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LYOPHILISED ANTIBODY FORMULATION
TECHNICAL FIELD
This invention is in the field of monocional antibody pharmaceutical formulation.
BACKGROUND
Sclerostin is a key negative regulator of Wat signalling in bouve and is a target for therapeutics
designed to treal conditions associated with fow bone mass, such as osteoporosis. Monoclonal

antibodies which bind to sclerostin are known for use in thevapy ez see references 1 to 10

BPSRO4 is one such antibody (IgG2). It was disclosed as “MOROS813™ in reference 10 (the complete
contents of which are incorporated herein by reference). has a Vi domain with amine acid SEQ ID
NO: 1 and a Vg domain with amino acid SEQ 1D NO: 2. The variable domains may be expressed as

SEQ ID NOGs: 9 and 10 to give a functional anti-sclerostin antibody.

Aggregation s a major route of degradation in pharmaceutical formulations of monocional
antibodics, especially at high concentrations. Aggregation can potentially lead to increased hmmune

response in patients, leading o satety concerns. Thus it miust be minimised or prevented.

{t is an object of the invention to provide further and improved formulations of anti-sclerostin

antibodies, and in particular formulations with low levels of antibody aggregation,

DISCLOSURE OF THE INVENTION

Monoclonal antibodies (mAbs} are typically formulated either in agueous form ready for parenteral
administration or as lyophilisates for reconstitution with a suitable diluent prior to administration,
According lo the invention, an anti-sclerostin antibody is formulated as a lyophilisate. Sultable
formulation can provide a lyophilisate which can be reconstituted to give a solution with a high
conceniration of the antibody active ingredient for delivery to a patient without high levels of
antibody aggregation. High concentrations of antibody are useful as they reduce the amount of
material which must be delivered to a patient. Reduced dosing volumes minimise the time taken to

debiver a fixed dose o the patient.

Thus the invention provides a lyophilisale comprising an anti-sclerostin monocional antibody,
wherein the Iyophilisate can be reconstituted with an agueous reconstituent to provide an aqueous

composilion in which the antibody has a concentration of at least 25mg/ml.

The invention also provides an agueous pharmaceutical composition comprising an anti-sclerostio

monocional antibody, wherein the antibody has a concentration of at least 25mg/ml.

The tavention also provides a lyophilisate comprising: an anti-sclerostin monoclonal antibody: a

sugar; a buffering agent; and s surfactant. The lyophilisate prefervably also includes a free amino acid.
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The invention also provides an aqueons pharmacentical composition comprising: an anti-sclerostin
monoclonal antibody: a sugar; a buffering agent; and a sfactant. The composition preferably also

includesa free aming acid.

The invention also provides a lyophilisate comprising an anti-sclerostin mouocional antibody,
wherein the fyophilisate can be reconstituied with an agqueous reconstituent to provide an aqueous

composition 11 which less than 1% of the anti-sclerostin monoclonal antibody is aggregated.

The invention also provides an agqueous pharmaceutical composition comprising an anti-sclerostin

monoclonal antibody, wherein less than 1% of the anti-selerostin monoclonal antibody s aggregated.

The invention also provides a process for preparing a lyophilisate, comprising steps oft (i) preparing
an agueous solution comprising an anti-sclerostin monoclonal antibody, a sugar, a buffering agent, a

surfactant, and optionally a free amino acid; and (i) lyophilising the agqueons solution.

The invention also provides a process for preparing a composition, comprising a step of mixing a
tyophilisate with an agucous reconstituent, wherein the lyophilisate comprises an anti-sclerostin

monocional antibody, a sugar, a buffering agent, a surfactant, and optionally a free antino acid.

Lyophilisates

Techniques for tyophilisation of mAbs are well known in the art e.g see references 11 lo 19, For
example, monoclonal antibody prodacts  SYNAGIS™, REMICADE™, RAPTIVA™,
SPMULECT™, XOLAIR™ and HERCEPTIN™ are supplied as lyophilisates, These antibodies are
reconstituted to various final concentrations e.g. SIMULECT™ §s reconstituted to a concentration of
4 mg/mi antibody, REMICADE™ is reconstityted to a concentration of 10 mg/ml, HERCEPTIN'
to 21 mg/ml, SYNAGIS™ and RAPTIVA™ 0 100 mg/ml, and XOLAIR™ to 125 mg/ml.

Lyophilisates of the invention can be reconstituted (o give aqueous compositions with an anti-
sclerostin antibody concentration of at least 25 mg/ml. The antibody concentration can be much

higher than 25 mg/mil e.g. 250 mg/ml, >75 mg/ml, 2100 mg/ml, 2125 mg/ml, >156 mg/ml or higher.

Furthermore, the lyophilisates of the invention are stable such that, even after storage for 4weeks at
2-8°C, they can be reconstituted to give agueons compositions in which less than 1% of the total

anti-sclerostin antibody is aggregated (as measured by SEC-HPLC) e g <0,5%, <0.4%, <0.3%, ele.

The fyophilisate may ioclude, in addition to the anti-sclerostin mAb, further components such as one
or more of the following: (i) a sugar; (ii) a buffering agent; (i) a surfaciant; and (iv) a free amino
acid. Inclusion of each of such additional components (i), (it) and (1) is typical, and can give
compositions with low aggregation of the aunti-sclerostin mAb. Inclusion of component {iv) is

advantageous because it has been shown to further reduce aggregation after stovage.

Suitable sugars for uwse with the invention include, but are not limited to, monosaccharides,

disaccharides and trisaccharides. For example, the sugar may be sucrose, trehalose, raflinose,
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maltose, sorbitol or mannitol, The sugar may be a sugar aleohol or an amino sugar. Sucrose is

particidarly useful.

Suitable buffering agents for use with the invention include, but are not limited 1o, a histidine buiffer,
a citrate buffer, a phosphate buffer, a succinate buffer, an acetate buffer, or a Tris buffer. A histidine

buffer is particularly vselul.

Suitable surfactants for use with the nvention include, but are not limited to, non-ionic¢ surfactants,
tonic surfactants and zwilterionic surfactants. Typical surfactants for use with the invention include,
but are not timited to, sorbitan falty acid esters {e.g. sorbitan monocaprylate, sorbitan monolaurate,
sorbitan monopalmitate), sorbitan trioleate, glyveerine fatty acid esters (e.g. glyeerine monocaprylate,
glycerine monomyristate, glycerine monostearate), polyglycerine fatty acid esters {e.g. decaglyceryl
muonostearate, decaglyeeryt distearate, decaglyeeryl monolinoleate), polyoxyethylene sorbitan fatty
acid esters (e.g polyoxyethylene sorbitan monolaurate, polyoxyethylene sorbitan monooleate,
polyoxyethylene sorbitan monostearate, polyoxyethylens sorbitan monopalmitate, polyoxyethylene
sorbitan trioleate, polyoxyethylene sorbitan tristearate), polyoxyethylene sorbito! fatty acid esters
{e.g polvoxyethylene sorbitol tetrastearate, polyoxyethylene sorbitol tetracleate), polyoxyethylene
glycerine fatty acid esters {e.g. polyoxyethylene glvceryl monostearate), polyethylene glycol fatty
acid esters {e.g. pulyethylene glyeol distearate), polyoxvethyiene alkyl ethers (e.g polyoryethylens
laurvl  ether), polyoxyethylene  polyoxypropylese  alkyl ethers ({eg  polvoxyethylene
polyoxypropylene  glycol, polyoxyethylene polyoxypropylene propyl cther, polyoxyethylene
polyoxypropylene cetyl  ether), polyoxyethylene alkyiphenyl ethers {eg  polyoxyethylene
nonylphenyl ether), polvoxyethylene hydrogenated castor oils {e.g polvoxyethylene castor oil,
polyoxyethylene  hydrogenated  castor  oil).  polvoxyethvlene  beeswax  deddvatives  {eg
polyoxyethylene sorbitol beeswax), polyoxyethylene lanolin dervivatives (e.g polyoxyethylene
lanolin), and polyoxyethylene fatty acid amides {e.g. polyoxyethyiene stearic acid amide); Cio-Cia
alkyl sulfates (eg  sodium cetyl sulfate, sodimm lauryl sulfate, sodium  oleyl sulfate),
polyoxyethylene C0~C ¢ atkyl other sulfate with an average of 2 to 4 moles of ethylene oxide units
added (e.g. sodium polyoxyethylene lauryl sulfate), and C;-Cys alkyl sulfosuccinate ester salts {e.g.
sodium Jauryl sulfosuccinate ester); and natural surfactants such as lecithin, glycerophospholipid,
sphingophospholipids (e.g. sphingomyelin}, and sucrose esters of C(5-Cyy fatty acids. A composition
may include one or more of these surfactants. Preferved surfactants are polvoxyetbylene sorbitan

[atty acid esters e.g. polysorbate 20, 40, 60 or 80. Polysorbate 80 (T'ween 80} s particularly useful.

Suitable free amino acids for use with the invention include, but are not limited to, arginine, lysine,
histiding, ornithine, isoleucing, feucine, alanine, glyeine glutamic acid or aspartic acid. The inclusion
of a basic amino acid is preferred ie. arginine, lysine and/or histidine. It a composition includes
histidine then this may act both as a buffering agent and a free amino acid, but when a histidine

buffer is used it is typical to include a non-histidine free aming acid e.g to include histidine bulfer
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and lysine. An amino acid may be present in its D+ and/or L- form, but the L-form is typical. The

amino acid may be present ag any suitable salt e.g. a hydrochloride salt, such as Arginine-HCL

When present, components (1) to (ivy will be at a pre-lyophilisation concentration sufficient to
maintain the anti-sclerastin antibody in a form which is active and soluble after storage (under

normal conditions) and reconstitution. The components will also be present after recoustitution.

Thus a sugar may be present before lyophilisation at a concentration of between 3 and 300 mM e g

15200 mM, 30-150 mM, 80- {00 mM. A concentralion of 50 mM sucrose or trehalose is useful.

A hyffering agent may be present before lyophilisation at a concentration of between 1 and 60 mM

e.g. 3-30 mM, 6-20 mM, 8-15 mM. A concentration of 1 miM histidine buffer is usetul.

A surfactant may be present before Iyophilisation at a concentration of up to 0.2% (by velume) ¢. g
0.01-0.1%, 0.01-0.08%, 0.01-0.04%. A concentration of 0.02% polysorbate 80U is useful.

A frec amino acid may be present before Ivophilisation at a concentration of between 2 and 80 mM
e 3-50 mM, 6-30 mM, 10-25 mM, 15-20 mM. A concentration of 17 mM arginine-HCl is useful.

A formulation containing histidine buifer, sucrose and polysorbate 80 has been shown to be suitable

for lyophilisation of antibody BPS804. Additional inclusion of arginine reduces BPSBD4 aggregation.

A lyophilisate may include active ingredients i addition to the mAb. For instance, further
pharmacological agenls may be included, such as chemotherapentic compounds. For instance,

methotrexate may be included, and it is known to include methotrexate sodium in lyophilisates.

The pH of an agueous mAb formulation prior to fyophilisation may be in the range 4.0-8.0, which a
pH in the range 6.0-7.4 being typical. Some antissclerostin antibodies are not stable in agueous
solution above pht 6.0 and so 3 composition may have a pH in the range of 5.0 1o 6.0, For instance, a

pre-tyophilisation pH of 5.330.1 ix suitable for BPS804.

Agucous veconstitution
Before a lyophitisate can be administered to a patient it should be reconstituted with an aqueous
reconstituent. This step permits antibody and other components in the tyophilisate to re-dissolve to

give a solution which is suitable for injection fo a patient.

The volume of agueous material used for reconstitution dictates the concentration of mAb in a
resulting pharmaceuntical composition. Recoustitution with a smaller volume of reconstituent than the
pre-ivophilisation volume provides s composition which is more concentrated than  before
yophilisation. As mentioned above, lyophilisates of the invention can be reconstituted to give
agueous compositions with an anti-sclerostin antibody concentration of at least 25 mg/mi (or higher),

and the volume of reconstituent will be selected accordingly.
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Typical reconstituents for lyophilised mAbs include sterile water or buffer, optionally containing a
preservative. I the lyvophilisate includes a buffering agent then the reconstituent may include further
buffering agent (which may be the same as or different from the lyophilisate’s buffering agent) or it

ntay instead include no buffering agent {e.g. WF, physiological saline).

When present, components (i} to (v} mentioned above will be at a concentration sufficient to
maintain the anti-sclerostin antibody in active soluble form, after reconstitution, under normal

storage conditions while retaining pharmaceutical acceptability at the point of use.

Thus a sugar may be present after reconstitution at a concentration of between 10 and 800 mM ¢ g,

30-500 mM, 100-400 mM, 200-300 M. A concentration of 270 md sucrose or rehalose is useful.

A buffering agent may be present afler recoustitution at a concentration of between 2 and 200 mM
2. 5-150 mM, 10-100 mM, 15-50 mM, 20-40 mM, 23-35 mM. A concentration of 30 M histiding

buffer is useful.

A surfactant may be present after reconstitution at a concentration of up to 0.5% {by volume) e.g
0.001-0.2%, 0.01-0.1%, 0.04-0.08%, 0.05-0.07%. A concentration of (1.06% polysorbate 80 is useful.

A free amino acid may be present after reconstifution at a concentration of between 5 and 250 mM
e.g 10-150 mM, 20-100 mM, 40-80 mM, 50-70 mM. A concentration of 51 mM arginine-HC} is

useful,

An agueous reconstituent may inchlude pharmacological agents, such as chemotherapeuntic

compoungds, facilifating co-delivery together with the mAb.

Adfter reconstitulion, compositions of the invention include anti-sclerostin antibody, and less than 1%
of the total anti-sclerostin antibody is aggregated (as measured by SEC-HPLC) e, g0 <0.5%, <0.4%,

<(.3%, efc,

Ideally, aqueous reconstitution does not result in formation of a gel. If the pH of the aqueous
seconstituent for BPS804 is oo high, for instance, the reconstituted material can spontancousty form

a gel, but it is preferred that aqueous compositions of the invention will remain as liquid solutions.

Pharmaceutical composifions

Lyophilisates of the invention can be reconstituted to give aqueous pharmaceutical compositions,
Swuch compositions are pharmaceuntically acceptable and are suitable for administration to a patient. fo
addition to mAb and water they may include further components, derived from the Ivophilisate
and/or the reconstituent. Such components inclode, but are not mited to, buffers, salts, amino acids,
glyeerol, alcohols, preservatives, surfactants, efe. A thorough discussion of such pharmaceutical

tngredients 1s available in reference 20,
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The use of mAbs as the active ingredient of pharmaceuticals is now widespread, including the
products HERCEPTIN™ (trastuzumab), RITUXANT (rituximab), SYNAGIS™ (palivizumab), efc.

Techniques for purification of mAbs to a pharmaceutical grade are well known in the art.

The composition will usually be sterile, at least at the time of its formation. The composition will
usually be non-pyrogenic e.g. containing <1 EU {(endotoxin unit, a standard measure) per dose, and

preferably <0.1 EU per dose. The composition is preferably gluten-free.

Within formulations of the invention, a mAb preferably makes up at least 0% by weight {e.g. at
feast 90%, 95%5, 97%, 98%. 99% or more) of the total protein in the formulation. The mAb is thus n

purified form.

Target discases and disorders

Anti-sclernstin antibodies can be used to treat of prevent a variety of diseases or disorders. These
include discases and disorders in which bone mineral density (BMD) is abaormally and/or
pathologically high relative to healthy subjects, such as sclerosteosis, Van Buchem disease, bone
overgrowth disorders, and Simpson-Golabi-Behmel syndrome (SGBS). They also include diseases
and dizorders in which bone mineral density (BMD) is abnormally and/or pathologically low relative
to healthy subjects, such as osteoporosis (primary and/or secondary). osteopenia, osteomalacia,
osteogenesis imperfecta (O, avascular necrosis (osteoncerosis), fractures and implant healing
{dental implants and hip implanis), bone loss due to other digorders (e.g. associated with HIV
infection, cancers, or arthritis). Further sclerostin-related disorders include, but are not limited to,
rheumatoid  arthritis,  ostcoarthritis,  arthrilis, hypophosphatasia  (including  adult-onset

hypophosphatasia) and the formation and/or presence of osteolytic lesions.

The disease/disorder will generally be mediated by sclerostin, or be associated with or characterized
by aberrant selerostin levels. These include cancers and osteoporotic conditions {e.g. osteoporosis or
osteopenia). Sclerostin-relaled cancers can include myeloma (e g multiple myeloma with osteolytic
lesions), breast cancer, colon cancer, melanoma, hepatocellular cancer, epithelial cancer, esophageat
cancer, brain cancer, lung cancer, prostate cancer, or pancreatic cancer, as well as any metastases

thereot.

A sclerostin-refated disorder can also include renal and cardiovascular conditions, due at least to
sclerostin’s expression in the kidney and cardiovasculatwre. Said disorders include, but are not
limited to, sach renal disorders as glomerular discases (e.g. acute and chronie glomerulonephritis,
rapidly progressive glomerulonephritis, nephrotic syndrome, focal proliferative glomerulonephritis,
glomerular lesions agsociated with systemic disease, such as systemic lupus ervthematosus,
Goodpasture's syndrome, multiple myeloma, disbetes (e.g tvpe 2 diabetes), polyeystic Kidney
disease, neoplasia, sickle cell disease, and chronic inflammatory diseases), tubular diseases (e.g.
acuie tubular necrosis and acute renal failure, polycystic renal disease. medullary sponge kidney,

medullary cystic disease, nephrogenic diabetes, and renal tubular acidosis), tubulointerstitial discases
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(e.g. pyelonephritis, drug and toxin induced tubulointerstitial nephritis, hypercaleemic nephropathy,
and hypokalemic nephrvopathy) acute and rapidly progressive renal failure, chronic renal failure,
nephrolithiasis, gout, vascular discases {e.g. bypertension and nephrosclerosis, microangiopathic
hemolytic anemia, atheroembolic renal discase, diffuse cortical necrosis, and venal infarcts), or

tumors {e ¢ renal cell carcinoma and nephroblastoma).

Target diseases/disorders also include cardiovascolar disorders such as ischemic heart disease {(e.g
angina pectoris, myocardial infarction. and chronic ischemic heart disease), hypertensive heart
disease, pulmonary heart discase, valvular heart discase (e.g rheumatic fever and rheumatic heart
disease. endocarditis, mitral valve prolapse, and aortic valve stenosis), congenttal heart disease (e g
valvular and vascular obstructive lesions, atrial or ventricular septal defect, and patent ductus
arlertosus), or myocardial disease (e.g. myocarditis, congestive cardiomyopathy, and hypertrophic

cariomyopathy).

Patieat adwinistration
A pharmaceutical compuosition of the invention can be adwinistered to a patient. Administration will
typically be via a syringe. Thus the Invention provides a delivery device {e.g a syringe) including a

pharmaceutical composition of the invention,

Patients will receive an effective amount of the mAb active Ingredient Le. an amount that is sufficient
to detect, treat, ameliorate, or prevent the disease or disorder in guestion, Therapeutic effects may
also include reduction in physical symptoms. The optimwm effective amount and concentration of
mAb for any particular subject will depend upon vartous faciory, including the patient’s age size
health and/or gender, the nature and exient of the condition, the activity of the parlicular mAb, the
rate of its clearance by the body, and also on any possible further therapeutic(s) administered in
combination with the mAb. The effective amount delivered for a given situation cary be determined
by routine experimentation and is within the judgment of a clinician. For putposes of the present
invention, an cffective dose may be from about .01 mg/kg to about 50 mg/kg, or about 0.05 mg/kg
to about 10 mgfkeg. Known antibody-based pharmaceuticals provide guidance in this respect e.g.
HERCEPTINTS {5 administered with an initial loading dose of 4 mg/kg body weight and a weekly
maintenanoe dose of 2 mwkg body weight; RITUXAN™ iy administered weekly at 375 mg/n’;

SYNAGIS™ is administered intramuscularly at 13 mg/kg body weight; efc,

The invention provides a method for delivering a monoclonal antibody to a mammal, comprising a

step of adrunistering to the patient 8 pharmaceutical composition of the invention,

The invention also provides a method for delivering a monoclonal antibody to a mammal,
comprising steps oft (1) reconstituting a fyophilisate of the invention o give an aqueous formulation,
and (1) administering the aqueous formulation to the patient. Step (it} ideally takes place within 24

hours of step (i) e.g. within 12 hours, within 6 hours, within 3 hours, or within 1 hour.



WO 2010/100200 PCT/EP2010/052709
The invention also provides formulations of the invention for use as medicaments e.g. for use in
delivering a monoclonal antibody to a mammal, or for use in treating one or more of the diseases and

disorders described ahove.

The mammatl is preferably a human but may also be, for example, a horse or a cow or a dog or a eat.

(¥

The mAb will ideally be chosen to match the target speeics g a buman antibody for human
administration, an equine antibody for horses, a canine antibody for dogs, ere. I native host
antibodigs are not available then transfer of antibody specificity from one species to another can be
achieved by transfer of CDR residues {and typically, in addition, one or move framework residues)
from a donor antibody into a recipient framework from the hest species g as in humanisation.
10 Equinised, bovinised, caninised and felinised antibodies are known in the art. The antibody will bind

to sclerostin from the target species, but it may also cross-react with sclerostin from other speeies.
Dosage can be by a single dose schedule or a multiple dose schedule.

Ingredients for forning compositions of the invention {e.g. Ivophilisates and reconstituents) may be

supplied in hevmetically-sealed containers,

15 The monoclonad antibody
The inventions concerns the formulation of anti-sclerostin: monoclonal antibodies, The term
“monoclonal” as originally used in refation to antibodies referred to antibodies produced by a single
clonal line of immune cells, as opposed to “polyelonal” antibodies that, while all recognizing the
same target protein, were prodeced by different B cells and would be dirccted to different epitopes
20 onthat protein. As used herein, the word “monoclonal” does not imply any particular cellular origin,
but refers to any population of antibodies that display a single binding specificity and affinity for a
particular epitope in the same target protein. This usage is normal e g the product datashects for the
CDR-grafted humanised antibody SYNAGIS™ expressed in a murine myeloma NS¢ cell Hine, for

the humanised antibody HERCEPTIN™ expressed in a CHO cell line, and for the phage~displayed

]
ih

antibody HUMIRA™ expressed i a CHO cell hine, all refer {o the active ingredients as

“monocional” antibodies.

Thus a mAb may be produced using any suitable protein synthesis system, including immune cells,

non-immune cells, acellular systems, ere. A mAb can thus be produced by a variety of techniques,

including  conventional monoclonal antibody methodology (eg the standard somatic cell
30 hybridization technigue of Kohler & Milstein), by viral or oncogenic transformation of B

fvimphocytes, by combinatorial synthests, by phage display, etc,

Antibodies used with the nvention can take various forms. For wstance, they may be native

antibodies, as naturally found in mammals. Native antibodies are made up of heavy chains and light

chains, The heavy and Hght chains are both divided into variable domains and constant domains. The

(7R
4]

ahility of different antibodies to recognize different antigens arises from differences i their variable

domains, in both the light and heavy chains, Light chaing of native antibodies in vericbrate specics
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are either kappa (x) or lambda (&), based on the amino acid sequences of their constant domains. The
constant domain of a native antibody’s heavy chains will be o, 8, &, v or p, giving rise respectively to
antibodies of TgA, fgD, IgE, leG, or 1gM class. Classes may be further divided into subclasses or
isotypes ez G, 1gG2, TeG3, 1gG4, leA, 1gAL, efc. Antihodies may also be classified by allotype
e.g ay heavy chain may have Gim allotype a, £, x or z, G2m allotype n, or G3m allotype b0, b1, b3,
bd, b5, 3, ¢5, gl, 5, 5, 1, u, or v; a x light chain may have a Km{1), Km(2) or Km(3) allotype. A
pative 1gG antibody has two identical light chains {one constant domain _and one variable domain
V) and two identical heavy chains (three constant domains Uil G2 & €43 and one variable domain
Vi), held together by disullide bridges. The domain and three~dimensional stractures of the different

classes of native antibodiss are well known.

Where an antibody of the invention has a light chain with a constant domain, it may be a x or X light
chain. Where an antibody of the invention has 8 heavy chain with a constant domain, it may be an «,

3, &, 7 or § heavy chain. Heavy chains in the v class (e, 1gG antibodies) are preferred.

Antibodies of the invention may be fragments of native antibodies thal retain antigen binding
activity. For instance, papain digestion of native antibodies produces two identical antigen-binding

fragments, called “Fab” fragments. each with a single antigen-binding site, and a residual “Fe¢”

fragnient without antigen-binding activity. Pepsin treatment yields a “F(ab'),” fragment that has two

antigen-binding sites. "Fv” is the minimum fragment of a native antibody that containg a complete
antigen-binding site, consisting of a dimer of one heavy chain and one light chain variable domain,
Thus an antibody of the invention may be Fab, Fab¥, F(ab'),, Fv, or any other type, of fragment of a

native antibody.

An antibody of the invention may be a “single~chain Fv™ (“seFv” or “s¥Fy™), comprising a Viy and Vi
domain as a single polypeptide chain {21-23]. Typically the Vi and Vi, domains are joined by a short
polypeptide linker {e.g. 212 amino acids) between the Vy and Vi domaing that enables the scFv to
form the desired structure for antigen binding. A typical way of expressing seFv proteins, at least for
initial selection, is in the context of a phage display library or other combinatorial library [24-26]

Mudtiple scFvs can be linked in a single polypeptide chain {27}

An antibody of the invention may be a “diabody™ or “triabody™ efe. [28-31], comprising multiple
tinked Fv (scFv) fragments. By using a Hnker between the Vi and Vi domains that is foo shovt to
allow them to pair with each other (e.g. <12 amino acids), they are forced instead to pair with the
complementary domains of another Fy fragment and thus create two antigen-binding sites. These

antibodies may inclode Cyy anddor €y, domains,

An antibody of the invention may be a single variable domain or VHH antibody. Antibodies
naturally found in camelids (e g. camels and llamas) and in sharks contain a heavy chain but no light
chain. Thus antigen recognition is determined by a single variable domain, unlike & mammalian

native antibody [32-34], The constant domain of such antibodies can be omitted while retaining
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antigen-binding activity. One way of expressing single variable domain antibodies, at teast for initial

selection, is in the context of a phage display library or other combinatorial library {35)].

An antibody of the invention may be a “domain antibody™ (dAb). Such dAbs are based on the
variable domaing of either a heavy or light chain of a human antibody and bave a molecnlar weight
of approximately 13 kDa (less than one-tenth the size of a full antibody). By pairing heavy and light
chain dAbs that recognize different targets, antibodies with dual specificity can be made. dAbs are
cleared from the body quickly and so benefit from a sustained refease system, but can additionally be
sustatned in circulation by fusion to a second dAb that binds to a blood protein (e.g to serum

albumin), by conjugation to polymers {e.g. 1o a polyethylene glycol), or by other techniques.

The antibody may have a scaffold which is based on the fibronectin type HI domain, as disclosed in
reference 36 e.g. an adnectin or frinectin, The fibronectin-hased scaffold is not an immunoglobulin,
although the overall fold is closely related to that of the smallest functional antibody fragment.
Because of this structure the non-immunoglobulin antibody mimics antigen binding properties that
are similar in nature and affinity to those of natural antibodies. The FulHl domain has 7 or 8 beta
strands which are distributed between two beta sheets, which themselves pack sgainst sach other to
form the core of the protein, and further containing loops (analogous to aitibody CDRs) which
connect the beta sirands to cach other and are solvent exposed. There are at least three such loops at
each edge of the beta sheet sandwich, where the edge is the boundary of the protein perpendicular to
the direction of the beta strands, The Fall] loops can be replaced with imnunoglobulin CDRs using
standard ¢loning techniques, and can be used in a loop randonmdzation and shuffling strategy 1 vitre
that is similar to the process of aflinity maturation of antibodies in vive. The Fuolll scaffold may be

based on the tenth module of fibronectin type H (e, 10FR3).

Thus the term “antibody™ as used herein encompasses a range of proteins having diverse structural
features, but usually including at least one inmmunoglobulin domain, having an all-§ protein fold with

a 2-layer sandwich of anti-parallel §-strands arvanged intwo P-sheets.

Antibodies used with the fvention may include a single antigen-binding site {e.g. as in a Fab
fragment or a so¥v) or multiple antigen-binding sites (e.g. as in a F(ab’); fragment ot a diabody or a
native antibody). Where an antibody has more than one antigen-binding site then advantageously it

can result in cross-linking of antigens.

Where an antibody has more than one antigen-binding site, the antibody may be monoe-specific (Ve
all antigen-binding sites recognize the same antigen) or it may be multi-specific (fe. the antigen~

hinding sites recognise more than one antigen).

An antibody of the invention may include a non-protein substance e via covalent conjugation. For
example, an antibody may include a radio-isotope e g the ZEVALIN™ and BEXXAR™ products
. M 138§ » X . ~ 5 B } i s . ] i 3 5

include 'Y and 7' isotopes, respectively, As a further example, an antibody may inclode a cytotoxic

molecule e.g. MYLOTARG™ s linked 1o N-acetylvy-calicheaniciv, a bacterial toxin, As a fustber

10
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example, an  antibody may include a covalently-attached polymer eg  attachment of
polyoxyethylated polyols or polyethylene glycol (PEG) has been reported to increase the circulating

half-fife of antibodies.

in some embodiments, an antibody can include one or more constant domains (g including Gy or
5 € domains). As mentioned above, the constant domains yaay form a k or & light chainorano, 8, &, 7
ot  heavy chain. Where an awtibody includes a constant domain, it may be a native constant domain
or a modified constant domain. A heavy chain may include either three (as in w, v, & classes) or four
{as in u, & classes) constant domains. Constant domains are not involved directly in the binding
interaction between an antibody and an antigen, but they can provide various effector functions,
10 including but not limited to: participation of the antibody in antibody-dependent cellular cytotoxicity
{ADCC): Clg binding; complement dependent cytotoxicity; Fe receptor binding; phagoeytosis; and

down-regulation of cell surface receptors,

The constant domains can form a “Fe region”, which is the C-terminal region of a native antibody’s
heavy chain, Where an anttbody of the invention includes a Fo region, it may be a native Fe region or
15  a modified Fc region. A Fe region is important for sore antibodies’ functions e.g. the activity of
HERCEPTIN js Fe-dependent, Although the boundaries of the Fe region of a native antibody may
vary, the human 1gG heavy chain Fo region is usually defined to stretch from an amino actd residoe
at position Cys226 or Pro230 1o the heavy chain’s C-terminus. The Fe region will typically be able to
bind one or more Fo receptors, such as a FeyRl (CD64), a FeyRIl (eg FoyRIIA, FoyRIBE,
20 FeyRHB2, FeyRHC), a FeyRI {e.g FoyRIUA, FeyRUIB), a FeRn, FeoR (CD8%). FedR, FopR, &
FoeR1 {e.g FceRliafys or FeeRlay,), FeeRIl (eg. FesRUA or FeeR1IB), efe. The Fe region may also
or alternatively be able to bind to a complement protein, such as Clq. Medifications to an antibody’s
Fe region can be used to change its effector function(s} e.g. to increase or decrease receptor binding

affinity. For fustance, reference 37 reports that effector functions may be modified by mulating Fe

]
\¥ ]

region residues 234, 235, 236, 237, 297, 318, 320 and/or 322, Similarly, reference 38 reports that
effector functions of a human Gl can be improved by mutating Fe region residues (RU [ndex
Kabal numbering) 238, 239, 248, 249, 252, 254, 255, 2536, 258, 265, 267, 268, 269, 270, 272, 276,
278, 280, 283, 285, 286, 289, 290, 292, 294, 295, 296, 298, 301, 303, 305, 307, 309, 312, 3135, 320,
322, 324, 326, 327, 329, 330, 331, 333, 334, 333, 337, 338, 340, 360, 373, 376, 378, 382, 388, 389,
30 398, 414, 416, 419, 430, 434, 435, 437, 438 andfor 439. Madification of Fe residues 322, 329 and/or
331 is reporied in reference 39 for modifyving Clq affinity of buman g antibodies, and residues
270,322, 326, 327, 329, 331, 333 andfor 334 are selected for modification in reference 40. Mappiong
of residues important for human g binding to FeRY, FeRIL, FeREL, and FeRn receptors is reported

in reference 41, together with the design of variants with improved FeR-binding properties. Whole

L)
Lh

(' domains can be substituted between isotypes e g reference 42 discloses antibodies in which the
{3 domain (and optionally the 2 domain) of buman 1gG4 is substituted by the Cy3 domain of

haman 1o to provide suppressed aggregate formation. Reference 42 also reports that mutation of
& } } £ & b
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arginine at position 409 (EL} index Kabat) of human IgG4 to e.g. lysine shows suppressed aggregate
formation. Mutation of the Fe region of available monoclonal antibodies to vary their effector
functions 18 known eg reference 43 reports moptation studies for RITUXANT™ 1o change
Clg-binding, and reference 44 reports mutation studies for NUMAX™ to change FcR-binding, with
mutation of residues 252, 254 and 256 giving a 10-fold increase in FeRn-binding without affecting

antigen-hinding.

Antibodies will typically be glycosylated. N-lnked glyeans attached to the T2 domain of a heavy
chain, for instance, can influence Clq and FcR binding [41], with aglycosylated antibodies baving
lower affinity for these receptors. The glycan structure can also affect activity e.g. differences in
complement-mediated cefl death may be seen depending on the number of galactose sugars (0, 1 or
2) at the terminus of a glycan’s biantennary chaln. An antibody’s glycans preferably do pot lead to a

human immunogenic response after administration.

Antibodies can be prepared in a form free from products with which they would uvaturally be
associated. Contaminant components of an antibody’s natural environment include materials such as

enzymes, hormones, or other host cell proteins,

Usefid anlibodies have nanemolar or picomolar affinity constants for their target antigens e.g
109 M, 10790, 10 M, 107 M, 107 M or tighter). Such affinities can be determined using
conventional anaivtical techniques e.g. using surface plasmon resonance techniques as embodied in
BlAcore™ instrumentation and operated according to the manufacturer’s instructions. Radio-
immunoassay using radiolabeled target antigen (sclerostiny is another method by which binding

affinity may be measured.

The monocional antibody used with the invention may be a human antibedy, a humanized antibody,

a chimeric antibody or {particutarly for veterinary purposes) a non-human antibody.

In some embodiments the antibodics are human mAbs, These can be prepared by various means. For
exatnple, human 8 cells producing an anligen of interest can be immortalized e g by infection with
Epstein Barr Virus {EBV), optionally in the presence of a polyclonal B cell activator {45 & 46].
Human monoclonal antibodiss can also be produced in non-huran hosts by replacing the host’s own
immune system with a functioning human imumune system eg. into Scid mice or Trimera mice.
Transgenic and {ranschromesomic mice bave been successfully used for generating human
monoclonal antibodies, including the “homab mouse™ from Medarex and the “xeno-mouse™ from
Abgenix [47)]. collectively referred to herein as “human g mice™. Phage display has also been
successful [48], and fed to the HUMIRA™ product. Unlike non-human antibodies, human antibodies
will not elicit an immune response directed against their constant domains when administered to
humans. Furthermore, the varigble domains of these human antibodies are fully human (in particular
the framework regions of the variable domains are fully human, in addition to the complementarity

determining regions [CDRs]) and so will not elicit an imvmune response divected against the variable

12
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domain framework regions when administered to humans {except, potentially, for any anti-idiotypie

response}. Human antibodies do not include any sequences that do not have a human origin.

In some embodiments the antibodies are humanised mAbs, CDR-grafted mAbs or chimeric mAbs.
These can be prepared by various means. For example, they may be prepared based on the sequence
of a non-human {e.z. marine) monoclonal antibody. DNA encoding the non-human heavy and light
chain immunoglobuling can be obtained and engineered to contain hwmar immuonoglobulin
sequences using standard molecular biology techniques. For example, to create a chimeric antibody,
the murine variable regions can be linked to human constant regions using methods Known i the art.
To create a CDR-grafied antibody, the murine CDR regions can be inserted into a human framework
[49-34]. To create a humanized autibody, one or more nom-CDR variable framework residue(s)
also altered, The H1, H2 and H3 CDRs may be transferred together into an acceptor Vyy domain, but
it may also be adequate to transfer onty ove or two of them [52). Similasly, one two or all three of the
Li, L2 and L3 CDRs may be transferred into an acceptor V) domain. Preferred antibodies will have
i, 2,3, 4, Sorall 6 of the donar CORs. Where only one CDR is transferred, it will typically not be

the L2 CDR, which is usually the shortest of the six. Typically the donor CDRs will all be from the

same human antibody, but it is also possible to mix them e.g. to transfer the light chain CORs from a

first antibody and the heavy chain CDRs from a second antibody.

Anti-sclerostin antibodies useful with the present invention may include one or more (1, 2,3, 4, S or
6) C2Rs from BPSR04. The CDRs in the heavy chain are SEQ 1D NOs: 3, 4 & 5. The CDRs in the
tight chain are SEQ IDNOs: 6, 7 & &,

1n some embodiments the antibodies are won-human mAbs. These can be prepared by various roeans

e.g. the original Kohler & Milstein technique for preparing murine mAbs,

in some embodiments of the invention, the antibody has a variable domain with an isoelectric point

{pl) in the range of 5.0 1o 8.0, In some embodirsents the antibody is an IglG2,

One suitable anti-sclerostin antibody for use with the invention is BPS804. Thus the anti-sclerostin
antibody may have a Vi domain with amino acid SEQ 1D NO: | and/or a ¥V, domain with amino acid
SEQ 1D NQ: 2. The antibody may comprise SEQ 1D NOs: 9 and 10,

Further anfibodies

Although the invention is presented above in relation to anti-sclerostin antibodies, the formulation
disclosed hercin is also suitable for use with antibodies which recognise antigens other than
sclerostin, Thus the invention provides a lyophilisate comprising a monoclonal antibody, sucrose, a
histiding bufler, polysorbate 80 and arginine. This {yophilisate can be reconstituted with an agueous
reconstituent, and the invention also provides an aqueous pharmaceutical composition comprising a

monoclonal antibody, sucrose, a histidine buffer, polysorbate 80 and arginine.

13
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The reconstituted composition obtainable from the lvophilisate may have an antibody concentration
of at least 25mgiml (as described above) in which less than 196 of the anti-sclerostin is aggregated

{as deseribed above).

The invention also provides a process for preparing a lyophilisate, comprising steps oft (i) prepaving
an aqueous solution comprising a monoclonal antibody, sucrose, a histidine buffer, polysorbate 80
and free arginine; and (i) Iyophilising the agueous solution, The invention also provides a process
for preparing a composition, comprising a step of muxing a lyophilisate with an agueous
reconstituent, wherein the tyvophilisate comprises a monoclonal antibody, sucrose, a histidine buffer,

polysorbats 80 and free arginine.

Sucrose may be present at a concentration of between 10 and 800 mM e.g. 530-5300 mM, 100-400

mh, 200300 mM. A concentration of 270 mM sucrose is usefid.

The histidine buffer may be present &t a concenlration of between 5 and 50 mM e.g. 10-45 mM, 20

40 M. 25-35 mM. A concentration of 30 mM histidine buffer is useful.

The polysorbate 80 may be present at a concentration of up to 0.5% (by volume) e.g. 0.01-0.1%,
0.04-0.08%, 0.05-0.07%. A concentration of (.06% polysorbate 80 is useful,

The arginine may be present at a concentration of between § and 250 mM e.g. 10-150 mM, 20 100

mM, 40-80 mM, 50-70 mM. A concentration of 51 mM arginine-HCY is useful,

The pH of an agueous mAb formulation prior to lyophilisation may be in the range 5.0-8.0.
Typical reconstituents for the lyophilised mAb include sterile water or buffer, as described above,

General

The practice of the present invention will employ, unless otherwise indicated, conventional mwethods
of chemistry, biochemistry, molecular biology, immunology, pharmacy, posology and
pharmacology, within the skill of the art. Such technigues are explained fully in the literature. See,

e.g. references 35-61, efe.

The term “comprising” encompasses “including” as well as “consisting” e.g a composition
“comprising” X may consist exclusively of X or may include something additional e g X + Y.

The term “about™ in relation to a numerical value x is optional and means, for example, £+10%.

The word “substantially™ does not exclude “completely™ e.g. a composition which is “substantially
free™ from Y may be completely fiee from Y. Where necessary, the word “substantialhy™ may be

omitted from a definition of the itvention.

BRIEF DESCRIPTION OF DRAWINGS

There are no drawings.
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MODES FOR CARRYING OUT THE INVENTION
Antibody ‘BPS804" recognises sclerostin and is disclosed as “MOROSB13" in reference 10, His a

human 1gG2h mAb obtained via phage display. Its heavy and light chatns are SEQ 1D NOs: 9 and 10,

A high concentration lyophilised formulation of BPS804 was desired and so formulation studies
were performed. A lfyophilised formulation comprising a sugar, a bulfering agent and a surfactant
was stable at 2-8°C and could maintain bigh antibody concentrations after reconstitution. Addition of

arginine-NCl 1o the formulation reduced aggregation,

Three formulations {F1, ¥2. F3) of BPS804 at 100 mpfvial were evaluaied for stability in a first
study. Each formulation had, prior to lyophilisation, 33.3 mg/ml BPFS8034, pH 3.3, and a filf volume

of 3.6 ml, The three formulations included bufTer, sugar, surfactant and free amino acid as follows:

Buffer Sugar 5 Surfactant Amino acid
FI | 10mM histidine | 90 mM sucrose | 0.02% polysorbate 80 ~
F2 | 10mM histidine 90 mM trehalose 0.02% polysorbate 80 -
F3 | 10 mM histidine | 90 mM sucrose 0.02% polysorbate 80 {7mM arginine-HCl

The lyophilisates were reconstituted with WF1 to giving a reconstituted volume of 1.2ml (20%
overage; 3 the original aqueous velume). Thus the reconstituted compositions were as follows, all

conlgining 100mg/mi antibody:

Buffer Sugar Surfactant ‘ Amino acid

F§ | 30 mM histidine | 270 mM sucrose 0.06% polysorbate 80 -

F2 | 30 mM histidine | 270 mM trehalose | 0.06% polysorbate 80 -

F3 | 30 mM histidine { 270 mM sucrose (1.06% polysorbate 8¢ | SlinM arginine-HC

The three reconstituted formulations were tested for stability (i) prior to lyophilisation, (it) after
immediate post-ivophilisation reconstitution, and (iit} after reconstitution following storage at 2-8°C
or 40°C for Tour weeks. Stability was evaluated by % aggregates {(measured by SEC-HPLC) and by

clarity {assessed by visual inspection after overnight storage at 2-8°C),

Aggregation results from SEC-HLPC were as follows:

Pre-lvo Post-lyo 2-8°C for 4 weeks 40°C for 4 weeks
Fi 023% 0.29% 0.27% 0.74%
F2 0.22% 0.27% 0.30% 1.05%
F3 0.22% (.21% 7 (1.21% 0.53%

Visual clarity was as follows:

Pre-iyo Post-tvo 2-8°C for 4 weeks | 40°C for 4 weeks
¥l Opal-escent Opalescent Opalescent Opalescent
F2 Milky Milky Opalescent / Milky | Opalescent / Milky
F3 Clear Clear Clear Clear
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Thus F3 showed the lowest aggregation of BPS804 after reconstitution, measured both by SEC-
HPLL and by visual appearance.

Based on these results a second study was performed with a higher antibody concentration using
formulations Fi and T3, The pre-lyophilisation antibody concentration was mcreased to 50 mg/mi

but other components were as before. Reconstitution with WFI to a 1.2 mi volume was again used.

Thus the reconstitoted compositions were as follows, all containing 1530mg/mi antibody:

| Buffer Sugar Surfactant Amino acid
F1 | 30 mM histidine | 270 mM sucrose 0.06% palysorbate 80 -
F3' | 30 mM histidine | 270 mM sucrose {1.06%: polysorbate 80 StmM arginine-HCH

The same stabifity tests were performed and results were as follows:

Pre-lyo Post-liyo 2-8°C for 4 weeks | 48°C for 4 weeks
- $.25% 0.34% v 0.34% 1.57%%
Clear Turhid Turbid Slightly tarbid
oar {1.22% 0.29% 0.30% 1.17%
K3 Clear Clear Clear Clear

Again, therefore, the F3 formulation gave the best stability.

It will be understood that the invention will be described by way of example only, and that

maodifications may be made whilst remaining within the scope and spirit of the invention.
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SEQUENCE LISTING

SEQ ID NO: I
VL VESEGELVOPGASLE LS AASGFTFRSHWLAWVRQAPOEGLEWVSN ITNYDESSTY Y ALRSVREGRI TP T SRIDNSEN

TLY LOMNSLRAEDTAVY Y ARDTYLHFDYWEETLVIVES

SEQ ID NO: 2
DIALTOPASVSESPGOSTT I SCTGETSSDVEDINDV SWYQUHPORAPKY EMI YDVNNEPSGVSNRY BGEERSGNTASLTY
SGLROABDEADVYCOSYAGSYLIEEVECGOETRLTVIG)

SEQ ID NO: 3

GFTFRSHWLE

SEQ ID NO: 4
WVSNINYDESSTYYARSVRG

SEQ ID NO: 5
DEYELHFDY

SEQIDNQ: ¢
THTSSOVGDTNDVE

SEQ ID NO: 7
LMIVDAVNNERS

SEQ ID NO: 8
OSYAGSYLSR

SEQ ID NO: 9
AW L PP LMARADSVOAQVOLVESGGELYD PECSLRLSUAASGITFRENWLEWVRDAPGEGLERNVENINYDEEET
YA VGRS R DN SN T LY LM S L RARDTAV Y YCAR DT Y LHEFUYWEQG TLY TV S SAS THERPEVEPLAPCER ST
SRS AALGO L VKDY P PR PV TV S NN SCAL T SGVRTF PAVEQR SGLY SLERVVIVES SHFGTOTY TCNVDHK PENTRYD
PV ERKCCY R PR A PEVAS PEVF L PRE PEDTELM Y SRTP ROV DV SHED PEVORNWY VDG VEVENARTEPRE
ROFNSTFRVVEVLTUVHODWLNGKEY KCEVEREGLPAP L RKT I SK TGO PREFOVITL PSR EEMTENOVELTCLVE
GEY PEUTAVENESNGUPENRYH TTPPMLDSDGREFF LY SKLTVDR SRWQUGHVE BT S VMH EALHKHY TOR SLELE PGK

SEQ ID NO: 10

MEVLTOVLALLLLWLPEPRCDIALPOPATVEGS PEOESITISCTOTESIWEDINDVEN YOO PLGKAPEIMIYDVNRRE
BEVSHRFSGEESGNTASL YT SELARDE ANV Y COS Y AGSY LS EVFGEO TR LTVLAOPEAAPEVTLY PPESEELANK
ATLYVOL ISR Y PGAVTVANKADS S PYKAGVRE DT TRSEUSHNK Y AR S SYLSLTREQWK SHREYSCOVTHEGETVERTY
APTECS
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CLAIMS

L.

b

16.

17.

18.°

A lyophilisate comprising an anti-sclerostin monoclonal antibody, wherein the tyophilisate can
be reconstituted with an aqueous reconstituent to provide an agueous coraposition in which the

antibody has a concentration of at least 25mg/ml.

A lyophilisate comprising an anti-sclerostin monoclonal antibody, wherein the lyophilisate can
be reconstitated with an aqueous reconstituent to provide an agueous composition in which less

than 194 of the anti-selerostin is aggregated.
b At

A lyophilisate comprising: an anti-sclerostin monoclonal antibody; a sugar; a buffering ageny;
and a surfactant.

The lvophilisate of claim 2, also including a free awino acid.

The lyophilisate of claim L, claim 3 or claim 4, wherein the lyophilisate can be reconstituted with
an aqueous reconstituent fo provide an aqueous composition in which less than 1% of the anti-

sclerostin is aggregated.

The tyophilisate of claim 2, claim 3 or clait 4, wherein the lyophilisate can be reconstituted with
an agqueous reconstituent to provide an aqueons composition in which the antibody has a

concentration of at least 25mg/rl.

The lyophilisate of claim 2 or claim 3, comprising one, two or three of! a sogar; a buffering

agent; and a surfactant.
The tyophilisate of claim 7, also including a free amino acid.

The fyophilisate of any preceding claim, wherein the lyophilisates can be reconstituted o give an

aqueons composition with an anti-sclerostin antibody concentration of at least 125 mg/ml.

. The {yophilisate of any preceding claim, comprising sucrose.

. The yophilisate of claim [0, comprising 200-300 mM sucrose.

. The lyophilisate of any preceding claim, comprising a histidine bufter.
. The lyophilisate of claim 12, comprising 25-35 mM histidine buffer.

. The lyophilisate of any preceding claim, comprising polysorbate 80.

. The tyophilisate of claim 14, comprising 0.01 to 0.1% polysorbate 80.

The fyophilisate of any preceding clatm, comprising arginine.
The lyophilisate of claim 15, comprizsing 40-80 mM arginine.

Fhe fyophilisate of any preceding claim, comprising sucrose, a histiding buffer, polysorbate 80

and arginine.
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The lyophilisate of any preceding claim, wherein the anti-sclerostin antibody includes: (i) one or
more heavy chain CDRs selected from the group consisting of SEQ 1D NOs: 3, 4 & 5; and/or

(i1} one or more light chain CDRs selected from the group consisting of SEQ (D NOs: 6, 7 & 8.

. The {yophilisate of any preceding claim, wherein the anti-sclerostin antibody has a Vy domain

with amino acid SEQ HY NO: 1 and/ora V; domain with amino acid SEQ HI NO: 2.

. An aqueous pharmaceutical composition obtainable by reconstitution of the lyophilisate of any

preceding claim with an aqueous reconstituent,

2. A process for preparing the lyophilisate of any one of claims 1 to 20, comprising steps oft

(i) preparing an aqueous solution comprising an anti-sclerostin monoclonal antibody, a sugar, a
buffering agent, a surfactant, and optionally a free amino acid; and (i) lyophilising the agueous
& ] h v £

sointion.

A process for preparing a pharmaceutical composition, comprising a step of mixing the

Iyophilisate of any one of ¢clainis 1 to 20 with an aqueous reconstituent.

. A delivery device including the pharmaceutical composition of claim 21 or claim 23.

. A method for delivering an anti-sclerostin monoclonal antibody to a mammal, comprising a siep

of administering (o the patient a pharmaceutical compositions of claim 21 or claim 23,

. The compesition of claim 21 or claim 23 for use in treating a disease or disorders i which bone

mineral density is abnormally and/or pathologically high relative to healthy subjects.

. The composition of claim 21 or claim 23 for use in treating a disease or disorders in which bone

mineral density is abnormally and/or pathologically low relative to healthy subjects.

. The composition of claim 21 or elaim 23 for use in treating osteoporosis.
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