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1 DIQMTQOSPSS LSASVEDRVT ITCRASODIS SYLNWYQUKP GRAPKLLIYY 50
51 THSRLHSGVRS RFSGSGSCTD PTFTISSLOP EDIATYYCGD CWTLPYTFGQ 100
101 OTRVEIKRTYV AADSYFIFPD SDEQLESGTA SVVCLLNNFY PREARKVOWEY 150
151 DNALOSCNSO ESVITEQDSKD STYSLESTLT LESEKADYEKHK VYACEVTHOG 200
2031 LSSPVIKESFN EGEC SEQ D NO 1 214

FIG. 7A

I pEVQLOESGPG LVRPSQTLIL TCTVSGYSIT SDHAWSWVRY PPGRELEWIC 50
YISYSGITTY WESLESRVTM LRDTSENQFS LRLSSVTAAD TAVYYCARSL 100

51

101 ARTTAMDYWE QGSLVIVSSA STHGPSVEPL APSSESTSGE TAALGCLVED 150
151 YPPEPVIVSW HSCALYTSGVH TFHFPAVLOSSG LYSLESYVYIV PSSSLETOTY 200
Z01 ILCHVNHEPSH TEVDERXVEPK SCDETHOTCPRPR CPAPELLGGEP SVFLFPPEPE 250
251 DILMISRTPE VICVVVDVEH EDPEVKINWY VDGVEVHRAK TEPREEQYRS 300
307 TYRVVSVLIV LHQDWLNHGEE YECEVSNEAL PAPIEKTISXK ARKGQPRERQYV 350
351  YTLPPSRDEL TRNQVSLTCL VEKEFYPSDIA VEWESNGORE NNYETDIPRVL 400
401 DSDGESFFLYS ELTVDESRWQ QGRVFSUSVM HEALHNHYT(O KSLSLSFEG 448

SEQID NG 2

FIG. 7B
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WATE221: Cmin versus Bodvweight Simulstion, I Dosing
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1

SUBCUTANEOUSLY ADMINISTERED
ANTI-1L-6 RECEPTOR ANTIRODY

CROSE REFERENCT 10 RELATED
APPLICATIONS

This is a divisional application which claims priority
under 35 USC § 120 1o divisional application Ser. No.
15/668,445, lled Aug. 3, 2017 which claims priority under
ASUSC § 12010 divisional application Ser. No. 14/062,026,
filed Oret. 24, 2013 (now 115, Pat. No. 9,750,752), which is
a divisional of Non-provisional application Ser. No. 13/290,
366, filed Nov. 7, 2011 (now LS. Pal. No. 8.3580.264).
which claims priority under 35 USC § 119c¢) o LS.
Provisional Application Ser. No. 61/411,015, filed on Nov. 8,
2010 and U.S. Provisional Application Ser. No. 61/342,615,
filed on Oct. 3. 2011, which are incorporated by relerence in
enlirely.

SEQUENCE LISTING
The instant applicalion conlains a Sequence |.1sting sub-
mitted via I:1118-Web and is hereby incorporated by relerence
in its entirety. Said ASCII copy, created Dec. 21, 2018, is
named PO44941U57_SeqList.xt, and is 7,470 bytes in size.
FIELD OF THIE INVENTION

The present application concerns methods for treating an

IL-6-mediated disorder such as rheumatoid arthritis (RA), 3

Juvenile idiopathic arthritis (JIA). systemic JIA (sJIAY, pol-
varticular course JIA (pellA). systemic sclerosis. or giant
cell arteritis (GCA), with subcutaneously administered anti-
body that binds interlenkin-6 receptor (anti-1L-6R antibody ).

In particular, it relates 1o identification of a fixed dose of

anli-1l -6R antibody. c.g. locilizumab, which is salc and
elfective for subcutancous administration in patients with
IL-6-mediated disorders. In addition, formmulations and
devices useful for subcutaneous administration of an anti-
II.-6R antibody are disclosed.

BACKGROUND OF THE INVENTION

Rheumatoid arthritis is a progressive, systemic autoim-
mune discase characlerized by synovilis that damages diar-
throidal joints and 1s accompanied by laligue, anemia, and
osteopenia. Rheumatoid arthritis has a prevalence o1 0.53% to
1.0% (Silman, A, J. “Epidemiology and the rheumatic
diseases.” In: Maddison P I, lscaberg 13 A, Woo P Glass 1D

N. eds. Oxflord "Textbook o Rheumatology: Oxlord Univer- =

sily Press: 499-513 (19933) and a peak incidence between 40
and 60 years of age and atfects primarily women. The cause
of RA is not known; however, certain histocompatibility
anligens arc associaled with poorer oulcomes. Nomsteroidal

anli-inflammatory drugs (NSATDs) provide only symplom- s

atic  relief. Disease-moditving  antitheumatic  drugs
(DMARDs), the cornerstone of RA treatment throughout all
stages of the disease (Maddison et al., supra), maintain or
improve physical lunction and retard radiographic joint
damage (13rooks. P M. “Clinical Management ol rhewna-
toid arthritis.” Lancet 341: 286-290 (1993)). More recently,
biological compounds that target tumor necrosis factor alpha
(INI-wx), B-cells, or T-cells have been used successfully Lo
treat RAL butl ~30% 1o 40%, of patients [ail to respond Lo
these (herapics (Bathon ol al. New Fug. L Med 343:
1586-1592 (20007; Maini et al. drthritis & Rhcumatism 41;
1552-1563 (1998)).

[

1

Pl

[
[y

1

40

45

.t

Gl

G5

2

Interleukin-6 (IL-6) is a proinflammatory, multifunctional
eylokine produced by a variety ol cell types. 1126 is involved
in such diverse processes as T-cell activation. 13-cell diller-
cntiation, induction ol acule phase proteins, stimulation of
hematopoietic precursor cell growth and ditferentiation,
promotion of osteoclast differentiation from precursor cells,
prolileration ol hepatic. dermal and neural cells, bone
metabolism, and lipid metabolism (Hirano 1. Chem famiu-
ol 51:133-180 (1992); Keller et al. Froniiers Biosci. 1:
340-357 (1996); Metzger et al. dm J Physiol Endocrinol
Metah, 281: E597-E965 (2001); Tamura et al. Proc Nadl
Avad Sci USA. 90:11924-11928 (1993): Tauh R J Clin
frvest 112: 978-980 (2003)). 11 -6 has been implicated in the
pathogenesis of g variety of diseases including avtoimmune

3 diseases, osteoporosis, heoplasia, and aging (Hirano, T

{1992). supra: and Keller ¢l al.. supra). 11.-6 exerts its elTeets
through a ligand-specilie receplor (11.-6R) present both in
soluble and membranc-expressed lorms.

Elevated 1L-6 levels have been reported in the serum and

20 synovial fluid of RA patients, indicative of production of

11 -6 by the synovium (lrano ot al. FueJ Iemamel, 18:1797-
1801 {1988): and Iloussiau ol al. Arthritis Rhewm. 198%;
31:784-788 (1988)). IL-6 levels correlate with disease activ-
ity in RA (Hirano et al. (1988), supra), and clinical efficacy
is accompanied by a reduction in serum IL-6 levels (Madhol
ol al. Arthritis Rhewm. 33:8154. Abstract (19903).

Tocilizumab {TCAY is a recombinant humanized mono-
clonal antibody of the immunoglobulin IpG1 subelass which
binds 1o human IL-6R. Clinical eflicacy and safety studies of
intravenous (1Y) TCA have been completed or are comducted
by Roche and Chugai in various discase arcas, including
aduli-omsel RA, systemic juvenile idiopathic arthritis and
polvarticular juvenile idiopathic arthritis.

TCZ 8§ me/kg IV has been approved in over 70 countries
for use in RA. including Japan and Lurope. In the United
States, TCZ IV (4 medkg and 8 mg/kg) has been approved
in RA patients who have had an inadequale response 1o
anti-TNF agents. Additionally, TCZ was approved for use in
Castleman’s disease in India and Japan.

On Apr. 15, 2011, the L8, livod and 1rug Administration
approved TC7, given alone or in combinalion with metho-
trexate, for the treatment of active systemic juvenile idio-
pathic arthritis (sJ1A) (US Package Insert (UISPI) for TCZ
ACTEMRAE:, April 2011). On Auvg, 1, 2011, TCZ was also
approved in the 1L [or the treatment of active sJIA who
have respomded  inadequalely o previous therapy with
NSAIDs and systemic corticosteraids (CS), and TCZ can be
aiven as monotherapy (i case of intolerance to MTX or
where treatment with MTX s inappropriale) or in combi-
nation with MTX in patients 2 years ol age and older
{Summary ol Product Characleristics  (SmPC)y  or
RoACTEMRA, Roche Registration Limited 6 Falcon Way
Shire Park, Welwyn Garden City, AL7 1TW, United King-
dom. 4 Jun. 20107, The approved TCZ dose lor sJLA patients
weighing <30 kg is 12 mg/kg TCA. and lor patients weigh-
ing 230 ke is 8 mg/dg IV infusion every 2 weeks.

TCZ has been approved for treatment of polvarticular
course juvenile idiopathic arthritis (peJIA) in Japan based on
the phase 3 study MRA3IIRIP conducied in Japancse
patients. WAL9977 1s an ongoing pivolal phase 3 study
investigating the efficacy, satery, PK and PD of TCZ i
children with pcJIA age of 2 1o 17 vears old.

TCA has been intravenously administered 10 2 Japancse
patients with dilfuse culancous syslemic sclerosis (88c¢)
{Shima ot al. Rhewmatology 49:2408-12 (20107, doi:
10,1093 /thevmatology/keq273)), and o 3 patients with SSC
(Meunier et al. dnn. Rhewm. Dis. 70 (Suppl 3):060 (2011)).
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In patients with S5¢, elevated levels of circulating IL-6 have
heen reported, particularly in patients with carly discase.
I1.-6 is overexpressed in endothelial cells and (ibroblasts ol
involved skin in patients with 88C (Koch el al. Pathobiology
61:239-46 (1993)). Elevated IL-6 levels have been detected
in the bronchioalveolar lavage of patients with SSe¢. Dermal
fibroblasts [rom patients with 88C have been reported Lo
conslitutively express higher levels ol 11.-6 compared with
those of healthy controls (Kadono et al. J Rheumatol.
23:296-301 (1998)). In addition, serum IL-6 levels correlate
positively with skin sclerosis and acute-phase proteins (Ong
and Denlon. Crrr Opin. Rheumatol. 22:264-72 (2010%).

I1.-6 has first been described as a polent growth and
maturation tactor for developing human plasma cells. IL-6
induces B-cell proliferation, antibody secretion, and survival
ol plasmablasts. Activated 13 eclls produce 11.-6 and other
cylokines. In patients with 85¢, polyclonal B-cell activalion.
presence of highly specilic autoantibodics, and 13-lympho-
cvte infiliration in diseased slin of patients have been
detected. However, open-label trials of B cell-depleting
anlibodics in patients with 88C have resulted In inconclu-
sive data to dale (Boscllo ol al. Arthritis Res. Therapy
12:R54 (2010, Lavtatis et al. drthritis Rhewn. 60; 578-83
(2009); Daoussis et al. Rhewmatology 49:271-80 (2010)).
Bosello et al. (2010) reported beneficial effects of B-cell
depletion lor patients with S8C thal were associaled with a
reduction ol serum 11.-6 Tevels. In addition to iis ellects on
B-cell function, IL-6 has specific effects on T cells. IL-6
promotes T-cell survival and Thl7-lvmphoeyte differentia-

tion and inhibits devclopment of regulatory T cells. Thl17 3

cells produce 11.-17 and have been linked o development ol
aulopimmune discases. In an awlocrine loop. 11.-17 may
induce IL-6 svuthesis in human fibroblasts (Fossiez et al. g
Exp. Med 813:2393-2603 (1996)). Increased circulating

Th17 cells have also recently been reported in patients with 3

S8C (Radstake o al. PLeS ONE 4(6):¢5903. doi10.1371/
Journal. pone. 00053903, Alamas 8§ P Life Scif 72:631-43
(2009Y), whereas serum and bronchoalveolar lavage levels
ot IL-17 were found tw be increased in patients with SSC and
111 (Kurasawa el al. Arthritis Rhewm 430 2455-63 (2000)).

Fibrosis gradually replaces the inflammatory phase ol
S8c. In viro experiments with human dermal fibroblast
cultures showed that 1L-6 increased collagen tvpe I, gly-
cosaminoglyeans, hvaluronie acid, and chondroitin sulfate
production {Duncan and Berman /L fevest. Dermatol.
97:686-92 (1991)).

Giant cell arteritis (GC A ) is a primary vasculitis involving
large and medinm sized arteries which is tvpically diagnosed
by temporal artery biopsy. Signs and symptoms ol GCA

include clevated erythrocyle sedimentation rale (118R) or s

new headaches. Adverse sequelac include:  irreversible
blindness (bilateral retinal or optic nerve ischemia), intarca-
tion of brain, tongue, upper limb, or aortic aneurysm, GCA
is an unmel medical need. 1igh dose corticosteroids (C8)

arc the current standard ol care. but more durable remissions s

are needed (30% of patients relapse), and steroid sparing
treatment options are needed in view of steroid-related
complications). Case studies reporting the use of TCZ in
gianl ccll arteritis are: Scily ol al. Swiss Med Wil 141
w3156 pgs. L1-14 (2011): Salvarani ol al. Arth. and
Rbeum. (April 2011); and Bever et al. Ann. Rhrcin. Dis. pgs.
1-2 (2011), doi:10.1136/ard.2010.149351. In each of these
studics TCA was administered intravenously.

Palents and patent publications related o anti-11-6R
antibodics include: TLS. Pal. No. 5,171.840 {Kishimolo).
.S, Pat. No. 5,480,796 (Kishimaoto), 1.8, Pat. No. 3,670,
373 (Kishimoto), U.S, Pat. No. 5,851,793 (Kishimoto), TS,
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Pat. No. 5,990,282 (Kishimota), 1S, Pat. No. 6,410,691
{Kishimoto), 8. Pal. No. 6,428,979 (Kishimolo), U8, Pal.
No. 5795965 (Tsuchiya et al). LS. Pal. No. 5,817,790
{Tsuchiya el al.). V.S, Pal. No. 7.479,543 (Tsuchiva el all,
US 2005/0142635 (Tsuchiva et al), U.S. PPat. No. 5,888,510
(Kishimoto et al.), IS 2001/0001663 (Kishimoto et al.), US
2007/0036785 (Kishimotlo el all). U8, Pal. No. 6,086,874
{Yoshida et al.), U8, Pal. No. 6.261.360 ("lsujinaka et all),
LS, Pal. No. 6,692,742 (Nakamura et al.). U8, Pal. No.

3 7,566,433 (Nakamura et al.), U.S. Pat. No. 7,771,723 (Naka-

mura et al), US 2002/0131967 (Nakamura et al), US
20040247621 (Nakamura ot al.). US 20020187150 {Mi-
hara el all), US 2005/0238644 (Mihara el al.), US 2000/
0022719 (Mihara et al.), US 2006/0134113 (Mihara), U.S.

5 Pat. No. 6,723,319 (Tro et al.), U.S. Pat. No. 7,824,674 (Tto

etal), US 2004/0071706 (Ito et al.), .S, Pat. No. 6,537,782
{Shibuya et al.). LLS. Pal. No. 6,962,812 (Shibuya ct all),
WO 0010607 {Akihire ol al), US 20030190316 (Kakuta el
al), US 2003/0096372 (Shibuva et al), US. Pat. No.

20 7,320,792 (Tto et al.), US 2008/0124325 (Iro et al), US

20040028681 (Tto et al)y, US 2008/0124325 (Tio el al), US
2006/0292147  (Yoshivaki o al). US  2007/0243189
{Yoshizaki ¢l al). US 20040115197 (Yoshizaki et al), US
2007/0148169 (Yoshizald et al.), U.S. Pat. No. 7,332,289
{Takeda etal.), U.S. Pat. No. 7,927,815 (Takeda et al.), US.
Pat. No. 7,935,598 (Yoshizaki ol all, US 2004/0138424
(Takeda ot aly. US 2008/0255342 (lakeda el al), US
2005/0118163 (Mizushima et al.), US 2005/0214278 (Ka-
kuta et al), US 2008/0306247 (Mizushima et al), US
2009/013163% (Kakuta et al.), US 20060142549 (Takeda et
al), ULS. Pal. No. 7.521.052 (Okuda et all), US 2009/
0181029 (Okuda et al.). US 2006/02516353 (Okuda et al),
US 2009/0181029 (Okuda et al), US 2007/0134242
{Nishimoto et al.), IS 2008/0274106 (Nishimoto et al.), US
2007/0098714 (Nishimoto et al.), TUS 2010/0247523 (Kano
ol al), US 2006/0163696 {Okano ¢l aly, US 2008/0124761
{Golo ot al), US 2009/0220499 (Yasunami). US 2004/
0220500 (Kobara), US 2009/0263384 (Okada et al.), US
2009/0291076 (Morichika et al.), US 2009/0269335 (Na-
kashima ot al). US 2010/0034811 (Ishida). US 2010/
0008907 (Nishimoto el al.). US 2010/0061 986 ("lakahashi et
al), US 2010/0129355 {Ohguro ol ally. US 2010/02353007
(Mihara et al.), US 2010/0304400 (Stubenrach et al.), US
201070285011 (Imaeda et al.), US 2011/0150869 (Mitsu-
naga ol all), WO 2011/013786 (Maceda) and US 20117
0117087 (liranvc el al.).

SUMMARY OF THE INVENTION

In a first aspeel. the invention concerns a method of
treating an 11 .-f-mediated disorder in a palient comprising
subcutaneously administering an anti-1L-6 receptor (IL-6R)
antibody 10 the patient, wherein the anti-IL-6R antibody is
administered as a [fixed dose ol 162 mg per dose (c.g.
administered every weck or every two weeks), Fmbaodi-
ments of the disorder nclude: rhevmatoid arthritis (RA),
juvenile idiopathic arthritis (JIA), psoriatic arthritis, and
Castleman’s disease. Preferably, the anti-IL-6R antibody is
tocilizumab.

The invention alse concerns a method of treating rheu-
matoid arthritis in & patient comprising subcutanecusly
administering tocilizumab to the patient, wherein the tocili-
sumab is administered as a [ixed dose ol 162 mg per dose
every week or every two woeks,

In another emboediment. the invention provides an arlicle
of manutacture comprising a subcutaneous administration
device, which delivers to a patient a fixed dose of an
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anti-1L-6 receptor (IL-6R) antibody, wherein the fixed dose
is sclected from (he group consisting of 162 myg. 324 mg. and
648 mg ol the anti-11.-6R antibody.

The invention. in another aspecl. concerns a method ol
inhibiting progression of structural joint damage in a rheu-
matoid arthritis patient comprising subcutaneously admin-
istering a fixed dose of 162 mg of an anti-IL-6R antibody to
the patient every lwo wocks. wherein structural joint damage
al week 24 or week 48 is found o be inhibited.

In addition, the invention provides a pharmaceutical com-
position comprising: an anti-IL-6R antibody in an amount
from about 100 mg/ml to about 300 mg/ml., and hyaluroni-
dase enzyvme in an amount from about 1,400 to about 1,600
Uiml..

In lurther aspeets, 1 method ol treating an [T -6-mediated
disorder in a paticnt is provided comprising subcutlancously
administering such pharmaceutical composition 10 the
patient, wherein the anti-IL-6R antibody is administered as

a fixed dose of 324 mg per dose or 648 mg per dose, eg. >

where the fixed dose is administered every four wecks or
ONCS Cvery month.

The invention also concerns a method of treating an
IL-6-mediated disorder in a patient comprising subcutane-
ously administering an anti-IL-6R antibody and a hyaluroni-
dase envyme Lo a patient, wherein the anti-Il-6R antibody is
administered as a [ixed dose ol 324 mg per dose or 648 mg
per dose (e.g. every four weeks or once every month).

The invention also concerns subcutaneously administer-

ing an anti-Il.-6R antibody {(c.g. Wciluzwmab) o a patient 3

with an 11 ~6-mediated disorder. Ixamples of such disorders
include: awoimmune discases, oslcoporosis, neoplasia.
aging, rhenmatoid artheitis (RA), juvenile idiopathic arthritis
(JLA), svstemic JIA (sJIA), polyvarticular course JIA (pellA),

psoriatic arthritis, Castleman’s discase, Crohn’s discase. 3

multiple mycloma. polymyalgia theumatica, glomerulone-
phritis, plasmacyloma or plasmacylosis, mycloma (includ-
ing multiple myeloma), hyperimmunoglobulinemia, anemia,
nephritis (such as mwesangium  proliferative  nephritis),
cachexia (including cancerous cachexia). (wmors. T cell
mediated discase (c.g. uveilis, chronic thyroiditis, delayed
hypersensitivity, contact dermatitis, or atopic dermatitis),
lupus (including lupus nephritis and systemic lupus ervth-
matosus), inflammatory howel disease (including Crohn's
discase and  ulccralive colitis), pancrealilis, psoriasis.
osleoarthritis. aduli-onset SU1T s discase, mesothelioma. vas-
culitis, islet transplantation (e.g. pancreatic islet transplan-
tation), myvocardial intarction (heart failure, ischemis-in-
duced severe arthythmia)., hearl transplantation, prostale

cancer, choroidal neovascularization {e.g. age-related macu- =

lar degeneration, idiopathic choroldal neovascularization.
cvopic choroidal neovascularization, idiopathic choroidal
lheovascularization), muscle atrophy, chronic rejection, ocu-
lar inflammatory discase (cag. panuveills, anlerior aveilis.

inlermediate uveitis. scleritis. keratitis. orbital inllammation. s

optic neuritis, drv eve, diabetic retinopathy, proliferative
vitreoretinopathy, postoperative inflammation), gratt versus
host disease (GVHD), fibrotic disorders (such as systemic
sclerosis). giant cell arteritis (GOA). Takayasu’s arlerilis
('UA), arteritis nodosa, ankylosing spondylitis. cle.

Optionally, the disorder is rhevmatoid arthritis, juvenile
idiopathic arthritis (JLA), systemic JIA (sJIA), polyarticular
course JIA (pellA). giant cell arteritis (GOCA), or syslemic
sclerosis.

In one embodiment, the anti-11.-6R antibody is subcula-
neously administered 1o the patient with the IL-6-mediated
disorder as a fixed dose of 162 mg per dose, wherein the
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fixed dose is subcutaneously administered every week,
cvery two wecks. or every 10 days.

In a Turther aspect, the invention concermns a method of
treating juvenile idiopathic arthritis (JIA) in a patient com-
prising subcutaneously administering an anti-1L-6 receptor
(IL-6R) antibody to the patient in an amount effective 1o
treal the JIA.

Additionally. a method ol treating a (Tbrotic discase (c.g.
systemic sclerosis) in a patient is provided which comprises
subcutaneously administering an anti-1L-6 receptor (IL-6R)
antibody to the patient in an amount effective to treat the
[ibrotic discasc.

Morcover, the invention concerns a method of trealing
aiant cell arteritis (GCA) in a patient comprising subcuta-

3 neously administering an anti-IL-6 receptor (IL-6R) anti-

bady 1o the patient in an amount effective to treat the GCA.
BRIEF DESCRIPTION OF TH DRAWINGS

FIG. 1 depicts mean sIL-6R concentration-time profiles
lollowing administration of TCZ 162 mg 8C QW/Q2W in
Japanese (MRA227) and Caucasian (NP22623) RA patients
compared with TCZ 4 & 8 mg IV Q4W (WA17823). Keyw:
Japanese RA patients MRA227 study: N 12 tfor the 162 mg

3 QW aroup, N 12 for 162 mg Q2W group and N 6 1o 8 for

the 81 mg QW/Q2W group which had a single dose part ol
3 woecks. Por the 81 mg group. the regimen was switched
from QZW 1o QW at week 9; Caucasian RA patients in
NDP22623 studv: N 13 for 162 mg Q2W and N 14 for QW
group. WAL7E23 study: N=146 lor 4 mgdkg [V Q4W and
N=532 or 8 mg'kg IV in combination with MTX. l'rror bar
denotes standard deviation.

FIG. 2 depicts mean CRP-time profiles tollowing admin-
istration of TCZ 162 mg QW/Q2W SC in Japanese
(MRA227) and Caucasian (NP22623) RA palienls com-
pared with the profile of 4 & 8 mgikg IV Q4W (WAT7822).
Key: Japancse RA patients in MRA227 study: N=12 [or the
162 mg QW group, N 12 for the 162 mg Q2W group and
N B up 10 weelkk 11 and N 7 thereafter for the 81 mg
Q2W/QW group including (he single dose part o 3 weeks.
lior the 81 mg group. the regimen was swilched from (Q2W
to QW at week 9; Cavcasian RA patients in NP'22623 study:
N 13 for 162 mpg Q2Wand N 14 for QW group. WA1TR22
study: N 152 to 211 for 4 madee IV Q4W and N 167 10 206
for 8 mgi'ke 1V in combination with M X, UlLN-Upper limit
ol normal range.

FIG. 3 depicts change in DAS2R-ESR from baseline
following administration of TCZ in SC studies (MRA227
and NP22623% and in 1V Study (WAT7822). Key: Japancse
SC study in RA patients (MRA227): N=12 lor the 162 mg
QW group, N=12 lor 162 mg Q2W group and N=8 up 1o
week 11 and N 7 thereafter for the 81 mpg Q2W/QW group
including the single dose part of 3 weels. For the 81 mg
group, the regimen was swilched rom Q2W o QW al week
91 Caucasian 8C study in RA patients (NP22623%: N=11 [or
the 162 mg Q2W group+MTX QW and N 12 forthe 162 mg
QW+MTX QW group. Comparator study WAIT822: N 152
to 211 for the 4 mp/kg Q4W+MTX QW group, and N 167
o 206 Tor 8§ mg'kg QAW+MTX QW group.

1G5, 4 depicts meanx81) serum 1C/ concentrations lol-
lowing administration of 162 mg 5C QW and Q2W in Study
MRA22T and 4 & 8 me/kg IV Q4W in Study LRO301. Key:
Group 1 (N=8 up 1o weck 11 and N=7 therealler): patients
received 81 mg 8C single dose al weck 1. started Q2W
dosing al week 3, and swilched 1o (2W dosing at weck 9
Group 2 (162 mp Q2W, N 12): patients received single 162
mg SC dose at week 1 and started Q2W dosing at week 3;
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Group 3 (162 mg QW, N 12): patients received 162 mg QW
dosing lor 15 woecks until the data-cul. Caucasian SC Study
in RA patienis (NP22623%: N=13 lor the 162 mg Q2W
group+methotrexate (MTX) QW and N=14 lor the 162 mg
QW+MTX QW group. PK profiles from 4 and 8 mp/ke IV
intusion every 4 weeks in RA patients in the Thase 2
dose-finding study LR(O301 are illustrated for comparison.
LROBOT was sclected lor 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 appropriately).

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

FIG. 6 depicts NA23220B Study Design as in Example 3.

IR, 7A and 713 depict the amino acid sequences of the
light chain (PIG. 7A; SEQ 1D NO: 1) and heavy chain (11,
713 8HQ 11D NO:2)Y ol locilivumab.

FIGS. 8A and 8B depict mean (£5D) Tocilizumab con-
centration-time profile by cohort for the study in Example 5.

FIG. 8A provides linear scale; FIG. 8B provides log-linear »

scale. T'CZ=tocilizumab; TCAPIH20=locilizumab co-lor-
mulated with r1IuPII20.

FIGS. 9A and 9B depict dose proportionality for Tocili-
zumab/ HuPH20 AUC, . (FIG. 9A) and C,, . (FIG. 9B).

FIG. 10 depicts mean (xSEM) CRP concentration-time
plot by cohorl. TC/=tocilizumab; TCAPH20=ocilivumab
co-lormulated with vl TuPH120.

FIG. 11 depicts mean (+SEM) IL-6 concentration-time
plot by cohort. TCZ tocilizumab; TCZ/PH20 tocilizumab
co-lormulated with vl TuPH120.

I'I¢1. 12 depicts mean (£81IM) 811 .-6R concentration-time
plot by cohorl. TC/=tocilizumab; TCAPH20=ocilivumab
co-formulated with rHulPH20.

FIG. 13 compares IV PK profiles following 4 and 8 mg'kg

every 4 Wocks with 8C PK profiles [ollowing 324 mg 3

TCZrNIUPH2Z0 and 648 mg TCAAT IuPH20 Administration
(lhe IV data for 4 and 8 mg/kg are [rom study [LRO320).
TCZ tocilizumab; TCZTH20 tocilizumab co-formulated
with rHuPH20.

IFIGE. 14A and 1413 depict PR profiles [ollowing intra-
venous (IV) (simulated lor WALR221 FIG. 14A) and sub-
cutanecus (SC) administration (simulated for the patients
from WA18221, FIG. 14B).

FIG. 15 model predicted Cmin for study WAIR221 (12
mgkg for body weight (BWY30 kg and 8 mghkg for
BW=30 kg).

FIG. 16 model simulated TCZ Cmin for sJIA patients
(162 mg Q2W for BW<30 kg and 162 mg QW for BW=30
kg).

I'I¢r. 17 model simudated TCA Cmin lor sJIA patienls 5

(162 mg QW lor BW=30 kg and 162 mg QW lor BW=30
ka).

FIG. 18 model simulated TCZ Cmin for sJIA patients
(162 mg QL1013 for 3W-230 kg and 162 QW lor BW=30 kg).

IS, 19A and 1913 depict probabilily (o reach pellASO 3

score (F1G. 19A) and pcllA70 score (FIG. 19B) in study
MRAZIRIP (B ma'ke TCZ) in different body weight cat-
egories. Numbers on dotted lines indicate the probability to
reach pellASD or pelIA70 score.

ISR, 20A and 2003 depict simulated arca under curve
(AUC) vs body weight (BW) in Japanese Pediatric pcJlA
patients (MRA3IIRID) after 6 months. TCZ 8 mg/kg every 4
woeeks in both body weight categories (n=19) (I'1¢5. 20A); 10
mgkg or 8 mglkg cvery 4 woeeks in children with body
weight <30 ke and =30 kg (n=19) (I'1¢:. 2013). The [ull line
represents a smoothed spline through the data. The dotted
line (FIG. 20B) is a smoothed spline indicating the reference
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trend in the data without any change in mg'ke dose in
children with a body weight lower than 30 kg,

FIGS. 21A and 2113 depict PK profiles lollowing IV
administration every 4 weeks (simulated [or WAL19977, I'1G.
21A) and 162 mg SC administration every 2 weelks (simu-
lated for patients trom WA19977, FIG. 21B).

1G22 s a schemalic ol subculancously administered
anti-I1-6R antibody (1'CZ) in giant cell arieritis ((GOCA).

FIGS. 23A-231) show concentralion-time  profiles [or

3 TCZ (FIG. 23A), sIL-6RTCZ complex (FIG. 23B), CRDP

(FIG. 23C), and ESR (FIG. 23D) for two body weight
groups through week 16 in WAT8221 study
FIGS. 24A-241) show concenlralion-lime  profiles [or

TCZ (FIG. 244), sIL-6R (FIG. 24B), CRP (FIG. 24C) and

3 BESR (FIG. 24D) tfor pelIA patients from the MRA3IRID

study.

DETATLLD DESCRIPTION OF 1111
PREFERRED EMBODIMENTS

I. Delinitions

Some abbreviations used herein: adverse event (AE),
auto-injector (Al), area under curve (AUC), body weight
(BW), corticosternids (C8), C-reactive protein (CRDP), every
10 days (Q10). every week (QW), every 2 wocks (Q2W),
every 4 weeks (Q4W), glant cell arteritis {GCA). interleukin
& (IL-6), interlevkin & receptor (IL-6R), intravenous (IV),
juvenile idiopathic arthritis (JIA), methotrexate (MTX),
non-steroidal ant-inflammatory drugs (NSAIDs), pharma-
codynamic  (P12), pharmacokinctic  (PK), polyarticular
course juvenile idiopathic  arthritis  (pellA),  pre-filled
svringe (PFS), rheumatoid arthritis (RA), rhevmatoid factor
(RF)}, serious adverse event (SAFE), soluble interlevkin &
receptor (s11-0R). subcutancous (8C7). syslemic juvenile
idiopathic arthritis (sJIAY, wcillzumab (1CZ), and waler lor
injection (W'D,

Herein “hmman interleukin 6 (abbreviated as “[L-6")is a
cyvtokine also known as B cell-stimulating factor 2 (BSF-2),
or interferon beta-2 (IFN132), hybridoma growth lactor, and
CTT. dilferentiation factor, [T -6 was discovered as a diller-
entiation factor contributing, 1o activation of B cells (Hirano
et al., Nature 324: 73-76 (1986)), and was later found 1o be
a multifunction evtolkine which influences the tunctioning of
a wvaricly of different cell types (Akira el al. Adw ir
fmmumology 540 1278 (19930 Naturally occurring human
IL-6 wvariants are known and included in this definition
Human IL-6 amino acid sequence intormation has been
disclosed, sce  for  cxample, www.uniprol.org/uniprot?
PO5231.

l'or the purposes herein “human interleukin 6 receplor™
{abbreviated as “IL-6R™) refers to the receptor which binds
IL-6, including both membrane-bound IL-6R (mIL-5R) and
soluble I-6R (sI1L-6RY. 11.-61 can combine with interleukin
6 signal transducer glycoproicin 130 1o form an active
receptor complex. Alternatively spliced transcript variants
encoding distinct isoforms of IL-6 have been reported and
are included in this definition. The amino acid sequence
structure of human IT-6R and its extracellular domain have
been described; see. for example. Yamasaki ol al., Science,
241: 825 (1988).

A “nevtralizing” anti-IL-6R antibody herein is one which
binds o I1.-6R and is able 1o inhibil, 1o a measurable extent,
the ability of I1.-6 1o bind 0 andifor active 11-6R. Tocli-
sumab is an example ol a neutralizing anti-11-6R antibody.

“Tocilizumab™ or “TCZ” is a recombinant humanized
monoclonal amtibody that binds 1o human interleukin-6
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receptor (IL-6R). It is an IgG 1k (gamma 1, kappa) antibody
with a two heavy chaing and two light chains lorming two
anligen-binding siles. In a prelerred embodiment. the Tight
chain and heavy chain amine acid sequences of Tocilivumab
comprise SEQ ID NOs. 1 and 2, respectively (see FIGS.
TA-B).

A “native sequence” protein herein refers 1o a prolein
comprising the amine acid sequence of a protein lound in
hature, including naturally occurring variants of the protein.
The term as used herein includes the protein as isolated from
a natural source thereot or as recombinantly produced.

The lerm “antibody™ herein is used in the broadest sense
and speceilically covers monoclonal aniibodies. polyclonal
antibodies, multispecific antibodies (e.g. bispecific antibod-
ies) formed from at least two intact antibodies, and antibody
[ragments so long as they exhibit the desired biological
aclivily.

“Antibody [ragments™ herein comprise a porlion ol an
intact antibody which retains the ability to bind antigen.
Examples of antibody fragments include Fal, Fab', F(ab'},,
and I'v lragments; diabodics: lincar antibodics; single-chain
anlibody molecules: and multispecific antibodies lormed
from antibody frapgments.

The term “monoclonal antibody™ as nsed herein refers to
an antibody obtained from a population of substantially
homogencous  antibodics, 1.e. (he ndividual antibodics
comprising the population are identical and/or bind the same
epitope, except for possible varants that may arise during
produoction of the monoclonal antibody, such varants gen-

crally being presentl in minor amounts. In conlrast o poly- 3

clonal antibody preparations that typically include different
anlibodics dircetled against dilferent determinants (epitopes).
each monoclonal antibody is directed against a single deter-
minant on the antigen. In addition to their specificity, the

monoclonal antibodics are advantageous in (hal they are 3

uncontaminated by other immunoglobuling. The modilier
“momoclonal™ indicales the character of the antibody as
being obtained from a substantially homogeneous popula-
tion of antibodies, and is not 1o be construed as requiring
production ol the antibody by any particular method. lor
example. the monoclonal antibodies 10 be used in accor-
dance with the present invention may be made by the
hybridoma method first described by Kohler et al., Nedwre,
236:495 (1975), or may be made by recombinant DNA
moethods (see, c.g., ULS. Pal. No. 4.816,567). The “mono-
clonal antibodics™ may also be isolaled rom phage antibody
libraries using the techniques described in Clackson et al.,
Neture, 352:624-028 (1991) and Marks et al., J. Mol Biol.,
222:581-597 (1991}, lor example. Specilic examples ol

monoclonal antibodies herein include chimeric antibodics. s

humanized antibodics, and human antibodics. including
antigen-binding fragments thereot.

The monoclonal antibodies herein specifically include
“chimeric” antibodics (immunoglobuling) in which a portion

ol the heavy andior light chain is identical with or homolo- s

gous 10 cotresponding sequences in antibodies derived from
a particular species or belonging 1o a particular antibody
class or subeclass, while the remainder of the chain(s) is
identical with or homologous (o corresponding scquences in
anlibodics derived [rom another species or belonging o
another antibody class or subclass, as well as tragments of
such antibodies, so long as they exhibir the desired biologi-
cal activity (LS. Pal. No. 4,816,567, Morrison ot al.. Proc.
Natl. Acad. Sci. USA, 81:6851-6855 (1984)). Chimeric anti-
bhodies of interest hercin include “primatized™ antibodics
comprising variable domain antigen-binding sequences
derived trom a non-human primate {e.g. Old World Monkey,
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such as baboon, rhesus or cvnomolgus monkey) and human
constant region sequences (LS. Pal. No. 5,693.780).
“Iumanized” lorms of non-human (e.g., murine} anti-
bodics are chimeric antibodics thal conlain  minimal
sequence derived from non-human immunoglobuolin, For the
most part, humanized antibodies are human immunoglobu-
ling (recipient antibody) in which residues from a hyper-
variable region of the recipient are replaced by residues [rom
a lhypervariable region of a non-human species (donor
antibody) such as mouse, rat, rabbit or nonhuman primate
having the desired specificity, atlinity, and capacity. o some
instances, framework region (IRY residues of the human
immunoglobulin are replaced by corresponding non-human
residues. Furthermore, humanized antibodies may comprise

3 residues that are not found in the recipient antibody or in the

donor antibody. "These modilications are made o Turther
reline antibody perlormance. In general. (he humanized
antibody will comprise substantially all of al least one. and
typically two, variable domains, in which all or substantially

20 all of the hypervariable regions correspond to those of a

non-human immunoglobulin and all or substantially all of
the I'Rs are those of a human immunoeglobulin sequence,
except for FR substitution(s ) as noted above. The humanized
antibody optionally also will comprise at least a portion of

3 an inmunoglobulin constant region, tvpically that of a

human immunoglobulin. For lurther details, see Jones ot al.,
Nature 321:322-525 (19863 Ricchmann el al.. Nature 332:
323-329 (1988); and Presta, Curr. Op. Struect. Biod, 2:593-
396 (1992). Humanized antibodies herein specifically
include “reshaped” I1.-6R antibodics as deseribed in TS,
Pat. No. 5,7935.9065. expressly incorporaled herein by reler-
cnee.

A “human antibody™ herein is one comprising an aming
acid sequence structure that corresponds with the amine acid
sequence structure of an antibody oblainable 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 to: produc-
tion by transgenic animals (e.g., mice) that are capable, npon
immunization. of producing human antibodics in the
absence ol endogenous immunoglobulin production (sce,
e.g., Jakobovits et al., Proc. Natl dcad. Sci. T84, 90:2551
(1993Y; Jakobovits et al., Natwure, 362:255-258 (1093 ); Brug-
germann et al., Year in Invnune., 7:33 (1993); and U.S. Pat.
Nos. 5,501.669. 5.580.369 and 5,545.8071): sclection [rom
phage display librarics cxpressing human antibodics or
human antibody fragments (see, for example, McCafferty et
al., Nefwre 348:552-353 (1990); Johnson et al., Current
Opinion in Structinal Biology 3:564-571 (1993); Clackson
clal., Nare, 352:624-628 (1991); Marks et al.. /. Mol Biol.
222:581-597 (1991, Grillith et al.. fFBO J 12725734
(1993, 1S, Pat. Nos. 3,565,332 and 5,573,905); generation
via in vitro activated B cells (see TS, Pat. Nos. 5,567,610
and 5.229.275); and isolation from human antibody produc-
ing hybridomas.

A “multispecific antibody™ herein is an antibody having
binding specificities for at least two different epitopes.
Exemplary mwltispecific antibodies may bind to two differ-
cnt cpitopes al I1-6R. Allernatively, an anti-11.-6R binding
arm may be combined with an arm thatl binds Lo a triggering
molecule on a levkoeyvte such as a T-cell receptor molecule
{e.g. CD2 or CD3), or Fe receptors tor 1aG (FeyR), such as
LRI (C164Y, VewRIT{C1332) and FeyRI (CI16) s0 as 1o
focus cellular delense mechanisms 1o the receplor. Mulli-
specilic antibodies can be prepared as [ull-length aniibodics
or antibody fragments (e.g. Flab"), bispecific antibodies).
Engineered antibodies with three or more (preferably four)
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functional antigen binding sites are also contemplated (see,
c.g., US Appln No. US 2002/0004587 Al, Miller el al.).

Antibodics herein inelude “amino acid sequence variants™
with allered antigen-binding or biological activity. lixamples
of such amino acid alterations include antibodies with
enhanced affinity for antigen (e.g. “atiinity matured™ anti-
bhodies), and antibodics with allered lic reglon. il present.
c.g. with allered (increased or diminished) antibody depen-
dent cellular cytotoxicity (ADCC) andfor complement
dependent cvtotoxicity (CDC) (see, for example, WO
00/42072, Presta, L. and WO 99/531642, Iduosogie et al.);
andfor increased or diminished serum hall-lile (sce, lor
example. WOOO/42072, Presta. 1.0,

An “affinity matured variant™ has one or more substituted
hypervariable region residues of a parent antibody (e.g. of'a
parent chimeric. humanized. or human antibody). Generally.
the resulling variant(s) sclected lor [urther development will
have improved antigen-binding allinity relative o the parent
antibody from which they are generated. A convenient way

for generating such substitutional varants involves “atfinity 2

maturation” using phage display. 13rielly. several hypoervari-
able region siles (c.g. 6-7 siles) are mulated (o generate all
possible amino substimtions at each site. The antibody
variants thus generated are displaved in a monovalent fash-
ion from filamentous phage particles as fusions to the gene
I product of M13 packaged within cach particle. The
phage-displayed variants are then sereened lor their biologi-
cal activity (e, binding affinity). In order to identity
candidate hypervariable region sites tor modification, ala-

nine scanning mulagencsis can be perlormed o identily 3

hypervariable region residues contribuling signilicantly (o
anligen binding. Allematively. or additionally. it may be
beneficial 10 analvze a crystal structure of the antigen-
antibody complex to identify contact points between the

anlibody and huwman I1.-2R. Such contact residues and 3

neighboring residucs are candidates [or substitution accord-
ing o the lechnigues elaborated herein, Onee such variants
are generated, the panel of variants is subjected to screening
and antibodies with improved aflinity may be selected tor
[urther development.

The antibody herein may be conjugated with a “helerolo-
gous maolecule™ for example to increase half-life or stability
or otherwise improve the antibody. For example, the anti-
body may be linked to one of a varety of non-proteinacecus
polymers. c.g., polyethylene glycol (PHG). polypropylenc
glveol, polvoxyalkylenes. or copolymers ol polyethylene
glvcol and polvpropylene glycol. Antibody fragiments, such
as Fab', linked to one or more PEG mwolecules are an
excmplary embodiment of the invention.

The antibody herein may be a “glycosylation variant™ =

such thal any carbohydrate attached o the e region, il
present, 15 altered. For example, antibodies with a mature
carbohydrate structure that lacks fucose attached 10 an Fe
region of the antibody are described in US Pat Appl No US

20030157108 (Presta. 1.). See also US 20040093621 s

(Kvowa Halko Kogvo Co., Ltd). Antibodies with a bisect-
ing N-acetvlglucosamine (GleNAc) in the carbohydrate
attached 10 an Fe region of the antibody are referenced in
WO 2003011878, Jean-Mairel ¢l al. and 8. Pal. No.
6.602,684, Umana ct al. Antibodics with al least one galac-
tose residue in the oligosaccharide attached to an Fe region
of the antibody are reported in WO 199730087, Patel et al.
Sce, also, WO 199838964 (Raju, 8.) and W 1999/22764
(Raju. 8.) conceming antibodies with allered carbohydrale
allached to the e region thereonl. Sce also US 200510123546
(Umana et al.) describing antibodies with modified glyco-
sylation.
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The tern “hypervariable region™ when vsed herein refers
Lo the amine acid residues of an antibody that are responsible
for antigen binding. ‘The hypervariable reglon comprises
amine acld residues from a “complementarity determining
region” or “CDR" (e.g. residues 24-34 (L1}, 30-56 (L2} and
89-97 (L3} in the light chain variable domain and 31-35
(H1), 50-65 (H2) and 95-102 (H3) in the heavy chain
variable domain; Kabal ol al., Sequences of roteins of
fmmumaological herest, 5th Iid. Public llealth Service,
National Institutes ol [lealth. 3ethesda, Md. (1991)) and/or
those residves from a “hypervariable loop™ (e.g. residues
26-32 (L1), 50-52 (L2) and 91-96 (L3) in the light chain
variable domain and 26-32 (I11). 53-53 (112} and 96-101
{113} in the heavy chain variable domain: Chothia and |.osk

S J Mol Biol 196:901-917 (1987)). “Frameworlk” or “FR”

residues are those variable domain residues other than the
hyvpervariable region residves as herein defined. The hyper-
variable regioms of "locilizumab comprise:

[SEQ ID HO: 3}
Ll-2rg Rla Ser Gln Zgzp Ile Ser Ser Tyr Leu 2an;

(SEQ ID NO: 4}
Lz-Tyr Thr Ser Rry Leu His Zer:

(SEQ ID NO: 5}
L:-31n 3ln Gly asn Thr Leu Pro Tyr Thr;

(SEQ ID NO: &}

Hl-Ser &sp His Ala Trp Ser;
(SEQ ID NO: 7}
H2-Tyr Ile Ser Tyr Ser Sly Ile Thr Thr Tyr Asn Pro

Ser Leu Lys Ser;
and

(SEQ ID HNO:
Asp Tyr.

2;

HX-Ser Leu &la Arg Thr Thr Ala Met

In one embodiment herein, the IL-6R antibody comprises
the hypervariable regions of Tocilizumabh.

A “Mull length antibody™ is one which comprises an
antigen-hinding  variable region as well as a light chain
constant domain (CL) and heavy chain constant domains,
CHI1, CHZ2 and CH3. The constant domains may be native
sequence constant domains (e.g. human native sequence
constant domaing) or amine acid scquence variants thereol.
Preferably, the lull length antibody has ome or more ellector
tunctions. Toecilizumalb is an example of a full-length anti-
bady,

A naked antibody™ is an antibody (as herein delined) that
s nol conjugaled lo a helerologous molecule, such as a
cyloloxic moicly, polymer. or radiolabel.

Antibody “effector functions™ refer to those biological
activities attributable 1o the Fe region (a native sequence Fe
region or amino acld sequence varianl lic region) ol an
antibody. lixamples ol anitibody cffecior Munctions include
C1q binding, complement dependent cytotoxicity (CDC), Fe
receptor binding, antibody-dependent cell-mediated cyvio-
toxicity (ADCC), ete.

Depending on the amino acid sequence ol the constant
domain ol their heavy chains. [ull length antibodics can be
assigied to different “classes”. There are five major classes
of full length antibodies: IgA, IaD>, 1aE, IoG, and IgM, and
several of these may be [urther divided into “subclasses™
{isolypes). c.g.. [grl, [eG2. [pG3. lelrd, lgA. and Ig A2, "The
heavy-chain constant domains that correspond (o the diller-
ent classes of antibodies are called alpha, delra, epsilon,
gamma, and mu, respectively. The subunit structures and
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three-dimensional configurations of different classes of
immunoglobuling are well known.

The werm “recombinant antibody™, as used herein, relers
o an anlibody {(c.g. a chimerie, humanized. or human
antibody or antigen-binding tragment thereot) that is
expressed by a recombinant host cell comprising nucleic
acid encoding the antibody. lixamples ol “host cells™ for
producing recombinant antibodics include: (1) mammalian
cells, tor example, Chinese Hamster Ovary (CHO), COS,
myeloma cells (including YO and NSO cells), baby hamster
kidney (BHK), Hela and Vero cells; (2) insect cells, for
example. s[Y. 521 and "I'n3; (3) plant cclls. for example
planits belonging to the genus Nicoriana (c.g. Nicotiana
fabacum);, (4) veast cells, for example, those belonging to
the genus Saccharomyees (8.9, Saccharomyces cerevisiae)
or the genus Aspergilius (c.g. Aspergiffus niger): (5) buacle-
rial cells. Tor example flscherichia. cefi colls or Bacillus
subtifis cells. ole.

Asg used herein, “specifically binding™ or “binds specifi-
cally 10" refers to an antibody selectively or preferentially
binding 10 11.-6R antigen. Prelerably the binding allinity for
anligen is of Kd value of 1077 moldl or lower feg. 107"
molily, preferably with a Kd valve of 10" mol/l or lower
(e.g. 107" molil). The binding atfinity is determined with a
standard binding assay, such as surface plasmon resonance
lechnique (BIACORERE).

I'or the purposes herein, the werm “I1-6-medialed disor-
der” refers to a disease or disorder in which activation of
IL-6R by IL-6 results in the disorder and/or treatment with

an anti-11.-6R antibody can be used 1o treat the discase or 3

disorder. lixamples ol such disorders include: autoimmune
discases. osleoporosis. neoplasia, aging, rheumaloid arthrilis
(RA), juvenile idiopathic arthritis (JIA) (including syvstemic
J1A and polyvarticular course JIA ), psordatic arthritis, Castle-

man’s discase, Crohn’s discase. mulliple mycloma. poly- 3

myalgia rheumatica, glomerulonephritis. plasmacyloma or
plasmacylosis, mycloma (including mulliple mycloma).
bhyperdmmunoglobulinemia, anemia, nephritis (such as
mesangivm proliferative nephritis), cachexia (including can-
cerous cachexia), lumors, 1 cell mediated discase {(c.g.
uveilis, chronic thyroiditis. delayed hypersensitivily, contact
dermaritis, or atopic dermatitis), lupus (including lupus
lephritis and systemic lupus ervthmatosus), inflammatory
bowel disease (including Crohn’s disease and uvlcerative
colills), pancrealilis. psoriasis, osteoarthritis, adull-onsct
Sy discase, mesothelioma, vaseulitis. islel transplanta-
Tion {e.g. pancreatic islet transplantation), myocardial infarc-
tion (heart failure, ischemia-induced severe arrhytlunis),
heart transplantation, prostale cancer, choroidal neovascu-

larization {c.g. age-related macular degeneration. idiopathic s

choroldal neovascularization. eyopic choroidal neovascular-
ization, idiopathic choroidal neovascularization), muscle
atrophy, chronic rejection, ocular inflammatory disease (e.g.
panuveills, anlerior aveilis. intermediale uveitis. scleritis.

keratitis. orbital inflammation. oplic neuritis. dry eye. dia- s

betic retinopathy, proliterative vitreoretinopathy, postopera-
five inflammation), gratt versus host disease (GVHD),
fibrotic disorders (such as systemic sclerosis), giant cell
arlerilis (GCA), and lakayasu’s arleritis (TA). arlerilis
rodosa, ankylosing spondylitis. cle.

In one embodiment, the IL-6-mediated disorder is rheu-
matoid arthritis.

In ome embodiment. the I .-6 mediated disorder is juvenile
idiopathic arthritis (JIA). In one embodiment, the 11 .-6
mediated disorder is systemic JTA (sJIA).

In one embodiment, the IL-6 mediated disorder is pol-
varticular course JIA (pcllA).
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In one embodiment, the IL-6 mediated disorder is sys-
lemic sclerosis.

In one embodiment. the 11.-6 mediailed disorder is glant
cell arteritis (GOCA).

In one embodiment, the IL-6 mediated disorder is psori-
atic arthritis.

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

As used herein. “rheumatoid arthritis™ (abbreviated as
“RATY relors o s a chronic. syslemic infllammatory disorder
that may allect many Ussues and organs. bul principally
attacks svnovial joints. RA diagnosed according 1o the RA
must be diagnosed according to the 1987 or 2000 revised
American College of Rhevmatology (ACR; formerly Aineri-
can Rheumaiism Associalion) criteria lor the classificaiion
ol rheumatoid arthritis. or any similar crileria. Physiological
indicators of RA include, symmetric joint swelling which is
characteristic though not invariable in rhevmatoid arthritis.
Fusitorm swelling of the proximal interphalangeal (PIP)
joints of the hands as well as metacarpophalangeal (MCT),
wrisls, clbows, knees. ankles and melatarsophalangeal
{(M'I'P) joints are commonly allected and swelling is casily
detected. Pain on passive motion is the most sensitive test
for joint inflammation, and flammation and structural
deformity often limits the range of motion for the affected
joinl. Typical visible changes include ulnar deviation ol the
fingers al the MCP joints. hyperextension or hyperllexion ol
the MCT and PID joints, flexdion contractures of the elbows,
and subluxation of the carpal bones and toes.

A patient with “active rheumatoid arthritis™ means a
patient with active and not latent symptoms ol rheumaloid
arthritis. In one cmbodiment, such patient has moderate-1o-
severe active RA of 26 months disease duration at time of
baseline visit. In one embodiment, such patients will have:
{1} swollen joinl count (SJC=4 {66 joinl count), (2) tender
joint count (1IC=4 (68 joint count). andior C-reactive
protein (CRP)zupper limit of normal (UINY al screening
visit,

Examples of “disease-modifving anti-rheumatic drugs™ or
“DMARDS”  include  hydroxyeloroguine,  sullasalavine,
methotrexate, leflunomide, avathioprine, 1-penicillamine,
gold salts (oral), gold salts (intramwvscular), minocyeline,
cyclosporine  including  cvelosporine A and  topical
cveclosporine, staphylococcal protein A, and TNF-inhibitors
{sce below), including salls. variants, and derivatives
thereol. ele. Vixemplary DMARI s herein are non-hiological
DMARDs, including, in particular, azathioprine, chloro-
quine, hvdroxychloroquine, leflunomide, methotrexate and
sul fasalazine, with methotrexate being the IDMAR]DD accord-
ing o one embodiment of the invention.

I'or the purposcs herein, “tumor necrosis [aclor™ {(abbre-
viated “TNF™) refers 1o a human TNF-alpha molecule com-
prising the amino acid sequence as described in Pennica et
al.. Napre, 3122721 (1984) or Aggarwal ol al.. JN3C. 260
2345 (1985).

A “TNF-inhibitor™ herein is an agent that inhibits, to some
extent, a biological function of TNF-alpha, generally
through binding to TNF-alpha and nevtralizing its activity.
lixamples ol I'NIP inhibilors  specifically  contemplated
herein are elancreept (HINBRILE), inlliximab (R1EMI-
CADER), and adalimumalb (HUMIRA®E), certolizumab
pegol (CIMZIAE), and golimumab (SIMPONTE:).

The subject who is a “IDMARD inadequate responder™ is
one who has experienced an inadequale response o previous
or current treatment with one or more DMARIDs (including
one or more TNF inhibitors) becanse of toxicity or inad-
equate efficacy.
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The subject who iz a “TINF inhibitor inadequate
responder” has experienced an inadequate response o pre-
vious or currenl treatment with one or more I'NIY inhibitors
hecause of oxicily or inadequate cllicacy. In one embodi-
ment, such patient has received, for example, etanercept for
=3 months at 23 mg twice a week or at least 4 infusions of
inlliximab al =3 mg'kg bul had an inadequale response
therelo.

A “methotrexate inadequate responder™ is a patient who
has experienced an inadequate response to previous or
current treatment with methotrexate becanse of toxicity or
inadequale elficacy. In one embodiment. the patient has been
on methotrexate (10-23 mgiweck) lor at least 12 weeks and
still has active disease,

A “fixed dose™ herein refers 10 a dosage ot a drug, such
as an anli-11 -6R antibody which is administered without
regard 1o the patient’s weight or body surlace arca (138A).
i.c. il is nol administered as cither a mekg or mgim” dose.

“Treatment™ of a subject herein refers 1o both therapentic
treatment and prophylactic or preventative measures.

The expression “cllective amount” refers o an amount ol
the antibody that is ellective for treating the 11 .-6 disorder.
Where the disorder is RA, such effective amount can result
i any one or more of reducing the signs or symptoms of RA
(e.g. achieving ACR20, ACRS50, or ACRT0 response at week
24 andifor week 48). reducing discase activity (e.g. Discase
Activity Score. 12AS207. ACR-hybrid, slowing the progres-
sion of structural joint damage, improving physical function,
etc. In one embodiment, such clinical response is compa-

rable o thal achicved with intravenously administered anti- 3

II.-6R antibody.

The expression “inhibiling progression ol structural joint
damage™ in a RA patient refers to preventing or slowing
structural joint damage cansed by RA, tor example based on

croded joint count and/or joint damage score. Methods for 3

measuring progression of structural joint damage are known
Lo the skilled person. and include, without limitation Genant-
modified Total Sharp Score (TSS), erosion score (ES),
and/or joint space narrowing (JSN) score,

The werm “immunosuppressive agent™ as used herein for
adjunct therapy refers o substances thal acl 1o suppress or
mask the immune system of the mammal being treated
herein. This would include substances that suppress cvto-
kine production, down-regulate or suppress selt-antigen
expression, or mask the MHC antigens. Examples ol such
agenls  include  2-amino-6-aryl-S-substituled  pyrimidines
(see U.S. Pat. No. 4,665,077); non-steroidal anti-inflamma-
tory drugs (NSAIDs), ganciclovir, tacrolimus, glucocorti-
coids such as corlisol or aldosierone, anti-inflammatory

agenls such as a cyclooxygenase inhibilor. a 3-lipoxygenase s

inhibilor, or a leukolricne receplor anlagomist;  purine
antagonists such as azathioprine or mycophenolate mofetil
(MMF); alkylating agents such as cvelophosphamide; bro-
mocrypline; danasol; dapsone; glutaraldehyde (which masks

the MIIC antigens. as described in ULS. Pal. No. 4,120,649} s:

anti-idiotypic antibodies for MHC antigens and MHC frag-
ments; eyvclosporin A; steroids such as corticosteroids or
glucocorticosteroids or glucocorticoid analogs, e.g., predni-
sone. methylprednisolone.  including SOLU-MIIDROL
moethylpredniselone sodium succinate, and dexamethasone:
dihvdrofolate reductase inhibitors such as methotrexate (oral
or subcutaneons); anti-malarial agents such as chloroquine
and hydroxychloroquine; sullasalavine: leflunomide: cylo-
kine anlagonists such as cylokine antibodics or cylokine
receplor antibodics including anti-interferon-alpha. -beta. or
-gamma antibodies, anti-tumor necrosis tactor {TNF)-alpha
antibodies (infliximab (REMICADEE) or adalimumalb),
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anti- TNF-alpha immunoadhesin (etanercept), anti-TNF-beta
antibodies. anti-interleukin-2 (I1.-2Y antibodics and anti-11 -2
receptor anlibodics, and anti-interleukin-6 (11.-6) receplor
antibodies and antagonists; anti-1.1'A-1 antibodics. including
anti-CD1la and anti-CD18 antibodies; anti-L3T4 antibod-
ies; heterologous anti-lvmphoeyte globuling pan-T antibod-
ics. prelerably anti-CD3 or anli-CD4CD4a antibodies;
soluble peptide containing a 1.I'A-3 binding domain (WO
9008187 published Jul. 26, 1990); streptokinase; transform-
ing growth factor-beta (TGF-beta); streptodornase; RNA or
DNA from the host; FK506; RS3-61443; chlorambueil; deox-
yspergualing rapamyein: T-cell receptor (Cohen ol al., TS,
Pat. No. 5. 114.721%; T-cell receplor lragments (Oficer e al.,
Science, 251: 430-432 (1991); WO 90/11294; Ianeway,

5 Nature, 341 482 (1989); and WO 01/01133); BAFF antago-

nisls such as BAFL antibodics and 1B3R3 antibodics and
ZINI4 antagonists (for review, sce Mackay and Mackay,
Trends fmnwmol, 23:113-5 (2002)); biologic agents that
interfere with T cell helper signals, such as anti-CD40

20 receptor or anti-CD40 ligand (CD154), including blocking

antibodies 1o C1340-C140 ligand (c.g., Duric el al.. Science,
261 132830 (1993); Mohan ol al, J. fweeemol, 154:
1470-80 (1995)) and CTLA4-Ig (Finck et al., Science, 265:
1225-7 (1994))y; and T-cell receptor antibodies (EP 340,109)
such as T10BS. Some immunosuppressive agents herein are
also DMARIDs, such as methotrexate. Lxamples ol immu-
nosuppressive agents herein include  cyclophosphamide,
chlorambueil, azathioprine, leflunomide, MME, or methotr-
exate.

The “CI207 antigen, or “CD20,” is an aboul 35-kDa,
non-glycosylaled phosphoprotein lound on the surface of
grealer than 90% ol B cells rom peripheral blood or
lymphoid organs. CD20 is present on both normal B cells as
well as malignant B cells, but is not expressed on stem cells.
Other names for CD20 in the lierature include “13-lympho-
cyle-restricled antigen™ and “Bp35”. The CD20 antigen is
deseribed in Clark o al., Proc. Natl Acad. Sei. (JSA)
82:1766 (1985), for example.

Examples of CD20 antibodies include: “C2BR,” which is
now called “rituximab”™ (“RITUXANEMAIF TR AT
{UL8. Pal. No. 5,736,137} the yitrium-]90|-labelled 2138
murine antibody designated “Y2B8” or “Ibrimmomab
Tiuxetan” (ZEVATINE) commercially available from Bio-
gen Idec, Inc. (e.g., U.S. Pat. No. 5,736,137; 2BR deposited
with AU'CC under accession no. HIZTT1388 on Jun. 22, 1993);
murine 1g€2a “131," also called *“lositumomab.” oplionally
labelled with '*'I 10 generate the “1311-B1™ or “iodine 1131
tositumomab™ antibody (BEXXAR™) 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 23:584-591 (1987 ) and varianis thereo! including *lrame-
work patched” or humanized 1F5 (e.g., WO 2003/002607,
Leung, S.; ATCC deposit HB-96450); murine 2H7 and
chimeric 2117 antibody (c.g., U8, Pal. No. 5.677,180) a
humanived 2117 (g, WO 2004056312 (l.owman ot al)
and as set forth below); HUMAX-CD20™ fully human,
high-atlinity antibody targeted at the CD20 molecule in the
cell membrane of B-cells (Genmab, Denmark; see, for
cxample, Glennic and van de Winkel, Prug Discovery Today
& 303-510 (2003) and Cragg el al., Bload 101 1045-1052
{2003)}; the human monoclonal antibodies set torth in WO
2004/035607 and WO 2005/103081 (Teeling et al,
GenMab/Medarex): the antibodics having complex N-gly-
coside-linked sugar chains bound to the e region deseribed
in LS 20040003621 (Shitara el al.): monoclonal aniibodics
and antigen-binding fragments binding 1o CD20 (e.g., WO
2005/000901, Tedder et al) such as HB20-3, HB20-4,
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HB20-25, and MB20-11; single-chain proteins binding to
C1320 (e, US 20030186216 (ledbeller and [layden-
Ledbetier): US 2003/0202534 (1 layden-[ edbetier and |.od-
hettery: US 20050202028 (1layden-l.edbetter and |.edbet-
ter); US 2003/0202023 (Havden-Ledberter and Ledbetter,
Trubion Pharm Ine.); CD20-binding molecules such as the
AME series of antibodies, e.g., AME-33™ antibodies as set
lorth. lor example. in WO 2004/103404 and US 2005/
0025764 (Watkins ol al.. Applied Molecular ivolution. Inc.)
and the CD20 antibodics with I'e mutations as sel lorth. for
example, in WO 2005/070963 (Allan et al., Applied Molecu-
lar Evolution, Ine.); CD20-binding molecules such as those
described in W 2005/016969 and US 2003/0069345 (Carr
el al.y; bispecilic antibodics as sel lorth. Tor example, In WO
2005014618 (Chang ol aly; humanized 112 monoclonal
anlibodics as deseribed. Tor example, in US 200570106108
(Leung, and Hansen; Inmunomedics); chimeric or human-
ized B-Ly] antibodies to CD20 as described, for example, in
WO2005/044859 and US 2005/0123546 (Umana et al.;
GlyeArt Biolechnology AGY;, A20 antibody or varianis
thereo! such as chimeric or humanized A20 antibody (cA20.
hAZ0, respectively) and IMMUN-106 (e.g., US 2003/
0219433, Inmunomedics ); and monoclonal antibodies 127,
G28-2, 93-1B3, B-C1 or NU-B2 gvailable from the Inter-
national [.eukocyle Typing Workshop (e.g., Valentine ¢l al..
Iz Leukoeyle Typing 1 {McMichael. 1id., p. 440, Oxlord
University Press (1987)). The preferred CD20 antibodies
herein are chimeric, humanized, or human CD20 antibodies,

more prelerably riluximab, a humanized 2117, chimeric or 3

humanivzed A20 antibody  (Immunomedics). TTUMAX-
C1320"™ human C1320 antibody (Genmab). and immuno-
globulins/proteins binding 1o CD20 (Trubion Pharm Ine.).

The terms “rituximab™ or “RITUXANE™ herein refer to

the genclically cngineered chimeric murine/human mono- 3

clonal antibody dirceled against the (1320 antigen and
designated “C2138" in US Patent No. U8, Pal. No. 7.381.
560 (Anderson et. al)), including fragments thereof which
retain the ability 1o bind CD20.

I'xamples of “non-sicroidal anti-inflammatory drugs™ or
“NEAIDS™ include aspiring, acelylsalicylic acid. ibuprofen.
flurbiproten, naproxen, indomethacin, sulindac, tolmetin,
phenylbutazone, diclofenac, Lketoproten,  benorvlate,
mefenamic acid, methotrexate, fenbutfen, azapropazone;
COX-2 inhibilors such as celecoxib (CTLEZRIIXGE, 4-(5-
(4-methylphenyl)-3-(trilluoromethyD)-11 1-pyrazol-1-y1}
benzenesulfonamide, valdecoxib (BEXTRAKE), meloxicam
(MOBICE), GR 253033 (Glaxo Wellcome); and MK966

(Merck Sharp & Dohme), including salts and derivatives

thereol, ele. Preferably. they are aspirin. naproxen, ibupro- =

l[en, indomethacin, or lolmetin.

“Corticosteroid™ refers 10 any one of several svithetic or
naturally occurring, substances with the general chemical
structure of steroids that mimic or augment the elfects of the

nalurally ocewrring corticosleroids. ixamples ol synthetic s:

corticostersids include prednisone, prednisolone (including
methylprednisolone, such as SOLU-MEDROLE methyl-
predaisolone sodium sueeinate), dexamethasone or dexam-
elhasone triameinolone. hydrocoriisone, and betamethasone.
The prelerred corticosteroids herein are prednisone, meth-
vlprednisolone, hydrocortisone, or dexamethasone.

A“medicament” is an active drug 1o treat the joint damage
or ity symploms or side cllects.

The term “pharmaceutical formulation” relers o a prepa-
ration which is in such form as o permit the biological
activity of the active ingredient or ingredients to be effective,
and which contains no additional components which are
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vnacceptably toxic 10 a subject to which the formulation
would be administered. SBuch formulations are sterile.

A Usterile™ formulation is aseplic or lree from all living
microorganisms and their spores.

A “stable™ formulation is one in which all the protein
therein essentially retain their physical stability andfor
chemical stability and/or biological aclivity upon storage al
the intended slorage temperature. e.g. 2-8° (. Prelerably, the
formulation essentially retains its physical and chemical
stability, as well as its biological activity upon storage. The
storage period is generally selected based on the intended
shell-life of the formulation. lurthermore, the lormulation is
preferably stable Tollowing lreering (lo, c.g., =207 () and
thawing of the formulation, for example tollowing 1 or more

3 cvcles of freezing and thawing. Varous analvtical tech-

nigues [or measuring protein stability are available in the art
and are reviewed in Peplide and Prolcin Drug Delivery,
247-301, Vincent [.ee Ld.. Marcel 1ekker, Inc.. New York,
N.Y., Pubs. (1991) and Jones, A Adv. Drug Delivery Rev.

20 10: 29-90 (1993), for example. Stability can be measured at

a sclected wemperature lor a selected Gime period. Stability
can be evaluated qualitatively andéor quantitatively in a
variety of different ways, including evalvation of apgregate
formation (for example vsing size exclusion chromatogra-
pl. by measuring turbidity, and/or by visual inspection); by
asscssing charge helerogeneily using catiom exchange chro-
malography or capillary vone clectrophoresis; S18-PAGIE
analysis to compare reduced and intact antibody; evaluating
biclogical activity or antigen binding function of the anti-
body: cle.

A stabilizer™ herein 1s an exelpient, or mixture ol two or
more cxcipionts. which stabilizes a pharmaceutical formu-
lation. For example, the stabilizer can prevent instability due
to freezing-thawing or other thermal-induced destabilization
ol the lormulation. xemplary excipients herein include
surfactants. and amino acids, such as arginine or methionine
{including derivatives thereof).

The term “surfactant” as vsed herein denotes a pharma-
ceutically acceptable surface-active agent. In the formula-
tion ol the inveniion. the amount of surfactant is described
a percentage expressed in weightvolume. The most com-
monly wvsed weight/volume unit is mg/ml. Suitable
examples of pharmaceutically acceptable surfactants include
polvoxvethylen-sorbitan fatty acid esters, polvethylene-
polypropylene glycols. polyoxyethylene-slearates. polyoxy-
cthylene alkyl cthers. c.g. polyoxyethylene monolauryl
ether, alkvlphenylpolvoxy-ethylene ethers (Triton-X), poly-
oxvethylene-polvoxypropylene  copolvmer (Poloxamer,
Pluronic), and sodium dodeey] sulphaic (8138). Mosi suit-
able polyoxycthylencsorbilan-latly acld csters arc polysor-
bate 20 (sold under the trademark TWIEN 2000) and
polvsarbate 80 (sold vnder the trademark TWEEN BOE).
Most suitable polvethylene-polypropylene copolymers are
those sold under the names PLURONICE 68 or POLOX-
AMIIR 1886, Preferred polyoxyethylene-stearales are those
sold under the trademark MYRI™, Most svitable polvoxy-
ethylene alkyl ethers are those sold under the trademark
BRIJ™, Most suitable alkylphenolpoly-oxvethylene ethers
are sold under the trade name TRITON-X:H.

The term “buller” as used herein denoles a pharmaceuti-
cally acceptable butler which resists changes in pH by the
action of its acid/hase conjugate components. Optionally, the
pll ol the formulation is in the range [rom 5 o 7. cg. [rom
55 1o 6.5, most preferably aboul pll 6. and the buller
cmployed achieves such desired pll lor the Tormulation.
Suitable pharmaceutically acceptable buifers according 1o
the invention comprise ut are not limited to histidine-
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bufters, citrate-butters, gluconate-bufters, succinate-butters,
acelale-bullers glyeylglyeine and other organic acid bullers.
and phosphate-bullers. Preferred buflers comprise | .-histi-
dine or mixtures ol |-histidine with |.-histidine hydrochlo-
ride with isotonicity agents and potentially pH adjustment
with an acid or a base known in the art. Most preferred is
histidine {(e.g. |.-histidine).

BBy “isotonic™ 1s meant that the lormudation ol inlerest has
essentially the same osmotic pressure as human blood.
Isotonic formulations will generally have an osmotic pres-
sure from abour 250 to 350 mOsm. Isotonicity can be
measured using a vapor pressure or ice-lreering lype
osmomeler. for example.

A “liquid formulation™ or “aquecus formulation” accord-
g to the invention denotes a tormulation which is liquid at
a lemperature of al least aboul 2 (o about 8° (.

The term “lyophilized formulation” denotes a [ormulation
which is dried by lreering the lormulation and subsequenily
subliming the ice from the frozen content by any freeze-

drving methods known in the art, for example commercially 2

available [reeve-drying devices. Such lormulations can be
reconstiluted in a suilable diluent. such as waler. sierile
water for injection, saline solution ete, to form a reconsti-
mted liquid formulation suitable for administration to a
subject.

“Hyaluroman™  {abbrevialed  “HA” and  alse  called
“hyaluromic acid™ or “hyaluronale™) is an anionic. nonsul-
fated glveosaminoglycan distributed widely throughout con-
lective, epithelial, and neural tissves.

“lyaluromidases™ arc envymes thal degrade hyaluronic 3

acid. In humans, there are six assoclaled genes. including
HYALPI (pscudogene). TIVALL THIYALZ, TIYALS, ITYAL 4.
and PH20/SPAMI. The term herein includes “acid-active™
enzymes (such as HYALL}, and “nevtral-active”™ enzymes

(such as PII20). I alse includes envymes with or without a3

glvcosylphosphtidy  imositol  anchor:  preferably  the
hyaluronidase is soluble or lacks an anchor. | lyaluronidases
can be included in a pharmaceutical formulation in order to:
facilitate administration of the therapeutic drug into the
hypodermis. reduce the viscosity ol the interstitum. allow
larger volumes o be administered 8C. andfor increase
absorption and dispersion of another injected drug. The
bhyaluronidase enzyme in a pharmaceutical formulation
herein is characterized by having no adverse effect on the
molecular integrity ol the anti-I1-6R antibody in the lor-
mulation. and while it modilies the delivery ol the anti-11 -
6R antibody to the systemic circulation it does not possess
any properties that could provide or contribute to the thera-
peutic cllects of syslemically absorbed anti-11.-6R antibody.

See, also, WO 2004078140, WO2006/091871 and U.8. Pal. =

No. 7.767.429 regarding hyaluronidases according o the
present invention. Hyaluronidase produets approved in EU
covuntries include HYAL ASE®R:. Hyaluronidase products of
animal origin approved in (he US include VITRAS ™,
HYDRASE™  and  AMPIADARII™, “The
hyvaluronidase herein is recombinant human PH20.
“Recombinant human PH20 (abbreviated “rHulPH20™)
refers to a soluble, neutral pH-active enzvme comprising a
truncated human PH20 amino acld sequence. [ can be
synthesived with a 35 amino acld signal peptide (hat is
removed from the N-terminus during the process of secre-
Ton so as to provide an N-terminal amino acid sequence
lound in some hovine hyaluronidase preparations. Preler-
ably, rl luPII20 herein comprises the amine acid sequence
available under CAS Registry No. 757971-58-7 or as dis-
closed in U.S. Pat. No. 7,767,429, expressly incorporated
herein by reference, and has an approximate molecular

preferred s
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weight of 61 kDa. See, also, Frost, G. 1., “Recombinant
human hyaluromidase (rIuPH20): an enabling plaiform lor
subcutancous drug and uid administration™. Fxpert Opin-
o on frug Delivery 4: 427-440 (2007)). The term herein
includes rHulPH20 (HYLENEXE®) commercially available
from Halozyme Therapeutics Ine.

A “subculancous  administration deviee™ refers (0 a
device. such as syringe, injection device. inlusion pump,
injector pen, needleless device. pateh delivery system, ele,

3 which is adapted or designed to administer a drug or

pharmaceutical formulation by the subcutaneous route. In
ane embodiment, the device administers about .9 ml.. 1.8
ml.. or 3.6 ml. of a pharmaceutical [ormulation.

A “package insert” is nsed to refer to instructions cus-
tomarily included in commercial packages of therapeutic
products, that contain information about the indications,
usage, dosage, administration.  contraindications.  other
therapeutic products (0 be combined with the packaged
product, and/or warnings concerning the use of such thera-
peutic products, ete.

lerein, a “librotic discase™ is one involving the brmation
ol excess [ibrous conneclive Ussue in an organ andfor Gssue.
lixamples ol [ibrotic discascs herein include: systemic scle-
rosis (scleroderma), keloids, hypertrophic scars, burn scars,
liver fibrosis, liver cirrhosis, pulmonary hypertension, pul-
monary [ibrosis (including idiopathic pulmonary (ihrosis,
IPI7). cardiac lbrosis, kidney [ibrosis. hepalic Nbrosis, cle. In
ole embodiment, the fibrotic disease is systemic sclerosis.

“Systemic sclerosis™ (S5¢) or “scleroderma™ is a complex
and heterogenecus disease with skin and tissue fibrosis,
vascular allerations, and autloantibodies against various cel-
lular antigens being amongst ils principal [eatures. The
clinical manifestations of systemic sclerosis can range from
limited skin involvement to severe internal organ dysfunc-
tion. Internal visceral organ pathology is a major factor
contributing 10 the morbidity ol this discase. with the
kidneys. csophagus. hearl, and lungs being the most [re-
quently involved. There are two major subgroups in the
commonly accepted classification of SSc: limited cutaneous
S8C (TeSSe) and dilluse cutancous 85C (de88c¢). Gabriclli el
al. Mochanisms ol discase. Scleroderma. N fingd J Med
360:1989-2003 (200497.

In one embodiment, the patient with systemic sclerosis
has been classified according 1o the American College of
Rhcumatology (lormerly. the American Rheumalism Asso-
cialion) eriteria lor the classification of systemic sclero-
derma based on:

major eriterion: proximal diffuse (truneal) selerosis (skin
tightness, thickening, and non-pitting 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
[ul(ill the major criterion or two of the three minor erileria.
See Subcommitiee lor Scleroderma Criteria of the American
Rheumatism Association. Diagnostic and Therapeutic Cri-
teria Committee, Preliminary criteria for the classification off
svstemic sclerosis (scleroderma). drihriiis Rhewm 23:581-
90 (19%0).

II. Production of Anti-IL-6R Antibodies

The methods and articles of manulaclure of the present
invention use. or incorporate. an anlibody that binds 10
human 11 -6R. I -6R antigen (o be used lor production ol or
screening tor, antibodies may be, e.g., a soluble form of
IL-6R or a portion thereo! (e.g. the extracellular domain),
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containing the desired epitope. Alternatively, or additionally,
cells expressing [1-6R al their eell surface can be used Lo
generale. or screen lor, antibodies. Other forms of 11.-6R
uselul for generaling antibodics will be apparent (o those
skilled in the art.

In one embodiment, the antibody is an antibody fragiment,
various such fragments being disclosed above.

In another embodiment, the antibody is an intact or
[ull-lengih antibody. Depending on the amine acid sequence
ol the constant domain ol their heavy chains, intact anti-
bodies can be assipned to different classes. There are five
major classes of intact antibodies: IgA, [pDy, IgE, IoG, and
IaM, and several of these may be further divided into
subclasses (isolypes). e, lgGl, 1eG2, 1263, 1g(4, 1gA.
and lgA2. The heavy chain conslant domaing that corre-
spond 1o the dillerent classes of antibodics are called a. 8.
t, ¥, and p, respectively. The subunir structures and three-
dimensional configurations of different classes of immuno-
globuling are well known. In a preferred embodiment, the
anli-11 -6 antibody is an 121 or [gM antibody.

Technigques lor generating antibodics are known and
examples provided above in the delinitions section ol this
document. In a preferred embodiment, the antibody is a
chimeric, humanized, or human antibody or antigen-binding
[ragment thereol. Prelerably the antibody 1s a humanived
[ull-lengih antibody.

Various lechnigues 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 -~

ability to bind to human IL-6R. See, for example, U.S. Pat.
No. 3.795.965. According 1o this assay, plates coaled with
[I-6R (c.g. recombinant sIl-6R) are incubated with a

sample comprising the anti-11-6R antibody and binding ol |

the antibody 1o the sIL-6R is determined.

Preferably, the anti-IL-6R antibody is nevtralizes IL-6
activity, e.g. by inhibiting binding of IL-6 1o IL-6R. An
excmplary method lor evaluating such inhibition s dis-
closed in L8, Pal. Nos. 5670373, and 5,795.965. flor
example. According 1o this method, the ability ol the anti-
body to compete with 1L-6 1o IL-6R is evalvated. For
example, a plate is coated with IL-6R (e.g. recombinant
sIL-0R), a sample comprising the anti-IL-6R antibody with
labeled 1.6 is added, and the ability ol the antibody 1o block
binding ol the labeled 11.-6 10 the I1-6R is measured. See.
LL8. Pal. No. 5.795.965. Allemalively, or additionally. iden-
tification of binding of IL-6 to membrane-bound IL-6R is
carried out according to the method of Taga et al. J. Exp

Med., 166: 967 (1987). An assav for contirming neutralizing *

aclivily using the 11 -6-dependent human T-cell leukemia
line K'13 is also available. see, U8, Pat. No. 5,670,373, and
Shimizu et al. Blood 72: 1826 (1988).

Non-limiting examples of anti-IL-6R antibodies herein
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inchide PM-1 antibody (Hirata et al., J. Immunol 143:2900- °

25906 (19897 AUK12-20. AUK64-7, and AUK146-15 anli-
body (LS. Pat. No. 5,795.963). as well as humanivzed
variants thereoll including. for example. locilizumab. Scee.
1.5, Pat. No. 5,795,965, Preterred examples of the reshaped
human antibodies used in the presemt invention include
humanized or reshaped anti-interleukin (IL-6) receptor anti-
bhodies (hPM-1 or MRA) (see LLE. Pal. No. 3,795,965).
The antibody herein is prelerably recombinantly pro-
duced in a host ecll ransformed with nueleic acid sequences
encoding its heavy and light chains (e.g. where the host cell
has been transtormed by one or more vectors with the
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nucleic acid therein). The preferred host cell is a mammalian
cell. most prelerably a Chinese [amster Ovary (CHO) cells.

111, Pharmacculical l'ormulations

Therapeutic formulations of the antibodies vsed in accor-
dance with the present invention are prepared lor slorage by
mixing an antibody having the desired degree ol purity with
oplional pharmaceulically acceplable carriers. excipients or
stabilizers (Remington's Pharmacendicgd Sviences 16th edi-
tion, Osol, A, Ed. (1980)), in the form of lyvophilized
formulations or aqueous solutions. Acceptable carriers,
exelpients. or slabilizers are nontoxic o recipients al the
dosages and concentrations employed. and include buflers
such as phosphate. citrale, and other organic acids; antioxi-
dants ineluding ascorbic acid and methionine; preservatives
{such as octadecyldimethylbenzy] ammonium chloride; hex-
amethonium chloride; benzalkonium chloride, benzetho-

- nium chloride; phenol. butyl or benyyl aleohol; alkyl para-

bens such as methyl or propy] paraben; catechol: resoreinol;
cyclohexanol: 3-pentanol: and me-cresol); low molecular
weight (less than about 10 residues) polypeptides; proteins,
such as serum albumin, gelatin, or immunoglobulins; hydro-

3 philic polymers such as polyvinylpyrrolidone; amino acids

such as glyeine, glulamine, asparagine. histidine. arginine,
or lysinc: monosaccharides. disaccharides, and other carbo-
hvdrates including glucose, mannose, or dextrins; chelating
agents such as EDTA; sugars such as sucrose, mannitol,
trchalose or sorbilol; salt-lorming counter-ions such as
sodium; metal complexes (c.g. Zn-protein complexes ) and!
or non-ionic surfactants such as TWEIN™_ PLURON-
ICS™ or polvethylene glyeol (PEG).

The formulation herein may also contain more than one
aclive compound as necessary. prelerably  those with
complementary activitics that do not adverscly alTect cach
other. The type and elfective amounts of such medicaments
depend, for example, on the amount of antibody present in
the tormulation, and clinical parameters of the subjects.
lixemplary such medicamenis are discussed below.

The active ingredients may also be entrapped in micro-
capsules prepared, for example, by coacervation techniques
or by interfacial polymerization, for example, hydroxym-
ethylcellulose or gelatin-microcapsules and polyv-(methyl-
methacylale) microcapsules. respectively, in colloidal drug
delivery syslems (lor example, liposomes, albumin micro-
spheres, microemulsions, hano-particles and nanocapsules)
or in macrcemulsions. Sueh techniques are disclosed in
Remington s Pharmaceutioal Sciences 16(h edition, Osol, A.
Tid. (1980).

Sustained-release preparations may be prepared. Suitable
examples of sustained-release preparations include semi-
permeable matrices of solid hydrophobic polvmers contain-
ing the antibody. which matrices are in the form of shaped
articles. e.g. [ilms, or microcapsules. Lxamples ol sustained-
release matrices include polvesters, hyvdrogels (Tor example,
polv(2-hydroxvethyl-methacryvlate), or poly(vinyvlaleohol)),
polvlactides (1S, Pat. No. 3,773,919), copolvmers of L-glu-
tamic acid and v ethyl-~glutamaic, non-degradable ethyl-
cne-vinyl acclate. degradable lactic acid-glyeolic acid copo-
lymers such as the LUPRON DEPOT™ (injectable
microspheres composed of lactic acid-glveolic acid copoly-
mer and leuprolide acetate). and poly-1)-{=3-3-hydroxybu-
Lyric acid.

The lormulations 10 be used for in vivo administration
must be sterile. This is readily accomplished by filtration
through sterile filtration membranes.
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In one embodiment, the anti-IL-6R antibody-comaining
liquid lormulation according o the present invention con-
lains a high concentration of the anti-11.-6R antibody. prel-
crably [rom 50 10 300 mg/ml ., more prelerably [rom 100 o
300 mg/mT, still more preferably trom 120 to 250 mg/ml.,
and vet more preferably trom 150 1o 200 mg/ml., tfor
example aboul 180 mgiml., ol the anti-11 -6R antibody.

In one cmbodiment, the formulation with high anti-11-6R
antibody concentration ineludes arginine and/or methionine
as stabilizers or excipients in the tformulation.

As the arginine uvsed in the present invention, any of the
arginine compound per se. derivatives thereol and salis
thereo!l can be used. |.-arginine and salls thereol are pre-
ferred. As the methionine used in the present invention, any
of the methionine compound per se, derivatives thereof and
salls thereol can be used. T -methionine and salts thereol are
prelerred. In cases where the antibody-containing liguid
lormulation according 1o the present invenlion comlains
arginine and does not contain methionine, the concentration
of arginine is preferably 50 to 1500 mM, more preferably
100 o 1000 mM. sl more preferably 200 (o 700 mM. In
cases where the antibody-containing liquid [ormulation
according 1o the present invention contains arginine and
methionine, the total concentration of arginine and methio-
hine is preferably 30 to 1200 mM, tor example, preferably,
the arginine comcentration is 40 to 1000 mM and the
methionine concentration is 10 to 200 mM; more preferably.
the arginine concentration is 30 10 700 mMb and the methio-
hine concentration is 10 to 100 mM; and still more prefer-

ably, the arginine concentration is 100 to 300 mM, and the 3

methionine concentration is 10 o 50 mM.

The buller solution s prepared using a bullering agent
which is a substance for maintaining a pH of the solution. In
a high concentration antibody-containing liquid formulation

according o the present invention. a pll of the [ormulation 3

is preferably 5 10 7. more preflerably 5.5 to 6.5, and most
prelerably pll 6. A bulTering agent which can be used in the
present invention is one which can adjust the pH in this
range and which is pharmaceutically acceptable. Such a
bullering agent is known by those skilled in the arl. and
examples thereol include inorganic salts such as phosphoric
acid salts (sodivm or potassiom) and sodivm hydrogen
carbonate; organic acid salts such as citric acid salts (sodivm
or potassivm), sodivm acetate and sodivm suceinate; and
acids such as phosphoric acid. carbonic acid. citric acid.
suceinic acid. malic acid and gluconic acid. Purther. “I'ris
buffers, Good's butters such as MES, MODPS and HEPES,
histidine (e.g., histidine hydrochloric acid salt) and glvcine
can also be used. The buller is prelerably a histidine buller

or glyeine buller. and a histidine buller is cspecially pre- =

lerred. "The concentration ol the bulTer solution is generally
1 10 300 mM, preferably 510 100 mM, still more preferably
10 to 20 mM. In cases where a histidine buffer is used, the
buller solution contains histidine al a concentration ol
prelerably 3 (o 25 mM. more prelerably 10 1o 20 mM.
The formulation according to the present invention can
further contain a surfactant. Typical examples of the surfac-
tant include nonionic surfactants, for example, sorbitan fatty
acid esters such as sorbitan monocaprylate, sorbilan mono-
laurate and sorbilan monopalmitale: glycerin Fatly  acid
esters such as glveerol monocaprylate, glveerol mono-
myristate and glyeerol monostearate; polyalveerol tatty acid
eslers such as decaglyceryl monostearate, decaglyceryl dis-
learale and decaglyeeryl monolinoleate; polyoxyethylene
sorbilan [ally acid esters such as polyoxyethylene sorbitan
monolavrate, polvoxyethyvlene sorbitan monooleate, poly-
oxyethylenesorbitan monostearate, polvoxvethvlene sorbi-
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tan monopalnitate, polvoxyethyvlene sorbitan trioleate and
polyoxyethylene sorbilan iristcarale: polyoxyethylene sor-
bitol fally acid cslers such as polyoxyelhylene sorbitol
letrastearale and polyoxyelhylene sorbitol wetra oleale; poly-
oxvethylene glvecerin fatty acid esters such as polyvoxyveth-
vlene glyveeryl monostearate; polvethylene glveol fatty acid
esters such as polvethylene glveol distearate; polyoxyethyl-
cne alkyl ethers such as polyoxyethylene lauryl cther: poly-
oxyethylene polyoxypropylene alkyl cthers such as poly-
oxycthylene polyoxypropylene glveol clher,
polvoxvethylene polyoxypropvlene propyl ether and poly-
oxvethylene polvoxypropylene cetyl ether; polvoxyvethylene
ally]l phenyl ethers such as polyoxvethyvlene nonvlphenyl
cther: polyoxycthylene hardened castor oils such as poly-
oxyethylene castor il and polyoxycthylene hardened castor
oil {polyoxyethylene hydrogenaled castor oil): polyoxyeth-
vlene bees wax derivatives such as polvoxvethylene sorbitol
bees wax; polyoxyethylene lanclin derivatives such as poly-
oxvethylene lanolin; surfactants having an HILB of 6 10 18
such as polyoxyelthylene lally acid amides. [or example,
polyoxyethylene octadecanamide; anionic surlaclants, lor
example, alkyl sulfate salts having a C,,,-C,, alkyl group,
such as sodium cetyl sultate, sodium lauryl sulfate and
sodivim oley]l sulfate; polvoxyvethivlene alkyl ether sulfate
salts in which the average number ol moles ol the added
cthylene oxide units is 2 1o 4 and the number ol carbon
atoms of'the alkyl group is 1010 18, such as polvoxyethvlene
sodivm lavry] sulfate; allyyl sulfosuccinate salts having a
Cy-C g alkyl group. such as sodium lauryl sullosuceinale,
natural surlfactants such as lecithin and glycerophospholip-
ids; sphingophospholipids such as sphingomycling and
sucrose esters of C,,-C,, fatty acids. These surfactants can
be added to the formulation of the present invention indi-
vidually. or two or more of these surlactants can be added in
combination.

Prelerred surlactants are polyoxycthylene sorbitan latly
acid esters and polvoxyvethvlene polvoxypropylene alkyl
ethers, and especially preferred are polysorbates 20, 21, 40,
60, 65, 8O, 81 and 83. and Pluromic type surlactants. and
most prelerred are polysorbates 20 and 80, and Pluronic
F-08 (Poloxamer 188).

The amount of the surfactant(s) to be added to the
antibody formulation aceording to the present invention is
generally 0.0001 to 10%: {(wiv). preferably 0.001 o 3%,
more prelerably 0,005 (0 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 bufller); (¢) one or more
amine acids as stabilizers {c.g. arginine andfor methionine);
and (d) one or more surfactant(s).

In one embodiment, the formulation additionally includes
obe or more hvaluronidases (e.g. rtHulPH20) 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 to this embodiment of the invention, a phar-
maceulical composition is provided comprising: an anti-1l .-
6R antibody (e.g. wocilizumeab) in an amount [rom about 100
mg/ml to abour 300 mg/ml (eg. 180 mg/ml), and
hvaluronidase enzyme in an amount from about 1,400 1o
about 1.600 W/ml. {(c.g. abowt 1.500 Liml.). Preferably the
composition [urther comprises a buller (lor instance,
wherein the buller is histidine. pll 3.3 o 6.5) andf/or one or
more stabilizers (for example, methionine, arginine, and
polysarbate).
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The concentration of the hvaluronidase enzvme in the
lormulation i provided n sullicient amount so (hat an
increase in the dispersion and absorption ol the co-admin-
islered anti-I1-6R aniibody is achicved. The ellective
amount of the hyvaluronidase enzvme is preferably about
1,000 to 16,000 Uiml, whereby the amount corresponds to
about 0.01 mg 1o 0.15 mp protein based on an assumed
speeilic activity ol 100,000 Uimg. The preferred concentra-
tion ol the hyaluronidase engyme in the [ormulation is about
1.400 Wiml. to 1.600 Usml . most preferred is 2 concentra-
tion of about 1,500 Uil

The hyvaluronidase enzvme may be derived from animals,
human samples or manutactured based on recombinant
DNA lechnology. Most prelorred 1s recombinant human
PLI20 (rhP11207.

Preferably the lormulation is isolonic.

IV, Therapeutic Uses of Anti-IL-6R Antibodies

In ome aspecl. the invention provides a method ol treating
an 1 .~6-mediated disorder in a patient comprising subcula-
neously administering an anti-1L-6 receptor (IL-6R) anti-
body 1o the patient, wherein the anti-IL-6R antibody is
administered as a fixed dose of 162 myg per dose (e.g every
woek. every lwo wecks, or every len days).

I'xamples ol 11 -6-mediated disorders o be trealed herein
clude: auvtoimmune diseases, osteoporosis, heoplasia,
aging, rhenmatoid artheitis (RA), juvenile idiopathic arthritis
(JIAY (including systemic JA (sJIA) and polyariicular
course JIA (pellA)). psoriatic arthritis, Castleman’s discase.
Crohn’s  discase. mulliple mycloma. polymyalgia rheu-
matica, glomerulonephritis, plasmacytoma or plasmacyto-
sis, myeloma (including multiple myeloma ), hyperimmuno-
globulinemia, anenia.
proliferative  nephritls), cachexia  (including  cancerous
cachexia). tumors, 1T cell mediated disease {e.g. uveilis.
chronic thyroiditis, delaved hypersensitivity, contact derma-
Titis, or atopic dermatitis), lupus (including lupus nephritis
and systemic Tupus crylthmatosus). inflammatory bowel dis-
case (including Crohn’s discase and ulcerative colilis), pan-
creatitis, psoriasis, osteoarthritis, adult-onset Still’s disease,
mesothelioma, vasculitis, islet transplantation (e.g. pancre-
atic islet transplantation), myocardial infaretion (heart fail-
ure, 1schemia-induced severe arrhythmia), heart transplan-
Lation. prostate cancer, choroidal neovascularization {c.g.
age-related macular degeneration, idiopathic choroidal neo-
vascularization, eyopic choroidal neovascularization, idio-
pathic choroidal  neovascularization), muscle  atrophy.

chronic rejection, ocular inllammalory discase (c.g. panu- =

veitis, anlerior aveilis, imermediale uveilis, scleritis. kerati-
1is, orbital inflammation, optic nevritis, dry eve, diabetic
retinopathy, proliferative vitreoretinopathy, postoperative
inflammation), grall versus host discase (GVIID), (ibrolic

disorders (such as systemic sclerosis). giant cell arlerilis s

(GCA), ankylosing spondvlitis, and Takavasu’s arteritis
('TA), arteritis nodosa, ete.

In one embodiment, the IL-6-mediated disorder is rheu-
maloid arthritis.

In ome embodiment. the I .-6 mediated disorder is juvenile
idiopathic arthritis (JLA).

In one embodiment, the IL-6 mediated disorder is sys-
lemic JTA (sJTA).

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

In one embodiment, the IL-6 mediated disorder is sys-
temic sclerosis,

nephritis  (such  as  mesangium 3
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In one embodiment, the IL-6 mediated disorder is giant
cell arteritis (GOCA).

In one embodiment, the 1 .-6 mediated disorder 1s psori-
alic arthritis.

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

In one embodiment, the patient 1o be treated has rheuma-
toid arthritis, with such patients including DMARD-inad-
cquale  responder  patients.  "I'Nli-inhibitor-inadequate
responder patients. patients who are metholrexate (MTX)
naive or have discontinued MTX, patients with active dis-
ease, patients with moderate-severe RA efc.

In one embodiment, the method comprises treating rheu-
matoid arthritis in a patient by subcutaneously administering
lociluzumab o the patient. wherein the tocilivemab s
administered as a fixed dosc ol 162 myg per dose every week
or every lwo wecks. Optionally. the patient is additionally
treated with one or more non-biological disease modifving
anti-rhevmatic drugs (DMARDs), such as methotrexate ete.

The invention also concerns a method of inhibiting pro-
gressiom of structural joint damage in a rheumatold arthritis
{RA) patient by subculancously administering a lixed dosc
ol'162 myg of an anti-Il .-6R antibody (o the patient every two
weeks, According to this method, structural joint damage
can be assessed at week 24 (or 6 months) and/or week 48 (or
1 yearyand found 1o be inhibited {e.g. relative (o a patient nol
treated with the anti-11-6R antibody).

The invention additionally provides a method of trealing
an IL-6-mediated disorder (such as RA) in a patient com-
prising subcutaneously administering an anti-IL-6R anti-
body (e.g. tocilizumab) and a hyaluronidase enzyime (e.g.,
rhPII20) 1o a patient, wherein the anti-11-0R antibody is
administered as a fixed dose of 324 mg per dose or 648 mg
per dose. Prelerably, the fixed dosc is administered every
four weeks or once a month. Optionally, the anti-IL-6R
antibody and hyvaluronidase enzvime are co-formulated or
combined into a single pharmaceutical composition which is
subcutancously administered 1o the patient.

According o the present invenlion. the anti-I1L-6R anti-
body may be administered with a hyaluronidase cnsyme,
such as rfHulPH20. The final dose of the rfHuPH20 depends
o the volume of formulation administered. Exemplary
doses of the hyaluronidase administered are in the range
from 1.000 to 10.000 1), c.g. aboul 1.350 U, about 2.700 11,
or aboul 5.400 U For example. 1.350 U of rTIuPII20 is
administered in 0.9 mL; 2,700 U of rHuPH20 in 1.8 mL; or
5400 1T of tHulPH20 in 3.6 mL. The anti-IL-6R antibody
and hyaluronidase envyme may be administered concur-
rently or sequentially. in the same. or separale lormulations.
Preferably the antibody and ensyme are co-formulated and
administered concurrently, e.g. ¥ia a single SC administra-
tion device. In one embodiment, the anti-IL-6R antibody
{e.g. tlocilizumab) is subculancously administered 0 a
patient with juvenile idiopathic arthritis (1TAY in an amount
effective 1o treat the JIA.

In one embodiment, the patient has svstemic JIA (sJIA).
Such sJIA patient is optionally treated with 162 mg of the
antibody (c.g. of locilivumab) cvery week il the patient’s
welght 1 230 kilograms, and with 162 mg ol the antibody
{e.g. oftocilivmab) every 10 (1) davs if the patient’s weight
is <30 Klograms. In an alternative embodiment, the sJLA
patient whose weight 1s <30 kilograms is trealed with 162
mg ol the antibody (c.g. ol wocilizumab) every week or every
two weeks. In oyel another embodiment. the sJIA patient
whose weight is <30 kilograms is treated with 108 mg of the
antibody (e.g. of tocilizumab) every week.
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In another embodiment, the patient has polyarticular
course (pedlA). Such patient is oplionally treated with 162
mg of the antibody {c.g. ol locilizumab) every two wocks.

In another embodiment. the anti-11.-6R antibody is sub-
cutanecusly administered to a patient with a fibrotic disease
(such as svstemic sclerosis) in an amount effective to treat
the fibrotic discase. Where the disorder is systemic sclerosis.
the treatment optionally improves cutancous sclerosis (e.g.
as assessed by modified Rodoan skin score (mRSS)),
wproves phvsical function (e.g. as assessed by Scleroderma
Health Assessment Questionnaire-Disability Index (11AQ-
1)), andior slows progression of organ damage, relative Lo
placebo. For treatment of fibrotic disease, such as systemic
sclerosis, the antibody (e.g. tociliznmab) is optionally
administered as a lixed dose of 162 mg per dose. [or instance
every woek. or every lwo woeks.

In a further embodiment, the anti-IL-6R antibody is
subcutaneously administered to treat giant cell arteritis
(GGCA) in an amount ellective Lo treal the GCAL Oplionally.
the antibody is administered to the GCA patient as a [lixed
dose of 162 mg per dose (e.g. every week. or every two
weels). The GCA patient optionally is further treated with
an initial (shorl) course or corticosteroid. Such (reatment of
GOA may reduce signs and symploms ol GCAL maintain
clinical remission, and/or reduce or stop corticostersid nse
in the GCA patient. The GCA herein includes new onset
GOA and refractory GOAL optionally in adull patients.

In one embodiment ol all the methods herein, no other
medicament than the anti-IL-6R antibody (optionally co-
formulated with the hvaluronidase enzyime) is administered
1o the subject 1o treat the 1] -6-mediated disorder.

In another embodiment of any of (he methods herein, one
may administer to the subject along with the anti-IL-6R
antibody an effective amount of one or more additional drug
that treats the disorder. The additional drug may be one or

more medicaments, and include, for example, immunosup-

pressive agents, non-steroidal anti-inflammatory  drugs

(NSAIDs), disease wmodifving anti-rhevmatic  drugs
(DMARIDS). methotrexale (MTTX), anti-13-cell  surlace

marker antibadies, anti-C1220 antibodics. riluximab, TNIi-
inhibitors, corticosteroids, and co-stimulatory modifiers, or
any combination thereotf.

I'xamples ol such additional drugs include an immuno-
suppressive  agenlt  (such  as  miloxanirone  (NOVAN-
TRONEE), methotrexate, cvelophosphamide, chlorambu-
cil,  leflunomide, and  azathioprine),  intravenous
immunoglobulin {gamma globulin}, lymphocyle-depleting
therapy  (c.g. miloxantrone, cyclophosphamide. CAM-
PATH™ gntibodies, anti-CD4, cladribine, a polypeptide
construct with at least two domains comprising a de-immu-
nived. aulorcactive antigen or its fragment that is specilically

recognized by the Ig receplors ol auloreactive D3-cells (WO s

2003/68822), total body irradiation, bone marrow transplan-
tation), integrin antagonist or antibody (e.g., an LEA-1
anlibody such as claliaumab/RAPTIVAR  commercially
available from Genentech. or an alpha 4 inlegrin antibody

such as natalizuma/ANTEGRENE available from Biogen,

or others as noted above), steroid such as corticosteroid
(c.g.. prednisolone, methylpredniselone such as 801.11-M]i-
DROL™ methylprednisolone sodium succinale for injec-
tion, prednisone such as low-dose prednisone, dexametha-
sone, or gluecocorticoid, e.g., via jolnt injection, including
syslemic corlicosteroid therapy), non-lymphocytle-depleting
immunosuppressive therapy (e.z., MMIT or cyclosporine).
cholesterol-lowering drug of the “statin™ class (which
cludes  cerivastatin (BAYCOL™),  fluvastatin  (LE-
SCAL™), alorvastatin (LIPITOR™Y, lovastatin (MIEVA-
COR™Y, pravastatin (PRAVACHOL™), and simvastalin
(ZOCOR™Y), estradiol, testosterone (optionally at elevated
dosages; Stuve et al. Newrology 8:290-301 (2002)), andro-
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gen, hormone-replacement therapy, a TNF inhibitor such as
an anlibody 1o TNF-alpha, IDMARID, NSAID. plasmaphere-
gis or plasma exchange, (rimethoprim-sullamethoxarzole
(BACTRIM™.,  SHPTRA™),  mycophenolale moletil,
H2-blockers or proton-pump inhibitors (durng the vse of
potentially  ulcerogenic  immunosuppressive  therapy),
levolhyroxine. cyclosporink A (c.g. SANDIMMUNIE),
somatastalin analogue, a DMARID or NEAID, cylokine
antagonist such as antibody, anti-metabolite, inmunosup-
pressive agent, rehabilitative surgery, radiciodine, thyroid-
ectomy, BAFF antagonist such as BAFF or BR3 antibodies
or immunoadhesing. anti-CD40 receplor or anti-C1340
ligand {C13154). 13-cell antagonists or antibodics. including
anti-CD20 antibodies such as rtuximab or ofatumumab;

5 IL-1 Bblockers, such as tHUIL-1Ra (Anakira, Amgen-Svio-

crgen) and Gaprolenic acid [-113 inhibitor (1locchst): and
co-stimulatory modifiers, such as (UL A-4-1g [usion prolein
ORENCIAE (abatacept) (Bristol-Mvers Squibb); enlimo-
mab (anti-ICAM-1 monoclonal antibody); CDO-835 (hu-
manired antibody, which binds specilfically (o a region of the
Class 11 MIIC complex. Cellleeh): CH-3298 (Chiroscience);
acemetacin (Merck); GW333430 (ant-CD23 monoclonal
antibody, Glaxo Wellcome); GR 252023 (COX02 inhibitor,
Glaxe Welleome), 4162WO4 (anti-CD4 humanized anti-
body: Glaxo Wellcome); azathioprine {(IDMARID, Glaxo
Welcome); penicilamine and tenoproten (EL Lillyv); ete.

Optionally, the second or additional drug is sclecled [rom
the group consisting of non-biological DMARDS, NSATDs,
and corticosteroids.

These additional drugs as set forth herein are generally
used in the same dosages and with administration roules as
used hercinbelore or aboul from 1 o 99%, ol the heretolore-
emploved dosages. It such additional drugs are vsed at all,
preferably, they are vsed in lower amounts than it the first
medicament were nol present. especially in subsequent
dosings beyond the initial dosing with the first medicament,
so as 10 eliminate or reduce side effects cavsed thereby.

The combined administration of an additional drog
includes  co-administration  {concurrent  administration),
using separate lormulalions or a single pharmaceutical [or-
mulation, and consecutive administration in either order,
wherein preferably there is a time period while both (or all)
aclive agentls (medicaments) simultancously cxert their bio-
logical activitics.

In one embodiment, before or after the SC doses are
administered, the patient may be treated with anti-IL-0R
antibody which is administered 1V,

V. Articles of Manufacture

In another embodiment of the inveniion, articles of manu-
faclure containing materials uselul for the treatment of
IL-6-mediated disorders described above are provided. The
invention, in particular, provides an article of manutfacture
comprising a subculancous administralion device. which
delivers 1o a patient a fixed 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-I1.-6R antibody. Prelerably the anti-I1-6R antibody is
tocilizumab. Prelerably. the concentration ol the antibody in
the device is from 150 to 200 mg/ml, for example 180
mg/mL. The antibody in the svringe is preterably formulated
in a buller (c.g. histidine, pll 6) and oiher excipienis (such
as methionine. arginine, and polysorbate) such that it is
provided in a stable pharmaceutical formwlation in the
svringe. Optionally, a hyaluronidase, such as rHulPH20, is
included in the Tormulation, [or example. in an amount [rom
about 1.400 Uiml. 1o aboul 1,600 Uiml. {c.g. about 1,500
Uinl). Optionally, the device delivers 0.9 ml., 1.8 m[, or
3.6 mL of the formulation to a subject.
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Devices suitable for SC delivery include: a syringe (in-
cluding a pre-filled syringe); an injection device (e.g. the
INJECT-EASIMM and GENJDICTT™ deviee);, an influsion
pump {such as c.g. Accu-Chek™); an injector pen (such as
the GENPEN'™Y: o necdlcless device (e.g. MIDDIEC-
TOR™ and BIOJECTOR™!);, an autoinjector, a subcutane-
ous patch delivery svstem, etc.

The article of mamtacture optionally further comprises a
package insert with nstruetions for treating an [L-6-medi-
aled disorder (e.g. RA) in a subject. wherein (he instructions
indicate that treatment with the antibody as disclosed herein
treats the IL-6-mediated disorder, and optionally inhibits
progression of structural joint damage (e.2. ina RA patient).

Iurther details of the invention are illustrated by the
lollowing non-limiting lixamples. The disclosures of all
cilations in the specification are expressly  incorporated
herein by reterence.

lixample 1

Clinical Studies Identitving Fixed Dose of
Anti-IL-6R Antibody tor Subcutaneous (SC)

Administration

The selection ol 162 mg anti-Il.-6R antibody {locili-
zumab, TCZ) subcutaneously administered every week (SC
QW) was based on results from four phase 1/2 smdies,
including two phase | studies in healthy subjects (WP18097
and BP22063). one phasce 1/2 study in Japancse RA patients

(MRA227), and one phase 1b study in Caucasian RA

patients (NDP22623). Further details regarding these SC
studies and the four studies from which data are drawn for
comparison are provided in Table 1.

TABLE 1

[
Pl

30
These studies vsed a TCZ formulation with 180 mg/ml

TCY and no hyaluronidase (see Table 2 in ixample 4.
In the Japanese RA study MRAZ27. all (32) paticnts were
randomized into one of 3 study arms: 81 mg SC Q2W/QW,

5 162 ma SC Q2W, and 162 mg SC QW. [ the Caucasian RA

study NP22623. a total of 29 patients were randomized inlo
one of 2 (reatment arms: 162 mg SC Q2W (N=13) and 162
mg SC QW (N 14).

The observed data from the two RA patient studies form

the primary basis on which the dose rationale has been buili.

The selection ol this 162 mg QW dose regimen was

driven by three key clemoents:

The sIL-6R-bound TCZ complex (PD biomarker of TCZ
mechanism of action; Nishimoto et al., Blood 112(10):
39593964 (2008) increases more rapidly and o a
greater magnilude for 162 mg QW than [or other 8C
dose regimens tested (FIG. 1)

CRPI is reduced more rapidly and consistently with the
162 mg QW than with the other SC dose regimens
tested (1P1G. 2)

The salety profile lor the 8C treatment arms do nol appear
10 be different from each other or from 8§ mg/kg IV
Q4W.

In general, the 8C dose regimens (ested have been well
tolerated in the MRA227 and NP22623 studics.

Notably there have been no deaths and only one SALL
(pvelonephritis) in the SC treatment arms.

Given that mean exposure (AUC, C, ) is generally
higher lor 8 mgfkg IV Q4W than lor any ol the 8C
dose regimens, the salety profile for 162 mg QW is
expected to be similar 1o that of 8 mg/ke IV (FIG. 4).

sIL-6R

FIG. 1 demonstrates sIL-6R profiles tollowing both SC

and IV regimens. sl1-6R proiiles [or RA patients receiving

1

[
[y

Clinigal Pharmacology Studies Following S$C Adnunisteation of TCZ i Ilealthy Subjects and R4 Patients

Stusdy Mo 1O Treanmne

Country Objectives Design and Population Dose Druration Sample Size Stams
WPLHODT PE Gorma pilon Single center, single- Gronp 10 L&0 my Single dose, PK N =200 10tal and Complaad
liminee 8O Germulaion, blind, plcho- Ris sampling up 1o 1k 14, n =12 lor 8¢
absolute controlled. randomized, Group 2: 160 me IV one-week follow-up, eroup and & far
hisavailahility, 2 gronps stndy in PO annibesdy 1% proup
tolerability and  [Tealthy Volunteers baseline, day 14 and
rnagenicity follow-up
BP22065 PK, F1), salery, Open-label, single- 8O injection in Single dese for cach N =48 1otal and  Complaad
TK talerahility, center study to abdominal region:  group, PK and TI» n =12 for each
nmnogenicity characterize the PK and Group 10 162 me sampling up to Day 23, group
and ahsoluie PIY ol 1A ollowing  Gronp 20 81 omg ane week lellow up.
hioavailability  single dose IV infusion: TCZ antibody at
nEing B wdrninistrdion by 80 Groop 30 162 mg hageline, day 25 and
fermulation and [V routes 1o Gronp 4 81 mg Fallewe-np
of TCZ [Tealthy Valwteers
NP23423 PK, F1, salery, Open label, molicenter, Gronp 1104 1620 12 wecks ol nearmen. N =29 1olal and 29 corolled,
Spain, New  mmmmunogenicity randeonuzed. parallel  mg QW PETD sampling from n =14 for TCZ  study ongoing
Zealand, and  and etheacy study in RA patients  Group 20 162 me baseline ta the end of QWandn=15  Preliminary
Canadi TOX QW i shily, Paticns have for 17 Q2W dal
combination with aption to be ralled aver swnmary for
MY in palients 1o provisional cane cllicacy and
with active RA proaram BT one yoar siloly are
treatiment (% meke IV avallable
MRAZ2T PK, F1), salery, Combined single- and - Groop 1107 81 Single dese in Group 1T N = 32 total 32 enrelled,
Tapan imnogenicity multi-desing sudy i me single dose and 2 is followed by 3 n =% in Group 1 study ongoing
and etheacy BA patients, 3 Groups., followed by Q2W  weeks PK and PD and =12 each  Preliminary
13ase ceealation is Gronp 2010 162 sampling for Giroups 2 and dais
based on the satety and me single dose Multi-dosing for all 3 3 siummary for
eficacy from previous followed by Q2W  proups is for 3 doses 6 PEPD:

il R

Gronpld: 10 162
mg W

wocks r Q2W and 3
weeks for QW) followed
by 24 weeks of extension

cllicacy and
for safety are
avallable
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162 mp QW most closely mirrors that observed with 8
mgkg 1V Q4W. bolh with respeet lo the rapidity and
magnitude ol rise. The other dose regimens (81 mg Q2W/
QW or 162 mg Q2W) tesied did not reach levels comparable
10 8 mg/ke IV Q4W.
CRD

I'I¢r. 2 displays the CRP profile lollowing the 162 mg SC
QW and 8 mg'kg [V Q4W dose regimens in RA patients. 162
mg QW has the most rapid and sustained reduction of CRP
levels of the SC dose regimens tested.
DAS28-ESR

Discase activily (as measured by DASZE-1IBR) appears Lo
decrease lrom bascline more rapidly and (o a greater mag-
nitude with the 162 mg SC QW as compared to the other SC
dose regimens tested (FIG. 3).
Salety: Observed Data

No deaths and only one SAIL (pyelonephritis in the 81 mg
dose group) have been reporled n the 4 TCA 8C studies.
AHs observed following single or multiple SC doses for

either healthy subjects or RA patients were generally con- 2

sistent with the types and severily ol Alls observed in Phase
3 RA IV studies. Data from NP22623 did not demonstrale
different AE profiles between the 162 mg QW and Q2W
dose groups. The magnitude of mean changes in laboratory
values for both Japanese RA and Caucasian RA patients
receiving SC TCA resembled that of RA patients [rom the 1V
program. One Japancse RA palicnl who reccived 162 mg
QW experienced neutropenia and the dose was reduced to
162 mg (J2W. Oune patient who received 8l mg (Q2W

experienced neutropenia and was not dosed [urther when 3

swilched to 81 mg QW al weck 110 The 8C injeclion was

generally well wlerated. The 8C imjection was not pereeived

as more paintul than the subcutaneous placebo injection.
In study MRA227, none of the patients tested positive tor

anli="|'C’/ antibodics [rom the 162 mg QW group. lour 3

patients [rom the lower dose groups were anli-1'C/ antibody
positive (all from the 81 mg QW/Q2W dosc group, ome
patient prior to TCZ administration);, five patients were
anti-TCZ IgE antibody positive (3 patients in the 81 mg
Q2ZW/OQW dose group and 2 patients in the 162 mg Q2W
dose group). Among those with positive antibody lests, the
patient positive at baseline experienced grade 1 eczema
which was considered as unrelated (food allergy), one
patient experienced grade 1 urticaria, and another patient
experienced injection sile bruising. No other Alls were
reporied in the “8kin and Subeulancous Tissue™ and “(Gen-
eral Disorders and administration site conditions™ classes in
patients who tested positive for anti-TCZ antibodies.
PK-Balety Relatiomship

Om visual inspection ol steady state PK profiles between s

SC and IV regimens [rom study MRA227 and 1.RO301.
respectively, there appears 1o be 10 general higher exposure
{(mean AUC, C,_ ) with the 8 mg'ke TV regimen as com-
pared (o the 162 mg QW SC regimen (16, 4). The excep-
tion is the mean .o
results in a higher level than for the 8 mp/kg IV regimen
(2615 ug/ml at week 15 and 16211 pa/ml at week 16,
respectively). (Other lower dose groups did not achieve
C g CoMeentrations similar o 8 mgfkg IV at steady state.
Inter-subject variability for C ., for the 162 mg 5C
regimen is high (58%). It is anticipated that since the
exposure is generally higher for the 8 mg/ke IV Q4W dose
regimens lthan any of the 8C dose regimens, the saloly
proiile for 162 mg SC QW would be similar o that ol 8
mg/kg IV Q4W.

A single fixed dose (162 mg QW dose) is administered for
all RA patients, irrespective of body weight. This approach

for which the 162 mg QW regimen s
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is supported by the fact that even after accounting tfor
dillerences in exposure that could resull [rom the [ull range
ol body weights on a lxed dose. the highest exposure lor all
3 categories (O, Crpgr and AUC) with the 162 mg QW
dose regimen that has been observed is within the range that
has been described for the IV program.

Additionally this approach is supported by analyses of
salety data (8Als. Alls. laboratory) rom the IV program.
There is no apparent relationship between T'CY exposure
and the occurrence of adverse events by class and especially
for the most trequent adverse events in the “Intections and
Inlestaiions™ and “8kin and Subcutancous Tissuc™ classes.
There is no apparent relationship between exposure ol 1A
and the oceurrence of serious adverse events. Except for

3 nentropenia, there was no obvious inerease in the frequency

of laboratory abnormalities with increasing exposure. A
slightly greater proportion ol patients experienced Grade 3
or higher events ol neutropenia in the higher TC7 exposure
categories. In addition, there were single Grade 3 events of
thrombocytopenia in the higher TCZ exposure catepories.
Wilh respect o triglyeerides. total cholesterol, and 1.1 .-
cholesterol levels. a slightly greater proportion ol patients
developed an increase in levels in the higher TCYZ exposure
categories. Taken altogether, these data suggest that use of' a
fixed dose regimen is acceptable.

In summary, the 162 mg SC QW dose regimen has been
selected on the basis oft 13 sI1-6R-bound I'C'Y7. complex lor
162 mp SC QW increased more rapidly and 1o a greater
magnitude for 162 mg SC QW, most similar 1o 8 mg/kg IV
Q4W of the dose regimens tested; 2) CRDP is reduced more
rapidly and consistently with the 162 mg S3C QW than the
other 8C dose regimens lested: 3) the salety profile lor the
SC treatment arms do not appear o be different from each
other or from & ma‘ke IV Q4W; and 4) given that the total
exposure for 8 ma/ke IV Q4W is generally higher than for
any ol the 8C dose regimoens (ested, the salety proiile for 162
mg SC QW should be similar o 8 mgfkg 1V Q4W.

Example 2

Clinical Study ol 8C Anti-Il -6 Receptor Antibody
in RA

This is a Phase 3, 2-arm, 2-vear, randomized, double-
blind, double-dummy. active controlled, parallel group mul-
licentre trial in palients with moderale (o severe. aclive RA
who currently have an inadequate response to a stable dose
of DMARDs that may include one or more anti-TNF bio-
logical agent. The primary endpoint will be evaluated al 24
wocks. The overall design of this example s shown in G
5. "The Tormulation is thal as in Fxample 1.

The screening visit can occur up to 21 davs (or up to 56
davs it'a washout period is required for longer than 21 days)
prior 10 the bascline randomization visil. Paticnt cligibility
will be determined at the sereening and bascline visits. al
which time the patient will be randomized. The number of
patients that have failed previous anti- TNF treatment will be
limited to approximately 20% of the total study population.
Inclusion Criteria
1. Age =18 years
2. Rheumatoid arthritis of =6 months duration, diaghosed

according to the revised 1987 American College of Rheu-

malology (ACR; lTormerly American Rhcumatism Asso-
clalion) crileria

3. Swollen joint count (8124 (66 joint count) and tender
joint count (TJC)=4 (68 joint count) at screening and
baseline.
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4. Prior 10 randomization, will have discontinved etanercept
lor 22 wecks. inlliximab. cerlolizumab, golimumab.
dbatacepl or adalimumab for =28 weeks, anakinra [or =1
wock.

5. Have received permirted DMARDSs at a stable dose for at

least 8 weels prior to baseline.

Al sereening cither CRP=1
1SR=28=All.

7. Oral corticosteroids (<10 mg/day prednisone or equiva-
lent) and NSAIDs (up to the maximwm recommended
dose) are permitted if on a stable dose regimen for =4
wocks prior o bascline.

In the double-blind period. at bascline visit, patients will
be randomized ina 1:1 ratio 1o receive either TCZ 162 mg
SC weeldy and placebo IV Q4W (Group A), or TCZ 8 mg'kg,
IV QAW with placebo 8C QW (Group 13) Tor 24 weeks. The
primary analysis will occur when all patients reach Week 24.

Al Week 24, all patients will be re-randomived lor the
open-label period as follows:

6.

mg/dl. (10 mgl.) or

Group A: patients will be re-randomized in an 11:1 ratio 2

lo receive 1CA 162 mg SC weekly (group Al), or 8
mgke IV every [our weeks (group A2).

Group B: patients will be re-randomized in a 2:1 ratio to
receive 8 mpdcg IV every four weeks (group Bl), or
TCZ 162 mg SC weekly (group B2).

Prior (o the (irst dose ol double-blind study medication
(bascline visil). patient-reporled oulcomes and  cflicacy
assessments should be performed within 24 hours (up to 72
hours will be allowed when necessary). There will be a

one-week dose interruplion period betwoen Week 24 and 235 3

helore the first treatment lor the open-label period al Weck
25,

The efficacy parameters will be assessed at baseline, Weel
2, Week 4 and then every 4 weeks up 10 Week 24 and then
Week 37, 49, 73 and 97 or carly withdraw (W13 visil.

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

The American College of Rheumatology (ACR) core scl
ol oulcome measurcs and their definition ol improvement
ncludes a 220% inprovement compared to baseline in both
SJC and TIC as well as in 3 out of 5 additional parameters:
physician’s global asscssment ol discase aclivily. palient’s
global asscssment ol disease aclivily, patienl’s asscssment ol
pain. HAQ. and acule phase reactant {either CRP or ESR).

Achievement of an ACRS50 requires a 250% improvement
in the same parameters and an ACR70 requires a =70%
improvement.
Discase Activily Score 28 (DAS28) ISR

The DASZR is a combined index for measuring disease
activity in RA. The index ineludes swollen and tender joint
counts, acute phase response (ESR or CRI'), and general
health status. For this study ISR will be used (o caleulate the
DAS2E score. The index 1s caleulated using the [ollowing
formula:

DASIR 056 TIC28)+0.28xv STC281+0.36x1n
{IEKRA L0 4T HHD. 96

Where,  TJC28=lender  joinl counl on 28 joints.
SJC28 swollen joint count on 28 joints, In  natural log,
ESR Ervihrocvte sedimentation rate {(mun‘hr), and
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GH general health, i.e., patient’s global assessment of dis-
case activity (100-mm VAR). The 13A828 scale ranges [rom
0 10 10, where higher scores represent higher discase activ-
ity.
ACR-Hybrid

ACR-hybrid is a measure that combines the percent
improvement ol ACR core paramelers with the stalus ol
ACR20. ACRSO or ACRTO.

It is anticipaled (hat treatment with 162 mg T'CY given
subcutaneously (SC) weeldy as disclosed in this example
will have comparable safety and eflicacy as compared to 8
mgkye TCA given intravenously (IV) every 4 weeks based
on any one or more of the above eflicacy criteria.

Example 3

Anli-II -6R Antibody SC lor Inhibiting Progression
ol Joint Damage

This is a Phase 3, 2-arm, 2-vear, randomized, double-
blind, placcbo-controlled, parallel group muliicenter trial in
patients with moderate o severe. active RA who currently
have an inadequate response 10 DMARTXg) that may include
obe or more anti-TNF-¢ agent. The primary endpoint will be

5 evaluated at Week 24,

The overall design is shown in IFI(r. 6. The screening visil
can oceur up Lo 21 days (or up to 536 days il 2 washoul period
is required for longer than 21 davs) prior 1o the baseline
randomization visit. Patient eligibility will be determined at
the sereening and baseline visits. Al bascline, patients will
be randomired. The number ol patients that have [ailed
previous anli-TNF-c treatment will be limited o approxi-
mately 20% of'the total study population. The formulation is
that as in Example 1. The formulation is administered using
a pre-lilled syringe (PU8) or aulo-injector (Al device.
TCY Q2ZW Dosing

In this study. 162 mg of TCZ is administered cvery 2
weeks ((J2W) rather than every week (QW). Compared with
the response seen with 162 mp SC QW, 162 mp SC Q2W
appears 1o be a lower 8C dose oplion thal, as deseribed
below, increases sll-6R-bound TCA complex, achicves
CRI” normalization and results in a DAS-ESR reduction
trom baseline. Further, the D responses and the preliminary
efficacy readout for the 162 mg SC Q2ZW regimen are
superior o olther lower SC regimens lested (81 mg Q2W/
QW).

The sIL-6R Complex which is a PD biomarker of TCZ
mechanism of action increases with 162 mg SC Q2W
less than with 162 mg 8C QW bul increases Lo a grealer
magnilude as compared 10 other lower SC regimens (81
mg Q2W/QW) (111G, 1)

CRI* normalization is reached with 162 mg SC Q2W;
lower SC regimens did not result in CRT® normalization
(1. 2y

Disease aclivily score DASZR-LCR appears (o decrcase
from baseline to a greater magnitude with 162 mg SC
QW and 162 mg SC (Q2W as compared 1o the other SC
dose regimens tested (81 mg SC QZW/QW). (FIG. 3)

Salety:

Based on available observed salely dala, the salely profile
for the SC treatment arms do not appear 10 be different from
each other or from the IV program.

162 mg 8C QW and (Q2W have been well toleraled in

MRAZ27 and NP22623 studics.

There have been no deaths in any ol the 8C treatment
arms. One SAE of pvelonephritis occurred in the 81 mg
SC dose group.



Us 10,874,677 B2

35
Given that mean exposure (AUC, C C o) 15 pen-
crally higher for the 8 mg/kg IV dose than lor 162 mg
SC Q2W, the salely prolile lor 162 mg SC Q2W is
expeeted Lo be similar 1o the IV program (111G, 4).
slL-0R Complex
The sIL-6R-bound TCZ complex is a PD biomarker of
TCA mechanism ol action. IIG. 1 demonstrates s11-61R
proiiles [ollowing both 8C" and IV regimens. s11.-6R profiles
for RA patients receiving 162 mg SC QW most closely
mirrors that observed with 8 mg'kg IV gdw, both with
respect to the rapidity and magnaitude of rise. The other dose
regimens (81 mg Q2W/QW and 162 mg Q2W) tested did not
reach levels comparable o 8 megdkg IV gdw. The dose o 162
mg every other weelk (Q2W) shows a response that is lower
than what i3 seen with 162 mg QW and 8 mg/kg IV, sIL-0R
complex Increases 10 a greater magnilude with 162 mg 8C
Q2W than with other lower 8C regimens tested and with 4
mg'kg IV.
CRD
FIG. 2 displavs the CRP profile following both SC and IV
dose regimens in RA patients. 162 mg SC QW has the most
rapid and sustained reduction of CRP levels of the 8C dose
regimens tested. Among lower SC regimens, CRI normal-
ization is reached with 162 mg 5C Q2W (please note that in
MRA227, 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 (0 QW al week 9. see UG 2).
Lower SC regimens (81 mg QW/Q2W) did not seem to
result in CRP normalization. Therefore, 162 mg SC Q2W

et

appears 10 be a lower SC dose option resuliing in CRP 3

normalization.
IDAS2B-1I8R

FIG. 3 displays the DASZR-ESR change tollowing both
SC and IV dose regimens in RA patients. Although DAS2E-

SR data for 8C regimens are limiled. discase aclivily 3

appears 0 decrcase [rom bascline more rapidly and 10 a
greater magnilude with 162 mg 8C QW and 162 mg 8C
Q2W as compared to the other SC dose regimens tested (81
mg SC QZW/QW) (FIG. 3). Compared with the response
socn with 162 mg 8C QW. 162 mg 8C Q2W appears 10 be
a lower SC dose oplion (hat achieves a 1DAS-1ISR reduction
from baseline.
PK & PK-Safety Relationship

Following multiple dose administration of TCZ to RA
patients (MRA227), mean exposure (AUC, €, Cr a8
generally higher for the 4 & 8 mg/kg IV gdw dose than lor
162 mp SC Q2W, with the exception of the trough level for
4 mgikg IV gq4w which is lower than the C,, ., observed
with 162 mg 8C Q2W (I'IGG. 4). The salely profile lor the 1V

program has been extensively studied. Taken altogether and =

compared 10 162 mg 8C QW, the dose ol 162 mg SC Q2W
appears to be a lower SC dose option with an acceptable
safety profile based on drug exposure.

Mean exposure (AUC. C C o) 18 generally higher

rrat

lor the 4 & 8 mg/kg IV gdw dose (than Tor 162 mg S8C Q2W. =

with the exception of the ., level for 4 mg/kg TV qdw
which is lower than the C,,, ., observed with 162 mg SC
Q2W (FIG. 4). The safety profile for the IV program has
heen extensively studied. Taken allogether and compared o
162 mg SC QW, the dose of 162 mg 8C Q2W appears 1o be
a lower SC dose option with an acceptable satety profile
based on drug exposure.

Asingle lxed dose (162 mg SC Q2W and 162 mg 8C QW
lor escape therapy) will be administered for all RA patients.
irrespeclive of body weight. This approach is supporled by
the tact that even atter accounting for differences in expo-
sure that could result from the full range of body weights on
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a fixed dose, the highest exposure defined by 3 parameters
(Coanr Crrongerr and AUC) with the 162 mg 8C QW and Q2W
dose regimen that has been observed or predicted 1s within
the range (hat has been deseribed Tor the IV program.
Additionally this approach is supported by analyses of satety
data (SAFEs, AEs, laboratory) from the IV program. There is
no apparenl relationship between 1O/ exposure and the
oceurrence of adverse events by class, cspecially for the
most frequent adverse events in the “Infections and Infes-
tations™ and “Skin and Subcutaneous Tissue” classes. There
is no apparent relationship between exposure o' TCZ and the
oceurrence ol serious adverse events. lixeepl [or neutrope-
niz. there was no obvious increase in the frequency of
laboratory abhormalities with increasing exposure; a slightly

3 greater proportion of patients experienced Grade 3 or higher

cvenls of neutropenia in the higher TCA exposure calego-
rics. In addition, there were single Grade 3 evenis of
thrombocylopenia in the higher TCA exposure calegorics.
With respect to triglyvecerides, total cholesterol, and LDL-

20 cholestero] levels, a slightly greater proportion of patients

developed an increase in levels in the higher TCYZ exposure
calegorics. Taken allogether. these dala suggest thal use ol a
fixed dose regimen is acceptable. The etfect of body weight
ol PK will be further assessed in this study.

3 Observed Safety Data from SC Studies in RA DPatients

{(MRA227 and NP22623)

Al {32) patients have enrolled in the MRA227 study and
289 patients have enrolled in the NPP22623 study and received
TCZ SC treatments including 81 mg QW/Q2ZW (MRA227
only), 162 mg Q2W and 162 mg QW. The subculancous
administrations have been well wlerated in RA patients up
o 33 wecks in the MRA227 siudy and up o 12 weeks in the
NDP22623 study. ABEs observed following administration of
SC doses in RA patients were generally consistent with the
types and severity ol those observed in the T'CZ TV Phase 3
studics.

No deaths have been reported in the 4 8C TC/ studies.
One SAE of pvelonephritis was reported in the 81 mg dose
group. Limited data trom NIPP22623 did not demonstrate
dillerent Al profiles between the 162 mg 8C QW and QQ2W
dose groups. The magnitude of mean changes in laboratory
values for both Japanese RA and Caucasian RA patients
receiving, SC TCZ resembled that of RA patients from the IV
program. One Japanese RA patient who received 162 mg SC
QW experienced neutropenia and the dose was reduced 1o
162 mg SC Q2W. One patient who received 81 myg 8C Q2W
experienced neutropenia and was not 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 lor anti-1C7 antibodies. our
patients trom the lower dose group were auti-TCZ antibody
positive (all from the 81 mg QW/Q2ZW dose group, one
patient prior o TCA administration); live palienls were
anti-1C7 Igl antibody positive (3 patients in the 81 mg
Q2W/OQW dose group and 2 patients in the 162 mg Q2W
dose group). Among those with positive antibody tests, the
patient positive at baseline experienced grade 1 eczema
which was considered as unrclated (food allergy). one
patient experienced grade 1 urlicaria, and another paticnt
experienced injection site bruising. No other AEs were
reported in the “Skin and Subcutaneous Tissue™ and “Gen-
cral Disorders and administration sile conditioms™ classes in
patients who tested posilive [or anti-1TC/ antibodies. In
NP22623, three palients lesled anli-TCA antibody posilive
with the screening assay, but none were positive with the
confirmatory assay.
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SUMMARY

Previously. I'C7Z 162 mg SC weekly (QW) was selected as
a comparalor dose regimen lor I'C7Z 8 mgfkg 1V gdw. OF the
remaining SC doses tested, observed PK, I’D, efficacy, and
safety data from RA patients demonstrate that 162 mg SC
every other weck (Q2W) is an appropriale lower SC dose
option lor this study NA25220013.

At the baseline visit, patients will be randomized in a 2:1
ratio 10 receive either TCZ 162 mp SC Q2W (group A), or
placebo SC (Q2W (group B) for 24 weeks. The primary
analysis will oceur when all paticnts have reached Week 24,

Starting [rom Week 24, all patients will receive open-label
treatment with TCZ 162 mg SC Q2W and no patient will
receive placebo injection.

In addition. al the Wock 24 wvisit, patients will be re-
randomized lor the open-label period as Tollows:

Group A: patients will be re-randomized at a 1:1 ratio Lo
receive TCZ 162 mg SC every other week, either using
autoinjector (AT (group Al) or pre-filled syringe (PES)
{group A2}

Group 13: patients will be re-randomized at a 1:1 ratio Lo
receive TCZ 162 mg SC every other week, either using
AT (group Bl1) or PFS (group B2).

Prior to the first dose of double-blind study medication
(bascline visil). patient-reporled oulcomes and  cflicacy
assessmoents should be performed within 24 hours (up o 72
hours will be allowed when necessarv).

Efficacy parameters will be assessed at baseline, Week 2,

Week 4 and then every 4 weeks up o Woeek 40 and then 3

Week 48, 60. 72, 84 and 96 or carly withdraw (W12} visil.
Separate radiographs of cach hand and lool will be taken at
screening, Weeks 24 and 48,
Treatment Groups
The individual treatment groups are:
Group Ac ~400 patients, T'CZ 162 mg SC Q2W using PLIS
in the 24-week double-blind period, and then re-randomized
T
Group Al: ~200 patients, TCZ 162 mg SC g2w, using Al
in the open-label period.
Group A2 ~200 patients, 1TC7 162 mg 8C g2w. using
PFS in the open-label period.
Group B: ~200 patients, placebo SC Q2W vsing PFS in the
24-weelk double-blind period, and then re-randomized to:
Group 131: ~100 patients, I'CA 162 mg 8C g2w. using Al
in the open-label period.
Group B2: ~100 patients, TCZ 162 mg SC g2w, vsing
PFS in the open-label period.

Palients, site personnel, and sponsor will not know

whether 1O/ or placcho is received in the double-blind <

pericd until all patients have completed the double-blind
treatment period at Week 24 and all data for all patients up
1o thal time point have been collected. locked and reported.

lach treatment group is required o receive background

therapy with non-biological DMARD(s) that are initiated

and at a stable dose 8 weelks prior to the first dosing of TCZ.
Dosages of non-biological DMARDs, NSAIDs and corii-
costeroids should remain stable during the core study period
{up 10 Week 248). Dosage of NSAIDs should remain stable
up to weel 24, However, reductions in these treatments will
be allowed il required Tor salely reasons. Pallenls may also
receive intra-articular sleroids andifor an increase In oral
corticostersid dosage (maximum dose of 10 myg total dose/
dav).
Primary and Secondary Study ndpoints
Primary lindpoints

The primary endpoint is the proportion of patients with an
ACR20 response at Week 24,
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Secondary Endpoints

lixcluding the change from baseline in van der [leljde

modiiied Sharp radiographic score o Week 48 all secondary

endpoints will be formally tested. To ensure the alpha level

is maintained at 3%. the sceondary endpoints will be tested

using a pre-specified [ixed sequence method. This method

will be described in detail in the DA

1. Change from baseline™ in the van der Heijde modified
Sharp radiographic score o Weck 24.

2. Change from bascline® in the van der leijde modified

Sharp radiographic score to Week 48,

. Proportion of Patients with ACRS0 responses at Week 24,

. Proportion of Patients with ACR70 responses al Week 24,

. Mean changes [rom bascline in the individual parameters

of the ACR core set Week 24,

6. Major clinical response (ACR70 response maintained
over 24 weeks of treatment) at Week 48,

7. Change in Discase Activity Score (13A828) [rom bascline
al Week 24,

8. Change from baseline in HAQ-DI at Week 24,

Lh e L

20 9, Proportion of Patients classified as Categorical DAS28

responders (1IULAR response) al Week
24,

10. Proportion ol patients achicving DAS28 low discasc

activity (DAS=<3.2) at Week 24.

11. Proportion of patients with change from baseline in

HAQ=0.3 at Week 24,

12. Proportion of paticnts with DAS2R score <2.6 {(DAS

remission) at Week 24.

13. Change in SF-36 subscale and summary scores from

baseline to Week 24.

14, Time 1o onsel of ACR20. 530, 70 by (reatment group.
15, Change rom bascline in hacmoglobin level al Weck 24.
The assessment taken prior to receiving first dose of study
medication is considered baseline.
Radiographic Assessments

Separate radiographs of cach hand {posterior-anterior,
PAY and cach (ool (anlerior-posterior. APY will be taken al
screening, Weeks 24 and 48. Radiographs will be assessed
vsing van der Heijde modified method according to Sharp
{van der leijde, 1. “Ilow Lo read radiographs according 1o
the Sharp/van der |Heijde method.™ f Reenatol 27: 261-263
(2000Y).

All non-escape patients will receive TCZ 5C Q2W start-
ing from week 24, The radiographic analysis at Week 48 will
compare palients randomized at bascline 10 placebo with
patients randomized 10 °T'CY SC Q2W, both groups receiving
active drug starting from week 24. It will be explored
whether the rate of progression of struetural damage ditfers
between both periods. This will be particularly relevant in
the group ol patients randomired 10 placeboe al baseline.

Treatment with 8C anti-I1-6R antibody (1'CA). in com-
bination with DMARDs, as disclosed in this example is
anticipated 1o be effective (based on Week 24 ACR20 data)
and sale (with respeet o Alls and laboratory assessments).
Morcover. lreatment with 8C anti-1L-6R antibody (1CA)
can inhibil progression of structural joint damage al Weck 24
and Week 48, and improve physical tunction in RA patients.

lixample 4

Anti-IL-6R Antibody Composition Including,
Hyvaluronidase Enzvme

This cxample deseribes the development of a stable
pharmaceulical formulation including anti-I1L-6R antibody
(tocilizomab) and hyaluronidase enzvme (recombinant
human PH20, rHuPH20).
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Drug Substance

The anti-11 -6R antibody tocilivumab (see, cag. LS. Pal
No. 5.795,965) is an aclive ingredient in the lormulation.
used to treat RA or other IL-6-mediated disorders.

The recombinant hnman PH20 (tHul’H20), see, e.g. U.S.
Pal. No. 7,767.429, is included o increase the dispersion
arca ol the 8C injected TCA thereby allowing the 8C
jection of volumes greater than 2 mL as well as potentially
increasing the bioavailability compared to the SC formula-
tion without hyvaluronidase (see Example 5).

Sclection of pl1/Bufller

A pll lor stabilizing ocilizvumab SC vials 162 mg was
found 1o be approximately pH 6.0. The pH of 6.0£0.5 was
theretore selected for the current tormulation. L-histidine/
| .-histidine monohydrochloride is added 1o the [ormulation
as bullering agent al a comcentration ol 20 mM. which is
within the normal concentration range ol 10-100 mM flor
parenteral buffers. The pH of approximately 6.0 achieved by
nsing a predefined ratio of buffer salt and base and option-
ally, sodium hydroxide or hydrochloric acid can be used lor
pll adjustment.

Stabilizing Apgents

Polysorbate 80 is added at a concentration of 0.2 mg/ml.
as a stabilizing agent to prevent potential mechanical stress
(agitation)}-induced and potential [reeve and thaw-induced
instabilization of the protein.

[

40

L-arginine hydrochloride and L-methionine are added at
a concentration ol 100 mM and 30 mM as stabilizing agents
Lo prevent potential thermal stress-induced nstabilization ol
the prodein.

Formulation Development

The goal was 1o develop a stable and sterile liquid solution
for subeutanecus injection of tocilizumab.

Due to the higher concentration of tocilizumab, 180
mgml. versus 20 mgiml. used in the IV [ormulation. the 8C
formulation was developed with regard o the elleet of
protein concentration on the ejection force and the viscosity
ol a standard svringe. Volume of subcutaneous injection is
ideally 1 mL or less, so that high concentration of protein is
needed in drug product. On the other hand. high viscosily
which is caused by high concentration of prolein, increase
injection force. From correlation between protein concen-
tration and viscosity, the target tocilizumab concentration
was 180 me/ml..

Table 2 compares exemplary tocilizumab SC-lormula-
tions wilh a (ocilizumab [V-lormulation. "The lyophilized
SC-formulation with 114.3 mg/ml. TCZ was used in a
previous human pharmacokinetic clinical study conducted
in France wsing 20 healthy volunteers. The purpose of this
carly study was lo Investigale the absolule bioavailability
and olerability of the subcutancous route of administration.

TARLIL 2

Comparison of anti-IL-6R Autibody Formulations

Toeilivurnal

SC Lya
Yials B0 g

Tacilinrnah

Tocilizumak
SO Syringes

Tocilizumal

S0 Vials Tacilivurnab

1% Reconstitine 162 mgd9 ml. L&2 mg/0.9 ml. Co-Tormulated

Ingredient farmulation”  Selution © for phase 1 & 2 for phase 3 with tTuPII2G  Function

Tocilizumab 20 meaml 1143 meanl 180 meml L230 me/mL L230 me/mL Active

concenitalion ingrediont,

[Tnug

substance

PTOCCsE]

pII buffer Thosphate ©  Thosphate ¥ Ilistidine * [Tistidine © [Tistidine © pII buffer

Palysorbate 80 03 me/mL 14 megml 0.2 mgml 0.2 mgml 0.2 meanl Stabilizing
U

Suctose S0omgml 100 meiml — — — Osmolality
adjustinent
Bulking
Agent

L-Arginine — — — 7147 mg/mLY — Stabilizing
U

L-Auginine — — 211 mg/mL4 209 mg/mLS 211 mgmL-  Stabilizing

hydrochlaride agent

1-Methicnine A% mpiml ¥ A% il ¥ A48 mgfmlL ¥ Sabiliving
agent

Tatal valume — g.8.f g8 e Q.57 q.8” Diluent

adjnsted with
Waler [or
Injection
Hyaluroniduse
(rHuPH20)

L300 L, Inerease
disporion
andiar
bicavallability

Hmrenlly available Tocilizumab [¥osirenglhs are: Vials 80 meid i ¥ials 200 med 10 miland Vials 300 mg 20 mlL with lilferern 1l
vilume of the same fornmulation with the same conecntraticn of the dmg substanes,

" pH of selution .5 and 15 nunelT for phosphate buftor

F ach concentration ol ingrediem s valeulated Fom aciual reconstiluted volume (0.7 ml.
é pH of selution 700 and 42,9 numel T for phosphate botfer

¥ pH of salution 6.0 and 20 momal T for histicine: buffor

S eorrespuncks 1o a concentration ol T mmal:T T-Arginine hydrochloride

£ comvespunids 1o w concentration ol 30 mmoli|. T-Wethionine

L)

9.8, = qUALTILY $atis (s mueh a5 may sutfics)
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Overages

No comeentration overages are used in the [ormulation.
Formulation with [Iyaluronidase 1insyme

The lollowing table summarizes the ingredients and con-
centrations thereof in an exemplary formulation including
both anti-IL-6R antibody (TCZ) and hyaluronidase (rH-
uPl124):

TARLIL3

S0 Vel ion

Ingredient Concentration

Towiliznmih L8O mgfml.

1TIulIIZ0 1500 TomL
Polysorhate B0 0.2 mgml.
[-Arginine hyidrochleride 210 g ml”
L-Methionine 4.5 mgml”
[.-Hizidine 1.5 g qas
L-IListidine monehydrochloride 2.1 mg gs
Total volume adiusted with Water 1 mL gs¥

o [njeetion (W)

“rarresponcls to a consentration of 199 nuna VT L-arginine byclrachlerice
“zarresponcls ta a consctraticn of 30 mmalT T-mcthicnine

Il al salution 4.0 and 20 mmoll ot bistidine buller, sodium hydroxide or diluie
Ipedrechlaric asid can aptionally be used for pH adivstroont,
Tyon = quarum salis Cus moch gy may sullice)

L]I_-I-I;I'j‘[sjt‘jclj.nc_. L-Histicline menolelrochloride, and WEI are petential amouts to achicwe
pll &0
Physicochemical and 13iological Propertics

The lormulation demonstrales good stability at the rec-
ommended storage condition of 2-87 (", when protected
from light.
PK Studies

Two non-clinical PK studies with the "1CZ 8C Tormula-
tion including hyaluronidase have been conducted: one in
mini-pigs, and one in Cyvnomolgus monkevs (Table 4):

[
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The study in Cynomolgns monkey provided information
aboul repeal-dose woxicily with the TC7 8C lormulation in
the same species (Table 4). Plasma levels o 'T'CY [ollowing
a single dose of 30 mg/ke of the TCZ SC formulation were

5 assessed. Results demonstrate that after SC administration

maximum  serum  comcenirations of  TCZ (mean+S1:
8222230 pe/ml .y were reached alier 48 hours (median). "The
results of this study are available except for the animals
which are currently in the treatment-free recovery period.
Subcutancous weekly dosing o[ ocilizumab in a lormulation
conlaining recombinant hyaluromidase (rl luPII207 10 Cyno-
malgus monkeys at 100 mg/dkg tor 13 weeks was systemi-
cally and locally well tolerated, without any test item
induced finding. "The no adverse elleet Timit (NOADLY was
considered o be al the dose level of 100 mgfke.

1

lixample 5

Clinical Study with SC Formwlation Including
Anti-11-6R Antibody and [aluronidase 1insyme

Tocilizimab (TCZ) is a recombinant humanized, Ig(l
monoclonal antibody directed against the soluble and mem-
branc-bound interleukin 6 receplor (11.-6R). [yaluronidase
cnzyme (rl luPII20) is used o [acilitale injection of subcu-
taneous (SC) formulations by cleaving the hyaluronic acid

25 ¢hain in the SC interstitial matedx at the injection site. The

aim of the study was (0 evaluale pharmacokinetic (PK),
pharmacodynamic (P17}, and salely [ollowing single ascend-

ing doses of TCZ with rHuPH20.
Materials and Methods

This was a phase 1 ascending dose (162 mg TCZ alone,
162 mg, 324 myg, and 648 mg TCZ+rTuPII20) study in
healthy subjects. The formulation ol lixample 4. Table 3 was
vsed in this study.

TABLL 4
PE smidies
TCZ rIIuPII Dage in SC Foumulation
Stusdy Dosing  dose Yolurne Tl
wpe Species regimen  (mg) mgnl UimL (L) Units Endpoints
PK Mini-pig T T80 0 0 1.0 0 e
(nen SC single 180 002 2000 1.0 20007 i1 plasma—
GLT) daose 180 006 ] 1.0 GO Absolute
T 540 0.6 G0 30 L0 hicswvailability
Ive=s 2pF Q o [ ] o
single
duse
K Cynomelgus TCZ S0F 006 A0 G 3 L& TCZ in
{nen- rnenkey 8O single Prlasmis
Py Do
*daze level n mgla
21 wdminisiration o TCY o allow calenlaion ol ahzolile bioavailabilin
35

The mini-pig was chosen for rIIuPII20 dose scloction
hecause its skin and the texture ol 8C lissue are considered
1o be similar to those of humans. The mini-pig study utilized
wo 5C dose levels of TCZ formulations with various
concentrations ol rl luPHZ20 as well as an 1V dosing arm with
TCA alone (Table 4 1o allow cstimation ol absolute hio-
availability/fraction absorbed. Study results indicated a
more rapid absorption of SC administered TCZ from
rIIuPI 120 containing formulations. "Thus, median Ume Lo
maximum plasma levels o TCZ was shorlened from 48
hours without vl luPH20 10 24 hours [or all vl TuPI120 con-
taining tormulations. The thaction absorbed of SC adminis-
tered TCZ was estimated at around 80% for all dose groups.

[i1¥]

The objectives ol the study were:

Primary Objective:

1. To investigate the effect ol r1IuPII20 on the exposure
of different SC doses of TCZ.

Secondary Objectives:

1. To explore the safety and tolerability of a single SC
dose of TCZ containing rHulPH20 in healthy volun-
Leors.

2. 'To imvestigaie the PR pharmacodynamic (P1)) relation-

65 ship o[ 'I'CZ (with or without rl luPII12(0) following 8C

administration by measuring [L-6, sIL-6R, and C-re-
active protein (CRI) in healthy volunteers.
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Overall Study Design

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

TABRLIL S

Overview of Study Design

Study dime
adnunistration
ARSUEEITLICINS

ASESISISNTS
conlinned

Safety

Sereoning  Assossmonis lellerwe-up

Days —28 Day -1 Day 1 Davs 2 to 3¢ Detween
to -2 Single dose of study days 40
drug administration and 43

In-clinie stay from day -1 (evening) to
day 2 {morning)

Iligible subjects woere assigned o one ol four cohorls
listed in Table &. The concentration of rHuPH20 used in this
study was guided by data from the mini-pig study in
Example 4 above in which TCZ was administered SC in the
presence and in the absence ol cither 2,000 or 6,000 U/ml.
(nominal concentratiomns) ol rlTuPI120. Results demon-
strated a more rapid absorplion ol TC/ administered 8C
from rHuPHZ20 containing TCZ formulations. This effect on
the absorption rate of TCZ was comparable with both
rHuPH20 concentrations. Analytical quantification of the
dosing solution revealed an actual rl luPII20 concentration
ol 1.356 Uiml. {instcad of the nominal 2,000 U/ml.). There-

lore, a rlTuPl20 conceniration ol 1.500 Usml . was selecied &

for the proposed clinical study.

TABLE &

TCZ Dasage and Schedule

Cohort IMP

1 TCZ (180 mefml)y 5C farmulation single dose of 01L.8 mL
comesponding 1o a dose ol 1O 162 mg 10X

TCZ (180 mefml yITulTI20 (1300 UimL) SC formulation.
single dose of 1.9 mL ¢oresponding to o dose of 162 mg TCZ
amd 1,350 17 rHuPH20

TCZ (180 mefml yITulTI20 (1300 UimL) SC formulation.
single dose of 3.6 mL ¢omesponding to o dose of 648 mg TCZ
amd 540017 rHuPH20

4 TCZ (180 mefml yITulTI20 (1300 UimL) SC formulation.

[}

[}

single dose of L8 ml. corresponding 1o a dose ol 324 myg 10/

amd 2,700 17 rHuPH20

The study consisied of a screening period (days =28 Lo
=23, an in-clinic period {days =1 evening 1o 2 morning) with
a single dose ol study drug given on day 1 and a [ollow-up
pericd (between davs 40 and 43).

Eligible subjects were admitted 1o the clinical research
unit on day -1 and predose assessments and procedures were
perlormed. Alier a minimum fast ol 4 hours, blood and urine
samples were laken. Alier a light, standardized breaklast on
the moming of day 1. subjocts received their 104 8C
ijection in the right or lett anterior thigh (midway between
the anterior iliac crest and the cephalad border of the
patella). Start and end time of each SC injection was
recorded and individual injection sites were photographed
helore and alier injection.

3
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After placement of the injection device, but betore study
drug injection, subjects had their pain assessed according 1o
a 100 mm horizontal visual analogue scale (VAS) and a
calegorical H-point pain sell-asscssment.

Subjects remained in the nnit until the 24-hour PK assess-
ments were complete and returned for PK and safety assess-
ments as specified. Blood samples were drawn pre-dose and
al 2. 8. 12, 24 and 36 hours post-dose Tor the analysis of
serum TCY levels. Additional blood samples woere collected
on days 3, 4. 5. 8. 11, 15, 18, 22, 29, 36 and al [ollow up.
Blood samples for assessments of IL-6, sIL-6R, and CRDP
were drawn at the same time points as samples for the PK
analvses.

Subjeets returned (o the clinic between days 40 and 43 Tor
ollow-up procedures including a physical examination,
three serial 12-lead 11C°Gs. vital signs and elinical laboratory
tests,

Safety (clinical laboratory tests and vital signs)y and

2 PR/PD assessments were performed at regular intervals

during the study. Spontancous adverse events were recorded
throughout the study. Subjects remained in the unit until the
24-hour PK assessmoents were complele. Subjects retumed
for PK and safety assessments on specified days atterwards.

PK and PD samples were collected intensively. PK and
PI) paramelers were estimated wilth non-compartimental
methods. A one way ANOVA was used o assess the effect
of rtHuPH20 on TCZ exposure. Satery and tolerability was
monitored throughout the study.

Results

Results of this study are depicted in FIGS. 8-13.
Pharmacodynamic Results:

CRP:

Following administration ol 8C TC/ across all cohorts,
mean CRP 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 the nominal time
168 hours nadir was approximately reached in all cohorts.
Thereaflier. mean CRP values incrcased loward baseline
values by nominal tine 504 hours in Cohorts 1 and 2 and by
672 hours in Cohort 4. Mean CRDP values remained sup-
pressed through 672 hour time point in Cohort 3, however
the unscheduled [ollow-up sample revealed mean values
which relumed woward bascline. Cohorts 1 and 2 revealed a
sunilar change from baseline in mean CRP values while in
Cohort 4 CRP values revealed a delay in time 1o return to
bascline. In Cohorl 3 mean change from bascline values
remained below bascline. A dose dependent ellect on mean
CRP noncompartmental paramelers was observed with a
dose dependent decrease in mean AUC, ., for CRDP
observed across cohorts. Dose dependent changes in CRDP
T, were also observed where a delay in mean T, was
observed with inereasing dose. See VIG. 10,

IL-&:

Following administration of SC TCZ with and without
rHuPPH20, mean IL-6 serum concentrations increased rap-
idly in all four cohorts and subscquenily declined gradually
over lime. In Cohorts 1 and 2. mean 116 concenlrations
reached approximate baseline levels by nominal sample time
of 504 hours while in Cohort 4 mean IL-6 serum concen-
trations reached approximately baseline values by the lol-
low-up sample om days 40-43. In Cohort 3. mean 1.-6 values
were clevaled through the nominal ime 672 hours. bul
concentrations returned to approximate baseline values at
the vnscheduled follow-up sample. See FIG. 11.

i
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sIL-6R:

Iollowing administration of 8C TCA with and without
rIIuPI 120, mean sl -6R scrum concentralion increased rap-
idly in all cohorts. liollowing maximal concentrations
reached at 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. In
Cohort 4. mean sIT-6R serum concentralioms  decreased
following maximal concentration at nominal time 408 hours
toward baseline values by the follow-up sample on davs
40-43. In Cohort 3, mean sIL-6R serum concentrations
increased rapidly following 1O/ administrations and con-
tinued to ncrease across all sampling points reaching an
ohserved maximal concentration at the sampling time 0f 672
hours. See FIG. 12,

I'or 11.-6 and sII -6R nomcompartmenial paramelers, mean
AUC, 0y increased with increasing dose across cohorts.
Mean €, revealed a similar dose dependent increase.
Observed time to maximum concentration (T, ) was pro-
longed with increasing dose.

In comparing the clfect of rTIWPI20 on P response
between Cohort 1 (162 mg TCA) and Cohort 2 {162 mg
TCZ/1350U0 rHuPH20), the concentration-time profiles
were similar between the two groups for all three D
parameters (CRD, IL-6, and sIL-6R). Mean PD (CRT, IL-6,
and sI1-0R)y AUC, .0, parameters were similar bebween
Cohorts 1 and 2 with AUC, 5, ratios of 99.6%, 100%. and
97 4% for CRD, IL-6, and sIL-6R, respectively.
Pharmacokinetic Results:

et

Results [rom Cohorts 1 and 2 (162 mg T'CY with and 3

without PH20Y indicale a trend towards an carlier T, and
slightly higher exposure (GMR |90%: conlidence intervals|

for C and AUC, . were 1.45 [1.24-1.70] and 1.20

ALY

[1.00-1.44], respectively) in the presence of rtHUPH20 while

TCA serum concentrations in the climination phase were 3

superimposable [or the two [ormulations. With the addition
ol rluPII20 in Cohort 2, there was a clear trend towards
reduced variability (CV %) in the PK parameters of TCZ
(17.4vs. 324 for C,,, and 16.4 vs. 42.0 AUC,,, -with and
without rlIIuPl120, respectively).

In Cohort 3 [ollowing administration of 648 mg TCZ/
PH20, mean C,,,,, and AUC, _, .0of TCZ were approximately
6.95- and 12.55-told higher than in Cohort 1 (162 mg TCZ),
while the total dose administered was only 4-fold higher,
rellecting the non-dose proportionalily in the PK ol TCA
The unscheduled ollow-up sample taken lor subjecls in
Cohort 3 (mean actual time 1909266.1 hours) revealed TCZ
serum concentrations below the limit of quantification for all
subjects indicating the complete elimination ol the single
TCL SC dose.

In Cohort 4 [ollowing administration of 324 mg TC//
PH20, mean C,,,, and AUC,, ,,-0f TCZ were approximately
3.85- and 4.44-fold higher than in Cohort 1 (162 mg TCZ),

while the wotal dose administered was only 2-lold higher.

Plasma vI [uPl 120 concentrations were below the limil ol s

quantification for all sampling points in all subjects indicat-
ing the vse of the enzvime as a local permeation enhancer tor
the co-administered drug does not result in quantifiable
syslemic exposures ol the ensyme.
Pharmacokinetic/Pharmacodynamic Relationships:

sIL-6R and TCZ:

The sIL-6R concentrations reached C,,,, after TCZ
reached its €, Tor all 4 cohorts. with a delayed increase in
sIL-6R Tevels as the TCZ concentration increased crealing 4
counler-clockwise hysteresis relationship. The TCA €,
was reached at times ranging thom 36 10 96 hours after
administration of TCZ across all cohorts, while sIL-6R

[
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reached C,, . at nominal tine 240 hovrs for Cohorts 1 and
2, nominal time 672 hours for Cohort 3, and nominal iime
408 hours lor Cohort 4.

C-Reactive Protein and 1C77:

As with sIL-6R, TCZ administration resulted in a delaved
decrease of CRD, ie, the CRD nadir was reached atter the
C O TCA The CRP nadir was reached al nominal times
168 and 240 howrs in Cohorts 1 and 2 and by 336 hours in
Cohorts 3 and 4 while the TCZ €, . ocewrred al limes
ranging from 36 to 96 hours affer administration of TCZ
across all cohorts, creating a clockwise hysteresis relation-
ship
Salely Results:

Sixty-one of the 68 reported adverse events were consid-

3 ered by the investigator to be possibly or remotely related 1o

treatment with the study drug. Most were injection site
adverse evenls. which were reported only by subjects who
reecived TCY with ol luPII20. There were no deaihs, no
seriovs adverse events, and no subjects withdrew from the
study due 1o an adverse event. There did not appear to be a
relationship between  the number ol subjects reporling
adverse events. the presence or absence ol vl TaPH20, or the
dosc ol "I'C7.

With the exception of mean white blood cell counts and
nentrophil connts, mean hematology parameters remained in
the normal range throughowt the study, as did mean lotal
bilirubin, ALAL, and ASAT concentralions. Mean white
blood cell counts and neutrophil counts were back within
reference ranges at the end of the study. Low neutroplil
count was also the most common marked laboratory abnor-
malily reporled during the study, reported by a total ol 30
subjeets across all treatment groups. 1light of the subjects
with markedly low neutrophil counts also reported infec-
tions, which resolved with no sequelae. ECG readings and
vital signs were normal throughout the study for most
subjeets. There were no clinically relevant changes in serwm
lgl:. g3, lgM. and IgA levels. Neutralizing anti- 1O/ anti-
bodies were confirmed in two subjects receiving 648 mg
TCZ/HuPH20. No subjects developed neutralizing anti-
I IuPl 120 antibodies. The SC injections were well olerated
in all cohorts. as evaluated by the Visual Analog Scale and
patient calegorical sell-assessment.

CONCLUSIONS

Pharmacokinelic and Pharmacodynamic Conclusions
Administration of TCZ with rHuPH20 resulted in a
slightly increased exposure with geometric lmean ratios
(90% comfidence intervals) for AUC, , ~and € of
1.20 (1.00-1.44) and 1.45 (1.24-1.70), respectively, Tor
Cohort 2 (162 mg TCZAT IuPH20) 1o Cohort 1 {162 mg
TCZ) supporting the hypothesis that tHuPH20 acts as
a local permeation enhancer.

Acclear trend towards lower PK variabilily in the presence
ol rHuPH20 was observed.

A four-fold increase in administered TCZ dose in Cohort
3 (648 mp TCZTH20) resulted in 12.55-fold higher
AUC, , ~and 6.96-fold higher C,_  with 648 mg TCZ/
PII20 compared o 162 mg 1'CY in Cohort 1

Atwo [old increase in administered "T'C/ dose in Cohort
4 (324 mg TCZTH20) resulted in 4.44-fold higher
AUC, , ~and 3.85-fold higher C,_  with 324 mg TCZ/
PII20 compared o 162 mg T'CY in Cohort 1.

The single 8C TCY doses assessed in Cohort 4 (324 mg)
provided mean AUC, - of TOR00£3220 pe-hr/ml. and
CD29 of 1.6224 pg/ml and provided a C of
43 8£12.4 pg/ml.

LT
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The single SC TCZ doses assessed in Cohort 3 (648 mg)
provided mean AUC, -0l 299005280 pg-hr/ml. dnd
CD29 of 12.6+5.0 pgml. and provided a €
T78x14.5 ugml ..

The impact on the D markers sIL-6R, IL-6 and CRD are
comparable for SC formulations containing 162 mp
TCY with and withowl rlluPII20. Dose dependent
changes in P1> markers were observed with inereased
doses from 162 mg o 648 mg TCZ/rHulPH20.

Safety Conclusions

Serious adverse events were not reported with SC doses
ol TCZ with or without rITuPI120.

Tocilizumab-treatment was associaled with a decrease in
nentrophils within 2 to 3 davs of treatment. Mean
nentrophil counts returned to baseline from day 15 to
ollow-up in a dose dependent manner

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

Two subjects developed nentralizing anti-TCZ antibodies

No subjects developed neutralizing anti-rl luPII20 anti-
bodics.

SC injections were well tolerated based on the Visual
Analog Scale and subject categorical self-assessment.

‘R

lixample 6

S0 Administered Anti-IL-6R Antibody for sJLA

This example describes the use ol subcutancously admin- 3

istered anti-I1-6R antibody (T'CZ) o treal systemic juvenile
idiopathic arthrtis (sJIA), A TCZ formulation with 180
mg/ml TCZ and no hyaluronidase (see Table 2 in Example
4} is subeutanecusly administered in this example.

This is a phase Th open label mulii-center study o 2

investigale pharmacokinetics, pharmacodynamics, cllicacy
and satety of tocilizumab tollowing subcutaneous adminis-
tration in patients with active sJLA. Patients to be treated in
this study will be children age 2 up o and including age 17
sJ1A=6 months persistent activily who have had an inad-
equale elinical response o NSATDs and corlicosteroids ((C8)
due to toxicity or lack of efficacy will be treated herein.
In WAI822]1 swdy, TCZ was given at 12 mo'ke in
patients with 13W=<30 kg and 8 mgkg in palients with
BW=30 kg cvery 2 woeeks Tor 12 weeks, Comparable PK
exposurcs were achicved [or two body weight groups (1.
23A). Cowmparable sIL-6R profiles (FIG. 23B), CRT* nor-
malization pattern (FIG. 23C), and ESR profile (FIG. 23D)
wore observed [or bwo 3W groups. The comparable PK-P1Y
profiles from WATE221] study resulted in acceplable elMeacy
and satety across the entire body weight range. Of all TCZ
treated patients, 85.3% patients met primary endpoint of a
JIA ACR30 response and absence of fever at Weelk 12 in
contrast o 24.3% ol the placcho patients demomstrating a

ol
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statistically significant difference (p<0.0001). At week 12,
JIAACR 300 50, 70 and 90 responses were 90.7%, 83.3%,
T0.7% and 37 7%. respectively, compared Lo 24.3%, 10.8%,
8.1% and 3.4% [rom placcho group, respectively.

To [urther examine il dose was adequale in WAT8221
study, the PK exposurc-cllicacy relationship was analysed
by PK exposure quartiles. At week 12, AUC, .. ncreased
by 2.3-fold from quartile 1 (849£147 ns-dav/ml) to quartile
4 (1.925£187 g -dav/ml) (Table 7). At week 52, Cmin in
quartile 4 (108+£12 pg'mly was 3.6-lold greater (han
quartile 1 (30216 pg/ml) (Table 7). Although the study was
not powered to compare efficacy in each of the 4 quartiles,
proportions of patients who achieved JLA ACR30/50/70/90
respolses appear comparable across 4 quartiles (Table 7),
suggesling the exposures were al the platcau ol the expo-
surc-response curve. Limited data in cach quartile did not
show clear trend lowards a higher incidence of Als or
serions AEs with higher TCZ exposure from quartile 1 1o
quartile 4 (AUC, ... C, .. orC, .1 (Table 8},

LT

TARBLL 7

Efficacy End Taints by PK Ouartile at Weel 12 and
Yook 52 40 Paticntz Assigned 10 10X al Baseline

Week 12
Quartile | Quarile 2 Quanile 3 Quarlile 4
n=1% n=1% n=19 n=18
AUC) oy #92 147 LI7H =684 1445 =105 1,925 = 187
fug + dmly’
NAACRIL 16 (8427 17 (851 18 (947 L7 (94.4)
n (%)
JLA ACRSD, 15 (7859 16 (8427 14 (542 LG (3447
n (%)
JLA ACRT. a9 474 15 (78.9] 14 (737 15 (83.3)
1 (%)
LA ACRYD, S (26.3) 7364 L0 {528 L& [33.3)
1 (%)
Woek 52
Quartile | Quarile 2 Quanile 3 Quarlile 4
n=13 n=14 n=1f n=13

O tHEml) 300 £ 163 425241 B1.49 = 6.0 108 = 12.0
JLA ACR30, 15 ¢100] 14 (101 LG (103) 13 (103
n (%)
LA ACRSED, 13 {8a.7) 14 (100) L& {1007 L3 100y
1 (%)
NMAACRTD, 11 (7330 UL (FR6) L& {100) L3 (100
n (%)
JLA ACTRAD, § (5333 B [(57.1] 13 (81.3) B [(61.3]
n (%)

A

Qumllx:t. are delined as those patienis Falling within %e-=25%, To-m M, A0
=75%, and =T5%-10]% of cxposurcs, Taticuts wha wers randarnly assigned to pJac\ho
Tredlmenl. in H]Ud}' part. | are excluded. Butienis who had missing PK osamples al week 32
wiore cxelnded tfrom the swmmary, Mean £ 5D far AU e and O, ol prosented,

TABLE 8

Percentage of patients reparting adverse events by body system and preferred term ta
week 12 by ATC,, 0. and to Week 52 by C,, exposire quartiles

Quantile 11 Quartile 2' Quanile 31 Quanile 4
Weele 12 n=1% n=14 =19 n=18)
AUC e (g - il 840 = 147 1,178 £ 8K 1445 = (D5 1935 = L&T
All body systems® 19 4 100% 16 (B4 L7 (865% 14 (78%)
[nleerions and infestaion 11 [58%) B (42%) 6 132%) 9 50%)
Crastrointestinal disorders 3 016%) 5 (26%) 2 (11%) 4 (22%)
Skin and subentaneons tissue 4 121%) 1 (3% 30(16% 4 [22%%)

digorders
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TABLE 8-continved

Poreentage ol palicns veporling wibvere events by body sysiom and pretomed o 1o

week 12 by ATC,, 0. and to Week 52 by C, . exposiwe quartiles
Nervang systom disordors 3 16%0 T (5% 2001 2{11%)
Respiratory. thoeracic, and 3 (16%0) 1 (5% 2 (11%) 106%
mediastinal disorders
Scrious adverse ovenls 3 (16%) 0 [0%) [E(eLT] 0 [0%)

Cuartile 1 Cuartile 2 Quartile 3 Quartile 4
Wk 52 (n=15 (n=14) n=18) =13
e T d.'mll—j' =14 63 =4 B2 =6 LOE =12
All hedy sysiems? 15 {100y 14 {100) L6 (100) 11 [K5)
Infections and [nfestation 1067 12 (86) 13 (94) & (62)
Crastroiniestinal disorders 74T 3020 53 5039
Skin and subentanecus tissue 5133 321 7 44) T (50
disorders
Nervong sysiem disorders 427) 3020 3019) 4031
Respiratory. thoracic, and 5133 214 531 o (46)
mediastinal disorders
Serious adverse vvenls 427) LT 213) 18]

AT e Abcd uncker the sorum concentration-time profile over 2 wocks of the dosing interval at steacy

BRI~
» i cenecutration of deng at weels 32 {predoss sonscutrationg,
dlueys are n(%ed unless indivaled oltherwive, Futienis who were o
| wore c‘{\.luclcd Taticnts whe had uussmﬂ DK smuplos at wed
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(=7 8- L00%) quartjlcs af indivical cxpo.-,urc mnmctcm as listel,
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slgm:\l 1 placebu tremtment in sudy part.
2 were cxelnded from the summary,
o,

aricl fourth

*Tatal paticuts with at least cne adverse event are eluded, Only the mast frequent adverse ovots are

present el

o
Iraseline

In study WATE221, TCA 12 mg'ky lor patients <30 kg and
8 mp'ke for patients =30 kg, was given as an IV intusion
every 2 weeks. The scatter plots of C,,, at steady state
{(Weel 12) across body weight from 10.0-112.7 kg showed
that "I'C/ exposures are independent ol body weight (1.
15). The mean PK model predicted Cmin is summarized in

Table 9.

TARLIL 2

30

i auattiles nehide anly paticots with nowwissing semm concentrations randemly assigned ta TCZ ar

compartmental clearance (Q: 1./d), the Michaclis-Menten
constant (Kin; mg/[) and the maximum rate of the saturable
elimination process (Vmax; ma/d}). In study NP22623, 162
mg TCZ was administered in the adult RA patients as either
woeckly (QW) and every olher week (Q2W) dosing lor 12
wocks in alotal ol 29 patients. mpirical modeling ol the PK

data from NP22623 provided subeutaneous absorption PK

Moeadel simulated PR cxposures o vanons dose reaimens

Baody weight
(sarnple sive),

3ok Regimen {Touts) ke AUy e 11 - bl

Ol 1121

12 mg'kp QW (IV)

R mpcka [V QW (VY
All patients in WALE2217
162 mg W (5C;7

162 me QW (5¢)°
162 mg QW (30"
162 ma Q1013 (80

=300 (38)
=300 [37)

All body weight
=30 (37
<30 (3K
=300 (38)
<30 (3K

2602 £ B3 (1116-4354)
2674 £ BRI (1144-4824)
2GBZ £ B30 (1116-4354)
LRI+ 600 [R16-3244;
L39E = 424 (7TU8-2202%
N & 1020 (1416-36028)
L7H4 = SR (R25-3231%

6l
=5
SR ]
SR ]
20 =
100 +
AR 22

26
2[

+ (17-117
[10.9- 1000y
3 (105117
[22-1077
(12-61%
[45-188]
25-112)

*

FRurnmry af PIC paramelers estimatled by population aralysis ol et Tom study WATEZZ ] Tollwing 1V dosing AL,

was mnltiplicd by 2 i crder to compars with other SC regimens,
“urmmry of simukied P parameters o individual patients Fom $Study WA182

Available subeulancous formulation is in a 1 ml. prefilled
svringe delivering 0.9 mL 162 mg TCZ per injection. Thus
the SC dose in the present study is a flat dose regimen across
wide BW range. The initial dose for the present study has
heen selected based on the modeling and simulation and
explained below.

In study WAT8221, pharmacokinetic prolile ollowing 1V
administration was described by a 2-compartment model
with both a saturable (Michaelis-Menten eliminationy and a
non-salurable (irst order climination pathway [rom ceniral
compartment. The PK disposilion parameiers were well
characlerized (lotal clearance (C1; 1.4d). volume ol distri-
bution of the central compartment (Ve L), volume of
distribution of the petipheral compartinent (Vi L), inter-
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paramelers (absorplion rate conslant Ka and bioavailability
F) in RA patients. Under the assumption that these absorp-
tion PK parameters are similar 1o the absorption PK param-
eters in pediatric sJLA patients, and disposition PK param-
clers [rom WAT8221 study are independent of the roule of
administration. the PK exposures were simulated flor s11A
patients <30 kg and =30 kg [bllowing multiple dose admin-
istration up to a steady state. The simulated PK profiles for
IV and SC administration are illustrated in F1G. 14. The PK
maodel simulated C ) values versus body weight are shown
in IIGS. 15 (o 18, Caleulaled PK paramelers based on the
simulatled PK profiles are summarized in Table 9.

Asg expected, IV dosing regimen exhibited more fluctua-
tion between the peak and the trough concentration during a



Us 10,874,677 B2

51
dosing interval, whereas for SC dosing, fluctuation between
peak and trough is much smaller (FIGS. 14A and 1413).

Based on PR simulation. [or sJIA patients weighing =30
kg, 162 mg QW provided mean+5D C, . (58+20) which is
comparable to 38223 trom WAIR221 study (Table 9). Indi-
vidual Cmin data are also within $0% conlidence limit [rom
WATE22] study (IF1GS. 16 10 18).

Based on PK simulation, for patients with BW=30 ke, 162
mg Q2W or 162 mg W resulted in the mean=SD Cmin
lower (29213) or higher {100+35) than the average Cmin
(58+23) [rom study WALB221. respectively. For 162 mg
Q2W dosing, although all data are with min-max range from
WAIR221, 26% (10 of 38) Cmin values are below the lower
90% conlidence bound from WAT8221 study (I°1G. 16). l'or
162 mg QW dosing. 21%: (8 of 38) Cmin data arc above the
upper 3% confidence bound from WAI1R221 stwdy (FIG.
17).

Based on PK model simulation. [or patients with 13W <30
kg, 162 mg SC injection every 10 days (Q10D7Y is predicted
1o provide mean=SD Cimin (38+22) being comparable to the

data (38+23) from WAI18221 study (Table 9). There are only 2

values outside of the 90%: coniidence

i

2 of 38 (3%) C,,
bhound (I'1(5. 18).
Thus, the following treatment protocols will be used:

Group 1:

Palients with body welight (B3W)=30 kg will receive 162
mg 1C/ subculancous (SC) injections wockly (QW) lor 14
weeks (13 doses). N 12

Group 2:

Palients with BW<=30 kg will receive 162 mg "I'CZ 8C
injections every 10 days (QLODY flor 14 weeks (9 doses).
N 12

The treatment period will last tor 14 weeks. During the
treatment period. stable NEAIDs and MTX will be contin-
ued unchanged throughout 14 woecks of the study. Oral
steroid dose will remain stable up 1o 6 weels from first dose

of TCZ at baseline. Steroid tapering will be allowed from -+

woek 6 onwards al diseretion ol the invesligator. Tor 8
reduction. no more than 20% reduction per week is recom-
mended. The investigator may adjust or discontinue con-
comitant MTX, CS and/or NSAIDs treatment according to
standard ol care lor reasons ol salely al any time. The
lollow-up visit will be perlormed at 2. 4 and 8 weeks aller
last SC dosing.

Pharmacokinetic parameters will include C
weane L1r2e and AUC at steady state,

Pharmacodynamic paramaters will include sI1L-6R. CRP.
and/or ISR conceniration.

Efficacy will be evaluated by the following:

Proportion of patients with JIA  ACR30/50/70/90
responses at Week 14 with and without absence of tever; and
other ellicacy paramclers as appropriale.

Il is anticipated that the anti-I1L-6R antibody {(TCA) will
be effective in sJ1A patients with body weight =30 kg when
administered as a fixed dose o 162 mg every week (QW) by
830 administration. c.g., lor up 0 14 weeks.

4
LAY C'ﬂu’n’:

T

It is Turther anticipated that the ant-I1L-6R antibody =

(LCAY will be ellective in sJIA patients with body weight
<30 kg when administered as a fixed dose of 162 mg every
10«1 days ((210D) by SQ administration, e.g., for up to 14
woeks. Altemalive dosing regimens imclude 162 mg cvery
woek (QW) or every two wecks (Q2W).

Example 7
S0 Administered Anti-11-6R Antibody [or pCILA

Anti-IL-6R antibody (TCZ) is subentaneously adminis-
tered 1o patients with polvarticular course juvenile idiopathic

[
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arthritis (pelJLA). The formulation with 180 mg/ml TCZ and
no hyaluronidase disclosed in Table 2 in lixample 4 is
administered herein.

This i a phase b open label mulli-center study 1o
investigate pharmacoldnetics, pharmacodynamics, efficacy
and safety of tocilizumab following subeutaneous adiminis-
tration in patients with active pcJlA. Patients 1o be treated in
this study will be children aged 2-17 years with al least 6
months active pellA (including cither rheumatoid factor
{(RIM-positive or Rli-negalive polyarthritis subsets. or the
extended oligoarticular JIA subset), with at least 5 joints
with active arthritis (at least 3 of the active joints having
limitation of motion) who have had an inadequate clinical
response 1o methotrexate (MTX) due o lack of elficacy or
loxicity. who are receiving standard of care. cither with or
without NSAIDs, low dose corticosteroids or concomitant
MTX.

Up to 30% of patients enrolled in this study may have had

. previous treatment with a biologic discase modifying anti-

rheumatic drug (biologic DMARID).

TCZ has been approved for treatment of pelIA in Japan
based on the phase 3 sudy MRA3IRID conducted in Japa-
nese palients. Objectives ol the study were o determine the
cllicacy, saflety, PK and PD ol TCZ [ollowing 8 mg'kg 10/
infusion every 4 weeks for 12 weeks (3 intusions).

It was observed, that the clinical response, expressed as
probability (o reach a pedlAS0 or pedIAT0 score, was lower
in children with a lower bodyweightl compared o patients
with a higher body weightl. Alter 12 weeks ol treatment with
TCZ 8 mg/kp every 4 weeks: 88% of patients weighing <30
kg vs 100% of the patients weighing =30 kg reached a
pellASO score (FICG. 19A) and 38% of palients weighing
<30 kg ws 80% ol patients weighing =30 kg reached
pcllATOscore (FIG. 19B).

This noticeable difference in JIA ACR response rate was
associaled with a visible (rend lowards lTower systemic
exposure (AUC, . ) 10 TCZ in subjects with lower body
weight, particularly below a bhody weight of approximately
30 kg. In contrast, in patients with a body weigln higher than
30 kg exposure appeared o be more or less independent of
body weight (IIG. 20A). The PK ol TCZ [rom MRA31E
TCZ was described by a two-compartiment disposition
model with parallel first-order (linear CL) and Michaelis-
Menten elimination (nemlinear or concentration-dependent
C1.) kineties. For the dose of 8 mgdkg administered cvery 4
weeks, the contribution of nonlinear CL 1o AUC was small
and had no relevant impact on C,,,,,. The most pronounced
impact of the concentration-dependent C1. component on the
PK of TCY was observed Tor €. The C,, ., values were
close to the mean K, valvue of the nonlinear CL component.
Thws, C,,,,, values were in a conceniration range where small
changes in serum I'CY concentrations resull in a relalive
large change in nonlinear CI ..

FIGS. 24A-D show the PK, sIL-oR, CRP® and ESR
profiles over time during 12 weeks of treatment. sIL-6R
levels increased over time and reached stable condition at
woeck 12 (UG 2413). CRP levels Nuctuated during a dosing
interval with elevation prior to next dose (FIG. 24C). ESR
decreased by week 4 and stay low atter week 8 (FIG. 24D).
Analysis of PK-PD relationship indicated that when the
serum I'CY comeentration was al or above (1 pgiml.), CRP
and ESR were low and sIL-6R saturation was high,

Following administration of TCZ 8 mg/lg IV Q4W 10
pedlA patients in study MRA3LRIP, prior (o the nextinlusion
al woeeks 4, 8 and 12, approximalely 35 1o 39%, ol patients
had TC/ C, <1 pgfml. (Table 10). Although most children
in MRA3IRID reached the ACR30 endpoint at Week 12,
children with non-measurable TCZ levels at C,,,,, were much

aeine
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less likely to achieve JIA ACR 70 than those with measur-
able €, ., TCZ levels (25% vs 73%). The majority ol
children with non-measurable TCZ at €, and not achicv-
ing the best ellicacy responses had lower body welghts (<30
ka).

TARLIL 10

Mean = 5D Semun TCZ Concentrations and %6 of Patients in Serun TCZ
Coneenration Less than 1 el

% of patients with TCZ

Time of Visi Muan = 812 TCK, pgml. <1 ngfml.
0 {pre dose; NA
0 [past dase) 143 + 37 Q
1 424 0
2 0.2 0
4 383 ELA
fi 224 36
g 371 £ 571 353
] 22H =933 34

11 127 + 711 L7.6

12 488 £ 4.68 389

The population PK analysis was developed based data
from MRA3JISID and interdin PK data from WA19977 (117
patients). In study NP22623, 162 mp TCZ was administered
in the adult RA patients as QW or Q2W dosing lor 12 weeks
in a lotal of 29 patients. I'mpirical modeling ol the PK data
from NP22623 provided subcutaneous absorption PK
parameters (absorption rate constant Ka and bioavailability
I In RA patients. Under the assumption that these absorp-
tion PK paramelers are similar (o the absorption PK param-
clers in pediatric pellA patients, and disposition PK param-
eters from WA 19977 study are independent of the route of
administration, the PK exposures were sinulated for peJlA

patients <30 kg and =30 kg lollowing multiple dose admin- 3

istration up o a steady state. The simulated PK profiles Tor
IV and SC administration are illustrated in FIGS. 21A and
21B, respectively. TCZ concentrations following IV and SC
administration during a dosing interval of 4 weeks at steady

[
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Thus, 162 mg of TCZ is administered subcutanecusly
cvery 2 weeks (Q2W) o patients with pellA (N=24). The
treatment period will last for 14 weeks. During the treatment
period. stable NSAIs and MTX will be continued
vichanged throughout 14 weelks of the study. No tapering of
corticosteroids, NSAIDs or methotrexate can occur during
the study excepl lor salety reasons. PK. P, ellicacy param-
clers will be assessed al the scheduled lime points. The
lollow-up visit will be perlormed at 4 and 8 weeks aller last
SC dosing.

It is anticipated that the anti-IL-6R antibody (TCZ) will
be effective in pedlA patients when adminisiered as 162 mg
dose every 2 weeks ((Q2W) by 8Q administration, c.g., lor
up to 14 weeks.

lixample 8

S0 Administered Anii-11-6R Antibody lor
Swvstemic Sclerosis

This is a Phasc 2/3, multicenter, randomized. double-
blind, placcbo-controlled. two-arm, parallel-group trial in
patients with systemic sclerosis (SS¢). A TCZ formulation
with 180 mg/ml TCZ and no hvaluronidase (see Table 2 in
Example 4) is subcutaneously administered to SSC patients
in this study. The primary endpoint. the change in modified
Rodnan skin score (imRES) [rom bascline at Week 24, will
be evalvated at Week 24. There will be a 48-weelk blinded
petiod tollowed by a 48-week open-label period.

Patients will be randomiyed ina 1:1 ratio Lo receive cither
162 myg ol 8C TCA weekly (QW) (Group A) or 8C placcho
QW (Group 13) flor 48 wocks. The primary analysis will
occur when all patients have reached Week 24,

Starting at Weelk 48, all patients will receive open-label
treatment with 162 mg ol TCY subculancously QW and no
patient will receive a placebo injection.

lMlicacy parameters will be assessed, starting al baseline
to Week 96, as described in the schedule of assessments.
Target Population

slale appear 1o be approximately al similar levels. The model a0 Patients must meet the lollowing criteria lor study entry:
simulated T'CY exposure parameters (AUC, o Coe and Ability and willingness (o give wrillen imformed consent
C,,..) are shown in Table 11. SC dose of 162 mg Q2W for and comply with the requirements of the study protocol
both BW=<30 kg and BW=30 kg patients appear to be Diagnosis of 58¢, as defined using the American College
appropriate 10 produce comparable AUC,, . .. 1o the of Rheumatology criteria (1980)
WATH97T study (lable 113 Therelore, the proposed 8C 45 Discase duration ol =60 months (defined as time [rom the
dose Tor Group 1 is 162 mg Q2W lor all palicnis. first non-Raynaud phenomenon manilesiation)
TABLL 11
Model Simulated Serum TCZ T Exposure Parameters for SC and IV Dosing
Ropimens for Palticntls in WA LSUTT Siudy
AU L veis LA Crainse
WA907T BW, kg N per - odimnld [IES I peml.
& mple Q4% <30 23 424 £ 143 (205-T3) 0 113 =24 0.3 = 006 (0-2.6)
(74-1647
10 mgiky Q4WS <30 19 B2 £ 224 (32R-1359 185 £ 36 24 = 2.5 (09.2)
(132-24¢
& mple Q4% =30 TR 1031 £ 359 171 £ 38 3364
[485-2058) {79-265) 10.1-29)
L62 my Q2W" <30 39 v4s = 377 43 =14 W= 12
(25921113 (15-873 (1.8-57)
L6 my Q2w =30 78 04 = 178 X7 12=5
[148-9%5) {11-42 10.6-28)

Mean = 5D {min-max) proscuted

ﬂﬁu_mm-.n'y al" P pararmeters estimated by populiion analysis ol ks Gom siody WATSITT Tullwing 1V

clasing: AT, 0 was multiplicd by 2 incrder to compars with cther %2 regimens,

FRurmmary ol simulkied PK parametens Tor individual patients rom Sdy WAT99TT llowing S0 dosing.
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Age =18 vears at baseline

=15 and =40 mRS8 unils al the screening visit

Uninvolved skin at one ol the following locations:
liromt of the middle region of the thighs
Lower part of the abdomen below the navel except tor

the 2-inch area directly around the navel
Outer area of the upper arms (if'a caregiver is giving the
patient injections)

Active discase delined as al least one A criterion and one
13 criterion cach:

Criteria A at screening,
Increase =3 in mRSS units at screening compared
with the last visit within previous 1-6 months
Involvement ol one new body arca wilh 22 mRS8
units al screening compared with the last visit
within the previous 1-6 months
Involvement of two new body areas with =1 mRSS
nnits at screening compared with the last visit
within the previous 1-6 months
Other documentation of worsening skin thickening
al screening compared with the Tast visitwithin the
previous 1-6 months consistent with the progres-
sion of sldn thickening described in the above
criteria nsing mRSS
Presence of 1 or more TRy al screening
Crileria 13 al screening
High-sensitivity C-reactive protein =1 mg/dL
Ervthrocyte sedimentation rate =28 mn/hr
Platclet count (=330x107/ul )

Treatment with oral corticosteroids (<10 mg/day of pred-
nisone or equivalent) is permitted il the patient is on a
stable dose regimen for =2 weelks prior to and including
at baseline.

Treatment with non-steroidal anti-inflammatory  drugs 3

{NSAIIS) is permitied il the patient is on a stable dose
regimen lor =2 wecks prior o and including al baseline.
Angiotensin-converting enzyme inhibitors, caleium-
channel blockers, protein-pump inhibitors, and/or oral
vasodilators are permilled il the patient s on a stable
dose lor =4 weeks prior o and including at baseline.
If female of childbearing potential, the patient must have
a negative pregnancy test at screening and the baseline
visit,
liMicacy Oulcome Measures
The primary cflicacy cndpoint is the change in modilicd
Roduan skin score (mRSS) from baseline at Weelk 24. Skin
thickness will be assessed by palpation and rated using a
score from O (normal) 10 3 (severe skin thickening) across 17

dilferent siles. The total score s the sum ol the individual s

skin scores in the 17 body arcas (c.g., lace, hands, ingers:
proximal area of the arms, distal area of the arms, thorax,
abdomen; proximal area of the legs, and distal area of the
legs, Leet). giving a range of 0-51 units. The instrument has
heen validated for patients with 88c.
The secondary efficacy endpoints for this study are as
follows:
Change in Scleroderma Health Assessment Question-
naire-Disability Index (STHAQ-DI) score rom haseline
al Weeks 24 and 48
Change in 28 tender joint count (TJC) from baseline at
Weeks 24 and 48 in patients with joint involvement at
bascline
Change in the patient’s global assessment from bascline at
Weeks 24 and 48
Change in the clinician’s global assessment from baseline
at Weeks 24 and 48
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Change in Functional Assessment of Clronic Illness
Therapy  PFatigue (FPACTD)-liatigue score [rom basce-
line al Weeks 24 and 48
Change in Pruritus 5-1 Tich Scale [rom bascline al Weeks
24 and 48
Change in mRSS from baseline at Week 48
Proportion of paticnts with change [rom baseline in the
mRES at Week 48 grealer (han or equal o the change
from baseline in the mRSS at Week 24
It iz anticipated that subcutaneously administered TCZ as
disclosed herein will improve cutaneous sclerosis, improve
physical function, andi/or slow progression of organ damage
in 88¢ patients treated as disclosed, relative (o placebo-
treated patients. For example, the TCZ shall achieve the
primary efficacy endpoint (change in mRSS at week 24)
and/or any onc or more ol the sceondary endpoinis.

Example 9

80 Administered Anti-11-6R Antibody [or (Glant
Cell Arteritis

This example deseribes the use ol subcutancously admin-
istered anti-I1-6R antibody (1C7) o treal giant cell arteritis
{GCA). The TCA Tormulation with 180 mg/ml. ['C7 and no
hvaluronidase described in Table 2 in Example 4 is used 1o
treat patients with GCA (new onset or refractory GCA).

The protocol Tor trealing patients with GOCA is shown in
1113, 22, The proposed study is mullicentre. randomived,
double-blind, placebo-controlled in patients diagnosed with
GCA. Patients may be either new onset or refractory (i.e.
GCA patients who have responded inadequately 1o previous
therapy with corticosteroids (CS)). The primary endpoint
will be €8 [ree sustained remission at 9 months. Remission
is defined as absence of signs and svmptoms and normal-
ization of acute phase response. Sustained is defined as
absence of flare [ollowing induction of remission. Patients
achicving the primary cendpoint at 9 months will have
achicved remission within 3 months and maintained their
remission for at least 6 months whilst being able to taper off’
their CS. Secondary endpoints at 9 months include time to
GOA disease lare aller clinical remission. cumulaiive €8
dose, quality of lile and change in acute phase reactant and
hemoglobin,

Two doses of subcutaneously administered TCZ will be
used:

162 mg every week {(gw); and

162 mg every other week (g2w).

Patients will be randomized in g 2:1:1 ratio (100:50:50) 10
receive either 162 my of SC TCZ qw, 162 mg of SC TCZ
Q2w 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). Retractory subjects will enter the study at 10 mg
higher than the dose thal previously controlled the discase
and continue the trial glucocorticoid taper outlined rom the
predoisone dose at entrv. In the absence of relapse, this
schedule will result in a glucocorticoid dosage below 5 mp
alier 4 months and no glucocorticoid use aller 6 months.

TABLE 12

Prednizene Schedile: New Onsel, Palienis

Daily preduizene dose, both arms

Woek [mday)
1 0]
2 G
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The target population for this study is adult patients with

Prodndsene Sehedule: New Onsel Palicnls

GCAL Noew onsel and relapsedirelractory GCA patients will
be cligible.

13aily prodnisens dose, both arms

Diagnosis of GOA s according (o the Tollowing criteria

[

Week ungday; Woestergreen erylhrocyle sedimentation rate (LESR)=40
3 <0 mm/hour
4 A0 Unequivocal cranial symptoms of GCA (new onset local-
5 ";(' ized lheadache, scalp or temporal artery tenderness,
g 5:] . ischemia-relaied vision loss, or otherwise unexplained
¢ I, . . . .
g 17.5 ' mouth or jaw pain upon mastication)
o L= Al least one ol the [ollowing:
10 123 . L s e
1 " : Temporal artery biopsy revealing features of GCA
12 y Symptoms of polymyalaia rheumatica (PMR), defined
13 8 15 as shoulder and/or hip girdle pain associated with
ﬁ ; inflammatory morning stillness
16 5 lvidence of large-vessel vasculilis by angiography or
:; : cross-scelional imaging study such us magnelic reso-
19 3 ] nance anglogra‘phy (MRA)t comput‘ed' Tomography
0 21 angiography (CTA]), or positron emission tomogra-
z z phy-computed omography angiography (P1T=CTA)
e f New Onsel or relraciory GOA s classillied according 1o
24 1 the [ollowing crileria
.. New onsel: active GCA diagnosis (clinical signs or symp-
Fanl

Al month 9, all patients may enler part 2 {open label
exlension) ol the study. Palienls who meet the primary
endpoint will be required to stop their subcutanecus injec-
tions and be followed for maintenance of response. Patients
who do not meet the primary endpoint, will have the option 30
Lo escape o nvestigator-led therapy that can include open
label TCZ. The purpose of the open label extension is to
describe the long term safety and efficacy of'a course of TCZ
i1 GCA, to describe long term steroid sparing effect of TCZ
and its sequelac n werms of C8 related adverse events. and
Lo deseribe a polential requirement lor maintenance ol '1CA

therapy bevond 9 months.

toms and ESR=40 muw/hr) made within 4 weeks of
baseline visit (irrespective of whether CS initiated or
active disease activity at baseline visit)

Relractory: diagnosis made =4 wecks prior 1o baseline
visit and active GCA (clinical signs and symploms and
1:8R=40 mm/hr) within 4 weeks bascline irrespeclive
of CS treatment

It iz anticipated that subcutaneously administered TCZ as

disclosed herein will effectively treat GCA, for example by
s reducing GOA signs and symploms. maintaining clinical
remission, and/or reducing or stopping corticosteroid use in

the patient with GCA.

ta
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Ile

Ser

Gln

Leu

Wal

Arg

<210
<21l=
<212
<213
<2Z0=
<223
<220
<2Z1l=
<222
<2Z3=

<400

Haa
1

Gln

Ser

Leu

Lya

Thr

=t

Ser

Ser

Tvyr

Thr

Leu

Gly

Thr

Gly

Glu

Ser

Hisa

Glu

Thr

Gln

Fhe

Leu

Gln

FET

INFOEMATICH

SEQUENCE-

Wal Gln Leu

Thr

Glu

Pro

Ala

Thr

Thr

Phe

Ser

Thr

Leu

Hisa

Trp

Ser

Gln

Wal

Ser

Pro

Gly

Ser

Gln

Ser

Ile

Leu

Phe

Trp

Gly

Gly

Glu

Wal

Leu

Thr

Val
110

Leu
1256

Tyr
140

3ln
155

SEQ ID No 2
LENZSTH:
TYFPE:
CRGENISM: Rrtificial sequence
FEATURE :
OTHERE INFORMATION: sequence is synthesized
FEATURE-
MAME/KEY: Xaa
LOCATION -
OTHER

448

1

2

Gln
)

Leu
Z0

Trp
35

Gly

=1n)

Ser
80

Tvr
=1

Gly
11io

Fro
1256

Gly
140

Fro
155
Hig
170

Ser
1856

Tvr
Zao

Ela

Pro &

Ser

Ser

Tyr

Leu

Glu

Thr

Ser

Tvr

Ser

Leu

Gln

Ser

Thr

'\Ial

Thr

Ser

Ile

Ela

Ser

G3ly 2

Thr

Glu

Ser

Fro

Gly

der

der

Thr

Ser

Ser

Fro

Val
115

Ela
1za

Lys

Gln

lada

Leu
175

Lys
180

'\Ia l
205

Fhe

der

val

Glu

Ser

val

Thr

Ile Phe Pro Pro

Wal

Gln

Ser

Ser

Tvr

Lya

Wal

Trp

wal

Thr

Ser

Predominantly pyroglutamic

Ser

Trp

Ile

Ery

Ery

Ela

Gly

'\Ial

Ela

Thr

Fhe

'\Ial

Gly

Thr

'\Ia l

der

'\Ia l

Leu

Eryg

der

Fhe

Ela

'\Ia l

Fro

'\Ia l

Een

Fro

'\Ia l

Eryg

Tvr

Thr

der

der

Leu

Fro

Leu

der

Ela

Thr

'\Ia l

Val
115

Leu
1za

Gly
145

Trp
160

Val
175

Val
150

Een
206

Leu

Fro

Leu

'\Ia 1

Ela

Thr

Ela

Cya

Een

Leu

Fro

Hism

Wal

Tvyr

Pro

Ile

Arg

Thr

Arg

Wal

Pro

Leu

Ser

Gln

Ser

Lya

Arg

Ser

Gly

Thr

Thr

Ser

Ser

Wal

Gly

Ser

Ser

Pro

Thr

Leu

Phe

1z0

Leu
135

Wwal
150

Glu
155
Thr
1540

Glu
195

Aan
2140

acid (pE;

Pro

Ile

Thr

Thr

Thr

Ser

Ser

Ser

Ser

Ser

Ser
15

Thr
30

Aap

Leu
195

Aan
2140
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-continued
Thr Lvs Val Asp Lve Lve Val Glu Pro Lys Ser Cya Agp Lva Thr
Z1&8 220 225
Hia Thr <¢vs Pre Pro Cye Pro Rla Pro Glu Leu Leu Gly Gly Pro
2320 235 240
Ser Y¥al Phe Leu Phe Pro Pro Lys Pro Lys asp Thr Leu Met Ile
245 280 265
Ser Arg Thr Freo Glu Val Thr Cys Val Val Val Asp Val Ser His
260 285 z27a
Glu fsp Pro Glu Val Lys Phe Zsn Trp Tyvr Val Asp Gly Val Glu
275 2840 285
Wal His Zsn Ala Lys Thr Lys Pro Arg Glu Slu Gln Tyr Asn Ser
290 2685 3040
Thr Tvr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp
2405 214 315
Leu 2gn &1y Lva Glu Tvr Lyve Cye Lyes Val Ser Aszn Lys Ala Leu
2Z0 225 320
Proe Ala Pro Ile Glu Lye Thr Ile Ser Lys 2la Lys Gly Gln Pro
335 240 245
Arg Glu Pre Gln Val Tyvr Thr Leu Pro Pro Ser Arg Agp Glu Leu
AGR0 1) 260
Thr Lvs asn Gln Val Ser Leu Thr Cye Leu Val Lys Gly Phe Tyvr
285 270 275
Pro Ser Asp Ile Ala Val 3lu Trp Slu Ser asn Gly Gln Fre Glu
280 285 z90
Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu &sp Ser Asp Gly Ser
2485 400 4405
Phe Fhe Leu Tyr Ser Lys Leu Thr Val &sp Lys Ser Arg Trp Gln
410 415 4z4a
Gln Gly &sn Val Phe Ser Cys Ser Val Met His Glu &la Leu His
425 430 435
Agn His Tvr Thr Gln Lve Ser Leu Ser Leu Ser Pro Gly
440 445
<210>= SEECQ ID MO 2
<211l>= LEWNGETH: 11
«212» TYPE: PRT
<213 ORGBANISM: Artificial segquence
<2Z0> FEATURE:
<223> OTHER INFORMATION: Sequence ls synthesized.
<400 SEQUENCE: 3

Arg Ala Ser Gln Asp Ile Ser Ser Tyr Leu &Asn

14

1 )
<210 SEQ ID N 4
«<211l» LEWNITH: 7
«212» TYPE: PRT
<213 ORGRENISM. Rrtificial segquence
<220» FEATURE:
<223> OTHER INFORMATION: Sequence ls synthesized.
<400> SECUENCE: 4

Tyr Thr Ser Arg Leu His Ser

1

5

<210>= EECQ ID MO &

<211
<212

LENGTH: @
TYPE: PRT

<213>= ORGANIEM:

Artificial

SEquUEencs
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64

-continued

<220> 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 TYPE: PRT
<213 ORGBANISM: Artificial segquence
<220> FEATURE:
<223 OTHERE INFOEMATICH: Secuence is synthesized.
<400 SEQUENCE: &

Ser Agp His Ala Trp Ser
1 )

<210=
<21l=
<212
<213=
<2Z0=
<223

SEQ ID HS 7
LEMNITH: 1&
TYPE: PRT
ORGAMNISM
FEATURE :
OTHERE INFORMATION: Sequence ls synthesized.

artificial sequence

<400 SEQUENCE: 7

Tyr Ile Ser Tyr Ser @1y Ile Thr Thr Tyr Asn Pro Ser Leu Lys

1 5 14

Ser

<210
<211
<212
<213
<2Z0=
<2Z3=

SEQ ID NO 8

LENGTH: 1o

TYFE: PET

CRGENISM: Rrtificial sequence
FEATURE :

OTHEE INFOEMATICH: Secuence is synthesized.
400> SEQUENCE: B

Ser Leu Ala Arg Thr Thr 2la Met Rsp Tvr
1 E 10

15

What is claimed is:

1. An article ol manulacture comprising a subculancous
administration device, which contains and delivers to a
patient a 162 my fixed dose of tocilizumab.

2. The article of manulacture ol claim 1, wherein ihe
subculancous administration device s selecled [rom the
group consisting of a syringe, an injection device, an intu-
sion pump, an injector pen, a needleless device, an sutoin-
jector, and a subcutancous patch delivery system.

3. The article of manulacture ol claim 2, wherein ihe
subcutaneous administration device is a syringe, including a
pre-filled syvringe.

4. The article of manulacture ol claim 2, wherein ihe
subculancous administration device is an auwloinjecior.

5. An article of manutacture comprising a subcutanecus
administration device, which contains and delivers to a

45

La

patient a 162 mg lixed dose of an anti-1l -6R antibody,
wherein the anti-11 -6R antibody comprises the light chain
and heavy chain amino acid sequences of SE{} ID NOs:1
and 2, respectively.

6. "The article ol manulacture ol claim 5. wherein the
subcutancous administration device is sclected from the
group consisting ol a syringe. an injection device. an influ-
sion pump, an jector pew, a needleless device, an autoin-
jector, and a subcutanecus patch delivery system.

7. "The article ol manulacture ol claim 6. wherein the
subcutancous administration device is a syringe, including a
pre-filled svringe.

8. The article of manutacture of claim &, wherein the
subcutaneous administration device is an autoinjector.



