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1
SUBCUTANEOUSLY ADMINISTERED
ANTI-11-6 RECEPTOR ANTIBODY

This non-provisional application [iled under 37 CIFR §1.53
(b}, claims the benefit vnder 35 TISC §119(e) of U.S. Provi-
sional Application Ser. No. 61/411,015, filed on Nowv, 8, 2010
and U.S, Provisional Application Ser. No. 61/542,6135, filed
on Oct. 3, 2011, which are incorporated by relerence in
enlirely.

FIELD OF THE INVENTION

‘The present application concerns methods lor treating an
Il -6-mediated disorder such as rheumaloid arthritis (RA).
Juvenile idiopathic arthritis (JIA), systemic JTA (sJIAY, pol-
varticular course JLA (peJlA), svstemic sclerosis, or giant cell
arteritis (GCA), with subcutaneonsly administered antibody
that binds interleukin-¢ receptor (anti-EL-6R. antibody). In

particular, it relates Lo identification of a ixed dose ol anti-

I1.-6R antibody. c.g. weilizumab, which is sale and ellective
lor subcutancous administration in patients with [T .-6-medi-
ated disorders. In addition, formulations and devices usetul
for subeutaneous administration of an anti-IL-6R antibody
are disclosed.

BACKGROUND O TTIE INVENTION

Rheumatoid arthritis is a progressive, systemic autoim-
mune disease characterized by svnovitis that damages diar-
throidal joints and 1s accompanicd by laligue, anemia, and
osteopenia. Rheumatoid arthritis has a prevalence ol 0.5% Lo
1.0% (Silman. A. ). “llpidemiology and the theumatic dis-

eases.” In: Maddison P J, Isenberg I A, Woo I, Glass DN,

eds. Oxford Textbook of Rheumatology: Oxtord University

Press: 499-513 (1993)) and a peak incidence between 40 and
60 years ol age and alfects primarily women. The causc ol RA
is nol known; however, certain histocompatibility aniigens
are associaled with poorer outcomes. Nonsleroidal anti-in-
flammatory drugs (NSAIDs) provide only sviuptomatic
reliet. Disease-modifving antirhevmatic drugs (DMARDs),
the comerstone ol RA treatment throughout all stages of the
disease (Maddison el al.. supra). mainlain or improve physi-
cal Munction and retard radiographic joint damage (Brooks, P.
M. “Clinical Management of rheumatoid artheitis” Lawsced
341: 286-290 (1993}). More recently, biological compounds
that target tumor necrosis factor alpha (TNF-t), B-cells, or
T-cells have been used successlully 1o treat RA, bul ~30% Lo

40% ol paticnts fail 10 respond Lo these therapies {Bathon ol =

al. New fmg. L Med 343: 15386-1592 (2000); Maini ¢t al.

Arthritis & Rhewmatism 41: 1352-1563 (1998)).
Interlevldn-6 (IL-6) is a proinflammatory, multitunctional

cylokine produced by a variety ol cell types. 11.-6 15 involved

in such diverse processes as T-cell activalion. 13-cell differen- 3

tiation, induction of acute phase proteins, stimulation of
hematopoietic precursor cell growth and ditferentiation, pro-
motion of osteoclast differentiation from precursor cells, pro-
liferation of hepatic, dermal and neural cells, bone melabo-
lism. and lipid metabolism (Ilivano I. Chem. humunod.
51:153-180 (1992); Keller et al. Frontiers Bivsci. 1: 340-357
(1996); Metzger et al. Am J Physiol Endocrinol Metab, 281:
15Y7-1:965 (2001): Tamura ol al. Proe Natd Acad Sci L5A.
90:11924-11928 (1993 ): Taub R. ./ Clie fpvest 112 978-980
(2003Y). 11.-6 has been implicated in the pathogenesis ol a
varlety of diseases including avtoimmune diseases,
osteoporosis, neoplasia, and aging (Hirano, T. (1992), supra;
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and Keller et al., supra). IL-6 exerts its effects through a
ligand-gpecilic receplor (11.-6R) present both in soluble and
membranc-cxpressed [orms.

Ilevated I1.-6 levels have been reporied in the serum and
svaovial thnid of RA patients, indicative of production of IL-6
by the svoovium (Irane et al. Evr J. Inmiened, 18:1797-1801
{1988); and | loussiau ol al. Arthritis Rhewm. 1988, 31:784-
TEE (1988)). I1 -6 levels correlate with discase activily in RA
(Hirano et al. (1988), supra), and clinical efficacy is accom-
panied by a reduction in serum [L-6 levels (Madhok et al.
Arthritis Rhewm. 33:5154, Abstract (1990)).

Tocilizumab (1CA) is a recombinant humaniyzed mono-
clomal antibody ol the immunoglobulin [g(1 subclass which
binds 1o human IL-6R. Clinical efficacy and safety studies of

3 intravenous (IV) TCZ have been completed or are conducted

by Roche and Chugai in various discase arcas, including
aduli-omsel RA, systemic juvenile idiopathic arthritis and
polyarticular juvenile idiopathic arthrilis.

TCZ 8 mg/ke IV has been approved in over 70 countries for
vse in RA | including Japan and Europe, In the United States,
TCZ IV (4 mg/kg and 8 mg'kyg) has been approved in RA
patients who have had an inadequate response o anti-TNI
agents. Additionally, TCZ was approved for nse in Castle-
man's disease in India and Japan.

On Apr. 13, 2011, the U.S. Food and Drug Administration
approved TC/. given alone or in combination with methotr-
exale. lor the treatment ol active systemic juvenile idiopathic
arthritis  (sJIA) (US Package Insert (USPD) for TCZ
ACTEMRASE:, April 2011). On Avg. 1, 2011, TCZ was also
approved in the U Jor the treatment ol active sJ1A who have
responded inadequalely to provious therapy with NSATDs
and systemic corlicosleroids ((C8). and T'CY. can be given as
monotherapy (in case of intolerance 1o MTX or where treat-
ment with MTX is inappropriate) or in combination with
MTX in patients 2 years of age and older (Summary ol Prod-
uct Characteristics (SmPC) lor RoACTHMRA. Roche Reg-
istration Limiled 6 Valcon Way Shire Park. Welwyn (Garden
City, AL7 1TW, United Kingdom, 4 Jun. 2010). The approved
TCZ dose for sJIA patients weighing <30 kg is 12 mg/kg
1'CY, and lor patients weighing =30 kg is B mgdke IV inlusion
overy 2 woeks.

TCZ has been approved for treatment of polvarticular
course juvenile idiopathic arthritis (peJIA) in Japan based on
the phase 3 study MRA3 18I conducted in Japanese patients.
WALYYTT ix an ongoing pivolal phase 3 study invesligaling
the ellicacy, salety. PK and P1Y ol 1CA in children with pellA
age ot 2 to 17 vears old.

TCZ has been intravenously administered 10 2 Japanese
patients with dilfuse culancous syslemic sclerosis (88c¢)
{Shima el al. Rheumatology 49:2408-12 (20107, doi: 10,1093/
rheumatologykeq2757), and o 5 patients with 85¢ (Meunier
et al. dun. Rheum. Dis. 70(Suppl 3):660 (2011)). In patients
with SS5¢, elevated levels of circulating IL-6 have been
reported, particularly in patients with carly discase. I1.-6 is
overexpressed in endothelial cells and broblasts of involved
skin in patients with S5¢ (Koch et al. Pathobivlogy 61:239-46
(1993)). Elevated IL-6 levels have been detected in the bron-
chioalveolar lavage of patients with SSc. Dermal fibroblasts
from patients with 88¢ have been reported o constitutively
express higher levels of I1L.-6 compared with those ol healthy
controls (Kadono et al. J Rhcumaiol 25:296-301 (1998)). [n
addition, serum IL-6 levels correlate positively with skin
sclerosis and acule-phase prodeins (Ong and Denton. Curn
Opin. Rheumarel. 22:264-72 (2010)).

I1 =6 has (irst been deseribed as a polent growth and matu-
ration factor tor developing human plasma cells. IL-6 induces
B-cell proliferation, antibody secretion, and survival of plas-
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mablasts. Activated B cells produce IL-6 and other cyvtolines.
In patients with 88c¢. polyclonal 13-cell activation, presence ol
highly specilic auloantibodics, and B-lymphocyte infiliration
in discased skin ol patients have been detected. However.
open-label trials of B cell-depleting antibodies in patients
with $8¢ have resulted in inconclusive data to date (Bosello et
al. Arthritis Res. Therapp 12:R54 (2010 Layfatis ol al
Arthritis Rhewmn. 605 578-83 (2009): Daoussis ol al. Rhewma-
fefoay 49:271-80(2010)). Bosello et al. (2010) reported ben-
eficial effects of B-cell depletion for patients with SSc¢ that
were associated with a reduction of serum IL-6 levels. In
addition 1o its cffects on 13-cell [unction. 11.-6 has speeilic
ellects on T cells. I1.-6 promotes "L=cell survival and "Th17-
Iyvmphocyte differentiation and inhibits development of regu-
latory T cells. Th17 cells produce IL-17 and have been linked
Lo development ol autoimmune diseases. [nan aulocrine loop.
I1.-17 may induce I1.-6 synthesis in human lbroblasts (Foss-
icv el al A fap, Med 813:2593-2603 (1996)). Increascd
circulating Th17 cells have also recently been reported in

patients with 5S¢ (Radstake et al. PLoS ONE 4(6):e5003, &

doir10.137 journal pone. 0005903, Alamas 8 P Life Sai
72:631-43 (2000, whereas serum and bromchoal veolar lav-
age levels of IL-17 were found 1o be increased in patients with
SSc and ILD (Kurasawa et al. Arihritis Rheum 43; 2455-63
(2000)).

Iibrosis gradually replaces the inllammaltory phase ol 88c.
In vitro experiments with human dermal [ibroblast cultures
showed that [L-6 increased collagen tvpe I, glvcosaminogly-
cans, hvaluronic acid, and chondroitin sultate production
(Duncan and Berman /. fimvest. Dermatol, 97:686-492 (1991)).

Giant cell arteritis ((GGOCA)Y is a primary vasculilis involving
large and medium sived arterics which is typically diagnosed
by temporal artery biopsy. Signs and svptoms of GCA
nclude elevated ervthrocyte sedimentation rate (ESR ) or new

headaches. Adverse sequelac include: irreversible blindness 3

(bilateral retinal or oplic nerve ischemia). infarcation o brain.
tongue, upper limb, or aortic ancurysm. GCA is an unmel
medical need. High dose corticosteraids (CS) are the current
standard of care, but more durable remissions are needed
(50% of patients relapse). and steroid sparing treatment
options arc needed in view ol sieroid-related complications).
Case studies reporting the use of TCZ in giamt cell arteritis
are: Seitz et al. Swiss Med Whkiy 141:w13156 pes. E1-E4
(2011); Salvarani et al. Arik. and Rhewm. (April 2011); and
Boeyer ol al. Amse. Rhewm. s pgs. 122 (2011 dol: 101136/
ard. 2010.149351. In cach ol these studies TCA was adminis-
tered intravenously.

Patents and patent publications related to anti-1L-6R anti-
bhodies include: LS. Pat. No. 5,171.840 (Kishimolo). U8,

Pal. No. 5A80.796 (Kishimolo), .5, Pal. No. 5.670.373 s

(Kishimoto). U8, Pal. No. 5.851.793 (Kishimoto), LS. Pal.
No. 5,990,282 (Kishimaoto), U.S. Pat. No. 6,410,691 (Kish-
wato), U.S, Pat. No. 6,428,979 (Kishimoto), ULS. Pat. No.
5,795,965 (Isuchiva et al). TS, Pal. No. 5817.790

("U'suchiya ¢l ally, U8, Pal. No. 7.479,543 (I'suchiya et al.). s

US 2005/0142635 (Tsuchiva et al.), U.S. Pat. No, 5,888,510
(Kishimoto et al. ), US 2001/0001 663 (Kishimoto et al.), US
2007/0036785 (Kishimoto et al.), U.S. Pat. No, 6,086,874
(Yoshida et all). U8, Pal. No. 6.261,560 (T'sujinaka ¢l al.).
L8, Pal. No. 6.692.742 (Nakamura ¢l al.), L8, Pal. No.
7,566,453 (Nakamura et al.), U.S. Pat. No. 7,771,723 (Naka-
mura et al.), US 2002/0131967 (Nalkamura et al.), US 2004/
0247621 {Nakamura o al.). US 2002/0187130 (Mihara ol
al.). US 20050238644 (Mihara ¢l all), US 20090022719
(Mihara et al). US 2006/0134113 (Mihara), 115, Pat. No.
6,723,319 (Tto et al.), U.S, Pat. No. 7,824,674 (Tro et al.), US
2004/0071706 (Ttoetal.), U5, Pat. No. 6,537,782 (Shibuva et
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al.}, TL.S. Pat. No. 6,962 812 (Shibuya et al.), WO 00/10607
{Akihiro et aly, US 2003/0190316 (Kakuta e al.). US 2003/
Q096372 (Shibuya et al.), LLS. Pal. No. 7.320,792 (Io ¢1 4l),
LS 2008/0124325 (Tio et ally, US 2004/0028681 (Tto ol all),
S 2008/0124325 (Tro et al.), US 20060292147 (Yoshizald
et al.), US 2007/0243189 (Yoshizald et al), US 2004/
0115197 (Yoshivaki et al), US 2007/01481649 { Yoshivaki et
al), U8, Pal. No. 7,332.289 (lakeda ct all). U8, Pal. No.
7927815 (lakeda et all). ULS. Pal. No. 7.955,598 (Yoshivaki
et al.), US 2004/0138424 (Takeda et al.), US 2008/0255342
(Takeda et al.}, US 2005/0118163 (Mizushima et al.), US
2005/0214278 (Kakula ot al). US 20080306247 (Mi-
sushima et al.), US 20090131639 {Kakuta et al), US 2006/
0142549 (Takeda et al.), U8, Pat. No. 7,521,052 (Okuda et

5 al), US 20090181029 (Okuda et al.), US 2006/0251653

{Olcuda et all), US 2009/0181029 (Okuda et al.), US 2007/
0134242 (Nishimoto et al), US 2008/0274 106 {Nishimoto et
all), US 2007/0008714 (Nishimolo et al), US 2010/0247523
(Kano et al.), US 20060165696 (Okano et al.), UUS 2008/
0124761 (Goto et al), US 2009/0220409 (Yasunami), US
2008/0220500 (Kobara), US 20090263384 (Okada ol all),
U8 2009/0291076 (Morichika etal.). US 2009/02649335 (Na-
kashima ot al). US 2010/0034811 (Ishida). US 2010/
0008907 (Nishimoto et al.), US 2010/0061986 (Takahashi et
al.), US 2010/0129355 (Ohguro et al. ), US 2010/0255007
{Mihara et al.), US 2010/0304400 (Swbenrach ol all, US
2010/0285011 (Imaeda et aly, US 201101 50869 (Milsunaga
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SUMMARY O TTIE INVENTION

In afirst aspect, the invention concerns a method of treating
an IL-6-mediated disorder in a patient comprising subcuta-
neously administering an anti-11 -6 receplor (11-61R )y antibody
o the patient, wherein the anti-I1L-6R antibody 13 adminis-
lered as a fixed dose ol 162 mg per dose (e.g. administered
every weel or every two weeks). Embodiments of the disor-
der include: rheumatoid arthritis (RA), juvenile idiopathic
arthritis (JIA), psorialic arthritis, and Castleman’s discase.
Preferably, the anti-11 -6R antibody is 1ocilizumab.

The invention also concerns a method of treating, rheuma-
toid arthritis in a patient comprising subcutaneously admin-
istering tocilizumab 1o the patient, wherein the tocilizumab is
administered as a (ixed dose ol 162 myg per dose every woeek
or every 1wo woeks.

In another embodiment, the invention provides an article of
manufacture comprising a subcutaneous administration
device, which delivers 1o a paticnt a lixed dose ol an anti-11 -6
receptor (11.-61R) antibody. wherein the fixed dose is selected
from the group consisting ol 162 mg, 324 mg, and 648 mg of
the anti-IL-6R antibody.

The invention, in another aspect, concerns a method of
inhibiting progression ol structural joint damage in a rheu-
matoid arthritis patient comprising subcutancously adminis-
tering a fixed dose of 162 mg of an anti-1L-6R antibody to the
patient every two weeks, wherein struetural joint damage at
week 24 or week 48 is found to be inhibited.

In addition. the invention provides a pharmaceulical com-
position comprising: an anti-11.-6R antibody in an amount
from about 100 mg/ml to about 300 mg/ml., and hyalu-
ronidase enzyime i an amount from abour 1,400 to about
1600 Ufml .

In [urther aspects. a method of treating an 11 -6-mediated
disorder in a patient is provided comprising subcutancously
administering such pharmaceutical composition to the
patient, wherein the anti-1IL-6R antibody is administered as a
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fixed dose ot 324 my per dose or 648 mg per dose, e.g. where
the fixed dose is administered every Tour weeks or once every
monih.

The invention also concerns a method of treating, an IL-6-
mediated disorder in a patient comprising subcutaneously
administering an anli-I1 -6R antibody and a hyaluronidase
enzyme 1o a patient, wherein the anti-11-6R antibody is
administered as a fixed dose o' 324 mp per dose or 648 mp per
dose (e.g. every four weeks or once every month).

The invention also concemns subcutancously adminislering
an anli-11 -6R antibody (c.g. lociluzumab) lo a patient with an
IL-6-mediated disorder. Examples of such disorders include:
auteimmune diseases, osteoporosis, heoplasia, aging, rheu-
maloid arthritis {RA), juvenile idiopathic arthritis (JIA). sys-
temic JIA (sJ1A). polyarticular course JTA (pellA). psorialic
arthritis, Castleman’s disease, Crohn’s disease, mwltiple
myeloma, polyivalgia rheumatica, glomerulonephritis,
plasmacyloma or plasmacylosis, mycloma {(including mul-
liple mycloma), hyperimmunoglobulinemia. anemia, nephri-
115 (such as mesangivm proliferative nephritis), cachexia (in-

cluding cancerous cachexia), umors, T cell mediated disease 2

(c.g. uveilis. chronie thyroiditis. delayed hypersensitivily.
contact dermalilis. or alopic dermatitis), Tupus {including
lupus nephritis and systemic lupus ervthmatosus), inflamma-
tory bowel disease (incliding Crohn’s disease and vlcerative
colills), pancrealilis. psoriasis, osteoarthritis, adull-onsct
S411s discase. mesothelioma, vasculitis. islel ransplantation
(e.2. pancreatic islet transplantation), myocardial infarction
(heart failure, ischemia-induced severe arthythiia), heart
transplantation. prostate cancer, choroidal neovasculariza-
tion {e.g. age-related macular degeneration, idiopathic chor-
oidal necvascularization, cyopic choroidal neovasculariza-
tion, idiopathic choroidal neovascularization), mwscle
alrophy, chronic rejection. ocular inflammatory discase (c.g.
panuveilis. anlerior aveilis, intermediate uveitis. scleritis.
keratitis, orbital inflammation, optic neuritis, drv eve, dia-

betic retinopathy, proliferative vitreoretinopathy, postopera-

tive inflammation). grall versus host discase (GVII).
fibrotic disorders (such as systemic sclerosis). giant cell
arteritis (GCA), Takavasu’s arteritis (TA), arteritis nodosa,
ankylosing spondylitis, ete.

Optionally. the disorder is rheumatoid arthritis. juvenile
idiopathic arthritis (JIA). systemic JIA (sJIA). polyarticular
course JIA (pellA), glant cell arteritis ((GGOCA). or syslemic
sclerosis,

In one embodiment, the anti-1L-5R antibody is subcutane-
ously administered 1o the patient with the [T -6-mediated dis-
order as a [ixed dose of 162 mg per dose. wherein the fixed
dose is subeutaneously administered every week, every two
weels, or every 10 days.

In a further aspect, the invention concerns a method of

treating juvenile idiopathic arthritis (JIA)Y in a patienl com- =

prising subcutancously administering an anii-11-6 receplor
(IL-6R) antibody 1o the patient in an amonnt effective to treat
the JIA,

Additionally, a method of trealing a librotic disease (c.g.

syslemic sclerosis) in a patient is provided which comprises

subculancously administering an anti-Il.-6 receplor (I1-6R)
antibody to the patient in an amount effective 1o treat the
fibrotic disease.

Morcover, the imvention concemns a method of trealing
giant cell arteritis ((GCA) in a palient comprising subcutanc-
ously administering an anti-1L-6 receptor (IL-6R) antibody to
the patient in an amount eftective to treat the GCA,

BRI DESCRIPTION OF THIE DRAWINGS

FIG. 1 depicts mean sIL-6R concentration-time profiles
following administration of TCZ 162 mg SC QW/Q2ZW in
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Japanese (MRA227) and Caucasian (NP22623) RA patients
compared with TCZ 4 & 8 mg IV Q4W (WATTE23). Key:
Japanese RA patients MRA227 study: N=12 lor the 162 mg
QW group. N=12 [or 162 mg Q2W group and N=610 8 lor the
81 mg QW/Q2W group which had a single dose part of 3
weeks, For the 81 mg group, the regimen was switched from
Q2W o QW al woek 9; Caucasian RA patients in NP22623
study: N=13 lor 162 mg Q2W and N=14 lor QW group.
WAL7823 study: N 146 for 4 mo/ke TV Q4W and N 332 or
8 ma'ke IV in combination with MTX, Error bar denotes
standard deviation.

I"1(3. 2 depicts mean CRP-time profiles [ollowing admin-
istration ol TCA 162 mg QW/QZW SC in Japancse
(MEA227) and Cavcasian (NP22623) RA patients compared

5 with the profile of 4 & 8 mp/kg IV Q4W (WAL17822). Key:

Japanese RA patients in MRA227 study: N=12 for the 162
mg QW group. N=12 [or the 162 mg (Q2W group and N=8 up
o week 11 and N=7 therealier [or the 81 mg Q2W/QW group
including the single dose part of 3 weelks. For the 81 mg
aroup, the regimen was switched from Q2W 1o QW at week
91 Caucasian RA patients in NP22623 study: N=13 lor 162
mg Q2W and N=14 lor QW group. WAT7822 sludy: N=152
to 211 for 4 me/ke IV Q4W and N 167 to 206 for 8 mp/ke TV
in combination with MTX. ULN-Upper limit of normal
range.

1G5, 3 depicts change in DAS2E-IISR rom bascline lol-
lowing administration ol TC7 in studies (MRA227 and
NP22623y and in IV Smdy (WA17822). Key: Japanese SC
study in RA patients (MRA227): N 12 for the 162 mg QW
group, N=12 lor 162 mg Q2W group and N=8 up 10 week 11
and N=7 therealier for the 81 mg Q2WAQW group including
the single dose part ol 3 weeks. For the 81 myg group. the
regimen was switched from Q2W to QW at week 9; Cauca-
sian SC study in RA patients (NP22623): N 11 for the 162
mg Q2W group+MTX QW and N=12 for the 162 mg
QW+MTX QW group. Comparator study WAL17822: N=1352
o 211 [orihe 4 mgfkg QAWM TX QW group. and N=167 10
206 for B mo/ke Q4W+MTX QW group.

FIG. 4 depicts mean*SD serum TCZ concentrations tol-
lowing administration ol 162 mg 8C QW and Q2W in Study
MRA227 and 4 & 8 mgg 1V Q4W in Study 1.RO30L. Key:
Group 1 (N B up to week 11 and N 7 thereafter): patients
received 81 mg SC single dose at week 1, started Q2W dosing
at weelk 3, and switched to Q2W dosing at week ¥; Group 2
{162 mg Q2W, N=12}: palicnils received single 162 mg 8C
dose at week 1 and started Q2W dosing al week 3: Group 3
(162 mg QW, N 12} patients received 162 mg QW dosing
for 15 weeks vntil the data-cut. Cauecasian SC Study in RA
patients (NP22623): N=13 [orthe 162 mg Q2W group+meth-
otrexate (MTX) QW and N=14 lor the 162 mg QW+MTX
QW group. PK profiles lrom 4 and 8 mgikg IV influsion every
4 weeks in RA patients in the Phase 2 dose-finding study
LRO301 are illustrated for comparison. LRO301 was
selected for comparison as PK [rom phase 2 and phase 3
studies were similar and Phase 3 had inlrequent PK sampling
{an observed mean PK profile could not be constructed appro-
priately).

FIG. 5 depicts WA22762 Study Design as in Example 2.

I"1(. 6 depicts NA2522013 Study Design as in 1ixample 3.

IFIGS. 7A and 713 depict the amino acid sequences ol the
light chain (FIG. 7A; SEQ ID NOx:1) and heavy chain (FIG.
7B; SEQ ID NO:2) of Tocilizumab.

IF1GS. 8A and 813 depict mean (£5813) Tocilizumab concen-
tration-time profile by cohort lor the study in ixample 5. 1FI¢.
BA provides lincar scale: UGG, 813 provides log-lincar scale.
TCZ tocilimumab; TCZ/PH20 tocilizumab co-formulated
with rHuPH20.
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FIGS. 9A and 9B depict dose proportionality for Tocili-
sumab/r uPL120 AUC, , . (VG 9A) and €, (I1G. 913).

II¢5. 10 depicts mean (+81M) CRP concentration-time
plot by cohorl. TC/=tocilizumab; TCAPH20=ocilivumab
co-formulated with rHulPH20.

FIG. 11 depicts mean («58EM) IL-6 concentration-time
plot by cohorl. TCA wcilizumab;, TCAPH20=ocilivumab
co-lormulated with rl TuPl 120

I'I¢1. 12 depicts mean (£81IM) 811 .-6R concentration-time
plot by cohort. TCZ tocilizumab; TCZ/PH20 tocilizumab
co-formulated with rHulPH20.

I'I¢r. 13 compares [V PK profiles following 4 and 8 mgfkge
every 4 Weeks with 8C PK profiles [ollowing 324 mg 'T'C7/
rHulPH20 and 648 mg TCZ/rHuPH20Administration (The IV
data for 4 and 8 mg'ke are from study LR0O320).
TCZ tocilizumab; TCZTH20 tocilizumab co-formulated
with rl luPTI20.

I'I(ES. 14A and 1413 depict PK profiles [ollowing intrave-
nous (IV) (simulated for WA18221 FIG. 14A) and subcuta-

neous (SC) administration (simulated for the patients from 2

WATS221. 'IG. 1413).

I'I¢r. 15 model predicted Cmin for study WALR221 (12
mg/kg lor body weight (13W<30 kg and 8 mgfkg lor BW=30
ka).

FIG. 16 model simulated TCZ Cimin for sTLA patients (162
mg Q2W [or BW=30 kg and 162 mg QW lor BW=30 kg).

I'I¢r. 17 model simulated TCZ Cmin [orsJLA patients (162
mg W tor BW<30 kg and 162 mg QW for BW=30 kp).

FIG. 18 model simulated TCZ Cmin for sTLA patients (162
mg Q10D for BW=30 kg and 162 QW for BW=30 kg).

IS, 19A and 1913 depict probability Lo reach pellAS0
score (P1G. 19A) and pellATO score (UG, 1913) in study
MRAZIRID (8 mg/kg TCZ) in ditterent body weight catego-
ries, Numbers on dotted lines indicate the probability 1o reach
pelLASO or peJIATO score.

IFIGRE. 20A and 2013 depict simulaied area under curve
(AUCY vs body weight {(13W) in Japancse Pediatric pellA
patients (MRA3IIRID) after 6 months. TCZ 8 mp'ke every 4
weels 10 both body weight categories (0 19) (F1G. 204A); 10
mg/kg or 8 mg/kg every 4 weeks in children with body weight
<30 kg and =30kg (n=19){I'1(5. 2013). The [ull line represents
a smoothed spline through the data. The dotied Tne (11,
20B) is a smoothed spline indicating the reference trend in the
data without any change in mg/dke dose in children with a
hody weight lower than 30 kg,

FIGE. 21A and 2113 depict PK profiles ollowing 1V
administration every 4 weeks (simulated for WA19977, FIG.
21A) and 162 mg SC administration every 2 weeks (simu-
lated for patients from WA19977, FIG. 21B).

I'I¢r. 22 is a schematic of subcutancously administered 5

anli-11 -6R antibody (TCA) in giant cell arteritis (GOCA).

FIGS. 23A-23D show concentration-time profiles for TCZ
(FIG. 234), sIL-6RTCZ complex (FIG. 23B), CRP (FIG.
23C7). and ISR (UG, 2313) [or two body weightl groups
through weck 16 in WAT8221 study

I'I(ER. 24A-241) show concentration-lime profiles lor TCZ
(FIG. 24A), sIL-6R (FIG. 24B), CRDP (FIG. 24C) and ESR
(FIG. 24D) for pellA patients trom the MRA3IRID study.

DIFTAILED DESCRIPTION O TTIE PREVERRID
EMBODIMENTS

L Definitions
Some abbreviations used herein: adverse event (Al aulo-

ijector (Al), area vnder curve (ALIC), body weight (BW),
corticostercids (CS), C-reactive protein (CRD), every 10 days
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(Q10D), every week (QW), every 2 weeks (Q2W), every 4
wocks (Q4W). glant cell arteritis (GOAY. interleukin 6 (11 .-6),
interleukin 6 receplor (I1.-6R), intravenous (1V). juvenile
idiopathic arthritis (JIA), methotrexate (MTX), non-sleroidal
anti-inflammatory drugs (NSAIDs), pharmacodynamic (D),
pharmacoldnetic (PK), polyarticular course juvenile idio-
pathic arthritis (pellA). pre-lilled syringe (PLS). rheumatoid
arthritis (RA). rheumaltoid factor (RI7). serious adverse evenl
(SAFE), soluble interleukin 6 receptor (sIL-6R ), subcutaneous
(SC}, svstemic juvenile idiopathic arthritis (sJIA), tocili-
zumab (TCZ), and water for injection (WET).

lHerein “human interleukin 6™ (abbroviated as “11 -6 s a
cylokine also known as 13 cell-stimulating laclor 2 (1381:-2),

or interferon beta-2 (IFNB2), hyvbridoma growth factor, and

5 CTL differentiation tactor. IL-6 was discovered as a differen-

liation factor contributing o activation ol 13 cells {1 lirano el
al.. Nature 324: 73-76 (19867), and was later [ound 0 be a
multilunction cylokine which influcnces the lunctioning ol'a
variety of ditterent cell types (Aldra et al., Adv. in Iimmunol-
ogy 534: 1-78 (1993)). Natvurally occurring human IT-6 vari-
ants are known and included in this delinition. Human 11 -6
amine acid sequence information has been disclosed. see lor
example, www.uniprot.org/uniprot/P05231,

For the purposes herein “human interlevkin 6 receptor”
{abbreviated as “IL-6R™) refers to the receptor which binds
II -6, including both membrane-bound 11 -6 (mll .-6RY and
soluble I-6R (sI1L-6RY. 11.-61 can combine with interleukin
& signal transducer glvcoprotein 130 to form an active recep-
tor complex. Alternatively spliced transcript variants encod-
ing distinet isoforms ol I1-6 have been reporied and arc
included in this definition. The amino acid sequence struclure
ol human I1-6R and ity extraccllular domain have been
described; see, for example, Yamasald et al., Science, 241:
825 (1988).

A neutralizing” anti-1-6R antibody herein is one which
binds o I1.-61R and is able 10 inhibit, 1o a measurable extent,
the ability ol I1.-6 10 bind (o and/or active I1.-6R. Toclizumab
is an example of a nevtralizing anti-1L-6R antibody.

“Tocilizumalb” or “TCZ” is a recombinant humanized
monoclonal antibody that binds 10 human interleukin-6
receptor (I1.-6R). IUis an [gG 1k (gamma 1, kappa) antibody
with a two heavy chains and two light chains forming two
antigen-hinding sites. In a preferred embodiment, the light
chain and heavy chain amino acid sequences of Tocilizumab
comprise 810 113 NOs. 1 and 2, respectively (see UGS,
7A-).

A “pative sequence” protein herein refers 1o a protein com-
prising the amine acid sequence of a protein tound in nature,
including naturally occurring variants ol the protein. “The
lerm as used herein includes the prodein as isolated [rom a
natural source thercol or as recombinantly produced.

The term “antibody™ herein is vsed in the broadest sense
and specifically covers monoclonal antibodies, polyclonal
antibodies. mullispecific antibodics (c.g. bispecilic antibod-
ics) lormed from al least two intact antibodies. and antibody
fragments so long as they exhibit the desired biological activ-
ity.

“Antibody frapgments™ herein comprise a portion of an
intact antibody which relains the ability 1o bind antigen.
lixamples of antibody ragments include Pab. Pab'. 1i{ab™,,
and Fv fragiments; diabodies; linear antibodies; single-chain
antibody molecules; and multispecific antibodies formed
from antibody [ragments.

The term “monoclonal antibody™ as used herein refers 1o
an anlibody oblained rom a population ol substantially
homogeneous antibodies, i.e., the individual amtibodies com-
prising the population are identical and/or bind the same
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epitope, except for possible variants that may arise during
production o[ the monoclonal antibody. such variants gener-
ally being present in minor amounts. In contrast o polyclonal
anlibody preparations that typically include dillerent anti-
bodies directed against different determinants (epitopes),
each monoclonal antibody is directed against a single deter-
minant on the antigen. In addition o their specificity, the
monoclonal antibodics are advantageous i (hat they are
uncontaminated by other immwnoglobuling, The modifier
“monoclonal” indicates the character of the antibody as being
obtained from a substantially homogeneous population of
anlibodics, and is not to be construed as requiring production
ol the antibody by any particular method. lior example, the
monoclonal antibodies 1o be used in accordance with the
present invention may be made by the hybridoma method first
deseribed by Kohler et al., Nature, 256:495 (1975, or may be
made by recombinant 1DNA methods (sece, e.g., U8, Pal. No.
4.816,567). The “monoclonal antibodics™ may also be iso-
lated from phage antibody libraries nsing the techniques

described in Clackson et al., Nedwre, 352:624-628 (1991) and 2

Marks clal., [ Mol Biol, 222:581-597 (1991). lor cxample.
Specilic examples ol monoclonal antibodics herein include
chimeric antibodies, lnmanized antibodies, and human anti-
bodies, including antigen-hinding fragments thereot.

The monoclonal antibodies herein specifically include
“chimeric” antibodics (immunoglobuling) in which a portion
ol the heavy andfor light chain is identical with or homolo-
gous to corresponding sequences in antibodies derived from a
particular species or belonging to a particular antibody class
or subclass. while the remainder of the chain(s) is identical
with or homologous (o corresponding sequences in antibod-
ics derived rom another specics or belonging (o another
antibody class or subclass, as well as fragments of such anti-
bodies, so long as they exhibit the desired biological activity

(UL, Pal. No. 4.816.567: Morrison ol al.. Proc. Natl, Acad. 3

Sci. USA, B1:0851-6855 (1984Y). Chimeric antibodies ol
interest herein include “primatized” antibodics comprising
variable domain antigen-binding sequences derived from a
non-human primate (e.g. Old World Monlkey, such as baboon,
rhesus or cynomolgus monkey ) and human constant region
soquences (LS. Pal. No. 5.693,780).

“Humanized” forms of non-hwman (e.g., murine) antibod-
ies are chimeric antibodies that contain minimal sequence
derived from non-human immunoglobulin, For the most part,
humanized antibodics are human immunoglobuling (recipi-
enl antibody) in which residues [rom a hypervariable region
of'the recipient are replaced by residues from a hypervariable
region of a non-human species (donor antibody) such as
mouse, ral. rabbil or nonhuman primate having the desired

speeilicity. afllinity. and capacily. In some instances, frame- s

work region (1R residues ol the human immunoglobulin are
replaced by corresponding non-human residues. Further-
more, humanized antibodies may comprise residues that are
not found in the recipient antibody or in the donor antibody.

These modifications are made 1o [urther reline antibody per- s

formance. In general, the humanized antibody will comprise
substantially all of at least one, and tvpically two, variable
domains, in which all or substantially all ot the hypervariable
regions correspond Lo those ol a non-human immunoglobulin
and all or substantially all of the F'Rs are those ol a human
mmunaoglobulin sequence, except for FR substitution(s) as
noted above, The humanized antibody optionally also will
comprise at least a portion of an immunoglobulin constant
region. typically that of a human immunoglobulin. lor lurther
details, see Jones ol al.. Nagure 321:522-525 (1986): Riech-
mann et al., Natwre 332:323-329 (1988); and Presta, Curr
Op. Struct. Biol. 2:593-396 (1992). Humanized antibodies
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herein specifically include “reshaped” IL-6R antibodies as
deseribed in UL, Pal. No. 5,795,963, expressly incorporated
herein by relerence.

A “human antibody™ herein is one comprising an amine
acid sequence structure that corresponds with the amine acid
sequence strueture of an antibody obtainable from a human
13-cell, and includes antigen-binding [ragments ol human
antibodies. Such aniibodies can be identified or made by a
variety of techniques, including, but not limited 10: produc-
tion by transgenic animals (e.g., mice) that are capable, npon
immunization, of producing human antibodies in the absence
ol endogenous  immunoglobulin production  (see. c.g.,
Jakobovils ol al.. Proc. Natl. Acad. Sci. /84, 90:23551 (1993);
Jakobovits et al., Naiure, 362:255-258 (1993 ); Bruggermann

s et al, Year in Demuno., 7:33 (1993); and TS, Pat. Nos.

5,591,669, 5,589.369 and 5,545.8077): sclection [rom phage
display libraries expressing human antibodics or human anti-
body lragments (sce. for example. MeCallerty ot al., Nature
348:552-553 (1990%;, Johnson et al., Current Opinion in
Sirucivral Bivdogy 3:564-571 (1993); Clacksonetal., Nature,
352:624-628 (1991); Marks el al.. J Mol Biod 222:581-597
{19971, Grillith et al.. KMBOL 12:725-734 (1993 ) LS. Pal.
Nos, 3,565,332 and 5,573,905); generation via in vitro acti-
vated B cells (see U.S. Pat. Nos. 5,567,610 and 5,229,275);
and isolation from human antibody producing hivbridomas.

A “multispecific antibody™ herein is an antibody having
binding specificitics lor al Teast two dillerent epitopes. lixem-
plary multispecific antibodies may bind to two different
epitopes of IL-6R. Alternatively, an anti-IL-6R bhinding arm
may be combined with an arm that binds 1o a triggering
moleeule on a leukoceyle such as a 'l=cell receplor molecule
{e.g. C132 or CD3). or Ve receptors for 126G (FerR). such as
FeyRI (CD64), FoyRIL (CD32) and FeyRIII (CD16) s0 as 1o
tocus cellular defense mechanisms to the receptor. Multispe-
cille antibodics can be prepared as [ull-lengih antibodies or
antibody [ragments (e.g. 1i{ab"), bispecilic antibodics). 'ngi-
neered antibodices with three or more (preflerably [our) [une-
tional antigen binding sites are also comremplated (see, eg.,
US Appln No, TS 2002/0004587 A1, Miller et al.).

Antibodics herein include “amine acid sequence variants™
with allered antigen-binding or biological activity. Ixamples
of such amino acid alterations include antibodies with
enhanced atfinity tor antigen (e.g. “atlinity matured™ antibod-
ies), and antibodies with altered Fe repion, if present, e.g.
with altered (increased or diminished) antibody dependent
cellular eylotoxicity (A1CC) andior complement dependent
cvtotoxicity (CDC) (see, for example, WO 00/42072, Presta,
L. and WO 99/31642, Iduosogie et al.); and/or increased or
diminished serum hall-lile (sce. Tor example, WOO0/42072,
Presta, ..

An “allinity matured varianC” hag one or more substituled
hypervariable region residves of a parent antibody (e.g. of a
parent chimeric, humanized, or human antibody). Generally,
the resulting variant (s ) selected lor further development will
have improved antigen-binding allinily relative o the parent
antibody from which they are generated. A convenient way
for generating such substitutional variants involves “atfinity
maturation” using phage display. Brietly, several hypervari-
able region siles (g, 6-7 siles) are mulated 10 generale all
possible amino substitulions al cach site. The antibody vari-
ants thus generated are displaved in a monovalent tashion
from filamentous phage particles as fusions to the gene II1
product ol M13 packaged within ecach particle. The phage-
displayed varlants are then sereened lor their biological activ-
ity {c.g. binding allinity). In order 1o identily candidate hyper-
variable region sites for modification, alanine scanning
mutagenesis can be performed to identity hypervariable
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region residues contributing significantly to antigen binding.
Allernatively, or additionally, it may be benelicial 1o analyye
a crystal structure o the antigen-antibody complex (o identily
contact points hetween the antibody and human [L-2R. Such
contact residues and neighboring residues are candidates tor

Ll - Arg Ala fer Gln Asp Ile
Lz - Tyr Thr Zer Arg Leu Hig
L: - Gln Gln Gly Asn Thr Leun
Hl - Ser &Asp His Ala Trp Ser;
HZ - Tyr Ile Ser Tyr Ser Sly
and

H3 - Ser Leu Ala Arg Thr Thr

substilution according 10 (he techniques claborated herein.
Onee such variants are generated. the panel ol variants is
subjected 1o screening and antibadies with improved affinity
may he selected for turther developiment.

The antibody herein may be conjugated with a “heterolo-
gous molecule” for example 10 increase hal[Hlile or stability
or otherwise improve the antibody. or example, the antibody
may be linked Lo ome of a varicly of non-proleinaceous poly-
mers, e.g., palvethylene glyvcol (PEG), polvpropylene glveol,
polvoxyallerlenes, or copalymers of polvethylene glveol and
polypropylene glyeol. Antibody fragments. such as liab'

linked to one or more P17 molecules are an exemplary

embodiment of the invention.

The antibody herein may be a “glycosylation variant™ such
that any carbohvdrate attached 10 the Fe region, if present, is
altered. For example, antibodies with a mature carbohyvdrate
structure that lacks Mcose attached o an e region ol the
anlibody are deseribed in US Pat Appl No US 20030157108
(Presta, 1.3 See also US 20040093621 (Kyowa lakko
Kogvo Co., L1d). Antibodies with a bisecting N-acetvlglu-
cosamine (GleNAc) in the carbohydrate attached 1o an Fe
region of the antibody are referenced in WO 2003/011878,
Jean-Mairet el al. and U8, Pat. No. 6,602,684, Umana ot al.
Antibodics with al least one galaclose residue in the oligosac-
charide attached o an lic region ol the antibody are reported

in WO 1997/30087, Patel et al. See, also, WO 1908/58%64
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(Raju, S.) and WO 1999/22764 (Raju, 8.) concerning anti- =

bodies with altered carbohydrate attached 1o the Fe region
thereol. Sce also US 2005/0123546 (Umana ct al.) deseribing
antibodics with modilied glycosylation.

The term “hypervariable region™ when used herein relers s

1o the amino acid residues of an antibody that are responsible
for antigen binding. The hypervariable region comprises
amino acid residues [rom a “complementarity determining
region” or “CDR™ (e.g. residues 24-34 (1.1). 50-56 (1.2) and
#4997 (1 3) in the light chain variable domain and 31-35(111).
50-65 (H2) and 93-102 (H3) in the heavy chain variable
domain; Kabat etal., Sequences of Profeins of Innnunological
futerest, Sth 1:d. Public | ealth Service, National Instilutes ol
Health, Bethesda, Md. (1991)) andfor those residucs from a
“hypervariable Toop” (c.g. residues 26-32 (1.1), 50-32 {1.2)
and 91-96 (L3) in the light chain variable domain and 26-32
(H1), 53-53 (H2 ) and 96-101 (H3) in the heavy chain variable
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domain; Chothia and Lesk J. Mol Biol. 196:901-917 (1987 )).

“Pramework™ or “I'IR™ residues are those variable domain
residues other (han the hypervariable reglon residues as
herein defined. The hypervariable regions of Tocilizumab
comprise:

(SEQ ID WoO: 3
Zer Ser Tyr Leu 2an:

(SEQ ID NO: 4}
Ser;

(SEQ ID NO: 5%
Pro Tyr Thr:

(SEQ ID NO: &}

(SEQ ID NO: 7}
Ile Thr Thr Tyr Asn Pro Ser Leu Lys Ser;

(SEQ ID MO: 2;
Ela Met 2Zzp Tvyr.

In one embodiment herein, the [1.-6R antibody comprises
the hypervariable regions ol Tocilizumab.

A “tull length antibody™ i3 one which comprises an anti-
gen-binding variable region as well as a light chain constant
domain (CL} and heavy chain constant domains, CHIL, CH2
and Cl3. The constant domains may be nalive sequence
constant domains (c.g. hwman native sequence conslant
domains) or amine acid sequence variants thereol. Preler-
ably, the full length antibody has one or more ettector func-
tions. Tocilizumab is an example of a full-length antibody.

A “naked antibody™ is an antibody {(as herein delined) that
i not conjugalted (o a heterologous molecule, such as a cylo-
loxic moicty. polymer. or radiolabel.

Antibody “effector functions™ refer to those biological
activities attributable 1o the Fe region (a native sequence Fe
region or amino acid sequence variant Fe region) of an anti-
body. 'xamples ol antibody ellector Tunctions include Clg
binding. complement dependent eylotoxicity (CDC). e
receptor binding, antibody-dependent cell-mediated eviotox-
ieity (ADCC), ete.

Depending on the amino acid sequence of the constant
domain ol their heavy chains, ull length antibodics can be
assigned wo dilTerent “classes™. There are [ive major classes ol
tull length antibodies: IgA, IgD, IgE, IoG, and IgM, and
several of these may be further divided into “‘subelasses™
{isolypes). c.g.. [grl, [eG2. [pG3. lelrd, lgA. and Ig A2, "The
heavy-chain constant domains that correspond Lo the dillerent
classes ol antibodics are called alpha. delta. epsilon, gamma,
and mu, respectively. The subunit structures and three-dimen-
sional configurations of ditfferent classes of lmmunoglobuling
are well known.

The term “recombinant antibody™, as used herein. reflers 1o
an antibody (e.g. a chimerie, humanized, or human antibody
or antigen-binding fragment thereot) that is expressed by a
recombinant host cell comprising nucleic acid encoding the
antibody. lixamples ol “host cclls™ lor producing recombi-
nant antibodies include: (1) mammalian cells. [or example,
Chinese Hamster Ovary (CHO), COS, myeloma cells (in-
cluding YO and NSO cells), baby hamster kidney (BHK), Hela
and Vero cells: (2) inseet cells, Torexample. 9, 521 and’In3;
{3y plant cells. for example plants belonging o the genus
Nicotiana (c.g. Nicotiana tabacum); (1) yeast cells, lor
example, those belonging to the genus Saccharomyces (e.2.
Saccharomyees cerevisiae) or the genvs dspergilius (2.
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Asperagilins niger); (5) bacterial cells, tor example Escheri-
chia coli colls or Bacillus subrilis cells. cic.

Ag used herein. “speeifically binding™ or “binds speeili-
cally 107 refers Lo an antibody sclectively or preferentially
binding 10 IL-6R antigen. Preferably the binding affinity tor
antigen is of Kd valve of 107% mol/l or lower (e.g. 107"
mol/1), preferably with a Kd value ol 107 mold1 or lower
(c.g. 1072 mol/N). The binding allinity is determined with a
standard binding assay, suech as surface plasmon resonance
technique (BIACORER:).

For the purposes herein, the term “IL-6-mediated disorder™
refers 1o a discase or disorder in which activation of [T -6 by
I1-6 results in the disorder and/or treatment with an anti-11 -
6R antibody can be used to treat the disease or disorder.
Examples of such disorders include: autoimmune diseases,
usleoporosis. neoplasia. aging. rheumatoid arthritis (RA).
Juvenile idiopathic arthritis (J1A) (Including systemic J1A and
polyarticular course JIA), psoriatic arthritis. Castleman’s dis-
ease, Crolin's disease, multiple myeloma, polvmyalgia rheu-

matica, glomervlonephritis, plasmacytoma or plasmacytosis, 2

mycloma (including multiple mycloma). hyperimmunoglo-
bulinemia. anemia. nephritis (such as mesangium prolilera-
tive nepliritis), cachexia (including cancerous cachexis),
mumors, T cell mediated disease (e.g. uveitis, chronic thyroidi-
115, delaved hypersensitivity, contact dermatitis, or atopic der-
malilis}, lupus (including lupus nephritis and systemic lupus
erythmatosus), mllammatory  bowel  discase  (including
Crohn’s disease and ulcerative colitis ), pancreatitis, psoriasis,
ostecarthritis, adult-onset Still's disease, mesothelioma, vas-
culitls, islet transplantation {c.g. pancreatic islel ransplanta-
tion}. myocardial inlarction (heart [allure, ischemia-induced
sovere arrhythmia), hearl transplantation, proslale cancer.
choroidal neovascularization (e.g. age-related macular
degeneration, idiopathic choroidal neovascularization,

cyopic choroidal neovascularization. idiopathic choroidal 3

neovascularization), muscle atrophy. chronic rejection, ocu-
lar inflammatory discase {c.g. panuvellis, anlerior aveilis.
intermediate uveitis, scleritis, keratitis, orbital inflammation,
optic neuritis, drv eve, diabetic retinopathy, proliterative vit-
reorelinopathy, postoperative inllammation), grafl versus
host discase (GVTID). fTbrotic disorders (such as sysiemic
sclerosis), giant cell arteritis (GCA), and Takavasu’s arteritis
('TA), arteritis nodosa, anlvlosing spondylitis, ete.

In one embodiment, the IL-6-mediated disorder is theuma-
Loid arthrilis.

In ome embodiment. the I1.-6 mediated disorder is juvenile
idiopathic artheitis (JTA ).

In one embodiment, the IT-6 mediated disorder is sy stemic
JIA (sIIA).

In one embodiment, the I1.-6 medialed disorder is pol- s

varlicular course JIA (pellA).

In one embodiment, the IT-6 mediated disorder is sy stemic
sclerosis,

In one embodiment, the 11 -6 mediated disorder is giant cell
arlerilis (GCAY.

Inone embodiment, the IL-6 mediated disorder is psoriatic
arthritis.

In one embodiment, the IL-6 mediated disorder is uvedtis.

As used herein, “rheumaltoid arthritis™ (abbrevialed as
“RA relers o is a chronic, systemic inllammaltory disorder
that may atfect many tissves and organs, but principally
attacks synovial joints. RA diagnosed aceording to the RA
musl be diagnosed according 1o the 1987 or 2000 revised
American College ol Rheumalology (ACR; formerly Ameri-
can Rhewmnatism Association) criteria [or the classilication ol
rheumatoid arthritis, or any similar criteria. Physiological
indicators of RA include, svmmetric joint swelling which is
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characteristic though not invariable in rheumatoid arthritis.
liusiform swelling of the proximal interphalangeal (PIP)
joints ol the hands as well as metacarpophalangeal {(MCP),
wrisls, clbows. knces. ankles and melatarsophalangeal
(MTT) joints are commonly affected and swelling is easily
detected. [ain on passive motion is the most sensitive test for
joint inflammation, and inflammation and structural defor-
mity olien limits the range ol motion [or the allected joint.
Typical visible changes include ulnar deviation ol the lingers
al the MOCP joints. hyperexiension orhyperllexion of the MCP
and PIT joints, fexion contractures of the elbows, and sub-
luxation of the carpal bones and toes.

A patient with “active rhevmatoid artheitis” means a
patient with active and not lalent sympioms ol rheumaloid
arthritis. In one cmbodiment, such patient has moderate-1o-
severe aclive RA of 26 months discase duration at iime of
baseline visit. In one embodiment, such patients will have: (1)
swollen joint count (SJC)=4 (66 joint count), (2) tender joint
count (TIC)z4 (68 joint count), and/or C-reactive protein
{CRP)=zupper limit o normal {UI.N) al screening visit.

Iixamples of “discasc-modilying anti-rheumaltic drugs™ or
“DMARDs” include hydroxyeloroquine, sulfasalazine,
methotrexate, letlunomide, azathioprine, D-penicillamine,
oold salts (oral), gold salts (intramuscular), minocyeline,
cyclosporine including cyclosporine A and wopical cyclospo-
rine. staphylococeal prolein A, and I'NI-inhibilors (sce
below ), including salts, variants, and derivatives thereot, etc.
Exemplary DMARDs herein are non-biological DMARDs,
including, in particular, arvathioprine, chloroguine. hydroxy-
chloroquine, leflunomide, methotrexate and sullasalavine,
with methotrexale being the DMARD according 1o one
embodiment of the invention.

For the purposes herein, “tumor necrosis tactor™ (abbrevi-
aled “INI™" ) relers o0 a human TN -alpha molocule compris-
ing the amino acid sequence as deseribed in Pennica ol al.,
Nature, 312:721 (1984) or Aggarwal et al., JBC, 260:2345
{1985).

A “TNF-inhibitor” herein is an agent that inhibits, 1o some
exlent, a biological unction o TN -alpha. generally through
binding (o I'NI-alpha and neulralizing its activily. I'xamples
of TNF inhibitors specifically contemplated herein are etan-
ercept (ENBRELE), infliximab (REMICADER), and adali-
mumab (HUMIRAR:), certolizumab pegol (CIMZIAR:), and
golimumab (SIMPON G,

The subject who is a “IDMARD inadequate responder™ is
ole who has experienced an inadequate response 1o previous
or current treatment with one or more DMARDs (including
one ormore NI inhibitors) because ol toxicily or inadequate
cllicacy.

The subject who is a *"I'NI inhibitor inadequate responder™
has experienced aninadequate response 1o previous or current
treatment with one or more TNF inhibitors because of toxicity
or inadequale efiicacy. In one embodiment, such patient has
received, [or example. clancreept lor =3 months al 25 mg
twice a weel or at least 4 infusions of infliximab at 23 mg/kg
but had an inadequate response thereto.

A “methotrexate nadequate responder™ is a patient who
has experienced an inadequale response Lo previous or current
treatment with methotrexale because of loxicily or inad-
equate efticacy. In one embodiment, the patient has been on
methotrexate (10-23 mp/week) for at least 12 weeks and still
has active discasc.

A “lixed dose™ herein refers o a dosage ol a drug. such as
an anti-11 -6R antibody which 1s administered without regard
to the patient’s weight or body surface area (BSA), L.e. irisnot
administered as either a mg/ke or mg/m?® dose.
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“Treatment™ of a subject herein refers 1o both therapentic
treatment and prophylactic or preventative measures.

The expression “clfective amount” relers o an amount ol
the antibody that is ellective for treating the 11 .-6 disorder.
Where the disorderis RA, such effective amount can resultin
any one or more of reducing the signs or svmptomms of RA
(t.g. achicving ACR20. ACRS0, or ACR70 response al week
24 andfor week 48). reducing discase activily (c.g. Discase
Activity Score, DAS20), ACR-hvbrid, slowing the propres-
sion of structural joint damage, improving physical function,
ete. [n one embodiment, such clinical response is comparable
1o that achieved with intravenously administered anti-11.-6R
anlibody:.

The expression “inhibiting progression of structural joint
damage™ in a RA patient refers 1o preventing or slowing
structural joint damage caused by RAL lor example based on
croded joint count and/or joint damage score. Methods Tor
measuring progression ol structural joint damage are known
1o the skilled person, and include, without limitation Genant-

modified Total Sharp Score (T58), erosion score (ES), and/or 2

Joint space narrowing (J8N) score.

The term “immunosuppressive agent™ as used herein for
adjunct therapy refers to substances that act 1o suppress or
mask the immone system of the mammal being treated herein.
This would include substances that suppress cytokine pro-
duction, down-regulale or suppress sell-antigen expression.
or mask the MIIC antigens. lxamples ol such agents include
2-amino-g-aryl-3-substituted pyrimidines (see 1.5, Pat. No.
4,665,077);  non-steroidal  anti-inflammatory  drugs
(NSAIDsY: ganciclovir tacrolimus, glucocorlicoids such as
cortisol or aldosterone, anti-inflammatory agents such as a
cyclooxygenase inhibilor. a S-lipoxygenase inhibitor, or a
leukotriene receptor antagonist; purine antagonists such as
azathioprine or mycophenolate motetil (MME); alloylating

agenls such as eyclophosphamide: bromoeryptine: danavol: 3

dapsone; glutaraldchyde (which masks the MIIC antigens. as
deseribed in L8, Pal. No. 4,120,649): anti-idiotypic antibod-
ies tor MHC antigens and MHC tragments; evelosporin A;
steroids such as corticosteroids or glucocorticosteroids or
glucocorticoid analogs, cg., prednisone. methylpredniso-
lone.  including  SOLU-MEDROLE  methylprednisolone
sodium suecinate, and dexamethasone; dihvdrofolate redue-
tase inhibitors such as methotrexate (oral or subcutanecus);
anti-malarial agents such as chloroquine and hyvdroxychloro-
quing; sulfasalazine: lellunomide: cylokine anlagonists such
as cylokine antibodics or cytokine receplor antibodics includ-
g anti-interferon-alpha, -beta, or -gamma antibodies, anti-
mmor necrosis factor (TNF)-alpha antibodies (infliximab
(REMICADIEEY or adalimumab). anti- I Nli-alpha immu-

noadhesin {elancreept). anti-TNli-beta antibodics, anti-inter- =

leukin=2 (I -2 antibodics and anti-I1 -2 receplor antibodies.
and anti-interlenkin-6 (IL-6) receptor antibodies and antago-
nists; anti-LFA-1 antibodies, including anti-CD11a and anti-
CIX8 antibodics; anti-1. 3’14 antibodies; heterologous anti-

Iymphocyie globuling pan-1 antibodics. preferably ami-C’133 s

or anti-CD4/CD4a antibodies; soluble peptide containing a
LFA-3 binding domain (WO 90/08187 published Jul. 26,
19903; streptokinase; transforming growth factor-beta (TGF-
hela); streplodomase; RNA or DNA from the host: FK306:
R5-61443: chlorambucil; deoxyspergualing  rapamycin:
T-cell receptor (Cohenetal.,, 1.8, Pat. No. 5,114,721); T-cell
receptor fragments (Offher et al., Seience, 2510 430-432
(1991 WO 90/11294; lancway, Narure, 3410 482 (1989}
and WO 917011333, BALLD antagonists such as 13AID anli-
bhodics and BR3 antibodics and #I'NI'4 anlagonists (lor
review, see Mackay and Mackay, Trends Imausnol., 23:113-5
(2002)); biologic agents that interfere with T cell helper sig-
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nals, such as anti-CD40 receptor or anti-CD40 ligand
{CI134), including blocking antibodics 1o C1340-C1340
ligand (c.g.. Duric el al., Science, 261 1328-30 (1993);
Mohan el al.. A famunod, 134 1470-80 (1995 and (71’1 A4 -
Iz (Finck et al., Science, 205: 1225-7 (1994)); and T-cell
receptor antibodies (EP 340,109) such as TIOBY. Some
immunosuppressive agents herein are also DMARDs, such as
methotrexale. lixamples ol immunosuppressive agenis herein
include cvelophosphamide, chlorambueil, azathioprine,
letlunomide, MMF, or methotrexate.

The “CD20™ antigen, or “CD20,” is an about 35-kDa, non-
glycosylated phosphoprotein found on the surlace ol greater
than 90% of 13 cells from peripheral blood or lymphoid
organs. CD20 is present on both normal B cells as well as

3 malignant B cells, but is not expressed on stem cells, Other

names [or CD20 in the literature include “13-lymphocyte-
restricted  antigen™ and “Bp33™. The CD20 anligen s
deseribed in Clark ol al, Proc. Natl Acad. Sei. (UJSA)
82:1766 (1985), for example.

Examples of CD20 antibodies include: “C2B8,” which is
now  called “rituximab”™ (“RITUXANEMAITTRAR™
(UL, Pal. No. 5,736.137); the yirium-]90]-labelled 2138
murine antibody designated “Y2B8” or “Ibritumomals Tiux-
etan” (ZEVALINE) commercially available from Biogen

3 Ides, Inc. (e.g., 1.5, Pat. No. 5,736,137, 2B8 deposited with

ATCC under accession no. TIRBTTI388 on Jun. 22, 1993);
murine [g(i2a “131,7 also called *Tosilumomab.” oplionally
labelled with '*'1 to generate the “1311-B1" or “iodine 1131
tositumomab™ antibody (BEXXART™) commercially avail-
able rom Corixa (sce, also, c.g. U8, Pat. No. 5.595.721);
murine monoclonal antibody “11'5” {c.g.. Press ol al. Blood
6N 23584591 (1987 and varianis thereol including “lrame-
work patched” or humanized 1F5 (e.g., WO 2003/002607,
Leung, S.; ATCC deposit HB-96450); murine 2H7 and chi-
meric 2117 antibody (c.g., LS. Pal. No. 5.677.180): 2 human-
ired 2117 (e.g., WO 20047056312 (Towman el al.) and as sel
forth below): TIUMAX-CD20™ [ully human. high-aliinity
antibody targeted at the CD20 molecule in the cell membrane
of B-cells (Genmaly, Denmark; see, for example, Glennie and
van de Winkel. Drug Discovery Today §: 303-510(2003) and
Crage ol al., Blood 101 1045-1052 (2003)); the human
meanoclonal antibodies set forth in WO 2004/035607 and WO
2005/103081 (Teeling et al., GenMab/Medarex); the antibod-
ies having complex N-glvcoside-linked sugar chains boundto
the e region described in US 20040093621 (shitara ¢l al.),
monoclonal antibodics and antigen-binding fragments bind-
ing 10 CD20 (e.g., WO 2005/000901, Tedder et al.) such as
HB20-3, HB20-4, HB20-23, and MB20-11; single-chain pro-
leins binding o C1320 (e.g.. US 20030186216 (1 .edbetier and
[Tayden-l.edbetter): U8 200570202534 (1layden-1 edbetier
and ledbettery: US 20050202028 (1 layden-1 edbetler and
Ledbertter); US 2005/0202023 (Hayvden-Ledbetter and Led-
better, Trubion Pharm lne. ); CD20-binding molecules such as
the AMI: serics ol antibodies, c.g.. AMLE-33"™ antibodics as
sel lorth. for example. in WO 2004103404 and US 2005/
0025764 (Watkins et al., Applied Molecular Evolution, Ine.)
and the CD20 antibodies with Fo mutations as set forth, for
example, in WO 2005/070963 (Allan et al., Applied Molecu-
lar livolution, Inc.): CD20-binding molecules such as those
deseribed in WO 2005/016969 and US 2005/0069543 (Can el
al.); bispecific antibodies as set forth, for example, in WO
2005/014618 (Chang et al.}; humanized LL2 monoclonal
antibodies as described. lor example. in US 2005/0106108
{l.eung and |ansen: Immunomedics): chimerie or human-
ized 13-1 x 1 antibodies 10 CD20 as deseribed, [or example, in
WO2005/044859 and US 2005/0123546 (Umana et al.; Gly-
cArt Biotechnology AG); A20 antibody or variants thereot
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such as chimeric or lumanized A20 antibody (¢ A20, hAZ0,
respectively) and IMMUN-106 (c.g. US 2003/0219433.
Immunomedics); and monoclonal antibodics 1.27. (128-2.
93-1133, 3-C1 or NU-132 available from the International
Leukocyte Typing Workshop (e.g., Valentine et al., I Lew-
kocyte Toping 11T (MeMichael, Ed., p. 440, Oxtord University
Press (1987)). The preferred (1320 antibodices herein are chi-
meric. humanized, or human CD20 antibodics, more preler-
ably ftuximab, a humanized 2H7, chimeric or humanized
A20 antibody (Immunomedies), HUMAX-CD20™ huyman
CD20 antibody (Genmab), and inmunoglobulins/proteins
binding 1 C1220 (I'rubion Pharm Ine.).

The werms “riluximab®™ or “RITTUX AN herein refer Lo
the genetically engineered chimeric murine/human mono-
clonal antibody directed against the CD20 antigen and des-
ignated “C21387 in UL8. Pal. No. 7.381.560 (Anderson ol. al.).
including [ragmenis thereol which relain the ability 1o bind
1320

Examples of “non-steroidal anti-inflammatory drugs™ or

“NSAIDs™ include aspirin, acetylsalicylic acid, ibuproten, -

flurbiprofen. naproxen. indomethacin, sulindac. lolmetin.
phenylbutarone, diclolenae. ketoprolen. benorylale, mele-
hamic acid, methotrexate, fenbufen, azapropazone; COX-2
inhibitors sueh as celecoxib (CELEBREX®:; 4-(5-(4-meth-
vlpheny!)-3-(triflvoromethy])-1H-pyvrazol-1-v])  benzene-
sullomamide. valdecoxib (BEXTRAMN). meloxicam (M-
BICHHY. GR 253035 ((Glaxo Welleome): and MK966 (Merck
Sharp & Dohme), including salts and derivatives thereot, etc.
Preferably, they are aspirin, haproxen, ibuprofen, indometha-
cin, ar lolmetin.

“Corticosleroid” refers 1o any one ol several synthelic or
nalurally occurring substances with the general chemical
structure of steroids that mimic or augment the eftects of the
naturally occurring corticosteroids. Examples of svathetic

corticoslernids include prednisone, prednisolone {including 3

methylpredniselone. such as SOLU-MEDROL @ methyl-
prednisolone sodium succinate), dexamethasone or dexam-
ethasone triameinolone, hydrocortisone, and betamethasone.
The preferred corticosteroids herein are prednisone, methyl-
prednisolone. hydrocortisome, or dexamethasone.

Atmedicament” is an active drug 10 treal the joint damage
or its svmptoms or side ettects.

The term “pharmaceutical tormulation™ refers to a prepa-
ration which is in such form as 1o permit the biological activ-
ity of the active ingredient or ingredients (o be ellective, and
which containg no additional compeonents which are unac-
ceptably toxic to a subject 1o which the formulation would be
administered. Such formulations are sterile.

A “slenile” formulation is aseptic or [ree [rom all living
microorganisms and their spores.

A Ustable™ [ormulation is ome in which all the prolein
therein essentially retain their physical stability andfor
chemical stability and/or biological activity upon storage at
the intended storage lemperature, e.g. 2-87 C. Preferably. the

lormulation essentially retains its physical and chemical sla- s

bility, as well as its biological activity upon storage. The
storage period is generally selected based on the intended
shelf-life of the formulation. Furthermore, the formulation is
prelerably stable ollowing [recring (to. cg. =207 ) and
thawing of the [brmulation, lor example [ollowing 1 ormore
cveles of freezing and thawing, Various analytical techniques
for measuring protein stability are available in the art and are
reviewed in Peplide and Protein 1rug Delivery, 247-301.
Vincent Lee 11d., Marcel 1Dekker. Inc.. Now York, N.Y. Pubs.
(1991Y and Jones, A. Adv. Drug Delivery Rev. 10: 29-80
(1993), for example. Stability can be measured at a selected
temperature for a selected time period. Stability can be evalu-
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ated qualitatively and/or quantitatively in a variety of difter-
enl ways, including evaluation of aggregate [ormation (lor
example using size exclusion chromatography, by measuring
lurbidity. andior by visual inspection): by assessing charge
heterogeneity vsing cation exchange chromatography or cap-
illary zone electrophoresis; SDS-PAGE analysis to compare
reduced and intact antibody; evaluating biological activity or
antigen binding [unction of the antibody; cle.

A Hstabilizer™ herein is an excipient. or mixture ol two or
more excipients, which stabilizes a pharmaceulical lormula-
tion. For example, the stabilizer can prevent instability due to
freezing-thawing or other thermal-induced destabilization of
the formulation. Exemplary excipients herein include surfac-
lanls, and amine acids, such as arginine or methionine {in-
cluding derivatives thereol).

The term “surfactant” as used herein denotes a pharmaceu-
tically acceptable surface-active agent. In the formulation of
the invention, the amount of surfactant is described a percent-
age expressed in weight/volume, The most commonly vsed
welght/volume unit is mg/ml .. Suilable examples ol pharma-
ceulically acceplable surfactants include polyoxyethylen-
sorbitan fatty acid esters, polvethylene-polvpropyvlene gly-
cols, polvoxvethylene-stearates, polvoxvethylene allyl
ethers, e.g. polvoxyethyvlene monolavryl ether, alkvlphe-
nylpolyoxy-cthylene clthers (Iriton-X), polyoxyethylene-
polyoxypropylene copolymer (Poloxamer. Pluronic). and
sodivm dodecyl sulphate (SDS). Most suitable polyoxyeth-
vlenesorbitan-tatty acid esters are polysorbate 20 (sold under
the trademark TWIETN 2008 and polysorbate 80 (sold under
the trademark TWETN 8000). Most suitable polyethylence-
polypropylene copolymers are those sold under the names
PLURONICE Fog or POLOXAMER 188E:, Preferred poly-
oxvethylene-stearates are those sold under the trademark
MYRI™. Most suilable polyoxy-clhylene alkyl cthers are
those sold under the trademark BRI, Most suitable alky-
Iphenolpoly-oxyethylene clhers are sold under the trade name
TRITON-XE.

The term “butfer” as used herein denotes a pharmaceuti-
cally acceplable buller which resists changes in pll by the
action ol ity acid/base conjugale components. Optionally. the
pH of'the formulationis inthe range from 510 7, e.g. from 5.5
to 6.3, most preterably about pH 6, and the bufter employed
achieves such desired pH for the formulation. Suitable phar-
maceulically acceplable bullers according o the invenlion
comprise but are not limited (o histidine-bulTers. citrate-bull-
ers, aluconate-butters, succinate-buffers, acetate-butters glv-
cvlglvcine and other organic acid butfers, and phosphate-
bullers. Preferred bullers comprise |-histidine or mixtures of
[ -histidine with I -histidine hydrochloride with isolonicity
agents and potentially pll adjustment with an acid or a base
kunown in the art. Most preferred is histidine (e.g. L-histidine).

By “isotonic™ is meant that the tormulation of interest has
cssentially the same osmolic pressure as human blood. lso-
lonic lormulations will generally have an osmolic pressure
from about 230 w 350mOsm. Isotonicity can be measured
using a vapor pressure or ice-treezing tvpe osmometer, for
example,

A liguid [ormulation™ or “aqueous [ormulation”™ accord-
ing to the invention denoles a lormulation which s liquid al a
temperature of at least about 2 1o about 8° C.

The term “lyophilized formulation” denotes a formulation
which is dried by [reesing the formudation and subsequently
subliming the ice from the [roven content by any [reere-
drying methods known in the art. for example commercially
available treeze-drying devices. Such formulations can be
reconstituted in a suitable diluent, such as water, sterile water
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for injection, saline solution ete, to form a reconstituted liquid
lormulation suitable [or adminisiration 10 a subject.

“l lyaluroman™ {(abbreviated “ITA™ and also called “hyalu-
romic acid™ or “hyaluronale™) is an anlonic, nonsullated gly-
cosaminoglyean distributed widely throughout connective,
epithelial, and nevral tissues.

“lyaluromidases™ are envymes thal degrade hyaluronic
acid. In humans, there are six assoclaled genes. including
HYATLDT (psendogene), HYAL1, HYAL 2 HYAT3 HYAT 4,
and PH20/SPAMI. The term herein includes “acid-active™
enzymes (such as HYAL1), and “neutral-active” enzymes
(such as PII20). I alse includes enzymes with or without a
glycosylphosphtidy inositol anchor: preferably the hyalu-
ronidase is soluble or lacks an anchor. Hyaluronidases can be
ineluded in a pharmacevtical formulation in order 1o tacili-
Late administration of the therapeutic drug into the hypoder-
mis, reduce the viscosily ol the interstitum, allow larger vol-
umes o be administered SC. and/or increase absorplion and
dispersion of another injected drug. The hyvaluronidase

enzyme i1 a pharmaceutical formulation herein is character- 2

ized by having no adverse ellect on the molecular inlegrity ol
the anli-11 -6R antibody in the formulation, and while itmodi-
fies the delivery of the anti-IL-6R antibody to the systemic
circulation it does not possess any properties that could pro-
vide or contribute 1o the therapeutic effects of systemically
absorbed anti-I1-6R antibody. Sce. also, WO 2004/078140.
WO2006/091871 and LS. Pal. No. 7,767.429 regarding
hyvaluronidases according 1o the present invention. Hyalu-
ronidase products approved in EU countries include
HYALASIE, Hyaluronidase products o animal origin
approved in the US include VITRASIIM™M TIVIIRASE™ and
AMPITADASIIM, The prelerred hyaluronidase herein is
recombinant human PH20,

“Recombinant human PH20™ (abbreviated “rHulPH20")

reflers 10 a soluble, neutral pll-aclive enzyme comprising a3

truncated human PIH20 amino acid sequence. IE can be syn-
thesived wilh a 35 amine acid signal peplide that is removed
from the N-terminus during the process of secretion so as to
provide an N-terminal amine acid sequence found in some
bhovine hyaluronidase preparations. Prelerably, rIIuP120
herein comprises the amino acid sequence available under
CAS Registry No. 737971-38-7 or as disclosed in U.S, Dar.
No. 7,767 429, expressly incorporated herein by reference,
and has an approximate molecular weight of 61 kDa. See,
also, Prost. (o 1, “Recombinant human  hyaluromidase
(rIIuP1120): an enabling platform lor subculancous drug and
fluid administration”, Experi Opinion on Drug Delivery 4:
427-440 (2007)). The term herein includes rHulH20 (HYL-
ENEX) commercially available from | lalozyme Therapeu-
lics Inc.

A “subcutancous administration device™ refers o a device.
such as svringe, injection device, intusion pump, injector pen,
needleless device, patch delivery system, etc, which is
adapled or designed o adminisier a drug or pharmaceutical

lormulation by the subculancous roule. In one embodiment. 3

the device administers about 0.9 mL, 1.8 mL, or 3.6 mL of a
pharmaceutical formulation.

A “package insert™ is vsed 1o refer to instructions custom-
arily included in commercial packages ol therapeulic prod-
ucls, that contain information about the indicalions, usage.
dosage, administration, contraindications, other therapentic
produets 1o be combined with the packaged product, and/or
warnings concerming the use ol such therapeulic products.
cle.

lHerein. a “[ibrotic discase™ is one involving the formation
of excess fibrous connective tissue in an organ and/or tissue.
Examples of fibrotic diseases herein include: systemic scle-
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rosis (scleroderma), keloids, hypertrophic scars, burn scars,
liver (ibrosis, liver cirthosis, pulmonary hypertension, pul-
monary [ibrosis (including idiopathic pulmonary (ihrosis,
IPI7M). cardiac Mbrosis. kidney [ibrosis. hepalic Mbrosis, cle. In
ole embodiment, the fibrotic disease is systemic sclerosis,

“Systemic sclerosis™ (S5¢) or “sclernderma™ is a complex
and heterogeneous disease with skin and tissve fibrosis, vas-
cular alicrations. and auloantibodics against various cellular
antigens being amongst its prineipal features. The clinical
manilestations of systemic sclerosis can range [rom limited
skin involvement to severe internal organ dysfunction. Inter-
nal visceral organ pathology is a major factor contributing to
the morbidity of this disease, with the lddnevs, esophagus,
heart, and lungs being the most requently involved. There are
two major subgroups in the commonly accepled classification
ol 88c: limited cutancous 85c¢ (1e88c¢) and dilfuse culancous
S5¢ (deSSe). Gabrdelli et al. Mechanisms of disease. Sclero-
derma, N Engl J Med 360:1983-2003 (2009,

In one embodiment, the patient with svstemic sclerosis has
been classilied according (o the American College of Rheu-
matology ([ormerly. the American Rheumatism Associalion)
criteria lor the classification ol systemic scleroderma based
oL

major eriterion: proximal diffuse (truncal) selerosis (skin
lighiness, thickening, and non-pittiing induration): and

minor criteriaz {17 sclerodactyly (only lingers and/or loes),
{2y digital pilling scars or loss ol substance ol the digital
finger pads (pulp loss), and (3) bilateral basilar pulmonary
fibrosis, wherein a patient with systemic sclerosis should
tulfill the major criterion or two of the three minor criteria.
See Subcommitiee [or Scleroderma Criteria of the American
Rhcumatism Association. Diagnostic and Therapeutic Crite-
ria Commillee. Preliminary criteria or (he classification of
svstemic sclerosis (scleroderma). drihritis Rhewm 23:581-90
{19807,

11, Production of Anti-1l.-6R Antibodics

The methods and articles of manutacture of the present
inventionuse, or incorporate, an antibody that binds 1o human
IL-6R. IL-6R antigen to be used for production of, or screen-
ing lor, antibodics may be. c.g.. a soluble form of [1-6R or a
portion thereol {e.g. the extracellular domain). containing the
desired epitope. Allernatively, or additionally. cells express-
ing IL-6R at their cell surface can be vsed 1o generate, or
screen for, antibodies. Other forms of IL-6R wsetul for gen-
crating antibodics will be apparent to those skilled in the art.

In one embodiment. (he antibody is an antibody fragment,
various such lragments being disclosed above.

In another embodiment, the antibody is an intact or toll-
length antibody. Depending on the amino acid sequence of
the constant domain ol their heavy chains, inlact aniibodics
can be assigned o dillerent classes. There are [ive major
classes of intact antibodies: Ig A, oD, IgE, 1gG, and IgM, and
several of these may be turther divided into subclasses (so-
types), e.n., 1aG1, 19G2, 1aG3, 1oG4, IgA, and IgA2. The
heavy chain comstant domains that correspond (o the dillerent
classes ol antibodics are called o 8, e, v, and p. respeetively.
The subunit struetures and three-dimensional configurations
of different classes of inmunoglobulins are well known. Ina
preferred embodiment. the anti-1-6R antibody is an [g(G1 or
lgh antibody.

Techniques for generailing antibodies are known and
examples provided above in the definitions section of this
document. In a preferred embodiment, the antibody is a ¢lhi-
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merie, humanized, or human antibody or antigen-hinding
[ragment thereol. Prelerably the antibody 1s a humanived
[ull-lengih antibody.

Various lechniques are available for determining binding
of the antibody 10 the [L-6R. One such assay is an enzyvme
linked immunosorbent assay (ELISA) for confirming an abil-
ity 1o hind (o human 11 -6R. See. for example. U8, Pal. No.
5.7495,965. According 1o this assay. plates coated with 11.-6R
(t.g. recombinant s11.-6R) are incubated with a sample com-
prising the anti-IL-6R antibody and binding of'the antibody to
the sIL-6R is determined.

Preferably. the anti-11-6R antibody i neatralizes I1.-6
aclivity. c.g. by inhibiting binding ol Il -6 (0 [T .-6R. An exem-
plary method for evaluating such inhibition is disclosed in
IS, Pat. Nos. 5,670,373, and 5,705,963, for example.
According 1o this method, the ability of the antibody to com-
pele with 116 10 11-6R is evaluated. lior example, a plale is
coaled with I1.-6R {c.g. recombinant 11 -6R), a sample com-

prising the anti-IL-6R antibody with labeled 1L-6 is added,

and the ability of the antibody to block binding of the labeled 2

1.6 1o the I1L-6R is measured. Sce. LS. Pal. No. 5,795,963,
Alternatively, or additionally. identification ol binding ol
I1.-6 to membranc-bound 11-6R is carried owl according Lo
the method of Taga et al. J. Exp. Med., 166: 967 (1987). An
assay for confirming nevtralizing activity using the IL-6-
dependent human T-cell Teukemia line K13 is also available.
sce, LLS. Pal. No. 5,670.373. and Shimizu el al. Blood 72:
1826 (1988).

Non-limiting examples of anti-IL-6R antibodies herein
clude PM-1 antibody (Hirata et al., J Tmmunol. 143:2900-
25906 (1989), AUK12-20. AUK64-7. and AUK146-15 anli-
hody (118, Pat. No. 5,795.963). as well as humanived variants
thereot, including, for example, tocilizumab. See, U.S. Pat.
No. 5,795,963, Preferred examples of the reshaped human

antibodies used in the presentinvention include humanized or

reshaped anti-interleukin (I1.-6) receptor antibodics (hPM-1
or MRA) (sce 1LE. Pal. No. 5,795,965).

The antibody herein is preferably recombinantly produced
in g host cell transformed with nucleic acid sequences encod-
ing its heavy and light chains {e.g. where the host cell has been
transformed by one or more veclors wilh the nuelele acid
therein). The preferred host cell is a mammalian cell, most
preferably a Chinese Hamster Ovary (CHO) cells.

II1. Pharmaccutical Formulations
Therapeutic formulations of the antibodies nsed in accor-

dance with the present invention are prepared for storage by
mixing an antibody having the desired degree of purily with

optional pharmaccutically acceplable carricrs, exciplents or =

slabilizers ( Remiington s Pharmaceutical Sciences 16(h edi-
tion, Osol, A, Ed. (1980)), in the form of lvophilized formu-
lations or aqueous solutions. Acceptable carriers, excipients,
or slabilizers are nonloxic o recipients al the dosages and

concentrations employed, and include buflers such as phos- s

phate, citrate, and other organic acids; antioxidants including
ascorbic acid and methionine; preservatives (such as octade-
cvldimethylbenzy]l ammonium ¢hloride; hexamethonium
chloride; henzalkonium chloride, benscithonium chloride:
phenol, butyl or bensyl aleohol; alkyl parabens such as
methyl or propyl paraben; catechol; resorcinol; cvelohex-
anol; 3-pentancl; and m-cresol); low molecular weight (less
than about 10 residucs) polypeptides; proteins. such as serum
alburnin, gelatin. or immunoglobulins; hydrophilic polymoers

such as polyvinylpyrrolidone: amino acids such as glycine.
glutamine, asparagine, histidine, arginine, or lvsine;

monosaccharides, disaccharides, and other carbohvdrates
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including glucose, mannose, or dextring; chelating agents
such as 1Y TA:L sugars such as sucrose. mannitol. trehalose or
sorbilel; sall-forming counter-ions such as sodium; metal
complexes (e.g. /m-protein complexes); and/or non-ionic sur-
tactants such as TWEENT, PLURONICS™ or polyvethylene
alveol (PEG).

The formulation herein may also contain more than one
active compound as nocessary. preferably those with comple-
mentary activities that do not adversely atfect each other. The
type and etfective amounts of such medicaments depend, for
example, on the amount of antibody present in the formula-
tion. and clinical parameters of the subjects. ixemplary such
medicaments are discussed below.

The active ingredients may also be entrapped in microcap-
sules prepared, for example, by coacervation techniques or by
interlacial polymerization. [or example, hydroxymethyleel-
lulose or gelatin-microcapsules and poly-(methylmethacy-
late) microcapsules, respectively, in colloidal drug delivery
svstems (tor example, liposomes, albumin microspheres,
microemulsions, nano-particles and nanocapsules) orin mac-
roemulsions. Such technigues are disclosed in Remington's
Pharmacentical Sciences 161h edition. Osol. AL Tid. (19807,

Sustained-release preparations may be prepared. Suitable
examples of sustained-release preparations include semi-per-

3 meable matrices of solid hydrophobic polviners containing

the antibody, which matrices arc in the [orm ol shaped
articles. e.g. [ilms, or microcapsules. Lxamples ol sustained-
release matrices include polyvesters, hvdrogels (Tor example,
polv(2-hydroxvethyl-methacryvlate), or polv(vinvlaleohol)),
polylactides (118, Pal. No. 3.773,919), copolymers ol
[~glutamic acid and vy ethyl--glutamale, non-degradable
cthylene-vinyl acclale, degradable lactic acid-glycolic acid
copolvmers such as the LUPRON DEPOT™ (injectable
microspheres composed of lactic acid-glveolic acid copoly-
mer and leuprolide acelate). and poly-13-{=3-3-hydroxybu-
Lyric acid.

The lormulations lo be used [or in vive administration must
be sterile. This is readily accomplished by filtration through
sterile filtration membranes.

In one embodiment. the anti-Il-6R aniibody-conlaining
liguid lormulation according 1o the present invention conlains
a high concentration of the anti-IL-6R antibody, preterably
from 50 to 300 me/mT., more preferably from 100 1o 300
mg/mL, still more preterably from 120t0 250 me/ml, and vet
more prelerably [rom 150 10 200 mgiml ., lor example aboul
180 mg/ml.. ol the anti-Il -6R antibody.

In one embodiment, the formulation with high anti-IL-6R
antibody concentration includes arginine and/or methionine
as slabilizers or excipients in the formulation.

Ay the arginine used in the present invention. any of the
arginine compound per se. derivatives thereol and salts
thereof can bevsed. L-arginine and salts thereot'are preferred.
As the methionine used in the present invention, any of the
methionine compound per se. derivatives thereol and salts
thereo! can be used. [-methionine and salts thereol are pre-
ferred. In cases where the antibody-containing liquid tormu-
lation according to the present invention contains arginine
and does not contain methionine, the concentration of argin-
ine is prelerably 5010 1300 mM. more prelerably 100 w0 1000
mM. still more preferably 200 10 700 mM. In cases where the
antibody-containing liquid formulation according 1o the
present invention contains arginine and methionine, the total
concentration of arginine and methionine is prelerably 50 10
1200 mM, lor example. prelerably. the arginine concentration
is 40 1o 1000 mM and the methionine concentration is 10 1o
200 mM; more preterably, the arginine concentration is 30 1o
700 mM and the methionine concentration is 10 to 100 mM:;
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and still more preferably, the arginine concentration is 100 to
300 mM, and the methionine concentration is 10 (o 50 mM.

The bulfer solution is prepared using a bullering agent
which is a subslance lor maintaining a pl 1 of the solution. In
a high concentration antibody-containing liquid formulation
according to the present invention, a pH of the formulation is
prelerably 5 10 7. more preferably 5.5 1o 6.3, and most prel-
crably pll 6. A bulfering agent which can be used in the
present invention is one which can adjust the pHin this range
and which is pharmaceutically acceptable. Such a buttering
agent is known by those skilled in the art, and examples
thereo! include inorganic salts such as phosphoric acid salis
(sodium or polassium) and sodium hydrogen carbonale:
organic acid salts such as citric acid salts (sodium or potas-
sium), sodivm acetate and sodivm suecinate; and acids such
as phosphoric acid. carbonic acid. citric acid. succinic acid.
malic acid and gluconic acid. liurther, “Iris bullers. Good's
bullers such as MES. MOPS and TIEPES. histidine {c.g..
histidine hydrochloric acid salt) and glveine can also beused.

The bufter is preferably a histidine bufter or glycine butter, -

and a histidine bufTer is cspecially prelerred. The concentra-
tion of the buller solution is generally 1 to 500 mM, prefler-
ably 310 100 mM, still more preterably 1010 20 mM. In cases
where a histidine butter is vsed, the buffer solution contains
histidine at a concentration of preterably 5 10 25 mM, more
prelerably 10 10 20 mM.

The lormulaiion according to the present inventlion can
further contain a surtactant. Typical examples of the surtac-
tant include nonionic surfactants, for example, sorbitan fatty
acid esters such as sorbitan monocaprylate, sorbilan mono-
laurate and sorbilan monopalmitate: glycerin lally acid csters
such as glycerol monocaprylate, glycerol monomyristate and
glvcerol monostearate; polvglveerol fatty acid esters such as
decaglveervl monostearate, decaglyceryl distearate and deca-

glveeryl monolinoleate; polyoxyethylene sorbitan Latty acid 2

eslers such as polyoxyethylene sorbitan monolaurale. poly-
oxyelhylene sorbitan monooleale. polyoxyethylencsorbitan
monostearate, polvoxvethyvlene sorbitan monopalmitate,
polvoxyethyvlene sorbitan trioleate and polvoxvethylene sor-
bilan tristearale; polyoxyethylene sorbitol fally acid csters
such as polyoxyethylene sorbitol lelrasicarale and polyoxy-
ethylene sorbitol tetra oleate; polvoxyethylene glveerin fatty
acid esters such as polvoxyethvlene glyceryvl monostearate;
polvethyvlene glvcol fatty acid esters such as polvethylene
glyveol distearate; polyoxycethylene alkyl cthers such as poly-
oxyelhylene lauryl clther; polyoxycthylene polyoxypropy-
lene alloy] ethers such as polvoxvethylene polvoxypropylene
glvcol ether, polvoxyethyvlene polvoxypropylene propyl ether
and polyoxyethylene polyoxypropylenc cetyl ether; polyoxy-

clhylene allkyl phenyl ethers such as polyoxyethylene non- =

yilphenyl elher; polyoxyethylene hardened castor oils such as
polvoxyethyvlene castor oil and polvoxyvethylene hardened
castor oil (polyvoxyethyvlene hydrogenated castor oil); poly-
oxyelhylene bees wax derivatives such as polyoxyethylene

sorbitol bees wax: polyoxyethylene lanolin derivatives such s

aspolvoxyethylene lanolin; surfactants having anHLB ot 6 to
18 such as polvoxvethyvlene fatty acid amides, for example,
polvoxyethyvlene octadecanamide; anionic surtactants, for
example, alkyl sullale salts having a C|,-C, . alkyl group.
such as sodium cetyl sullate, sodium lauryl sullae and
sodium olevl sulfate; polyoxyethylene alkyl ether sulfate salts
i1 which the average number of moles of the added ethylene
oxide units is 2 10 4 and the number of carbon aloms of the
alkyl group 1s 10 1o 18, such as polyoxyethylene sodium
lauryl sulflate; allyl sullosuceinale salls having a Ce-C alkyl
group, such as sodium lavryl sulfosuecinate; natural surtac-
tants such as lecithin and glvcerophospholipids; sphingo-
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phospholipids such as sphingomyvelin; and sucrose esters of
C,-C g Mty acids. These surfactants can be added to the
formulation ol the present invention individually. or two or
more ol these surlactants can be added in combination.

Preferred surtactants are polvoxvethylene sorbitan faty
acid esters and polvoxvethylene polvoxypropylene alleyl
cthers, and cspecially prelerred are polysorbates 20. 21, 40,
60, 65, 80, 81 and 83. and Pluromic type surfactants. and most
preferred are polysorbales 20 and 80, and Pluronic I'-68
(Poloxamer 188).

The amount of the surfactant(s ) to be added 1o the antibody
formulation according Lo the present invention is generally
00001 o 10%: (wiv). prelerably 0.001 0 5%. more preler-
ably 0.005 1o 3%,

In one embodiment, the formwlation according to the
present invention comprises: (a) anti-1L-6 receptor antibody;
{b) bullering ageni(s) (c.g. histidine buller): {¢) one or more
amine acids as stabilizers {c.g. arginine andfor methionine);
and (d) one or more surtactant(s).

In one embodiment, the formulation additionally includes
one or more hyaluronidases (e.g. rIIuPI20) in an amount
which allows the administration ol higher volumes ol drug
product andior for enhancing absorption ol subcutancously
administered anti-IL-6R antibody into the systemic circola-
tion of a patient treated with the formulation.

According Lo this embodiment ol the invention, a pharma-
ceulical composilion is provided comprising: an anti-11.-6R
antibody (e.g. tocilizumab) in an amount from about 100
mg/ml to about 300 mg/ml. (e.g. 180 mg/ml), and hyalu-
ronidase enzyime i an amount from abour 1,400 to about
1600 Usml. {e.g. about 1.500 Uiml ). Prelerably the compo-
sition further comprises a bulfer (lor instance, wherein the
bufter is histidine, pH 5.5 10 6.3) and/or one or more stabiliz-
ers (for example, methionine, arginine, and polysorbate).

The concentration of the hyvaluronidase enzyvme in the for-
mulation is provided in sullicient amount so thal an increase
in the dispersion and absorplion of the co-administered anti-
IL-6R antibody iz achieved. The etfective amount of the
hyaluronidase enzyme is preferably about 1,000 10 16,000
Uiml, whereby the amount corresponds (0 about 0.071 mg 10
0.15 mg protein based on an assumed specific activity of
100.000 img. The prelerred concentration ol the hyalu-
ronidase enzyme in the formulation is about 1,400 U/mL to
1,600 U/mL, most preferred is a concentration of about 1,500
Uiml .

The hyaluronidase envyme may be derived from animals,
human samples or manutactured based on recombinant DNA
technology. Most preferred is recombinant human DPH20
(rhPH20).

Prelerably the formulation is isolonic.
IV, Therapeutic Uses of anti-IL-6R Antibodies

In one aspect, the invention provides a method of trealing
an Il.-6-mediated disorder in a paticnt comprising subcuta-
neously administering an anti-1L-6 receptor (IL-0R )y antibody
to the patient, wherein the anti-IL-6R antibody is adminis-
tered as a fixed dose of 162 myg per dose (e.g. every week,
cvery lwo weeks. or every len days).

Iixamples of 1] -6-mediated disorders 10 be treated herein
include: avtoimmune diseases, osteoporosis, Leoplasia,
aging, rhevmatoid arthritis (RA), juvenile idiopathic arthritis
{JIA) (including systemic JTA (sJIA) and polyarticular course
JIA - (pelIAY), psoriatic arthritis. Castleman’s  discase,
Crohn’s  discase, mulliple mycloma. polymyalgia rheu-
matica, glomerulonephritis, plasmacytoma or plasmacytosis,
myeloma (including multiple myeloma), hyperimmunoglo-
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bulinemia, anemia, nephritis (such as mesangium prolifera-
live nephrilis). cachexia (including cancerous cachexia).
tumors, 1 cell mediated discase (e.g. uvellis. chronic thyroidi-
Lis. delayed hypersensitivily. conlact dermalilis, or alopic der-
matitis), lupus (including lupus nephritis and sy stemic lupus
ervihmatosus), inflammatory bowel disease (including
Crohn’s disease and ulcerative colitis ), pancreatitis, psoriasis,
osteoarthritis. aduli-onset SUlls discase, mesothelioma, vas-
culitls, islet transplantation {c.g. pancreatic islel ransplanta-
tion}. myocardial inlarction (heart [allure, ischemia-induced
severe arrhythinia), heart transplantation, prostate cancer,
choroidal neovascularization (e.g. age-related macular
degeneration, idiopathic choroidal neovascularization,
cyopic choroidal neovascularization. idiopathic choroidal
neovascularization), muscle atrophy. chronic rejection, ocu-
lar inflammatory discase {c.g. panuvellis, anlerior aveilis.
intermediate uveitis, scleritis, keratitis, orbital inflammation,
optic neuritis, drv eve, diabetic retinopathy, proliterative vit-

reoretinopathy, postoperative inflammation), graft versus

host discase (GVTID). fTbrotic disorders (such as sysiemic
sclerosis). giant cell arteritis (GOA), ankylosing spondylitis.
and Takavasu’s arteritis (TA), arteritis nodosa, ete.

In one embodiment, the IL-6-mediated disorder is theuma-
toid arthritis.

In ome embodiment. the I1.-6 mediated disorder is juvenile
idiopathic arthritis (JIA).

In one embodiment, the IT-6 mediated disorder is sy stemic
JIA (sJIA).

In one embodiment, the I1.-6 medialed disorder is pol-
varlicular course JIA (pellA).

In one embodiment. the 1T -6 mediated disorder is sysiemic
sclerosis,

In one embodiment, the IL-6 mediated disorder is giant cell
arlerilis (GCAY.

In one embodiment. the I1.-6 mediated disorder is psoriatic
arthritis.

In one embodiment, the IL-6 mediated disorder is uvedtis.

In one embodiment, the patient to be treated has rhevma-
toid arthritis, with such paticnts including DMARD-inad-
cquale  responder  patients,  TNI-inhibllor-inadequale
responder patients, patients who are methotrexate (MTX)
naive or have discontinued MTX, patients with active disease,
patients with moderate-severe RA ete.

In one embodiment, the method comprises treating rheu-
maloid arthritis in a patient by subculancously adminislering
tociluzumal 1o the patient, wherein the tocilivzimab is admin-
istered as a fixed dose 01 162 mp per dose every week or every
two weeks. Optionally, the patient is additionally treated with

one ormore non-biological discase modifying anti-rheumalic =

drugs (IDMARIS). such as methotrexate cle.

The invention also concerns a method of inhibiting pro-
gression of structural joint damage in a rhevmatoid arthritis
(RA) patient by subcutancously administering a lixed dosc ol

162 mg of an anti-Il -6 antibody (o (he patient every wo S

weels. According to this method, struetural joint damage can
be assessed at week 24 (or & months) and/or weel 48 (or 1
vear) and found 1o be inhibited (e.g. relative to a patient not
treated with the anti-11 -6R antibody).

The invention additionally provides a method of realing an
IL-6-mediated disorder (such as RA) in a patient comprising
subcutaneously administering an anti-IL-6R antibody (e.g.
ocilizumab) and a hyaluronidase enzyme (e.g. rhPH20Y 0 4
patient, wherein the anti-I1 -6 antibody is administered as a
fixed dose o 324 mg per dose or 648 mg per dose. Prelerably.
the fixed dose is administered every four weeks or once a
month. Optionally, the anti-IL-6R antibody and hyalu-
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ronidase enzyme are co-formulated or combined into a single
pharmaceulical composition which is subcutancously admin-
istered 1o the patient.

According 1o the present invention, the anti-11.-6R anti-
body may be administered with a hyalironidase enzyine,
such as rHulPH20. The final dose of the rHulPH20 depends on
the volume ol formulation adminisiered. lxemplary doses ol
the hyaluronidase administered are in the range [rom 100010
10,000 U, e.g. about 1,350 U, about 2,700 1, or about 5,400
U. For example, 1,350 U of rHuPH20 is administered in 0.9
mL; 2,700 U of rHuPH20 in 1.8 mL; or 5,400 U of rHulPH20
in 3.6 ml.. The anti-ll.-6R antibody and hyaluronidase
cnzyme may be administered concurrently or sequentially. in
the same, or separate formulations. Preferably the antibody
and enzyme are co-tormulated and administered concur-
rently, c.g. via a single 8C administration device.

In one embodiment. the anii-11L-6R antibody (c.g. wcili-
sumab) is subculancously administered (o a patient with juve-
nile idiopathic arthritis (JIA) in an amount effective to treat
the JIA.

In one embodiment, the patient has systemic JLA (sTIAY.
Such sJIA patient is optionally trealed with 162 mg ol the
antibody (e.g. of tocilizumab) every week if the patient’s
welght is =30 kdlograms, and with 162 mg of the antibody
{e.g. oftocilivmab) every 10 (1) days it the patient’s weight
is <30 kilograms. In an allernative embodiment. the sTIA
patient whose weight s <30 kilograms is treated with 162 mg
of'the antibody (e.g. of tocilizumalby) every week or every two
weeks. In vet another embodiment, the sJIA patient whose
welght is <30 kilograms is treated with 108 mg ol the anti-
body (c.g. ol tocilizumab) every woeck.

In another embodiment. the patient has polyarticular
course (peJIA). Such patient is optionally treated with 162 mg
of the antibody (e.g. of tocilizumab) every two weeks.

In another embodiment, the anti-11-6R antibody is subcu-
lancously adminisiered 10 a patient with a [ibrotic discasc
{such as systemic sclerosis) in an amount elTective 1o treat the
fibrotic disease. Where the disorder is svstemic sclerosis, the
treatment optionally improves cutaneous sclerosis (e.g. as
asscssed by modilled Rodnan skin score (mRES8)). improves
physical [unction (c.g. as assessed by Scleroderma [ealth
Assessment Questionnaire-Disability Index (HAQ-DI)), and/
or slows progression of organ damage, relative 1o placebo.
For treatment of fibrotic disease, such as systemic sclerosis,
the antibody {c.g. weilizumab) is optionally administered as
4 [ixed dose of 162 mg per dose, for instance every week. or
every Two weeks,

In a further embodiment, the anti-IL-6R antibody is sub-
cutancously administered o treal glant cell arteritis (GCAY in
an amount cllective Lo treat the GCAL Oplionally. the anti-
body is administered 1o the (GO A patient as a lixed dosc ol 162
mg per dose (e.g. every week. or everviwo weeks). The GCA
patient optionally is turther treated with an initial (short)
course or corticosteroid. Such treatment o GOA may reduce
signs and symploms ol (GCA, maintain clinical remission,
and/or reduce or stop corticosteroid use in the GCA patient.
The GCA herein includes new onset GCA and refractory
GCA, oprionally in adult patients.

In ome embodiment of all the methods herein. no other
medicament than the anti-I1-6R antibody (optionally co-lor-
mulated with the hvaluronidase enzyme) is administered to
the subject to treat the IL-6-mediated disorder.

In another embodiment ol any of the methods herein, one
may administer o the subject along with the anti-11-6R anti-
body an elTective amount ol one or more additional drug that
treats the disorder. The additional drug mayv be one or more
medicaments, and include, for example, inmunosuppressive



Us 8,580,264 B2

27

agents, non-steroidal anti-inflammatory drugs (NSAIDs),
disease modifying anti-rheumatic drugs (DMARDs), meth-
otrexate (MTX). anti-13-cdll surface marker antibodics. anti-
C1220 antibodics, rituximab. TN -inhibilors. corticosicroids.
and co-stimulatory modifiers, or any combination thereof.
Examples of such additional drugs include an immunosup-
pressive agent (such as mitoxantrone (NOVANTRONIEIE).
moethotrexate.  eyclophosphamide, chlorambueil.  lelluno-
mide, and azathioprine), intravenous immunoglobulin
(gamma globulin, lvmphocyte-depleting therapy (e.g.,
mitoxantrone, cvclophosphamide, CAMPATH™ antibodies,
anli-CD4. cladribine, a polypeplide construet with at least
lwo domaing comprising a de-immunized. auloreactive anti-
gen or its fragment that is specifically recognized by the Ig
receptors of autoreactive B-cells (WO 2003/68822), total
body rradiation. bone marrow  transplantation). inlegrin
anlagonist or antibody (c.g.. an . UA-1 antibody such as elali-
zumab/RAPTIVAGE commercially available [rom Genen-
tech, or an alpha 4 integrin antibody such as natalizumab/

ANTEGRENE: available from Biogen, or others as noted 2

dbove). sleroid such as corticosteroid (c.g. prednisolone.
moethylpredniselone such as SOLU-MEDROL™ methyl-
predaisolone sodinm succinate for injection, prednisone such
as low-dose prednisone, dexamethasone, or glucocorticoid,
e.g., via joint injection, including svstemic corticosteroid
therapy), non-lymphocyle-depleling  immunosuppressive
therapy (c.g.. MM or cyclosporine), cholesterol-lowering
drug of the “statin” class (which includes cerivastatin (BAY-
COL™), fluvastatin (LESCOLT™),  atorvastatin  (LIPI-
TOR™Y. lovastalin (MEVACOR™), pravastalin (PRAVA-
CIIOIMY,  and  simvastatin - (ZOCOR™)Y. estradiol.
Lestosterone (optiomally at clevated dosages; Stuve el al. New-
rology 8:290-301 (2002)), androgen, hormone-replacement
therapy, a TNF inhibitor such as an antibody to TNF-alpha,

DMARD. NSAID, plasmapheresis or plasma exchange. tri- 3

moethoprim-sul lamethoxazole (BACTRIM™, SEPTR AT,
mycophenolate moletil. [12-blockers or proton-pump inhibi-
tors (during the vse of potentially ulecerogenic immunosup-
pressive therapy ), levothyroxine, cvelosporin A (e.g. SAND-
IMMUNIER). somatastatin analogue. a DMARID or NSAID.
cylokine anlagonist such as antibody. anli-metabolile, immu-
hosuppressive agent, rehabilitative surgery, radioiodine, thy-
roidectomy, BAFF antagonist such as BAFF or BR3 antibod-
ies or imuncadhesing, anti-CD40 receptor or anti-CD40
ligand (CID13543, B-cell antagonists or antibodics, including
anti-C 120 antibodics such as rituximab or ofatumumab; 11 -1
blockers, such as (HUIL-1Ra (Anakira, Aimgen-Synergen)
and tiaprotenic acid I-1B inhibitor (Hoechst); and co-stimu-
latory modiliers. such as (7'l A-4-Ig lusion protein QREN-

CIAG: (abalacept) (Bristol-Myers Squibb); enlimomab (anti- =

ICAM-1 monoclonal  antibody)  CIXO-855  {(humanized
antibody, which binds specifically 1o a region of the Class IT
MHC complex, Celltech); CH-3298 (Chiroscience}; acem-
clacin (Merek), GW333430 (anti-CD23 monoclonal anti-

body. (laxo Wellcome), GR 252025 (COX02 inhibilor. s

Glaxo Wellcome); 4162W94 (anti-CD4 humanized antibody;
Glaxo Wellcome); azathioprine (DMARD, Glaxo Welcome);
penicilamine and fenoprofen (Eli Lilly); ete.

Optionally. the second or additional drug is selected [rom
the group consisting ol non-biological IDMARDE. NSAT s,
and corticosteroids.

These additional drugs as set forth herein are generally
used in the same dosages and with administration roules as
used hereinbelore or about [rom 1 10 99% of the herelo lore-
employed dosages. 1] such additional drugs are used al all.
preferably, they are vsed in lower amounts than if the first
medicament were not present, especially in subsequent dos-
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ings bevond the initial dosing with the first medicament, so as
o climinate or reduce side ellects caused thercby:.

The combined administration ol an additional drug
includes  co-administration  {concurrent  administration),
using separate formulations or a single pharmaceutical for-
mulation, and consecutive administration in either order,
wherein preferably there is a time period while both (or all)
aclive agenls (medicaments) simultancously exert their bio-
logical activitics.

In one ecmbodiment, belore or alier the SC doscs arc admin-
istered, the patient may be treated with anti-IL-6R antibody
which is administered IV,

V. Arlicles ol Manulacture

In ancther embodiment of the invention, articles of manm-
tacture containing materials vsetol for the treatment of IL-6-
mediated disorders described above are provided. The inven-
lion. in particular, provides an arlicle of manulaclure
comprising a subculancous administralion device. which
delivers o a patient a [ixed dose of an anti-11 -6 receplor
(IL-6R) antibody, wherein the fixed dose is selected from the
aroup consisting of 162 mp, 324 mp, and 648 mg of the
anti-IL-6R antibody. Preferably the anti-IL-6R antibody is
locilizumab. Preferably, the concentration of the antibody in
the device is [rom 150 0 200 mg/ml., for example 180
mgml .. The antibody in the syringe is preferably lormulated
ina butter (e.g. histidine, pH 6) and other excipients (such as
methionine, arginine, and polysorbate) suchthat it is provided
in a stable pharmaceutical formulation in the svringe. Option-
ally. a hyaluronidase. such as rlluPl20. 15 included in the
formulation, lor example, in an amount [rom about 1,400
Uil to about 1,600/ mL (e.g, about 1,500 UmL). Option-
ally, the device delivers 0.9 ml., 1.8 mL, or 3.6 mL of the
formulation to a subject.

Devices suitable [or 8C delivery include: a syringe (includ-
ing a pre-Milled syringe); an injection device (e.g. the INJICTL-
PASE™ and GUENJIDICTT™ deviee): an influsion pump (such
as e.2. Accu-Cheld™): an injector pen (such as the GEN-
PENT™); a needleless device (e.g. MEDDECTOR™ and
BIOJECTOR™}; an autoinjector, a subeutaneous patch
delivery system. cle.

The article of manulacture oplionally further comprises a
package insert with instructions [or reating an 1 ~6-mediated
disorder (e.g. RA) in a subject, wherein the instructions indi-
cate that treatment with the antibody as disclosed herein treats
the IL-6-mediated disorder, and optionally inhibits progres-
sion of structural joint damage (c.g. in a RA patient).

l'urther details ol the invention are illustrated by the lol-
lowing non-limiting Examples. The disclosures of all cita-
tions in the specification are expressly incorporated herein by
relerence.

EXAMPLE 1

Clinical Studies Identitving Fixed Dose of
Anli-II -6R Antibody lor Subcutancous (8C)
Administration

The selection of' 162 mg anti-1IL-5R antibody (tocilizumab,
TCYysubculancously administered every week (SC QW was
based on results rom lour phase 152 studies. including two
phase | studics in healthy subjects (WP 18097 and 3P22065),
obe phase 1/2 study in Japanese RA patients (MRA227), and
one phase 1b study in Caucasian RA patients (NPP22623).
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Further details regarding these SC studies and the four studies
[rom which data are drawn lor comparison are provided in
Table 1.

30
sIL-6R
115, 1 demonstrates sI1L-6R profiles Tollowing both 8C and
IV regimens. s11-6R profiles for RA patients recciving 162

TABLE 1

Stusdy Mo

Clinigal Pharmacology Stidies Fallowing 8C Administration of TCZ in Ilealthy Subjects and R4 Tatients

T Tredmoents

Country  Objectives Design and Population Dose Duration Sample Size Status
WPLRONT PR oo pilol 80 Single center, single- Group L2 160 mg Hingle dosc, PK N=200mal and  Completed
liminee forrnwlation, ahsolne hlind, plwebo- Rigs sarmpling up e Day 14, n=12 for 8

bioavailability, controlled, randomized,  Group 2: 160 mg [V one-wesk follaw-up. group and & for

terloralility and 2 aronps susdy in T antibesdy al [% gronp

Immunegenicity ITealthy Volunteers baseline, day 14 and

fallow-up

BP22065  PKL P salery, Open-label, single- SO njeeion in Hingle dose lor cuch N=d%ioal and  Completed
TK tolerability, center sty ta abdomminal region: group. PK and PD 1 =12 for each

irnrnnnegenicily and - characterive the PKoand  Group L2 162 mg sarnpling up e Day 25, gronp

ahzaline boavailahility: PIY ol 107 Gellowing Group 2: %1 mg one woeek Bllow up.

using SC formulation  single dose TV infusion: TCZ antibody at

ol 1 adrniniztranion by 50 Group 3: 162 myg bl ine, diy 25 and

and IV routes to Group 4: 81 mg fallow-up
ITealthy Volunteers
NP22623 PR P saliny, Open label, mficenier,  Group L2 TCZ 162 mg 12 wecks ol rmeatment. No=20oal and 29 enrelled, sody
Spain. mmunegenicity and randemized. parallel QW PICTD sampling from 1 =141tar TCZ angeing
Now cllicacy sluddy in RA palicnis Group 2: 162 my brgeline 1o the end of QW andn= L5 Preliminary dita
Fealand, AW in stidy, Palienis have om0 QW summary lor
and combination with option to be rolled aver efficacy and
Canadi MK inpaticnis 1o provigional care sialoly are
with active RA program for one vear available
treatinent (8 mefke IV}

MRAZZT PR, P, salury, Combined single- and Group L TCZ R my Single dose in CGronp | N=32 100l 32 enmlled, sody
Tapan mmunegenicity and multi-desing study in single dose and 2 1s followsed by 3 n=%mGroupl ongoing

cllicacy

RA paticnts. 3 Groups.
Daose cscalalion is
based on the safety and
ellicacy [rom provious
granp.

ferllarwecid by (32W
Giroup 2:71CA 162 my
single dose

ferllarwecid by (32W
Ciroup3: 1A 162 mg

wocks PR and PIY
sarnpling

Multi-dosing for all 3
arems s for 3 doses {8
wocks [or Q2W and 3

amnd n= 12 each
[t Ciroups 2

and 3

Preliminary dita
summary lor
TR/ Drefticacy
and lor zalely are
availihle

QW

weels for QW) followed
by 24 wecks of exlension

These studies used a 'I'CY lormulation with 180 mg/ml.
TC/ and no hyaluronidase (see Table 2 in Lxample 4).

In the Japancse RA study MRAZ27. all (32) patients were
randomized into one of 3 study arms: 81 mg SC QZW/QW,
162 mg 5C Q2W, and 162 mg SC QW. In the Cavcasian RA
study NP22623, a total of 29 patients were randomized into
one of 2 treatment arms: 162 mg 8CQ2W (N=15)and 162 mg
SC QW (N=14).

The observed data [rom the two RA paticnt studics [orm
the primary basis on which the dose rationale has been built,

The selection of this 162 mg QW dose regimen was driven
by three key clements:

The sl.-6R-bound TC7Z complex (PD) biomarker ol 1C7 =

mechanism ol action: Nishimolo ¢l al., Bloed 112(10):
3959-3964 (2008) increases more rapidly and 1o a
greater magnitude for 162 mg QW than for other SC
dose regimens lested (1€ 1)

CRP is reduced more rapidly and consistently with the 162 s

mg QW than with the other SC dose regimens tested

(FIG. 2)

The satety profile for the SC treatment arms do not appear
o be different [rom cach other or [rom 8 mgfkg IV Q4W.,
In general, the 8C dose regimens Lested have been well

tolerated in the MRA227 and NP22623 studies.

Notably there have been no deaths and only one SAE
{(pyclonephritis) in the 8C treatment arms.

Given that mean exposure (AUC, € is generally
higher lor 8 mg'kg IV Q4W than [or any of the SC
dose regimens, the safety profile for 162 mg QW is
expected to be similar to that of 8 mp/kg IV (FIG. 4).
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mg QW most closely mirrors that observed with 8 mgdkg IV
Q4W. both with respeet Lo the rapidity and magnitude ol rise.
The other dose regimens (81 mg Q2WAQW or 162 mg (Q2W)
tested did not reach levels comparable to 8 ma/ke IV Q4W,
CRP

FIG. 2 displays the CRD profile following the 162 mg SC
QW and B mg'kg [V Q4W dose regimens in RA patients. 162
mg QW has (he most rapid and sustained reduction of CRP
levels of the dose regimens Lested.
DAS2ZR-ESR

Disease activity (as measured by DAS28-ESR) appears 1o
deerease from baseline more rapidly and 10 a grealer magni-
lude with the 162 mg SC QW as compared 1o the other 8C
dose regimens lested (1€, 3).
Safety: Observed Data

No deaths and only one SAE (pvelonephritis in the 81 mg
dose group) have been reported in the 4°TCZ SC studies. Als
observed [ollowing single or mulliple 8C doses [or cither
healthy subjects or RA patients were generally consistent
with the types and severity 0of AEs observed in Phase 3RA TV
studies. Data from NP'22623 did not demonstrate ditferent AE
profiles between the 162 myg QW and QQ2W dose groups. "The
magnitude of mean changes in laboralory values [or both
Japanese RA and Cavcasian RA patients receiving SC TCZ
resembled that of RA patients from the IV program. One
Japanese RA patient who received 162 mg QW experienced
neutropenia and the dose was reduced o0 162 mg Q2W. One
patient who received 81 mg Q2W experienced neutropenia
and was not dosed further when switched 1o 81 mg QW at
week 11, The SC injection was generally well tolerated. The
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SC injection was not perceived as more painful than the
subculancous placcho njection.

In study MRA227, none of the patients wested positive Tor
anli=1'C’/ antibodics [rom the 162 mg QW group. l'our
patients from the lower dose groups were anti-TCZ antibody
positive (all from the 81 mg QW/Q2W dose group, one
patient prior o TCA administration); five patients were anli-
TCA gl antibody positive (3 patienis in the 81 mg Q2W/QW
dose group and 2 patients in the 162 mp Q2W dose group).
Among those with positive antibody tests, the patient positive
at baseline experienced grade 1 eczema which was consid-
ered as unrelated (Tood allergy). one patient experienced
grade 1 urlicaria, and another patient experienced injection
site bruising. No other AHs were reported in the “Skin and
Subcutaneous Tissue” and “General Disorders and adminis-
tratiom sile conditions™ classes in patients who lested positive
[or anti-TCY aniibodics.

PK-8alety Relationship
On visval inspection of steady state PK profiles between

SC and IV regimens from study MRAZ227 and LRO301, =

respectively. there appears o be in general higher exposure
(mean AUC. C, O with the 8 mgdkg TV regimen as compared
1o the 162 mp QW SC repimen (FIG. 4). The exception is the
mean C,,,,,,., for which the 162 mg QW regimen results in a
higher level than for the R ma/ke TV regimen (2613 ng/ml. at
woek 15 and 16211 pgiml. at week 16, respectively). Other
lower dose groups did not achieve €., concentrations
similarto 8 me/ke IV at steady state. Inter-subject variability
for C,,,.. for the 162 mg SC regimen is high (58%). It is
anlicipaled that since the exposure is generally higher lor the
8 mg/kg IV Q4W dose regimens than any ol the SC dose
regimens. the salety profile Tor 162 mg SC QW would be
similar to that of 8 medkea IV Q4W,

A single fixed dose (162 mg QW dose) is administered for

all RA patients, irrespective ol body weight. This approach is - 3

supporied by (he [act that even aller accounting lor differ-
ences in exposure that could result from the [ull range o Mbody
weights on a fixed dose, the highest exposure for all 3 catego-
ties (C,.. Coonen and AUC) with the 162 mg QW dose
regimen that has been observed is within the range (hal has
heen deseribed for the IV program.

Additionally this approach is supported by analyses of
safety data (SAHs, AEs, laboratory) from the IV program.
There is no apparent relationship between TC Z exposure and
the vecurrence of adverse evenlts by class and especially lor
the most frequent adverse events in the “Inlections and Inles-
tations™ and “Skin and Subeutaneous Tissue™ classes. There
is no apparent relationship berween exposure of TCZ and the
vecurrence ol serious adverse evenlts. xeept [or neutropenia.

there was no obvious increase in the frequency of laboratory =

abnormalitics with increasing exposure. A slightly grealer
proportion of patients experienced Grade 3 or higher events
of neutropenia in the higher TCZ exposure categories. In
addition. there were single Grade 3 events ol thrombocylope-

nia in the higher TCZ exposure calegories. With respeet Lo 5

triglyveerides, total cholesterol, and LDL-cholesterol levels, a
slightly greater proportion of patients developed an inerease
in levels in the higher TCZ exposure categories. Taken alto-
goether, these data suggest thal use of a lixed dose regimen is
acceplable.

In summary, the 162 mg SC QW dose regimen has been
selected on the basis off 1) sIL-6R-bound TCZ complex tor
162 mg 8C QW increased more rapidly and o a grealer
magnitude for 162 mg SC QW, most similar 0 8 mg/kg 1V
QAW of the dose regimens lested: 27 CRP 15 reduced more
rapidly and consistently with the 162 mg SC QW than the
other SC dose regimens tested; 3) the safety profile for the SC
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treatment arms do not appear 10 be different trom each other
or from 8 mg/kg IV Q4W: and 43 given that the (otal exposure
for 8 mg'kyg IV Q4W is generally higher than for any of the
dose regimens lested. the salety profile lor 162 mg 8C QW
should be similar 1o 8 mg'kp IV Q4W.,

EXAMPLIE2

Clinical Study ol 8C anti-11.-6 Receplor Antibody in
Ra

This isa Phase 3, 2-arm, 2-vear, randomized, double-blind,
double-dummy. active controlled, parallel group mullicentre
trial in palients with moderale 0 severe, aclive RA who
currently have an inadequale response o a stable dose of
DMARDs that may include one or more anti-TNF biological
agent. The primary endpoint will be evaluated at 24 weeks.
The overall design of this example is shown in FIG. §. The
formulation 15 thal as in xample 1.

The sereening visil can oceur up o 21 days {or up lo 56
days il a washout period is required lor longer than 21 days)
prior 1o the baseline randomization visit. Patient eligibility
will be determined at the screening and baseline visits, at

3 which time the patient will be randomized. The number of

patients thal have lailed previous anti- TNI reatment will be

limited 1o approximalely 20% of the total study population.

Inclusion Crileria

1. Age =18 vears

2. Rheumatoid arthritis of =6 months duration, diaghosed
according to the revised 1987 American College of Rheu-
malology (ACR: lormerly American Rhcumatism Asso-
clalion) criteria

3. Swollen joint count (SIC)z4 (66 joint count) and tender
joint count (TIC)=4 (68 joint count) at sereening and base-
line.

4. Prior (o randomivation, will have discontinued clancreepl
lor =2 wecks. inlliximab, certolizumab. golimumab, abata-
cepl or adalimumab lor 28 weeks, anakinra for =1 week.

3. Have received permitted DMARDs at a stable dose for at
least 8 weeks prior to baseline.

6. At screening either CRP =1 mg/dL (10 ma/T) or ESR =28
mm/hr.

7. Oral corticosteroids (=10 mg/day prednisome or cquiva-
lent) and NSAIDs {(up o the maximum recommended
dose) are permitted it on a stable dose regimen for =4
weeks prior to baseline.

In the double-blind period, al bascline visil, paticnts will be
randomized in a 1:1 ratio 1o receive cither TCA 162 mg 8C
woeckly and placebo IV Q4W (Group A), or 1TCA 8 mgfkg IV
Q4W with placebo SC QW (Group B) for 24 weeks. The
primary analvsis will occur when all patients reach Weelc 24,

Al Week 24, all patients will be re-randomized lor the
open-label period as [ollows:

Group A: patients will be re-randomized in an 11:1 ratio to
receive TCZ 162 mg SC weekly (group Al), or 8 me/kp IV
every four weeks (group AZ2).

Group 13: patients will be re-randomized in a 2:1 ratio 1o
receive 8 megdkg IV every Tour weeks (group 1313, or 1CA
162 mg SC weekly (group B2).

Prior to the first dose of double-blind study medication
{bascline visil), palient-reporied oulcomes and  cllicacy
asscssments should be perlormed within 24 hours {(up 10 72
hours will be allowed when necessary ). There will be a one-
week dose interruption period between Weelk 24 and 25
beforethe first treatment for the open-label period at Weel 23,
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The efficacy parameters will be assessed at baseline, Weel
2. Week 4 and then every 4 wocks up 1o Week 24 and then
Week 37, 49, 73 and 97 or carly wilhdraw {W12) visit.

lach treatment group is allowed background therapy with
non-biological DMARD(s), corticosteroids and/or NSAIDs
that were initiated prior to the start of dosing with TCZ.
Dosages o NSAls. corticoslerpids. and non-biological
DMARDs should remain stable during the core study period
{up 10 Week 24). However, reductions in these treatments will
be allowed if required for safety reasons.
Asgsessment of Efficacy
ACR20

The American College of Rheumatology (ACR) core setol
outcome measures and their definition of wuprovement
ncludes 1 =20% improvement compared to baseline in both
SJC and "TIC as well as in 3 out of 3 additional parameters:
physician’s global asscssment ol disease actlivily. patient’s
global asscssment ol disease activily. patienl’s assessment ol
pain, HAQ, and acute phase reactant (either CRDP or ESR).

Achievement ot an ACR 30 requires a 30% improvement in
the same paramelers and an ACR70 requires a =70%,
improvement.
Disease Activity Score 28 (DASZR}—ESR

The DAS2E is a combined index for measuring disease
activity in RA. The index includes swollen and tender joint
counls, acule phase response (KSR or CRP). and general
health status. For this study ESR will be used (o caleulate the
DAS2E score. The index is calculated using the following
formula:

DAS2E 0563V TTC2R1+0. 28 [STC2R)+0.36x 0
(1SR THHL01 G HH0.96

Where, TIJC28 tender joint count on 2B joints,
SJC28 swollen joint count on 28 joints, ln natural log,
ESR Ervihrocyte sedimentation rate  {(uun‘hr), and
(5l I=general health, Le. patient’s global asscssment ol dis-
case aclivity (100-mm VAS). The DAS2E scale ranges [rom (0
10 10, where higher scores represent higher disease activity.
ACR-hybrid

ACR-hybrid is a measure (hal combines the percent
improvement of ACR core paramelers with the status ol
ACR200 ACRS0 or ACRT0.

It is anticipated that treatment with 162 mg TCZ given
subcutaneously (SC) weekly as disclosed in this example will
have comparable salety and ellicacy as compared o 8 mgkg
TCA given intravenously (IV) every 4 weeks based on any
one or more of the above efficacy criteria.

HXAMPLIL3

Anti-1l-6R Antibody 8C lor Inhibiting Progression
of Joint Damage

This is a Phase 3, 2-arm. 2-year, randomized, double-blind.
placebo-controlled.  parallel  group mullicenter  trial in
patients with moderate to severe, active RA who currently
have an inadequate response to DMARD(s) that may include
one or more anti-TNF-a agent. The primary endpoint will be
evaluated al Wock 24.

The overall design s shown in PIG. 6. 'The sereening visit
can occur up to 21 davs (or up to 56 days it'a washout period
is required for longer than 21 days) prior 1o the baseline
randomization visil. Patient eligibility will be determined at
the sereening and bascline visits. At bascline. patients will be
randomized. The number of patients that have lailed previous
anti- TNF-o, treatment will be limited to approximately 200
of the total study population. The formulation is that as in
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Example 1. The formulation is administered nsing a pre-filled
syringe (PI'S) or auto-Injector { Al) device.
TCY Q2W Dosing

In this study. 162 mg ol TC/ 1s administered every 2 wocks
((Q2W) rather than every week (QW). Compared with the
response seen with 162 mg SCOQW, 162 mpg SCQ2W appears
o be a lower 3C dose oplion that, as deseribed helow,
increases sl -6R-bound TC/ complex. achioves CRP nor-
malization and results in a DAS-ESR reduction from base-
line. Further, the PD> responses and the preliminary eflicacy
readoutiorthe 162 mg SC Q2W regimen are superior to other
lower 8C regimens lested (81 mg Q2W/QW).

The sl1-6R Complex which is a P1) biomarker of TC/
mechanism of action increases with 162 mg SC Q2W
less than with 162 mg SC QW but increases to a greater
magnilude as compared (o other lower SC regimens (81
mg Q2W/QW) (111G, 1)°

CRP normalization is reached with 162 mg SC Q2W,
lower SC regimens did not result in CRI normalization
(FIG. 2)

Disease activily score DAS2ZB-1ICR appears (0 decrcase
[rom baseline Lo a greater magnitude with 162 mg SC
QW and 162 mg SC (2W as compared 10 the other SC
dose regimens tested (81 mg SC Q2ZW/QW). (FIG. 3)

Safety:

Based on available observed salety data. the salely profile
for the 8C treatment arms do nol appear (o be diflerent [rom
each other or from the IV program.

162 mg SC QW and (Q2W have been well tolerated in

MRAZ227 and NP22623 studics.

There have been no deaths inany ol the SC (reatment arms.
Ome SAL ol pyclonephrilis occurred in the 81 mg 8C
dose group.

Given that mean exposure (AUC, C, . C, ., is gener-
ally higher for the 8 mg/kg IV dose than lor 162 mg 8C
Q2W. the salety profile lor 162 mg SC Q2W 1s expected
1o be similar 1o the IV program (1V1G. 4.

sIL-6R Complex

The sIL-oR-bound TCZ complex is a PD biomarker of
1'CY mechanism ol action. IG. 1 demonstrales sIL-6R pro-
[iles [ollowing both SC and 1V regimens. s11-6R proliles [or
RA patients receiving 162 mg SC QW most closely mirrors
that observed with & mg/lcg IV gdw, hoth with respect to the
rapidity and magnitude of rise. The other dose regimens (81
mg Q2WQW and 162 mg Q2W) tested did not reach levels
comparable 0 8 mg/kg 1V gdw. The dose of 162 mg every
other weel (Q2W ) shows a response that is lower than what is
seen with 162 mp W and 8 mg/ke IV, sIL-6R complex
increases Lo a greater magnitude with 162 myg 8C Q2W (han
with other lower SC regimens tesied and with 4 mg/kg 1V
CRP

FIG. 2 displays the CRD profile following both SC and IV
dose regimens in RA patients. 162 mg SC QW has the most
rapid and sustained reduction ol CRP levels ol the SC dose
regimens lested. Among lower 8C regimens, CRP normaliza-
tion is reached with 162 mg SC Q2W (please note that in
MRAZ2T, patients were given a single dose (SD) on week 0
followed by multiple dosing starting on week 3; dose was
swilched [rom 81 mg Q2W 10 QW al week 9, see UIG. 2.
Lower SC regimens (81 mg QW/Q2W) did nol seem Lo resull
in CRI normalization. Therefore, 162 mp SC Q2W appears to
be a lower SC dose option resulting in CRI normalization.
IDASRZ2R-15R

1I"1(3. 3 displays the DAS28-118R change [ollowing both SC
and IV dose regimens in RA patients. Although 1DAS2ZE-1ISR
data for SC repimens are limited, disease activity appears 1o
decrease from baseline more rapidly and 10 a greater maghi-
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de with 162 mg SC QW and 162 mg SC Q2ZW as compared
Lo the other SC dose regimens ested (81 mg SC Q2WAQW)
(11¢s. 3). Compared with the response seen with 162 mg 8C
QW. 162 mg SC Q2W appears o be a lower 8C dose oplion
that achieves a DAS-ESR reduction from baseline.
PK & PK-Satety Relationship

Following multiple dose administration of TCZ to RA
patients (MRA227). mean exposure (AUC.C L Co 20 is
generally higher [orthe 4 & 8 mgdke 1V gdw dose than for 162
mg 8C Q2W, with the exception ol the C,,,., Tovel lor 4
mg/keg TV q4w which is lower than the €, ., observed with
162 mg SC Q2ZW (FIG. 4). The satery profile for the IV
program has been extensively studied. Taken altogether and
compared 10 162 mg 8C QW, the dose ol 162 mg SC Q2W
appears (0 be a lower 8C dose oplion with an acceplable
salety profile based on drug exposure.

Mean exposure (AUC, C,, C..,) 15 generally higher
for the 4 & 8 mg/keg IV gdw dose than for 162 mp SC Q2W,
with the exception of the C,,,,.,
which is lower than the €, observed with 162 mg 8C
Q2W (I'1G. 4). T he salety profile Tor the I'Y program has been
extensively studied. Taken altogether and compared to 162
mg SCOQW, the dose of 162 mp SCO2W appears 1o be a lower
SC dose option with an acceptable safety profile based on
drug exposure.

Avsingle fixed dose (162 mg SC Q2W and 162 mg 8C QW
for escape therapy) will be administered tor all RA patients,
irrespective of body weight. This approach is supported by
the lact that even alier accounting lor dilferences in exposure
that could result [rom the full range olbody weights ona fixed
dose. the highest exposure deflined by 3 parameters (C .
Corangn a0 AUC) with the 162 mg SC QW and Q2ZW dose

regimen that has been observed or predicted is within the

range that has been deseribed lor the IV program. Addition- 3

ally (his approach 1s supporled by analyses of salely dala
(8AlLs, Als, laboratory) [rom the IV program. There is no
apparent relationship between TCZ exposure and the occur-
rence of adverse events by class, especially for the most
[requent adverse events n the “Inlections and Inlestalions™
and “Skin and Subculancous Tissue™ classes. There is no
apparent relationship between exposure of TCZ and the
oecurrence of serious adverse events. Except for nettropenia,
there was 0o obvious increase in the frequency of laboratory
abnormalitics with increasing exposure; a slighily grealer
propaortion of patients experienced Grade 3 or higher events
of neutropenia in the higher TCZ exposure categories. In
addition, there were single Grade 3 events of thrombocytope-
nia in the higher TCZ exposure calegories. With respeet Lo

triglycerides. total cholesterol. and 1131 ~cholesterol levels. a =

slightly greater proportion of patients developed an increase
in levels in the higher TCZ exposure categories. Taken alto-
gether, these data suggest that use of a fixed dose regimen is
acceplable. The elfeet ol body weight on PK will be lurther
assessed in this study.

Observed Satety Data from SC Studies in RA DPatients
(MRA227 and NP22623)

All (32) patients have enrolled in the MRAZ27 study and
24 patients have enrolled in the NP22623 study and received
TCL BC treatments including 81 mg QW/Q2W (MRA227
only), 162 mg Q2W and 162 mg QW. The subcutanecus
administrations have been well tolerated in RA patients up to
33 weeks In the MRA227 study and up o 12 weeks in the
NP22623 study. Alls observed [ollowing administration ol
S doses In RA palients were generally consistent wilh the
tvpes and severity of those observed in the TCZ IV Phase 3
studies.

level for 4 me/kg IV gdw >
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No deaths have been reported in the 4 SC TCZ studies. One
SAlol pyclonephritis was reported in the 81 mg dose group.
Limiled data [rom NP22623 did not demonsirate dilTerent Al
profiles between the 162 mg 8C QW and Q2W dose groups.
The magnitnde of mean changes in laboratory valves for both
Japanese RA and Cavcasian RA patients receiving SC TCZ
resembled that of RA patients from the IV program. One
Japanese RA patient who received 162 myg SC QW experi-
cneed newlropenia and the dose was reduced 1o 162 mg 8C
Q2W. One patient who received 81 myg SC Q2W experienced
nentropenia and was 1ot dosed further at week 11. The SC
TCZ injection was generally well tolerated and not perceived
as more painful than the SC placebo injection.

In study MRA227, none ol the patients [rom the 162 mg
QW group tested positive [or anti-1'C/ antibodies. liour
patients [rom the lower dose group were anti-1TC7 antibody
positive (all from the 81 mg QW/Q2ZW dose group, one
patient prior to TCZ administration); five patients were anti-
TCZ IgE antibody positive (3 patients in the 81 mg Q2WAQW
dose group and 2 patients in the 162 myg Q2W dose group).
Amaong those with posilive antibody Lests, the patient positive
al haseline experienced grade | cevema which was consid-
ered as vuarelated (food allergy), one patient experienced
arade 1 vrticaria, and another patient experienced injection
site bruising. No other Al's were reported in the “Skin and
Subcutancous Tissue™ and “Cieneral Disorders and adminis-
tration sile conditions™ classes in patients who Lested posilive
for anti-TCZ antibodies. In NP22623, three patients tested
anti-TCZ antibody positive with the screening assay, but hone
were positive with the confirmatory assay.

SUMMARY

Previously, TCZ 162 mg SC weekly ()W) was selected as
a colnparator dose regimen for TCZ 8 ma/kg IV gdw. Of the
remaining 8C doses lesled, observed PR, P ellicacy, and
salety data from RA patients demonstrate that 162 myg 8C
cvery olher weck (Q2W) is an appropriale lower SC dose
option for this study NA252208.

At the baseline visit, patients will be randomized in a 2:1
ratio to receive either TCZ 162 mg SC Q2W (group A), or
placebo 8CQ2W (group 133 lor 24 wecks. The primary analy-
sis will occur when all patients have reached Week 24,

Stlarting from Wock 24, all patients will receive open-label
treatment with TCZ 162 mg SC Q2ZW and no patient will
receive placebo injection.

In addition, at the Weelt 24 visit, patients will be re-ran-
domived lor the open-label period as [ollows:

Group Az patients will be re-randomivzed at a 1:1 ratio o
receive T'C7Z 162 my 8C every other week. cither using
antoinjector (AT} (group Al) or pre-filled svringe (PFS)
{group AZ).

Group B: patients will be re-randomized at a 1:1 ratio to
receive T'C7Z 162 my 8C every other week. cither using
Al {group B1) or PU'S {group 132).

Prior 1o the first dose of double-blind study medicalion
{baseline wisit), patient-reported outcomes and efficacy
assessments should be performed within 24 hours (up 10 72
hours will be allowed when necessary).

l:MTicacy parameters will be assessed at bascline, Week 2,
Week 4 and then every 4 weeks up lo Week 40 and then Week
48, 60, 72, 84 and 96 or early withdraw (WD) visit.

Separate radiographs of each hand and foot will be taken at
screening, Weeks 24 and 48,
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Treatment Groups

The individual (realment groups are:

Group Az ~400 patients. TCA 162 mg 8C (2W using PLIS In
the 24-weck double-blind period. and then re-randomived Lo:

Group Al: ~200 patients, TCZ 162 mg SC 2w, using Alin

the open-label period.

Group A2: ~200 patients, 1'CA 162 mg 8C g2w. using PLIS

in the open-label period.
Group B: ~200 patients, placebo SC Q2W vsing PFS in the
24-weel double-blind period, and then re-randomized to:

Group Bl: ~100 patients, TCZ 162 mg SC 2w, using Alin

the open-label period.

Group 132: ~100 patients, 1'CA 162 mg 8C g2w. using PLIS

in the open-label period.

Patients, site personnel, and sponsor will not know whether
TCA orplacebo is received in the double-blind period until all
patients have completed the double-blind treatment period at
Week 24 and all data [or all patients up o that time point have
been collected, locked and reported.

Each treatment group is required to receive background 2

therapy with non-biological DMARI(s) that are initiated and
al a slable dose 8 wecks prior o the first dosing ol TCA
Dosages of non-biological DMARDs, NSAIDs and corticos-
teroids should remain stable during the core study period (up
10 Week 248). Dosage of NSAIDs should remain stable up to
woek 24, Towever. reductions in these (realments will be
allowed il required lor salely reasons. Palienls may also
receive intra-articular steroids and/or an increase in oral cor-
ticosteroid dosage (maximum dose of 10 mg total dose/day ).
Primary and Scceondary Study indpoints
Primary I'ndpoints

The primary endpoint is the proportion of patients with an
ACRZ20 response at Week 24,
Secondary Endpoints

I'xcluding the change [rom bascline in van der leijde 3

modified Sharp radiographic score to Week 48 all sceondary
endpoints will be lormally tested. 'To ensure the alpha level is
maintained at 5%, the secondary endpoints will be tested
using a pre-specified fixedsequence method. This method
will be deseribed in detail in the DAPR.
1. Change rom bascline® in the van der [eijde modiiied
Sharp radiographic score 10 Week 24,
2. Change trom baseline™ in the van der Heijde moditied
Sharp radiographic score 10 Week 48.
3. Proportion of Patients with ACRS0 responses al Week
24,
4. Proportion of Patients with ACR70 responses at Week
24,
. Mean changes [rom baseline in the individual param-
clers ol the ACR core set Week 24,
Major clinical respomse {(ACR70 response maintained
over 24 weeks of treatment) at Weelt 48,
7. Change in Disease Activity Score (DAS2R) from base-
line al Weck 24.
#. Change from bascline in [TAQ-131 al Week 24,
9. Proportion of Patients classified as Categorical DAS28
responders (EULAR response) at Week 24,
10. Proportion of patients achieving DAS2ZR low disease
activity (DAS =3.2) al Week 24,
11. Proportion ol patients with change [rom bascline in
HAQ 203 at Week 24,
12, Proportion of patients with DASZR score <2.6 (DAS
remission) al Week 24,
13, Change in 81'-36 subscale and summary scores [rom
bascline o Wock 24.
14. Time 1o onset of ACR20, 50, 70 by treatment group.
15. Change from baseline in haemoglobin level at Week 24,
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The assessment taken prior to receiving, first dose of study
medicatiom is considered baseline.
Radiographic Assessments

Separate radiographs ol cach hand (posterior-anterior, PA)
and each foot (anterior-posterior, Al') will be taken at screen-
ing, Weeks 24 and 48. Radiographs will be assessed using van
der eijde modified method according o Sharp (van der
[Teqjde. 1. “How to read radiographs according Lo the Sharp!
van der [eijde method ™ S Rhewmnatol 27: 261-263 (20000).

All non-escape patients will receive TCZ 5C Q2W starting
from weelk 24. The radiographic analysis at Week 48 will
compare palients randomized at bascline 10 placebo with
patients randomized o 'T'CY SC Q2W, both groups receiving
active drug starting from weeld 24, Tt will be explored whether

3 the rate of progression of structural damage differs between

both periods. This will be particularly relevant in the group of
patients randomiyed o placebo at bascline.

Treatment with 8C anti-I1-6R antibody (1'C"7), in combi-
nation with DMARDSs, as disclosed in this example is antici-
pated 10 be effective (based on Weelt 24 ACR20 data) and safe
{wilh respect o Als and laboratlory assessments). Morcover,
treatment with 8¢ anti-I1-6R antibody (1I'CZ) can inhibil
progression of structural joint damage al Week 24 and Week
48, and improve physical fonetion in RA patients.

EXAMPLIL 4

Anti-IL-6R Antibody Composition lneluding,
Hyvaluronidase Enzyme

This example deseribes the development of a stable phar-
maceulical lormulation including anti-I1-6R antibody (1o-
cilizumab) and hyaluronidase enzvme (recombinant human
PH20, fHuPH20).
rug Substance

The anti-I1-6R antibody (ocilizumab (see. c.g. LS. Pal.
No. 5,795,965) is an active ingredient in the formulation. used
to treat RA or other IL-6-mediated disorders.

The recombinant human PH20(rHulPH20), see; e.g. U5,
Pal. No. 7.767,429, is included (o increase the dispersion area
ol the 8C injected TCA thereby allowing the 8C injection of
volumes greater than 2 mL as well as potentially increasing
the biogvailability compared to the SC formulation without
hyaluronidase (see Example 5).

Selection ol plYB3uller

A pll for stabiliving tocilizumab 8C vials 162 mg was
found 1o be approximately pH 6.0, The pH of 6.0=0.5 was
therefore selected for the current formulation. L-histidine/T -
histidine monohydrochloride is added (o the [ormulation as
bulTering agent al a comeentration ol 20 mM, which s within
the normal concentration range o 10-100 mM lor parenieral
bufters. The pH of approximately 6.0 achieved by using a
predefined ratio of butter salt and base and optionally, sodivm
hydroxide or hydrochloric acid can be used lor pll adjust-
ment.

Stabilizing Agents

Polysorbate 80 is added at a concentration 01 0.2 mg/ml. as
astabilizing agent to prevent potential mechanical stress (agi-
tation)-induced and potential Mrecse and thaw-induced insta-
bilization ol the protein.

L-arginine hydrochloride and L-methionine are added at a
concentration of 100 mb and 30 mM as stabilizing agents to
prevent potential thermal stress-induced instabilivation ol the
prolein.
liormuldation Development

The goal was 1o develop a stable and sterile liquid solution
for subcutaneons injection of tocilizumalb,
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Due to the higher concentration of tocilizumab, 180
mg/ml. versus 20 mg/ml. used in the IV lormulation, the 8C
lormulation was developed with regard o the effect o protein
concentration on the gjection foree and the viscosily on a

standard syringe. Volume of subcutaneous injection is ideally 3

1 mL orless, so that high concentration of protein is needed in
drug product. On the other hand. high viscosily which is
caused by high concentration of protein, increase injoction
force. From correlation between protein concentration and
viscosity, the target tocilizumab concentration was 180
mg/ml.,

Table 2 compares exemplary (ocilizumab SC-lormulations
with a locilizumab [V-lformulation. The Iyophilized SC-lor-
mulation with 114.3 mg/ml TCZ was vsed in a previous
human pharmacokinetic ¢linical study conducted in France 1
using 20 healthy volunteers. The purpose ol (his carly study
was Lo Investigale the absolute bioavailabilily and tolerability
of the subcutancous roule ol administration.

TABLL 2

1

1
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Orverages

No concentration overages are used in the lormulation.
liormulation with [ Iyaluronidase Lnzyme

The Tollowing table summarives the ingredients and con-
centrations thereof in an exemplary formulation including

both  anti-IL-6R  antibody (TCZ) and  hvaluronidase
{rl luP11207:
TABLL 3
S0 Lotnwlalion
Ingredient Concentration

Tacilinrnah

rIIPII2N

Paolysothalc 80
1-Arginine hydrochlorde
L-Methionine

THO mpiml.
1,300 TmL

0.2 mgnl.
211 mEinl

4.5 mg/mL®

Comparison of anti-IL-6R Antibody Formulations

Toeiliznmih
ISR AT
Wials 80 mg
Reconstinte
Salnion®

Tacilivumab

SC Syringes

Toeilivumab
SC Vials

162 mefr9 mL
lor phase 1 & 2

Tocilimunab
V-
lerrrwlalien®

[ngredien lor phagse 3

162 mefn9 ml

Tacilizunab
Ca-farmmlated

with THUPH20 TFonelion

Toeilivumab 20 rrygml. 1143 mgiml. LB meml. L& myzimnl.
concentration

(Drg

stibstanee

process)

pII buftfer
Polysarbate 80

[Tistidine®
0.2 mgml

[listidine®
0.2 mgml

Phasphate”
14 mgml

Phosphare”
0.5 meml
L0 mgdml.

Huerise S0rrygfml.

[.-Arginine

L-Arpinine 21.1 mg/mlY
hdrachlaride
[.-Mathioning AAR mginlf

E] I B E]

Total volume Q.5 Q.5 Q.5

aidjusicd with

VE:3

Waler lor
Injection
[Tyaluronidase
{THuPH20%

0,147 mgimls
20,5 memld

AA% mgiml 7

Active
ingredient

L& myzmnl .

[Tistidine” pIT bufter
0.2 mefml Stabilizing
agrenl

Osnelaliny
adjustinent
Bulking,
Agen
Stabiliving
agent
Stabilizing

agenl

21.1 mgmly
Ad4d maimlF Sabiliving
agent

. Diluent

Q.8

L300 T mL Increase
disporion

andfor

bicavailability

“uprently available Tocilliznmab IV-strengths ars Vials 80 medd ml, Vials 200 mg 10w and Vials 400 me 20 mL with different fill volume

ulthe zame lurmulation with the wame concenteation ol he drug subsiance.

E’pl Lulsolution 6.3 ancd 15 mmal?]L for phosphule bulTer

“Eacl coneentration of bgredient is caleulated from actval reccnstitured wolume (0.7 ml
de of solution 7.0 and 42,9 mmel T for phesphate butfor

Pl al olution 440 and 20 mmulT, Tor histicdine bulTer

-"‘;;nrrehpund» L g conceniration al TO0 mmalT, L-Arginine hyrochloride

Feorresponds 1o g conceniration o 30 mmol<T, L-ethionine

9.5, = quanhun satis (25 nmch 25 may snffisc)
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TABLE 3-continued

SO Yormulation

[npredicn Coneenitalion B
nl
L-Ilistidine 1.5 mgg.s.”7
L-IListidine monehydrochloride 2.1 mg g
Tedatl volnrmne adjusted wirh Witer 1l g.s?
for Injection (WFL)
“rarresponcls ta @ conscntraticn of 199 mmal T T-arginine rvcrachloride 10
';"curn:hpund» L g conceniration al 30 mmolT, L-methionine
“pH of selution 6.0 and 20 nunel T for histidine botter, socdivm leceesicls o dilute iedia-
uhlomic acil can optionally be wsed Mo pl1adjustmen.,
“0.5 = quantim satis (as mueh as may suffiec)
(1-Histidine, L-1listidine monohysrochlonide, and W'l are poteniial amoons o achieve pl |
[l
. . . . . 15
Physicochemical and Biological Propertics
The tormulation demonstrates good stability at the recom-
mended storage condition of 2-8% C. when protected from
light.
PK Studics .
20

Two non-clinical PK studics with the 1'C/ 8C [brmulation
ecluding hvaluronidase have been conducted; one in mini-
pigs, and one in Cynomolgus monkeys (Table 4):

42

monkeys a1 100 mg/ke for 13 weeks was svstemically and
locally well olerated, without any lest ilem induced (inding.
The no adverse ellect limit (NOALLY was considered Lo be al
the dose level of 100 mgfke.

EXAMPLITS

Clinical Study with 8C Lormulation Including
Anti-1L-6R Antibody and | laluronidase | inzyme

Tocilizumab (1'CZ) is a recombinant humanived, 1g(il
monoclonal antibody directed against the soluble and mem-
brane-bound interlevkin 6 receptor (IL-6R). Hvaluronidase
enzyime (tHuPHZ20) is vsed to tacilitate injection of subcuta-
neous (8C lormulations by cleaving the hyaluronic acid
chain in the 8C interstitial matrix al the injection sile."The aim
ol the study was 1o evaluate pharmacokinetic (PK), pharma-
cadvnamic (I'D), and safety following singleascending doses
of TCZ with rHulPH20.

TABLE 4
PR stidics
1Y _THuPH2D Dose in 80 Vetmwlalion
Study Dasing dose Volume  Tetal
lype Spocics Tegimen (mgl  mg‘ml. Wil {ml.) Units  Lindpeints
PE  Mini-pig TCZ L&0 Q Q L0 o TCZ
(nen SC single 120 00z 2000 L0 2000 inplasma -
P duse 180 006 6000 W] 000 Ahsolute
TCZ 3401 006 6000 KR L&0)  bioavailability
[VE* 20® Q O ca L0 o
single
dose
P Cynomaolgus 107 S0 a6 60 ca 3 LBROD 1 in
(non- - monkey SO single Prlasmis
GLT') Dase

*ilose level inmghyg
#4V administration of TCZ ta allow caleulation of absolure bicavailability

The mini-pig was chosen for rlluPII20 dosc scloction
becavse its skin and the texture of SC tissue are considered to
be similar to those ofhumans. The mini-pig study utilized two
SC dose levels of TCZ formulations with various concentra-
tions o[ T [uPT120 as well as an 1V dosing arm with TCA alome
("lable 4) to allow estimation ol absolute bivavailability/ [rac-
tion absorbed. Study results indicated amore rapid absorplion
ot SC administered TCZ from rfHuPH20 containing tormula-
tions. Thus, median time to maximum plasma levels of TCZ
was shorlened [rom 48 hours without rl luPII20 10 24 hours
lor all rIIuPII20 containing lormulations. The [raction

absorbed of SC adminisicred 1O/ was estimaled al around

80% for all dose groups.

The study in Cvnomolgus monkey provided information
about repeat-dose toxicity with the TCZ SC formwlation in
the same species (Table 43, Plasma levels o' 1CY [ollowing a
single dose o 50 mg/kg ol the TCA 8C lormulation were
assessed. Results demonstrate that atter SC administration
maximum  serum  concentrations of TCZ  (meanxSD:
8222230 pgiml ) were reached afier 48 hours (median). The
results ol this study are available except [or the animals which
are currently in the treatment-lree recovery period. Subculta-
neous weekly dosing of tocilizumab in a tormulation contain-
g recombinant hyaluronidase (¢HulPH20) to Cynomolgus
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Malerials and Methods

This was a phase 1 ascending dose (162 mg TCZ alone, 162
mg, 324 mg, and 648 mpg TCZ+HuPH20) study in healthy
subjeets. The [ormulation ol lixample 4. Table 3 was used in
this study.

The objectives ol the study woere:

Primary Objective:

1. To investigate the ettect of rHul'H20 on the exposure of

different SC doses of TCZ.

Secondary Objectives:

1. "To explore the salely and tolerability ola single 8C dosc

ol TCZ containing vl [uPl 120 in healthy voluntleers.

2. "'lo mvestigate the PR/ pharmacodynamic (P1)) relation-
ship o[ "I'CY. (with or without rIIuPl120) [ollowing 8C
administration by measuring [L-6, sIL-6R, and C-reac-
tive protein (CRI) in healthy volunteers.

Orverall Study Design

This was 1 phase 1. single-dose. open-label. parallel group
for Cohorts 1 and 2 and sequential lor the rest of the cohorts,
single-cenler study in healthy males and [emales 18 10 65
vears of age, inclusive, of non-child-bearing potential. Table
3 provides an overview of the study design.
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TABLE 5

Orvenview ol Sty Desipgn

Study g Agsoss-

Agsess- administration? ments Satety
Scresning ments AssessInents contimied  follow-up
Ihays 28 Thay =1 Thay | Days 2 Berween
ta -2 Single dose ta 36 davs 40

of study dmg and 43

wdminizmation
In-clinie stay from day -1
[evening) 1o day 2 {morning)
< L d

I:ligible subjects were assigned Lo one of Tour cohorts listed
in lable 6. "The concentration ol rl luPTI20 used in this study
was guided by data rom the mini-pig study in Ixample 4
above inwhich TCZ was administered S5C in the presence and
in the absence of either 2,000 or 6,000 U/mL (nominal con-

centrations) of vl luPT 1200 Results demonstrated a more rapid -

absorplion ol TCA administered 8C [rom rl luPTI20 contain-
ing 1CY lormulations. This ellect on the absorption rate ol
TCZ was comparable with both rHulPH20 concentrations.
Analytical quantification of the dosing solution revealed an
actual rl luPH20 concentration ol 1.356 U/ml . {inslead ol the
nominal 2,000 Usml.). Thereflore. a vl luPl120 concentration
ot 1,500 UimL, was selected for the proposed clinical study.

TABLE 6

TCZ Dosape and Schedule

Cohort IMP
1 TCZ (180 mg/mL) $C formulation single dose of 0.9 mL
comesponding 1o adose o TCA 162 mg 10X
2 TCA RO gl ) THOPHZ0 (1500 Wind 3 80 Torminladion,

single dase of 0.9 mL carresponding to a dose of 162 mg

PO and 1,350 1 tHUPH20

TCZ (180 mg/mLATIulII20 (1,500 UimL) $C formulation.

single dase of 3.6 mL carresponding to a dose of 648 mg

PO and 34001 tHIPH20

4 TCZ (180 mg/mLATIulII20 (1,500 UimL) $C formulation.
single dose ol 1.8 ml. comesponding 104 dose ol 324 m
TCE and 2,700 1 tHIPH20

[}

The study consisted of'a screening period (days -28 to -2,
an in-clinic period {days =1 cvening 10 2 moming) with a
single dose ol study drug given on day | and a lollow-up
pericd (between days 40 and 43).

Eligible suljects were admitted to the clinical researchunit
on day =1 and predose assessments and procedures were

perlormed. Alier aminimum fast ol 4 hours, blood and urine =

samples were laken. Aller a light, standardized breaklast on
the morning of day 1, sulyjects received their TCZ SC injec-
tion in the right or lett anterior thigh (nidway between the
anlerior iliac crest and the cephalad border ol the patella).

Start and end time ol cach SC injection was recorded and s

individual injection sites were photographed before and after
ijection.

After placement of the injection device, but before study
drug injection, subjeets had their pain assessed according o a
100 mm horivontal visual analogue scale (VAS) and a cal-
egorical 6-point pain self-assessment.

Subjects remained in the unituntil the 24-hour PK assess-
ments were complele and retwmed Tor PK and salely assess-
ments as specilied. Blood samples were drawn pre-dose and
al 2, 8,12, 24 and 36 hours posi-dose or the analysis ol serum
TCZ levels. Additional blood samples were collected on dayvs
3,4, 5,8, 11, 15, 18, 22, 29, 36 and at tollow up. Blood

1
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samples for assessments of IL-6, sIL-6R, and CRT® were
drawn al the same time points as samples [or the PK analyses.

Subjeets returned (o the clinic between days 40 and 43 Tor
lollow-up procedures including a physical examination. three
serial 12-lead ECGs, vital signs and clinical laboratory tests.

Safety (clinical laboratory tests and vital signs) and PR/TD
assessments were pertormed at regular intervals during the
study. Spontancous adverse events were recorded throughoult
the study. Subjects remained in the unit until the 24-hour PK
asscssmenls were complele. Subjects retwmed for PK and
safety assessments on specified days afferwards.

PK and PD samples were collected intensively. PK and PD
parameters were estinated with non-compartimental meth-
ods. A one way ANOVA was used Lo assess the effect of
rIIuPH20 on TCY exposure. Salely and 1olerabilily was
monitored throughout the study.

Results

Results of this study are depicled in PIGS. 8-13.
Pharmacodynamic Resulls:

CRI:

Following administration of SC TCZ across all cohorts,
mean CRIP values decreased rapidly and reached a nadir at
nominal times 168 and 240 hours In Cohorts 1 and 2 and at
336 hours in Cohorts 3 and 4, although by (he nominal ime
168 hours nadir was approximately reached in all cohorts,
Thereatter, mean CRI values increased toward baseline val-
ues by nominal ime 504 hours in Cohorts | and 2 and by 672
hours in Cohort 4. Mean CRP values remained suppressed
through 672 hour time point in Cohort 3, however the
vuscheduled follow-up sample revealed mean valves which
returned toward baseline. Cohorts 1 and 2 revealed a similar
change [rom bascline in mean CRP values while in Cohort 4
CRP values revealed a delay in lime o relurn 1o baseline. In
Cohort 3 mean change from bascline values remained below
baseline. A dose dependent effect on mean CRI noncompart-
mental parameters was observed with a dose dependent
decrease inmean AUC, g, lor CRP observed across cohorts.
Dose dependent changes in CRP T, were also observed
where a delay in mean T, was observed with increasing
dose. See FIG. 10,

IL-&:

Following administration of 8C TCA with and withoul
I IuP20, mean 1 -6 serum concentrations increased rapidly
in all four cohorts and subsequently declined gradually over
time. In Cohorts 1 and 2, mean IL-6 concentrations reached
approximale bascline levels by nominal sample Gme ol 504
hours while in Cohort 4 mean I1.-6 serum concentrations
reached approximalely bascline values by the [ollow-up
sample on days 40-43, In Cohort 3, mean IL-6 values were
elevated through the nominal time 672 hours, but concentra-
tions returned (o approximate baseline values al the unsched-
uled follow-up sample. Sce UG 11

sIL-6R:

Following administration of SC TCZ with and without
rHuPH20, mean sIL-6R serum concentration increased rap-
idly in all cohorts. lollowing maximal concentrations
reached al nominal sampling time 240 hours in Cohorts 1 and
2, mean sIL-6R concentrations subsequently declined to
approximately baseline levels by nominal time 672 hours. [n
Cohort 4. mean s11.-6R serum concentrations decreased lol-
lowing maximal concentration al nominal time 408 hours
loward bascline values by the Tollow-up sample on days
40-43. In Cohort 3, mean sIL-6R serum concentrations
increased rapidly tollowing TCZ administrations and contin-

wmin
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ved to increase across all sampling points reaching an
observed maximal concentration at the sampling time o 672
hours. Bee I3, 12,

l'or 11 -6 and sI1.-6R nomcompartmental paramelers, mean
AlIC,, .0, increased with increasing dose across colwrts.
Mean €, revealed a similar dose dependent increase.
Observed time to maximum concentration (1) was pro-
longed with increasing dose.

In comparing the clfeet ol vIIuPI20 on P response
between Cohort 1 (162 mg TCA) and Cohort 2 {162 mg
TCZ/1350U rHuPH20), the concentration-time profiles were
similar berween the two groups tor all three IPD parameters
(CRPL, IL-6, and sIL-6R). Mean PD (CRI, IL-6, and sIL-6R)
AUC, o paramelers were similar between Cohorls 1 and 2
with AUC,, 00 ratios of 99.6%. 100%, and 97.4% lor CRP.
I1.-6. and sl -6R. respectively.

Pharmacokinetic Results:

Results from Cohorts 1 and 2 (162 mg TCZ with and
without PH20) indicate a trend towards an earlier T,
slightly higher exposure (GMR |90% conlidence inlervals|
lor €,y and AUC, , owere 1.45[1.24-1.70] and 1.20 [ 1.00-
1.44], respectively) in the presence of rHulPH20 while TCZ
serum concentrations in the elimination phase were superim-
posable for the two formwvlations. With the addition of
rI IuPI 120 in Cohort 2. there was a clear rend lowards reduced
variability (CV %) in the PK parameters o TCA(17.4vs. 32,4
for €, and 164 vs. 420 AUC, . with and without
rHulPH20, respectively).

In Cohort 3 lollowing administration o 648 mg TCZ/
PII20. mean C,,,,, and AUC, .ol TCA were approximalely
6.95- and 12.55-fold higher than in Cohort 1 (162 mg TCA).
while the total dose administered was only 4-fold higher,
reflecting the non-dose proportionality in the PK of TCZ. The

unscheduled lollow-up sample laken for subjects in Cohort 3 3

{(mean actual time 19091£66.1 hours) revealed T'CY serum
concentrations below the limil of quantification lor all sub-
Jects indicating the complete elimination of the single TCZ
SC dose.

In Cohort 4 lollowing administration o 324 mg TCZ/
PII20. mean C,,,,, and AUC, .ol TCA were approximalely
3.85- and 4.44-fold higher than in Cohort 1 (162 mg TCZ),
while the total dose administered was only 2-fold higher.

Plasma rHuPH20 concentrations were below the limit of
quanltification [orall sampling points in all subjects indicating
the use ol the envyme as a local permeation enhancer lor the
co-administered drug does not result in quantifiable systemic
exposures of the enzvme.
Pharmacokinetic/Pharmacodynamic Relationships:

sI1-6R and 1C7:

The sl-6R concentrations reached C, . aller TCZ
reached 1ts C, for all 4 cohorts, with a delaved increase in
sIL-0R levels as the TCZ concentration increased creating a
counler-clockwise hysieresis relationship. The TCZC | was

AT

reached al limes ranging from 36 0 96 hours aller adminis- s

tration of TCZ across all cohorts, while sIL-6R reached C,, .
at nominal time 240 hours tor Cohorts 1 and 2, nominal time
672 hours tor Cohort 3, and nominal time 408 hours tfor
Cohort 4.

C-Reactive Protein and 10/

Az with sIL-6R, TCZ administration resulted in a delaved
decrease 0f CRD, ie, the CRI nadir was reached afterthe C,,
ol I'CY. The CRP nadir was reached al nominal times 168 and
240 hours in Cohorts 1 and 2 and by 336 hours in Cohorts 3
and 4 while the 1C7 (., oceurred al times ranging [rom 36
10 90 hours after administration of TCZ across all cohorts,
creating a clockwise hysteresis relationship

and >
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Safety Results:

Sixty-ome of the 68 reported adverse evenls were consid-
cred by the investigalor 1o be possibly or remotely related 1o
treatment wilth the study drug. Most were injection sile
adverse events, which were reported only by subjects who
received TCZ with rHuPH20. There were no deaths, no seri-
ous adverse events, and no subjects withdrew from the study
due to an adverse event. There did not appear (o be a relation-
ship between the number of subjeets reporiing adverse evens,
the presence or absence ol vl luPl20. or the dose ol "TC/.

With the exception of mean white blood cell counts and
nentrophil connts, mean hematology parameters remained in
the normal range throughout the study, as did mean total
bilirubin, ALAL, and ASAL concentralions. Mean white
blood cell counts and neutrophil counts were back within
relerence ranges al the end ol the study. | .ow neutrophil count
was also the most common marked laboratory abnormality
reported during, the study, reported by a total of 30 subjects
across all treatment groups. Eight ot the subjects with marlk-
cdly low neutrophil counts also reported infections. which
resolved with no sequelac. 11CG readings and vilal signs were
normal throughout the study [or most subjects. There were no
clinically relevant changes in serum IgE, [aG, IaM, and IgA
levels. Neutralizing anti-TCZ antibodies were confirmed in
two subjects receiving 648 mg TCAZT TuPH20. No subjects
developed neutralizing anti-rl luPIH20 antibodics. The 8C
injections were well tolerated in all cohorts, as evalvated by
the Visnal Analog Scale and patient categorical self-assess-
ment.

Conclusions

Pharmacokinetic and Pharmacodynamic Conclusions

Administration o' I'CZ with rl luPT 20 resulted in a slightly
increased exposure with geomelric mean ratios (90%
comfidence intervals) for AUC, . and €, ol 1.20
(1.00-1.44) and 145 (1.24-1.70), respectively, tfor
Cohort 2 (162 mg TCZ/HuPH20) to Cohort 1 (162 mg
TCA) supporting the hypothesis that ol luPTI20 acis as a
local permeation enhancer.

A clear trend towards lower PK variability in the presence
of rHuPH20 was observed.

A four-fold increase in administered TCZ dose in Cohort 3
(648 mg TCAPI20Y resulled in 12.55-1b1d higher
AUC, . rand 6.96-lold higher C,, . with 648 mg TCAS

PH20 compared to 162 mg TCZ in Cohort 1

A two fold increase in administered TCZ dose in Cohort 4
(324 myg TCAPIR20Y resulled in 4.44-fold higher
AUC, . -and 3.85-Told higher €, with 324 mg TCA
PI120 compared (o0 162 mg TCY in Cohort 1.

The single SC TCZ doses assessed in Cohort 4 (324 mp)
provided mean AUC,,_, -of 108003220 pg-he/ml. and
Crae o 16224 pgiml. and provided a C ol
43.8+12.4 ug/ml ..

The single SC TCZ doses assessed in Cohort 3 (648 mp)
provided mean AUC,,_, -0t 299005280 pg-he/ml. and
Crye of 126250 ng/ml and provided a C,,,, of
F7.8214.5 ug/ml ..

The impact on the P1Y markers s11-6R, 11 -6 and CRP are
comparable for SC formulations containing 162 mg
TCZ with and without HuPH20. Dose dependent
changes in P markers were observed with increased
doses [rom 162 mg o 648 mg "I'CZ/T TuPH20.

Salely Conclusions
Serious adverse events were not reported with SC doses of

TCZ with or without rHulH20.

FLETA
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Tocilizumab-treatment was associated with a decrease in
neutrophils within 2 1o 5 days of treatment. Mean neu-
trophil counts returned (o bascline [rom day 13 w0 lol-
low-up in a dose dependent manner.

Most ather laboralory parameters OGS, immunoglobulin
levels and vilal signs recordings remained within the
normal range throughout the study.

Two subjects developed nevtralizing anti-TCZ antibodies

No subjects developed neutralizing anti-rHuPH20 anti-
bodies.

SC injections were well tolerated based on the Visnal Ana-
log Scale and subject categorical self-assessiment.

EXAMPLE 6

SQ Administered Anti-IL-6R Antibody for sJTLA

This example describes the vse of subcutaneously admin-
istered anti-IL-6R antibody (TCZ) to treat systemic juvenile
idiopathic arthritis (sJIA). A TCA lormulation with 180
mg/ml. TC/ and no hyaluronidase (see'Table 2 in Lxample 4)
is subcutancously administered in this example.

This is a phase Tb open label multi-center study 1o inves-
tigate pharmacoldnetics, pharmacodynamics, efficacy and
satety of tocilizumab following subeutaneous administration

in patients with active sJLA. Patients to be treated in this study 3

will be children age 2 up o and including age 17 sJ1A=6
months persistent activily who have had an inadequate clini-
cal response 1o NSATDs and corlicosteroids (C8) due 1o tox-
icity or lack of efficacy will be treated herein.

In WA 18221 study, TCZ was given at 12 mg/kg in patients

with BW=30 ke and 8 mg/kg in patients with BW=30 kg
every 2 weels for 12 weeks. Comparable PK exposures were
achieved lor two body weight groups (UG, 23A). Compa-
rable s11.-6R profiles (I°1¢5. 2313), CRP normalization pallern
(11C. 23C), and LS8R profile (FIG. 231)) were observed Tor
™o BW groups. The comparable PK-PD profiles from
WAIR22] study resulted in acceptable efficacy and safety
across the entire body weight range. Of all TCZ treated
palients, 85.3% patienls mel primary endpoint of a JIA
ACR30 response and absence of [ever al Week 12 In contrast
1 24.3% ol the placebo patients demonstrating a statistically
significant difference (p<i0.0001). At week 12, JIA ACR 30,
50, 70 and 90 responses were 90.7%, 85.3%, 70.7% and
37.7%, respectively, compared 10 24.3%, 10.8%, 8.1% and
5.4% rom placebo group, respectlively.

To Turther examine il dose was adequale in WAIR221
study. the PK exposurc-cllicacy relationship was analysed by

PK exposure quartiles. Al week 120 AUC,, ., increased by s

2.3-fold from quartile 1 (49147 ng-dav/ml) to quartile 4
(1,925£187 pg-dav/ml) (Table 7). At week 52, Cmin in quar-
tile 4 (108£12 pa/ml) was 3.6-fold greater than in quartile 1
(30x16 pg/ml) ("lable 7). Although the study was not powered
Lo compare eliicacy in cach of the 4 quartiles, proportioms ol
patients who achieved JIA ACR30/30/70/90 responses
appear comparable across 4 quartiles (Table 7), suggesting
the exposures were at the plateau ol the exposure-response
curve. Limited data in cach quartile did not show clear trend
Lowards a higher incidence ol Als or serious Alls wilh higher
TCZ exposure trom quartile 1 to quartile 4 (AUC, .. C,...
or C,,..) (Table 8).
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TABLE 7

lilMieacy Tind Points by PR Quartile al Week 12 and
Week 52 in Patients Assigned to TCZ at Raseline

CQuartile 1 Quartile 2 Quartile 3 Quartile 4
Woek 12 n=1% n=19 n=1% n= 1%
AL i 840 £ 147 L1788+ 6R4 1445 £ 105 15925 £ 187
g - dinly?
JLA ACRIG. 16 (84.2] L7 iR9.5) 18 (34,7 17 (3449
n (%)
1A ACRSD, 15 (754 L6 (%4.7% 161842 18944
n (%)
JLA ACRTG. 9474 15785 14 (7371 15 (83.3)
n (%
JLA ACRAG. 5i26.3) Ti30.8) 10 (52.6] 16 (33.3)
n (%)

CQuartile 1 Quartile 2 Quartile 3 Quartile 4
Week 52 n=1% n=14 n=16 n=13
i I x163 G25x41 BLO =60 L8 +£120

: 15 (100) 14 {10y 16 (100 13 (100

n (%)
JLA ACRS0. 13 (86.7) 14 ¢100) 16 (100 13 (100
n (%
JLA ACRTG. 11 (73.3] 1147861 16 (100 13 (100
n (%)
1A ACRYD, §(53.3) %(57.1) 13 (81.3) K(61.5)
n (%)

Ouartiles are defined as these paticnts falling within 1%-225%, =2 3%-= 5] %, =5 005-=7 5%,
and =TI 00% o lexposunes, Palienty who were randomly awsigned o placebo freatmen.
iy stuehy part | are exehoded,

Patients who bad mivsing PK sarples ot weelo 52 were excluded rom the summany Vean
=+ 3D for ATIC ey, amd 7 Al prosented,

TABLE 3

Percentage of patients repouting adverse events by

hady system and preferred term to weelk 12 by AUC; .., and
1o Wook 52 by €0, cxposire quartiles

Cuartile 11 Quartile 2! Quartile 3' Quartile 4'
Week 12 =19 n=1%) =19 =18}
AL i B4 £ 147 1178 268 L4453 £ 105 1925 £ 187
g - dinly?
All hoddy 19 0100%) 16 (84%) LT (H65%) 14 (TH%)
systems”
Infections and 11 {S8%) 8 {42%) 6 [32%) 9 [50%)
infestation
astrointestinal 3016%%) 3 26%) 2011%) 4 (220
isoriders
Slein aned 4121%) 130 3016%) 4 (220
subcutlancous
tigsue digorders
Nervous 3016%%) 130 2011%) 2011%)
gyElem
disarders
Respiratory, 30160 L 5% 2 (11%) 1 (6%
theraeie, and
mediastinal
isoriders
Serious alverse 3016%) [ {11%) 0 (194 0 (194
events

Quartile 1 Quarlile 2 Quarile 3 Quarile 4
Week 52 m=15] n=14) =16} m=13)
i 30 £ 16 63 £4 81xd 108 £12
fug - dfmly>"
All bty 15 {1000y L4 (L) 16 (100 11 (85)
systems’
Infections and 10 a7y L2 {86 15 194) B 162)
Infestalion
Gastrointestinal TidT) 3i21; 5031% 5039

isoriders
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TABLE 8-continued

Pereenlage o pativnts reporting wlverse evenls by
bady system and preferred tenm to week 12 by ATTC, |, and
1o Woeek 52 by €0, cxposute guariles

Skin and
subcUtanecus
lissne disorders
Nervous
system
dizonlerns
Respiratary.
tharacic, and

3033 3

427 3

3033

rnedinstinal
disorders
Serious adverse
EVENLS

4127) L7

AU i orea wnder the sorum conscntraticn-time profile aver 2 wecls of the dosing
interval ol steachy state; U mindmum coneentration ol drug al weel 52 (predose concen-
tratic,

Walues ure n (i) unless indivaled whenaize. Badenis who were svdiuned 1o plavebo ineat-
ruent in stucke part | were cxeluced, Taticuts wihe had missing PE samples at wocl: 52 were
cxeluced from the sunumars,
T uartiles 1, 2, 3, wrnl dore the T (0-225%0, secorl (25-230%0, thivd (=50-7
fonrth (75-100%) quartiles of indivicnal expasure paramcters 23 listed,

M eun £ tandard desiation, AUC o and U wre presented.

S 5%, and

Flotal patients with al Jeast one adverse evenlare includled. Only the most Fequent adverse
wvents are proscnted,

N e auiartiles inchocle anly paticuts with nenmissing semm concentrations randamly

avwigried o1 ul baseline

Instudy WA18221, TCZ 12 megke for patients <30 kg and
8 mg/kg lor patients 30 kg, was given as an [V inlusion every
2 wecks. The scatter plots ol €, al steady state (Week 12)
across body weight [rom 10.0-112.7 kg showed that 1TC7
exposures are independent of body weight (FIG. 15). The
mean PK model predicted Cmin is summarized in Table 9.

TAIBLILS

Madel simulated PK expasures for various dose repimens

Dady weight

(sample size). AT e Cpiioen
13ase Regimen (ronne) (34 ng - il pgfml.
12 meike QW (IV)® <A AR 2602 £ B2 61 £ 26

(1116-4354; (17-117)
% gk [V QW (1V1° =30 (37 2674 £ K18 S5 £70
(1144-4824 41091010
All parienis in All by 2682 = 830 =23
WATHIZTY weight (1116-43547  {10.9-117)
162 mg QW [SC)° =230157) LB10 & 600 58 £ 20
(B LE-3244% {22-107)
162 mg QW (8" =500 5R ) L3498 £ 424 2913
(TUR-Z2012) (12-61]
L62 ma (W (80 <30 38y 3092 & (020 L) = 35
(1416-5628 (45-188)
162 mg (21001 (seny <30 38y L 7Hd = 581 M2
(H25-3231% {25-112)

“epmmnary of K parameters estimated by population analvsis of data frowm stochy Wa 18221
Tollardng 1% dosing: AL o e rmuliplied by 20 order 1o comrpure with ather 507
romimcns,

FRurmmry ol simulated] P pavameers G individual patients fom Study WATH22T Tal-
Joweing S dosing

Available subcutanecus formulation is in a 1 mL prefilled

syringe delivering 0.9 mT. 162 mp TCZ per injection. Thus the
SC dose inthe present study is a flat dose regimen across wide
I3W range. "The initial dose lor the present study has been
sclected based on the modeling and simulation and explained
helow.

In study WAL8221, pharmacolkinetic profile tollowing IV
administration was described by a 2-compartment model
with both a saturable (Michaclis-Menten elimination) and a
non-satlurable (irst order climination pathway [rom ceniral
compartment. The PK disposition parameters were well char-
acterized (total clearance (CL; L/d), volume of distrilwtion of
the central compartment (Ve; L), volume of distribution ot the
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petipheral compartment (Vp; L}, intercompartmental clear-
ance (Q: 1/d). the Michaclis-Menten constant (Km; mgl.)
and the maximum rate of the salurable climinalion process
{(Vmax; mgid)). In study NP22623, 162 mg 'I'C/ was admin-
istered in the adult RA patients as either weekly (QW) and
every other week (Q2W) dosing for 12 weeks in a total of 29
patients. Empirical modeling of the PK data from NP22623
provided subculancous absorplion PK paramelers {absorp-
lion rate constant Ka and bicavailability 1') in RA palienis.
Under the assumplion that these absorplion PK paramelers
are sinilar to the absorption PK parameters in pediatric sJLA
patients, and disposition PK parameters from WAIR221
study are independent of the route of administration, the PK
exposures woere simulated for sJIA patients <30 kg and =30 kg
lollowing multiple dose administration up Lo a steady stale.
The simulated PK profiles Tor IV and 8C administration are
illustrated in FIG. 14. The PK model simulated C, ., values
versus body weight are shown in FIGS. 15 to 18. Caleulated
PK parameters based on the simulated PK profiles are sum-
marived in lable 9.

As expeeted, 1V dosing regimen exhibited more lluctuation
between the peak and the trough concentration during a dos-
ing interval, whereas tor SC dosing, fluctuation between peak
and trough is much smaller (FIGS. 14A and 14B).

Based on PK simulation. [or sJIA patients weighing =30
kg, 162 mg QW provided mean=813 C_ . (58220} which is
comparable 10 58+23 from WAI18221 study (Table 9). Indi-
vidual Cmin data are also within 90% confidence limit from
WALB221 study (UGS, 16 1o 18).

Based on PK simulation, [or patients with BW<30 kg, 162
mg Q2W or 162 mg QW resulled in themean=51) Cmin lower
(29213) or higher (100£33) than the average Cmin (38+23)
from study WA 18221, respectively. For 162 mg Q2W dosing,
although all data are with min-max range [rom WAT8221,
26% (10 0 38) Cmin values are below the lower 90% conll-
dence bound [rom WATE221 siudy (111G 163 For 162 mg
QW dosing, 21% (8 of 38) Cmin data are above the upper
90% confidence bound trom WAL8221 study (FIG. 17).

Based on PK model simulation. for patients with 13W-<30
ke, 162 mg SC imjection every 10 days (Q101Y s predicted o
provide mean+=SD Cmin (58+22) being comparable 1o the
data (58223) from WA 18221 study (Table 9). There are only
20138 (5%)C,,, values outside of'the 90% confidence bound
(I'1C. 18).

Thus. the following treatment prolocols will be used:

Group 1: Patients with body weight (BW)=30 kg will
receive 162 mg TCZ subcutaneous (SC) injections weekly
QW) lor 14 wecks (13 doses). N=12

Group 2: Patients with BW-<30 kg will receive 162 mg 1CA
SC injections every 10 days (QQL012) [or 14 woecks (9 doses).
N 12

The treatment period will last for 14 weeks. During the
treatment period. stable NSATDs and MTX will be continued
unchanged throughout 14 wecks of the study. Oral steroid
dose will remain stable up to 6 weeks trom first dose of TCZ
at baseline. Steroid tapering will be allowed from week 6
olwards at discretion of the investigator, For CS reduction, no
more than 20%: reduction per week is recommended. The
investigator may adjust or discontinue comeomilant M1TX, CS
and/or NSAIDs trestment according 1o standard of care for
reasons of satety at any tine. The follow-up visit will be
performed at 2. 4 and 8 weeks afler last 8C dosing.

Pharmacokinetic parameters willinelude C, 00 Clis
1) iae and AUC, al steady stale.

Pharmacodynamic paramaters will include sIL-6R, CRT,
and/or ESR concentration.

i
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Efficacy will be evalvated by the following:

Proportion ol patients  with  JIA  ACR30/50770/90
responses 4l Week 14 with and without absence ol [ever: and
other eflicacy paramelers as appropriale.

It is anticipated that the anti-IL-6R antibody (TCZ) will be
effective in sJIA patients with body weight =30 kg when
administered as a fixed dose ol 162 mg every wock (QW) by
S0 administration. c.g., for up lo 14 weeks.

Il is [urther anticipated that the anti-I1L-6R antibody (1'C7)
will be ettective in sJ1A patients with body weight <230 kg
when administered as a fixed dose o1 162 mg every 10=1 days
(Q1012) by 8O administration. e.g., [or up o 14 wocks. Aller-
native dosing regimens include 162 myg every week ((QW) or
every two weeles (Q2W),

HXAMPLILT

S0 Administered Anli-I1.-6R Antibody lor pellA

Anti-IL-6R antibody (TCZ) is subentaneously adminis- 2

Lered to patients wilh polyarticular course juvenile idiopathic
arthritis {pedlAY. The formulation with 180 mg/ml . "I'C7 and
10 hyaluronidase disclosed in Table 2 in Example 4 is admin-
istered herein.

This iz a phase [b open label multi-center study to investi-
gale pharmacokinetics. pharmacodynamics, cfficacy and
salety ol ocilizumab lollowing subculancous administration
i patients with active peJlA. Patients 1o be treated in this
study will be children aged 2-17 vears with at least 6 months
active pellA (including cither rheumaltoid Factor (RID-posi-
tive or Rli-negative polyarthritis subsets. or the extended oli-
goarticular JIA subsel). with al least 5 joints with active
arthritis (at least 3 of the active joints having limitation of
motion) who have had an inadequate clinical response to

moethotrexate (MTX) due o lack ol efiicacy or (oxicily. who 3

are receiving standard ol care, cither with or without
NSAIDs. Tow dose corticosterolds or concomitant MTX.

Up 10 30% of patients enrolled in this study may have had
previous treatment with a biologic disease modifving anti-
rheumatic drug (biologic IDMARI).

TC7 has been approved [or treatment of pellA in Japan
based onthe phase 3 study MR A3 1RID conducted in Japanese
patients. Objectives of the study were 1o determine the effi-
cacy, satety, PK and I'D of TCZ tollowing 8 mg'ke TCZ
infusion every 4 woecks for 12 weeks (3 inlusions). I1 was
observed. that the clinical respomse. expressed as probabilily
10 reach a peJIASD or peJIATO score, was lower in children
with a lower bodyweight compared to patients with a higher
hody weight. Aller 12 weeks ol reatment with ' I'CZ 8 mgfkg

every 4 woecks: 88% of patients weighing <30 kg vs 100% ol =

the patients weighing 230 kg reached a peIAS0 score (111G,
19A); and 38% of patients weighing <30 kg vs 80% of
patients weighing =30 kg reached pelIA70 score (FIG. 19B).

This noticeable difference in JIA ACR response rale was

associaled with a visible trend towards lower systemic expo- 5

sure (AUC, 110 TCZ in subjects with lower body weight,
particularly below a body weight of approximately 30 kg, In
contrast, in patients with a body weight higher than 30 kg
exposure appedared 10 be more or less independent of body
weight (I1(r. 2040,

The PK of TCZ from MRA31R TCZ was described by a
mwo-compartment disposition model with parallel first-order
(lincar C1.} and Michaclis-Menten climination (nonlinear or
concentration-dependent CLY kinetics. For the dose of 8
mg/kg administered every 4 weeks, the contribution of non-
linear CL to AUC was small and had no relevant impact on
C The most pronounced impact of the concentration-
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dependent CL componenton the PK of TCZ was observed tor
C i The € values were close o the mean K, value o the
nonlinear C1. component. Thus, €., values were in a con-
centration range where small changes in serum 1C/ coneen-
trations result in a relative large change in nonlinear CL.

FIGS. 24A-D show the PK, sIL-6R, CRD and ESR profiles
over time during 12 weeks of treatment. sIL-6R levels
increased over time and reached stable condition at woeck 12
(LiICr. 2413). CRP levels fluctuated during a dosing interval
with clevation prior o next dose (111G 240). B8R decreased
by week 4 and stay low after week 8 (FIG. 24D). Analysis of
PK-PD relationship indicated that when the serum TCZ con-
centration was at or above (1 pg/ml), CRP and ESR were low
and s -6R saluration was high.

Following adminisiration of TCZ 8 mg/kg IV (4W 1o
pedlA patients in study MRA3ITRIP. prior to the next inlusion
atweeks 4, 8 and 12, approximately 35 10 39% of patients had
TCZ Cmin <1 pg/mT, (Table 10). Although most children in
MRAIIRID reached the ACR30 endpoint at Weele 12, chil-
dren with non-measurable T'CY levels al Cmin were much
less likely 1o achieve JTA ACR 70 than those with measurable
Cmin TCA levels (23% vs 73%). The majority of children
with non-measurable TCZ at Cmin, and not achieving the best
efficacy responses had lower body weights (<30 kg).

aeine

TARLL 10

Mean £ 5D Serun TCZ Concentrations and %y of Tatients
in Hemum VY Coneeritaiion Dass than 1l

Muean = 813
1L ngdml.

% ol palients with

Tirme ol Vsl TA L pgfml.

0 ipre dose) [ NA
0 {post doscy 145 = 0
1 429+ 10 0
2 20,2 £ 875 0

4 IR 347 ELR

6 226+ 850 5.6

) 571571 353

0 282923 e

11 12,7« 7.01 17.6

12 4 HY = 408 ELR

The population PK analvsis was developed based data
from MRA3IRID and interim PK data from WA19977 (117
patients). In study NP22623, 162 mg TCZ was administered
in the adult RA patients as QW or Q2W dosing lor 12 wocks
in a tolal of 29 patients. 'mpirical modeling of the PK data
from NP22623 provided subcutancous absorplion PK param-
eters (absorption rate constant Ka and bicavailability F) in
R A patients. Under the assumption that these absorption PK
paramelers are similar 1o the absorption PK paramelers in
pediatrie pellA patients, and disposition PK paramelers [rom
WAL99T7 study are independent ol the route ol administra-
tion, the K exposures were simulated tor pcJIA patients <30
kg and =30 kg following multiple dose administration up 1o a
steady state. The simulated PK profiles for IV and SC admin-
istration are illustrated in PIGS. 21A and 2113, respeciively.
1'CY concentrations [ollowing IV and 8C administration dur-
ing a dosing interval o 4 wecks atl steady stale appear (o be
approximately at similar levels. The model simulated TCZ
exposure parameters (AUC, ... C,,and C, Jareshownin
lable 11, 8C dose ol 162 mg Q2W lor both 3W-<30 ke and
13W =30 kg paticnis appear o be appropriale o produce com-
parable AUC, . (o0 the WAL19977 study (lable 11). There-
fore, the proposed SC dose for Group 115 162 mg Q2W forall
patients.
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TABLE 11

Madel Simulated Serum 1O PK Yxposure Parameters o 8¢
and [V Dasing Resimens for Patients in WA19977 Study

ALTC, e Crnrs C e
WALL9TT EW.ke N pug-dmL ugimL ugimL
Sorngka QW <30 200 424 =143 11324 D3 =06
(205-734) (74164 (13-2.6
L0 mpiks Q4WS A 19 IS 26 1BSs38 24x25
(32R-1359) (132-249 (-9
B mpke Q4w =30 FR 1031 + 330 171 £38 55 +x04
(ARS-205H) (792650 (01-29)
162 my QEW'Js <30 30 Q45 =377 43 = 14 =12
(29921117 (18-8T) (LB-57)
162 mg 2wt =30 TR G4 =178 WeT 125
(148-985) (11-42] (0.6-28)

Mean = SD (min-max) proscuted

“Rurnrmry ol P parameters estimate:d by popolation aralysis of data Fom study WA 19977
foll'_wh.lg TV dosing AU - ey was nltipliced by 2 o order to compare with other 3C
TERIMETS.

“anmmary of sinnlated PE paramcters far indrridual paticots from Study WA 19977 fal-
Terwing B0 dosing.

Thus, 162 mg of TC/ is administered subcutancously
every 2 woecks ((Q2W) (o patients with pellA (N=24). The
treatment period will last lor 14 woecks. During the reatment

pericd, stable NSAIDs and MTX will be continved
unchanged throughout 14 weeks of the study. No tapering of

corlicosleronids, NSAIDs or methotrexale can oceur during
the study except lor salety reasons. PR, P12, efiicacy param-
eters will be assessed at the scheduled time points. The fol-
low-up visit will be pertorimed at 4 and 8 weeks after last 8C
dosing,

Il is anticipated that the anti-11-6R antibody (I'C7) will be
ellective in pelA patients when administered as 162 mg dose
every 2 weeks ((Q2W) by 5Q administration, e.g., forup to 14
weeks.

HXAMPLILR

S0 Administered Anti-IL-6R Antibody for Systemic
Sclerosis

This isa Phase 2/3. muliicenter, randomized, double-blind.
placebo-controlled, two-arm, parallel-group trial in patients
with systemic sclerosis (85¢). A TCZ formulation with 180
mg/ml TCZ and no hyaluronidase (see Table 2 in Example 4)
is subcutancously administered o $8c¢ paticnts in this study.
The primary endpoint, the change in modilied Rodnan skin
score (IMRSS) from baseline at Week 24, will be evaluated at
Week 24, There will be a 48-week blinded period followed by

4 48-week open-label period.

Paticnts will be randomixed in a 1:1 ratio 1o receive cither s

162 mg of 8CTCY weekly (QW) (Group Ay or 8C placebo
QW (Group B) for 48 weeks. The primary analysis will occur
when all patients have reached Weel 24,

Starting at Week 48, all patients will receive open-label

treatment with 162 mg of TC/ subculancously QW and no s

patient will receive a placebo injection.

Efficacy parameters will be assessed, starting at baseline to
Week 90, as described in the schedule of assessments,
Targel Population
Palients must meet the following criteria lor study eniry:

Ability and willingness to give written informed consent

and comply with the requirements of the study protocol

Diagnosis o[ 85¢, as delined using the American College ol

Rhcumatology criteria (198077

Discase duration of =60 months (defined as Gime from the
first non-Ravnavd phenomenon manitestation)

Ane =18 vears at baseline
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=15 and =40 mRSS vnits a1 the screening visit
Uninvolved sldn at one of the tollowing locations:
I'ront of the middle region ol the thighs
l.ower part of the abdomen below the navel except [or
the 2-Inch area direetly around the navel
Outer arca ol the upper arms (il a caregiver is giving the
patient injections)

Active disease defined as at least one A criterion and one B

criterion each:
Criteria A al screening
Increase =3 in mR8Y unils al screening compared
with the Tast visil within previous -6 months
Involvement of one new body arca with =2 mRSS
vnits a1 screening compared with the last visit
within the previous 1-6 months
Involvement of two new body areas with =1 mRSS
units al screening comparcd wilh the last visil
within the previous 1-6 months
Other documentation ol worsening skin thickening at
screening compared with the last visit within the
previous 1-6 months consistent with the progres-
sion of skin thickening deseribed in the above cri-
leria using mRSS
Presence ol 1 or more TIRs al scrocning
Criteria B at screening,
High-sensitivity C-reactive protein =1 mg/dL
Brythrocyte sedimentation rate =28 muvhr
Platelet count (=330x10°/L)

Treatment with oral corticosteroids (=10 mg/day of pred-
nisone or equivalent) is permilied il the paticnl is on a
stable dose regimen [or 22 weeks prior o and including
at baseline.

Treatment with non-steroidal anti-inflammatory  drugs
(NSATDs) is permitted it the patient is on a stable dose
regimen lor =2 weeks prior (o and including at bascline.

Angiotensin-converling envyme inhibitors, calcium-chan-
nel blockers, protein-pump inhibitors. andior oral
vasodilators are permitted if the patient is on a stable
dose for =4 weeks prior 1o and including at baseline.

Iftemale of childbearing potential, the patient must have a
negative pregnancy lest at sereening and the baseline
visil.

lillicacy Ouicome Measures

The primary cllicacy endpoint is the change in modified
Rodnan skin score (mRSS) from baseline at Week 24, Skin
thickness will be assessed by palpation and rated vsing a score
from O {normal) o 3 (severe skin thickening) across 17 dil-
ferent sites. The total score 1s the sum ol the individual skin
scores i1 the 17 body areas (e.g., face, hands, fingers; proxi-
mal area of the arms, distal area of the arms, thorax, abdomen;
proximal area of the legs, and distal area of the legs, teet),
giving a range of 0-31 units. The instrument has been vali-
dated for patients with 88c.

The secondary cllicacy endpoints for this study are as

tollows:

Change in Scleroderma Health Assessment Questionnaire-
Disability Index (SHAQ-DI) score from baseline at
Wecks 24 and 48

Change in 28 (ender joint count (ITC7) from baseline al
Weeks 24 and 4R in patients with joint involvement al
baseline

Change in the patient’s global assessment from baseline at
Weeks 24 and 48
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Change in the clinician’s global assessment from baseline
4l Woeks 24 and 48
Chapnge in Functional Assessment of Chronic Illness
Therapy-latigue (FACIT)-liatigue score from bhaseline
4l Woeks 24 and 48
Change in Pruritus 5-1 Iich Scale [rom bascline at Weeks
24 and 48
Change in mRES from bascline al Week 48
Proportion ol patients with change from bascline in the
mREE al Week 48 greater than or equal 1o the change
trom baseline in the mRSS ar Week 24
It is anticipated that subcutanecusly administered TCZ as
disclosed herein will improve cutaneous sclerosis, improve
physical function, and/or slow progression of organ damage
in 88¢ palients treated as disclosed, relative o placebo-
treated patients. For example, the T'CY. shall achicve the pri-
mary cllicacy endpoint (change in mR8S al week 243 andior
any one or more of the secondary endpoints.

EXAMPLE O

50 Administered Anti-11-6R Antibody lor (Tiant
Cell Arteritis

This example describes the vse of subcutaneously admin-
istered anti-IL-6R antibody (TCZ) to treat giant cell arteritis
(GCA) The T'CY [ormulation with 180 mg/ml. "I'C7. and no
hyaluronidase described in lable 2 in ixample 4 1s used o
treal patients with GCA {new onsel or relractory (GOA).

The protocol lor treating patients with (7CA is shown in
FIG. 22, The proposed study is multicentre, randomized,
double-blind, placebo-controlled in patients diaghosed with
GCA, Patients may be either new onset or refractory (ie.
GOA patients who have responded inadequately 1o previous
therapy with corticosteroids (C8)). The primary cndpoint will
bhe C8 Iree sustained remission al 9 months. Remission 1s
defined as absence of signs and symptoms and normalization
of acute phase response. Svstained is defined as absence of
flare following induction of remission. Patients achieving the
primary cndpoint at 9 months will have achicved remission
within 3 months and maintained their remission [or at least 6
months whilst being able 10 taper oll their C8. Sceondary
endpoints at % months include time to GC A disease tlare after
clinical remission, cumulative CS dose, quality of life and
change in acute phase reactant and hemoglobin.

Two doses of subcutaneously administered TCZ will be
used:

162 myg every weck (gqw): and

162 mg every other week (q2w).

Patients will be randomized ina 2:1:1 ratio (100:50:50) to
receive cither 162 mg ol SCTCA gw. 162 mg ol SCTCL 2w
or 8C placebo lor 9 months in a double blind lashion. In
addition. all patients will receive background C8 therapy and
follow a CS tapering regimen over a 6 month period (see
Table 12). Refractory subjects will enter the study at 10 mg
higher than the dose that previously controlled the discase and
continue the trial glucocorticoid taper outlined [rom the pred-
nisone dose al entry. In the absence of relapse. this schedule
will result in a glucocorticoid dosage below 5 mg after 4
months and no glucocorticoid vse atter 6 months.
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TABLE 12

Prodnisene Schedule: New Onsel Paicns

Daily prediusone dose. both aums

Woek [mday)
1 [il8}
2 an
3 D]
4 40
5 30
i 25
7 20
) 17.5
9 13

15 125
11 0
12 9
13 A
14 7
15 3]
16 3
17 4
1% 4
14 3
210 3
20 2
22 2
23 1
24 1

Atmonth 9, all patients may enter parl 2 (open label exien-
sion) of the study. Patients who meet the primary endpoint
will be required to stop their subcutaneous injections and be
followed tor maintenance of response. Patients who do not
meet the primary endpoint, will have the option to escape 1o
investigator-led therapy that can include open label TCZ. The
purposc ol the open label extension is o describe the long
lerm salety and ellicacy ol a course ol TCA in GOCAL 10
describe long term steroid sparing effect of TCZ and its
sequelae in terms of CS related adverse events, and 1o
describe a potential requirement for maintenance of TCZ
therapy beyond 9 months.

The target population lor this study is adult patients with
GCAL New onsel and relapsedireflraclory GOCA pationts will
be cligible.

Diagnosis ol GCA s according Lo the lollowing criteria

Westergreen erylhrocyle sedimentation rate (HSR)=40

mm/hour

Unequivocal cranial symptoms of GCA (new onsel local-

ized headache, scalp or temporal artery tenderness,
ischemia-related vision loss, or otherwise vnexplained
mouth or jaw pain upon mastication)

At least one of the following:

Temporal artery biopsy revealing features of GCA

Symptoms of polymyalaia rheumatica (PMR), defined
as shovlder and/or hip girdle pain associated with
inflammatory moming stilTness

lvidence of large-vessel vasculills by angiography or
cross-scelional imaging study such us magnelic reso-
nance angiography (MRA). compuled lomography
angiography (CTA]), or positron emission tomogra-
ply-computed  tomography  angiography  (PET-
CTA)"
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New Onset or refractory GC A s classified according to the
lollowing criteria

Now omsel: active GCA diagnosis (clinical signs or symp-
loms and FSR =40 mm/hr) made within 4 weeks ol
baseline visit (irrespective of whether CS initiated or
active disease activity at baseline visit)

Relractory: diagnosis made =4 wecks prior o bascline visit
and active GCA (clinical signs and symploms and 18R

58
=40 mm/hr) within 4 weeks baseline irrespective of CS
treatment

It iz anticipated that subcutaneously administered TCZ as
disclosed herein will eftectively treat GCA, for example by
reducing GCA signs and svmptoms, maintaining ¢linical
remission, and/or reducing or stopping corticosteroid use in
the patient with (GCA.

SEQUENCE LISTIHNG

<1l60> NUMEER OF SECQ ID HOS: 2

<Z1l0> EEQ ID HO 1

<211= LENGTH: 214

<212+ TYPE: PRT

<Z13»> ORGANISM: Artificial secquence

<220 FEATURE:

«Z23»> OTHER INFCEMATION: Sequence is synthesized.

<400= SEQUENCE: 1

Ser

Leu

Ser

Gly

Il=

Ser

Leu

Gln

Leu

Ile &G1ln Met Thr Gln Ser Pre Ser Ser Leu Zer Ala
5 10

Eap Arg Val Thr Ile Thr Ovys Arg Ala Ser Gln Aap
20 25

Tvr Leu Zsgn Trp Tyr Gln Gln Lya Pre Gly Lva Ala
1= 40

Leu Ile Tyr Tyr Thr Ser Arg Leu His Ser Gly WVal

EQ =1

Fhe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Phe
65 7a

Zer Leuw Gln Pro Glu 2zp Ile Ala Thr Tvr Tvr Cva
a0 85

Ean Thr Leu Pro Tyr Thr Phe Gly Gln Gly Thr Lva
S5 100

Lve &rg Thr Val Rla 2la Pre Ser Val Phe Ile Phe
110 115

Eap Glu Gln Leu Lye Ser Gly Thr Ala Ser Val Wal
1258 120

Ean Ean FPhe Tyr Pro RArg Glu Ala Lys Val Gln Trp

140 145

Ean R2la Leu @Gln Ser Gly Agn fer Gln Glu Ser Wal
1E5E 180

Eap Ser Lyes Zegp Ser Thr Tyr Ser Leu Ser Zer Thr
170 175

Ser Lyvg 2la Rep Tyr Glu Lys His Lys WVal Tyr Ala

18&8 190

Thr Hig Gln Gly Leu Ser fer Pre Val Thr Lys Ser
Z00 205

Gly Glu Cye

<21lo= SEQ ID NO 2

«<Z211> LEMITH: 448

<212+ TYPE: PRT

<213 ORGRENISM: Rrtificial sequence

<Z220> FEATURE:

<223 OTHER INFORMATION: sequence is svnthegized
«220= FEARTURE-

2221> MAME/KEY: Maa

Ser Val
15

Ile Ser
30

Fro Lve
45

Fro Ser

Thr Ile
75

Gln Gln
ao

Val Glu
1405

Fro Fro
1z0
135

Lyve Val
10

Thr Glu
1&6

Leu Thr
180

Cwe Glu
19E&

Fhe 2Zan
zZ1o
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-continued

<2Z2»= LOCATION. 1
<223 OTHERE INFOEMATICH: Predominantly pyroglutamic acid (pE}

400> SEQUENCE: 2

Xaa Val &ln Leu G1ln Glu Ser Gly Pro Gly Leu Val Arg Pro Ser
1 E 10 15

Gln Thr Leu fer Leu Thr Cve Thr Val Ser Gly Tyr Ser Ile Thr
Z0 25 20

Ser Asp His Ala Trp Ser Trp Val Zrg Sln Pro Pro Gly Arg Gly
a5 40 45

Leu Glu Trp Ile 3ly Tyr Ile Ser Tyr Ser 3ly Ile Thr Thr Tyr
1] S &0

Asn Pro Ser Leu Lys Ser Arg Val Thr Met Leu Arg Asp Thr Ser
&5 70 75

Lys &sn Gln Fhe Ser Leu &rg Leu Ser Ser Val Thr Ala Ala Asp
a0 25

Thr 2la Val Tvr Tvr Cveg 2la Rrg Ser Leu 2la Arg Thr Thr Ala
a5 100 145

Met 2gp Tvr Trp Gly Gln Gly Ser Leuw Val Thr Val Ser Zer Ala
110 115 1z0

Ser Thr Lvs Gly Pro Ser Val Phe Pro Leu Zla Pro Ser Ser Lva
1z5 1z0 135

Ser Thr Ser Gly Gly Thr 2la 2la Leu Gly Cya Leu Val Lva Aap
140 145 150

Tyr Phe Pro Glu Pro Val Thr Val Ser Trp &sn Ser Gly Ala Leu
1RE 160 1&5

Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly
170 175 180

Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu
145 194 195

Gly Thr Gln Thr Tyr Ile Cys &sn Val &sn His Lys Pro Ser Asn
200 205 21a

Thr Lys Val &sp Lys Lys Val 3lu Pro Lys Ser Cys Asp Lys Thr
215 224 228

Hia Thr <¢vs Pre Pro Cye Pro Rla Pro Glu Leu Leu Gly Gly Pro
230 235 2440

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Zgp Thr Leu Met Ile
245 280 265

Zer Arg Thr Pre Glu Val Thr Cye Val Val Val Aszp Val Ser His
Z&0 265 270

Glu Agp Pro Glu Val Lys Phe Zsn Trp Tyr Val Asgp Gly WVal Glu
278 Z80 285

Wal Hia 2an Ala Lve Thr Lys Pro Rrg Glu Glu Gln Tyr Rsn Ser
Z90 255 z00

Thr Tyr &rg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp
208 210 215

Leu fsn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
2zo 225 3240

Pro &la Pro Ile @lu Lys Thr Ile Ser Lys &la Lys Gly Gln Pro
236 240 345

Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu
e3=1¢] 255 3640

Thr Lvs asn Gln Val Ser Leu Thr Cye Leu Val Lys Gly Phe Tyvr
355 27 375
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-continued

Pro Ser Asp Ile Ala Val 3lu Trp Slu Ser asn Gly Gln Fre Glu
280 285 z90

hEl
L1
a
HE]
&}
a
H
ot
H

Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser
246 404 4405

Phe Fhe Leu Tyr Ser Lys Leu Thr Val &sp Lys Ser Arg Trp Gln
410 415 4240

Gln Gly &sn Val Phe Ser Cys Ser Val Met His Glu &la Leu His
425 434 435

hEl
4]
a

His Tyr Thr 3ln Lys Ser Leu Ser Leu Ser Fro Gly
440 445

<210 SEQ ID N 3

<211l>= LEWNGETH: 11

«212» TYPE: PRT

<213 ORGBANISM: Artificial segquence

<2Z0> FEATURE:

<223> OTHER INFORMATION: Sequence ls synthesized.

<400 SEQUENCE: 32

Arg Ala Ser Gln Asp Ile Ser Ser Tyr Leu &Asn
1 E 14

<210 SEQ ID N 4

«<211l» LEWNITH: 7

<212» TYPE: FPET

<213 ORGRENISM. Rrtificial segquence

<220» FEATURE:

<223> OTHER INFORMATION: Sequence ls synthesized.

400> SEQUENCE: 4

Tyr Thr Ser Arg Leu His Ser
1 E

<210x SEQ ID N2 5

<211 LENGTH: @

<212= TYFPE: FET

<213 ORGRENISM. Rrtificial segquence

<2Z0> FEATURE:

<223 OTHERE INFOEMATICH: Secuence is synthesized.

400> SEQUENCE: &

Gln ¢ln &1y Aan Thr Leu Pro Tyr Thr
1 E

<210>= SEECQ ID MO &

<211 LENGTH: &

<212= TYFPE: FET

<213 ORGBANISM: Artificial segquence

<220> FEATURE:

<223 OTHERE INFOEMATICH: Secuence is synthesized.

<400 SEQUENCE: &

Ser Agp His Ala Trp Ser
1 5

<210>= SEECQ ID MO 7

<211 LENGTH: 1&

<212 TYPE: PRT

<213 ORGBANISM: Artificial segquence

<220> FEATURE:

<223 OTHERE INFOEMATICH: Secuence is synthesized.

<400 SEQUENCE: 7

Tyr Ile Ser Tvr Ser Gly Ile Thr Thr Tyr Zsn Pro Ser Leu Lva
1 5 1a 15
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-continued
Ser
<210>= SEECQ ID MO B
«211» LENGTH: 10
«212» TYPE: PRT
<213 ORGBANISM: Artificial segquence
<220 FEATURE-
<223> OTHER INFORMATION: Sequence ls synthesized.
<400 SEQUENCE: 3

Ser Leu &la Arg Thr Thr &la Met Asp Tvr
1 E 14

What is claimed is:

1. A method of treating rhenmatoid arthritis (RA) in a
palient comprising subculancously adminisiering an anti-
I1.-6 receplor (11-6R) antibody Lo the patient. wherein the
anli-11 -6R antibody is administered as a fixed dosc ol 162 mg
per dose every week or every two weeks, and wherein the
anti-1IL-6R antibody comprises the light chain and heavy
chain amino acid sequences of SEQ ID NOs. 1 and 2, respec-
Lively.

2. "The method of claim 1 wherein the (ixed dose 1s admin-
istered every weelk.

3. The method of claim 1 wherein the RA patient is a
DMARD-inadequate responder.

4. The method ol claim 1 which further comprises admin-
islering Lo the RA patient one or more additional drug which
treats the RA.

5. The method of claim 4 wherein the additional drug is
sclected [rom the group consisting ot immunosuppressive
agents, non-steroidal anti-inflammatory drugs (NSATDs).

[
[y

30

disease moditving anti-rhevmatic drugs (DMARDs), meth-
otrexate (MTX), anti-B-cell surface marker antibodies, anti-
D20 antibodics. rituximab, T'NI-inhibitors, corlicosteraids,
and co-stimulatory modiliers.

6. The method of claim 5§ wherein the additional drug is
selected from the group consisting of non-biological
DMARDS, NSAIDs, and corticosteroids.

7. The method of claim 1 wherein the [ixed dose is admin-
istered every wo woeeks.

8. A method of treating rheumatoid artheitis in a patient
comprising subcutaneously administering tocilizumab 1o the
patient. wherein the toeilizumab 1s administered as a lixed
dosc ol 162 mg per dose every woeek or every lwo wecks.

9. The method ol claim 8 [urither comprising adminisiering
oble or more additional drng which treats the rheumatoid
arthritis, wherein the additional drug is selected trom the
group consisting ol non-biological IDMARDS. NSATDs, and
corlicosteroids.
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