteria (ACR 20, ACR 50 and ACR 70, respectively) over
time to Week 24 1s shown for subjects recerving concomitant methotrexate treatment (Fig. SA),
and subjects who did not recetve concomitant MTX (Fig. SB). Missing data were imputed as
nonresponses. *P<0.05, **P<0.01, ***P<0.001 versus placebo.

Figure 6. Secukinumab 75 mg and 150 mg 1s superior to placebo 1n inhibiting progression of
joint structural damage measured by vdH-mTSS at Week 24. Entire Population (FAS). *P < 0.05
vs. placebo. Missing values at Week 24 were imputed by linear extrapolation.

Figure 7. Cumulative distribution plot for week 24 total vdH-mTSS score.

Figure 8. Total vdH-mTSS progression over time.

Figure 9A-B. Secukinumab shows significant inhibition of structural damage 1n both TNF-Naive
(Fig. 9A) and TNF-Inadequate Responders (Fig. 9B) as measured by vdH-mTSS.

Figure 10A-B. Mean (+standard deviation) changes in mTSS for X-ray completers (1.e., patients
who had X-ray measures at baseline, Week 16/24 and Week 52) during two time periods,
baseline to week 24 (Fig. 10A) and week 24 to week 52 (Fig. 10B). IV, intravenous; mTSS,

modified total Sharp score; SC, subcutaneous; SD, standard deviation
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DETAILED DESCRPTION OF THE DISCLOSURE
It 1s an object of the disclosure to provide methods for inhibiting structural damage (e.g.,
bone and/or joint) 1n psoriatic arthritis (PsA) patients using IL-17 antagonists, e.g., secukinumab.

The term “comprising” encompasses “including” and “consisting,” e.g., a composition

“comprising” X may consist exclusively of X or may include something additionale.g. X + Y.

As used herein, the phrase “inhibiting the progression of structural damage” 1s
synonymous with “preventing the progression of structural damage,” and 1s used to mean
reducing, abrogating or slowing the bone and/or joint damage that 1s associated with PsA. Such
bone and/or joint damage includes, e.g., erosion, joint space narrowing (JSN), pencil-in-cup
phenomena, widening, narrowing, subluxation, bony proliferation, osteolysis, and/or ankylosis.
Various radiographic scoring methods exist to measure the progression of structural damage 1n
PsA patients, e.g., modified Steinbrocker, sharp scoring, mTSS (also referred to as vdH-mTSS),
and Ratingen score (see, e.g., van der Heyyde (2005) Ann. Rheum. Dis. 64:161-1164). In some
embodiments, the mTSS (also referred to as vdH-mTSS) 1s used to assess progression of
structural damage 1n a PsA patient. In some embodiments, inhibiting the progression of structural
damage 1s defined as a change from baseline in vdH-mTSS of < 0.57, < 0.5, <0.3, <0.25, <
0.20, <0.15, <0.13, <0.10, <0.03, or <0.02, and may include maintenance of this effect over
ttime. Change from baseline can be measured at any given time point, e.g., 24 weeks after
beginning of treatment, 52 weeks after beginning of treatment. In some embodiments, inhibition
of structural progression 1s defined as a change in mTSS score of <0.5 from baseline.

Inhibiting the progression of structural damage may also be assessed by analyzing
particular types of bond and joint damage (e.g., erosion, joint space narrowing (JSN), pencil-in-
cup phenomena, widening, narrowing, subluxation, bony proliferation, osteolysis, and/or
ankyloses). In some embodiments, radiographic imaging of erosion 1s used to assess progression
of structural damage 1n a PsA patient. In some embodiments, inhibiting the progression of
structural damage 1s defined as a change from baseline 1n erosion score of < 0.35, <0.30, <0.235,
<0.2,<0.15,<0.1, <£0.08, <0.05, <0.03. In some embodiments, radiographic 1imaging of JSN
1s used to assess progression of structural damage 1n a PsA patient. In some embodiments,
inhibiting the progression of structural damage 1s defined as a change from baseline 1n JSN score
of < 0.23,<0.20, <0.15,<0.10,<0.05, <or 0.02.

In addition to radiographic imaging, other methods useful to visualize changes 1n bone



CA 02960754 2017-03-09

WO 2016/038538 PCT/IB2015/056871

and/or joint structure include MRI and ultrasound, e.g., Power Doppler and Grayscale ultrasound
(PDUS). The scoring system used to evaluate changes in bone and/or joint structure will depend
on the visualization mode selected by a physician, e.g., the OMERACT-EULAR composite
PDUS score may used to evaluate synovial activity when PDUS 1s applied.

The term “about” 1n relation to a numerical value x means, for example, +/-10%. When
used 1n front of a numerical range or list of numbers, the term “about” applies to each number 1n
the series, e.g., the phrase “about 1-5” should be interpreted as “about 1 — about 5, or, e.g., the
phrase “about 1, 2, 3, 4” should be interpreted as “about 1, about 2, about 3, about 4, etc.”

The word “substantially” does not exclude “completely,” e.g., a composition which 1s
“substantially free” from Y may be completely free from Y. Where necessary, the word
“substantially” may be omitted from the definition of the disclosure.

The term "antibody" as used herein refers to whole antibodies. A naturally occurring
"antibody" 1s a glycoprotein comprising at least two heavy (H) chains and two light (L) chains
inter-connected by disulfide bonds. Each heavy chain 1s comprised of a heavy chain vanable
region (abbreviated herein as Vy) and a heavy chain constant region. The heavy chain constant
region 1s comprised of three domains, CHI, CH2 and CH3. Each light chain 1s comprised of a
light chain variable region (abbreviated herein as VL) and a light chain constant region. The light
chain constant region 1s comprised of one domain, CL. The Vg and Vi regions can be further
subdivided into regions of hypervariability, termed hypervariable regions or complementarity
determining regions (CDR), interspersed with regions that are more conserved, termed
framework regions (FR). Each Vg and VL 1s composed of three CDRs and four FRs arranged
from amino-terminus to carboxy-terminus 1n the following order: FR1, CDR1, FR2, CDR2, FR3,
CDR3, FR4. The vanable regions of the heavy and light chains contain a binding domain that
interacts with an antigen. The constant regions of the antibodies may mediate the binding of the
immunoglobulin to host tissues or factors, including various cells of the immune system (e.g.,
effector cells) and the first component (C1q) of the classical complement system.

The term "antigen-binding fragment" of an antibody as used herein, refers to fragments
(including single chains) of an antibody that retain the ability to specifically bind to an antigen
(e.g., IL-17). It has been shown that the antigen-binding function of an antibody can be
performed by fragments of a full-length antibody. Examples of binding fragments encompassed

within the term "antigen-binding fragment"” of an antibody include a Fab fragment, a monovalent
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fragment consisting of the Vi, Vy, CL and CHI domains; a F(ab)2 fragment, a bivalent fragment
comprising two Fab fragments linked by a disulfide bridge at the hinge region; a Fd fragment
consisting of the Vg and CH1 domains; a Fv fragment consisting of the Vi, and Vg domains of a
single arm of an antibody; a dAb fragment (Ward et al., 1989 Nature 341:544-546), which
consists of a Vg domain; and an 1solated CDR. Exemplary antigen-binding sites include the
CDRs of secukinumab as set forth in SEQ ID NOs:1-6 and 11-13 (Table 1), preferably the heavy
chain CDR3. Furthermore, although the two domains of the Fv fragment, V. and Vy, are coded
for by separate genes, they can be joined, using recombinant methods, by a synthetic linker that
enables them to be made as a single protein chain in which the Vi and Vg regions pair to form
monovalent molecules (known as single chain Fv (scFv); see, e.g., Bird et al., 1988 Science
242:423-426; and Huston et al., 1988 Proc. Natl. Acad. Sci. 85:5879-5883). Such single chain
antibodies are also intended to be encompassed within the phrase "antigen-binding fragment”.
Single chain antibodies and other antigen-binding fragments are obtained using conventional
techniques known to those of skill in the art.

An "1solated antibody", as used herein, refers to an antibody that 1s substantially free of
other antibodies having different antigenic specificities (e.g., an 1solated antibody that
specifically binds IL-17 1s substantially free of antibodies that specifically bind antigens other
than IL-17). The term "monoclonal antibody" or "monoclonal antibody composition" as used
herein refer to a preparation of antibody molecules of single molecular composition. The term
"human antibody", as used herein, 1s intended to include antibodies having variable regions 1n
which both the framework and CDR regions are derived from sequences of human origin. A
“human antibody” need not be produced by a human, human tissue or human cell. The human
antibodies of the disclosure may include amino acid residues not encoded by human sequences
(e.g., mutations introduced by random or site-specific mutagenesis in vitro, by N-nucleotide
addition at junctions in vivo during recombination of antibody genes, or by somatic mutation iz
vivo). In some embodiments of the disclosed processes and compositions, the IL-17 antibody 1s
a human antibody, an 1solated antibody, and/or a monoclonal antibody.

The term "IL-17" refers to IL-17A, formerly known as CTLAS, and includes wild-type IL-
17A from various species (e.g., human, mouse, and monkey), polymorphic variants of IL-17A,

and functional equivalents of IL-17A. Functional equivalents of IL-17A according to the present

disclosure preferably have at least about 65%, 75%, 85%, 95%, 96%, 97%, 98%, or even 99%
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overall sequence 1dentity with a wild-type IL-17A (e.g., human IL-17A), and substantially retain
the ability to induce IL-6 production by human dermal fibroblasts.

The term "Kp" 1s intended to refer to the dissociation rate of a particular antibody-antigen
interaction. The term "Kp", as used herein, 1s intended to refer to the dissociation constant, which
1s obtained from the ratio of Ky to K, (1.e. K¢/K,) and 1s expressed as a molar concentration (M).
Kp values for antibodies can be determined, e.g., by using surface plasmon resonance, or a
biosensor system (e.g., Biacore®). In some embodiments, the IL-17 antibody or antigen-binding
fragment thereof, e.g., secukinumab, binds human IL-17 with a Kp of ~ 100-250 pM.

The term "affinity" refers to the strength of interaction between antibody and antigen at
single antigenic sites. Within each antigenic site, the variable region of the antibody “arm”
interacts through weak non-covalent forces with antigen at numerous sites; the more interactions,
the stronger the affinity. Standard assays to evaluate the binding affinity of the antibodies
toward IL-17 of various species are known 1n the art, including for example, ELISAs, western
blots and RIAs. The binding kinetics (e.g., binding affinity) of the antibodies also can be
assessed by standard assays known 1n the art, such as by Biacore®analysis.

An antibody that "inhibits" one or more of these IL-17 functional properties (e.g.,
biochemical, immunochemical, cellular, physiological or other biological activities, or the like)
as determined according to methodologies known to the art and described herein, will be
understood to relate to a statistically significant decrease 1n the particular activity relative to that
seen 1n the absence of the antibody (or when a control antibody of irrelevant specificity 1s
present). An antibody that inhibits IL-17 activity affects a statistically significant decrease, e.g.,
by at least about 10% of the measured parameter, by at least 50%, 80% or 90%, and 1n certain
embodiments of the disclosed methods and compositions, the IL-17 antibody used may inhibit
greater than 95%, 98% or 99% of 1L-17 functional activity.

“Inhibit IL-6" as used herein refers to the ability of an IL-17 antibody or antigen-binding
fragment thereof (e.g., secukinumab) to decrease IL-6 production from primary human dermal
fibroblasts. The production of IL-6 1n primary human (dermal) fibroblasts 1s dependent on IL-17
(Hwang et al., (2004) Arthritis Res Ther; 6:R120-128). In short, human dermal fibroblasts are

stimulated with recombinant IL-17 1n the presence of various concentrations of an IL-17 binding
molecule or human IL-17 receptor with Fc part. The chimeric anti-CD25 antibody Simulect®

(basiliximab) may be conveniently used as a negative control. Supernatant 1s taken after 16 h

11
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stimulation and assayed for IL-6 by ELISA. An IL-17 antibody or antigen-binding fragment
thereof, e.g., secukinumab, typically has an ICsy for inhibition of IL-6 production (in the
presence 1 nM human IL-17) of about 50 nM or less (e.g., from about 0.01 to about 50 nM)
when tested as above, 1.e., said inhibitory activity being measured on IL-6 production induced by
hu-IL-17 1n human dermal fibroblasts. In some embodiments of the disclosed methods uses and
kits, IL-17 antibodies or antigen-binding fragments thereof, e.g., secukinumab, and functional
derivatives thereof have an 1Csy for inhibition of IL-6 production as defined above of about 20
nM or less, more preferably of about 10 nM or less, more preferably of about 5 nM or less, more
preferably of about 2 nM or less, more preferably of about 1 nM or less.

The term "derivative", unless otherwise indicated, 1s used to define amino acid sequence
variants, and covalent modifications (e.g., pegylation, deamidation, hydroxylation,
phosphorylation, methylation, etc.) of an IL-17 antibody or antigen-binding fragment thereof,
e.g., secukinumab, according to the present disclosure, e.g., of a specitied sequence (e.g., a
variable domain). A “functional derivative” includes a molecule having a qualitative biological
activity in common with the disclosed IL-17 antibodies. A functional derivative includes
fragments and peptide analogs of an IL-17 antibody as disclosed herein. Fragments comprise
regions within the sequence of a polypeptide according to the present disclosure, e.g., of a
specified sequence. Functional derivatives of IL-17 antibodies disclosed herein (e.g., functional
dertvatives of secukinumab) preferably comprise Vg and/or Vi domains that have at least about
65%, 75%, 85%, 95%, 96%, 97%, 98%, or even 99% overall sequence identity with the Vg
and/or Vi sequences of the IL-17 antibodies and antigen-binding fragments thereoft disclosed
herein (e.g., the Vg and/or Vi sequences of Table 1), and substantially retain the ability to bind
human IL-17 or, e.g., inhibit IL-6 production of IL-17 induced human dermal fibroblasts.

The phrase “substantially identical” means that the relevant amino acid or nucleotide
sequence (e.g., Vg or VL domain) will be identical to or have insubstantial differences (e.g.,
through conserved amino acid substitutions) in comparison to a particular reference sequence.
Insubstantial differences include minor amino acid changes, such as 1 or 2 substitutions 1n a 5
amino acid sequence of a specified region (e.g., Vg or VL domain). In the case of antibodies, the
second antibody has the same specificity and has at least 50% of the affinity of the same.
Sequences substantially identical (e.g., at least about 85% sequence i1dentity) to the sequences

disclosed herein are also part of this application. In some embodiments, the sequence 1dentity of
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a derivative IL-17 antibody (e.g., a derivative of secukinumab, e.g., a secukinumab biosimilar
antibody) can be about 90% or greater, e.g., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or higher relative to the disclosed sequences.

“Identity” with respect to a native polypeptide and 1ts functional derivative 1s defined
herein as the percentage of amino acid residues 1n the candidate sequence that are identical with
the residues of a corresponding native polypeptide, after aligning the sequences and introducing
ogaps, 1f necessary, to achieve the maximum percent 1dentity, and not considering any
conservative substitutions as part of the sequence 1dentity. Neither N- or C-terminal extensions
nor 1nsertions shall be construed as reducing 1dentity. Methods and computer programs for the
alignment are well known. The percent i1dentity can be determined by standard alignment
algorithms, for example, the Basic Local Alignment Search Tool (BLAST) described by Altshul
et al. ((1990) J. Mol. Biol.,, 215: 403 410); the algorithm of Needleman et al. ((1970) J. Mol.
Biol., 48: 444 4353); or the algorithm of Meyers et al. ((1988) Comput. Appl. Biosci., 4: 11 17).
A set of parameters may be the Blosum 62 scoring matrix with a gap penalty of 12, a gap extend
penalty of 4, and a frameshift gap penalty of 5. The percent 1dentity between two amino acid or
nucleotide sequences can also be determined using the algorithm of E. Meyers and W. Miller

((1989) CABIOS, 4:11-17) which has been incorporated into the ALIGN program (version 2.0),
using a PAM120 weight residue table, a gap length penalty of 12 and a gap penalty of 4.

"Amino acid(s)" refer to all naturally occurring L-a-amino acids, e.g., and include D-
amino acids. The phrase "amino acid sequence variant" refers to molecules with some
differences 1n their amino acid sequences as compared to the sequences according to the present
disclosure. Amino acid sequence variants of an antibody according to the present disclosure,
e.g., of a specified sequence, still have the ability to bind the human IL-17 or, e.g., inhibit IL-6
production of IL-17 induced human dermal fibroblasts. Amino acid sequence variants include
substitutional variants (those that have at least one amino acid residue removed and a different
amino acid inserted 1n 1ts place at the same position 1n a polypeptide according to the present
disclosure), insertional variants (those with one or more amino acids inserted immediately
adjacent to an amino acid at a particular position 1n a polypeptide according to the present
disclosure) and deletional variants (those with one or more amino acids removed 1n a polypeptide
according to the present disclosure).

As used herein, “monthly” 1s used to mean 30 days or 4 weeks, as the context may dictate.

13
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As used herein, the phrase “biologic-naive” refers to a PsA patient who has not been
previously treated with a biological agent, e.g., ustekinumab, a TNF alpha inhibitor, etc. As used
herein, the phrase “biologic-experienced” refers to a PsA patient who has been previously treated
with a biological agent for PsA, e.g., ustekinumab, a TNF alpha inhibitor, etc. As used herein,
the phrases “has not previously been treated with a TNF antagonist” and “TNF naive” refer to a
PsA patient who has not been previously treated with a TNF alpha inhibitor for PsA. As used
herein, the phrases “has previously been treated with a TNF antagonist” and “TNF experienced”
refer to a PsA patient who has been previously treated with a TNF alpha inhibitor (e.g.,
infliximab, etanercept, adalimumab, certolizumab, golimumab). It includes patients who were
refractory to or had an madequate response to TNF alpha inhibitor treatment, as well as patients
who stopped treatment with the TNF alpha inhibitor for safety or tolerability reasons. As used
herein, the phrases “had an inadequate response to previous treatment with the TNF antagonist,”
“TNF-1madequate responder” and “TNF-IR” refer to a PsA patient who has been previously
treated with a TNF alpha inhibitor for PsA (e.g., infliximab, etanercept, adalimumab,
certolizumab, golimumab), but whose symptoms (e.g., skin and/or joint symptoms) were not
adequately controlled by the TNF alpha inhibitor (e.g., a patient with active PsA despite at least
4 weeks, at least 8 weeks, at least 3 months, at least 14 weeks, or at least 4 months of treatment
using an approved dose of the anti-TNF agent). In some embodiments of the disclosed methods,
kits, IL-17 antagonists and uses, the patient 1s biologic-naive, biologic-experienced, TNF naive,
TNF experienced, or TNF-IR.

As used herein, “selecting” and “selected” 1n reference to a patient 1s used to mean that a
particular patient 1s specifically chosen from a larger group of patients on the basis of (due to)
the particular patient having a predetermined criteria. Similarly, “selectively treating” refers to
providing treatment to a patient having a particular disease, where that patient 1s specifically
chosen from a larger group of patients on the basis of the particular patient having a
predetermined criteria. Similarly, “selectively administering” refers to administering a drug to a
patient that 1s specifically chosen from a larger group of patients on the basis of (due to) the
particular patient having a predetermined criteria. By selecting, selectively treating and
selectively administering, 1t 1S meant that a patient 1s delivered a personalized therapy based on
the patient’s personal history (e.g., prior therapeutic interventions, e.g., prior treatment with

biologicals, e.g., prior treatment with a TNF alpha antagonist) and/or biology, rather than being
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delivered a standard treatment regimen based solely on the patient having a particular disease.
Selecting, 1n reference to a method of treatment as used herein, does not refer to fortuitous
treatment of a patient having a particular criteria, but rather refers to the deliberate choice to
administer treatment to a patient based on the patient having a particular criteria. Thus, selective
treatment/administration differs from standard treatment/admainistration, which delivers a
particular drug to all patients with a given disease, regardless of their history and/or biology.

As used herein, “selecting a patient for treatment on the basis of the patient having
previously been treated with a TNF antagonist” and the like 1s used to mean that a particular PsA
patient 1s chosen from a larger group or PsA patients based on that particular patient’s prior
exposure to a TNF alpha antagonist. In some embodiments of the disclosed methods, kits, IL-17
antagonists and uses, a PsA patient 1s selected treatment with an IL-17 antagonist (e.g.,
secukinumab) based on the patient having previously been administered a TNF alpha antagonist.

As used herein, “DMARD” refers to a disease-modifying antirheumatic drug, e.g.,
methotrexate.

As used herein, “active PsA” refers to active psonatic arthritis, defined as >3 swollen and
>3 tender joints. In some embodiments, the patient to be treated has active PsA.

As used herein, a patient having “concomaitant psoriasis” refers to PsA patient who
additionally has plaque-type psoriasis. In some embodiments of the disclosed methods, kits, IL-
17 antagonists and uses, the patient has concomitant psoriasis, e.g., concomitant moderate to
severe plaque-type psoriasis. Clinicians usually define moderate-to- severe psoriasis as patients
having a body surface area (BSA) of > 10 or a psoriasis area and severity index of (PASI) of >
10, coupled with a dermatology life quality index (DLQI) of > 10 (see, e.g., Mrowietz et al.
(2011) Arch. Dermatol. Res. 303:1-10).

I1L-17 Antagonists

The various disclosed processes, kits and methods utilize an IL-17 antagonist, e.g., IL-17
binding molecule (e.g., soluble IL-17 receptor, IL-17 antibody or antigen-binding fragment
thereof, e.g., secukinumab) or IL-17 receptor binding molecule (e.g., IL-17 receptor antibody or
antigen-binding fragment thereof). In some embodiments, the IL-17 antagonist 1s an IL-17
binding molecule, preferably an IL-7 antibody or antigen-binding fragment thereof.

In one embodiment, the IL-17 antibody or antigen-binding fragment thereof comprises at

13
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least one immunoglobulin heavy chain variable domain (Vyg) comprising hypervariable regions
CDRI1, CDR2 and CDR3, said CDR1 having the amino acid sequence SEQ ID NO:1, said CDR2
having the amino acid sequence SEQ ID NO:2, and said CDR3 having the amino acid sequence
SEQ ID NO:3. In one embodiment, the IL-17 antibody or antigen-binding fragment thereof
comprises at least one immunoglobulin light chain variable domain (Vi) comprising
hypervariable regions CDR1’, CDR2’ and CDR3’, said CDR1’ having the amino acid sequence
SEQ ID NO:4, said CDR2’ having the amino acid sequence SEQ ID NO:5 and said CDR3’
having the amino acid sequence SEQ ID NO:6. In one embodiment, the IL-17 antibody or
antigen-binding fragment thereof comprises at least one immunoglobulin heavy chain varable
domain (Vyg) comprising hypervariable regions CDR1-x, CDR2-x and CDR3-x, said CDR1-x
having the amino acid sequence SEQ ID NO:11, said CDR2-x having the amino acid sequence
SEQ ID NO:12, and said CDR3-x having the amino acid sequence SEQ ID NO:13.

In one embodiment, the IL-17 antibody or antigen-binding fragment thereot comprises at
least one immunoglobulin (Ig) Vg domain and at least one immunoglobulin Vi, domain, wherein:
a) the Ig Vg domain comprises (e.g., in sequence): 1) hypervariable regions CDR1, CDR2 and
CDR3, said CDR1 having the amino acid sequence SEQ ID NO:1, said CDR2 having the amino
acid sequence SEQ ID NO:2, and said CDR3 having the amino acid sequence SEQ ID NO:3; or
11) hypervariable regions CDRI1-x, CDR2-x and CDR3-x, said CDR1-x having the amino acid
sequence SEQ ID NO:11, said CDR2-x having the amino acid sequence SEQ ID NO:12, and
saild CDR3-x having the amino acid sequence SEQ ID NO:13; and b) the Ig VL domain
comprises (e.g., 1n sequence) hypervariable regions CDR1’, CDR2’ and CDR3’, said CDRI’
having the amino acid sequence SEQ ID NO:4, said CDR2’ having the amino acid sequence
SEQ ID NO:5, and said CDR3’ having the amino acid sequence SEQ ID NO:6.

In one embodiment, the IL-17 antibody or antigen-binding fragment thereof comprises: a)
an immunoglobulin heavy chain variable domain (Vg) comprising the amino acid sequence set
forth as SEQ ID NO:8; b) an Ig light chain variable domain (VL) comprising the amino acid
sequence set forth as SEQ ID NO:10; ¢) an Ig Vg domain comprising the amino acid sequence
set forth as SEQ ID NO:8 and an Ig Vi, domain comprising the amino acid sequence set forth as
SEQ ID NO:10; d) an Ig Vg domain comprising the hypervariable regions set forth as SEQ ID
NO:1, SEQ ID NO:2, and SEQ ID NO:3; e) an Ig VL domain comprising the hypervariable
regions set forth as SEQ ID NO:4, SEQ ID NO:5 and SEQ ID NO:6; ) an Ig Vg domain
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comprising the hypervariable regions set forth as SEQ ID NO:11, SEQ ID NO:12 and SEQ ID
NO:13; g) an Ig Vg domain comprising the hypervariable regions set forth as SEQ ID NO:1,
SEQ ID NO:2, and SEQ ID NO:3 and an Ig Vi domain comprising the hypervariable regions set
forth as SEQ ID NO:4, SEQ ID NO:5 and SEQ ID NO:6; or h) an Ig Vg domain comprising the
hypervariable regions set forth as SEQ ID NO:11, SEQ ID NO:12 and SEQ ID NO:13 and an Ig
VL domain comprising the hypervariable regions set forth as SEQ ID NO:4, SEQ ID NO:5 and
SEQ ID NO:6.

For ease of reference, the amino acid sequences of the hypervariable regions of the
secukinumab monoclonal antibody, based on the Kabat definition and as determined by the X-

ray analysis and using the approach of Chothia and coworkers, 1s provided in Table 1, below.

Light-Chain

CDRI’ Kabat R-A-S-Q-S-V-§-S-S-Y-L-A (SEQ ID NO:4)

Chothia | R-A-S-Q-S-V-S-S-S-Y-L-A (SEQ ID NO:4)

CDR2’ Kabat G-A-S-S-R-A-T (SEQ ID NO:5)

Chothia | G-A-S-S-R-A-T (SEQ ID NO::5)

CDR2’ Kabat | Q-Q-Y-G-S-S-P-C-T (SEQ ID NO:6)

Chothia | Q-Q-Y-G-S-S-P-C-T (SEQ ID NO:6)

Heavy-Chain

CDRI1 Kabat N-Y-W-M-N (SEQ ID NO:1)

CDR1-x Chothia | G-F-T-F-S-N-Y-W-M-N (SEQ ID NO:11)

CDR2 Kabat A-I-N-Q-D-G-S-E-K-Y-Y-V-G-S-V-K-G (SEQ ID
NO:2)

CDR2-x Chothia | A-I-N-Q-D-G-S-E-K-Y-Y (SEQ ID NO:12)

CDR3 Kabat D-Y-Y-D-I-L-T-D-Y-Y-I-H-Y-W-Y-F-D-L (SEQ ID
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NO:3)

CDR3-x Chothia | C-V-R-D-Y-Y-D-I-L-T-D-Y-Y-I-H-Y-W-Y-F-D-L-W-G
(SEQ ID NO:13)

Table 1: Amino acid sequences of the hypervariable regions of the secukinumab monoclonal
antibodies.

In preferred embodiments, the constant region domains preferably also comprise suitable
human constant region domains, for instance as described 1in "Sequences of Proteins of
Immunological Interest", Kabat E.A. et al, US Department of Health and Human Services,
Public Health Service, National Institute of Health. DNA encoding the VL of secukinumab 1s set
forth in SEQ ID NO:9. DNA encoding the Vg of secukinumab 1s set forth in SEQ ID NO:7.

In some embodiments, the IL-17 antibody or antigen-binding fragment thereof (e.g.,
secukinumab) comprises the three CDRs of SEQ ID NO:10. In other embodiments, the IL-17
antibody or antigen-binding fragment thereof comprises the three CDRs of SEQ ID NO:8. In
other embodiments, the IL-17 antibody or antigen-binding fragment thereof comprises the three
CDRs of SEQ ID NO:10 and the three CDRs of SEQ ID NO:8. CDRs of SEQ ID NO:8 and
SEQ ID NO:10 may be found 1n Table 1.

In some embodiments, IL-17 antibody or antigen-binding fragment thereof comprises the
light chain of SEQ ID NO:14. In other embodiments, the IL-17 antibody or antigen-binding
fragment thereof comprises the heavy chain of SEQ ID NO:15. In other embodiments, the I1.-17
antibody or antigen-binding fragment thereof comprises the light chain of SEQ ID NO:14 and
the heavy domain of SEQ ID NO:15. In some embodiments, the IL-17 antibody or antigen-
binding fragment thereotf comprises the three CDRs of SEQ ID NO:14. In other embodiments,
IL-17 antibody or antigen-binding fragment thereof comprises the three CDRs of SEQ ID
NO:15. In other embodiments, the IL-17 antibody or antigen-binding fragment thereof
comprises the three CDRs of SEQ ID NO:14 and the three CDRs of SEQ ID NO:15. CDRs of
SEQ ID NO:14 and SEQ ID NO:15 may be found 1n Table 1.

Hypervariable regions may be associated with any kind of framework regions, though
preferably are of human origin. Suitable framework regions are described 1n Kabat E.A. et al,
1bid. The preferred heavy chain framework 1s a human heavy chain framework, for instance that

of the secukinumab antibody. It consists 1n sequence, e.g. of FR1 (amino acid 1 to 30 of SEQ ID
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NO:8), FR2 (amino acid 36 to 49 of SEQ ID NO:8), FR3 (amino acid 67 to 98 of SEQ ID NO:8)
and FR4 (amino acid 117 to 127 of SEQ ID NO:8) regions. Taking into consideration the
determined hypervariable regions of secukinumab by X-ray analysis, another preferred heavy
chain framework consists 1n sequence of FR1-x (amino acid 1 to 25 of SEQ ID NO:8), FR2-x
(amino acid 36 to 49 of SEQ ID NO:8), FR3-x (amino acid 61 to 95 of SEQ ID NO:8) and FR4
(amino acid 119 to 127 of SEQ ID NO:8) regions. In a similar manner, the light chain framework
consists, 1n sequence, of FR1’ (amino acid 1 to 23 of SEQ ID NO:10), FR2’ (amino acid 36 to 50
of SEQ ID NO:10), FR3’ (amino acid 58 to 89 of SEQ ID NO:10) and FR4’ (amino acid 99 to
109 of SEQ ID NO:10) regions.

In one embodiment, the IL-17 antibody or antigen-binding fragment thereof, e.g.,
secukinumab, 1s a human IL-17 antibody that comprises at least: a) an immunoglobulin heavy
chain or fragment thereof which comprises a variable domain comprising, 1n sequence, the
hypervariable regions CDR1, CDR2 and CDR3 and the constant part or fragment thereof of a
human heavy chain; said CDRI1 having the amino acid sequence SEQ ID NO:1, said CDR2
having the amino acid sequence SEQ ID NO:2, and said CDR3 having the amino acid sequence
SEQ ID NO:3; or b) an immunoglobulin light chain or fragment thereof which comprises a
variable domain comprising, in sequence, the hypervariable regions CDR1’, CDR2’, and CDR3’
and the constant part or fragment thereof of a human light chain, said CDR1’ having the amino
acid sequence SEQ ID NO: 4, said CDR2’ having the amino acid sequence SEQ ID NO:5, and
said CDR3’ having the amino acid sequence SEQ ID NO:6.

In one embodiment, the IL-17 antibody or antigen-binding fragment thereof 1s selected
from a single chain antibody or antigen-binding fragment thereof that comprises an antigen-
binding site comprising: a) a first domain comprising, 1n sequence, the hypervariable regions
CDRI1, CDR2 and CDR3, said CDR1 having the amino acid sequence SEQ ID NO:1, said CDR2
having the amino acid sequence SEQ ID NO:2, and said CDR3 having the amino acid sequence
SEQ ID NO:3; and b) a second domain comprising, in sequence, the hypervariable regions
CDR1', CDR2’ and CDR3’, said CDR1’ having the amino acid sequence SEQ ID NO:4, said
CDR2’ having the amino acid sequence SEQ ID NO:5, and said CDR3’ having the amino acid
sequence SEQ ID NO:6; and c¢) a peptide linker which 1s bound either to the N-terminal
extremity of the first domain and to the C-terminal extremity of the second domain or to the

C-terminal extremity of the first domain and to the N-terminal extremity of the second domain.
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Alternatively, an IL-17 antibody or antigen-binding fragment thereof as used in the
disclosed methods may comprise a derivative of the IL-17 antibodies set forth herein by
sequence (e.g., a pegylated version of secukinumab). Alternatively, the Vg or VL domain of an
IL-17 antibody or antigen-binding fragment thereof used in the disclosed methods may have Vy
or VL domains that are substantially identical to the Vg or Vi domains set forth herein (e.g.,
those set forth in SEQ ID NO:8 and 10). A human IL-17 antibody disclosed herein may
comprise a heavy chain that 1s substantially 1dentical to that set forth as SEQ ID NO:15 and/or a
light chain that 1s substantially identical to that set forth as SEQ ID NO:14. A human IL-17
antibody disclosed herein may comprise a heavy chain that comprises SEQ ID NO:15 and a light
chain that comprises SEQ ID NO:14. A human IL-17 antibody disclosed herein may comprise:
a) one heavy chain, comprising a variable domain having an amino acid sequence substantially
1dentical to that shown in SEQ ID NO:8 and the constant part of a human heavy chain; and b)
one light chain, comprising a variable domain having an amino acid sequence substantially
1dentical to that shown in SEQ ID NO:10 and the constant part of a human light chain.

Alternatively, an IL-17 antibody or antigen-binding fragment thereof used 1n the
disclosed methods may be an amino acid sequence variant of the reference IL-17 antibodies set
forth herein. The disclosure also includes IL-17 antibodies or antigen-binding fragments thereof
(e.g., secukinumab) 1n which one or more of the amino acid residues of the Vg or Vi domain of
secukinumab (e.g., Cys97 of the light chain), typically only a few (e.g., 1-10), are changed; for
instance by mutation, e.g., site directed mutagenesis of the corresponding DNA sequences. In all
such cases of derivative and variants, the IL-17 antibody or antigen-binding fragment thereof 1s
capable of inhibiting the activity of about 1 nM (= 30 ng/ml) human IL-17 at a concentration of
about 50 nM or less, about 20 nM or less, about 10 nM or less, about 5 nM or less, about 2 nM or
less, or more preferably of about 1 nM or less of said molecule by 50%, said inhibitory activity
being measured on IL-6 production induced by hu-IL-17 in human dermal fibroblasts as
described in Example 1 of WO 2006/013107.

In some embodiments, the IL-17 antibodies or antigen-binding fragments thereof, e.g.,
secukinumab, bind to an epitope of mature human IL-17 comprising Leu74, Tyr85, His86,
Met87, Asn88, Vall24, Thr125, Prol126, Ile127, Vall28, His129. In some embodiments, the IL-
17 antibody, e.g., secukinumab, binds to an epitope of mature human IL-17 comprising Tyr43,

Tyrd4, Argd6, Ala79, Asp80. In some embodiments, the IL-17 antibody, e.g., secukinumab,
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binds to an epitope of an IL-17 homodimer having two mature human IL-17 chains, said epitope
comprising Leu74, Tyr85, His86, Met87, Asn88, Vall24, Thrl125, Prol26, Ilel27, Vall28,
His129 on one chain and Tyr43, Tyrd4, Argd6, Ala79, Asp80 on the other chain. The residue
numbering scheme used to define these epitopes 1s based on residue one being the first amino
acid of the mature protein (1.e., IL-17A lacking the 23 amino acid N-terminal signal peptide and
beginning with Glycine). The sequence for immature IL-17A 1s set forth in the Swiss-Prot entry
Q16552. In some embodiments, the IL-17 antibody has a Kp of about 100-200 pM. In some
embodiments, the IL-17 antibody has an ICsy of about 0.4 nM for in vitro neutralization of the
biological activity of about 0.67 nM human IL-17A. In some embodiments, the absolute
bioavailability of subcutaneously (s.c.) administered IL-17 antibody has a range of about 60 —
about 80%, e.g., about 76%. In some embodiments, the IL-17 antibody, such as secukinumab,
has an elimination half-life of about 4 weeks (e.g., about 23 to about 35 days, about 23 to about
30 days, e.g., about 30 days). In some embodiments, the IL-17 antibody (such as secukinumab)
has a Tyax of about 7-8 days.

Particularly preferred IL-17 antibodies or antigen-binding fragments thereof used 1n the
disclosed methods are human antibodies, especially secukinumab as described in Examples 1
and 2 of WO 2006/013107. Secukinumab 1s a recombinant high-atfinity, fully human
monoclonal anti-human interleukin-17A (IL-17A, IL-17) antibody of the IgGl/kappa isotype
that 1s currently 1n clinical trials for the treatment of immune-mediated inflammatory conditions.
Secukinumab (see, e.g., W0O2006/013107 and WO2007/117749) has a very high atfinity for IL-
17, 1.e., a Kp of about 100-200 pM and an ICsy for in vitro neutralization of the biological
activity of about 0.67 nM human IL-17A of about 0.4 nM. Thus, secukinumab 1nhibits antigen
at a molar ratio of about 1:1. This high binding affinity makes the secukinumab antibody
particularly suitable for therapeutic applications. Furthermore, 1t has been determined that
secukinumab has a very long half-life (~4 weeks), which allows for prolonged periods between
administration, an exceptional property when treating chronic life-long disorders, such as PsA.

Other preferred IL-17 antagonists for use 1n the disclosed methods, kits and regimens are
broadalumab and other antagonists set forth in U.S. Pat. No. 7,767,206 (W0O08054603) and the
IL.-17 antibodies set forth in US Patent Nos: 8,057,794; 8,003,099; 8,110,191; and 7,838,638 and
US Published Patent Application Nos: 20120034656 and 20110027290, which are incorporated

by reference herein in their entirety.
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Methods of Treatment and Uses of 1L-17 Antagonists

The disclosed IL-17 antagonists, e.g., IL-17 binding molecules (e.g., IL-17 antibody or
antigen-binding fragment thereof, e.g., secukinumab) or IL-17 receptor binding molecules (e.g.,
IL-17 antibody or antigen-binding fragment thereof), may be used in vitro, ex vivo, or
incorporated into pharmaceutical compositions and administered to individuals (e.g., human
patients) in vivo to inhibit the progression of structural damage 1n PsA patients, e.g., in PSA
patients that have not previously been treated with a TNF inhibitor (TNF-naive patients) and PsA
patients that have been previously treated with a TNF inhibitor, e.g., patients having been treated
with a TNF ihibitor, but who had an inadequate response (e.g., failed or less than desirable)
thereto (TNF-IR patients).

The IL-17 antagonists, e.g., IL-17 binding molecules (e.g., IL-17 antibody or antigen-
binding fragment thereof, e.g., secukinumab) or IL-17 receptor binding molecules (e.g., IL-17
receptor antibody or antigen-binding fragment thereof), may be used as a pharmaceutical
composition when combined with a pharmaceutically acceptable carrier. Such a composition
may contain, 1n addition to an IL-17 antagonist, carriers, various diluents, fillers, salts, buffers,
stabilizers, solubilizers, and other materials well known 1n the art. The characteristics of the
carrier will depend on the route of administration. The pharmaceutical compositions for use 1n
the disclosed methods may also contain additional therapeutic agents for treatment of the
particular targeted disorder. For example, a pharmaceutical composition may also include anti-
inflammatory agents. Such additional factors and/or agents may be included 1n the
pharmaceutical composition to produce a synergistic effect with the IL-17 binding molecules, or
to minimize side effects caused by the IL-17 antagonists, e.g., IL-17 binding molecules (e.g., IL-
17 antibody or antigen-binding fragment thereof, e.g., secukinumab) or IL-17 receptor binding
molecules (e.g., IL-17 receptor antibody or antigen-binding fragment thereof).

Pharmaceutical compositions for use 1n the disclosed methods may be manufactured 1n
conventional manner. In one embodiment, the pharmaceutical composition 1s provided in
Iyophilized form. For immediate administration it 1s dissolved 1n a suitable aqueous carrier, for
example sterile water for 1njection or sterile butfered physiological saline. If 1t 1s considered
desirable to make up a solution of larger volume for administration by infusion rather than a

bolus 1njection, may be advantageous to incorporate human serum albumin or the patient’s own
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heparinized blood into the saline at the time of formulation. The presence of an excess of such
physiologically inert protein prevents loss of antibody by adsorption onto the walls of the
container and tubing used with the infusion solution. If albumin 1s used, a suitable concentration
1s from 0.5 to 4.5% by weight of the saline solution. Other formulations comprise liquid or
Ilyophilized formulation.

Antibodies, e.g., antibodies to IL-17, are typically formulated either in aqueous form
ready for parenteral administration or as lyophilisates for reconstitution with a suitable diluent
prior to administration. In some embodiments of the disclosed methods and uses, the 11.-17
antagonist, e.g., IL-17 antibody, e.g., secukinumab, 1s formulated as a lyophilisate. Suitable
Ilyophilisate formulations can be reconstituted 1n a small liquid volume (e.g., 1 ml) to allow
subcutaneous administration and can provide solutions with low levels of antibody aggregation.
The use of antibodies as the active ingredient of pharmaceuticals 1s now widespread, including
the products HERCEPTIN™ (trastuzumab), RITUXAN™ (rituximab), SYNAGIS™
(palivizumab), etc. Techniques for purification of antibodies to a pharmaceutical grade are well
known 1n the art. When a therapeutically effective amount of an ILL-17 antagonist, e.g., IL-17
binding molecules (e.g., IL-17 antibody or antigen-binding fragment thereof, e.g., secukinumab)
or IL-17 receptor binding molecules (e.g., IL-17 receptor antibody or antigen-binding fragment
thereot) 1s administered by intravenous, cutaneous or subcutaneous injection, the IL-17
antagonist will be 1in the form of a pyrogen-free, parenterally acceptable solution. A
pharmaceutical composition for intravenous, cutaneous, or subcutaneous 1njection may contain,
in addition to the IL-17 antagonist, an 1sotonic vehicle such as sodium chloride, Ringer's,
dextrose, dextrose and sodium chloride, lactated Ringer's, or other vehicle as known 1n the art.

The appropriate dosage will vary depending upon, for example, the particular 1L.-17
antagonists, e.g., IL-17 binding molecules (e.g., IL-17 antibody or antigen-binding fragment
thereof, e.g., secukinumab) or IL-17 receptor binding molecules (e.g., IL-17 receptor antibody or
antigen-binding fragment thereof) to be employed, the host, the mode of administration and the
nature and severity of the condition being treated, and on the nature of prior treatments that the
patient has undergone. Ultimately, the attending health care provider will decide the amount of
the IL-17 antagonist with which to treat each individual patient. In some embodiments, the
attending health care provider may administer low doses of the ILL.-17 antagonist and observe the

patient’s response. In other embodiments, the initial dose(s) of IL-17 antagonist administered to

23



CA 02960754 2017-03-09

WO 2016/038538 PCT/IB2015/056871

a patient are high, and then are titrated downward until signs of relapse occur. Larger doses of
the IL-17 antagonist may be administered until the optimal therapeutic effect 1s obtained for the
patient, and the dosage 1s not generally increased further.

In practicing some of the methods of treatment or uses of the present disclosure, a
therapeutically etfective amount of an IL-17 antagonist, e.g., IL-17 binding molecule (e.g., IL-17
antibody or antigen-binding fragment thereof, e.g., secukinumab) or IL-17 receptor binding
molecule (e.g., IL-17 receptor antibody or antigen-binding fragment thereof) 1s administered to a
patient, e.g., a mammal (e.g., a human). While 1t 1s understood that the disclosed methods
provide for treatment of PsA patients using an IL-17 antagonist (e.g., secukinumab), this does
not preclude that, if the patient 1s to be ultimately treated with an IL-17 antagonist, such IL-17
antagonist therapy 1s necessarily a monotherapy. Indeed, if a patient 1s selected for treatment
with an IL-17 antagonist, then the IL-17 antagonist (e.g., secukinumab) may be administered in
accordance with the methods of the disclosure either alone or 1n combination with other agents
and therapies for treating PsA patients, e.g., in combination with at least one additional PsA
agent, such as an immunosuppressive agent, a disease-modifying anti-rheumatic drug (DMARD)
(e.g., MTX), a pain-control drug (e.g., tramadol or paracetamol), a steroid (e.g., prednisone), a
non-steroidal anti-inflammatory drug (NSAID), a cytokine antagonist, a bone anabolic, a bone
anti-resorptive, and combinations thereof (e.g., dual and triple therapies). When coadministered
with one or more additional agents, an IL-17 antagonist may be administered either
simultaneously with the other agent, or sequentially. If administered sequentially, the attending
physician will decide on the appropriate sequence of administering the IL-17 antagonist 1n
combination with other agents, as well as the appropriate dosages for co-delivery.

Non-steroidal anti-inflammatory drugs and pain control agents useful in combination
with secukinumab for the treatment of PsA patients include, propionic acid derivative, acetic
acid derivative, enolic acid derivatives, fenamic acid derivatives, Cox inhibitors, e.g.,
lumiracoxib, itbuprophen, fenoprofen, ketoprofen, flurbiprofen, oxaprozin, indomethacin,
sulindac, etodolac, ketorolac, nabumetone, aspirin, naproxen, valdecoxib, etoricoxib, MK0966;
rofecoxib, acetominophen, Celecoxib, Diclofenac, tramadol, piroxicam, meloxicam, tenoxicam,
droxicam, lornoxicam, 1soxicam, mefanamic acid, meclofenamic acid, flufenamic acid,
tolfenamic, valdecoxib, parecoxib, etodolac, indomethacin, aspirin, ibuprophen, firocoxib.

DMARDs useful in combination with an IL-17 antagonist, e.g., secukinumab, for the treatment
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of PsA patients include, methotrexate (MTX), antimalarial drugs (e.g., hydroxychloroquine and
chloroquine), sulfasalazine, Letflunomide, azathioprine, cyclosporin, gold salts, minocycline,
cyclophosphamide, D-penicillamine, minocycline, auranofin, tacrolimus, myocrisin,
chlorambucil. Steroids (e.g., glucocorticoids) useful in combination with an IL-17 antagonist,
e.g., secukinumab, for the treatment of a PsA patient include, prednisolone, prednisone,
dexamethasone, cortisol, cortisone, hydrocortisone, methylprednisolone, betamethasone,
triamcinolone, beclometasome, fludrocortisone, deoxycorticosterone, aldosterone.

Biologic agents useful in combination with an IL-17 antagonist, e.g., secukinumab, for
the treatment of a PsA patient include, ADALIMUMAB (Humira®), ETANERCEPT (Enbrel®),
INFLIXIMAB (Remicade®; TA-650), CERTOLIZUMAB PEGOL (Cimzia®;

CDP870), GOLIMUMAB (Simponi®; CNTO148), ANAKINAS (Kineret®), RITUXIMAB
(Rituxan®; MabThera®), ABATACEPT (Orencia®), TOCILIZUMAB (RoActemAS
/Actemra®), integrin antagonists (TYSABRI® (natalizumab)), IL-1 antagonists (ACZ3885
(Ilar1s), AnakinAS (Kineret®)), CD4 antagonists, further IL-17 antagonists (LY2439821,
RG4934, AMGS827, SCH900117, R05310074, MEDI-571, CAT-2200), IL-23 antagonists, IL-20
antagonists, IL-6 antagonists, TNF alpha antagonists (e.g., TNF alpha antagonists or TNF alpha
receptor antagonsits, e.g., pegsunercept, etc.), BLyS antagonists (e.g., Atacicept, Benlysta®/
LymphoStat-B® (belimumab)), P38 Inhibitors, CD20 antagonists (Ocrelizumab, Ofatumumab
(Arzerra®)), Interferon gamma antagonists (Fontolizumab).

An IL-17 antagonist, e.g., secukinumab, 1s conveniently administered parenterally,
intravenously, e.g., into the antecubital or other peripheral vein, intramuscularly, or
subcutaneously. The duration of intravenous (1.v.) therapy using a pharmaceutical composition
of the present disclosure will vary, depending on the severity of the disease being treated and the
condition and personal response of each individual patient. Also contemplated 1s subcutaneous
(s.c.) therapy using a pharmaceutical composition of the present disclosure. The health care
provider will decide on the appropriate duration of 1.v. or s.c. therapy and the timing of
administration of the therapy, using the pharmaceutical composition of the present disclosure.
Preferred dosing and treatment regimens (including both induction and maintenance regimens)
for treating PsA patients are provided in PCT Application No. PCT/US2011/064307, which 1s

incorporated by reference herein as 1t relates to doses and regimens.
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In one embodiment, the IL-17 antagonist (e.g., secukinumab) 1s administered to the
patient intravenously (1.v.) at about 10 mg/kg every other week during week O, 2, and 4 and
thereafter 1s administered to the patient subcutaneously (s.c.) at about 75 mg — about 300 mg
(e.g., about 75 mg, about 150 mg, about 300 mg) monthly, beginning during week 8. In this
manner, the patient 1s dosed 1.v. with about 10 mg/kg during week O, 2. 4, and then the patient 1s
dosed s.c. with about 75 mg — about 300 mg (e.g., about 75 mg, about 150 mg, about 300 mg) of
the IL-17 antagonist (e.g., secukinumab) during week 8, 12, 16, 20, etc.

In another embodiment, the IL-17 antagonist (e.g., secukinumab) 1s administered to the
patient s.c. at about 75 mg — about 300 mg (e.g., about 75 mg, about 150 mg, about 300 mg)
weekly during weeks O, 1, 2, and 3, and thereafter 1s administered to the patient s.c. at about 75
mg — about 300 mg (e.g., about 75 mg, about 150 mg, about 300 mg) monthly (every 4 weeks),
beginning during week 4. In this manner, the patient 1s dosed s.c. with about 75 mg — about 300
mg (e.g., about 75 mg, about 150 mg, about 300 mg) of the IL-17 antagonist (e.g., secukinumab)
during weeks 0, 1, 2,3, 4, 8, 12, 16, 20, etc.

Alternatively, the IL-17 antagonist, e.g., IL-17 binding molecule (e.g., IL-17 antibody or
antigen-binding fragment thereof, e.g., secukinumab) or IL-17 receptor binding molecule (e.g.,
IL-17 receptor antibody or antigen-binding fragment thereof) may be administered to the patient
without a loading regimen, e.g., secukinumab may be administered to the patient s.c. at about 75
mg — about 300 mg (e.g., about 75 mg, about 150 mg, about 300 mg) every 4 weeks (monthly).
In this manner, the patient 1s dosed s.c. with about 75 mg — about 300 mg (e.g., about 75 mg,
about 150 mg, about 300 mg) of the IL-17 antagonist (e.g., secukinumab) during weeks 0, 4, 8,
12, 16, 20, etc.

It will be understood that dose escalation may be required (e.g., during an induction
and/or maintenance phase) for certain patients, e.g., patients that display inadequate response to
treatment with the IL-17 antagonists, e.g., IL-17 binding molecules (e.g., IL-17 antibody or
antigen-binding fragment thereof, e.g., secukinumab) or IL-17 receptor binding molecules (e.g.,
IL-17 receptor antibody or antigen-binding fragment thereof). Thus, s.c. dosages of secukinumab
may be greater than about 75 mg to about 300 mg s.c., e.g., about 80 mg, about 100 mg, about
125 mg, about 175 mg, abo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>