wO 2016/172124 A1 [N I 0000 00O 0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/172124 Al

27 October 2016 (27.10.2016) WIPOIPCT
(51) International Patent Classification: (74) Agent: WHITE, John, P.; Cooper & Dunham LLP, 30
A61K 38/02 (2006.01) CI12Q 1/68 (2006.01) Rockefeller Plaza, New York, NY 10112 (US).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/US2016/028316 kind of national protection available). AE, AG, AL, AM,
. - AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: . BZ, CA. CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM.
19 April 2016 (19.04.2016) DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(26) Publication Language: English MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(30) Priority Data: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
62/150,731 21 April 2015 (21.04.2015) Us SD, SE, SG, SK, SL, SM, ST, 8V, S8Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): TEVA
PHARMACEUTICAL INDUSTRIES LTD. [IL/IL], 5 (84) Designated States (unless otherwise indicated, fO}" every
Basel Street, P.O. Box 3190, Petach-Tikva 49131 (IL). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(72) Inventors; and TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(71) Applicants (for US ornly): GROSSMAN, Iris [IL/IL]; c¢/o TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
P.O. Box 339, Yakir 44843 (IL). HAYDEN, Michael DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
[CA/IL]; c/o 5 Basel Street, P.O. Box 3190, Petach-Tikva LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
49131 (IL). ROSS, Colin, James Douglas [CA/CA]; 5451 SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
Heathdale Ct., Burnaby, BC V5B2H7 (CA). LAIFEN- GW, KM, ML, MR, NE, SN, TD, TG).
FELD, Daphna [IL/IL]; 86 Einstein Str, Haifa 34601 (IL). Published:

DAVIS, Matthew [US/US]; 2807 Stoncham Drive, West
Chester, PA 19382 (US).

with international search report (Art. 21(3))

(54) Title: SELECT SINGLE NUCLEOTIDE POLYMORPHISMS PREDICTIVE OF RESPONSE TO GLATIRAMER ACETATE

3
Blsnovery
[ EALA - i

with Chast
PO Pussomallas
]

7%

= ik

Weefad
Bengic s of
G

F Ewvebustion iy Fulf BALE
and FORTE Cohorts:
tinFot B

©BRLA plasebu s
tented e SiiRrentn
progmustic vereus
aapuranespRali.
assatiaion

(57) Abstract: The present invention provides a method
for treating a human subject afflicted with multiple scler-
osis or a single clinical attack consistent, with multiple
sclerosis with a pharmaceutical composition comprising
glatiramer acetate and a pharmaceutically acceptable carri-
er, comprising the steps of: (i) determining a genotype of
the subject at a location corresponding to the location of
one or more single nucleotide polymorphisms (SNPs) se-
lected from the group consisting of: rs1894408, kg-
p7747883, kgp6599438, 1510162089, rs16886004, kg-
p8110667, kegp8817856, kgp24415534, kgp6214351 and
18759458, (ii) identifying the subject as a predicted respon-
der to glatiramer acetate if the genotype of the subject con-
tains one or more A alleles at the location of kgp8110667,
1510162089, 15759458 and kgp6214351, or one or more G
alleles at the location of kgp24415534, kgp6599438, kg-
p7747883, kgp8817856, rs16886004 and rs1894408; and
iii) administering the pharmaceutical composition compris-
ing glatiramer acetate and a pharmaceutically acceptable
carrier to the subject only if the subject is identified as a
predicted responder to glatiramer acetate.
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SELECT SINGLE RUCLEQTIDE POLYMORPHISHME PREDICTIVE OF RESPONZE TO
CLATIREMER ACETATE
This application claims the priocrity of U.%. Provisicnal Application
No. 52/150,731, filed April 21, 2015, the contents of which ars

hereby incorperated by reference.

Throughout thisz application variocus publications are refsvenced.
The disclosurss of these publications in thelry antiveties are hereby
incorporated by refevence into this application in order to qore
fully describe the state of the art to which this dinvention

pertalins

BACKGROUND OF THE INVENTION

Multiple Sclerosis

Multiple sclerosis (M8y 1s a chronlc, debilitating autoimmune
dissase of the central nervous system {CN8) with either relapsing-

remibting {RR} or progressive  course leading  te  neurologic
deterioraticon and disability. At time of initial diagnosis, RRMS 1s
the most common form of the dissase (1) which 13z charvacterized by
unpredictable acute spisodes of neurclicgilcal dysfunction (relapsss},
followed by variable recovery and periods of clinical stability. The
vast wmajerity of  RRME patients eventually develop secondary
prograssive (8P} disease with or without superimposed rslapses.

Around 15% of patients develop a sustained dstevioration of thsir
neurclogical function from the beginning; this form 18 called
primary progressive (FP) MS. Patilents who have sypesrisnced a single
clindcal evant (Clinlcally Isclated Syndrome or YCIST) and who show
iesion dissemination on subseqguent magnstic resonance imaging {MRI)
SCans coording  te MoDonald's critsria, are also considersd  as

having relapsing MIZ.(2)

With a prevalence that varies considerably around the world, M35 4is

o

3

the most common cause of chronic neurclogical disability in young
adults. (3,4) Anderson et al. estimated that there were about 350, 0G0

physician~diagnosed patients with M3 in the United States in 19%0
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is estimated that about

2, (6) In general,

K

rend are ot fully

Current thevapeutic approaches consist of 1) aymptomatic frsatment

aimed

approved therapiles proces

Mozt of them are considersed to act az immunomodulators but their

=

echanisms of gotionn  have not baen compietely elucidated.
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Immunosuppresszants ox

patients after

medications  have

efficacious  for the

AVONE derivatives of

bata (IFNB}, whose mechandsm of actis

to  its dmmwnomodulatory  sffsots,

¥

and inducing or cells. {7} Cther apnrov:

the treatment and Natalizumab.

Glaticvameyr the active substance in Copaxons

B,

marketed for redugtlon of the freguency of

REMS. Its eiffectiveness in reducing

relapses

relapse rate and disability acoumulation in BR-MZ3 i1s comparable to

("

that of ather avallabls Immunomodulating treatments. (8,3, 18)

Glatiramer acatate conslsts of  the acetate salts  of
polypeptides containing four naturally occturrying aminoe acids L~

'm

gilutamic acid, L-alanine, L-tyrosine and L-lvaiy The average

-

molecular welght of

Jlatiramer acetats is betwsen 5,000 and 9,000

Daltons. At a daily standard dose of 20 mg, GA i3

tolerataed, howsver responzs Lo the drug is variabls

ciliniecal trials, oG reduced  relapse rates and
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disability in 5 with RE-MS. The therapeutic effect of GA is
supported by the resulits of magnetic rescnance imaging (MRI)

findings from wvavious clinical centers {11}, however thers are no

validated predictive biomarkers of response Lo GR trealment,
A initial mods of GA is associated with binding

to MHC molecules and conseguent competiticon with wvarious myslin

A further asgpect of

{Thd} tvps

ead to in situy

results in the induction of GA-specific T
phanotyps  both  in  response  to GA

hermare, the

prain-derived neurctrophic

therapeutic activity of

Clinical ezperience with GA& consists of Information obtained from

complet

=i and  ongolng  ciinical and from post-marketing
gaperience. The c¢linical program  includes thres deouble-bliind,
placebo~controllised studies din REMS subjschts treated with GARA 20
mg/day. (18,1%,20) A sigonificant reducticon in the number of relapses,;
comparad with placebo, was seen. In the largest controiled study,
the relapse rate was reduced by 32% from 1.98 under placebo to 1,34

under GA 20 mg. GA 20 mg has alsce demonstratad beneficial effects

i
g4
et
W
=3
[el

over placebs on MRI parameters relsvant to RRME. A& signif:
effect in median cumulative number of Gd-enhancing lesions over 9
months of treatment {11 lesions in the 20 mg group compared to 17

lesions under placsbo} was demonstrated.

The cliinical program with GA also includss one double-dlind study in

chronic-progressive M8 subijects, (21} one  double-blind placsbo-
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controlled study din primavy prograssive one double-

bilind placebos-controlled atudy in CI patients{Z3) and numerous
opan~label and compassionate use studies, mostly 1in BEMS. The

clinical use of GA has been extensively lewed and pub

\

5 the currvent litevature (24,2%,26,27%.

with relapsis

injection  of 0.5 w1 of  an  agueous

Py
o

pharmaceutical solution which contains in zolution 20 mg glatiramer

e b myed N
seatats and 20

mg marnmitol {34},

I discloses

32

U.58. Patent Application Publication No. US Z011-0046065
administering glatiramer acetate to patlients suffering from
15 raelapsing-remitiing  wmulitipls sclarosis by three subcutaneous
injections of a therapeutically effective dose of glatiramer acetate
over a period of szeven days with abt lsast one day betwesn every

supcutaneous inijsction {(35).

20 Pharmacogenomics

Pharmacogenomics  is  the wmethodology which  assoccliates  gensfic
variabilicy with phvsiological responses to drug. Pharmacogensiics
iz a subsset of pharmacogenomics and iz defined as "the study of
variations in DNA seguence as related to drug response” (ICH BLS;

25 fda.gov/downloads/Reguiatorvinformation/Guidances/ucml28286. . paf.

Fharmacogenetics focuses on genetic polymorphism in genss related to

D..

drug metabolism, drug mechanism of action, iseass type, and sids

o

effects. Pharmacogenseitics is the cornerstons of Personalized
Medicine which allows the development of more individualized drug

3G therapies to obtain more effective and safe treatment.

Pharmacoegenstics has become a core component of many drug

development programs, being used Lo explaln vard

ibhility in druag

s among subkidschs in clinical tftrials, to address unexpected
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- 5 -
clindical  iassues, such as  adverse events, to determine
for a clinizcal trial {pre-screerdng? Lo optdmize trial

devslop drug-linked diagnostic fests to identify patients
who are more likely or less likely to benefit from tyeatment or who

may be at risk of adverse events, to provide information in drug
B

hysician Lreatment decdsisns, to betisr understand
the mechanism of action or metabollsm of new andd exiasting drugs, and

to provide better understanding of disease mechaniszms,

Gensrally, Pharmacogenstlcs analyses are parformed in elthsr of two

mathodology appreoaches: Candidats genes reseacch techolque, and

B

Genome  Wide Assoclation Study {GWAS). <Candidate genss vesearc
technique 1is based on the detection of polymorphism in candidate

genes pre-selected using the knowlsadgs on the

the drug mods

of  action, toxicology or metabolism of drug. The Genoms Wide

Association Study {[(GWAS) enables the detection of more than 1 M {ons
million! polymerphisms acress the genome. This approach i1s ussd when
related genes ars unknown. DNA arrays used for GWAS can be also

analyzed per gene as in candidate gens approach.

Pharmacogenstic studies

Variocus pharmacogenetic studies were done in M8 patients. For

aexample, 3 Cenoms~Wide Association study by Byun st al. (38) focusad

on sxtreme clinical phencivpes i ordesr Lo maximize the ability te

I~
b

detect genetic diffevences between vesponders and non-rasponders Lo
interferon-beta. A multi-analytical approach detected significant
assoclations betwesn several SHPz and treatmsnt reszponse. Responders
and Non-Responders had significanitly different genctvpe fregquencies
for SNPs located in many genes, including glyvpican 5, collagen type
XXV wl, wvailuronan proteoglyecan link protein, calpastatin, and
neurenal PAS domain protein 3. Other studies used pharmacogenehic
analysaes Iin order Lo characterize the genomic profile and gene

expression profilie of IFN responders and

|1
7
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Gther sharmacogenatic  studies analvzad the genetic  background
J $ j 4

associated with responsse to Glatiramer Acstate., For szamplss, Puscoo

C =t al (37) assessed a possible relationship between HLA alleles
and response to GA (N=H3  RRMS}. DREI*1LI01 allele freguency was

J

increased in M8 patients compared o

o)

2 . -
L4

s

-3

= 0.001}. In DREBL¥1I501 cavriers the responss

e

.

. =

compared to 3%.4% in neon-cavrievs of DREIFLILOL and to 30 0% in the

whole study population. Gr

and 61 SNPs within a total of 27 or DNA from

two  clinical trial cohorts. T assoclation
between HLA-DRB1IF1E01 and response o GA. The results of the study

national  application published as

Pharmacogenetics is the cornerstone of pervsonalized medicine which

allows the development mors  individualized drug tharapies Lo

obtain more effective and safe freatment. Multiple Sclerosis iz a
complex dissass with clinical heterogeneity. In patients afflicted
with multiple sclerocsis or a single clinical attack consistent with
muitiple sclerosis, the ability to dastermins ths likelihood of
treatment success would be  an  important  tool  improving the
therapeutic management of the patients. As the thsrapeutic options
for M8 and <18 increase, The importance of bsing abls to determine
whe will respond favorably to therapy and specifically to GA, hasz

hecome of increasing significance.
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SUMMBRY OF THE INVENTION

INDETPLNDENT EMBODIMENTS

invention provides a method for treating a human subisch

multipie sclerosis or a single clinical attack

multiplie zsclsrosis with a pharmaceuvitical composition

comprising gla

and & phermaceutically acceptable

(i} determining a gsnotyps of  the subiject at a location
10 corresponding to the location of one or more =zingle nucleoctide
polymorphisms {GNPs) selected  from the qroup consisting  ofs
rzlgsda408, kgp7747883, kapth 99434, rai0icZ08y, r3i68ae00d,

Rgpdlitoe?, kgpB8l7858¢, kgpiddli534, kgpeZid43sl and rs759458,

fying tha subiect as a predicted responder fo g

-
(52}
u

cetats if the genotype of the subisct contains

ane or more A alleles at the location of Xkgp8ll0667, rs10182089,
ra’ and kgpd2l4351, or

CRE  OY mors kap 4415534, kgne5994238,

kap 7747883, 1408 and

("’ii}.‘ij‘)i tion LSOO T l.‘*lf(_}

s - P - N oy P 1o s -
iy aoceptabls carvier to the

25 The present also invention provides a method of identifving a human
subject afflicted with nmulitipls sclerosis or a single clinical
attack consistent with multiple sclsrosis as a predicted responder
or as a predicted non-responder o glatirasmer acetate, the mathaod
comprising detsrmining the gsnotvpe of the subiject at a location

30 corrssponding  to the location of one or more single nuclsoctide

polymorphisms {SNPs} szlected from the group consisting of

}.._\

rel1824498, kgp7T47883, kopd589438, ra3l0igZ08y, rzlefaeldid,
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identifving the human sublect as a predicted rasponder
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ong oy mere A allsales at
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TE2458, and

o glatirvamsr

4
e

the human subject pradictad

the genobype of the

ocation of

ne G alleles at the location of kgp2ddisSi4, kgpé53943
kgp88l7856, r3l6BReCO4 and rsiffdé40s.,

ntion a kit fox

alsce providss

affiicted with Litiple

attack consistent with multiple sclerosis

praedicted non~reszponder to gl

ieast one probe specific for the

consisting B 188
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[
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sutject cont
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selerosis or a asingle colinical

ponder

L

ate, the kit

location of a3 B3NP

kgpTT4TRYT,
kop88l785¢,

gpddd4idch34, kgpdlld435l and ra7V55438,
invention also providaes a kit for identifving a human

flicted with multipls sclerosis

consisztent with multiple

non~rasponder glatiramer

thea




basd
-
[

WO 2016/172124 PCT/US2016/028316

The present invention alss provides a kit for

subiect muitizple sclerosiz or a singles clinical
attack consistent with multipls sclerosis as a predicted respondsar
or as a predicted non-responder o glatiramer acetate, the kit
comprising a reagent for performing a method selected from the group
consisting of  restrictisn fragment lsangth polymorphism {RFLP}
analysis,

analvsis gene ohip and

danaturing {DHEFLC) for
determining the genobtype of the subject st a locatlon corresponding

to the locatlon of  at lsast ons SHP selected from the group

consisting of rsl8s44ng, kgp? 47883, Kgphh 83438, rsi01a2089,
csl6886004, kgpB8lilss? kop8817856, kgp24415534, Rgpe2l438i ancg

The presant invention alsc providss a kit

'?J

,h

,..
9]
4
ot

identifyving & human
subject afflicted with multiplies scleyvosias or a singls olinical
attack ooopsistant with multiple sclerosis as a predicted responder

oy as  a predicited non-responder to glativamer acetate, the kit

[N
441
-
[t
i
ié
5

o
)
o3
£
e
[0
s

ot
<
e
b
s
It
o}
rh
o
o
o
)
o
o
e d>
T
9]
e

corragponding
te  the lovation of at least one 8NP selected from the group
consisting of rsl1d94408 Kgp¥747883, kopo529438, rallleZigy,

rs162886004, kgpRli0SE7, kgpS8B17858, kgpZ4415534, kop6214351  and

The present invention alsce provide a kit for identifving a human
subject sclerosls or a single colinical

attack rosls as a predicted responder

or  as glatiramer aceitate, the kit

comprising

atl at lesast ons probe a location corresponding to the

locavion of at least one 8

by at least one palr of PCR primers desigusd to

segment which includes a location corresponding to the logation of
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<) ooat least one pair of PCR primesrs designed

segment which dincludes a location corresponding

east one probe specific for a location

corresponding to ths location of at lsast one 3NP:

d) & reagent for performing a method selected from the group
consisting  of ction fragment length polymorphism  [RELP)

analysisa, sequancing; single strand  conformaticn polymorphism

analysis

w
o
o
h

chemical oleavage of mismatch {(CCM), gens chip and

denaturing liguid chromatography {DHPLC) for
3 . Y

determining least one SNP; ov

#) reagents for TagMan Open Array assay designed for destermining the

ganctyps at a location corresponding te the location of at least one

SNE,

The present inventlon alsc provides a probe for identifyving the

genotype of a location corresponding to  the

location of a  ENF
seglacted from the group consisting of rsif8%4408, kgp7747883
kgpé599434, rsllilezQ8y, ralGBRE004, kgpf1108e7, kopB821785h0,
kapz4415534, kqpez2l4351 and rs754458.

The present invention also provides Glatiramer acstate or a
pharmaceutical composition comprising glatirvamer acetate for use in
treating a human subject afflicted with multiple sclerozis or a
single <linical attack consistent with multiple saclervosis which
human sublect iz identifised az a predichtsad respondsr Lo glatirasmsr

acetate by:

al determining a gencitype of the subjsct at a logation corvesponding

to  the locaticen of one or more single rnucleotide polymorphisms

{3NPa) selected from the group consisting of: rsiff4408, kgp7747R83,
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BRIEF DESCRIPTICON OF THE DRAWINGS

istics for

('T'
(D

Flgure . Figurs 1 szhows Receiver Operating Chara

optimization of test thrsshold.

Figure 2. Figure 2 shows Response b of Predicied Responders
{gresn line) and Responss Rate of Predicted HNon-kResponders {red

iine) by predictive tasst threshold.

Pigure 2. Plgure 3 shows overall percent of Pradicted Responders by

predictive teszt threshold.

=

Figure 4. Figure 4 shows c¢hi square P-valuss {~Log PF-valus} of
different test threshelds in  the ability of ©
differentiats bestwesen cases and controls. A thresheld of (.71
demonstrated the most significant p-value,

FPigure 5. Figurse 5 shows

i

overall Response to glatiramer acetats as
Predicted by Modsl (modsl 3, thresheld 0.71) for Predicted Responders

{left panal}l and Fredicted Non-Respondses {right panel).

Figure &. Figure & shows GALA and FCRTE patients were stratifisd by
clearly defined response. High Response: improved ARRE (ARR changs
<{-1}, during study versus prior 2 ysars). Low Respons no change
or worsening of ARR {ARR change =20, during study versus previous 2

vears) .

~d

Figure 7. Figurs shows prediciive model bullding for SGALA and

FORTE cchoris

Pigure B. Figure 8 shows the algorithm and calculation of walues for
all genotyped patients of the GALA and FORTE cohorts, hased on the

predictive model {11 SNPs and 2 clinical wariablesy).

Figure 9., Figure 3 shows the algorithm and calculation of values for
all genotyped patients of the GALA and FORTE cohorts, based on the
1L SNPs in the predictive model, witheut including the clinical
variables, and using & hresheld at  ~30% of the population

classifled as Ypredicted responders”.

Figure 10. Figure 10 shows

algorithm and calculation of values
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for all genotypsd patisnts of the GALA and FORTE cohorts based on

the il 8NMNPs in the predictive model, withcout inciuding the clinical

o

Figure 11 shows the algorithm and caleulation of wvalues

genotyped patlents of the GALR and FORTE cohorts based on

the 10 SNPs in the predictive model,

Figurs 12 shows the algorithm and calculation of wvaluss

for all gasnotyped of the GALA and FORTE cohorts based on

the § SMPs in the predictive moedel, without inocluding ths olinic

walues

w
i
0
il
3
o3
oY
W
P
[p
o
et
{be
g
H.
o
g
j]
o)
h

the algoritl

of Lhe GALA and FORTE coohorisz, based on

variables, and wusing a threshold

classifisd as “predicted responders”,

FPigure 14, PFigure

for all gsnoty La and FORTE cohorits, based on

incliuding the clinical

%
e
fax
o
&
o
I

at ~30% of the population

o~ 5 RS 3 e RARe R I $ - . o o N
classified as “pradicted respondars®.
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3706, rszd4878%8,

location of rslb 5331, rse087801 or res847603,

.

In zome ewxbodiments, administering the pharmacsutical composition

comprlsing  glatirvamer acetakte and a

carrier comprises o the human suhiecth thrse

subcutanecus injections of the pharmaceutical composition over a
pericod of seven days with at  lsast one day behtween every

suboubanesus injsction,

pharmacsutical compoesition is a unit dose

of oa 1 omi on comprising 40 mg of glatiramer acetate,

In some embodiments, whersin composition is oa

unit deose of a2 1 ml aguecus mg of glatiramer

acetate.

In some embodiments, wherein the pharmaceutical composition 1is &
unit doss of & 0.5 mi  agueocus soluticn comprising 20 mg  of

glatiramer acetats.

o

In some  embodiments, wherein the pharmaceutical composition
comprising glatirams acaetate and & pharmaceutically acceptable

carri

is administersd as a monotherapyv.

in sOms asmbodinsnts, wherein the pharmaceutical composition
comprising glatiramer acstate and a pharmaceutically acceptable
carrisr 1s administered in combination with at least one otherx

multipls aclercsis drug.

The present alss invention provides a method of identifyving a human

subject affiicted with wmultiple sclevesis or a szingle clinic

attack conszistent with multiple sclerosis as a predicted responder

or a3 a predicted non-responder to glatiramsr acet: the method

iocation

o1}

comprising determining the genotvpe of the sublsct at
corresponding to the locaticon of one or more single nuclectids
polymorphisms {SNEs) selacted from the group consisting of
rsl834408, kgp7747883, kgpdh 99438, rsl0ls2084, rslo8naiog,
kgpHlldesy, kapiflT856, kgp24415534, kgpH2l4351l and rs759458, and
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identlfving the human subject as a predicted responder to glatiramer

acetate 1Y the genotype of the subiect contains

. . o~ o I - TN A T 3 = Yo oy A i .o N n"
one oy more A alleles at the location of kgp8lides?, rsifléons

rs759458 and kgpd

one or mors ¢ allelss at the location of kgpZd4415534, kgpshi39438,

A

k7747883, kgpbglTdis, rsléBREO04 and rsin94408,

n

cr ddentifying the human subjsct as a predicted non-responder to

glatiramsr acetate if the genotype of the subject contains
ne A alleles at the location of kgp8ll0667, ral0lsZ08%, raT7i%458 and

no ¢ oallseles at the location of kgpfd4dl5534, kopeifsd3n, kap?747883,

comprises determining a

o the leocation

ganotype of

of ong or nmors single nuclectide polymovphisms {SNPx)
thae group consisting  of: 510888087, ral373708, ral?575455,

Ay

re2487888, »s313339%1, rs8087801 and rs%4

identifying the human subiect as a pred

toted responder bo glatiramer
acetates 1f the genotype of the subject contains one or more A
alleles at the locaticon of »si4988087, one or more © allsles at ths
location of rsl7575455, or ons or more 5 allisles at the location of

rel873706, rs2487898, vs3Ii3E391, rsdul7801 or rs9disll3, or

glatiramer acstats 1f the genctyvpe of the subischt containg noe A
allelss at the location of rsliS8E(GE7, no € allelea at the location
of  rel75754535, or no G allelss at ths losation of  ral%73706,
reF4878%6, rs3135331, vse09780% or rs3478603.

In some smbodiments, the gencotyvpe is determined from a nucleic acid-

containing sampls thait has besn obtainsd from the subject,
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[y

In some embodiments, determining the genotype comprises using a

lected from the group consisting of

{BFLFE} analysis, ZRguencing

polymorphism analysis  (S3CF),

mismatch {2CM}, denaturing high psrformance liguid

Polymerase <Chain Reaction {(FCR) and an  array, or a

conbination thersof.

q

In some embodiments, the genobtypes is daten d uzing at leaszt ons
pair of POR primers and at least one praobe.

o2
)
@
4
.
s

In some embodiments, the array is zslected from the group con

of a gens chip, and a TagMan Opsn Avray.

In some embodiments, the gene chip is aslected from the group

a DNA chip, and a wi

4

genoms genotyping array.

In some embodiments, the arvay is a TagMan Open Avray.

Ganotyy

inge

32

‘(/

In soms enbodiments, dstermining the genotype of the subischt at the
location corvasponding 1 of the saild ons or more 3SNPs

comprizes:

‘,.

) obtaining DNA from a sample that has been obtained from

{11} optionally amplifyving the DNA; and

{111} subjecting the DNA or the amplified DHNA o a methoed selscted
from the group consisting o restricti fragment length
polyworphism (RFLP) analysis, ssguencing, single strand conformat:

sis (Z8CP), chemical cleavage of mismatch (2™},

denaturing high erformance ldgudd chromatography {DHPLIY,

s

e

Folymerase <Chain Reaction PCRY and an array, or a

ation

identity the one or mors SNPs.
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In some embodimant: the arvay comprises a plurality of probes

7]

detsrmining the ddentity of thes one or more SNPs.

n zome asmbodiments, the gens chip is a whole genome genctvping

array.

e <o NS m Y O R S N . e R 3 Yoex o
In soms embodiments, the human JUDFECT 18 &

o
i
3t
jt
<
]

3
&0
r
[
i
5
jou]
{

In  some  smbodiments, tha  human  subject  has  besn  previowsly

administered glatiramsy aceltats.

In some embodiments, the human subject has  besn previocusly

a sel

el a om

In soms embodiments, tTthe genotype 1s determined af  locations

corresponding toe the locations of 2, 3, 4, 5, &, 7, 8, %, 10, i1,
2, 13, 14, 13, 1% or more single nuclesotide polvaorphisms [(SNPs).

In soms embodiments, the genotype of the subject at the location
corrasponding  toe the leocation of one or more of the SNPs is
determined Indirscily by dstermining the gsnotyps of ths subiect at

a iocation corresponding to the location of at lsast ong SNP that is

in linkage dissgulliibrium with the ons op more SNPs.

In some embodiments, ths genotyvpe of the subiect at the location

of the one or mors SNPsz: is detsrmined

sponding Lo

by indirect genotvping.

In some embodimaents, the indirsct genofyping allows ldentification

of the genotyps of

location

the ons or more SMNPs with a probability of at least 85%.

In some embodiments, the tyvping allows ldentification

of the genotype of the szublescht at the location correspd

location of the one oy morese SNPz with a probability of

In some embodiments, the indirsct genotyping allows identification
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on of thse ons
aembodiments, the inveni T
- relapses in the last two

number of ralay

[ 4 o i 3
3 human sublect.
the invention further comprises ths tep of
Scals {ER3S)

'y A
ents,;
Db
Status

embodime
the baseline

in
Disabllity

SOIE
Ezpandead

determining
score for the human
her comprises

furthse

{

invention

or Figure

13 to

enbodinents

algorithm depilcted
QY as & pr

& predicted

as
glatiramsr acetale.

the step of determining the gsnotyps further

at & locatisn

whilam

ambhodiments,
of & subiect
rnucleotide polymorp

Iin some

comprises determining
af a singls

ng Lo the

covrespondl

(el

rs3135381;
wharein thes step of identifyving the human subjsct as a
to glatiramer acetate 1f the genotype of the subject
more & allelez at  the location  of

contains one  ov
35381, or

identifying the human subject as predicted
L f the genotype of the
‘ i: oand

subject

the step of
non~responder to glatiramer
in & alleles a

not contain

wherein
ace

further does

comprising &

further

25 Figure % or Figure
responder or as a predicted non-respondder
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ons or more T alleles at the location of rslll42743,

o
v
o
oy
]
u

ubiac

orresponding  to  the locatlon of one or mere of the INPs is

[oks

determined indirectly by determining the genotype of the subis

a location corresponding to the locatd of at least one NP that is
in linkags diseqguilibriuvm with the one or mors SNPs.

The present invention alzo provides a kit for identifying a human

or a4 single

attack consistent with multiple sclsroslis as a predicted

or as  a predicted non-rvesgponder to tiramay acstate, the kit

comprising at least one probe spacific for the location of a SNP

selacted from the group consisting of rsl82d4404, kgp¥747RE3,
kgpebi3438, relli1eZing, i, kgpdlldssT, RgpB8iTE5E,

with multipls

non-respondar to glatiramer acetate, the kit

one pair of PCR primers designed

group consisting of rsigf4408, kgpTT47E83, kgpolRo43g,
ra16886004, kgplllRes?, kgpBfl783¢&, kgpl441l5534, Kgptlid43d1l  and

§

The preszent dinvention alsoc provid

subitect afflicted with mulitipls rogi ; 3 single clinical

consistant with nmultiple sclerosi s a predicted vespondsr

oy as a preadicted nen-responder ~ate, the kit

comprising a reagent for performing a meth zlected from the group
consisting  of  restriction fragment length  polymorphism  (REPLES
analysis, seguancing, singlse strand conformation polyvmorphism
analvsis (SSCP), chemical cleavage of mismatch (CCM), gsne chip and

denaturing high performance liguid chromatography

determining the genotype of the subject at a locatien
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coensisting of rsl88d4dd, gpTT4ATRE3, rsi0lelogs,
rslo8B6004, |kgpB8lllas?, kgpdB81l7R3&, kgp24415534 kgpe2idibl  and
ra7h9454,

[

iso provid

fes
O
pa
s}

with multiplse sclarosis or

attack consistent with nultiple sclerosis as a
oy as  a predicted non-responder to glatiramer acetate, the kit

o

mprlsing  reagents  f

TasgMan  Open  Array assay designed  for

14 deftermining the genoty f the subiect at a lecation corrvesponding

J
151}
3
—
o
i
r

subject

i I o i PR - o RO ~ ~ - - . e PR
attack consistent with multiple sclerosis az a predictsd respondsy

or asz a preadicted non-responder Lo glatlirvamer acstate,

20 4} at lsast one probe specific for a location corvesponding to the
location of at least one SNP:
by at least one pair of PCR primers designed to amplify a DNA
sagment which includes & location corvresponding to the location of
at orne SNP:

25 ¢y at least ons pair of FCR primers designed Lo amplify & DNA

zegment which includss a location corresponding to the location of

v U P ] JE o e g Ty o ~ s
SNP and at least one probe specific for a looation

analysis, seguancing, single strand conformation  polvoorphism

avage of mismateh (CIM), gens c¢hip and
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f
i
§

G

aturing high performmance  liguid chromatoeography  {(DHPLO) for

detarmining the identity of at least one SNP: or

e) rveagents for TagMan Jpen Array assay designed for datermining the

genotype at a location corrssponding to the one

whareln Lhe at least one SNP 13 selectsd from the group consisting

G rslS94408,  kepTT47H83, hop6b80438,  rsl0162089,  ralég8e0nd,
kopR110667, kopB8R17856, kgpfd4iS334, kgps2143%51 and vsT59458,

In some embodiments, the at lsast one SNP is in linkes

Be]
0]

disegquilibriuvm with the one or more SNPs.

s
o
[y
i)
e
o~
3
o
£
o

Im soms embodiments, 3 whole genoms genotyping

the kit comprises

one  paly of PCR primers designed to amplify a DNA

sagment which includss the icocation

{11} at le=ast one probe specific for the loo
from the group consisting of rsif884408, kgp
rellle2089, rs16886804, kgpBli06eT, kapet
kapez14351 and rs759458.

- .

In some embodiments, the kit further comprises means for applyving

the algorithm depicted in PFigure 11 or Figure 13 to idani

subijsct as & pradicted responder or as a predicted non-responder to

glatiramer acetate.

In zome embodiments, the kit further comprises

for the lccaticon of & SNP rs3ilis39i;

j7]
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o
¥
7
i
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which includss the location of a SNP rs31353381;

odd # a method seslected from the group

atrand slymorphilsm

<

analysis {S8CP;, chemical cisavage of mismatoh {(C0M), gene chip and
denaturing high periormance iguid chromatography  (DHPLS) for

determining the genotype of the subiect at a location corrveszponding

to the location of a 38P »alL35381; or

2} reagents for TagMan Open Array assay designed for determining

the genotype of the subjsct at a location corvesponding to the

iccation of a SNP rsdi3dbisi,

and means for applying the algorithm depicted in Pigure B8, Figurs %
or Figure 10 to identify the subiject as a predicted respondesr or as

a predicted non-respondar to glatdvamsyr acetabts,

In some asmbodiments, the location of a 3NF

sisting of ru31353%81, rsl894408,

from the group

510162089,

kgpdd14331  and

o

0G4

s
4]
ket
(93
o
u!‘-

kgpH1i0667, kgpB817856, kgp2d

3

o

[

ey

1= o3
(ol

o

In some embodiments, the location of a SNP selscted from Group
consisting  of kgpT7T747883, kapeh29438, relis208%, 316886004,

kgpB8ll0667, hgpl8l7854, kgpZd44315534, kgpt2l4351 and rsTh8458.

W

In some embodiments, the kit further comprisss means for applving
the algorithm depiciad in Figere 12 or Figure 14 to idantify ths
subiect as a predicted responder or as a predicted non-respondsy to

glatiramer acetate.

In some embodiments, the kit further comprises instructions f£or use
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of the kit for identifying a human subject afflicted with multiple
clinical attack consziatent with multiple

rasponder on as a radicted non-responder

&

In soms embodiments, the genctype o©f the subiect at the location

corresponding to  the of ons or mox of  ths 3NPs iz

In soms smbodiments, the genotype of the subject at the leogation

correspeonding toe the location of one or more of the 3SNPs is

»
b3
ot
3
r

determined indirectly by detsrmining the genctype of the subjec

a loeation corresponding

in linkags diseguilibrium with the one or mors SNPs.

I some embodiments, of the subiect at a

tion oo

in  linkage diseguili
identificati of  the genotyps of the subjsct at the location
coyresponding to the lcocation of the one or wmors SNPs with a

probability of at lsast 80%.

In some embodiments, wherein determining %l genotype 2f the sublect

£ at least one 8NP that

at & location o :aponding o i

i din linkage diseguilibrium or omore  SWPs  allows

at the locatic

n
covresponding  to the location of the one oy mors 8NPz with a

rrobability of at least 90%.

0 soms smbodimani wharein determining the genostype of the subject
at a location corresponding to the location of at least ons SNP that
iz in linkage dissguilibrium with the one or nmors SNPs aliows
identification of the genotype of ths subject at the location
corresponding  fto the logation of the ons or more SNPs with a

probability of at least 89%.

The pressnt invention also provides a probsa for ldentifying the

i
7
Z
v}

genotype of a location corresponding to the location of
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selactaed from the group consisting of rsl834408, kap7747883,

kgpBh3a438, rel0léeia8y, rslé886004, RgpBLi0&sT, kgpBEL785¢,

bgpdddis834, kgph2l4351 and rsT7h8458,

in some smbodiments, the locatlion of a8 SNP selscted from the group
5 consisting of kapT747883, kanEha43n, rslila2o8s ralE8RE004,

kgpBlidss?, kopdB8l7856, kgp24415534, kqpéll43%1 and es75%45%

In some embodiments, the SNP is in linkage dizequilibrium with the

SR TN en
F
DM,

In  azomse embodiments, the location of  ths SyP

10 indirect by determining the gsaobtyps al a location
to the location of the SHNP that is in

the one oy more SMNPs.

is  detesrmined

corrasponding

iinkage diseguiliibrium with

The presant  invention also provides Glatiramer acetates or a
rharmaceutical composition comprising glatiramer acebtate for use in

=3

a human subiject afflicted with multiple

single olinical attack consistent with mnultiple
human sublject is identifisd as a predicted responder

acetate by:

a} determining a genotype of the subject at a

Lo the location of one or mors single nucleotide

cted from the group consisting of:
rsl0l62083, 3168886004,

kgpoddid3sl and rs75945

2110867,

and

1’

3y

£

b

idaentifving subdect as predicted responder

]

1)

¢

acetate 1f the the szubiect contains

the location

at bthe K

rsifE8&004 and

rrsio

of

k
rs18944

mors & alleles location

283,

one oE o

0

~
I

kqp774 KapHR17856, i

30 determining a genctyps of the

sclierosis

sclernsis

ralB8e4408,

of kgpR1IGE6T,

244158534,

o
£

o a
which

te glativamery

location corvesponding

polymorphisms
kgp7747883,

kgpBEl7854%,

glatiramer

e

ralGle2ang,

subject at
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location corresponding to  the lozatiosn of one or more single

welyvmorphisms {SNPs) sselected from the

r3ifleZias, rsléfdtelnd, kgpB8lliseT,

P
]
(73]
0
=
]
o
=
C'
.J
b

odiments, the

v.C>

anctyps of

corvesponding  to  the Iccation of one or more =f  the SNPs is
determinad indirectly by determining the genotype of the subischt at
a locatlon corresponding to the leocation of at least ons SNP that is

in linkage diseguilibrium with the ons or more SNP=z.

In some embodiments,

5

location corresponding

in  linkage disegulilibrium with the one or more SNPs  allows

“he

Lo the logation of the one or more SNPs

BEERY

The present invention also

provides a methoed determining the

genotyps of a3 human subjsct comprising identifying whether the

genoitype of a human subjesct contains

one ¢r morse A allseles

r3758458 and kgpéll4351, ov

KgpE599438

In some smbodimsnis, ddentifyving whather the genotype of a human

onge or more A azlleles at the location of kgpllllsadT, rslfi&2089,

location of

rsleBREG04 and r3lgs4408

of

ig determined indirx by det

at

o

location corrvesponding to the location of at least ons SNP that
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ilibrium with the ons or more SNPa.

cium with the
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in linkage disegud

18 determined

In some embodiments, the genotype ¢f the human subliect

&

indirectl of the human subject at a

SNP that is in linkage

[
i}

combinations of the variousz elements described herein are wi

the scope ©

used herein, & genetlc marker refers Lo a DNA zsgusnes That has a

H . » T - - o~ 1 - o~
known non~-Limiting examples of

clazses o f

polymorphasnt,;

polymorphism) .

polymorphism,

aszzociated with ths inventio ars 3NPs. Az used perein a 3NF or

otide polymorphism”

In otheyr embodiments

e, In still oth embodimants the 3SNP is located in an intergenic

region.

iich information on

Several non-iimiting ex

= ""}§ a5

be

SNPs or genes that are assogl digseass

retrieved include: NCBI resources, The 3NF Conseortiuvm LTD, NCBI

n
HapMap Projecht, 1000 Genomes Project,

Labase,

Glovar Variation PharmGKRB, GEN-SniP, and SNPsdia.
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8NPz are idsntified herein using the s  ddentifi

accordance with  the NCBI  dbSNP  database, which 1s publically
ai: nokbionlo.nih.gov/proes / or  using  the  kgp

identifisey numbers, which were craated by I

addition, J&KPs can be identifisd by the spscific location on the

chromosome indicataed for the specific SNP.

™

Additicnal information aboub ildentifvirng SNPs can be

the MCBI database GNP FAQ archive located
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In some embodiments, SNPFs in linkage dissguilibrium with the SNPs

asaociated with the invention are useful for obtaining similar

results. As used herein, linkage disequilibrium refers to t

random  association  of  SNPs  at  one  loci. Technigues for  ths

measurement of linkags diseguilibrium are known in the art. As ftwo
SNFs are in linkage diseguilibrium if they are inherited togsther,

thay provida

diseguilibrium with the SNPs included in ths models <an

ba  obtainsd from databases suach  as  HapMap or other rslated

run in or  from

abas

computer-aided in-zilico experiy Datermining the genctype of a

subiect at a positlon of 3NP as specified herein, o.¢g. as specified

]

by NCOBI dhbSNP rs ldentifier, may comprise "dirsect genobtyping®, =.g.

by determining the identity of the nucleotids of

NP, argd/or Tindirect genotyping®
avaluating/determining the identity of an allele at one or more laci
that are in linkage dissequilibrium with the 8NP in gquestion,

allowing one identity of

in gueation
indirect genotyping may comprise determi

allele at one or more loci

- .

diseguiidbrium with the SNP in gusstion so as toe allow one to infex
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the ddentity of asach allele at the locus of 8NP in guestion with a

probability of at least 85%,

B

the T repressnts
thvmine, ¢ represents ovtoslips, and § respressents guanioe. The

identity of two alleles at & singls SNP may be repr

nted by a two
letter combination of A, T, {, and &, whers the first letter of the
two lettsy combination represents one al

represants the second allele;, and whers A rvepresents

reprasents bthymine, C represents cytozine, and § reprasen
Thus, a two allsle genotype at a 3SNP can bs represented as, for
AC, TT, TaE, TC, GG, 6T, or CC. It is undsrstood

TC, and GO are eqguivalent te TA, GA, CA, GT,

The SNFs of the lovention can bse used as predictive indicators of

the response Lo GA in subiaschs afflicted with multdple solerosis oz

a single clinical attack consistent with multipls szl

of the invention to determining th

e presence

chtaining a patient DNA sample and evaluating the patient sample for

of SNPs.

the pressance of one or more SNPs, or for a certai

should be appreciated that a patient DNA samplise can bs extrachesd,

anad a SNP can be detected in the sample, through any means known o

one of ordinary skill din art. Some non~ limibting examgles of known

techniques inciude detection wvia restriciion fragment  length

polymorphism (RFLP} analysis, arvays including but not limited o

planay  microarrays ov  bsad arvays, eguencing, singls strand

cortformation polymorphism  analysis  {88CP}, c¢henical coleavage of

mismatoh {COMY, Polymerase chaln reactlon (PCR) &

denaturing high
parformancs liguid chromatography (DHPLI).

(o R

In some embodimsnts, the genotyping arvay 1s a whole genome

array. In some embodimsnts, the Whole-genome genctyping

arrays ag defined here are arravs that contain hundreds of thousands
to miilions of genetic sequences {which may also bs named “probssT).

In some embodinmsnts, Whole-genoms genctyping arrvays contain 500,000
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In some

Whole—-genome genotyping CTAYE

ceontain 1 omillion probes or more. In some ambodimsobs, Whole-genome

a SHNP is detected through PCR amplification and

sequencing of the DNA reglon comprising the SNP. In scuns embodiments
SNPs are detected using arravs, =sxempilfied by gene chip, including

Ty o e y RSN . o . N . - - NN T
but neot limited to DNA arrays or micrearrays, DNA chips, and whale

genome genotyeing arvays, all of which may be for ezample planar
cr beadd arrays, or a TagMan open Array. e/ Microarcays

genetlic polymorphisms, changss or mutations {io

general, genetlc varilaticons) such as a SNF in a DNA ssgquence, may

s@upulences are

genetic variations to be studied. Using standard robotic printer

apply probes o the arvay a high density of individual probe

features can  be for example denzities of 6800
features om? i, The positiloning

2

of probes on an array iz pracisely controiled by the printing device

{robot, inkijet printer, photolithographic mask este) and probhes are

in a grid., The cf  probes  on

4
e

facilitates the subsaeguant
intervactions. Additionally it is common, but not necsssary, Lo

divide the arrvay features into szmaller szectors, also grid-shaped,

that. are subseguently subi~arvays. Sulb-arcvays
typilcally comp e 32 indi tures although low (2.0,
1€} or higher {e.g. 64 can compriss each sub
array. In some arrays are connected to beads instead of

support. Such arvravs ave called "bead arrays" or “bead

In some snbodiments, detection of genetic wvariation szuch as the

presence of a 3SNEF  involves hybridization to  seguences  which

polymerass

molacule. A& laser can be
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used to detect bound labeled fragments on the ohip and thus an

individual whoe 13  homozygous for the normal allele be

specifically distinguished from hetsyozygous individueals {in the
case of autezomal dominant conditionz then these individuals ars
referred to as carriers! or those who are homozygous for the mubtant
allela. In some embodiments, the amplification reaction and/or
extension reaction is carvied out on the microarray or bead itself.
For differential hybridization bassed methods thsre are a number of
methods for anaiyzing hybridization data for genociyping: Increase in
hybridization level: The hybridization lavels of probes
complementary te  the normal and mutant allelss are compared.
Decrease in hybridization level: Differencss in ths ssquence betwesn
a control sampls and a8 test sample can be ildentified by a dmcrease
in the hvbridization level of the totally complemsntary
cligonucliecotides with a refsrence seguence. A loss approximating
100% is produced In mutant homozvgous individuals while there is
crnly an approximately 50% loss in hetevozvgotes. In Microcarravs for
examining all the basez of & seguence of "o nucleotides
{"oligonucleotide™) of length in both strands, a minimum of "Zn”
cligonuclaciides that overlap with the previcus cligonucleoiide in
all the seguence except in the nucleotide are necessary. Typicaliy
the zize of the coligonuclieotides is about 25 nucleotides. Howsver it
should be apprasciated that the oligonuclscetide can e any length
that is appropriate as would be understood by one of crdinary skill
in the art. The increase number o©f coligonuclectides ussed o
reconstruct the ssguance reduces srrors derived from fluctuation of

the hybridization level.

Howewar, tThe exact change in seguence canncetb be identified with this

method; in some embodimentzs this method is combined with sesgusncin

NG

to  identify the mutation, Where amplificaticn or extension 1

@

carrvied out on & microarray or bead itself, three wmethods arve

pressnted by way of example: In the Minlseguencing strategy, a

mutation specific primer is fizxed on the siide and after an
extension reaction with fluorsscesnt dideoxynuclsotides, the image of

the Microarray is captured with a scanner. In the Primer exiension
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strateqgy, twoe coligonucleotides are designad for detection of the

type and mubani sequancss respectively. The extension reaction
is  subsequently carried out with one fluocrescentiy labeled
nucleastide and the remaining nucleotides unlabsiled, In either case
the starfing material can bs either an RNA sample or a DNA product
ampiified by PCR. In the Tag arrays stratsqgy, an extension reaction
is warried out in scluticon with specific primsrs, which carry a
etermined 5' sequence or Ttag®. The use of Microarrays with
oligonuclieotides complemsntary to these szsequences or “"tags" allows

the capture of the resultant products of the extenszion. Ezamples of

this incliude the high denzity Micyoarray "Plex-flex"™ {(aifymetriz).
In the Iilumina 1M Dou Beadihip array

N

{illumina.com/products/humanlm dus dna analysis beadchip kits.ilmn),

GNP gsnotypes ars gensratsd from flucrasscent intsnsitiss using the

manufacturer’s default cluster ssttings.

In aome aspscitsz of the invention measursment of clinical wvariables
comprises part of the prediciion model predicting response to GA
along with the genetic variables. Soms non-limiting examples are age
of the  patisnt {in Years), gaender of  patisnt, ciinic

manifestations, MRI pavamster, ocountry, ancestry, and vyears of
exposure Lo treatment? "Ulindcal manifestations® lnclude but are not
limited to ELRSS scove such 33 baseline EDSE scores, iog of numbsr of
relapses in last 2 Years and relapss rate. "MRI parameters”™ include
bnit are not limited to the velume asnd/cr number of Tl enhancing
lasions and/or T2 enhancing lesions: sxemplified by baseline volums
of T2 lesion, numbesr of &Gd-T1 lesions at baseline. In ceariain aspsch
of the invention, the olinical wvariables taksen inte account are as
measursad at the time of the decision aboult the treatment sultabls

far the patient, or measured at a time point detsrmined kv the

physician, rezearcher or other professional  involved in

decision.

The identification of a patisnt as a responder or as a non~responder

¢t
&)

GA based on the presence of at lsash one SNP from tablas Z2-22 and

[V

o

-33, a set of SNPs from tables 2-22 and 24-332, or ths combination

of a 8NP or a sst £ SNPs from tables Z-27 and 24-33 with one or

o
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more clinical variablez descgribed above, may bDe used far predicting

response to GA.

(o3

b

Also within the scope of the invention are kits and instructicns
thelr use. In zoms enmbodiments kits asaociated with ths invention

are Xits fTor identi

Lng one or more SNPs within a patisnt samgle

In soms embodiments a kit may contain primers for amplifying a
specific gsnetic lIocus. In some embodiments, a kit may contain a
probe for hybridizing to a specific 3WE. The kit of the invention
can include reagents for conducting sach of the following assavs
including pul not limited o restriction fragment length
polymorphism {RFLP) analysis, arrayvs including but neot limited to
planar microarrays r bead arravs, seguencing, aingle strand
conformation polymorphism analvais (S8CP), chemical oleavags of
mismatch (COM), and denaturing high performance Iiguid
chromatography (DHPLC), PCR amplification and ssqguencing of the DNA
region compriszing the SNP., A kit of the invention can incliude a
description of use of the contents of the kit for participation in
any biclogical or chemical mechanism disclosed hsrein. B kit can

inciuads instructions for use of the kit componsnis alons or in

combination with other methods or compositions for assisting in
screening or diagnosing a sample and/or detsrmining whether a

subiect 1

o

a responder or a non-responder to GA,

Forms of Multiple Sclerosis:

There are five distinct dissase stages and/or types of M3:

1) benign multiple sclerosis;

2} relapsing-remitting multipls sclerosis (RRMS):

1} secondary progressive multiple sclercsis (5PMS):
PRI

4) progressive relapsing multiple sclercsis ME); and

wut
<
=

} -
=1
o
[
[

ey ]

progressive multipls sclevosi

Lﬂ

{PEMS) .

Benign multiple sclerosis is & rebrospective diagnosis which is
charasoterized by 1-2 exacsrbaticons with complste racovery, no
ilasting disability and nc disease prograssion for 10-15 vears aftar
the initial onseit. Benign multiple sclerosis may, however, progress

into other forms of multiple sclevosis.
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Patients suffering from RRMS ezperisnce sporadic sxacerbations o
relapses, as well as periocds of rvemission, Lesions and evidence of

azonal

may or may not be visible on MRI for patients wiih RRME,
SPMS may evoive from RBRMS. Patients afflictsd with SPMS hav

relapses, a diminizshing degree of recovery during remissions, less
frequent vemissions and more pronouncsed neurclogical deficits than
RRMS patients. Enlarged wventriclas, which are markers for atvophy of
the corpus callosum, midlines center and spinal cord, are visible on

MEY of patisnts with SPMS

PPME  is  charactsrized by & steady progression of  increasing

neurclogic deficitvs  without distinct attacks or remissions,

~

Carebral lesions, diffuse spinal cord damage and evidence of axonal
loss are svident on the MRI of patisnts with PPME. PFMS has periods
of acute exacerbations while procseding along a course of increasing
navrcloglical deficlis without remizsions. Lezicons arve svident on MRI

of patients suffering from PREMS. (28}

A clinically isolated syndrome {CIS) iz a single monosymptomatic

attack compatible with M8, such as optic neuritis, brain stem

symptoms, and partial myelitiz. Patlents with CIS that experiencs a
zecond clinical attack are generally considered to have clinically
definite multiple sclerosis (CDMS). Over 80 percent of patisents with

a CIS and MRI lesions ¢go on Lo develop MS, whils approximately 20
peroent have a self-limited process. {29%,30) Patisnts who sxpsrisnce
a single clinical attack consistent with MS may have at least one
lesion consistent with multiple sclercsis priosr to the development

of clinically definits multiple sclercsis.

Multiple sclercsis may present with optic neuritis, blurring of
vision, diplopla, involuntary rapid eyve movemsnt, blindness, loss of
balance, tramors, ataxia, vertigo, clumsiness of a limb, lack of co-
srdination, weakness of one or more extremify, altersd muscls tons,
muscle stiffness, spasms, tingiing, parasstheslis, burning
sensations, musclie painsg, facial pain, trigeminal neuralgia,
stabbing zharp painsg, burning tingling pain, slowing of spsech,
siurring of words, changes In rhythm of speech, dysphagis, fatigue,

bladder preoblems {including urgency, freguency, incomplets empiving
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...3"_?...
and incontinencs), bowel problems {including constipation and loss

o
h

of  bowel ¢ rol), topetances, diminished sexual arcusal, loss

.

sensation, ssensitivity to heat, loszs of short term memosry, loss of

concentration, or loss of judgment or reasoning.

zlapsing Form of Multiple Sclerosis:

The term relapsing ME includes:

1} patients with BRMS;

2} patients with SPMS and superimposed relapsss: and

3}  patients with €IS who show lesion on
subsaguent MRI scans according to McoDonald®s criteris.

As used hersin, relapsing forms of multiple sclercesis include:

Relapsing-remitting wmultiple sclsreoszis  {RBRMS), characterized by

usnpredictable acube episodes of neurcleogical dysfunction {(relapses),

followsd by varilabls rscovery and pariods of clindcal stability;

Secondary  FPrograssive M8 (SPMS}, wherein pat

ants hawving RRMS
develop sustainad deterioration with or without relapses

supsrimposed; and

Primary progressive-relapsing mualitipie sclerosis { FPRMS) or
progressive-relapsing multiple scleresis  (PRMS), an ucncommon  form
wherein patilents developing a progressive deterioration from the
beginning can alsc develop relapsss latsr on.

[l

Kurtzke Expanded Disabllity Status Scale (EDSS:

The RKurtzke Expanded Disability Status Scale {(EDSS) iz a method of
quantifyving dissbility in multiple sclerosis. The EDSS veplacsd the
previous Disability Status Scales which used to bunch people with MS
in the lower brackets. The BEDSS gquantifiss disabllity in eight

Funictional Systems ({F8) and allows neurclogists to  as

i

g oA
Functional Syatem Score {FE8) in each of these. The functional
3ystems are: pyramldal, cerebellar, brainstem, sensory, bowel and
Izladder, vizual & carebral {acoordlong o mult-
sclerosis.or

expandeddisabilitystatusscalsa).

st

te]

Clinical Relapse:
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A clinical rslapse, which may also be used herein as “relapse,”

»

firmed relapss,” or “olindeally definsd relapse,” is definsd as

N

appearvance of ong Qr more naw neuroliogioal abnormalitiss oy the

redapprRarancs of Gns Qx mors pr aviousl ahseaerved DTGl .') ical

u’.‘)

precaded by & relatively stable or improving
neurclogical state of at least 30 davs., 7
from the colinical definition of sxacerbation “at least 24 hours

31y a3 detailed in the section “relapse

duration of symphoms,

I2

An ewvent 1is counted as

when Lhe symptoms

“tive neurologioal changes,

consistent wibth:

a} an increase of at least 0.5 in the EDSS score oy one grade in the

1'\
o]
i
r')

two or more of the ssven F§ {323

R} two grades in the scors of one of PSS as compare

[

{’T‘;
[o}
rt
9]
-
o
[
el
4
%
r"a‘
/

m

i

ivation.

The subject muzt not bes undergoing any aoute metabolic changes such

aa fever or other medical abnormality. & change in bowel/bladder

fanction or in must not be entirely

for © changes 1n ERSS or PR scores.
As used herein, a "multiple sclerosis drug®™ iz a drug or an agent
intended  to treat clinically defined Mg, TLE, any form of

neurcedegenerative or demvelinating diseases, oy symptoms of any of

1
o}
iy
.
.
"
-
i
{

the above mantioned dissases. "Multiple sclerosis drugs®™ may
but  are not  limitsd to  antibodies, immunoasuppressants, anti-

inflammatory agents, immuncomodulators, covtoekines, coytotoxic agents

and stercids and may approved

trial, or alternative bLreatments, intended to treat olindcally

defined ME, CI8 or any form of neurcdegsnerative or denvelloating

3 e e STRS M el - Y (JEVNe 5 e 11 n v p 3 5 P
diseases. "Multiple scierosis druags™ include but avre not limited to

')’}

Interfersn and lis derivatives {i

RERBIF®), Mitoxantrone and Wataliz oy in-trial
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for the treatment of other autocimmune diseases, but used in a M3 or

-~

OIS patisot to treat M5 or CIE are also defined asz multiple

sclerosis drugs.

As used hersin, a "naive patient” is a subiect that has not been
treatad with any mulbtiple sclevesis drugs as defined in the former

paragragh.

The administration of glatiramer aceftate may be oral, nasal,
pulmonary, parsnteral, intravenous, intra-articular, Lransdermal,
intradermal, subcutaneous, topical, intramuscular, rectal,

intrathecal, intraccoular, buccal cr by gavage,

oo
1]

used herein, TGALAT is a phase 3 clini trial sntitiaed A Study

oy

Subjects With Relapsing-kRemitting Multiple Sclerosis (BRMS) to
Azssess the Efficacy, Safety and Tolerability of Glatiramer AJAcetate
{GA} Injecticn 40 mg Administered Thrzse Timeszs a Week Compared to
Placebo {GALAY . The GALA trial has the ClinlcaliTrials.gow
Identifisy NQTOI067521, and additional information about the trial

inicaltoials.gov/otl/show/NCTDLOETS2 L.

sy

oan be found at o«

Az used herein, YEFORTE” i1z a phase 3 clinical trial entitled
“Clinical Trial Comparing Treatment of Relapsing-Remitting Multiple
Scisrozis (RR-MS) With Two Doses of Glatiramer Acstate (GAY . The
FORTE trial has the ClinicalTrials.gov Identifier NCTO0337779% and

additicnal infeormation, including study rassults can bs found at

Az uszed herein, “aboul” with regard to a stated rnumbsy sncompasses a

range of +10 pesrcent to of the stated value. By way of

example, about 100 ma/kg therefore includes the range $0-100 mglkg
and thervefore also includes 90, 31, 82, 83, 34, 8%, 136, 97, 388, 9%,
100, 101, 102z, 103, 194, 105, 106, 107, 018, 103 and 110 mg/kyg.
Aocordlingly, about 180 mg/kg includes, in an ambodimsnt, 100 wmgiky.

It iz understocod that where a parvameisy vangs is provided, all
integers within that range, fenths thereosf, and hundredths thersof,
are alsoe provided by thes invention. For example, “0.Z2-5 mg/kg” is a

disclosure of ¢.2 mwmgrfkg, .21 mglig, .22 mglkg, 0.23 mg/kg ete. up

to 0.3 mglkg, £.3%1 wmoglkg, 0032 mgdkg, .33 wmadlkg eto. up to .4
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mglihg, 0.5 mgikg, 0.6 mg/kg e

ot

11 combinations of the vario:

the scope of the invention.

This invenblon will Dbe Dbetter understood by

aikls which

readily appreciates that the spascific =sypsriments detailed are only
iliustrative of the invention az described more fully in the claims
which follow thareafter.

Experimental Details

the Study

Copaxona® {(Glatirameyr acstate) is a leading drug for ths tyeatment

of M that is mavketed by TEVA, Glatiramer acetate significantly

1% not

...,
3}
-
.
o7
&
¢
d
-~
)]
w
Ly
e
3
i
¢
&
s}
i
D
’

improveas pabtient ocutcomes, but gl
egually effective in a1l patients. Individual differences between

patients, including inhervited genstic factors, can account for

significant differences in dirndividual responses Lo wms

conseguance  of thiz diversity is that no singls medication is

effective 1in  all patients. Clinical and genetic factors are

predictive of patient response to glatirvamer acetats,

In the following Examples, predictive genetlc factors o

-

)

acevats treabtment response ars ldantifie

ang
demonstrated to help guide MS drug therapy to significantly improve

7.«
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Exanplses

Example 1 Patient Populations

Responsgse definitions were recelved

gilatirvamey acetate clinical trial

WEIe

asrbram: ndn-respondear according

1.

Takle 1.

cohorts {GALA, FORTE) and p

as resporder, ri~rasponder, extr

Pefinition of Glatiramsr

PCT/US2016/028316

ﬁme~resp0nder; (o3

criteria sebt forth in Tabls

Acetate Responders and Non-

Regpondars and population representation in GALA and FORTE aohorts,

Rumber of samples

{% of cochort}

GALA  FORTE GALA placebo

Rasponders:

years < ~i.

Change in Anﬁual Relapseid0 &21 §97

Rate. (ARR} . from. previous

21426%) {368}  (259%)

gﬁespeﬁdexs
i Extreme Responders:

2 vears <

Change in AER from praviousits 95 23
~T and new TZ2i{B.5%) 1{18%) (&%}

Lesions = 0 and Relapse Free

Nonw

§R@spénd@xs'
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Example 2 Patient Ganotyping

DNA zamples from categorized patlents were sublecht o gualiity oonbral
analysizs followed by genotyping with the Iilumina OMMNI-5M genome wide
array. Thisz array tests 4,301,331 wariants with a median marker
spacing of 360 bp., The arvay includes 4,004 ron-synonymous SHEs
including 43, %04 varzants in the MHC region. Over 800 patients were

genohyped.
Genotvping Quality Control

An Illumina-derived algorithm of SNP cluster definitions {i.e., the
gpacific parameterszs used to determine specific gesnotypss of each
SNP) was usaed to determine the 4,301,331 genctypes for each of the
genctypad samples. For gesnotyping 20, SHPs wers evaluated as either
pass, £ail, or the SNP cluster calling definitions ware rewvised and

the SNF was re-evaluated as pass or fail.

fvaluation of JZNPs with poor cocluster sseparvation values {i.e., the

location o©f  SNP  calling  clusters wers vary cless  Logether)
identified 126 8NPz for which 8NP clustsring was manually corrvectsd,

svaluaticon of SMPs that were not in Harvdy-Weinburg eguilibrium
identified 1,000 5SNPs for which SNP clustering was manually
corractad. Evaluation of SNPs with low GO socores (GO score: an
Iilumina-devaloped score of overall SNP psriormance) identifisd
10,000 SNPs  for which 8NP clustering was manually corrected.
Evaluation of SNPs with low GC scores also identifisd 160,000 SNPs
for which SHP <lustering was revised using Illumina GenomeStudic
software to re-define SNFP cluster calling definiticonz. A total of

324 ENPs were scored as “failed” and removed from further analyses

due to poor SNP clustering that could not be manually corvected.

In addition, &SNPz with low c¢all ratss {i.e., a low number of
genotype calls were generated from a particular SNP test) were
scored as “fail” and removed from further analyszes. Applyving a “call
rate” threshold of »85% to the 4,301,331 3NPs tested {1.e.,. for sach
SNP, the % of samples for which a gencltype was called) reasulted in
“fails” for 4,384 8NPz, vielding a total of 4,286,423 SNPs availabls

for subseqguent analvses {39.89% of variants tested).
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- 43 -

rates less than 94%

gnotypad B3NPs produc

rates of 4%-93%, and resulted in & final

subsequent analysses. Notably, of these 31 sxcludsed zamples, 18 {(38%)

had very low (<1 ngdull DNA concentrations and 12 of the other 13
3

excluded samplss had low DNA guality (OB 280/280 ratio <1.8 or

»2.01, or low DNA volumes.

-4
53
Ies
w
.
z,
I
|47)
1%
(&)
el
[s4]
oo
}..
i3
e
% b
o
293
o
i)
o

max. 38.96%) indicative of high gualit

for thase zamplas.

Bxampla 3 Overview of Genetic Analyai
Genotype dats was merged with selected olinical dats {(Responder/Non-

Rasponder status, couniry, Ag

H
g

&, gander, ancestry, log of nur
relapses in last ¢ Years, baseline EDES zocore, baseline volume of TZ
lesion, number of S8d-Tl lesions at baseline, and vears of exposurse to
treatment) . Asszociastion and regrsssion analyses were conducted using

SVET softwars.

Analyses were conducted using standard association analyses and
regression analysss. To mazimize the statistical power for high
pricrity variants, the analyses began with fooused list of candidate
variants (35%), then expandsed to a larger number of warlants in 3G

genes, then expanded to variants in 180 candidate genss, and finally
axpanded Lo the entire genome-wide analysis,

For each stage of assocliation analyses, results ware caloulated to
identify gesnetic associations using thres genetfic models:

1. Allelic Model {chi-sguare, chi-sguare -~10LogP, fisher exact,
fisher exact ~10LogP, values for fisher and chi-squars with

Bonferoni o

rechion, Gdds Raticos and Confidencs Bounds, Regression
P-yvalue, Regression -logiQd P, Call Rate {(Cases), Call Rate
{Controls), Minor Allele Freguency, Allsle ¥Freg. (lases}, Allels
g. {Controls Major Allele Freguency, Allels Freg. {Cases),

8
Allels Frag. (Controls), Genotype Counts for cases and controls,
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A
~ B~

t P-value

P-valuzs, Correl
-ilogld P, Call Rate, Call Rate

i oo - g TR o e . o Y o~ K R Tl e e TR 3 T e oy
3 y C ate v s}, Minor Allele Fregusnoy, Allele Frag.

For each stage of regression analysss, resulis wsre calculatsd to

identify genetic asscoclations using an additive genstic model.
10 Example 4 Stages of Analysis

Stage 1. Discovery Cohort {n = 318: 198 R ws. 120 HR} -~ In the first
stage of analysis, the discovery cohort (GALA} was anaiyzed o
Vs

identify wvariants assoclated with good responss pOOr response,

Stage 2. Replication Cohort (n = 262: 201 R wz. ©61 NR} - In the

.

-
[93]

second stags of sach analysis, wariants selscted in ths discovery
& analvzed to identify

cohort  wer replicating asscociations in the
FORTE replicstion cohort associated with good response vs, poot

ezpensze,

Stags 3. Combined Cohorts (no= %80: 3%% B wvs., 111 NMR)Y ~ In the third

20 stage of the analysis, the combined GALA and FORTE coohorts ware

Stage 4. Placebo Cohort {(n o= 19%6: 8% R wva. 101 NR}) In the fourth
stage of the analysis, the placebo oohort [GALA placsebol was
nalyzed to identify variants associated with placebo response/non-

] confirm whether

o

TESPONSSE. Thase rasults will be L

N3
(o]

significantly assoclated wvarilanits ave specific to glatiramer acetate
drug response versus disease severity.

s

An ovsyview of the

o3

2 analyses is pressnted in Tabls A, for =2ac

n

stage a asten—wise analysis was parformed in order Lo maximize study
- b pj Z

Table A: Overview of the analyszses used to identify genetic markers

1
pradictive of response to glatiramer acetate.
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Iin some embodiments genetic marke

identified as predictive of

for ths GALA cohort is less

lsss than

i
jou
in
o
=
i
i

sl as precdicotlve of

valiug for the TORTE cohort is

0.08, less than abkout 0.43, less

0.00% or less than about 0.001.

In socome ambodiments

Lodentid

genetic

= as pr

value for the Combined cohort is

less than about .05,

G.0g,

0.00% or le:

about

than aboub

aboab

Example € Analysis Part 2 - Analysis of Candidate Genss

The second analysis was limited

iority

variants in 30 pr

{B0%; to identilfy significant

ratio »4, for wvar

i
{Or rave alleles {(5%) with an

Results for

Selected a priocri for

tables 4-5, respectively.

In some enmbodiments genebtic

identified as predictivs of

for ths GALA cchort i leszs

w

Lﬂ

0.01 or less than about .00

In somse enbodimsnts

identified as pradictive cf respons

value for the FCORTE cohort is

rs pressnted in

response Lo

about 0.05, less than

mbodinents genetic markers
Yesponss
isss than

than

markers

ictive of respanss

candidate
genebi

ants with an allels
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Tables 2 and 3 are

glativamer acetate 1if the p-

than about 0.12, lesas than about

about 4.01 or less than about

presentaed in Tables Z and 3 are

to glatiramer acetats 1f

abwout G.12, less than about

abkout 0.01, less than sbout

and 3
if the p-

pragented in Tables 2 ATE

o glatiramer aceta
1

less than about $.12, less than

less than about 0.01, less than

¢.0201,

(30)

toe & szelected set of genetic
genes {4,012 wvariants). Powsy

odds
than 10%,

¢ associations with an

frequency greatex

odds ratioc ¥a).

Top 30 Candidate Genes

models are presanted in

prasented in Tables 4-3 ars

glatiramer acebtate Lf the p-

than about 0.05, lass than about

presaented in Tables 4-3 are

to glativamsr acetats 1f the p-

about .10, less than about
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0,405, lsss than about .01, less than about O

0,001,
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In zome smpodiments genstic marvkers prasented in Tabklez 4 and 5 are
identified as predictive of rezponze Lo glatiramer acetate if the p-
valuge for the Combined cohort iz lsss than about 0,05, lsss than
aboui 0,01, less than about €.9065, less than about 0,001, less ¢han
about 0.0005 or less than about 1077,

“2

Bxample 7 Analysis Part 3 - Analvsis of Candidate Genss {180}

The third analysis was limited to a selsctsd zet of genetic variants

in 180 priorvity candidate genes (25,4061 variants}).

results  for Standard Response Pefinition, 180 Candidate Geanes
Seiected a pricri for Additive and Allelic models are pressented in

tablaes &~7, respectively.

In some embodimsnts genetic marksars presented in Tables & and 7 ars
identified az predictive of response to glatliramer acebtate if the p-
value for the GALA cohort is less than about 0.03, lsssz than about
0.01, less than about 0.005, less than about 0.001, less than about

0.0005% or less than aboubt 1874,

In some embodimasnts gensetic markers presented in Tables € and 7 ars
identified as predictive of response to glatiramer acetate 1f the o~
valuse for the FCORTE cohort is lesgs than about 0.05, lsss than about
0.01 or less than about {$.00%,

~~
i
¥

In sowme embodiments genetic markers presented in Taklez & and are
identified as predictive of response to glatiramer acetate if the p-
valiue for the Combined oohort is less than about 0,05, lass than
about (¢.01L, isss than aout O.005%, lsss than about 0.001;, lsszs than

about 0.0005 or less than about 1474,
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Example 8 Analvsis Part 4 - Genowms Wide Analysis

A full genome-wide analvsis was then conducted (4 M wvariants). Power

{(84%) with Benfervoni statistical correction to identify significant

{82}

genetic asscociations with an odds ratice »7, for wariants with an allele
freguency greatsr than 10%. {Or rare allesles (2%} with an odds ratio
»11Y. Approximately 4,200 varianta were selected for analyvsis in stags 2

{replication) (P < {.0011},

Replication Cchort {(n = 28Z: 20i R wvs, &1 NR} - In the szscond stags ©
14 analysis, wvariants sslected in the discovery cohort wsre analyzed to
identify replicating asscclations in  ths FORTE replicatico  cohort
associated with good response vs. pooy response. Based upon an analysis
of an estimated 4,200 variants, there is statistical power {(80%) with
Bonferroni corrsction to ddentify significant genatic assoclations with

L5 an odds ravtio »6.%, for warilants with an allels frecguenoy greater than

o

5

Combined Cohorts {(n = 58%: 339 R wvs, 111 MR} - In ths third stags of ths
analysis, the combinad GALA and FORTE cohorts wers anslyzed ldentify
variants associated with response/non-response using a full genome-wide

26 analysis {4 M variants).

results  for Standard Rassponse Definition, Genome Wide Apnalysis for

additive and Allslic models are prasented in tabiles 8-9%, respschively.

In some embodiments genstic marvrkers praesented in Tables 8 and 3 are
identifisd as predictive of response to glatiramer acetate 1f the p-value
25 for the GALA ccochori iz less than about 0.001, 1sss than about (.90005,

less than about 107 or lass than about 5 ¥ 107%,

In some embodiments genetic markers presents in Tables 8 and 9 are
identified as predictive of responze to glatiramer acetates 1f the p-valus
for the FCRTE cohort is less than about .05, less than about .01, lass

3¢ than about §.0605, lsss than about (.601 or isss than about §.G005.
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In azome apbodiments gensetic markers presented in Tablez 8-9 are
identified as predictive of response to glatiramer acetate if the p-
value for the Combined cohort is less than aboutr £.05, iesz than
about .01, lsss than aboubt 0.005, isss than aboueh $.001, or less
than about 0.0005, less than abeout 107%, less than about 3 *  107%,
less than about 107%, less than about 8 % 107% less than about 107°

or less than aboubt 5 ¥ 1077,

In the fourth stage of the analysis, ths placebo cchort {(n = 194t 355
R wa, 101 NRY (GALA placebe) was analyzed o identify wvariants
assoctated with placebo response/non-response. These results will be
used to confirm whether significantiy assccizted wvariants are

apecific  to  glatiramer acetats drug  response versus  disease

sevaerity.
Overlap with Placebo Cohort Results:

An analysis to investigate whether any of the highly associated

oy

variants ({(P<I.0001) rom the combined coherts in the additivs
association anaiysis zhowed a similar significant association in the
plilacebo cohort  waszs  conducted. This analysis identified two
overlapping assocliations  with the placebs  associations, which
include the 133 rop assooiated variant in the combined oohorts
{variant kpg3l44181) and the 242™ top associated variant in the

combinaed cohort {(kpg7003887).

Results for Standard Responss Definition, Placsbo Cohort Results for
Additive and Allslic models ars prezentsd in tables 16-11,

respactively.
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Part I - Analysiz of (andidate Varianis

The initial analysis waszs analyzed to 35 gasnetic wvariants in ki

h

s

priority genss. Power {80%) with Bonferroni statistical correction

Logenetic associations

sith an odds ratio >4, for variants with an allels freguency gres

o

Levr

s

ne Response Definition, Candidate Variants Selscted

a pricri for Additive and Allelic models are pressnitsd in tables 12~
13, respechtis
in some embodiments genetic markers presented in Tables 12-13 are

identified az predicilve of response to glatiramer acetate 1f the p-

ks

valus for the GALA oohort ds less than aboutn ¢.1

iess than about

.13, less than about 0.07 or less than about (.06,

f)

Iin some sembodimsnts gene

identlf ag predicitilva

cameyr acetate

he FORTE cohort las lsss than about 0,106, less tharn akout

.05, lesz than about 0.01, lezs than about 0.005 or less than about

In sonme embodiments genstic presented in Tables 12-132 are

sdentifled as predictive of to glatirameyr acetate if the p-

value for the Combined ¢ohort is less than about 0,10, lsss than

about $.05, lessz than about .01, less than about 0.005 or laess than
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Tahle 12. Additive Modsl, Extrsme Rasponse Definition, Candidate Variants
{GALA, FORTE, and Combined cohoyis)

COMBINED |

Allsie

3 , Alisle Freq.

Armitage: Odds . Freg.  {Now.
Source Mame Ch Gene - Poyvalus . Ratis {Resp.} Resp)
Tehelet GWAS  rs3135381 & HLA-DRB1 00064 057 A9% 2%
Tehelet GWAS 153135388 6 HLA-DRB1 0.0075: 058 . 19% 299
Tchelet GWAS  rs2487895 10 HPSE2 0.0088 - 0.5 110 205
Tchelet GWAS  rs1085365 18 MEX3C 058080 4% 4%
Tchelat GWAS 131098808 & SEV Q0058 G330 3% 8%
Comi 1s2609976 18 SLC14Az 8210 A8 T 5%
Tsarava 2011 73231775 2 CTLAG 339 LI6 0 40% 0 36%
Grossman 2007 rs846685 1 ILI2RRB2 375 108 185 1%
Tsareva 2011 rs 1800623 6 TNF 839 082 13% . 15%
Tchelet GWAS  rs1007328 15 ACDL2409.1 038 085 0% 54%
Tchelet GWAS  rs1225688 10 CYP28CI 0.93 L0 33 33%.
Tchelet GWAS  rs108310% 2 ACO7S182.1 986 1ML 8% 8%
Tchelet GWAS 154148871 6 TAPZ 083 . 085 % 1%
Tchelet GWAS  rsQ47603 19 CEPSS 008 15 % 1%
Grassman 2007 rs2004791 3 CD%6 003 10D 1 15%
Tsareva 2011 rsGR97932 5 7R3 Q.77 0.94 0 23% 0 24%
Comi rs1558836 7 TACL 0.70 083 29% - 31%
Grossman 2007 rs14353148 1 CYSS 079 LOS. a0k 8%
Techelet GWAS  rs1777133 &  ACHIGERS.1 0067 071 6% . 33%
Grossman 2007 rs2275235 1 Y55 041 116 36% 3%
Tchelat GWAS  rs1573706 X FTPRT 00071 055 14% 0 23%
Tchelet GWAS  rs1158962 10 RP11-655HIZL 064 088 0% 1%
Comi r$974060 7 TACL 0.57. 080 7% 9%
Comi rs4850535 18 SICI4AR 0.52 0 L3 7%
Tchelet GWAS  rsi75754% 2 ACO7SS40.2 il 07 30N %
Tchelet GWAS  rs2521544 7 MNPy 0.64 108 45% - 43%
Grossman 2007 1129055 3 D86 091 . 038 38% . 29%
Tchelet GWAS  rs4343256 15 CRTC3 042875 5% 73
Ychelet GWAS  rs&097801 30 CYP24A1 0.043 083 1%, 17%
Tchelet GWAS  rs2177073 18 DTNA 023 074 1% 4%
Tchelet GWAS  rsI00S03% 7 ACQ74384.% 085 104 % 0%
Tchelat GWAS  rs4369324 10 RP11-655H13.2 072 108 1% . 19%
Tchelet GWAS  rsiifi7i3 13 RPI-GIDE242 GO5% 048 4 . B
Tchelet GWAS  rs4344816 2 ACOE3938.1 024 081 W% ¥%
Tchelet GWAS  rs9944913 18 NOW4 042 080 1% 1%
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vsis for Extreme Responders wvs. Extreme Non-

The second analysis was analvzed to a sasslected set of genetic
variants dn 30 priority candidate genes {4,812 wvariants). Power

{80%F to ddentilfy significant genetic asscciaticons with an odds

ratio >7, for wvariants with an allels frequsncy greatsr than 10%.

Resuits for Extreme Response Definiticn, Analysis of Candidate Genas
{20} Selscted a priori for Additive and Allelic modsels are pressnted
in tables 14-15, reapectivaly. No wvariants replicatsd in  both

cohorts (P<0.05}. Less stringent {(P<U.10 + P<0.05) values wers used.

In some embodiments genetic markers presented in Tables 14-1% are
identified as predictive of response to glatiramer acetate if the p-
value for the GALA oohort iz less than about .19, less than about
about

0.0%, less than about (.08, less than about .07 or lass

.02,

In some smbodiments geneblc markers presented in Tables 14~15 arve

st

identified as predictive of response to glatiramer acstate 1f the p-

value for ths FORTE cohort is less than about 2.085%, less than about

0.02, lessz than about $.01 or less than about §.0305.

In some embodiments genetic markers presented in Tables 14-1% are
identified as prediciive of response to glatiramer acetate i1f the p-

vaituz for the Combined coohort is less than about 0.05%, less thao

abtrout (.01 or lsss than about 0.005,
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Example 11 Analvsiz  for Extreme Rasponders vs. Extrems  Non-

Responders Part 3 - Analvsis of Candidats Gsnes (183

ganetic

el

iants}. Power

an  odds

vardiants with an allsle freguenoy greatsy than 10%.

oy of Candidate Genes

Lrems

Fesultsg v Raspunss Defis

o

{180} Selescted &

prasanted in tables 16~17, respectively.

In soms embodimsnts Talzles 1

predictive acetats 1f the p-
GALA cohort ls lasas than about .05, leas than about

0.01, lessz than about 0.005%, less than aboub §.001,

(.0008% or less than about 1071,

In some enbodiments gsnetice mavkers preszented in Tabkhles 16-17 ars

$.01, less than about §,005 or less than about §.001%1.

In some embodiments genstlc markers presented in Tabless 16-17 are
identified as predictive of response to glatiramer acetats 1f the p-
valve for the Combined ccohort is lsss than about $.05%, less than
about ¢.01, iass than about .00%, less than about $.0601, iesss than

abkout Q.0005 or less than about 107,
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Bxample 12 Analysis  for Extreme Respondesrs vs, HExtrems Non-

Responders Part 4 -~ Genoms Wide Analysis

A full genome-wide analvysis (4 M variants}) was then conductsed. Powsr

{80%} with Bonferronl sts stical correction to identify significant
ganetloe associations with an odds ratio 211, for wvariants with an

1 freguancy greater than 10%. Approximately 47200 wvariants were
selected for analysis in stage 2 {resplication) (P < .00

b

Ragults for EBExtreme Response Definition, Gencms Wide Analvsiz for

1

&

additive and Allslic nmodels are presented in  tables 18-19,

raspachtively.

In some embodimsnis gsnetic markers presented in Tables 18-19% are

zid as predichtive of response to glatiramsr acetate 1f the p-
value for the GALA cohort is less than about 0.0%, less than about
0.01, less than about $.001L, less than about 0.0005;, leszs than about

186 or

3

ess than about 5 % 107F,

=

In zoms enbodiments genetic markers presented in Tables 18-19 are
identified as predictive of response ho glatiramer acetate if the p-
value for the FORTE cchort is less than about £.05%, less than about
0.01, less than about ¢.001, lsss than about 9.00G5, leass than about

167% or less than about 5 * 147%,

In some embodiments genetic markers presantsd in Tables 18-12 arve
identified as predictive of response to glatiramer acebtate if ths p-
value for ithe Combined cohort iz less than about 1079, less than
about % * 107%, lass than about 187%, less than about 3 * i07%, less

than about 10°% or less than about 5 % 107,

Stage 4. Flacebo Cohort (o = 102: 23 8B wvs. 7% WR; - Ths placsbo
cohert {GALA placebol was analvzed to didentify varianis asscgiated
with placebo response/non-responss.

Results for Standard Response Definition, Placsbo Cohort Results for
Additive and Allelic models are presented in  tables 20-21,

respectively.
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Table 21. BAlislic Model, Extrame Response Definition, Genoms Wide Plassbo
Cochort b :

[ :

Chr Position | Genels)  Mutation §8] 0 BxaeLp

kgpiUE3RT 3 . 1965731657 9 E 109605 52

I9TETIL 190 30966217 INFA3E | INTROM  1LA9E.08 77

SgETIA4SE 18 BGSGYAGL INFSDS  Sent ITRON | 149806 7
FSYISIMAL 19 IOSETRAG INFSIS HOTRON  3.49E-05 G e

FSIGTETIC 15 . IN35B3TL INFSIS INTRON  1.49E-05 o ¥

kgO1B3504 3 | 1965794862 7 L 2BED5 Dt I ¥
. A0as99a7 7 A3SE0E 08 BA AR 0 RS T

AGEITIOG 5.796-08 i 75

..,...ﬁ_ﬁ.'f?:?%?%,"* . B79E08 LR E 75

2 IR FOM06 56 AR e - AL s

KRRESOREE 6 | 1B27ATE GMDS 830505 1 7z

E3I041E 4 | 113323634 :ALF (ON,EF 3.255-05 Lo 4 €3
AGTISUD 12 AIBEASSZLP P S 9IVE05 45 MR MR 0 8 . p 80 0 8 3 I

KgpISIBRE 4 | 76A9IET RORCSZ INTRON  9.978-08 5 ;

0459323 7 2 ? LO7E-GE
0969080 INFSSS  Slent | WTRON

9 IOBGO063.ZNFSIG  Sest  INTRON  1.3BES
PE2BSSEEY & 175430288 HOGDHEG Sent Ser INTRON, £ 1.408-05

nt INTRON  12RE-0S

I DD G

kgpIISIRE D TU2YBIEE D B R LAsEDS
ksp‘i’iaa,; 200 2BEIL0ETAAMHDL ISient  INTROM - LBBE-0S

k 20 3EGINGE
gpB7TSTE PEIE R
7275036 ¢

1,68E-05
 LBRE-US

Stient

CSANID INTROM

hEnBRTOM LERENS. 52 . 4% 0 14% . 4 - p 13 - o3y

15753318 1 0E-05

rRA3EG5 90 | P3EDS 12

rE1690722: 1 L7BEDS Fey kN

rS3UTIEE5, 7061057 7 179605 12 12 g 57
EESUSIIC 4 129?5‘_??711 1.73E-05 : 4% 10 3 2 36

bERZATIAS & 1633577 S TR .. T N - WL T O E X SO S - - ]

I9E5TEI00 7 LHIEDS D3 R " SR TR BT 3 £ by 30

KepiiRIE X 31244?02:‘;- LBIES 6 P - o S R S 1 4 2 48

FE107FATE 15 455197_43] ? 200805 118 L A% ¢ 8% . U TR O U RO SO 4 G 2 7

kgp213647 15 ' 3 3 200805 149 2#% 3% i o .3 a3 74

EE785153 1 fcsfm.zz 2 ? 104805 ? 5% 0 w% 8 o 7 o0 . 18 0w

ngaﬁs?z 15 LGRY005D2 PCSKEACS Sitent Ser INTRON 204565 ¥ 5% . % 0 IR T S B BT S S O




LA

WO 2016/172124

PCT/US2016/028316

- B0 -
Fxample 13 Asscoiation Analvs arrectzsd for Ancastoy
A Conpons in Lo
investigats potential cation among cases and

controis.

output of 1=t

infer pat

ssooiattion

avio&a

in

Model with Prin

stratificavion;

Table 22.

Sampl

Regrass

e-specific Bigsn values weare calculated to produce an
and Znd Compa which can be used to
ancestny.
analysis was wsinwy an Additive Genetic
cipal Conponents corvection for population

e ~t
results are presented

PCA

for ancestry by

Adlels

Geng v Alnie Frag, SO B D Bl akE L ad

Regrassd Freg. sCantmﬂs df.ase Eetum {Cana {Cont ifas# Qﬁcm

Mame.riChy v'?asilm - &em{d - dterant] o iy a8 el T U e TV siv ol
FRgpoatise ? 123507 W 8% 8 B3 18 396 168
gpastze ENTRON 54507 % L TR S B T S BT )
Ihepronone INTERON 548507 b7 S PR R SRS LI - T
HELy CINTRONE £.608-07 0% £ T TR TR L D S R )
P : E BENY [ E SR T TR R PR e T~ |
kepa1anLs : s:lert,i:: W THOM 78507 8 TG T T S R B R L
thgpassi giert | HNTRON 128606 3% %0060 600 %017 e s
B o LABEBE A B0 @ AR5 38E 0 ER

5 LHESE W @G R (T Sl SR

7 i LETECE L ADN m%oe T T v el A s

Salts 7P MAGE §Silgnt HTRON, & LSEEOE TUMSE Um0 RN e 288 me
;SORIBEAE IO SATRAVSH? e ? 241508 L - 3 S TR R
kg pSAaY z 7 7 LEEE0B 8% T A - TR L R - RO v
{hgp2asest SHent  INTRON 2308 1% WA e
‘;\gpmaﬁc Sient  ANTRON SOBEUS T AER P A ST V- R TR T
2 : 348E-08. . g% 483 4R BB 80BN Ee s

Misserse BION SOXEE . IBR - TIRR T 8 26 s iy

Slent ATBEGE PR T ERTGT e e e e

et NTRON SAGE06 13N Vo AT R T R L

et Siie HETROM STEOS 1R RE T e S s

INTRON AREDE IR PO S S R R

s HTRON SE3E05 . A3 8RN e e

17345 F T 568808 33% pc: SEO LR R B )

S3Ra0L 7 ? -‘s AESE06C 3R ANE 38 38 1SR s s

21ER08 LS8 Silent 230505 484608 I S0 b §o 18 R ase

Siter L RASEOS S00E-G5.. 33RO IROALE 8 LT mE i

2 G B TE EREINC RS SRS L N S e BT B L LI L

Ciartgs Sent Y 523808 SR TR R e e el

3 BL4GE08 B PRI R L Ay TR A 11

U 1ERGE KALRN K& SHent, 65608 3% SYRCR S 198 T3 g

 XITSEIRT HEATE,AS Silent Sile i) 548505 o BTG 38T e

GISOUSEIGLE, SHent  INTROM B.77E05 3% LB AT R R M R A

iemiaess QK AHemt  INTRUN SIS ARG LAE 8 S SR e 286 a0n
ZRI7E0R 3 124508 Katvr@ KA Sitent, SHe INTRON 5.836-08 43% LTS - B LT R R v x e

: Silent CINTRON 831806 B R0 20 L RF 38 ey 1ag
T . % R AR RS I8 VBT B " K O

gy SOBERS SHent  HTROM ML R i s e s s

156457335 15 Csitent INTRON BIE0S PLUS R O R

rSTIIERE7 Silent  INTROR 520806 . 1% %L URM TR 8148
r2950E8 SHent  INTROM SSEE0S A MBmAT s a7 e i
$STETHET [ PALIR AN S R . S RN S L T kR
kgpiians e, Si FANE T 17503 G B R 38 As
FEpION0; Stent N TGS B R4 BT e ey
kgpleER?s T pAL K 4% W% Rz s W e 1ag
g 100 et INTRON 350605 o5 Y S o R RS E TS B
£ EE05D CisHent  INTRON 247605 37 369003648, 181 8T ael e
ST 9725030 ClowefBE Sitent  INTRON & 40836 LS = ST T TR L e R L
Fgpl70001 16 I3USTIVS LK Gilent  INTRON BLEEDS L AR a8 s e Y e




L5

WO 2016/172124 PCT/US2016/028316

Example 14 Regresszion Analysis

Ragression analvsis was conducted using an additive gsnetic modsl to

identify additional clinical and genetic wvariants that are highly

associated with respense after corvecgtion for the most significantly

associabtsd variables.

Fer oliinical factors, regrassion  analysaes ravealed twoe highly
Y L k¢ 4

asscoiated clinical covariates: “Log number of relapses in the last

-+

wo o years” significantly associated with response to glatiramer
acetate {combined cohorts p-value 3.6x107%, oddas ratio 14d.5H {95%CI

8.6-24.4)) and “Baseline Erxpandsed Diszability Status Scale (#!

S

core” {combined cchorts p-valus 5.9x10710%, odds ratio 0062 (95%07

i

as)

G244, 41 with highey masaeline EDSS ROCTES {increased MS
disability) asscclated with increased 1likelihood of non-response to
glatiramer acetate. Importantly, thase c¢linical factors wers
significantly associsted with glatiramer acetate response in both
the GALA and FORTE patient <ohorbts.

Table 23 Zlirndcal co-variates asscciated with response Lo

glatiramsy acetate.

R NRREEE

N
SRR

G

B
.

N

N SRR
Yariabls DR e

LIEL BoLoaRLT LR
305066 X ST IGT RS .
0034 _ a2 0.8 _
G 008 LBOY . meiniy
10000040 Dk 0.87

tog of flo. of Relapses In Lagt 2¥ears - -
Baselne EDSS Seeve. o
sge
pLaComponent 3 £V =2.82028)
No. of 8d-T1 Lesions at Ssseiine

Lo e
ST
£.034

Results of regression analyses for the Additive Models are prasented

in Tables 24-27.

In some embodiments, all of the genetic markers pressented in Tablas

predictive of response to glatiramer

2
ol

24-27 are identified

agatate,
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Table 24. Regression Analysis, Additive Model
COMBINED
Predictor {; ehr’L:} Passtsss Geneg P~Vaiue\ Gddds Rati{{‘
rs16885004 7 78021500 MAGI2 310807 279
kgp26026546 13 79972806 7.45E-07 8.03°
1510251797 7 7R025427 MAGE2 7.83E-07 267
kgpR110667 22 32716792 9. 4BE-07 Infinity
kgp11210241 3 38337237 9. 74E-07 infinity
rs17687961 22 32716927 . B78E-UT Infinity
kgpl2008955 2 73759636 1.08£-06 0.08
kpp24415534 2 1.74E+08 1.08£-06 0.08
kEpSe76729 22 33675303 212806 infinity
kgp25952891 13 B002708% 2.38E-06 0.04
rs543122 3 1.24E+08 1.81E-06 .54
kgp6236949 2 60301030 3.708-06 0.54
59817308 3 L24E408 4.508-06 .55
kgp10372946 10 1.34E+08 4.528-06 10.53
kgp8B17856 & 32744440 4.90E-06 0.53
kgpll328629 0 1218408 5.02€-06 2.95
kEpa705854 12 18807686 5.198-06 0.55
rs4143493 § 51829933 5.24E-06 421
Kgp3450875 16 57268831 5.608-06 012
kgpi688752 21 43016736 5.79E-08 0.33
kgpd62 7338 17 40155 6.008-06 0.45
1517577980 & 32359831 5.15E-06 236
kgp3418770 10 58425558 5.31E-06 10.31
kgp2293675 16933074 6.55£-06 0.18
rsS718758 2 60328802 6.61E-06 0.55
rs7579887 2 60307009 6.71E-08 0.585
kgpi0504414 1 2.18E+08 6.80E-08 0.14
r510438793 & 51829707 7.208-06 4.14
152816838 10 52714753 7.328-06 0.4
kgp12230354 5 27037978 7.64E-06 .19
rs13394010 2 60302748 8.16E-06 0.56
rs11029892 11 27269546 8.23E-05 1.94
kpp2356388 16 18771577 8.288-06 0.46
re11601553 2 60303554 . 8.55E-08 0.56
kEp5564995 § 26414060 9.08E-08 288
rsB895094 5 1.41E+08 9.18E-08 0.57
kgpi0352965 7 30647500 5,40E-06 7.44
kgp26116630 & 48158833 9.42E-06 16.38
kgp 7059449 2 41255455 9.986-06 a3
rs10203396 2 B0305110 1.01£-05 0.56
kepl1843177 11 27316568 1.01E-05 1.85
19579566 13 30980265 1.04E-05 0.28
kppil1141512 20 35283733 1.06E-05 0.21

PCT/US2016/028316

{GALA cohort)
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Table 25.

Regression Analysis,

PCT/US2016/028316

Adaitive dModel Correctad for Log Relapse and

EDSS {GALA, FORTE, Combined cohoris)
OMBINED
Gane . :
Chromos Locations Odds
Name aome Position Genels}] Mutation {s) Povalue® . Ratls
kepSS17836 6 32744440 2 7 E 916843 0.3
FSASA74S § 322131907 7 : 67642 218
kgp5447044 6 26501768 BTNIAL Slent  INTRON 155641 035
s16301784 6 363554337 0?7 L84E41 0 034
152143466 § 32309323 CEorfld SHent  INTRON 188841 210
kgpoa3sass & 7021173 7 ? ? 222841 042
rs3799983 6 26510748 7 ? ? 265641 034
rs4297704 8 LISE:08 7 7 ? 278881 205
kep3478190 8 6308CHTS PREXZ  Silent  INTRON 280841 209
(52820263 6  1058:087 7 2.82E-41 209
keei2220354 5 2841 012
FSU393727 6 265000117 3 225641 036
kep31017880 X 97136288 ? 3 234641 1431
kep3438641 5 98186154 ? 346641 451
kgp12113592 5 98160214 7 354641 445
rS9E50120 8 1.35E+D8 7 o £40E-41 208
kgp3osisds 5 ssl4EaeR 7 456541 445
FS7AFE37 3 8B2I39%1 CHDL  § 450841 - 4435
kgplB92256 5 88257441 CHD1 INTRON 458541 445
rs9501224 6 32792910 TAPZ  Slent  INTRON AB0E-41 . 224
kgpl1199573 2 2028408 7 7 ? 497641 204
kgp7903189 S 98229104 CHDL  Slent  INTRON 573841 390
r$2820259 6 1058408 ? A 550841 199
: INTRON 622641 227
____________________________________ § lleassen? o2 P b.54e-41 029
FS6920256 6 26537801 ? ? ? 6.746-61 036
kgp168R8752 21 43016736 7 3 3 72341 038
kEp6754792 6 26456074 7 ? 3 7.658-41 034
kEp95865 g 14204068 NFIB,NFIB Silers Siter INTRON 783641 0 378
F5241451 6 32796480 TAP2YAP2 Silent Siter: INTRON 8311641 218
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Table 27.
Relapse +

Regras

EDSS {GALA, FORTE,

PCT/US2016/028316

sion Analysis, Adaitive Model Qor:

Combinad coho

_ _ Gene Qddds
Name T Chi > [ Position > Genels| | Mutatil > Locations(s Poyalus ¥ Ratic «
kgp8R17856 6 327AAMO RGA P 2o 756645 0.0
{kgp3438641 598186154 7 ? ? 862845 549
kgpl2133592 5 98160214 7 ? ? 1.06E-44  5.40
ikgpI931S48 5 98146468 ? ? ? 1.266-44 539
rS727637 5 98213991 CHD1  SHent  INTRON 126844 539
kgpl892256 5 98257441 CHD1  Sitlent  INTRON 126844 539
kgp31017886 X 97iie8® 7 0?7 1.59E-44 3118
kgpli230354 5 27037978:CDHS  Silent INTRON C1E0E49 0.0
kgp3478190 8 69080975 PREXZ  Silent  INTRON 1.678-44 222
kgp7903183 5 98220104 CHD1  Siflert INTRON 201544 468
11956636 5 98159Rdz? Y 7 2.818-84 521
kgpl1841858 5 98784288 7 2o F 4.78E-44 . 438
kgpa0uss2 5 98142161 7 ? 5.386-24 473
r51434781 B BOU6E793 PREX2  Silent  INTRON 6.248-44 212
192143456 & 32309323 CHorfl0 Silent  INTRON 6356-44 212
rs454743 6 322132107 ? ? _ 6.51E-44 210
;52217788 8 GO0BASI1 PREX2  Sfent  INTRON 701E-44 214
rs2820263 6 1.OSEHD8 ? ? ? N 7.456:44 211
7517166414 5 52202363 CHD1  Sélent  INTRON 8.17E-44 A2
154713208 6 29283579 F ? 3 843642 0.47
r5720831 § 79284318 ? ? ? 43844 0.47
kgpoR32356 5 osa6asie 7 Y L. 9.528-44 . 486
kgpS447044 6 I6501768.BTNIAL Silent INTRON B4E-44  0.38
28200259 & 1OSE+08 7 ? 9.66E-44 20
1516501784 6 ;26555433 ¢ [ Do 112843 0.35
kgpd35622; 5 9R105883 RGME,FLI Sifent,Siler INTRON,EXO 1.206-43 5.03
rs4897704 B 1.35E408 7 ? ? 12343 2.04
kgpd269732 5 98275938 7 ? ? 129643 4.86
kgp9938485 6 27021173 7 ? ? 145E-43 0.4
kgp6703510 5 982965947 7 7 1.460-43 473
kgp3203641 5 98245912 CHD1  Silent  INTRON 154643 486
kgpll1324749 & 69066253 PREX2  Silent  INTRON 1.64E-43 - 242
rs7737398 S 1979745387 iy 1.64E-43 . 477
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Example 18 Selection of Genstic Markers for Predictive Models

& total of 11 genetic variants wers selectsd for inclusion in a
preliminary multi-marker risk prediction model. Importantly, many of
the identifiled genes have besn previously dmplicated in MS and/or
glatiramer acetate responzs {i.e., MAGIZ, HLA-DOR/TAPZ region, MBP,

ALOXHAP, and the BLA-DRELI-15:01 polvmorphism).

Variants were identified and szelected uzing a multi-step approach,

bagimming with selection of replicated variants from a priority

liszt of 35 carndidate wariants. Thiz led to one variant selected for

]

inglusion intoe ithe model: 83135391, & marker of HLA-DRBIF*LZ01,

P<UL.05% in Gala, P<0.0% in Forte, P = {.014 combined, odds ratioc

was followed by selectil

n of

o]

s thraee replicated variants from a

list of 4,012 wariants in 30 pricrity genes (kgeB8l78536 in HLA-

2/D0B, p<0.001 dn Gala, p<0.001 in Forte, p-value 5.338-08, odds

ratio ©.53; rslf94408 in HLA-DOR/TAFRZ, p<C.03 in Gala, »<0.01 in

Porte, p-value 0.000309%8, odds yvatio 1.7; and kgp7747HBZ in MRP,
t

p<8. 05 in Gala, p<0.01 in Forte, p-valus 0.00086, odds ratic 0.64).

This was followed by a selection of twoe variants from a list of
25,000 candidate variants in 180 second priority genss (kgpd59%438
in PTPRT, p<0.01 in Gala, p<0.0% in Forte, p-value B.000Z53, odds
ratio 0.26; and rsidléZi83 in ALOXSAP, p<0.01 in Gala, p<0.05% in

Forte, prvalus 0.0014, oadds ratio 1.5,

Finally, three vaviants were selected from the sntire genoms-wide
pansl {(rsle886004 in MAGIZ, p<D.003 in Gala, p«<{.0000% in Forts, p-
valus  0.000000%8combined, odds  rvatioc 2.8; kgp24415%34 in  the
EAK/CDCAT gene region, p<d.000% in Gala, p<0.0% in Forte, p-value

0.0G0000398, odds ratic 0.08; and kgpBilQed? in ithe RFPLI/SLCSAL

o
3

region, p<0.21 in Gala, p«<0.0% in Forte, p-valus L00014,  odds

ratio: infinityy.
In addition, two variants were selected from the entire genome-wide
panel uszing an extreme phenobtvpe definition {(kgpélid351 in the UVRAG

gens, combinsd p-value 0.0000085, odds ratio 0.35; and rs752458 in
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S vy By e Pt I YT « e N 1 Fag ! - Qv et S o { n o~
SLolad, combined pevalus 0.QG02Z; odds ratie 1.8}, The statistics of

lected 11 SNPs ave shown for the additive and allslic gsnetic

of the sslected 11 SNPFs are shown for the

modals. The statis

additive and allalis ganetic models

respactively) .
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Example 17 Preliminary Predictive Model: Clinical and Genetic Fachors

Combined

the 11 5KPs shown in tables

jal
r
i
19
v}
(o}
O
%

A predictive model was generate

37 and 23 and the two Clinical co-variants shown in table 23.

Recelvery COpsrating Characteristic {(R2C) analvsis waz pariormed using
the actual valus {2ase or control) and predichsd value for each sample
from the multi-marksyr rvegression model {Figure 1), for  these
preliminary analyses, two risk groups were defined using ths predicted
values from the multi-marker regression model. Tha pradictive

LS

threshold walue was set at 06,71 (termed “model 37} based on a variety
of factors after consultation with the Teva team and Teva MS clinical

axperts.

Uitimately, a threzhold that hest differentiated bstween respondsrs
and noa-responders {(minimum positive predictive  value of  30% oy
higher) {(Figure 2}, while maximizing the nuomber o¢f  predicted
rasponders {(predicted responders >¢60%) {Figure 3} was selected. This

threshold also coincided with the lowest p-value of all the thresholds
examined {Chi sguare p-value 6.1 x 107, odds ratio 19.9) {Figure 4},

The positive pradictive wvalue (% of all pradicted responders to be

b

P

1.1%, senszitivity (% of all true responders

ied

trus responders) was
detected! was B0.2%; aspecificity (% of all tree non-responders
cilaszified as non-responders) was 23.1%; and the negative predictive
value (% of all true non-responders classifised az non-responders) was
65, 9%,

Example I8 Patient Responses Predicted by the Praliminary Prediciive

Model

It

For the genotyped patients of the GALA and FORTE cohorits, based on the
predictive model, 60% of patients were classified as ‘“predicted
responders” with a rezponse rate of 91.1% {as <defined by ths a priori
definition of responders and nore-respondsrst. While 40% of patients
were classified asz “predicted non-rasponders” with an coverall response

rate of 34% {Figure §}.
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Comparsd ©o the “pradicted non-respenders”, the “predicted responders”
exhibited a Z.7-fold improved response rvate {(21% vs. 34%) {F < 107,
and the “predicied responders” had a 34% lmprovemsnt in response rate

cempared Co the overall cohort (68% vs. 91%).

The annualized ralapsze rabts (ARR) of the “predicted responders”™ (D.21
+ $.03 standard errcr of the mean} was reduced {improved) by 60%
compared to the overall patient cchort (0.33 + 0.04), and redused

{improved! by 50% compared to the “pradictad non-rasporndders” (1,04 %

0,08} {p-waliue 2.2 x 1079,

The number of confirmed relapses inrelapse) of the “predicted

"7

responders™ {0.18 * 0.03 standard srror of the mean) was reduced
{improved; by 58% comparsed te the overall patisnt cohort {D.48 %

G.033), and reducsd {imgroved) by 78% compared o bths Ypradior

responders™ (0,88 & 0,08} {p-wvalue 7.70 x 1079 .

The numbsr of T1 enhancing lesions at month 12 was significantly

reduced {improved) by 47% in the “predicted respondsr

533

the “predicted non-responders” (0.8l + 0.18 wvexsus 1.70 & §.38; p-
value 0.043). Similarly, EDSS progressicon was significantly delaved
{improvadl by 72% in the “predicted rassponders” veraus the Tpredicted

wn~respondsrs” (0,03 & §.01 ws. 0.10 & 0.02; p-value §.003083}, and

showed a strong trend with a 49%% reduced progression compared to the

s

overall cchort {value (.057, p-valus 0.08).

Pradictive Modeling

-

A predictive model based on the identified markers was developed and
testad  din the  full  oobhorts, including  intermediate responders.
Baditional independent ochorts are used to evaluate and confiym the
predictive model.

DNA was coliected from consenting REMS patientz in ons year GALA study

{4Cmg Copazong TIW, oy placeboy and one FORTE  study {(20mwy

Copaxons or 40mg Copaxons dally) ("PGx population’™) (Table 34) The PGx
{i.e2. the population ztudied for gsnetic analvses) and ITT {intent to

treat) populations did not differ on baseline characteristics.
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To identify genetic markers associated with high response to Copaxoned

commrising  the folliowing <haracteristios: (1) high rasponse as

A

o

meazured by ARR reductilons, (Z) predictive, not prognestic, markers:
associated with response only in Copaxons@-treated patisnts, and not

i)

in the placsbo group, (3

markers that ave confirmed in an independent
cohort, and {4} a subset of GALA and FORTE ztudiss’ patients with
clarly defined response phenctypes {(high responders wversus low

rasponders) {Figure &} Patient DNA =samples ware genobyped for 4.3

million genetic variants {Illumina HomanOmnii arrav) .

Assoclation analysis, using a tilered candidate-marksr and genome-wide
approach, was conducted in the GALA oohort to identify GA-specific
response-assaociatad SNPs. 3WNPs that were not assoclatsd with placebo
rasponse and that veplicated in the FORTE cohort, were selected for

modeling.

Regressicon analyvais was applied, with the threshold for distinguishing
rezsponders from non-responders waz selected by analysis of recelver-

operator curves. Intermediate rasponders ware gasnotyped by =sither
Iliumina 5M array or focused tagman-based 3SNP genotyping and Sangey

Sequencing.
The SKP-signature was evaluated in the full GCALA/PORTE population
including intermediate patients ({(Figure 7). In the high reponse/low

reasponse subgroups of both GALA and FORTE, the SNP signaturs exhibits

highly predictive chavascteristics {(OR & to 8§, p-valus<iOtly  {Table
35y, Validation of the identifisd model ¢an be applied to additional

independent cohorts.

The zignature was associated with Copaxons®-, and not placebo-responss
since 12% pla ao~freated patients wers predicted to  be  high
Coparons®@-rasponders bassed on the signarture. These patisnts £o not
show ARR reduction when treated with placebo {3% ARR reduction versus

remaining placebo patienis who providsd DHNA samples {n=2532)) The 58P

slgnaturse wWas

1]

nificantly associatsd with high response o Copaxone
in  beoth GALA and FORTE (DR of 1.9 teo 3.8, £4.802  including

nsitivity analysis) and not in placebo (OR of 0.3 to 1.2, NS).
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Genetic assoclation with response to Copaxons®, an
identified. In Copaxone® naive RBEMS patients, the 11 8NP =ig

entifies high Copaxon

ssponders who asxhi

A

2

significantly
ceductions  in ARR

average cesponse  cobsa

Copaxone® clinical

and ITT populations

T 3 m‘g‘-\:_=s“-‘ss?\\\\‘t:ié&\:‘ﬁm-“@m&@i\“\m&

i R

AT
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Table 35, Genes of the 11 SHP Sigraturs

W A-DRBITS:0 8.7 8.8
HLA geng region 1.7 1.8
Myetin basie profein geng 6.7 ] 8.5
Recaptordyrosine prodfein phosphaisse gane 8.2 8.3
Arachidensts §-Hipoxygenssse-activaling gsrbtein 1.8 R 15
Membrans-gssociated guanvisie kinase gene 2.2 X3
Sokste carvier Family § {iow affinity glucess co-transporter} i inf,
gere

HLA gene raglon 4.8 6.5
¥Mitogen-aotivated profeln Kinase gens ragion G408 LR
Radiation resissianm-azawaiatac& geng protein $.2 8.4
Giutamate/neuiral aminge scid transporier 3.3 4.8

*AE GNPy mel statistioal signiiicance

Example 12

Additional genotyping of tfthe 11 5NPs  of the predictive model
{rs313539%, ral8234408, kgpT747883, kpg6b99438, rsifiE208%, rslég8niig,
kgpBll06&7, kyp8817854, kgp24415534, kgpe?l4351, £sTh%458) Wi s

conducted on the remaining portion of the patients from the CALAR and

T

[e37

FORTE cohorts, for which DNA was available (Figure

When analvsiz was conducted for all genciyped patientszs of the GALA and
FORTE oohorts, based on Lhe predictive model ({11 SNPs and 2 clinical
variablesy, 34% of GALA, and 42% of PORTE~ patients were classifisd as

“mredicted responders”,
fad

In the GALA Copaxone trsated patients, the annualized relapse rate
{ARR; of the “predicted responders” (0.18540.032 standard error of ths
mean} was reducad (improved) by 51% compared to the Ypradicted non-
responders” (0.37440.038) (p-value=0.0028) and by €4% compared Lo the

placebo (D.31040.062) (p-value<d.0001).
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}..-\
£
L)

FORTE Copsxone treatad patients, the amnnalized relapse rats

{ARE} of the “pradicted responders” (G.102+0,020 standard errvar of &

mean} was reduced (improved) by 72% comparsd to the “predicted non-
responders” {0.36840.038) {p-value<0Q.0001).

Bxamples 20

Analysis was conducted for all genoctvped patients of the GALA and
FORTE  cohorts, bassd on the 11 SNPs in the presdictive model, but
without including the clinical wvariables, and using a threshold at
~30% of the population classified as “predicied respondsrs” ({Figure

9y

In the GARLA Copaxons treated patients, the annualized relapse rate
{ARR) of the “pradictsd responders® (0.131:0.0726 standard error of ths
mean) was reduced {improved) by £823% compared to the “pradicted non-

{p-value<, 001} and by 7i% compsred to the

—

responders” {G.38240.037

placebo ((L48810.058) {(prvalue<{. Q001 .

In the FORTE Copaxone ifreated patients, the annualized relapse rats
{ARR) of the “predicted rasponders” LEASEGLGRY standard ernror of the
mean) was reduced (improved) by 50% compared to the Tpredicted non-

ragsponders” (0.280120.023) {(p-valus=0.01l13).
Brample 21

Additional genotyping of 10 2Pz of the predictive model {(rs3l133381,
rei&94408, Epgfif9438, rsiflc208%, rsloBE&eNL4, kgpdlilEe7, kgp8fl7asg,
kgrzd4419534, hkgp€2l4351 aod rs759458) was conducted on the remaining
portion of the patients from the GALA end FORTE cohorts, for which DNA
was available.

When analysis was conducted for ail genotyped patients of the GALA and

FORTE cohorts, based on ths 10 SNPs and 2 clinig variables, 34% of

GALA, and 42% of FORTE~ patients were olassified as ‘“pradicted
rasponders”

In the GALA Copaxone treated patients, the annualized relapse rate
{ARR) of the “predicted rezspondsyrs™ {G.L8540.022 standard exrror of the

mean) was reduced {(improvad) by 51% compared to ths Tpredicted non-
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responders” ((.37420.038) {p-value=0.0028) and by 64% compared to the

placebo {0,51020.062) {(p-valua<(, G001},

In the FORTE Copaxone treated patilents, ithe anoualized relapse rate

{ARR} of the “predicted responders” {(0.102£0.020 standard error of the
mean; was reduced {improved) by 72% compared to the “predicted non-~

2
respondars” {(G.368£0.039) {p-value<. G001} .
Example 22

Additicnal genotypiong of the 11 SNPs of the predictive model

{rs23135321, rsl894408, hkagpVT47883, /p}ud994%u, 310162085, rsle886004,

WU

b

kgpBliliesT, kgpBBl7ase, kgpdd4155 kgps214351, ra758458) was
conducted on the remaining porticon of the patients from the GALA and

FORTE cohorts, for which DNA was available {(Filgure 10}.

When analvsis was conducted for all genoctvpad patients of the GALA and
FORTE cchorts, based on the predictive modsl (11 SNPs) 31% of GALA,

L

of  FORTE- patients wers classifisd as predicted

o

and 25-35%

responders”

In the GALA (opazone treated patients, the annualized relapse rate
(ARR} of the ‘ predicted responders” (mean=0.135, 35% I [4.096,
L1301 be-was reduced {improved) by €1% {(S5% O [44%, 72%], p<0.000%3;
compared to ths Mpredicited non-responders” {(mean=0.345, 983% I {0.284,

0.4181).

In the FORTE Copaxons treabtsd patients, the anoualized relapss rate

{ARRY of the “predicted responders” was reduced {improved) by 30-40 3

-

comparasd Lo the Ypredicted non-rasponders”.

I

Exswpie 23

Additisnal  genotyping of the 148 8NPs of the predictive model
{r=189324408, kgpTT4THES, kpg&h39438, 310162089, rsl68BE004,
kgpBliteeT, kgpBBLTHRSG, kagpdd4415534, hogpo214351, ralTs3458; Was
conduchaed on the remaining porticon of ths patients {from the GALA and

FORTE cohorts, for which DNA was available (Figure 11},
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ot
Lot
Py

When analysis was conductsd for all genotyped patients of the Gala and
FORTE oohorts, based on the predictive model (10 SNPs), 31% of GALA,
and 25-33% of FORTE- patients were classifisd asz  predicted

"

responders’ .,

In the GALA Copaxone Lreated patisnts, the ammualized relapss rate

{ARR} of the ‘Tpredicted responders” (msan=0,3133, 385%% C1 {0,094,

L1871 was reduced {(improved) by 81%  (95% €T {443, 7:

Las

o
[aw)

%1, o<, 00

14
Iy -

o

0.28

0‘7

CX

o

-

compared to the “predicted non-responderz” (mean=0.345%, 853

G.4181).

By

In the FPORTE Copaxone treated patilsnts, the annuallized ralapse rate
{ARR} of the “opredicted rezpondars” was reducsd {improved) by 30-40 %

compared to the “predicted non~responders”.
Exawple 24

Addicional  genotyping of  the 9 SNFs  of the predictive model
{hgp? 747882, kpgsahan4ig, ral0182085, r3icuR8004, kgpBli0aa7,

Kgp8817856, kopld4415334, kop62l4351, rs732458) was conducted on the
remaining portion of the patients from the GALA and FORTE cohorits, for

A

which DMA was avallabls {(Figure 12},

When analvsis was conducted for all ganotyped patisnts of the GALA anvd

.

FORTE  cohor based on the predictiva model ({9 SNPs), 24% of GALA,

angd  25%-35% of FORTE- patients were classified a3 T“predicted

respondears”

in the GALA Copaxone treated patients, the annualized relapse rate
{ARRE} of the Tpredicted responderz” {mean=0.146, 95% <1 [G.107,
0.2001) was reduced {improved) by 57% {85% ¥ [40%, 7Gsi, p<. D001
compared to the “predictsd non~responders” (mean=0.344, ©5% CI [§.283,

¢.4181)

In the FORTE dopaxone treated patients, the annualized relapse rate
{(ARR} of the “predicisd responderz” was reduced (improved) by 40-70%

:

compared toe the “predicted non~responders”.
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Bxample 28

Addgditional genotyping of  the 10 SHPs of the predictive mod
{ralB94408, hgpT7747883, kpg6539438, ralll82089, rzlaf86004,
kgp8lllasy, kgpB81785s, kop24415524, kgntZ 14351, 3758458} Was
conducted on the remaining portion of the patients from the GALA and
FORTE cohorts, for which DN was available (Figure 13},

Whan analysis was conducted for all genotvped patients of the GALA and
FORTE cohorts, based on the predictive model {10 3SNPs), about 30% {20-
40%3 of  GALA, and about 30% {20-40%) of  PORTE~  patients N e

classified az “pradicted rasporvders”

In the GALA Copaxonse itreated patients, the annualize relapse vate
{ARR) of the “predicted responders” was reducsd {improved) by {30-40%)
compared to the “predicted non-ressponders™ and by 53%-65% compared Lo
the placebo LHL0E0.08L ).

In the PORTE Copaxone treated patients, the annualized relapse rats
{ARR} of the “predicted responders” was reduced {improved) y 3040 %
comparad to the “predicted non-responders”

Exampls 28

Adaditional genotyping of the 9 3NPz  of the predictive model

{hgp7747883, kpgé399438 reillez08s, rsl6EB6004,

kgpB1L0667T,

kgp881l7856, kgpl4415534, kgpo2ld351, rs7¥39458) was conducted on the
remaining portion of the patients from the GALA and FORTE cohorts, for
which DNA wazs available (Figure 14}.

When analysis was conducted for all genotvped patients of the GALA and
FORTE cohorts, ased on the predictive wmodel {10 S¥Pay, about 30% (20—
40%7  of  GALA, and about  30% {20-40%) of FORTE~ patients were
classified as “predicted responders™.

In the GALA Copaxone treataed patients, the annualized relapse rvats
{ARR) of the Tpredicted responders” was raducged (improved) by (30-40%)
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T AN

14¢
. I 3 .. b e , ~ 1 R < oot =
compared fto the “predicted non-reazponders” and by 535%-65% comparsd to

the placebo {0.5%1020.082).

Biology of High Responsse to Copaxonsd

3

Identified genes are associated with Copazons® {[glativamer acetate, or
GA} mechanism of action. These genes inclilude: (1} Myelin Basic Protein
(MBPF}, which is associlated with Copaxconed rasponse {38}, and Copaxone®
designed to mimic MBP; {2} MHC region {3 SNPs), including HLA-

DRB1I*15:01 {37} dnvolivw

1 in antigen processin

g and presentation and is

£

aazociated with Copaxons® response and MS susceptibility or severiiy:

19

and {3} arachidonate S~lipoxvgenase-achivating protein, invelvad in
synthesizs of leukotrienss {inflammation) and associated with Copaxons®

respanse (4407 .

Identified gsnes ars also aszsociated with M8 severity and/or the
brain. These genes include: {1) Membrane-assosiated guanvliate kinase

a sypaptic Junotion scaffold wmolecule excliusively expressed in brain
and shown to modulates MS severity; {2} Glutamate/neutral amino acid

transporter, which transports glotamate and alanine (2 of the 4 amino

aCL components  0f  Copaxene®), as wall as serine, oysteine, and
threonine and has highest expression in  brain; G Radiation

resistance-associatad gens protein, which ds highly expresszed in brain
and has a rols in axis formation and auvtophagy; and {4} Receptor-
tyrosine protein phosphatase, associated with Copaxons® responszs, and
tyrosing phosphorviation invelved in myelin formation, differasntiation
of oligedendrooytes and Schwann cells, and recovery from demyelinating

lesions.
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What

is ¢laimed is:

1.

]

a method for treating a bhuman subiect afflicted with muitiple

tack consistant with multip

a siongls clinical

lon comprising glatiramer

agetate and & pharmacsutically acceptable carvisr, comprising the

{1} determining a gernotype of the sublect at a location

correspondding  te  the  logaticon of one oy more singls

nuclasotdds

(iiy ddentifving the asubliect as a preadicted vresponder o

atiramer acetate if the genotyps of the subliect contains

one  or more A allsles at the location of  kgp8lilss?,

ral0la2083, re759458 and kgp6Z2id43%1, ov

onz  or moere G allelss at the location

kgpZ4415534,
KopB599438, kgpT7747883, kgp&817R536, rsi6E86004 and rsiS9440s;

andg

{iii)} administering the pharmaceutical composition comprising
glatiramer acetate and a pharmaceutically acceptable carrier
o the subiscet only 1f the subject 1s identifisd 33 s

predicted respondsr to glatiramer acebate,

The method of olaim 1, wherein stsp (L) further comprises
determining a genotype of the subiect at a location corresponding
to the location of one or more single nuclestide polymorphisns
{SNPs} selaected from the group consisting  of: 310888087,
573706, 817875455, rsZ487896, re313539%, rs&ed37801 and
, and wherein step {(ii) Ffurther comprizss identifving ths

subiject

i
9]

a predicted responder to glatiramer acetate if the
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genotvps of the sublisct contains
Iocation of osi09ngd8y, ones or

.

ral7375455, or one or morse 8 al

e A
rasla

The method of claim 1 or c<laim 2, wherein administering the
pharmaceutical composition comprising glatiramer acetate and a
pharmaceutlically acceptable carrier comprises administering to the
human =zubjsct three suboutanecus iniecticons of the pharmaceutica
compositicon over a periosd of seven days with at least one day

petween every subcutanecus injecition.

The methced of any ons ¢f claims 1-3, wherein the pharmacsutical

compposition is a unit dose of a 1 ml agueous scolution comprising

40 wg of glatirsmer acelate.

The method cf any one of claims 1-4, wherein the pharmaceutical

composition iz a unit dose of a 1 ml agusous scolution comprising

jurt
(B

20 mg of glatiramer aceta

The method of any one of claims 1-%, wherein the pharmaceutical

composition is a unit dose of a 0.5 ml agueocus solution merising

20 mg of glativamer acetate.

The msthod of any one <f olaims 1-€, wherein the pharmaceutical
compoesition comprising glatiramsyr acetate and a pharmaceutically

acceptable carrier is administersd as a monctharapy.

The mathod of any one of claimzs 1~7, wherein the pharmaceutical
composition comprising glatiramer acetate and a pharmaceutically
acceptable carrier s administered in combination with aib lsast

one other multipls sclerosis drug,

A method of ddentifving & human subie tloted with multipnle

sclerosis or a single clinical attsck consistent with multiple
scierosis as a predicted responder or as a predicted non-responder

to  glatiramer acetate, the method comprising dastermining the
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genotype o the subject at a location o
location of one on more single nuclestide
selectad  from  the group consisting of rsif8440¢
kgpéiB9438, raifis20gs rsio888G04, kap8110667

534,

475
44315

kapd

asrrespeonding  t

polymorphisms

PCT/US2016/028316

kgp?”

R

identifying the human subijsct as  a predicied Qo
slatirvamer acstate 1f the genotvpe of the subjsect cov
one  or mors A alleles at the location of kgp8ll0887,
s10L6208%, ra¥5%458 and hgpddl43%1, or
oneg  or wre G alleles at the location of kgp24415534,
kypahed4iss, tgp7T478E83, Rgp881T788%, rai6REG004 arnd

or identifying the human subisct asz a
glatiramer acetate 1f the genotyps of the subject

the legation of

14351,

no A alliesles

8 and kgpt€Z

at

ra?524% ¢34

o~

e f

~

leocanion ©

816888004 and

no allelezs at the

kgp 7747883, kagpiRl785g,

method of cilaim 9, further comprising

the at & location

subiect corresponding to

or mors single nucleotide polymorphisms {(SNPs)

cf: 10988087,

¥s&08THOL and ra947803,

group consisting relb7370¢

13!

re2d487888, r=s3135391, and

the human  sublect as &

of

idantifying predicted
the

rsigsaessy,

glatiramer acebate 1f the

A allelss

ganotype

jitedat at the location of

alleles

at the location of rsl757%4585, or ons

31358

(024

the locaticn of rsif73706, rs2487884,

raG4TRGT

at rs

S 0

predicted non-rvespo

Eopdlies?,

detesrmining
the location

zalect

zubject contains

381, )

nder to

contains

rsldicloes,

-~
(=3

genotyps

of one

ad from tha

15455
o~ 4

p rsl757545

responder  to

one Qv

ong or mors ¢

more ailel

25

0z
HO97801 or
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16,

149
identifyving the human subject as a predictsd non-responder o

glativamer acetate i1f the genotype of the subisct contains no A
alleles at the location of rsildeR8087, no € allsles at  the

iocation  of

The method of any one ¢f claims 1-18, wherein the genostype iz
determined from a nucleic acid-containing sampls that has been

obtained from the subiject.

Tha methoed of any one of <laims 1-11, wherein detsrmining the
genctyps comprises using a method selected from  ths  group
conzisting of restriction fragment length polymorphism ({RFLE)
aralysis, ssguencing, singles strand conformation polymorphism
anpalysis ({38CF), chemical cleavage of mismatceh (COM), denaburing
high performance Liguid chromastography (DHPLC), Polyvmerass Chain

Reachtion (PCR) and a&n array, or a combination theresf.

The method of claim 12, wherein the gsnotype ls deterwined using

at least ane paly of PCR primers and at lesast one probe.

The method of claim 12, wherein the array is selected from the
4

group consisting of a gene chip, and a TagMan Open Array.

The method of claim 14, wherein the gene chip is selected from the
group consisting of 3 DNA arrav, a DNA microarray, a DNA chip, and

a whaole genome genchyping arrav.
The method of claim 12, whevein the arrasy is a TagMan Opsen Array.

The methed of any of claims 14-1%, whersin the gene chip ls a

whole genome genotyping array.

The method of any one of glaims 1-17, wherein detsrmining the
genotype of the subjsct at  the location corresponding to  the

igeation of the said one or mors 3SNPs comprizes:
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i

e obvtained

that has

{ii} optionally
{111} subjecting a methoed zelect
from the fragment length
polymorphisn {RFLP) analysis, SEQUENCing, aingle  strand
conformation polymorphism analysis {88CP), chemical olsavage
of mismatch {120M), denaturing high  performence figuid
chromatography (DHPLC), Polvmerase Chain Rsaction (PFCRY and an
array, or & combi thereof, for determining the identity
the one or more SNPEs.
. The method of claim 18, wherein the avray comprises a pluralitby of
probes suitable for determining the identity « the one or more
SNPs.

The method of any of claims

chip.

1. The method of <laim 20

£

genotyping array.

The methed of any cne of claims

a nalve patient.

The methoed of

(e

any of

Ty

A

aan praviously administere

[

&

The method of any of clai

been previocusly administered a

glatiramer acetate.

The method of any one of

determined

6, 7. &

5]

Mo

3, 1o, 1i, 12,

4

nuclieoctide polymorphisms (IWPs) .

-
I

17

wheraein the

1=

glati

1~

claims

at locations corresponding

~-1i8 wherein ths arpay is
¢

gene ohip 1s a whole

~-21, wherein the human sublect is

4

21, wherein the human subjsct has

rameyr acetats.

21, wheresin the human subjsect has

»

multipie =zclerasis drug other than

"

i3

4,

1-24, wherein the genoctype

locations of 2, 3,

1e

the

o

14,

i85

13, e

13, or more single
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the genotype of Lhe

25. The method of any one of claims 1-253,
gubject at the locatidon covresponding to the location of one or
more  of  the SNPs is  determined indirvectly by dstermining the
genotbyps  of  the subject at a location corresponding

dig

at is in

with the one oy more SNPs.

57 [N

27 . The method of any one of claims 1-25, wherein the genotype of the
rect at the locatvicen corresponding to the location of the one

Sr orore SNPs is determined by indirect genctvping.

2%, The methced of claim 27, wherein the indirect genmtyping alliows

identification of the ganotypes of ths sublect at the cation
corrvesponding o the location of thse ons or more SNPs with a

probability of at isast £5%.

2%, The wmsthod of claim I8, whersin the indirect genotyping allows

of  the genctype of the subiject at the location

rdentificat ¥ 3

correspording  to the location of the one oy more SNPs with a

propability of at least 30%.

30. The method of claim 29, whevein the indirect genchyping allows
identification of the genctype of the =ubljsct at the location
corresponding to the lgocation of the one or more S8SNPFs with a

probability of at least 98%.

o

31, The methosd of any one of claims 1-30, further comprising the step

9]

£ detsrmining the log number of relapses in the last two years

I

or the human subject.

32. The methoed of any one of claims 1-3%, further comprising ths stzp

of determining the bkaseline Hrpanded Disability Status Scale

{EDSS) score for the human sublecth.

L
il
a4

The method of any one of claims 1-32, further comprising applving

the algorithm deploted in Figure 11 or Figure 13 teo identify the
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to glatiramer acetat

@

The method of any one of claims 1-38, fur

St

T

her comprising

determining a genotype of the subject at a location corres

te the location of a single nucleotide polymorphism ra3135381;

wherein the step of identifying ths human subijsct az &

responder to glatiramer acetate 1f the genotyps of the subiect
farther <ontains one or more § allsles at the looation  of

rs3135331, ox

whersin the step of identifying the human subliect as a predicted
non-responder to glatirvamer acstate 1f the genotype of the sul
further deoes not <ontaln & allelss at the location of rs31353%1

and

further comprising epplying the algorithm depicted in Figure 4,

&3]

igure ¢ or Figure 10 to identify the subisct as a predicted

responder or as a predicied non-respondsr to glatirawsr acebats.

The method of 34, wherein the location of a SNP is selected from
the group consisting  of rs3135391, rsiR94404, kpge393438,

-~

vs101620689,  rsi6886004,  kopSliO667,  kop8817836,  kgpl441i5334,

kgpez1435%1 and ra75%458,

(o]
(821

The method of any cone of olaims 1-32, wherein the location of a
SKe  dis  selected from  the group consisting of kgpT7T74T7E83,
kgp6h99438, ralfle2082, rsl688600G4, kgp8110687, kgp8817854,
kgpZ4415534, kgp€2l4351 and rs?53458.

The method of claim 36, further comprising applyving ths aigorithm
depicted in Flgure 12 or Figures 14 to identify the subject as a
predicied responder or as a predicted non-reszponder to glatiramer

acetate.,
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g, The method of any one of claims 1-37, further comprising
determining the genotype cf the subject at a locavion
corresponding to the location of one or morse singls rnuclestide
polymorphisms  {SNP3)  sslectad from the group consistiang  of:
kgpl0148554, kgplUZ1l555%4, kaplOT62882, kopll838214, kgplls8%244,
kgpll285883, kapllél4017, hgpll73%25%6, kgpl211183 kogplZ2Z2535648,
kgpl2h62255, kgpld32880, kgrleBZizZe, kgpi 758575, kap2 76815,
kagpl2 28385569, kgp24521552, kgplB77482, kgp2ez09%2s kgpze93iae,
kgp3i8g, kgp3287349, kagp34203409, kgpl488270, kgp3haBaas,
kgp3s24014, kapl6974a1s, Hop394638, kopdQ37661, kgpdl137144,
kgpd 33351, kgpd450834, RypdBTLTeT, kgpd 91145, kgpd892427,
kgpé 870674, kopd 85243, kgpB252824, kgni326762, Kgp541892,
kypieslasn, kgphT47456, Eopbh 8934351, kgph9z4341, kap5348515;
kgpB0425587, kgp&OB8188G, kgpaisd42n, kgpbll39e72, kgpHh2iv4l,
kgp6301155, Rgp6429231, RgpH8I8277, kgpd888327, kapé€930859,
kap?0062481, kgp7151133, kgp7161038, kap7653476, kgpTT78345,
kgp7532108, kgpB145845, kap8H44305, kgp8B847¥137, kgp9143704,
kgp9840944G, kgpB356070, kgplQiB702Z, kopbB27782, ralGi38844,
rel26834, ral0485115, rallbsines, rsliiel025, rsll750747,
rsll947777, rs120437 rzil233%80, rs3l13341i71¢, ral2472695,
rsil2B81439, ral31688%3, rs13386874, rs1357718, rsi383037,
rsil®30490, resli3f7481, rz1474226, 5083515, ws1834647, rsleg4elel,
rsl715441, el TI8TIZE, ral7245674, ral741941 rsiTI3174,
ralB83448, rsli05248, rs2095468, rsZ334380, rs281B085, rsZe3247,
ra2662, rsZf983%96%, rel34647183, r335815851, rs3T6E76Y%, rzl3847233,
ra38538034, vrs3858035, rs3B838036, rs3888038, rs388471iZ, rzdT40708,
rsd787764, ©s48785€67, rz3Z2806%, rsf458418, rsf577395, re6811337,

119480, rs7123506, rse7231368, ra7680970, rs7684006, rs76%639%1,
rs7e888655, rs7813945, rsTB4ETR3, rs78427351, rs7381005, rsl0DU068%,
rs80i88C07, rs25i080, rs8sTels, rsf24B620 and »s9853774, and
identifying  the human subiect as  a predicted responder to

3
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kapll285883,

I
kagpeds1880, Rgpéladadzg, kagphd 9231, Rgp7006201, kgp7151153,
kap7ial1d38, XgpTEL3474, kp8l145845, kgpl644305, kgp9143704,
hgp84084490, kgp39097T02, kgp8l227782, rsild38844, reldd43s11s,
psLiTE50747, rald341718, rail2BHE1439, rsllls8Eed, rz1333044,
reld74228, rsif34647, ra 171544 ral7igvizs, raifi45674,

31882448, »slB08248, rs363247, ral4647183,

335615851, ©sindran; reB450419,
57961008,

rafQl8ng7, rs9B4ReR

ons ¢r more O alleles at the lccation of hopll8382i4, kapld32800,
3

GrZ283955%, kop6€301155, kgpéB28277, rsl334380, rsZ662, rs3BS80

O

4:

(...;

ry

|74

fas
i)

BU94712, »y34797764 or rasTEU4s301,

one or more ¢ allelaes at the location of kgplUl483554, kgpli2iss

kgpl0889246, kapll7S5256, kgplén

kgpl3287343, hgp3420303, kgp3488
kogpd4l37i4d, kgpi 631650

506, zs7231366, rs78138949, rsTR46783, 1879

3
rs86il080 or ra%874818, or

ot
o
[}
gAY
[

.l
s
(7]

cne oy more T allelss at the location of rsi;

The method of claim 38, wherein the genotvpe of the subljesct at ths

locatd

corrasponding to the Iocation one or more of the SHPs
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SEPs.
A kit for identifying a hunan subleck afflicted with sl Ltipls
sclerosis or a sing clinical attack consistent with multiple
zolerozis as a predicted respondsr or asz a predicted non-responder
ramer acetate, the kit comprising at least ons probe
for  the location of a 3NP sslec from the group
of  rzl884408, kgp? 83, kaopé&S89438, rsiflloZons,
o kgp8liGse7, kopBBlTRSE, 024415534,  kgps2l43531 and

kit

A for identifying a human subiect afflictsd

scleros or & single clinicel attagk conzistent

1a

zciarosis as a predicted responder or as &

to glativamer acetate, the kit at least

primerz designsd te amplify a sSegment

predicted

which

with multiplse
with multiple

ant

3]
one pair

includes  the

lozation of a 3SNP selescted from the group consisting of rs 894408,
kgp 7747883 kgpbh9943n, rsi0162083, rsl6E86004, kgp8ilo867,
kgpidl7856, kgp244153334, kgp€214331 and rs759458

A kit for identifving human subiect afflicted

scleresis or a single clinical attack consistent
sclerosis as a predicted responder or as a

to gilatiramsr acetate, the kit comprising a reagent
2 method selscted from  the group consisting

fragment length polymorphism {(RFLPY analysis,

strand conformation po anal

Iymorphism
cleavags o©f mismatch (CCM), gens Chip and d

performance  liguid chromatography  (DHELO) or

genotype <cf  the & a lecation corre

location of at SHF selectsd from the grou
kapeb99438

kap24415534,

e

kop6214351 and

zeguanacing,

determining

550

rsiQig2i89,

with muitiple

with multiple

pradicted non-raspondey

for perfcrming

oF

restriction
single
chemical

enaturing high

the

nding to  ths

g of

=

p consistin

r3led8niid,
rs759458,
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kit for identifying a human aubject afflicted with maltipls
sclerosis or a2 zingle clinical attack consistent with multiple
sclerosis as a predicisd rasponder or as a predicted nen-responder
to glatiramer acetate, the kit comprising reagents for TagMan Opan
designad for determining the genotype of the subiect
0o corrasponding to the locatien of at lsast one SNP
from the group consisting of 1894408, Kgpe7747883,

3

raifi&2089, rsl4a886004, RopBL10687, K

LA kit for identif a human subject affliciesd with multiple

scierosis or a single clinical attack econsizstent with mualtipls
sclerosiz as a predicted responder or as a pradicted non-responder

Lo glatiramer acetate, the kit comprising

a} at least ons probe zpecific for a location corresponding to the

location of at least one SNP:

b} at least one pair of PCR primers dezigned to amplify a DNA
segment which includes a location corresponding to the location

of at lsast ons SNP;

¢l ooat lsast one palr of PUR primers designed to amplify a DNA
segment which incledes a location corresponding to the location
of at lsast one SNP and st least one probe specific for a

location corresponding to the iocation of at least ons 3NP;

4} a reagsnt for performing & method selected Trom the group
consisting of restriction fragment fength polymorphism  (RFLP)
anglysis, seguenciog, single strand conformation polymorphism
analysis (83CP), chemical cleavage of mismatch (CCy . gens chip
and denaturing high performance liquid chroematography (DHBLS) for

determining the identiny of at least ane SNP: or

<

for TagMan COpen Array assay designed for determining the

0]
]
[
1
&
T
josd
et
oy

genctype at a location corresponding te the location of at leaat
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wherein the at least ons SNP is selected from ths group consisting
of  rslE84408, lkgpTT4TE83, hgp6532438, rali0i62089%,  rsisBEED

kgpBlifee?, kgp8BlV838, kop24415834, kgpéll4351 and rs759458.

4%, The kit of claim 44, wherein the at least one SNPF iz in Linkags

diseguilibrium with the cne or more 3SNPs.

46. The kit of any one of claims 42, 44 or 43, wherein ths gene chip is
3

a whole genome genotyping array.
47. The kit of any one of claims 41-43 the kit comprising

(i} at least one pair of PCR primers designed to amplify a DN

segment which includes the location of & SNP selected from Lhe
group consiating of 51894408, kgp?747883, kgpehyv43s,
r3l0162083, rsi6B36004, kgpBliC667, kop8817856, kypl4415534,

{11} at least one probe specific for the a SHNF selected

from the group consisting of 5189440

(Y]

£

g, kap?74788
kgp&389438, vzl016208%, rsl16886004, kopHlidsse7
kgp24415534, kgpdlld35l and rs759453.

48. The kit of any one of «olaims 40-47 further comprisss meanszs for

applying the algorithm depicted in Figure 11 or ¥Figure 13 to
identify the subject as a predicted rssponder or as a predicisd non-
rasponder to glatiramer acetats.

48, The kit of any one of claims 40-47, further comprising

probe specific for the location of a SNP rs3i3siy

W
W

u} one pair of PCR primers designed to amplify a
inciudes the location of a SNP rs3135391:

c} & pair of PCR primers designed to ampiify a DNA segment which
includes & location corresponding to ths lccation of a 3NP
531353331 and a8 proke specific for a location corvesponding to

the location of 3 SNP rs31353971;
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for performing a method saselected from the FUOGR

s

consisting of restriction fragment length pol ymorpnizm  (RFLP)

analysis, saquencing, single strand conformation polymorphism

analysis (8SCP}, chemical clsavage of mismatoh (OCM), gene chip

and denaturing high performance liguid chromatography (DHPLDY for

determining ths genotype of ths sghiect at  a ifocation
corvesponding to ths location of a SNP rz3135391; or

e} ysagents for TagMan Cpen Array assay designed for determining the
genotype of the subject at a leocaticn corresponding to  the

location of a SNP vs31353331,

and means for applying the algorithm depicted in Figure 8, Flogure @
or Figure 10 to identify the subject as a predicted rezpondsr 0r as

a predicted non-responder to glatiramer acetate.

The kit of claim 49, wherein the location of a 8P is selscted from
the YUoOup conaisting of r33130381, rsl834408, Xpgthav43g,

rs10162089,  rs16886004,  kgpBl10667,  kgp8817856,  lkopl4d15534,

kgp62i4351 and rs

The kit of any one of claims 40-47, wherasin the location of a SNT is
selected from the group <
rsifie208s, rsl68846004, kgpBll0667, kop8317858, Kgpiddis
kgph2l4251 and Thu945h8.

<
ongisting of kgpT747883, kop6€i0943%,
5

The kit of claim 51, further comprises means for applving the
sigorithm depicted in Figure 12 or Figure 14 to identify the subject
a5 & predicted vresponder or as a predicted non-responder to

glatiramer acetats.

The kit of any one of claims 40~%2, wherein the kit further
comprises instructions for use of the kit for identifying a human
subject afflicted with multiple scleresis or & single clinical
attack consistent with multiple sclerosis as a predicted responder

or as a predicted non-responder to glatiramer acetate.
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4. The kit of any one of claims 40-32, whevein the genotype of the
subject at the location corresponding to the location of one or more

of the SNFs iz delermined by indirect genotyping.

n
[#1
.

The kit of any one of claims 40-53, wherein the gaenotype of the
subject at the location corresponding to the location of cne o mors
of the SNFs is determined indirectly by determining the genotypes of
the subject at a location correspondd Jig to the location of at leaast

one SNP that is in linkage diseguilibrium with the cne or more SNPs.

(]
()]

- The kit of any one of olaims 40-55%, wherein determining the genotype
i the subject at a location corresponding to the location of at
least one SNF that is in linkage diseguilibrium with the one or more
SNPs allows identification of the genob vie of the subject at the
lecation corrvesponding to the lomation of the one or more SNPs with

a probabilicy of at least 85%,

57. The kit of claim 58, wherein determining the genotype of the subject

t a location corresponding to the location of at least one SNP Lhat

u

ix in linkage disesguilibrium with the ong or more SNPs allows
identification of the genotype of tha subject at the lecation
corresponding  to the location of the one or more SNPs with a

probability of at lesast 90%.

The kit of claim 57, whsrein determining the genotype of the subisot

L
o
B

at a lecation corresponding to the location of at least one SNB that

i in linkage dissquilibrius with the ons or more SNPs allows

12

identification of the genotype of the subject at the leocation

2

L

esponding to the location of the one or more SNPs with a

probakility of at least 2983%,

58. A probe for identifying the genotvpe of a location corres spoending

%
Q

the location of & SNP selected from the group consisting  of
; rsl10162059, rsl6886G04

rsif94408, kopT7T4T8E3, kgpB655%438
kgp8litee7d, kgpS81l78536, kgp244155234, kopSZ14351 and rs759458.
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The probe of claim 3% wherein

the group consisting  of
rals886004,  kgp8illese?, kg

The probe of claim 88 or <laim €0, whersin the 58P is in linkage

disegquilibrium with ths one or more SNPs.

The probse of any one of claims 5%-61, wherein the location of the
SNP iz deteymined dndirestly by determining the genotype at a
location corresponding to the location of the SNP that is in linkage

disegquilibrium with the one or more SNPs.

Glatiramer acetate or a pharmaceutical compesition comprising
glatirvamer acetate for use In treating a human subijsct afflicted
with multiple sclerosis or a single clindcal attack consistent with
multiple sclerosis which human subject is identified as a predicted

responder o glatiramer acetate by:

etermining a gsnotype of the subisct at a location coryvesponding

Y

te the losaticn of one or mors single nucleotide polvuaorphisms
{SNPs} selected from the group consisting of: raldg440g,
kgp7747883%, Rgpahsadig, rsi01620889, rsi16886004, kgpf1104667,
kgpBB17856, kgp24413534, kgp6214351 and rs758458, and

b identifying the subject as a predicted responder to glatirvamer

anetate if the gencotype of the subdect contains

one or more A alieles at the location of kgpRlilesT, rsl(le2089

759458 and kgpé214351, or

cne  or  move G allelss  at  the location of  kgp24415534,

kgp6599438, kqp7T47H&3, kgpRR1TARS, rs16886D04 and ralsb440s .

The glatirvamer acetats or a pharmaceutical composition comprising
glatiramer acstate for use of claim 43 wherein determining a
genotype of the subject at a locatisn corrssponding to the location

wf one or more singles nuclestids polymorphisms {SNP3) selected From
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consisting  of: kgp774788%,
kgp8liQEes7,  haplBLl7836,  kuy
claim A3

acetate for

o5y
i
()
et
o
“+
fotn
I
Jal
e
L]
1

use dCCOanPg TQ

grein the genotype of the subiject at the location co

the lozation of one or more of the SNFs is determined is

determining the genotype of the subiect at a location

of

to  the location at  lsasi  one 8NP thait is

diseguilibrium with the ons or more SNPs.
86, Glatiremer acetate accerding to any
wharein determining genotype of  the subjecht at

Qx

ndirectly

in

one of claims 63-6°

PCT/US2016/028316

claim 64,
responding o

by

corresponding

linkage

Lﬁ

a location

corresponding to the location of at lseast one SNP that is in linkage
diseguilibrium with the one or wmore SNPs allows identification of
the genotype of the subijsch at the location corvesponding toe the
location of the one or more SNPs with a probability of at lasast 23%,

30%, or 98%.

67. A wmethod of determining the genotvpe of
identifying whether the genotype of a human subject
onge or more R allelies at the location of kgpBliissT,
3759458 and kgpfiid4351, or
one or more G alleles at the location of kgpl4413534,
kagp7 747383, kgpBB8l7R56, rsl6RS6004 and rsifS4a40s.
68. Tha method of claim €7, wherein identifying whether the
a human subject contains
one or more A alleles at the location of kgpBlils&s7,

ra7he458 and kgpH2i4351, or

A bhuman subject comprising

contains

5101842683,

KopE559438,

genotype of

ong oy more $ alleles location of kgp24415534, kgp6539438,
kgp7 747883, kopB8R17854, rsidé888004 and rsind440s

is determined indirvectly by determining the genctyps of  the
subject at a location corresponding to the location of at least
ong SNP that is in linkage disequilibrium with the one or mors

i

NEs.
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