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Description
Field

[0001] The present application relates genarally to pharmaceutical composliians comprising anti-beta amyloid {AB)
antibodies and uses thereof.

Background

[0002] ABis a peptide generated from the metabolism of amyloid precursor protein (APP), Sevaral AR peptide alloforms
exist (e.g., AR40 and AP42), These monomeric peptides have a variable tendency to aggregate into higher order dimers
and oligomers. Through a process of fibrillogenesis, soluble ofigomers may transition into insoluble deposils having a
f pleated sheat structure, These deposits are also referred to as amyloid plaques and are composed of predominantly
fibrlllar amyloid (Hampel el al., Exp Neuwrol., 223(2):334-46 (2010); Gregory and Halliday, Neurotox Res., 7(1-2):29-41
(2005)). Both soluble and fibrlllar forms of AR appear fo contribuls o disease process in disorders characterized by
deposition of Ap such as Alzhelmer's disease (AD) (Meyer-Lushmann, J Neurosci., 29(407:12636-40 (2009); Hock,
[ialogues Clin Neurosci,, 5(1%:27-3% (2003); Seikoe, Cold Spring Harb Perspect Blol,, 3(7). pii: a004457 (2011)),
[0003] AD pallents having high serum titers of anti-Ap antibodies that recognize amylold plaques have slower rates
of cagnitive decline and disability as compared to patients that do not have anti-AB antibadias. Maoreaver, patlents who
develop high fiters of anti-AB antibodies show reduced numbers of brain A plaques and Improved cognitive performance
assessed after long-term follow up, These clinical data suggest that AD patients treated with anti-AB antibodles In a
passive immunctherapy paradigm are likaly fo show reduced cognitive Impaltment, a lower density of brain Afj deposits,
and reduced rates of cognitive deteriorafion.

{0004} The anti-Af antibody, BUB037, is a fully human arlibody comprising a glycosylated human 1gG1 heavy chaln
and a human kappa light chain, Recomblnantly expressed BIIBO37 Linds with high apparent affinity to high molecular
weight aggregates, presumably fibrils, of human AB. By immunchistochemistry, BHB037 shows high affinity binding o
AP plagues In human AD brain and in brain issues derived from human APP-expressing transgenic mice, The affinity
and specificity of BIIBO37 for high molecular weight aggregates of human A was confirmed by immunoprecipitation,
immunoblotiing, and Immunohistochemistry. In Tg2576 AD transgenic mice, BIIB037 realment results in measurable
drug levels in braln as assessed by ELISA. Following administration of BIIBO37 in Tg2576 mloe, immunoreactivity for
BIIB037 was observed in association with brain parenchymal and vaseular amylold deposlits, suggesting thal BIB037
enters brain parenchyma and binds to its target. it Is belleved that systemlically administered anti-Ap antibodies such as
BIBGIT enter the brain, bind to deposits of Afl, and trigger their clearance from the brain by Fe receptor dependent
mechanisms. Antibady-medlated ramoval of Ap from the brainis hypothesized to deergase Ap burden, thereby preventing
neuronal dysfunction, slowing the progression of pathelogy and reducing the rate of cognitive decline in AD.

Summary

[0005] This disclosure relates, in part, o pharmacsutical compositions containing anti-Ap antibedy as deflned In the
clalms and their use In the treatment of Alzheimer's disease.

[0006] In one aspact, the disclosure features a pharmaceutical composition comprising an anti-beta amylold (AB)
antihady at a concentration of 75 mgiml to 225 mg/mi; arginine hydrochloride (Arg.HCI) at & congentration of 150 mM;
methlonine at a conceniration of 10 mM; stidine at a concentration of 20 mM; and Polysorbate-80 (PS8D) at a con-
centration of 0.01% to 0.1%, whersin the pharmaseutical composition has a pH of 5.2 10 6.2; wherein the anti-AB antibody
comprises an Immunoglobulin heavy chairn and an immunoglobulin light chain, wherein the heavy chain compriges the
amino acid sequence setforlh in SEQ 1D NO:9 and the light chain comprises the amino acid sequence set forth in SEQ
1D NGO,

[0007] Any reference to a method of trealment praclised on the human or animal bedy [s to ba understood as the
compasitions for use In such methods,

[0008] The anti-Ap anfibody comprises an immunogiobulin heavy chain and an immunaglobulin light chain comprising
the amine acid sequences of BIIB037 as set forth in SEQ 1D NO:9 and SEQ ID NO:10, respeclively. The six CDRs of
BIIBGS7 consist of the amino acld sequences set forth in SEQ 1D NO:1; SEQ ID NO:2; SEQ 1D NO:3; SEQ ID NO4;
SEQ ID NO:5; and SEQ ID NO'6.

[0008] The composition comprises the anti-Afl antibedy or AB-binding fragment thereof at a concentration of 75 mg/mil
10 225 mg/ml. The composiion may comprise lhe anti-AB antibody or AB-binding fragment thereof at a concentralion of
75 mg/ml to 166 mg/ml. In certain embodiments, the composition comprises the anti-Af antibody or AR-binding fragment
thereof at a concentration of 150 mg/ml. In cerlain embodiments, the composition comprises the antl-Ap antibody or Ap-
binding fragment thereof at a concentration of 100 mg/mi,
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[0010] The composition comprises Arg.HC at a concentration of 150 mM.

[(0011] The composition further comprises Polysorbale-80 (PS80) at a concontration of 0.01% to 0.1%. in some em-
bodiments, the composition comprises PS80 at a concentration of 0.03% to 0.08%. In certain embodiments, the com-
position comprisas PS80 at a congentration of 0.05%.

[0012] The composition comprises histidine at a cancentration of 20 mM.

[0013] The composition comprises methionine at a concentration of 10 mb.

[0044] The composition may further comprise sucrose. The composition may comprise sucrose at a concentration of
0.01% 10 5%, The composition may comprise sucrage ata concenliration of 1% 1o 4%. The composition may comprise
sucrose at a concentration of 3%.

[0015] The ccmposhion has a pH of 6.2 lo 8,2. The composilion may have a pH of 5.2 to 6.0. The composition may
have a pH of 5.3 {0 5,7, The composition may have a pH of 5.5.

[0016] In certain embodiments, the pharmaceutical compasition comprises the anti-AR antibody at a conceniration of
150 rg/ml; Arg.HC! at a conceniration of 150 mM; methionine ata congentration of 10 mM; histidine at a conceniration
of 20 mi: and PS80 at a concentration of 0.06%. This composition has a pH of 5.2 to 6.2. Insome cases, this composition
has & pH of 5.2 to 6.0. In certain embodiments, the composition has a pH of 5.3 to 5.7. In other embodiments, the
composition has a pH of 5.5,

[0017] n ceriain embodiments, Ihe pharmaceutical composition comprises the anti-Af antihody at a cencentration of
400 mg/ml; Arg.HCl at a concentration of 150 mi; methionine at a concentration of 10 mM; histidine at a concentration
of 20 mM; and PS80 at a coneentration of 0.06%. This composition hasa pH of 5.210 8.2, ln some cases, this composiiion
has a pH of 5.2 to 8.0, In certain embudiments, the composition has a pH of 5.3 to 5.7. In other embodiments, the
composition has a pH of 5.5.

[0018] The anti-Ap antibody comprises an immunoglobuiin heavy shain and an Immunogiobulin fight chain, The heavy
chain comprises or consists of the sequence of SEQ 1D NO:9 and the light chaln comprises or consists of the sequence
of SEQ D NO: 10.

[0019] In another aspect, the disclosure features a composition as defined hereln for use In treating Alzheimer's
disease in a human subject in need thereof.

[0020] In some embaodiments, the pharmaceutical composition is to be administared subcutaneously o the human
subject. Insome embodiments, the pharmaceutical compositionis to be administerad intravenously to the human subject.
[0021] Unless otherwise deflned, all technical and sclentific terms used herein have the same meaning as commenly
understood by one of ordinary skilt in the ari to which this invention belongs. Although methods and matetlals similar or
equivalent to those descrlbed herein can be used in the practce or testing of the present invention, the exemplary
methods and materials are described below. In case of conflict, the present application, including definitions, will control.
The materials, methods, and examples are illustrative only,

[6022] Other features and advantagas of the invention will be apparent from the following detailed description and
from the claims, !

Brief Description of the Drawings

[0023]

FIG. 1 is a bar graph depicting the %MW for the indicated formulations stored at 40°C over 4 weeks.

FIG. 2 is a graph showing the %HMW for the indicated formulations stored at 40°C for 6 weeks.

FiG. 3 is a graph showing the %HMW trends at varylng pH when stored at 25°C + 60% relative humidity.

FIG. 4 is a graph showing the %HMW trends for varying excipients when stored at 25°C + 60% relatlve humidity.
FIG, 5 is a bar graph showing the viscosity at 20°C for formutations.

FIG. 6 is a bar graph depicting the % HMW resuits for polysorbate-80 formulations after 72 hours at room temperature,
FIG. 7is a graph showlng the effect of the combination of GSHand GSSG on {he stability of Aducanumab formutations
at 25°C and 60% relative humidity,

FIG, 8 is a graph showing the effect of the comblnation of Cystelne and Cystine on the stability of Aducanumab
formulations at 25°C and 80% relative humidity.

FiG. § s a graph showing that the reduced form of a thiol-containing excipiant has the same impact on stability at
25°C and 60% relative humidity as the redox palr.

Ei6. 10 |s a graph illustrating that methionine provides limited benefit when combined with GSH on the stability of
Aducanumab formulations at 25°C and 60% relative humidily.

FIG. 11 is a pair of graphs showing the effact of different antibody concentrations and GSH on stability at 25°C and
80% relative humidity,

FIG. 12 Is a palr of graphs showing that aven low concentralions of GSH can improve HMW stabifity.

FIG. 13 Is a graph showing that GSH at 4 mM has the same impact on HMW reduction as GSH from 0.5 mM to 2 mM,
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FIG. 141s apair of graphs showing the effect of increasing mathionine on HMW levels at 259G {top}and 400C (bottorn).

Betajled Dsscriplion

[0024] This application provides pharmaceutical composttions comprising an anti-beta amylold {AB) antlhody at @
concentration of 75 mg/ml to 226 mg/ml; arginine hydrochloride {Arg.HC1) at & concentration of 150 mM; methionine at
a concentration of 10 mM; histidine at a concentration of 20 mM; and Palysorbate-80 (PS80) at a concentration of 0.01%
{c 0.1%, wherein the pharmacsutical composition has a pH of 5.2 to 6.2; wherein the anti-AB antibody comprises an
immunoglobulin heavy chain and an immunoglobulin light chain, wherein the heavy chain comprises the amino acid
sequence set forth in SEQ 1D NO:9 and the light chain comprises the amino acld sequence set forth in SEQ 1D NG:10;
and thelr use In the treatment of Alzhelmer's disease.

Amyloid heta (Ap or Abeta}

[0025] The AR peptide is an important rfsk factor and has a central role in the onset and progression of Alzheimer's
disease. Ap is produced in normal Individuals, but under some cirgumstances, this molecule aggregates leading to
disease progression.

[0026] AP denotes peplides of 36 te 43 amino acids that are involved in forming amyloid plaques found in the brains
of patients with Alzhelmer's disease Similar plaques appear In some variants of Lewy bady dementia and in inclusion
body myosltis. AR also forms lhe aggregates that coat cerebral blogd vessels in cerebral amylotd angiopathy.

[0027] The Ap peptides are formed by cleavage of the amyloid precursor protein (APP} by the enzymes beta secretase
and gamma secretase. A§ molecules can aggregate to form flexible soluble oligomers which may exlst in several forms.
Several A peptide alioforms exist, AB40 and AB42. The amino acid sequence of human Amyloid p Peptide (1-40) Is
provided below:

DAEFRHDSGYEVHHQKLVEEAEDVESNKGAIGLMVGGVY (SEQ ID NO:11) The amino acld sequence of human Amy-
joid p Peptide (1-42) Is provided balow:

DAEFRHDSGYEVHHOKLVFFAEDVGSNKGAIGLMYGGYVIA (SEQ 1D NO:12) Saluble oligomeric forms of the Ap
peptide are thought {o be causative agents in the development of Alzheimer's disease.

Anti-AB Antibadles

[0028] The anti-AB antibody used in the compositions and methods deseribed herein comprises an imrounoglebulin
heavy chain and an immunoglebulin light chaln comprising the amino acld sequences of an antibody referred tc as
"B(|B0O37" or as aducanumab as set forth In SEQ 1D NO:9 and SEQ 1D NO:10, respectively.

[0029] BIBO37 is a fully human antibody comprising a glycosylated human IgG1 heavy chain and a human kappa
tight chain. BIIBO37 conslsts of the malure heavy chain amino acid ssquence deplcted in SEQ 1D NO:9 and the mature
light chaln amino acld sequence depicled in SEQ 1D NO:10.

[0030] The VH and VL of BIIBO37 have amino acld sequences that are identical to the amino acid sequence of the
VH and VL of antibady NI-104.12F6A described in US Patent No. 8,906,367 (see, Tables 2-4). Specifically, antibody
BIBO37 has an antigen hinding domain compriging VH and VL variable regiens depicted in Table 1 (VH) and Table 2
(VL}, corresponding complemenitarity determining regions (CORs) depicted in Tabie 3, and heavy and light chalns
depicted In Table 4 (H) and Table 5 (L),

Table 1: Amino acid sequences of the Vy, region of anti-Ap antibody BIIBO37 (Vi3 CDRs {Kabat definition)
underilned).

Variable heavy chain sequence

OVOLVESGGG VVQPGRSLRL SCAASCGFARS SYGMHWVROA
PGKGLEWVAY IWFDGTKKYY TDSVKGRFTI SRDNSKNTLY
LOMNTLRAED TAVYYCARDR GIGARRGPYY MDVWGKGTTV

TVSS (SEQ ID NO:7)
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Table 2: Amine acid sequences of the V, regien of antl-Af antibody BIIB037 (VL CDRs {Kabat definition)
underlined).

Vartablg fight chain sequence (kappa or lambda})

DIQMTOSPSS LSASVGDRVT ITCRASQSIS SYLNWYQOKPE
GKAPKLLIYA ASSLQSGVPS RESGSGSGTD ETLIISSLQP
EDFATYYCOO SYSTRLTFGG GTKVEIKR (SEQID NO:8)

Twm3WMmmmwmonRpmMnmmmm%mmeNmmmMMeMVHmd%j%bmdaﬂ%ﬁm%mw
BNBG37.

CDR Variabte heavy chain Variable fight chaln
CDRA1 SYGMH (SEQ 1D NO:i1) RASQSISSYLN {SEQ ID NO:4}
CDR2 VIWFDGTKKYYTDSVKG AASSLQS
{SEQ 1D NO:2} (SEQ ID NO:5)
CDR3 DRGIGARRGPYYMDV (SEQ ID NO:3) QQSYSTPLT (SEQ ID NO:6)

[0031] The amino acid sequence of the mature heavy chain of BIIBO3Y Is provided in Table 4 below,

Table 4: Amino acld sequences ofthe heavy chain of anti-AB antibody BIIB037 (heavy chain CDRs (Kabat definition}
underlined).

Heavy chain sequence

QVOLVESGGG VVQPGRSLRL SCAASGFAFS SYGMHWVROA

PGKGLEWVAY

TWEDGTREYY

TDSVKGRETI

GIGARRGPYY

MDVWAGKGTTV

CLVKDYFPE?
CTQTYICNVK
PPKPRDTLML
EQYNSTYRVY
REPQVYTLE?
TEPVLDSDGS

VIVSWNSGAL
HKPSNTRVDOK
SRTREVTCVY
SVLTVLHQOW
SREEMTKNQV
FFLYSKLTVD

SPG {SEQ ID NWQC:§)

SRDNSENTLY
TVSSASTKGP
TSGVHTEPAV
RVEPKSCDKT
VDVSHEDFREY
LNGKEYKCKV
SLTCLVRGFY
KSRWOQGNVE

LOMNTLRAED
SVFPLAPSSK
LOSSGLYSLS
HTCPPCEAPE
KENKYVDGVE
SNKATLPAPIE
PSDIAVEWES
SCSVMHEALH

TAVYYCARDR
STSGGTARLG
SVVIVPSSSL
LLGGPSVFLF
VHNAKTKPRE
KT1SKAKGQP
NGGPENNYKT
NHYTQKSLSL

Table 5: Amino acld sequences of the light chain of anti-Afl antibody BIB037 {light chain CDRs (Kabat deflnition)

underlined),

[0032] The amino acid sequence of the mature light chain of BUBC37 is provided in Table 5 below.

Light chain sequence

DIOMIQSPSS LSASVGORVT ITCRASQSIS SYINWYQQKP GKAPXLLIYA
RFSGSGSGTD FTLTISSLOP EDFATYYCQQ SYSTRLTFGE

ASSLQSGVPE
GTKVEIRRTYV
DNALGSGNSQ
LSSPVTKSFN

AAPSVEFIFPP SDEQLKSGTA SVVCLLNNFY PREAKVQWEV

ESVTEQDSKD STYSLSSTLT LSKADYEKHK VYACEVTHOG
RGEC (SEQ ID NO:10)

[0033] Theanli-Af anfibody or AB-Einding fragment thereof may seleclively bind to a peptide comprising or consisting
of amino aclds 1-16 of human Af.
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[0034] The anti-AB antibody or Ap-binding fragments may selectively bind to a peplide comprising or consisting of
amino aclds 3-6 of human AB.

[0036] The ant-AB antibody [s a human IgG1/human kappa antibody.

[0036] Anlibadies, such as BIIBO37 can be made, for example, by preparing and expressing synthetic genes that
encade the redted amino acld sequences or by mutating human germiine genes to provide a gene that encodes the
racited amine acid sequences. Moreover, this anlibody and other anli-AB antibodies can be produced, e.g., using cne
or more of the following methods.

Methods of Producing Antlbodies

[0037] Anli-Ap antibodies may be produced In bacterial or eukaryotic calls, Some antibodies, e.g., Fab's, can be
produced in bacterial cells, 8.g., £. coli cells. Antibodies can aise be produced In eukaryotic cells stich as transformed
cell lines {e.g., GHO, 293E, COS). In addition, antibodies (e.g., scFv's) can be expressed in a yeast cell such as Pichia
(588, 8.g., Powersetal., J Immunol Methods. 251:123-35 (2001)), Hanseula, or Saccharomyces. To produce the antibody
of Interest, a polynucleotide encoding the antibody is constructed, introduced into an expression vector, and then ex-
pressed in suitable host cells. Polynucieotides encoding an anti-Ap antibody comprising the VH and/or VL, HC and/or
LC of the AR antibadies described herein would be readily envisloned by the arginarlly skilled artisan. Standard moleaular
biclogy techniques are used to prepare the recombinant expression vector, transfact the host cells, selest for transform-
ants, cullure the host cells and recover the antibody,

[0038] Ifthe ant-A antibodles is to be exprassed in bacterial cells (e.¢., F. col), the expressien vector should have
characleristics that permit amplification of the vector in the baoterial cells. Additionally, when E. colf such as JM108,
DH5a, HB101, or XL1-Blue is used as a host, the vector musl have a promoter, for example, a lacZ promoter (Ward et
al,, 341:544-546 (1989), araB promoter {Batier et al, Science, 240:1041-1043 (1988)), or T7 promater that can allow
efficient expresslon In E, coli, Examples of such vectars include, for example, M13-series vectors, pUC-series vectors,
pBR322, pBluescript, pCR-Script, pGEX-5X-1 (Pharmacia), "QlAexpress system" (QIAGEN), pEGFP, and pET (when
this expression vector s used, the host is preferably BL21 expressing T?7 RNA polymerase). The expression vector may
contain a signal sequence for antibody secretion. For production into the periplasm: of E. coff, the pelB signal sequence
{Lei et al., J. Bacteriol,, 169:4379 (1987)) may be used as the signai sequence for antibody secretion. For bacterial
axpression, caloium chloride metheds or electroporation methods may be used to Introduce the expression vector Into
the bacterial cell.

[0039] Ifthe anilbody is io be expressed in animal cells such as CHO, COS, and NIH3T3 cefls, the exprassion vecior
includes a promoter necessary for expression in these cells, for example,-an SV40 prometer (Mulligan et al., Nature,
277:108 (1979)), MMLV-LTR promoter, EF 10, promoter (Mizushima el al., Nucleic Acids Res., 18:5322 (1990)), or CMV
promater. In addition te the nucleic acid sequence encoding the immunaglobulin or domain thereof, the recombinant
exprassion vectors may carry additional sequences, such as sequences that regulate replication of the vedgtor In host
cells {m.g., origins of replication) and selectable marker ganes, The selectable marker gene facilitates salection of host
celis Info which the vector has been introduced (see e.g., U.5. Pat. Neos. 4,389,216, 4,534,665 and 5,179,017). For
example, typically the selectable marker gene confers reslstance to drugs, such as G418, hygromycln, or metholtrexale,
on a host cell into which the vector has been introduced, Examples of vectors with selectable markers include pMAM,
pDR2, pBK-R8V, pBK-CMV, pOPRSV, and pOP13.

[0040] Antibodies may be produged In mammatian cells. Exemplary mamrnalian host cells for expressing an antibody
include Chinese Hamster Ovary {CHO celis) {including dhfi CHO cells, described in Urlaub and Chasin (1980) Proc.
Nall. Acad. Sci, USA 77:4216-4220, used with a DHER selectable marker, e.g., as deseribed In Kaufman and Sharp
£1982) Mol. Biol. 159:601-624), human embryonic kidney 293 calls (e.g., 293, 293, 293T), COS calls, NIH3T3 cells,
tymphocytic cell lines, e.g., NSO myeloma cells and 8P2 cells, and a cell fram a fransgenic animal, £.g., a transgenic
mammal, For example, the cell is a mammary epithelial celt.

[0041]  Ih an exemplary systom for antibody expression, a recombinant expresston vector encoding both the antibady
heavy chaln and the aniibody fight chain of an anti-AR antibody (e.g., BIIB037} is introduced Into dff- CHO cells by
calclum phosphate-mediated transfection. Within the recomblinant expression vector, lhe antibody heavy and light chain
genes are sach operatively linked fo enhancer/promoter regulatory elements (e.g., derlved from 8V40, CMV, adenovirus
and the like, such as a CMV enhancer/AdMLP promoter regulatory element or an §V40 enhancer/AdMLP promoter
regulatory element) to drive high levels of transeription of the genes. The recombinant expression vector alsa carries &
DHFR gene, which allows for selection of CHO cells that have been transfecled with the vector using metholrexate
selaction/amplification. The selected transformant host celis are cultured to allow for expression of the antibody heavy
and light chains and the antlbody Is recovered from the culture medium.

[0042] Antisodies can alse be produced by a transgenic animal. For example, U.S. Pat. No. 5,849,992 describes a
method of expressing an antibody in the mammary gland of a transgenlc mammal . A transgene s constructed that
incldes a milk-specific promater and nuclelc acids encoding the antizody of interest and a signal sequence for secretion.
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The milk produced by females of such transgenic mammals includes, secreled-therain, the antibody of interest. The
anfibody can be purified from the milk, or for some applications, used diractly.

[0043] The antibodies of the present disclosure can be [solated from inside or outside {such as mediumn) of the host
cell and purified as substantially pure and homogenous antibodies, Methads for isclation and purification cornmonly
used for antibody purification may be used for the isolation and purlflcation of antibodies, and are not fimited to any
particular methad, Anlibodies may be isolated and purified by appropriately selecting and combining, for example, solumn
chromatography, fleration, ullrafiltration, salling out, solvent precipitation, solvent extraction, distillation, HTMUneprecip-
itation, SDS-polyacrylamide gel electrophoresis, iscelectric focusing, dialysis, and recrystatlization. Chramatography
includes, for example, affinity chromatography, lon exchange chromatoegraphy, hydrophoblo chromatography, gel filtra-
ticn, reverse-phase chromatography, and adsorption chromatography (Strategies for Pratein Purlfication and Charac-
terization: A Laboralory Course Manual. Ed Danlel R, Magshak st al., Cold Spring Harbor Laboratory Press, 1996),
Chromatography can be carried out using liquid phase chromategraphy such as HPLC and FPLC. Columns used for
afiinity chromatography include protein A column and protein G column. Examples of columns using prolein A column
include Hyper D, POROS, and Sepharose FF (GE Healthcare Biosclences), The present disclosure also includes anti-
hodies that are highly purified using these purification methods.

Pharmaceutical Anti-Ap Antibody Compositions

[0044] The pharmaceutical anti-Aj antibedy composition comprises anti-AB antibodies at a concentration of 75 mg/m|
to 225 mg/ml. The anti-AB antibody composition may comprise antl-Af antibodies ala concentration of 76 mg/mli to 165
mg/ml. The anti-Ap antibody composition may comprise anti-Ap aniibodies at a concentration of 100 mgfml to 225 mgimi.
The anti-AB antibody composition may comprise anti-Ap antibodies at a concentration of 125 mg/mi to 225 mgfml. The
antl-Ap antibody composition may comprise anti-A antibodles ata concentration of 125 mg/ml to 176 mg/ml, The anti-
A anlibody composliion may cormptise anti-A8 antibodies ata concentration of 225 mg/ml. The anti-Af antibody com-
position may comprise antl-Ap antibodies at & concenlration of 200 mg/ml. In certain instances, the anti-Ap antibody
composition comprises anti-Ag antibodies at a concentration of 176 mg/ml. In certaln instances, the anti-AB antibody
composition comprises anti-Ap antibodies at a conceniration of 150 mg/ml. The anti-Af antibody composition may
comprise anti-AB anilbadies at a concentration of 126 mg/ml.

[0045] A pharmaceutical composition comprising an anti-A antibody described herein may be in any one of a varlety
offorms. These include, for example, fiquid solutions (e.g., Injestable and infusible solutions), dispersions, of suspensions.
The praferred form can depend on the intended mode of administration and therapeutlc application. A pharmaceutical
composition described herein may be in the form of 2 sterile Infectable or infusible solution.

[0046] Sterile injectable solutions can be prepared by Incorporaling an antibody described hereln In the required
amount with one or a combination of ingredients, followed by fittered sterilization. Generally, dispersions are prapared
by incorporating an antibody described herein into a sterile vehicle that contains a basic dispersion medium and the
required other ingredients. In the case of sterlle powders for the preparation of sterile injectable solutions, an exemplary
method of preparation is vacuum drying and freeze drying that vields a powder of an antibody deseribed hereln plus any
additional desired ingredient from a previcusly sterlle-fillered soiution thereof. The proper fiuidlly of a solution can be
maintained, for example, by the use of a coating such as lecithin, by the maintenance of the required particle size in the
case of dispersion, and by the use of surfactants.

[0047] The pharmacettical anti-Ap antbody compositions may addilionally comprise one or more excipients.

[0048] The excipient may lawer/reduce the aggregation and/or viscosily of the antibody in the composition compared
to aggregation andfor viscosity of the antibody in the phatmaceutical somposition without that exciplent. Suchan exciplent
is{L-}arginine hydrochloride.

[0049] Arginine {i.e., (L-}. arginine hydrochloride} is includad in the composition at a concentration of 160 mM.
[0050] Somelimes, solutions containing arginine develop visible particies after incubation at room temperature or
higher temperatures {8.g., 40°C). Addition of sucrosa can reduice or prevent the formation of visible particles. Furthermore,
sucrose can lower the counts of sub visible particulates. The antl-Ap antibody compositlon may comprise sucrose at a
concentration of 0.05% to 5%, 0.05% to 4%, 0.05% to 3%, 1% to 5 %, 1% to The 4%, 1% 0 3%, 2% 1o 5%, 2% to 4%,
or 2% to 3%. The anti-AB antibody composition may comprise susrose at a concentration of 0.5%, 1%, 1.5%, 2%, 2.5%,
3%, 3.5%, 4%, 4.5%, or 5%. The anli-AB anlibody composition may comprise sucrose at & concentration of 3%. The
anti-Ap antibody composition may comprise sucrose ata concentration of 1%.

[0051] The anti-Ap antibody compositions comprise methicnine at & concentration of 10 mM,

[0052] Antibody product manufacturing is a complex process that can involve several staps such as, e.g., drug sub-
stance and bulk formutation, fittration, shipping, poaling, filing, lyaphilization, inspections, packaging, and storage. During
these steps, antibodies may be subjecled {o many different forms of stresses, e.g., agitation, tamperature, light exposure,
and oxidation. These types of stresses can lead to denaturation and aggregation of tha anlibedy, which compromise
the product quality and can even lead to loss of & production batch. Agitation is one of the common physical siresses
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that antibody therapeutics are subjected to during the course of the manufacturing precess. Agitation occurs, e.g,, during
mixing, ultrafiltration/diafiltrafion, pumping, shipping, and filling. Te protest the antibody composition against agitation-
induted siress, the composition may include apolysorbate. The compaesition comprises polysorbate-80 ata concenfration
of 0.01% to 0.1% an¢ may comprise polysarbate-8D at a concentration of 0.04% to 0.5%, 0.01 % to 0.1%, 0.01 % o
0.09%, 0.01 % to 0.08%, 0,01 % ta 0.07%, 0.01 % to 0.06%, 0.01% to 0.05%, 0.01% to 0.04%, or 0.01% to 0.03%. The
composition may comprise polysorbate-80 al a conaentration of 0.02% to 0.08%. The compositicn may comprise polys-
crbate-80 af a concentration of 0.01%, 0.02%, 0.03%, 0.04%, 0.05%, 0.06%, 0.07%, 0.08%, 0.08%, or 0.1%. In 2
particular embodiment, the compositfon comprises palysorbate-80 at a concentration of 0.05%.

[0053] Anyantibedy compuesition eneflis from a buffer thal provides good buffering capasity. The antibody compasition
comprises histidine at a concentration of 20 mM as the buffering agent.

[0054] The pH of the antibady composition can be from 5.2 to 8.2, The pH of the antibody compositions may be 5.0,
5.1,6.2,53,64,5.5,5.6,5.7,5.8,5.9,8.0,6.1,0r6.2. In a particular embodiment, the pH ofthe antibody compositionis 5.5,
100551 The A compositions may comprise L-arginine hydrochloride {150 mM), methionine 10 mM), histidine (2¢ mM),
and PS80 {0.05%), and has a pH of 5.2 {0 6.2, The AP compositions may comprise L-arginine hydrochloride (150 mM),
methionine (10 mM), histidine {20 mM), and PS80 (0.05%), and has a pH of 5.5. The AP compositions may may comprise
L-arginine hydrochioride {150 mM), methionine (10 mM) histidine {20 mM), PS80 (0.05%}), and sucrose (up to 3%), and
may have a pH of 5.2 ta 6.2, In all of these instances, tha ant-Ap anflbody is prasent at a concentration of 100 mg/mi
to 165 mg/ml. In ene Instance, the anti-Ap antibody is present at a concentration of 150 mg/ml. In one instance, the anti-
Ap antibody is present at a conceniration of 100 mg/ml.

[0058] Insome cases, the anti-Ap composition may comprise a thiof-containing antioxidant {e.q., reduced glulathione
{GSH), oxidized glutathione (GSSG), GSH + GSSG, cysteine, cystine, systeine + cystine) at a concentration of 0,02
mMi to 4 mM (e.g., 0.02, 0,03, 0.05, 0.08, 0.08, 0.1, 0.2, 0.3, 04, 0.5,0.6,0.7,0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 14, 1.5, 1.6,
1.7,4.8,1.9,20,21,22,23,24,25,26,27.2.8,29,3.0,3.1,3.2, 3.3, 34,35,36,3.7, 3.8, 3.9, or 4.0 mM), Such
thicl-centaining antioxidants can cleave unfavorable or misbridged disulfide bonds and promote the formation of favorable
or properly bridged disulfide bonds. This would result in the stabilization of the native confirmation of the antibody or
fragment thereofl and slow down aggregation rates, The antioxidant properties of these malecules may slow down
oxidative processes that fead to aggregation. In some cases, the composition may comprise GSH at a concentration: of
0.4 mM. In some cases, the composition may comprise GSSG at a concentration of 0.2 mM. In some cases, the
composition may comprise GSH at a concentration of 0.4 mM and GSSG at a concentration of 0.2 mM. In some cases,
the composition may comprise GSH at a concentration of 4 mM and G8SG at a concentration of 2 mM, [n some cases,
the composition may comprise GSH at a concenlration of 2 mi and GS3G at a coneentration of 1 mM. In some casss,
the composition may comprise cysiaine at a concentration of 0.4 mM. In some cases, the gomposition may comprise
cystine at a concentratlon of 0.2 mM. In some cases, the composition may comprise cysteine at a concentration of 0.4
mh and cystine at a concentration of 0.2 mM.

[0057] The A compositions may comprise L-arginine hydrochlaride {150 mM}, methionine (10 mM), histidine 20 mM),
a {hiol-coniaining antioxldant siich as GSH, GSS8G, GSH and GSSG, cysielne, cystine, ar cysteine and cystine (e.g.,
0.02 mM to 4 mM), and PS80 (0.05%), and may have a pH of 5.2 to 6.2. The A compositions may comprise L-arginine
hydrochloride (150 mM), methionine {10 mM}, histidine (20 mM), a thiol-contalning antioxidant such as GSH, G886,
G8H and GSSG, cysteine, cysline, or ¢ystelng and cystine (e.g., 0.02 mM to 4 mM), and PS80 (0.05%), and may have
a pH of 5.5. The AR compositions may comprise L-arginine hydrochloride (150 mM), methionine (10 mM,}, histidine {20
mi), PS80 (0.05%), a thiol-containing antioxidant such as GSH, GS8G, GSH and GSSG, cysteine, cysline, or cysteine
and cystine (2.g., 0.02 miM to 4 mM), and sucrose {up to 3%), and may have a pH of 5.2 to 6.2, In all of these instances,
the anti-AB antlbody Is present at a concentration of 100 mg/mi to 165 mg/mi. In ene instance, the anti-Af anfibody s
present at a concentration of 150 mg/mi. in one instance, the anti-AB anfibody is present ata concentration of 100 mg/mi.
[0058] The anli-Ap antibody or a Ap-binding fragment thereof of the composlition comprises a VH and a VL of BIIB037
comprising SEQ 1D NOs: 9 and 10, respectively. In one embodiment, the composition has a pH of 6.5 and comprises
BIIB0O37 at a concenlration of 150 mg/mi, L-arginine hydrochloride at a concentration of 160 miM, methicnine at a
concentraticn of 10 mM, polysarbate-80 at a concentration of 0.05%, and histidine at a concentration of 20 mM (16.2
mM L-histidine HCI monohydrate, 3.8 mM L-Histidine free hase). The composition may further comprises a thiol-con-
taining antioxidant (e.g., GSH, GS8G, GSH + GSSG, cystelne, cystine, vysteine + cystine) at a concentration of 0.02
mM to 4 mM. The composition may further comprises sucrose at a concentration of 0.01 % to 3%.

[0059] The thlol-containing antloxidant may be GSH at a concentration of 0.4 mhd, The thicl-containing antloxidant
may be GSH at a concentration of .4 mM and GSSG at a concentration of 0.2 mM. The thiol-confaining antioxidant
may be GSH at a congentration of 4 mM and GSSG at a conceniration of 2 mM, The thiol-centaining antioxidant may
he GSH at a concentration of 2 mM and GSS@ at a concentration of 1 mM. The thiol-containing antioxidant may be
cystelne at a concentration of 0.4 mM. The thial-containing antioxidant may be cysteine at a concentration of 0.4 mM
and cystine at a concentration of 3.2 mi.
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Medical uses

[0060] BIIBO3T recognizes aggregated forms of AG, including plagues. in vitro characterization sludies have established
that antibody BIBDAT recognizes a conformational epitope present in AB aggregates, the acoumutation of which is
balleved to underlis the development and progression of Alzhelmer's disease (AC) In vivo pharmacology studies indicata
that a murine 1gG2a chimeric verslon of the antibody {ch12F6A} with similar properties significantly reduces amylold
plague burden In the brains of aged Tg25768 mice, a mouse modet of AD. The reduction in parenchymal amylold was
not accompanied by a change in vascular amyloid, as has been reporied for certaln anti-Ap antibodies.

[0061] The compositions disclosed hersin are useful in treating abnormal accumulation or deposition of AR in the
central nervous system of a human subjeet In need thereof. The compositions disclosed herein are also useful in troating
mild sagnitive Impairment in a human subject in need thereof. As used hergin, the ferms "treat”, "freating”, or "frealment”
generafly mean obtaining a desired pharmacological andfor physiological effect.

[0062] In certain gmbodiments, the compositions disclosed herein are for use in treating AD in a human subject in
need thereof. The compositions disclosed herein may also be usefulin preventing AL in @ human subjsctin need thereof,
[0063] The compositions disclosed hereln can be used to: (a) prevent AD from occurring in a subjest who may be
pracisposed 1o AD, but has not yet been dlagnosed as having it; (b} inhibiting AD, e.g. arresting ils development; {c)
relieving AD, e.g. causing regression of AD; or {d} prolanging survival as compared to expected survival if not recelving
treatment,

[0064] A human subject in need thereof is administered a therapeutically effective amount or dose of the anbi-Ap
antibody or Af-binding fragment thereof, A lherapeutically effective amount refers to the arount of the antibody sufficient
1o ameliorate a symptom or condition associated with AD Therapeutic efficacy and toxicity of the antibody can be
determined by standard pharmaceutical procedures, ideally, the antibody Is smployed in an amouni sufficient to restore
normal behavior andfor cognitive properties In case of Alzhelmer's disease, or &t jeast dalay or pravent the progression
of Al} in the patient.

[0065] In some embodiments, the composilion comprising the antl-Ap antibody or AB-binding fragment thereof is
administerad intravenously to the human subject. In certain embodiments, the composition comprising the anti-Af} an-
tibody or Ap-binding fragment thereof is adminlsterad subeutaneously to the human subject.

[0066] The following are examples of the practice of the nvention.

Examples

Example 1: pH and Buffer $creened for Optimal Formulation

[00687] The following formulations were prepared and screened 1o determine the optimal buffer and pH.

Table 6: pH and buffer screan formulations

Buffer pH Excipients Protein Concentration
4.5
20mM Acstate | 5.0
5.5
4.5
5.0
5.6
6.0
5.5
20mi Histidine ; 6.0
6.5
5.0
5.5
6.0
6.5

20mM Succinate

150mM L-Arginine HC10.05% Polysorbate-80 1565 - 165 mg/mL

20mM Citrate

10
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[0068] Formulations were stored at 40°C + 75% relative humidity (RH) for 4 weeks {Figure 1).
Conclusions:
{00697
1) Histidine buffer showad the lowest change In percentage high molecular weight species (% BMW) compared to
Acetate, Succinate, and Citrate buifers,

2) The rend was consistent across the pH range of 5.5 to 6.5.

Example 2: Arginine as an Optimal Excipient for Controlling HMW

[0070] The following formulations were prepared to determine the optimal stabllizing excipient(s). Most contain L-
Arginine HC!, either alone or combined with another exclpient. Two formulations did not contain Arginine and only
contained a sugar (sucrose or trehalose).

Table 7: Excipient screen formulations

Exclplent (alt contain 20mM Histidine and 0.45% Polysorbate-80) | pH Protein concentrafion
150 mM L-Arginine HCl 8.0
150 mM L-Arginine HC! 55
100 mM L-Arginine BGI 55
100 mM L-Arginine HCI + 3% Sucrose 55
100 mM L-Arginine HCI + 3% Sucrose 6.0
100 mM L-Arginine HCI + 50 mM NaCl 5.5

75 mM L-Arginine HC + 75 raM glutamate 5.5 220 - 230 mgfnl

150 mM L-Arginfne HCI -+ 10 mM Methfonine 5,6
150 mM L-Arginine HCI + 10 mM Methionine 8.0
300 mM Sucrose 5.5
300 mM Trehalose 5.5
50 mM L-Arginine HCl + 4,5% Sucrose 55

[0071] The formulations were stored at 40°C + 75% RM and tested for %HMW over 6 weeks (Figure 2).

Conclusions:

{0072
1) Formulations contalning Arginine (solid lines) performed batter than the formulations without Arginine {dashed
g.r)}?rsrfe Arginine + Methionine combination (lowest two solid ines in the plot) performed better than Arginine alone
and Arginina In combination with other excipients.

3} Formutations prepared at both pH 5.5 and 8.0 always performed better at pH 5.5,

Example 3: Robustness of the Formulation for pH and Proteln Concentration

[6073] Further formulation optimization was performed by preparing various formulations based around a ceniral
formulation (Takle B} and screening for varfous quality attributes.

11
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Table 8: Optimization screen formulations (variations from the central formulation are
highlighted in grey).

Formulation Variation | [Protein] H Buffer | Arginine | Methionine | Sucrose | PS-80
mgml | ! (20mM) | {mM) (mM) (%) (%0}
Center formulation 220 5.7 His 150 10 0.0
Center @ 165mg/mL His 150 10 0.03
Center @ 280mg/ml His 150 10 0.0
Center @ pH 5.2 Hig 150 i 0.05
Center 4 pH 6.2 His 150 10 0.05
Center wi_m‘ 100mM 220 57 His 10 0.0

Arginine
Center without Methionine 220 5.7 His 0.05
Center with 100mM .

Arginine + 3% Suerose 2720 37 His 0.03
Center with 20mM Citrate 220 5.7 .03

[0074] Figure 3 shows the %HMW trends at varying pH when stored at 25°C + 60% relative hurmidity, The rate of
increase of %HMW over time Is consistent across this pH range,

[0075] Figure 4 shows the %HMW trands for varying exciplents when stored at 25°C + 80% relative humidily, The
rate of increase of % HMW Is conslstent whether the stabllizing excipient is 160mM L-Arginine HCT+ 10mM Methianine,
100mM L-Arginine HCI + 10mM Methlonine, 150mM L-Arginine HC without Methionine, or 100mM L-Arginine HCI +
3% Sucrose,

Example 4: Arginine Lowers Viscosity of the Formulations

[0078] The viscosity of each formulatlon was measured at ambient termperaiure (23°C). The proteln concentration has
a significant impact on viscosily, while other variations In the formulation recipe did not have impact. Viscositles < 50cP
are optimal for manufacturing processes and route of administrafion optlons. The Arginine-based formulations provide
conslstently low viscosity (~20cP) at high protein congentration (~220mg/mL.) (Figure 5L

Example 5: Robustness of Formulation to Polysorbate-80 Concentration

10077] The following formulations were prapared to assess the optimal level of surfaclant (Polysorabate-B0) in the
formulation.

Table 9: Surfactant screen formulations

Protein Concentration

o v
(mgimL) pH Butfer Exclplents % Polysorbate-80

0.00%
0.005%
0.01%
0.03%
0.05%
0.075%
0.10%

150mM L-Arginine HCl + 10mM

160 57 | 20mM Histidine Methiening |

[0078] An aglation study was performed to determine the appropriate lavel of surfactant necessary to maintain product
stability durlng physical stress, The formulations in Table 8 were dispensed into 3 mL glass vials and 1 mlL glass staked-
neadle syringes, then agitated at 650rpm for 72 hours at room temperature. Unagitated ¢ontrals were stored In glass
vials for (he same iime and temperalure.

[0079] %HMW results were consistent across all agilated formuiations {Figure 6). The unagitated control vials show
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a gradua) increase In HMW as the % polyscrbale-80 drops fram 0.05% to 0.00%. All resuits are within the variability
{noise} of the methed (£0.2%) and may not be real differences. Stability is comparable across a broad range of %
Polysorbate-80.

Example 6: Thiol Group Gontalning Excipients improve Aggregation Stabllity of Aduganumab Formulation

[0080] The addition of thiol group contalning excipients to an Aducanumab formulation reduces aggregation as de-
termined by the development of high molecular weight species during storage.

[0081] The conirol Aducanumab formufation has 165mg/mL Aducanumab, 20mM Histidine, 150 mM L-Arginine HCI,
10mM Methioning, 0.05% Polysorbate-80, pH 5,5. The cantrol formulation was spiked with thiol group containing excip-
lents: GSH and GS5G. The formulations were stored at 25°C at 60% relative humldity, As shown in Figure 7, the addition
of GSH and GS88G reduces the development of HMW species during storage.

[0082] The same control formulation of Aducanumab was splked wilh Cystelne and Cystine. These formulations were
also stored at 25°C at §0% ratative humidity. As was the case for GSH and GSGG, the addition of Gysteine and Cystine
suppresses the development of HMW species during storage (Figure 8).

Example 7: Reduced Form of Thiol Group Contalning Excipient is as Effective as Redox Pair In Controlling HMW

[0083] Theaddition of the reduced form of a thiol group containing excipient alene has the same impact as the addition
of the redox pair.

[0084] A control Aducanumab formulation contains 165 mg/mL Aducanumab, 20 mM Histidine, 150 mM L-Arginine
HCI, 10 mM Methionine, 0.056% Polysorbate-80, pH 5.5. This formulation was spiked with GSH + GSSG, GSH slone,
or GSSG alone, The formutations were stored at 25°C at 60% relative humidity. As shown in Figure 9, the additlon of
GSH, G856, and GSH+ GSSG all reduced the formation of HMW species.

Example 8: Thiol Containing Exclplents are Better than Methionine In controliing HMW

[0088] The addition of methionine does not increase the stability observed with GSH alone.

[0086] A control Adusanumab formulation has 186mg/mlL Aducanumah, 20mM Histiding, 150mM L-Arginine HCI, pH
5.5 GSH or GSH + Methionine were addead to the control formulation, These formulations were stored at 25°C at 80%
relative humidity, The addition of methionine did not provide any additive benefit to the reduction In HMW species
observed with GSH alone (Figure 10),

Example 9! Robustness for Thiol-Containing Exciplent Formulation at Multiple Proteln and GSH concentrations

[0087} Reduction in HMW specles wilh the addition of GSH was observed at multiple concentrations of proteln and
muitiple concentrations of GSH,
[6088] Aducanumab (165 or 200 mg/ml. Aducanumab, 20 mM Histiding, 150 mM L-Arginine HCI, 10 mM Methionine,
0.05% Polysorbate-80, pt 5.5) was stared at 26°C at 60% relative humidity with vazious concentrations of GSH, As
shown In Figure 11, GSH suppresses HMW species formation at concentrations from 0.2 mM fo 1.0 mM, at protein
concentrations up to 200 mg/ml,

Example 10: Thiol-Containing Excipient is Effective in Controlling HMW at Very Low Gongcentrations

[0089] Concentrations of a thicl-containing excipient as low as 0.02 mM improved the stability of Aducanumab at
various concentrations,

{0090] Aducanumab (165 or 225 mgfml Aducanumab, 20mM Histidine, 150mM L-Arginine HCI, 10miM Methionine,
0.05% Polysorbate-80, pH 5.5) was stored at 25°C at 60% telative humidity with various concentrations of GSH. As
shown in Figure 12, GSH suppresses HMW species formation at concenfrations as low as 0,02 mM in formulations
containing up to 225 mg/mt Aducanumab,

Example 11: Effect of Increasing Thiol-Containing Excipient on HMW

[0091] This experiment was performed to assess the impact of increasing the concentration of GSH on HMW reducllon.
[0092] Al tested formulations contained 210 mgimL aducanumab, 20 mM histidine, 150 mM arginine. 10 mM methio-
nine, and 0.05% polysorbate-SO. and only differed bv the GSH concentration. The GSH concentralions tested were 0
mh, 0.5 mM, 1 mM, 2 mi, and 4 mM, Samples were stored at 25°C, 60% relative humidity for up 1o 4,5 months,

[0093] The data showed that GSH at 4mM has same impact on HMW reduction as GSH from 0.5 mM to 2 mM (see.
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Flgure 13).

Example 12: Effect of Increasing Methionine Concentrations on HMW

[0094] This experimeni was performed to agsess the fmpact of increasing the conceniration of methionine on HMW
reduction,

[0005] Al tested formulations contalned 165 mg/ml aducanumab. 20 mM histidine. 1560 mM arginine, and 0.05%
polysorbete-80, and only dilfered by the soncentration of methionine or GSH as shown in Figure 14, Samples were
stored at 25°C. B0% relative hurmidity {top) and 40°C, 75% relative humidity {(botiom) for up to 3.5 months.

[0038] This experimant showed that that ingreasing the methionine concentration to 150 mM halped reduce HMW
compared to 10 mM methionine,

Example 13: A 4-Waek Tolerability and Toxicokinetic Study of BIB037 when Administered by Intravenous and
Subcutaneous Injection to Cynomolgus Monkeys

[0097] The objactive of this study was 1o determine the lolerability of BIIBO37 (150 mgfmL sirength in 20 mM histidine
bufier [16.2 mM L-histicine monchydrate, 3.8 mM L-histidine free base], 150 mM L-arginine hydrochloride (HCH, 10 mM
methionine, and 0.05% polysorbate 80 pH 5.5} when given by Inlravenous (V) or subcutaneous (SC) injection once a
week for 4 weeks to 3 cynomolgus monkeys per group. in addition, the toxicokinetic characteristics of the test arlicle
were determined.

[0098] Both IV and ST administration of BHB037 at 300 mg/kgidose once a week for 4 weeks (Day 22 area under the
concentration-time curve from fime ¢ to tima ¢t [AUGO-1: 324,000 ug+/mL and 243,000 pg+himk. for IV and SC, respsc-
tivaly) resuiied in no clinical observations, of adverse effects on body welght ar food consumption, The SC Iniection slte
abservations were limitad to one SC injected animal following the Whird and fourth week administrations that consisted
of non-adverse, very slighl erythema and/for edema, accompanied by fikely procedure-related mild focal neutrophilic and
mononuclear ceilutar infillration and hemorrhage (associated with the fourth injection site only). The absclute % bioa-
vailabitity ranged from 56.7% to 76.1% for AUCt on SD 1 and SD 22 indleating good absorption kinetics following
aducanumab SC admiristralion. The summary of mean TK parameters is presented in Table 10,

Table 10: Summary of Mean Toxicokinetic Parameters in the A-Week IV and 5C Male Cynomolgus Monkey

Study
Dose 300 mylkg IV 300 mgfkg SC
Number of Anlmals M {3) M (3)
Day 1
Conay (ngfml) 8,930 1,180
AUC_ (pg*himl) 236,000 134,000
Tax () 0.083 12 or 24
Day 22
Crnay (pg/mL) 7,070 2,490
AUC, (pg*himL) 324,000 243,000
Tinaxth} 008310 2 12t0 24
AUC, =AUC, {TK parameter used in P037-16-01 study report) = area under the concentration-time curva from time
0 to last concentration; C s, = Mmaximum observed concentration, ocourring at Ty, 8D = Study Day; Ty = time
of maxlinum observed concentration

Claims

1, A pharmaceuticai composition comprising
an anti-beta amyleid (AB) antivody at a concentration of 75 mg/mito 226 mg/ml;

arginine hydrochloride (Arg.HCI) at a concentration of 150 b,
methionine at a concentration of 10 mM;
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histidine at a concentration of 20 mM; and

Polysorbate-80 (PS80) al a concentration of 0.01% to 0.1%,

whereln the pharmaceutical composition has a pH of 52 {0 6.2;

wherein the antl-Ap antlbedy comprises an immunoglobulin heavy chain and an immunoglobulin fight chain,
wherein the heavy chain comprises the amino acid sequence set forth in SEQ ID NO:9 and the light chain
comprises the amine acld sequence set forth in SEQ [D NO:10.

2. The pharmaceutical composition of elalm 1, wherein the pharmaceutical composition comprises the anti-Ap anfibody
at a concentration of:

() 175 rng/m;
(i} 150 mg/ml; or
(iif) 100 mg/mi,

3. The pharmaceutical composition of claim 1 or 2, wherein the pharmaceutical composition comprises PS80 al a
concentration of 0.03% to 0.068%.

4. The pharmaceutical composition of claim 3, wherein the pharmaceutical composition comprises PS80 at a concen-
tration of 0.05%.

5. The pharmaceutical composition of any one of claims 1 to 4, wherein the pharmaceutioal composition has a pH of
531057,

8. The pharmaceutical composition of olaim 5, wherein the pharmacettical composition has a pH of 5.5,
7. The pharmaceutical composition of clalm 1, wherein the composilion comprises

the anli-Ap antibody at a conecentration of 150 mgfml; and
PS80 at a concentration of 0.05%.

8. The pharmaceutical composition of clalm 1, wherein the composifion comprises

the anti-Af} antibody at a cencentration of 100 mg/ml; and
PS80 at a concentration of 0.05%.

9. The pharmaceutical composliion of claim 7 or 8, whereln the pharmaseutical composition has a pH of 5.5.

10. The pharmaceutical composition of any one of claims 1 to 9 for use In treating Alzheimer's disease in a human
subject in need thereof,

11. The pharmacgutical composition for the use of ¢laim 10, wherein the pharmaceutical composition is to be adminis-
lered subculaneously to the human subject,

12, The pharmaceutical compesition for the use of claim 10, wherein the pharmaceufical composition is to be adminis-

tered intravencusly to the human subject.

Patentansprliche.

armazeutische Zusammensetzung, umfassend

efnen Anti -Amyloid-(A-)Antikéirper In elner Konzentration von 75 maim! bis 225 mg/mil;
Argininhydrochlori HC in einer Konzeniration von 1560 mM;

Methionin In einer Konzentrfatienvon 10 mM;

Histidin In einer Konzentration von 2 und

Polysorbat-80 (P380} in einer Konzentration ¥
webei die pharmazeutische Zusammensetzung einen p
wobei der Anti-AR-Antikorper eine schwere Immungiobulinkeite

01 % bis 0,1 %,
ert von §,2 bis 6,2 aufweisl;
ine leichte Immunglobulinkette umfasst,
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wobei die schwere Keite die Aminosiuresequenz umfasst, die in SEQ 1D NO:9 dargelegt ist, und die lsichte
Kette dis Aminosiiresequenz urnfasst, die in SEQ 1D NO:10 dargelegt Ist.

Pharazeutische Zusammenssetzung nach Anspruch 1, wobel die pharmazeutische Zusammensetzung den Anti-
AR-Antjkdrper in siner Konzentration von Folgendem umfasst:

i) 176 mg/mi;
i) 158 mg/ml; oder
{iif) 100\ng/ml,

Pharmazeutisdhe Zusammensetzeng nach Anspruch 1 oder 2, wobei die pharmazeutische Zusammensetzung
PS80 in einer Kynzentration ven 0,03 % bis 0,08 % umfasst.

Pharmazeutische Xusammenssetzung nach Anspruch 3, wobel die pharmazeutische Zusammensetzung PS80 In
einer Konzentration'yon 0,05 % umfasst.

Pharmazeutische Zusaymmensetzung nach einem der Anspriiche 1 bis 4, wobei die pharmazeutische Zusammen-
setzung elnen pH-Wert Yon 5,3 bis 5,7 aufweist.

Pharmazeulische Zusamminsetzung nach Anspruch 5, wobel die pharmazeufische Zusammenseatzung einen pH-
Woert von 5,5 aufwaist,

Pharmazeutische Zusammensizung nach Anspruch 1, wobet die Zusammesnsetzung den Anth-AR-Antikdrper In
elner Konzentration von 150 mghyl; und
PS80 in einer Konzentration von (\03 % umfasst.

Pharmazeutische Zusammensetzund, nach Anspruch 1, wobsi die Zusammensetzung den Antl-AR-Antikdrper in
einer Konzentration von 100 mg/ml; u

PS80 in einer Konzentration von 0,05 $dumfasst,

Pharmazeutische Zusammensetzung nach, Anspruch 7 oder 8, wobei die pharmazeutische Zusammenselzung
einen pH-Warl von 5,5 aufweist.

Pharmazeutische Zusammensetzung nach eindm der Anspriiche 1 bis 9 zur Verwendung bel der Behandiung der
Alzheimer-Krankheit bei einem menschlichen Pakenien, der dessen bedarf.

Pharmazeutische Zusammenselzung zur Verwenduhg nach Anspruch 10, wobei die pharmazeutische Zusammen-
selzung dem menschlichen Pallenten subkutan zu veXabretchen ist,

Pharmazeulische Zusammenselzung zur Verwendung nagh Anspruch 10, wobei die pharmazeutische Zusammen-
selzung dern menschlichen Palienten intravends zu veralbieichen ist.

Composition pharmaceulique comprenant

un antlcorps anll-bata-amyloide (AB) & une concentration de 78\mg/mi & 225 mgiml ;
du chlorhydrate d'arginine {Arg.HGI) & une concentration de 150 oM ;

de la méthionine & une consentration de 10 mM ;
de I'histidine & une concentration de 20 mM ; et
du Polysorbate-80 (PS80) & une concentration de 0,01 % 40,1 %, dan aquella la composition phaimaceutique
aunpHdes,23a8.2;
dans taquslle 'anticorps anti-Ap comprend une chaihe lourde d'immun lopuling et une chaine légére d'lm-
munoglebuling, dans faquelle la chalne lourde comprend la séquence d'deldes amings présentée dans SEQ
D NO : 9 et Ja chaine légére comprend la séquence d'acides aminés présentée dans SEQ ID NO: 10,

Composition pharmaceutique selon la revendication 1, dans laguelle la compositlon pharmaceutigue comprend
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nficorps anti-AB & une concentration de :

i) 175 mg/mi ;
{lini50 mg/ml ; ou
{ifiy X00 mg/mi,

Compositiohpharmaceutique salon la revendication 1 ou 2, dans laguells la composition pharmaceutique comprend
du PS80 4 une concentration de 0,03 % & 4,08 %.

Composition phalnaceutique selan |a revendication 3, dans laquelie fa composition pharmaceutique comprend du
PS80 4 une concehjration de 5,05 %.

Composition pharmackutique selon 'une quelcongue des revendications 1 & 4, dans laguelte la composition phar-
maceutique a un pH de §,3 2 5,7.

Composition pharmaceutique selon la revendication 8, dans laguelle la composition pharmaceutigue a un pH de 5,5.
Composition phatmaceifigue sglon ta revendicalion 1, dans laquelle la composition comprend Manticorps anti-Ap

a une concentration de 150 mg/mi ; et
du PS80 a une concentration de 0,85 %,

Composition pharmaceulique selon la ¥Ygvendication 1, dans laquelle la composition comprend l'anticorps anll-Af
& une concentration de J00 mg/ml ; et
du PS80 & une concentration de 0,05 %.
Gomposition pharmaceutique selon 1a revendisation 7 ou 8, dans laquelle la composition pharmaceutique a un pH
de 5,5.

Composition pharmaceutique selon fune queloongye des revendications 1 & 9 destinée & étre utilisée dans le
traltement de ia maladie d'Alzheimer chez un sujet hikpaln en ayant besain,

Composition pharmaceutique destinée a étre utilisée seloy la revendication 10, dans laquefle la composition phar-
maceutique doit 8tre administrée par vole sous-cutange augujel humain.

Composition pharmaceutiqua destinde 4 étre utilisée selon la rdyendication 10, dans laquelle & composition phar-
maceutique doit &tre administréa par vole iniraveineuse au sulet humain,

17
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Center formulation
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Center without Methionine
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