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(57) ABSTRACT

A staliie lyophilizcd protein formulation is described which
can be reconstituted with a suitable diluent to generate a high
protein concentration reconsututetl formulauon which is
suitaiile for subcutaneous administration. I or example, anti-
IgL'nd anti-HLR2 antibody formulations have been pre-
pared hy lyophilizin these antibodies in the presence of a
lyoprotcctant. Thc lyophilizcrl mixture thus formed is rccon-
stitutcd to a high protein concentration without apparent loss
ol. stability of the protein.
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PROTEIN FORMULATION

[UUUI] This is a continuation of application Ser. No.
OS&SOS,O14 liled Jul. 27, 1995 anil incorporated herein by
reference

13ACK(I ROUND OF IJ IE INVLiNTION

[0002] 1. Ficiil of thc Invention

[OOU3] This invention is three(ed io a lyophdized protein
formulation. In particular, it relates io a stable lyophilizeii
protein formulauon which can be reconstituted with a Lhhi-
ent to generate a stal&le reconstituted formulation suitable for
subcutaneous administration

[0004] 2. Description of Related Disclosures

[0005] In the past ten years, advances in bioiechnology
have made it possible to pro&luce a variety of proteins for
pharmaceutical applications using recombinant DNA tech-
niques. 13ecause proteins are larger and more complex than
traditional organic and inorganic drugs (i e. possessing mul-
tipk functional roups in addition to compicx three-dimen-
sional structures), thc formulation of such proteins poses
special problems. For a protein to remain biologically acuve,
a formulation must preserve intact ihe conformaiional integ-
rity of at least a core sequence of the protein's amino acids
while at the same time protecting the protein 's multiple
functional groups from degradation Degradation pathways
for proteins can involve chemical instability (i.c. any process
which involves modification of thc protein by bond forma-
tion or clcavagc resulting in a new chen&ical entity) or
physical instability (i.e. changes in ihe higher order structure.
of the protein). Chemical instability can result from deem&-
dation, racemization, hydrolysis, oxidation, beta elimination
or disulfide exchange Physical instability can result from
dcnaturation, aggregation precipitation or adsorption, for
cxampk Thc thrcc most common protein degradation path-
ways arc protein aggregation, dcamidation and oxidation.
Clelanil et al Cririca/Rei/eie&in Therapetair Drag Carrier
Spa(em* 10(4). 307-377 (1993).

[0006] I'reeve-drying is a commonly employed technique
for preserving proteins ivhich serves to remove ivater from
thc protein preparation of interest. Frceze-drying, or lyo-
philization, is a process by which thc material to bc dried is
iirst irozen and then the ice or frozen solvent is removeii by
sublimation in a vacuum environment. An excipieni may be
includeil in pre-lyophilized formulations io enhance stabiliiy
during the freeze-drying process and/or to improve stability
of the lyophilized product upon storage Pikal, M. Biap-
harni. 3(9)26-30 (1990) and Arakawa ct ak Pharni. Res.
S(3): ZSS-291 (1991).

[OOU7] It is an object of. the present invenuon io provide. a

lyophilized protein formulation which is stable upon storage
and delivery. It is a further object to provide a stable
reconstituted protein formulation which is suitable for sub-
cutaneous administration. In certain en&I&odiments, it is an
object to proviilc a multi-usc formulation ivhich is stable for
at least thc time over which it wiil be administered to a
patient.

SUMMARY OF THE INVEN11ON

[OOOS] This invention is based on the discovery that a
stable lyophilized protein formulation can be prepared using

a lyoprotcctant (preferably a sugar such as sucrose or
trehalose), which lyophihzed iormulation can be reconsu-
iuted io generate a stable rerx&nsiituted formulauon having a
protein concentration which is significantl higher (e g from
about 2-40 times higher, preferably 3-10 times higher and
most prcfcrably 3-6 tinics higher) than thc protein concen-
tration in thc pre-lyophilized formulation. In particular,
while thc protein concentration in the prc-lyophilizcrl for-
mulation may be 5 mgimL or less, the protein concenirauon
m the reconstituted fiirmulation is generally SO mg,'mL or
more. Such high protein concentrations in the reconstituted
formulation are considered to be particularly useful where
thc formulation is intcndcil for subcutaneous ailministration.
Despite thc very hi h protein concentration in thc rcconsti-
tutcd forniulation, it has bccn found that the rcconstitutcrl
formulation is stable (i.e. fails io display sign&iicant or
unacceptable levels of chemical or physical instabihty of ihe
protein) at 2-S''or at least about 30 days In certain
embodiments, the reconstituted formulation is isotonic In
spite of the use of Io&ver concentrations of the lyoprotectant
to achieve such isotonic forniulations upon reconstitution, it
was discovereil hcrcin that the protein in thc lyophilizcd
formuhihon essenhally retains its physical and chemmal
viability and integniy upon lyophilization anil storage.

[0009] When rcconstitutcil with a diluent comprising a
preservativc (such as bacteriostatic water for inlcction,
BWFI), ihe reconstituted formuhiuon may be used as a
multi-use formulation. Such a formulahon is useiul, for
example, where the patient requires frequent subcutaneous
administrations of the protein to treat a chronic medical
condition. The ailvantagc of a multi-usc formulation is that
it facilitates ease of usc for thc patient, rcduccs ivastc by
allowin con&piete usc of vial contents, and results in a
signdicant cosi savmgs lor the manufacturer since several
doses are packs ed in a single vial (lower lilling and
shipping costs)

[0010] Based on the observations dcscribcd herein, in onc
aspect ihe invention provides a stable isotonic reconsutuied
formulation comprising a protein in an amount ol. ai leasL
about 50 mg ml. and a diluent, which reconstituted formu-
lation has been prepared from a lyophilized mixture of a
protein and a lyoprotcctant, whcrcin thc protein concentra-
tion in thc reconstituted formulation is about 2-40 times
grcatcr than thc protein concentration in thc mixture before
lyophilization.

[0011] In another cnibodinicnt, thc invention provides a
stable rcconstitutcil formulation comprising an antiborly in
an amount of. ai least about 50 mgimL aml a dduent, which
reconsututed lormulation has been prepared from a lyo-
philized mixture of. an antibody anil a lyoproiectani, wherein
the antibody concentration in the reconstituted formulation
is about 2-40 times greater than the antibody concentration
in the niixturc bcforc lyophilization.

[0012] The rauo of lyoproteciant.protein in the lyophilized
formulation of the preceding paragraphs depends, for
example, on both the protein and lyoprotectant of choice, as
&veil as thc dcsircd protein concentration and isotonicity of
thc reconstituted fomiulation. In the case of a full kn th
antibody (as the protein) and irehalose or sucrose (as ihe
lvoproieciani) for generaung a high protein concentrauon
isotonic reconstituted formuhihon, the ratio may, for
example, be about l(KI-1500 mole trehalose or sucrose I

mole antibody
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[0013] Gcncrally, thc prc-lyophilizcd formulation of thc
protein and lyoprotectant will further include a bulfer which
prov&ries the formulanon at a suitable pH, depending on the
protein in the formulation I'or this purpose, it has been
found to be desirable to use a histidine buffer in that, as
dcmonstratcd below, this appears to have lyoprotcctive
pfopcrtli:s.

[0014] The formulation may further include a surfactant
(c.g. a polysorbatc) in that it has l&ccn observed herein that
this can rcducc aggregation of thc reconstituted protein
and,'or reduce the formation of. particulates in the reconsh-
tuted formulation The surfactant can be added to the pre-
lyophilized formulation, the lyophilized formulation and/or
the reconstituted formulation (but preferably the pre-lyo-
philized formulation) as desired.

[0015] The invention further provides a method for pre-
paring a stable isotonic reconstituted formulation compris-
ing rcconstituting a lyophilizcd mixture of a protein and a
lyoprotcctant in a diluent such that thc protein concentration
in the reconstituted formulation is at least 50 mg/mL,
wherein the protein concentrahon in the reconshtuted for-
mulation is about 2-40 times greater than the protein con-
centration m the mixture before lyophilization

[0016] In vet a iurther emboihment, the invennon provides
a method for preparing a formulation comprising the steps of
(a) lyophilizing a mixture of a protein and a lyoprotectant;
and (b) rcconstituting thc lyophiiized mixture of step (a) in
a diluent such that thc reconstituted formuiation is isotonic
and stable anil has a protein concentration of at least about
50 mg/mL For example, the protein concentration in the.

reconstituteci formulation may be from about 80 mgimL to
about 300 mg ml.. (ienerally, the protein concentration in
the reconstituted formulation is about 2-40 times greater
than thc protein concentration in thc mixture before lyo-
philization,

[0017] An article of manufacture is also provided hcrcin
which composes: (a) a container which holds a lyophilizcd
mixture of a protein and a lyoprotectant; and (6) instructions
for reconstituting the lyophilized mixture v:ith a diluent to a
protein concentration in the reconstituted formulahon of at
least about 50 mg/mi. The article of manufacture may
further comprise a second container which holds a diluent
(e.g bacteriostatic water for injection (IIWIil) comprising an
aromatic alcohol).

[0018] The invention further provides a method for treat-
ing a mammal comprising administering a thcrapcutically
cffcctivc amount of a reconstituted formulation disclosed
herein to a mammal, wherein the mammal has a disorder
requtring treatment v:ith the protein in the formulauon. For
example, the formulation may be administered subcutane-
ously

[0019] One useful anti-HER2 antibody pre-lyophilized
formulation as discovered in the experiments detailed beloiv
was found to comprise anti-IIER2 in amount from about
S-4(t mg/mL (c. 20-30 mg,'mL) and sucrose or trchalose in
an amount from about 10-100 mM (c.g. 40-80 n&M), a buffcr
(e.g. hist&dine, pH 6 or succinate, pH 5) and a suri acta nt (e.g.
a polysorbate). The lyophilizeci formulation was iound to be
stable at 4(t' for at least 3 months and stable at 30'. for
at least Ci months This anti-HLiR2 formulation can be
reconstituted with a diluent to generate a formulation suit-

able for intravenous administration comprising anti-HERZ
in an amount from about 10-30 mg/mL which is stable at
2-8'. fir at least about 30 days. Where higher concentra-
tions of the anti-HLR2 antibody are desired (for example
where subcutaneous delivery of the antibody is the intended
mode of administration to thc patient), thc lyophilized
formulation may bc reconstituted to yield a stable rcconsti-
tutcrl formulation having a protein concentration of 50
mg/mL or more.

[0020] One desirable anti-IgE anubody pre-lyophilized
fomiulation discovered herein has anti-IgL in amount from
about 540 mgiml. (e . 20-30 mgiml.) and sucrose or
trehalose in an amount from about 60-300 mM (c g. 80-170
mM), a bufl'er (preferably histidinc, pH 6) and a surfactant
(such as a polysorbate). The lyophilized anti-IgE Iormula-
lion is stable at 30'. for at least I year. This formulauon
can be reconstituted to yield a formulauon compnsin ~

anti-IgL'n an amount from about 15-4S m,iml. (e g. 15-25
mg/mi.) suitable for intravenous administration which is
stable at &-8'. for at least I year. Alternatively, whcrc
hi hcr concentrations of anti-IgE in thc formulahon arc
desired, the lyophilized formulation can be reconstituted in
order to generate a stable formulation having an anu-IgE
concentraiion of — 50 mgimL.

13RILI')LS(:RIVTIOIS Oli 'I'IIL')RAWII&IGS

[0021] FII k I shows the effect of reconstitution volume
on the stability of lyophilized rhuMAb IILRZ 'I'he lvo-
philizcd formulation was prepared from a prc-lyophilization
formulation con&prising 25 mgimL protein 60 mM trchalosc,
5 mM sodiun& succinatc, pH 5.0, and 0.01'7c Tween 20'v
The lyophilized cale was incubateil at 4(t' anti then
reconstituted with 4.0 (&) or 20.(t mL (~) of BWFI. The
fraction of intact protein in the reconstituted formulation
ivas measured by native size exclusion chromatography and
defined as thc peak arcs of thc native protein rclativc to thc
total peak arcs including aggregates.

[OOZ2] izK:. Z illustrates the effect of trehalose concentra-
tion on the stability of lyophdized rhuMAb HER2. The
protein was lyophihzed at 25 mg/mL in 5 mM sodium
succinate, pu 50 (circles) or 5 mM histidine, pu C&0

(squares) and trehalose concentrations ranging from Ciu mM
(360 molar ratio) to 200 mM (1200 molar ratio). Thc
lyophilized protein was incubated at 4(t' for either 30
days (closed symboLs) or 91 days (open symbols). The
amount ol. intact protein was measured after reconstitution
of the lyophilized protein with 20 mL BWFI.

[0023] FI('. 3 demonstrates the effect of trehalose con-
centration on the long tern& stability of lyophilizcd rhuMAb
HERZ stored at 4(t'. Thc protein ives lyophilizcd at cithcr
25 mgimL in 5 mM sorlium succinate, pH S.O, 0.(tie/c Twccn
2(ui', and 60 mM trehalose (E) or 5 mM hisudine, pH 6.0,
0.Oleic Tween 20&", and 60 mM irehalose ( ) or 21 mg,'mL
in 10 mM sodium succinate, pl I S 0, 0.2'7c, 'IWeen 20&a and
2SO mM trehalose (0) 'I'he lyophilized protein was incu-
hated at 40' and then reconstituted with 20 mi. of IIWI I

Thc an&ount of intact protein was measured after reconsti-
tution.

[0024] 1&IG. 4 shows ihe stabihty of rhuMAb HER2
lvophilized in 38.4 mM mannitol (7 mgimL), 20.4 mM
sucrose (7 mgiml.), 5 mM histidine, pl I C&.0, 0.01'7c Tiveen
20&". 'I'he lyophilized protein ivas incubated at 40'. and
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then rcconstitutcd with cithcr 4.0 mL (:) or 20 mL (~) of
BWFI The amount of intact protein was measured after
recoiistitulion.

[0025] FKL 5 demonstrates stability of reconstituted
rhuMAb HL'RZ lyophilized in 5 mM sodimn succinate, pll
S 0, 60 mM trchalosc, 0.01% Tween 20'". Samples secre
rcconstitutcd with either 4.0 mL (squares) or 20.0 niL
(circles) of BWFI (20 mL; 0.9%r, benzyl alcohol; 4 mL: 1.1%r,

benzyl alcohol) and then stored al 5'. (soliri symbols) or
25'. (open symbols). The % native protein was deiined as
the peak area of the native (not degraded) protein relative to
the total peak area as measured by cation exchange chro-
matography

[0026] FIG. 6 shows stability of reconstituted rhuMAb
HER2 lyophilizcd in 5 mM histidinc, pH 6.0, 60 niM
trehalose, 001%a Tween 20. Samples were reconsutu ted v:iih
either 4.0 mL (squares) or 20.0 mL (circles) of BWFI (20
mi. 0 9% lienzyl alcohol; 4 ml. I 1% benzyl alcohol) and
then stored at 5'. (solid symbols) or 25''open
symboLs). The 'rd native protein was defined as the peak area
of thc native (not degraded) protein relative to thc total peak
area as mcasurcd by cation cxchangc chromato raphy.

[0027] 17IG. 7 reveals stability of reconstituteri rhuMAb
HER2 lyophilized in 5 mM histxhne, pH 6.0, 38.4 mM
mannitol, 20 4 mM sucrose, 0.01% Iiween 20 Samples ivere
reconstituted with either 40 ml. (squares) or 20.0 ml.
(circles) of BWI'I (ZO mi. 3 19%r benzyl alcohol; 4 mi. I I frr

bcnzyl alcohol) and then stored at 5'. (solid symbols) or75'. (open symboLs). Thc % native protein was defined as
the peak area of the native (not degraded) protein relauve to
the total peak area as measured by cation exchange chro-
matography.

[0028] FIG. 8 shows stability of reconstituted rhuMAb
I IL'R2 lyophihzed m 10 mM sodium succinate, pi I 5.0, ZSO

mM trchalosc, 0,2%0 Twccn 20. Saniples were reconstituted
with 20.0 mL of BWFI (0,9%0 bcnzyl alcohol) and then
storeri at 5'. (0) or 25'. (.). The r% native protein was
deiined as the peak area of. the native (not degraded) protein
relattve to the total peak area as measured by cauon
exchange chromatography

[0029] FIG. 9 shows aggregation of rhuMAb L'2S formu-
lated into buffcrs ranging from pH 5 to pH 7 at 10 mM bufi'er
concentration and 5 mp mL antibody concentration.
Samples were lyophilizeri and assayed at time zero and after
4 weeks, 8 weel s, and 52 weel s of storage at 2-8'. The.

builers were: potassium phosphate pH 7.0 ( ); sodium
phosphate pu 7.0 ( ); histidine pu 7.0 (0); sodium suc-
cinate pu (i S (~ ), sodium succinate pll 60 (E); sodium
succinatc pH S 5 (+); and sodium succinate pH 5.0 (L).

[0030] FIG. 10 depicts aggregation of rhuMAb E25 lyo-
philized in 5 mM histidine bulTer al both pH 6 and pH 7 and
assayed following storage as follows. The bulTer was at. pH
6 0 stored at 2-8'. ( ), pH 6 storeri al 25'. ( ); pH 6
stored at 40''. (0); pu 7 stored at 2-8'. (0); pll 7 stored
at ZS'. (E); and pl( 7 stored at 40' (+)

[0031] 17IG. 11 illustrates aggregauon of 5 m,'mL
rhuMAb EZ5 formulatml into 10 mM sodnim succinate at
pH 5.0 with lyoproteclanl ankled at a concentration of 275
mM (isotonic). 'I'he lyoprotectants were control, no lyopro-
tectant (.); mannitol ( ); lactose (0); maltose (0); treha-
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[0037] 17KL 17 reveals aggregauon of rhuMAb EZ5 for-
mulated at 2S mgimi. into 5 mM histidine at pll (7 with 85
mM sucrose ((); 8S mM trehalose ( ); l(71 mM sucrose (6)
or 161 mM trchalosc (4). Samples werc lyophilized anil
stored at 2-8', folloivcd by reconstitution ivith 0.9%
benzyl alcohol to 100 mg mL antibody in 20 mM histidinc
at pH 6 with isotonic (340 mM) anil hypertonic (644 mM)
sugar concentration.

[0038] FIG. 18 shows aggregation of rhuMAb EZS for-
mulated at 25 nigimL into 5 mM histidinc at pH 6 with 85
mM sucrose ( ), 85 mM lrehalose ( ), 161 mM sucrose (+)
or 161 mM trehalose (4). Samples were lyophilized and
stored at 30''ollowed by reconstitution with tl.9%r, benryl
alcohol to IOO mgiml. antibody in 20 mM histidine at pl I (i

vvith isotonic (340 mM) anil hypertonic (644 mM) su ar
concentration.

[0039] FIG. 19 illustrates aggregation of rhuMAb L'2S

fomiulated at 25 mgiml. into S mM histidine at pll (i with

lose (E); and sucrose (9). Samples werc lyophilized anil
assayed at time zero and alter 4 weel s, 8 weeks, aml 52
weel s of storage at 2-8'.
[0032] 17IG. IZ shows aggregation of 5 mgmL rhuMAb
E25 formulated into 10 mM wxhum succinate at pH 5.0 with
lyoprotectant added at a concentration of 27S mM (isotomc)
The lyoprotectants ivere: control, no lyoprotectant ( ); man-
nitol ( ); lactose (0); maltose ( ~ ); trchalosc (E); and
sucrose (+). Samples werc lyophilizcrl and assayed at time
zero and affer 4 weeks, 8 weeks, and 52 weel s of storage at
40'.
[0033] 17KL 13 depicts hydrophobic interaction chroma-
tography of. 20 mg/mL rhuMAb E75 lyophihzed in hisudine
butfer at pu (iurith an isotonic concentration (i.e 27S mM)
of lactose stored for 24 weeks at 2-8, 2S or 40' and
reconstituted to 20 In ml..

[0034] FKL 14 shows hydrophobic interaction chroma-
to raphy of 20 nig mL rhuMAb E75 lyophilizcd in histidinc
buffcr at pH 6 stored for 24 weeks at 2-8, ZS or 40'. and
reconstituted to 20 mg niL.

[0035] FIG. 15 illustrates hydropholiic interaction chro-
matography of. 20 mgimL rhuMAb E75 lyophilized in
hisudine bulTer at pH 6 with an isotonic concentrauon ((.e.
275 mM) of sucrose and stored for 24 weel s at 2-8, 25 or
40' and reconstituted to 20 mg ml.

[0036] 17KL 16 illustrates the effect of sugar concentrauon
on rhuMAb E25 formulated at 20 mg/mL in 5 mM hisudine
at pH 6.0. Sucrose (0) and trehalose ( ) were adderl to the
formulation at molar ratios ranging from 0 to 2010 (isotonic)
(see Tattle I below) Samples were lyophilized and assayed
after 12 weel s of storage at 50''..
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85 mM sucrose ( ); 85 mM trchalosc ( ); 161 mM sucrose
(4) or 161 mM trehalose (4). Samples were lyophilized ancl
storecl at 50' followeci by reconstitunon with (1.9% benzyl
alcohnl to I (y) mg/ml. antibody in 20 mM histidine at pl I (i

with isotonic (340 mM) and hypertonic ((i44 mM) sugar
concentration.

DLiTAB.LiD DLSCRIPTION Ol'I BE

PREFERRED EMBODIMENTS

[0040] I. Definitions

[0041] By "protein" is meant a scqucnce of amino acids
for which the chain length is sufiicient to produce the higher
levels of tertiary anil,'or quaternary structure. This is io
distmguish from "peptides*'r other small molecular xveight
drugs that do not have such structure. Typically, the protein
herein will have a molecular wright of at least about 15-20
kD, prcfcrably at least about 20 kD.

[0042] Lixamples of proteins encompassed within the defi-
nition hcrcin include mammalian proteins, such as, c.g,
growth hormone, including human groath hormone and
bovine growth hormone; growth hormone releasing factor;
parathyroid hormone; thyroid stimulating hormone; lipopro-
tems; cx-I-antitrypsin; insulin A-chain; insulin B-chain; pro-
insulin; follicle stimulating hormone; calcitonin; luteinizing
hormone, glucagnn; clntting factors such as factor VIHC,
factor IX txssuc factor, and von Wiflcbrands factor; anti-
clotting factors such as Protein C; atrial natriuretic factor;
lung surfactant, a plasminogen activator, such as urokinase
or tissue-type plasminogen activator ((-PA), bombazine;
thrombm; tumor necrosis factor-cx and -ji; enkephalinase;
RANTLS (regulated on activation normally I(cell expressed
and secreted); human macrophage intlammatory protein
(MIP-I-o); serum albumin such as human serum albumin;
mullcrian-inhibiting substance; relaxin A-chain; rclaxin
B-chain, prorelaxin; mouse gonadotropin-associated pep-
tide; DNase, inhibin, activin; vascular endothelial growth
factor (VL(xl'); receptors for hormones or grnwth factors; an
integnn; protein A or D; rheumatoid factors; a neurntrophic
factor such as bone-derived neurotrophic factor (BDNF),
ncurotrophin-3, -4, -5, or -6 (NT-3, NT-4, NT-5, or NT-6), or
a ncrvc growth factor such as NGF-jI; platelet-derived
growth factor (PDGF); Iibroblast growth factor such as
aFGF anil bFGF, epidermal growth factor (EGF), transform-
ing growth factor (T(iF) such as T(iF-a and I'Gl -ji, includ-
ing 'I'(xlujil, T(iF-[12, T(ilufl3, TGF-[14, or I'(xluji5; insu-
lin-like growth factor-I and -0 (l(iF-I and l(iF-0); des(l-
3)-IGF-I (brain IGF-D; insulin-like growth factor binding
proteins, CD proteins such as CD3, CD4, CDS, CD19 and
CD2(t, erythropoietin (EPO), thrombopomtin (TPO);
osteotmluctive factors; immunotoxins; a bone morphoge-
netic protein (BMP); an interferon such as interferon-v, -jI,
and -7; colony stimulating factors ((ISI's), e g., M-CSI',
(IM-('Sl', and (i-(ISlq interleukins (II s), e g., I I.-I to II.- IO;

supcroxidc chsmutasc; T-ccfl rcccptors; surface nicmbranc
proteins, decay accclcrating factor (DAF); a viral antigen
such as, Rir example, a portion of. the AIDS envelope;
transport proteins; homing receptors,;uldressins, regulatory
proteins, immunoadhesins; antibodies, and bioiogicaliy
active fragments or variants nf any nf the above-listed
polypeptides.

[0043] The protein which is formulated is preferably
essentially pure and desirably essentially homogeneous (i e

free from contaminating proteins ctc). "Essentially pure"
protein means a composition comprising at least about 90%
by weight of the protein, basecl on total weight of the
composition, preferably at least about 95% by weight
"Lssentially homogeneous*'rotein means a composition
comprising at least about 99% by xvcight of protein, based
on total xvcight of the composition.

[0044] In certain embodiments, thc protein is an antibody.
The antibody may bind to any of the above-mennoned
molecules, for example. Exemplary molecular targets for
antiiiodies encompassed by the present invention include
('ll proteins such as ('l)3, ('l)4, ('DS, ('D19, CD20 and
('l)34; members of the HLR receptor family such as the
EGF receptor, HER2, HER3 or HER4 receptor; cell adhe-
sion moieculcs such as LFA-I, Mol, p130,93, VLA-4,
ICAM-I, VCAM and cxv/(%3 integrin inclucling either cx or ji

subum(s thereof(e.g. anti-CD 1 la, anti-CDIS or anti-CDllb
antibodies); growth factors such as Vl'(xlq I L; blood group
antigens; flk2iflt3 receptor; obesity (Oil) receptor; protein('tc.
[0045] The term "antibody" is used in thc broadest sense
and specifically covers monoclonal antiboclies (including
full length annboches which have an immunoglobulin Fc
region), anubody compositions with polyepitopic specilic-
ity, bispecific antibodies, diabodies, and sin le-chain mol-
ecules, as well as antibody fragments (e.g., I'ab, I (ali'), and
I 'v)

[0046] The term 'monoclonai antiliody's used herein
refers to an antiliody obtainccl from a population of substan-
tiafly homogeneous antibodies, ie., the individual anubodies
compmsing the popuhinon are identical except for possible
naturally occurring mutations that may be present m minor
amounts Monoclonal antibodies are highly specific, being
directed against a single anti enic site. I'urthermore, in
contrast to conventional (polycional) antibody preparations
xvhich typically incluclc diffcrcnt antiliodics dircctcd against
diflerent determinants (epitopes), each monoclonal anubody
is directed a ainst a single determinant on the anugen. In
addition to their speciiicity, the monoclonal annbodies are
advantageous in that they are synthesized by the hybridoma
culture, uncontaminated by other immunoglobulins I'he
modifie 'monoclonai*'ndicates thc character of thc anti-
body as being obtained from a sulistantiafly homo cncous
population of antibodies, and is not to be construed as
requinng production of the antibody by any parucular
method. For example, the monoclonal anubodies to be used
in accordance with the present invention may be made by the
hybridoma method first described by Kohler et al, i%vivre,
256: 495 (1975), or may bc niaclc by recombinant DNA
methods (sec, c.g., U.S. Pat. No 4,816,567), Thc "mono-
clonal antibodies" may also be isolated from phage antibody
libranes using the techmques descnbed in Clackson et aL,
iVvrnre, 352:624-62S (1991) and Marks et al., J. Mvl. Biol.,
2» 581-597 (1991), for example

[0047] 'I'he monoclonal antibodies herein specihcafly
include "chimeric" antibodies (immunoglobuiins) in which
a portion of thc heavy andior light chain is identical with or
homologous to correspomling sequences in antibodies
demved Irom a particular species or belonging to a parucular
antibody class or subclass, while the remainder of the
chain(s) is identical with or homologous to corresponding
sequences in antibodies derived from another species or
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belonging to another antibody class or subclass, as well as
fragments of such annbodies, so long as they exhibn lhe
desired biological activity (U.S. Pal. No.4,816,567, Morri-
sonet al, I'roc Veri. Aced Sci US/A, 81'6851 6&855 (I')S4))

[0048] "llumamzed'orms nf non-human (e g., murine)
antibndies are chimeric immunoglobulins, immunoglobulin
chains or fragments thereof (such as f v, Fab, I tabb f (ab') or
other antigen-bin(ling subscqucnccs nf antibodies) which
contain mimmal sequence derived front non-human inimu-
noglobulin. For lhe most part, humanized annbodies are.

human immunoglobulins (recipient antibody) in which resi-
dues from a complementarity determining region (Cl)R) of
the recipient are replaced by residues from a ('.I)R of a
non-human species (donnr antibody) such as mouse, rat or
rabbit having thc dcsircd specificity, aihnity, and capacity. In
some instances, Fv framework re ion (FR) residues of thc
human immunoglobulin are replacerf by corresponrling non-
human residues. Furthermore, humanized antibodies may
compose residues which are found neither in the recipient
antibndy nnr in the impnrted (R)R or framework sequences
'I'hese modifications are made to further refine and optimize
antibody pcrformancc. In encral, thc humanized antibody
will compnsc substantially all of at least nnc, and typically
two, variable tlomains, in which all or substantially all of lhe.

CDR regions correspond to those of. a non-human immu-
noglobulin and all or substantially all nf the f R regions are
those of a human immunoglobulin sequence I'he human-
ized antibody optimally aLso \vill colnprise at least a portioii
of an immunoglobulin constant region (Fc), typically that of
a human immunoglobulin. For further details, sec Jones ct
aL, Nature, 321 522-525 (1986); Reichmann el al., Nutnze,
332.323-329 (19SS), anil Presla, Cnrti Op. Strnct. Biol.,
2 593-596 (1992) The humanized antibody includes a Pri-
matized&" antibody wherein the antigen-binding region of
the antiborly is derived frnm an antibody produced by
immunizing macaque monkeys with the antigen of intcrcst.

[0049] A "stable" formulation is onc in which thc protein
thcrcin csscntially retains its physicai and chemical stability
anil integnty upon storage. Various analytical lechniques for
measunng protein stability are available in lhe arl and are.

reviewetl in Pepiide ttnd Protein Drug Detii rti; 247-301,
Vincent I.ee Lid, Marcel l)ekker, Inc, New York, N Y,
Pubs (I')91) and .Iones, A Adv. Drng Delivery l&ev. 10:
29-90 (1993). Stability can bc mcasurcd at a selected tcm-
pcraturc for a sclcctcd time period. For rapid screening, thc
formulation may be I epl al 40'. for 2 weeks lo I month,
at which lime stability is measurerf. Where lhe formulation
is lo be stored at 2-S'., generally the formuhuion shoulrf
be stable at 30''. or 40'. for at least I mnnth and or stable
at 2-8'. fnr at least 2 years. Where the formulation is to be
stored at 30'., gcncrally the formulation shnuid bc stable
for at kast 2 years at 30'L and&or stal&lc at 40', for at
least 6 months. For example, the exlenl oi. aggregauon
following lyophilization aml storage can be used as an
imhcator of protein stability (see Examples herein). For
example, a "stable** fnrmulation may be one ivherein less
than abnut Ifi'tv and preferably less than about 54&v of the
protein is prcscnt as an aggregate in thc fomiulation. In other
cmborhmcnts, any increase in a rc atc formatinn follnw-
ing lyophilizanon anil storage of the lyophihzed formulation
can be determined. For example, a *'stable'yophilizerf
formulation may be one wherein lhe increase in aggregate in
the lyophihzed formulation is less than about 5% and
preferably less than about 3&ys ivhen the Iynphilized fnrmu-

lation is stored at 2-8'. for at least onc year In other
embodiments, stability of the protein formulauon may be
measured using a biological activity assay (see, e.g.,
Lxample 2 beloiv)

[0050] A "reconstituted*'ormulation is one &vhich has
been prcparcd by rlissolving a lyophilized protein formula-
tion in a diluent such that thc protein is rlispcrscrl in thc
reconsululed formulanon. The reconstitute&i Iormulanon in
suitable for adminisiralion (e.g. parenleral adminislranon) to
a paiienl lo be treated with ihe protein of interest and, in
certain embodiments of the invention, may be one &vhich is
suitable for subcutaneous administration

[0051] By "isotonic" is meant that thc formulation of
intcrcst has csscntially thc same osmotic prcssure as human
blood. Isotonic lormulations will generally have an osmotw.
pressure from about 250 lo 350 mOsm. Isotonicity can be
measured using a vapor pressure or ice-freezing type
osmometer, for example

[0052] A "lyoprotectant" is a molcculc which, when com-
bined with a protein of intcrcst, significantly prcvcnts or
reduces chemical and/or physical instability of the protein
upon lyophilization anil subsequent storage. Exemplary lyo-
proleclanls incluile sugars such as sucrose or trehalose, an
amino acid such as monosodium lutamate or histidine; a
methylamine such as betaine; a lyotropic salt such as mag-
nesium sulfate; a polyol such as trihyrlric or higher sugar
alcohols, c.g, glycerin, erythritol, glycerol, arabitol, xylitol,
sorbilol, anil mannitol, propylene glycol; polyethylene gly-
col, Pluronics; anil combinations thereof. The preferred
lyoproteclant is a non-reducing sugar, such as trehalose or
sucrose

[0053] 'I'he lyoprotectant is added tn the pre-lyophilized
formulation in a "lyoprotccting amount'hich means that,
follosvin lyophilization of thc protein in the prcscncc of thc
lyoprotecnng amount of. the lyoprolectanl, the protein essen-
tially raisins ils physical and chemical stability and inlegnty
upon lyophilization and storage.

[0054] 'I'he "diluent'* of interest herein is one &vhich is
pharmaccutically acccptablc (safe and non-toxic for admin-
istration to a human) anti is useful for thc preparation of a
rcconstitutcd formulation. Exemplary dilucnts include ster-
ile water, bacteriostatic water for tn]ection (BWFI), a PH
bulfered solution (e.g. phosphate-builere&l &aine), stenle
saline solution, Rin er's solution or dextrose solution

[0055] A "prescrvativc" is a compound which can bc
added to the diluent to essentially re&luce bactenal schon in
lhe reconsututed formulation, thus facilitanng the produc-
tion of a multi-use reconstituted formulation, for example
Lxamples of potential preservatives include nctarlecyldim-
ethylbenzyl ammonium chloride, hexamethonium chlonde,
bcnzalkonium chloride (a mixture of alkylbenzyldimethy-
lammonium chlorides in svhich thc alkyl groups arc long-
chain compounds), and benzelhomum chloride. Other types
of. preservanves inchide aromanc alcohols such as phenol,
butyl and benzyl alcohol, alkyl parabens such as methyl or
propyl paraben, catechol, resnrcinol, cyclnhexannl, 3-pen-
tanol, and m-cresol The most preferred preservative herein
is benzyl alcohol.

[0056] A "bullong agent" is a compouml which adds mass
to the lyophilized mixture and cnntributes to the physical
structure of the lyophil ized cake (e . facilitates the produc-
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tion of an csscntially uniform lyophilizcd cake which main-
tains an open pore structure). Exemplary bulking a ants
include mannitol, glycsne, polyethylene glycol anti xorbitol.

[0057] "Treatment** refers to bnth therapeutic treatment
and prophylactic or preventative measures I'hose in need of
trcatmcnt inclurlc those aircady with thc disorder as well as
those in which thc disorder is to bc prevented.

[0058] *'Mammal for purposes ol Irealment refers to any
animal classified as a mammal, including humans, ilomestic
and farm animals, and zoo, spnrts, nr pet animals, such as
dogs, horses, cats, en&vs, etc Preferably, the mammal is
human.

[0059] A "rhsorder's any condition that would benefit
from treatment with the protein. This includes chronic and
acute disorders or diseases including those pathological
comhtions which prmlwpose the mammal to Ihe ihsorder in
question Non-hmiting examples of disnrders to be treated
herein inclurle carcinomas and allergies

[0060] H. Morlcs for Carrying out thc Invention

[0061] A. Protein Preparation

[0062] The protein to be formulated ss prepared using
techmques which are well established in the art including
synthetic techmques (such as recombinant techniques and
peptide synthesis nr a cnmbination of these techniques) or
may bc isolatcrl from an endo cnnus snurcc of thc protein.
In certain embodiments of thc invention, thc protein of
choice ss an antiboily. Techniques for Ihe proiiuctson of.

antibodies follow

[0063] (i) Volyclonal antibndies

[0064] Volyclonal antibodies are generally raised in ani-
mals by multiple subcutaneous (sc) or intrapcritoneal (ip)
injections of thc rclcvant antigen and an adjuvant. It may be
useful to conlugate the relevant anhgen Io a protein that ss
smmunogenic in Ihe species to be immunizeii, e.g., keyhole.
limpet hemocyanin, serum albumin, bnvine thyroglobulin,
or soybean trypsin inhibitor using a bifunctionai or deriva-
tizing agent, for example, maleimidnbenzoyl sulfnsuccin-
imidc cstcr (conjugation through cystcine rcsiducs), N-hy-
droxysuccinimirlc (through lysinc rcsiducs), giutaraldchyde,
succinsc anhvdrxle, SOCI&, or R'N—C—NR, where R and
R're different alkyl groups.

[0065] Ammals are immunized against the antigen, immu-
nogenic conlugates, nr derivatives by combining I mg or I

p of thc peptide or conjugate (for rabbits or mice, rcspcc-
tivcly) with 3 volumes of Freund's complete adjuvant. Onc
month later thc animals arc bonsted with s/s tn Miv thc
original amount of peptide or conlugate in Freuml's com-
plete iuljuvant by subcutaneous intact&on at multiple mtes.
Seven to 14 days later the animals are bled and the sermn is
assayed for antibody titer. Animals are bonsted until the titer
plateaus. Prcfcrably, thc animai is boosted with thc cnnju-
gatc of thc same antigen, but cnnjugatcd to a diffcrcnt
protein aml/or throu h a dift'eront cross-linking rca cnt.
Contugates also can be made sn recombinant cell cuhure, as
protein iussons. Also, aggregating agents such as alum are.

suitably userl tn enhance the immune response

[0066] (ii) Monoclonal antibodies.

[0067] Mnnoclonal antibndies are nbtained from a popu-
lation nf substantially hnmngeneous antibndies, i e, the

inrlividual antibodies comprising the population arc identi-
cal except for possible naturally occurnng mutations that
may be present sn minor amounks. Thus, the modilier
"monoclonal'ndicates the character of the antibody as not
heing a mixture of discrete antibodies

[0068] For example, the monoclonal antibodies may be
made usin ~ Ihe hybridoma methoil liras descnbed by Kohler
et al, ((ars(re, &56 495 (1975), or may be made by recom-
binant IINA methods (U S Pat. Nn. 4,816,567)

[0069] In the hybwdoma method, a mouse or other appro-
priate host animal, such as a hamster, ss immumzed as
hereinabove descnbed to elicit lymphocytes that prmluce or
are capable of prnducing antibodies that will specifically
hind to the protein used for immunizatinn Alternatively,
lymphocytes may be imniunizcrl in vitro. Lymphocytcs then
are fused svith niyeloma cells using a suitable fusing agent,
such as polyethylcnc glycol, to form a hybrirloma cell
(Godsng, Monriclonal An(i bodies( Principles anil Prac(ice,
pp.59-1(G (Academic Press, 1986)).

[0070] Thc hybridoma cells thus prcparcrl are sec(lcd anil
grosvn in a suitable culture medium that prcfi:rably contains
one or more substances that inhibit the growth or survival of
Ihe unfused, parental myeloma cells. For example, sf the
parental myelnma cells lack the enzyme hypnxanthine gua-
nine phnsphoribosyl transferase (ll(iVKI'r HVKI'), the
culture medium for the hybridnmas typically will include
hypoxanthinc, aminoptcrin, and thymidine (HAT medium),
which substances prevent thc growth of HGPRT-dcticicnt
cell~.

[0071] Preferred myeloma cells are thnse that fuse eff-
icientl, support stable hi h-lcvcl production of antibody by
thc sclectcd antibody-producing cells, and are scnsitivc to a
medium such as HAT meihum. Among these, prei'erred
myeloma cell lines are munne myeloma lines, such as those
denved from MOPC-21 anil MPC-ll mouse tumors avail-
able from the Salk Institute ('ell l)istributinn Center, San
Diego, ('alif USA, and SV-2 cells available from the Ameri-
can Type Culture Collection, Rockvillc, Md. USA

[0072] Human myeloma and mouse-human heteromy-
clonia cell lines also have been dcscribcd for thc production
of human monoclonal antibodies (Kozbor, J. Immanal,
1333001 (1984); 13rodeur ct a1, it(anne(one(An(il&ody Pro-
dnc(/on Tecfinlqiies arid Applicall an&, pp. 1-63 (Marcel
Dekker, Inc., New York, 1987)).

[0073] Cuhure medium in which hybridoma cells are
growing ss assayed for production of monoclonal anubodies
directed against the antigen. Preferably, the binding speci-
ticitv of monnclonal antibodies produced by hybridom a cells
is determined by immunoprecipitatinn or by an in vitro
binding assay, such as radioimmunoassay (RIA) or enzymc-
linkcd imniunoabsorbcnt assay (ELISA).

[0074] Thc binding affinity of the monoclonal antiborly
can, for example, be dctcrmincd by the Scatchard analysis of
Munson et al., Ariel. /(ioc(&em., 107.220 (1980).

[0075] After hybridoma cells arc identifie that produce
antibodies of the desired speciiicity, alhnsty, anil(or acuvsty,
Ihe clones may be subcloneil by limiting dilu non procedures
and grown by stanilaril methods (Goding, Monoclaiia/An(i-
bodies I'rinciples and I'(eence, pp.S9-103 (Academic
Press, 1&986)). Suitable culture media for this purpose
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include, for cxamplc, D-MEM or RPMI-1640 medium. In
addition, lhe hybridoma cells may be grov:n in vivo as
excites tumors in an animal.

[0076] Thc monoclonal antibodies secreted by thc sub-
cloncs arc suitably separated from thc culture medium,
excites lluirf, or serum by conventional immunoglobulin
puniication procedures such as, ior example, protein
A-Sepharose, hydroxylapatite chromatography, gel electro-
phoresis, dialysis, or aginity chromatography.

[0077] DNA encoding the monoclonal antiboifies ia
readily isolateif and sequenced using convennonal proce-
dures (e.g, bv using oligonucleotide probes that are capable
of fiinding specifically to genes encoding the heavy and light
chains of muone antibodies) I'he hybridoma cells serve as
a prcfcrrcd source of such DNA. Once isolated, thc DNA
may bc placed into cxprcssion vectors, which arc then
transfcctcrl into host cells such as E. coli cells, simian COS
cells, Chinese hamster ovary (CHO) cells, or myeloma cells
that do not othenvise proifuce immunoglobuhn protein, to
obtain the synthesis of monoclonal antibodies in the recom-
liinant host cells Review articles on recombinant expression
in bacteria of DNA encoding the antibody include Skcrra ct
al., Carr. Opinion ia Immuaoi., 5;256-262 (1993) and Pl
uckthun, Immvnoi. Revs;, 130:151-188 (1992).

[0078] In a further emliodiment, antibodies can be isolated
from antibody pha c libraries gcncratcd using thc tech-
niques dcscribcd in McCaffcrty ct al., Naolre, 348;552-554
(1990) Clacl son el al., Nature, 352.624-628 (1991) and
Marks et al., J. NIvf Rivi., 222:581-597 (1991) describe lhe.

isolation of murine and human antibodies, respectively,
usmg phage libraries Subsequent publications describe the
production ot'igh affinity (nM range) human antibodies by
chain shuffling (Marl s ct al., Bio/pecgar&logy, 10:779-783
(1992)), as well as combinatorial infection and in vivo
recombinauon as a strategy for constructing very large
phage libranes (Walerhouse el al., Nac. AeiCs. Res.,
21 22GS-22(i(i (I')93)) 'I'hus, these techniques are viable
alternatives to traditional monoclonal antibody hybridoma
techniques for isolation of monoclonai antibodies

[0079] The l)NA also may be modihed, for example, by
sufistituting the coding sequence for human heavy- and
light-chain constant domains in place of thc homologous
munnc scqucnccs (U.S. Pat. No. -1,816,567; Morrison, ct al.,
Prvc. Naif Aced. Sci. USA, 81:6851 (1984)), or by
covalently joining lo lhe immunoglobulin coding sequence.
all or part of the coding sequence ior a non-immunoglobu fin
polypeptide.

[0080] Typically such non-immunoglobulin polypepudes
are substituted for the constant domains of an antibody, or
they are sulistituted for the variable domains of one antigen-
combining site of an antibody to create a chimeric bivalent
antibody comprising onc antigen-combining site having
specilicity for an antigen and another antigen-combining site
having specificity for a dilferenl antigen.

[0081] ('himcric or hybrid antibodies also niay bc prc-
parerf tn vitro using knov:n melhoifs in synthetic protein
chemiatry, incluihng those involving crosshnking agents.
for example, immunotoxins may be constructed using a
disulhde-exchange reaction or liy forming a thioether bond
Examples of suitable reagents for this purpose include
iminothiolatc and methyl-f-mcrcaptobutyrimidatc.

[0082] (iii) Humanizerl and human antiborlics.

[0083] Methods for humamzing non-human antibodies are
well I no-ln in the art. Generally, a humanized anubody has
one or more amino acid residues introduced into it from a
source which is non-human. These non-human amino acid
residues arc often referred to as "import" residues, which arc
typically taken from an 'import" vanabk domain. Human-
ization can be essentially pcrfornicd following thc method of
Winter and co-workers (Jones el al., Nature, 321.522-525
(1986), Riechmann et al., Nalare, 332.323-327 (1988);
Verhoeyen et al, Science, 239:I S34-I S3(i (1988)), by sub-
stituting rodent CDRs or CDR sequences for the correspond-
ing sequences of a human antibody Accordingly, such
"humanized" antibodies are chimeric antibodies (U.S. Pat
No. 4,816,567), whcrcin substantially less than an intact
human variable domain has been substituted by the corre-
spomhng sequence from a non-human species. In practice,
humanized antibodies are typically human antibodies in
ivhich some ('f)R residues and possibly some I R residues
are substituted by residues from analogous sites in rodent
antiliodics.

[0084] The choice of human variable domains, both light
and heavy, to be used in makmg lhe humanized anubodies
ia very important to reduce antigenicity. According to the
so-called "best-fit'* method, the sequence of the variable
domain of a rodent antifiody is screened against the entire
library of knosvn human variable-domain sequences The
bun)an scqucncc which is closest to that of thc rodent is then
accepted as thc bun)an framework (FR) for thc humanizcrl
antibody (Sima et al., J. Iavmaivi., 151:2296 (1993);
Chothia et al., J. Mvi. Rivi., 196:901 (1987)) Another
method uses a particular frameivork derived from the con-
sensus sequence of all human antibodies of a particular
subgroup of light or heavy chains. The same framework may
bc used for scvcral different humanized antibodies (Carter ct
al., Proc. Nari. Aced. Sci. USA. 89:4285 (1992); Prcsta ct al.,
J. Iaanavi., 151.2623 (1993)).

[0085] It is further important thai antibodies be humanized
with retenuon of high afiintty for the anugen and other
favorable biological properties. 'Ih achieve this goal, accord-
ing to a preferred method, humanized antibodies are pre-
pared by a process of analysis of the parental scqucnccs and
various conceptual humanized products using thrcc-rlimcn-
sional models of lhe parental anil humanized sequences
Three-dimensional immunoglobulm models are commonly
available anil are familiar to those skilled in the art. Com-
puter programs are available ivhich illustrate anil display
probable three-dimensional conformational structures of
sclccted candidate imniunogloliulin scqucnccs. Inspection
of these displays permits analysis of thc likely role of thc
resiilues in the I unc honing of the candidate immu noglobu hn
sequence, i.e., the analysis of resiilues that influence the
abdity of lhe candidate immunoglobulin to bimf its antigen.
In this way, I'R residues can be selected and combined from
the recipient and import sequences so that the desired
antibody characteristic, such as increaserl affinity for thc
target anti cn(s), is achieved. In cncral, the CDR rcsirlucs
are directly and most substantially involved in inlluencin ~

anti en bindin

[0086] Alternatively, it is now possible to produce trans-
genic animals (e., mice) that are capable, upon immuni-
zation, of producing a full repertoire of human antibodies in
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thc abscncc of endo cnous immunoglobulin production. For
example, it has been descnbed that the homozygous rleletion
of Ihe antibody heavy-chain joining region (Jn) gene in
chimeric and germ-line inutant mice results in complete
inhibition of endogenous antibody production. Transfer of
thc human germ-linc immuno lobuiin gene array in such
germ-linc mutant mice will rcsuit in thc production of
human antiborhcs upon antigen challen e. Sce, e.g., Jak-
obovits et al., Proc. A(ail. Aced. Sci. USA, 90.2551(1993);
Jakobovits et al., igarare, 362:»5-258 (1993), Bruggermann
et al, Year iri immaao., 7 33 (1993) Iluman antibodies can
alsn be derived from phage-display libraries (I loogenboom
ct al., J Moi Biol., 227:381 (1991); Marks ct al., J. 3(oi.
Biol., ZZ2:581-597 (1991)).

[0087] (iv) Bispecilic antibodies

[0088] Bispeciiic annbodies (BsAbs) are antiborlies that
have binding specificities fnr at least two different epitopes
Such antibodies can be derived from full length antibndies
or antibody fragments (e.g. 1(ab')z bispecific antibndies)

[0089] Methods for making bispecific antibodies arc
I nown in the art Traditional production of full lengih
bispeciiic antibodies is baseri on Ihe coexpression of. two
immunoglobulin heavy chain-light chain pairs, where Ihe
two chains have different specificities (Millstein et al,
&Varure, 30S 537-S39 (1983)). Because of the random assort-
ment of immuno lobulin heavy and light chains, these
hybudomas (quadromas) produce a potential mixture of 10
dilferent antibody molecules, of which only one has Ihe.

correct bispeciiic structure. Puriiication ol. Ihe correct mol-
ecule, which is usually done by alhnity chromatography
steps, is rather cumbersome, and the product yields are low
Similar procedures are disclosed in WO 93 (582&J and in
Trauncckcr ct al., Eye(BO J., 10:3655-3659 (1991).

[0090] According to a riifferent approach, antibody vari-
able domams with the desired binding specificities (anti-
body-antigen combining sites) are fused tn immunoglobulin
constant domain sequences I'he fusion preferably is &vith an
immunoglobulin hcavy chain constant domain, comprising
at least part of the hinge, CH2, and «H3 rc ions. It is
preferred to have the lira( heavy-chain constant region
(CHL) contaimng the site necessary for light chain binding,
present in at least nne of the fusions l)NAs encoding the
immunoglobulin heavy chain fusinns and, if desired, the
immunoglobulin light chain, are inserted into separate
cxprcssion vectors, and are co-transfccted into a suitable
host organism. This provides for great ficxil&ility in adjusting
the mutual proportions of Ihe three polypeptide fragments in
embodiments when unequal ratios of Ihe three polypeptide
chains used in the construction provide the optimum yielris
It is, however, pnssible to insert the coding sequences for
two or ail three polypeptide chains in one expression vector
when thc expression of at least two polypeptide chains in
equal ratios results in hi h yields or when thc ratios arc of
no particular signiiicance.

[0091] In a preferred embodiment of this approach, the
bispccific antibodies arc composed of a hybrid immunoglo-
bulin hcavy chain with a first binding specificity in one am&,

and a hybmd immunoglobulin heavy chain-hght chmn pair
(provnling a second binding speciiicity) in the other arm. It
was founri that this asymmetnc structure lac&I&tates Ihe
separation of the desired bispecific compound from
unwanted immunoglnbulin chain combinations, as the pres-

ence of an immunoglobulin light chain in only onc half of
Ihe bi&pacilic molecule provides for a lacile way of separa-
tion. This approach is disclosed in WO 94&04690 published
Mar 3, 1994. I'or further details of generatin bispecific
antibodies see, for example, Suresh et al., Merhods m
Enzymoiogy. 121:210 (1986).

[0092] Bispecific antibodies inclurlc cross-linked or "hct-
erocontu ate'* anubodies. For example, one of the antibodies
in Ihe heterocontugate can be coupled Io avidin, the other to
biotin. Such annbodies have, for example, been proposerl to
target immune system cells to ulnvanted cells (U.S. Pat No
4,676,980), and for treatment of IIIV infection (WO
91&00360, WO 92&200373, anil EP 03089). Hctcroconjugate
antibodies may be made using any convenient cross-linking
methods. Suitable cross-inking agents are well known in the
art, anil are ihscloseil in U.S. Pat. No. 4,676,980, along with
a number of cross-inking techmques.

[0093] 'Ihchniques for generating bispecific antibodies
from antibody fragments have also been described in the
literature. Thc following techniques can also be used for thc
prorluction of bivalent antiborly fragments which arc not
necessarily bi&pacilic. For example, Fab'ragments recov-
ered from E'. Coii can be chemically coupled in vitro to form
bivalent antibodies See, Shalaby et al, J. Iixp. Med,
175:217-2&S (1992)

[0094] Various techniques for makmg anil isolating biva-
lent antibody fragnicnts directly from recombinant cell
culture have aLso been descnbed. For example, bivalent
heterodimers have been produced using leucine zippers
Kostelny et al., J. Iiamaaoi., 148(5): 1547-1553 (1992). The
leucine zipper peptides from the l&os and .Iun proteins were
linked to the I'ab'ortions of two different antiborhes by
gene fusion. The antiborly homodimers werc reducerl at thc
hinge region to form monomcrs and then rc-oxidized to form
Ihe anubody heterodimers. The "diabody*'echnology
described by Hollin er et aL, Proc. JW&rl. Acmi. Sci. USA,
90.6444-6448 (1993) has provided an alternauve mecha-
nisrn for making bispecihc bivalent antibody fragments I'he

fraginents comprise a heavy-chain variable domain (Vg
conncctcd to a licit-chain variable domain (Vc) by a linker
which is too short to allow pairing bctwccn thc two domains
on the sante chain. Accordingly, thc Vn and Vc domains of
one Iragment are forced to pair with the complementary V,
and Vu domains of another Iragment, thereby iorming two
antigen-binding sites. Another strategy for making bispe-
cific 1&ivalent antibody fragments by the use of single-chain
Fv (sFv) rlimcrs has also been reported. Scc Grubcr ct al, J.
Jaaaunoi.. 152:5368 (1994).

[0095] 0 Preparation of the I.yophilized I ormulation

[0096] After preparation of the protein of interest as
described above, a "pre-lyophilizetl formulation*'s pro-
duced. The amount of protein present in the pre-lyophilized
formuhiuon is determmed taking into account Ihe desired
dose volmnes, mode(s) of administration etc Where the
protein of choice is an intact antibody (such as an anti-IgL'r

anti-HERZ antibody), from about 2 mg mL to about SO

m mL,prcfcrably from about 5 mgimLto about 40 mg mL
and most prelerably from about 20-30 mgimL is an exem-
plary starun ~ protein concentration. The protein is generally
present in soluuon. For example, the protein may be present
in a pu-butfered solution at a pu from about 4-8, and
preferably from about 5-7 Lxemplary buffers include his-
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tidinc, phosphate, Tris, citrate, succinate and other organic
seals. The buffer concentration can be from about 1 mM io
about 20 mM, or lrom about 3 mM to about 15 mM,
dependmg, for example, on the bufFer and the desired
&sotonicity of the formulation (e g. of the reconstituted
formulation). Thc prof&:rrcd buffer is histidinr in that, as
dcmonstratcd below, this can have lyoprotrctive properties.
Succinatc was shown to br another usefui buffe.

[0097] The lyoprotectant is atideti to the pre-lyophilizeil
formulat&on. In preferred embod&ments, the lyoprotectant &s

a non-reducing sugar such as sucrose or trehalose 'I'he

amount oflyoprotectant in the pre-lyophilived formulation is
generally such that, upon reconstitution, the resulting for-
mulation will bc isotonic. Howcvcr, hypertonic reconstituted
formulations may aLso bc suitable. In addition, thr amount of
lyoprotectant must not be Ioo low such that an unacceptable
amount of degradanon/aggregauon of the pro&a&n occurs
upon lyoph ihzat&on. Where the lyoprotect ant is a sugar (such
as sucrose or trehalose) angl the protein is an antilx&dy,
exemplary lyoprotectant concentrations in the pre-lyo-
philizcd formulation arc from about 10 mM to about 400
mM, anil prcfcrably from about 30 mM to about 300 mM,
and most preferably from about 50 mM Io about 100 mM.

[0098] The ratio of prole&n Io lyoprotectant is selected for
each prote&n and lyoprotectant combination In the case of an
antibody as the protein of choice and a sugar (e g., sucrose
or trehalose) as the lyoprotectant for generating an isotonic
rcconstitutcd formulation with a hi h protein concentration,
thc molar ratio of lyoprotectant to antibody maybe from
about 100 Io about 1500 moles lyoprotectant Io 1 mole
anttbotiy, and prelerably from about 20(t to about 1000
moles of lyoprotectant to 1 mole antibody, for example from
about 200 to about 600 moles ot'yoprotectant to I &noie

antibody.

[0099] In prefcrrcd cmbodimcnts of the invention, it has
bccn foun&i to bc dcsirablc to add a surfactant to thr
pre-lyophil&zed formulat&on. Alternauvely, or in add&uon,
the surlactant may be atitieti Io Ihe lyoph&lized lormulation
and/or Ihe reconsuluted formulation. Exemplary surlactants
include nonionic surfactants such as polysorbates (e.g
polysorbates 20 or 80); poloxamers (e g. poloxamer 188);
Triton; sodium dodccyl sulfate (SDS); sodium laurel sulfate;
sodium octyl lycosidr; lauryi-, n&yristyl-, linolryl-, or
stearyl-sulfobeta&ne, lauryl-, mynstyl-, hnoleyl- or stearyl-
sarcosine, hnoleyl-, myristyl-, or cetyl-betaine, lauroam&-
dopropyl-, cocamitiopropyl-, hnoleamxlopropyl-, mynsta-
midopropyl-, palmidopropyl-, or isostearamidopropyl-
betaine (e tp lauroamidopropyl); myristarnidopropyl-,
palmidopropyl-, or isostr aran&idopropyl-dimethylaminc;
sodium methyl cocoyl-, or disodium n&ethyl ofeyl-tauratc;
and the MONAQUAT&" series (Mons Industries, Inc.,
Paterson, N I ), polyethyl glycol, polypropyl glycol, anil
copolymers of ethylene anti propylene glycol (e.g. Pluron-
&cs, Pl'68 etc). The amount of surfactant added is such that
&t reduces aggregation of the reconstituted protein and
minimizes thc formation of particuiates after reconstitution.
For example, thc surfactant may br present in the pre-
lyophtlized formulanon &n an amount from about 0.001-
0 5%, aml preferably from about 0.0(I5-0.(I5%.

[01UU] In certain embodiments of Ihe invention, a m&xture
of the lyoprotectant (such as sucrose or trehalose) and a
hulking agent (e g. mannitol or glycine) is used in the

preparation of thc prc-lyophilization formulation. The bulk-
&n ~ agent may allow for the production of a un&form lyo-
philized cake without excess&ve pockets therein etc.

[0101] Other pharmaceutically acceptable carriers, exc&pi-
ents or stabilizers such as those described &n Remmgron ',s

Phnr&nncenricni Sciences 16th edition, Osol, A. Ed. (1980)
may bc includetl in thc prc-lyophilizcd formulation (and&or
thc lyophilizcd formulation anil&or thc reconstituted formu-
lation) provided that they do not adversely alfect the des&red
charactenstics of the formulation. Acceptable camera,
excipients or stabilizers are nontoxic to recipients at the
dosages and concentrations employed and include, addi-
tional bufferin agents; preservatives, co-solvents; antioxi-
dants including ascorbic acid and mcthioninc; chelating
agents such as EDTA; metal compkxes (c.g. Zn-protein
complexes), biodegradable polymers such as polyesters,
and/or salt-lorm&ng counterions such as sod&um

[0102] 'I'he formulation herein may also contain more than
one protein as necessary for the particular indication being
treated, preferably those with complementary activities that
do not adversely affcct the other protein. For example, it may
bc desirable to provide two or morc antibotlics which bind
Io the HER2 receptor or IgE m a s&ngle formulauon
Furthermore, anti-HER2 aml anti-VEGF anubod&es may be
combined in the one formulation. Such proteins are suitably
present in combination in amounts that are effective for the
purpose intended.

[0103] The formulations to bc used for in vivo adminis-
tration must bc stcrilc. This is res&lily accomplished by
liltrauon through stenle liltrai&on membranes, pnor to, or
follow&ng, lyophilization and reconshlution. Alternat&vely,
sterility of the entire mixture may be accomplished hy
autoclaving the ingredients, except for protem, at about120':

for about 30 minutes, for example

[0104] After the protein, lyoprotectant and other optional
components arc n&ixcd to cthcr, thc formulation is lyo-
philized. Many d&fferent freeze-dryers are available for th&s

purpose such as Huusurv (Hull, USA) or GT20™ (Ley-
bold-Heraeus, Germany) freeze-dryers Freeze-drying &s

accomplished by freezing the formulation and subsequently
subliming ice from the frozen content at a temperature
suitable for prin&ary &trying. Under this contlition, thc prorl-
uct tcmperaturc is below thc cutcctic point or the collapse
temperature of. the formulation. Typically, the shelf tempera-
ture Rir Ihe primary drying will range from about —30 to2S'.

6&rov&ded the product remains frozen dunng pnmary
drying) at a suitable pressure, ranging typically from about
50 to 2SO mqbrr 'I'he formulation, size and type of the
container holding thc sample (c.g., glass vial) anil thc
volume of liquid will mainly rlictate the time rcquircrl for
dry&ng, which can range from a few hours to several days
(e.. 40-60 hrs). Aserx&ndary &trying stage may be carried out
at about 0-40'., depeniling pnmamly on the type and s&ze

of container and the type of protein employed llowever, it
ivas found herein that a secondary dryin step may not be
necessary. For example, thc shelf tcmpcraturc throughout
thc cntirc water ren&oval phase of lyophilization may bc
from about 15-30'. (e.g., about 20'.). The time and
pressure required for secondary dry&ng w&11 be that wh&ch
produces a su&table lyophil&zed cake, depemlent, e.g, on the
temperature and other parameters. The secondary drying
time is dictated by the desired residual moisture level m the
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product and typically takes at least about 5 hours (c.. 10-15
hours). The pressure may be Ihe same as ihai employe&i
during Ihe primary &lrying step. Freeze-drying coniliiions
can he varied depending nn the fnrmulation and vial size

[0105] In some instances, it may bc desirable to lyophilize
the protein formulat&on in the conte&ner in wh&ch reconsti-
tution of Ihe prote&n is Io be earned oui in order Io avo&d a
transfer step The container in this instance may, for
example, be a 3, 5, 10, 20, SO or 100 cc vial

[01U6] As a general proposit&on, lyoph&1&zat&on will result
in a lyophil&zed formulation in which Ihe mo&stare content
thereof is less than about 5%, and preferably less than about
3 7e

[0107] C. Reconstitution of thc Lyophilized Fnrmulation

[0108] At the desired stage, typically when it is time to
administer the prntein tn the patient, the lyophilized formu-
lation may bc reconstituted with a diluent such that thc
protein concentration in thc reconstituted formulation is at
least 50 mg'mL, for example lrom about 50 mg/mL to about
400 mgimL, more prelerably from about 80 mg/mL&o about
300 mg/mL, an&l most preferably lrom about 90 mgimL io
about ISO mg/ml. Such high prntein cnncentratinns in the
reconst&tuted formulation are considered to he particularly
useful whcrc subcutaneous delivery of thc reconstituted
formulation is intcndcd. However, for other routes nf admin-
&strat&on, such as intravenous adm&cia&ration, lower concen-
trations ol. Ihe protein in Ihe reconshiuied Iormulauon may
be &les&re&i (for example from about 5-50 mg/mL, or from
about 10-40 mg/ml. protein in the recnnstituted fnrmula-
tion) In certain emhndiments, the protein concentration in
thc rcconshtutcd formulation is si nificantly higher than that
in thc prc-lyophilizcd formulation. For exampic, thc protein
concenirauon &n the reconstituted formulation may be about
2-40 times, preferably 3-10 times aml most preferably 3-6
times (e.g ai least three fold or ai least four fold) that of. Ihe
pre-lyophilized formulation

[01U9] Reconsi&iution generally takes place at a tempera-
ture of ahnut 2S'. to ensure complete hydration, although
other temperatures may he emplnyed as desired. The time
rcquircd for reconstitution will depend, c.g., on the type of
diluent, amount of cxcipient(s) and protein. Exemplary
dilucnts include stcrilc water, l&actcriostatic water fnr injec-
tion (BWFI), a pH bulTered solution (e.g. phosphate-bulT-
ared saline), sterile saline solution, R&nger's solution or
dextrose solutinn The diluent nptionally contains a preser-
vative. Lixemplary preservatives have been described alu&ve,
with aromatic alcohols such as l&cuzyi or phenol alcohol
being thc prcfcrred prcscrvatives. Thc aniount of prcscrva-
tivc cmploycd is rlctermincd l&y assessing ditfcrcnt prcscr-
vattve concentrat&ons for compahbiliiy w&ih the prole&n anil
preservative elficacy ieshng. For example, &l. Ihe preserva-
tive is an arnmat&c alcohol (such as henzyl alcohol), it can
he present in an amount from about O.I-2 0&7e and preferably
from about 05-1.5~m, but most prcferabiy abnut 1.0-1.2'7&.

[0110] Preferal&ly, the recnnstituted fnrmulatinn has less
than 6000 part&cles per vial ivhich are ~10 Fm in size

[0111] I) Administratinn of the Recnnstituted lionnula-
tion

[0112] I'he reconstituted fnrmulation is administered to a
mammal in need of treatment with the protein, preferably a

bun&an, in accord &vith known methorls, such as intravenous
admimstrauon as a bohis or by continuous inlusion over a

penod of ume, by intramuscular, intrapentoneal, &ntracero-
hrospinal, suhcutanenus, intra-articular, mtrasynovial,
intrathecal, oral, topical, or inhalation rnutes

[0113] In preferrcrl embodiments, thc rcconstitutcrl formu-
lation is administcrcd to thc man&mal by subcutaneous (i.e.
beneath ihe skin) administration. For such purposes, ihe
formulation may be &nlecied using a syringe. However, other
dev&ces for adm&n&a&ration of. Ihe formulation are evadable
such as injection devices (e g. the Inject-ease"'nd Gen-
jectra devices); injector pens (such as the (ienpen&u);
ncedlclcss dcviccs (c g. Mcdiycctor™ anil BioJcctor'u); and
subcutaneous patch delivery systems.

[0114] The appropriate dosage (" therapeutically eiTecuve
amount") of the protein will depend, for example, on ihe
conditinn to be treated, the severity and cnurse of the
conditinn, &vhether the protein is administered for preventive
or therapeutic purposes, previous therapy, the patient*s clini-
cal history and rcsponsc to the protein, the type of protein
use&i, and thc discretion of thc attending physician. Thc
protein is suitably administered io Ihe patient at one nme or
over a series of. treatments and may be admimstered to the
patient at any time from diagnosis onwards The protein may
he administered as the sole treatment nr in conjunction With
other drugs or therapies useful in treating the condition in
question.

[0115] Where Ihe protein of choice &s an antibody, from
about 0 1-20 mg1 g is an imual camlidate dosage lor admin-
&strai&on io Ihe patient, whether, for example, by one or more
separate administrations. Hnwever, nther dosage regimens
may be useful The prngress of this therapy is easily moni-
tored by conventional techniques.

[0116] In the case of an anti-HER2 antiborly, a thcrapcu-
Iically elfeciive amount of ihe antibody mnay be admin&s-
Iered Io treat or prevent cancer characterized by overexpres-
sion of the I ILR2 receptnr It is cnntemplated that a
reconstituted fern&ulatinn of the anti-I ILR2 antibody may be
used tn treat breast, nvarian, stomach, endnmetrial, salivary
gland, lung, kidney, colon and or bladder cancer. For
example, thc anti-HER2 antibody may be used to treat rluctal
carcinoma in situ (DCIS). Exemph&ry dosages of the anu-
HER2 annbody are in ihe range 1-10 mg,'kg by one or more
separate administratinns.

[007] Uses for an anti-IgL formulat&nn include the treat-
ment or prophylaxis of IgE-nicrliaterl allergic rliscascs, para-
sitic infections, interstitial cystitis and asthma, for cxampki
Dcpendin on thc discase or disorder to be trcatcd, a
Iherapeuiically elleciive amount (e.g from about 1-15
m k ) of. the anu-IgE annbody is administered to ihe
patient

[0118] E. Articles of Manufacture

[009] In another embndiment of the invent&nn, an article
of manufacture is provided &vhich contains the lynphili&ed
formulation of the prcscnt invention and provides instruc-
tions for its reconstitution anil&or usc. The article of manu-
facture compnses a container. Suitable containers include,
for example, bonles, viaLs (e g. dual chamber vials), synnges
(such as dual chamber syringes) aml iesi tubes. The con-
tainer may he fern&ed from a variety of materials such as
glass nr plastic The cnntainer holds the lynphilizerl formu-
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lation and thc label on, or associated with, the container may
indicate riirections for reconstitution and,'or use. For
example, the label may iniiicaie that ihe lyophihzed iormu-
lation is reconstituted to protein concentrations as described
above. The laliel may further indicate that the formulation is
useful or intcndcd for subcutaneous administration. The
container holrling thc formulation may bc a multi-use vial,
which allows for rcpcat administrations (e.g. front 2-6
tniministrations) of. the reconstituted iormulation. The arucle.
of manuiacture may further compose a second container
comprising a suitable diluent (e.g BWItl) Upon mixing of
the diluent and the lyophilized formulation, the final protein
concentration in the reconstituted formulation will gcnerafly
bc at least 50 mg/mL. Thc article of nianufacturc may further
include other materials dcsirablc from a conimcrcial and
user stanripoint, incluthng other buffers, diluents, liliers,
neeriles, syringes, aml peel age inserts with insirucnons for
use

[0120] Thc invention will bc niorc fufly understood by
reference to the following examples. They should not,
however, be construed as limiting ihe scope of. the invention.
All literature citations are incorporated by reference.

EXAMPLE I

Anti-HER2 Formulauon

[012(] Overexpression of the IILiR2 proto-oncogene prod-
uct (p185 ""

) has bccn associated with a variety of aggres-
sive human malignancies. The murine monoclonal antibody
known as muMA64DS is directed HER2 against thc extra-
cellular tiomain (ECD) of.pigSn . The muMAb4DS mol-
ecule has been humanized in an attempt to improve iis
chnical efficacy by reducing immunogenicity and alloiving
it to support human effector functions (see WO 92 22653)
This cxamplc describes thc development of a lyophilized
formulation comprising full length humanized antibody
huMAb4D5-g described in WO 92, 22653.

[0122] In the development of a iyophiiized formulation,
excipients and buffers are initially screened by measuring
thc stability of thc protein after lyophilization and reconsti-
tution. Thc lyophilized protein in each formulation is also
subiected to accelerateri stability studies to determine ihe
potenttal stability of. Ihe protein over iis shelf-life. These
accelerated studies are usually performed at temperatures
above the proposed storage conditions and the data are then
used to estimate the activation energy for the degradation
reactions assuming Arrhenius kinetics (Cleland ct al., Cii ri-

ca/ Reviewx ia Tfferapeuric Drag Carrier Syiremi 10(-I):
307-377 (1993)). The activation energy is then used to
calculate the expected shelf-life of the protein formulation ai
the proposed storage conditions

[0123] In early screening studies, the stability of. several
lyophtlized recombinant humanized anti-HER2 annbody
(rhuMAb I IL'R2) formulations was investigated after incu-
liation at S' (proposed storage condition) and 40'
(accclcratcd stability condition). In the liquid state, rhuMAb
HER2 was obscrvcd to degrade by dcamidation (30Asn of
hght chain) aml isoaspartate formauon via a cycle amide
intermediate, succinimide (1(12Asp of. heavy chain). The
deamniation was minimizeri ai pH 5.(t resulting in degraria-
tion primarily at the succinimide. At pl I Ci 0, slightly greater
deamidation was observed in the liquid protein formulation

Thc lyophilized formulations were therefore studied with:
(a) S or 10 mM succinate buffer, pll 5 0 or (6) S or 10 mM
histidine buffcr, pH 6.0. Both buflcrs contained thc surfac-
tant, polysorbaie 20 (Tween 2(ffn), which was employed to
rcrlucc thc potential for a rc ation of thc rcconstitutcrl
protein and minimize ihe formation of particulates after
reconstitution. These buffers ivere used with and without
vanous su ars. The protein was formulated in the bulfer ai
50, 21 0 or 250 mgiml. These formulations were then
lyophilized and assessed for protein stabdity aller 2 weeks
at 5'. and 40'. In the lyophilizer, the vials were frozen
at a shelf tempcraturc of —55'. for approximately 5 hours
followed by primary drying at a shelf temperature of 5'
and 150 mTorr for 30 hours, and drying to I-2% rcsirlual
moisture was achieved with seconilary drying ai a shelf
tcmpcraturc of 20'. for 10 hours. Thc major degradation
route for this protein upon lyophilization was aggregauon
and therefore the protein stability was assessed by native
size exclusion chromatography io measure the recovery of
intact native protein ('/r, intact protein in 'I'able 2 lielow)

[0124] The stabilizing el(acts of various lyoprotectant
sugars on lyophilizcd protein was mcasurcrl in 10 mM
sodium succmaie, pH 5.0 (Table 2). Ai high su ar concen-
trations (250-27S mM) and Ioiv protein concentration (5 0

mg/mL), irehalose aml lactose stabilized the protein against
aggregation for the lyophilized protein stored for 2 weeks at
40'. Howcvcr, lactose, a rcrlucin sugar, was observed to
react with the protein over longer term store e at 40' The
formulations at 3.0 mg mL protein contaimng cithcr sorbitol
or manmtol yielded aggregaieil protein after storage ai40',

for 2-ivccl s. At the higher protein concentration (21.0
mg/mL), formuhiuons comprising mannitol, or manmtol in
combination ivith sorbitol or glycine, contained aggregated
protein after lyophihzation and storage ai boih conditions In
contrast, trehalose and sucrose prevented a re ation at
both stora c conditions.

[0125] The 2550 mM trchalosc and 250 mM lactose for-
mulations were asseaseil fir long term stability. Affer 9

months at 40' or 12 months at 5'', there was no change
m ihe "/o intact protein for ihe trehalose formulation. For the
lactose formulation, the '/r, intact protein remained constant
(same as initial) after 3 months at 40'. or 6 months at 25'

'I'he trehalose formulation could be stored at controlled
room tempcraturc (15-30'.) for 2 years without a stgntfl-
cant change in "/o iniaci protein.

[0126] The 10 mM histidine, pH 6.(t formulauon with
mannitol contained less aggregated protein after storage at
40'. for 2 ivccks than thc 10 mM succinate formulation,
pu 5 0 with mannitol 'I'his result may be related to some
stabilizin cflcct contributed by histirlinc alone. After stor-
age ai 40'. for 2 weeks, there was, however, signiiicant
aggregation for histidine alone or histidineimannitol formu-
lations The addition of sucrose at an equal mass to mannitol
(10 mg niL of each) in thc histidine formulation stabilized
thc protein against aggregation for both storage conditions.
The use of glycine with mannitol did noi improve the protein
stability, while ihe sucrose/glycine formulauon provided ihe
same stabihty as the sucrose/mannitol formulanon. These
results further indicated that sucrose ives useful for prevent-
ing aggregation of the lyophilized protein during storage
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TABLE 2

Inl Ipol

IP
olmi'mg)mL) Fotmulaaon

10 mM sod)urn sucmnatc pH . 0

I,qmd lyophdtr 6 It pl lv 6
(5' i (2 wk. 5'.) j wk. 40" C )

. D

50
50

21 0
21 0

ID
ID

ID

7 ntgl trchalosc. 001, T ccn 20 m
27 mMI lcs,ool I' 0'"

7 m!CI s h I I. t)ot'FT n 20 '"
":0 mu m nn I I. t) Dt" T n 2(1 '"'

mM t aha)use, 001'ween 0 ™

250 mM lactose, 0 Di: Tween 0 ™

0 mM t aha)use, 0 2'I Tween 0
2(0mMsu rose,o cl TweenzD™

0 mM manmtol, DDly T cert 20
lbb mM mann)to))65 tnM both)to).
001:T ccn 0
50 ntgl mann)to))25 a)M glymnc

0(ll" r n 0'"
lomu h,umn pl) 60

96 s
99 4

1('0 t)

IDO 0
IOD 0

)9 I

3) 6

100 D

't9 8

99.1
9l 5

99 9
99 9

100 0
99 I
99 6
94 6
98.b

98 9
cm 6
95.-1

988
100 0
100 0
99 I
I) ) 7

94.0
96 s

210 543 mMmanmio),ODI: Tween 0™
zl 0 9 mM sucrose) 6b 4 mM lyc ne.

001'I Tween 0
zl 0 549) mM manmioll 664 mM glyc ne.

001 T ccn om
I D 49 mM manttitol,'"92 mM su osc.

001 T ccn om

ux il

IOD 0
IDO 0

IDO 0

99.9
99 9

ioo 0

IDC) 0 99.7

[0127] Thc dciivcry of a high protein concentration is
often rcquircd for subcutaneous administration duc to the
volume limitations (mk5 mL) and dosing rcquirenicnts
(m100 mg). Howcvcr, high protein concentrations (:50
mg mL) arc often diihcult to achieve in thc manufacturing
process since at high concentrations, Ihe protein hab a

tenclency lo aggregate ciunng processing and becomes dif-

Iicull lo manipulate (e.g. pump) aml btemle Iiller. Alterna-
tively, the lyophlhzatlon process may provide a method to

allow concenlrauon of the protein. For example, the protein
Is Iilled into vials at a volume (Vf) and then lyophilized. The.

lyophilized protein is then reconstituted ivith a smaller
volume (Vr) of ivater or preservative (e g BWH) than the

original volume (e g. Vr jl 25Vf) resulting in a higher protein
concentration in the reconstituted solution I'his process also
results in the concentration of the buffers and excipients I'or
subcutaneous aclministration, thc solution is desirably iso-
tntllc

[012g] The amount of trchalosc in the lyophihzcd rhuMAb
IILR2 was reduced to produce an Isotonic solution upon
reconsuluhon lo ylekl 100 mg)mL protein. The stabilizing
ctfcct of trchalosc was determined as a function of concen-
tration for 3 niM sodiuni succinatc, pH 3.0 and 5 mM
histidine, pH j).jl at 25 0 mg ml. protein ('I'able 3) At
Irehalose concentrauons from 60 to 2011 mM, there was no

si nificant aggregation after incubation of the lyophilizccl
protein for 4 yvceks at 40'. These formulations werc
reconstituted tvith 2)) ml.of bacteriostatic water for injection
(BWFI, USP, 0.0% benzyl alcohol). Reconblhuuon of the 50
mM Irehalose formulation (5 mM sodium buccinale) with 4

mL of BWH (100 m ImL protein) after incubation for 4
weel s al 40'. ylekled a slight Increase in aggregate
fomiation The preserved reconstituted formulations pro-
vided the advantage of multiple withdrawals from the same
vial without sterility concerns When sterile neeclles are
used, these formulauons would then allow for several doses
from a single vial.

TABI.L 3

Com ositon Pt t t Leo h)mat n Intact Prolen'Ptotem]

jmg,'mLI Fotmulatton

m'll sow m s«mn I pl) . 0

Lqu d Lyoph iced L)oplulmed
(5'Cy (4 k 5'C) (4 k 4D C)

". 0 50 mM ttchalosc. 0(31
'

cca 20 '""
". 0 fo mM ttchalosc. 0(31

'
cca 20 '"

25 0 6D ngl ttelwlose. D Ol'I Tween DD

250 Ioomml h los.ooio T
250 I.omml 6)os.ooi'
". 0 200 mM ttchnlosc 0(31 '' T cmt 20 '"

100 00 1)N 0 99 5

1(30 0 1)N 0 99 9

1000 ))ND 99
I of) 0 99 7

I of) 0 99 8

10(3 0 1)N 0 1)N 0
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TABLE 3-cnntinucd

Inf I ppl

IP otmoi
(mg(mL) Formulauon

mal lusttdmc pH O D

I,fimd iyopbd(r 4 It pl lv 4
(5' i (4 wk. 5'.) (4 wk. 40" C )

. D (n 4 mM mar(nttol'104 tt(M sucrose.
f)fn" r n 0'"
sg 4 mM s mu I( (14 mM s «'.
f)fn" r n 0'"

g5 0 50 mM trehalose. 0 Di'( Tween 0
g50 OO mM tehalose Dole( Tween go™
g5 0 100 mM t ehnlose, 001'ween 0 ™

g50 1(0mMtehalose DDI: Tween 0
D 00 mM trchalosc 001" T ccn Zo

100 0

10( 0

IDO 0
IOD 0
IDO 0
IOD 0

100 D

IDD.O

100.0

ioo 0
100 0
ioo 0
100 0
10(t 0

99 S

99 4
99 O

100 0
100.0

'Thc tract(on o( u(tact protctn as measured I v natu c sfzc czclusior( HPLC and dcfiacd as
the peak a(en o( thc natu c protcu( rclatn c to thc total peak area mcludrng aggregates
(T)K 0(n SW XI «I n n nycti s. Ih f1(u r I I' I't rm n, I lion nh pl I hal0's In.d I In» IZ14 ndgcf'nm) Th p rmn I'

I lans n ly db ro
lyoplnlvatm OS dj.m I') nd Dm lyophthz I( n no sf g 15'' 40'''or 4

k. ( «»snl 4 \hb I (nl I I r I tnl \mn (Byvlrl. I SP,0.9( t b (

zyl al ohol, 0 mL 1 mg,'nLprote n)
"Rc on tttutcd rth 4 rnL o( BV)FI (0 9 I cnzyl alcohol) to ytcld IDO mg mL protcrn
'Rcconsututed tth 4 mL or BWFI (I I: bcnzyl alcohon to vrcld 100 mg)mLptotctn
'Sample rn ubnted tor ccks at ' or 40' and ther( rcconstrtutcd rth 00 mL ot BWFI
(0 9, benzyl al ohol) tn yrcld "" mg)mL protein

[0129] Currently, rhuMAb IIL'R2 is under investigation as
a thcrapcutic for the trcatmcnt of breast cancer. Thc protein
Is (losed lo patients al 2 mg/kg on a weel ly hams. Since Ihe.

average weight of. these patients ts 65 I g, Ihe average weel ly
dose is 130 mg of rhuMAb HER2. For subcutaneous admin-
(strat(on, injectinn volumes of t 5 ml. Dr less are well
tolerated anti, therefore, the prntein concentration for a
wcckly subcutaneous administration of rhuMAI& HER2 may
bc approximately 100 m»rmL (130 mg avera c dose11.5
mL). As mentioned above, this high protein concentranon Is
diificull lo manufacture an(l maintain In a stable iorm. To
achteve this high protein concentration, rhuMAb HERZ
formulated in (a) 5 mM sndium succinate, pi I S 0 or (b) 5

mM histidine, pll 6 0, was lyophilized at 25 mg/hl protein
in 60 mM trchalosu, 0.01'7o Tween 20'". The lyophilization
was pcrformcd by filling 18 mL of the protein formulation
into 50 cc vial~. In thc lyophilizer, the vials werc frnzcn at
a shelf temperature of. —55'. for approximately 5 hours
followed by pnmary drying at a shelf temperature of. 5'.
and ISO m I'orr fnr 30 hours, and drying to 1-2% residual
moisture was achieved with secondary drying at a shelf
tcmpcraturc of 20'. for 10 hours. Themiocouples placed
in vials containing thc placebo (formulatinn without protein)
inrhcatcrl that thc product in the vials was maintained below
— 10' throughout pnmary drying. Sequential stoppenng
stu(lies rlunng Ihe lyophilization revealed that the residual
mo(sture after primary drying was usually less than 10'/o

[0130] Thc lyophilized protein was then rc constituted with
cithcr 4 or 20 mL of BWFI (0.9 or 1.1'7o bcnzyl alcohol) to
yield concentrated protein solutions.

[0131] (a) 4 mi. 102 mg,'ml. rhuMAb HI.'R2,245
mM trchalosc, 21 mM sodiuni succinatc, pH 5,0 or
Zl mM histidinc, pH 6.0,0.04'7o Tween 20'u;

[0132] (b) 20 mL. 22 mg/mL rhuMAb HER2,52 mM
trehalose, 4 mM sodimn succinate, pl I 5.0 or 41 mM
histidine, pll 60, 0009% Tween 20am

[0133] After storage of the lyophilized formulations for 4
tveeks at 40''nd reconstitutinn to 22 m,rmi. prntem, the
amount of a grcgatcd protein appcarcrl to incrcasc slightly
yvith dccrcasing trchalosc concentration. The stabihty of thc
lyophilized protein was not affecte by thc volume of
reconsnluhon. As shown in InIG. 1, Ihe amount of Intact
protein after Incubation of Ihe lyophilized protein at 40'.
was the same for the ((0 mM trehalose, 5 mM sodium
succinate, pl I 5.0, 0.01% Tween ZO"'ormulatinn reconsti-
tutcrl yvith either 4 or 20 niL of BWFI

[0134] The results shown In Table 3 suggested that there
may he a relationship between the trehalose cnncentration
and the protein stability. To further assess this relatinnship,
the formulations containing different concentrations of tre-
halose formulaterl in either sorlium succinatc or histidinc
yvcre incubated for 91 clays at 40'. The stability was then
measured as a function of Ihe trehalose to protein molar rano
for each concentration of. trehalose. As shown in FIG. 2, Ihe
protein stability clearly decreased tvith decreasmg trehalose
concentration for both formulations. There was no apparent
difference between the ttvo huffers, succinate and histid(ne,
in these formulations sug csting that thc primary stabilizer
under these conditions is trchalosc. In addition, thc observed
decrease in Intact protein for both these formulations-would
be acceptable even al the low Irehalose concenlranon for a
formulation that is stored at 2-g'. throughout its shelf-life
I iotvever, if controlled room temperature (30' maxmi-
mum temperature) stability is required, htgher trehalose
concentrations (m600:I trchalosc:protein) may bc necdcrl
depcnrlin on the stalyility specifications for thc product (i.e.
Ihe speciiicanon for Ihe amount of intact protein remaining
after 2 years of storage). Typically, a controlled room
temperature storage contlition would require stabihty for 6
months at 40''hich is equivalent lo storage al 30' for
2 years.

[0135] As shotvn in Ff(k 3, the 250 mM trehalose for-
mulation tvas unchanged after (I months at 40'. while both
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thc 60 mM trchalosc formulations werc less stable. Thc 60
mM Irehalose formulal&ons may then require refmgeraleci
storage &I the pro(fuel spec&iicanon ai the eml of iis shelf-1&fe

&s, for example, oqg(7 intact protein by native size exclusion
chromatography.

[0136] In thc previous screening study, sucrose was also
obscrvcd to prevent aggregation of rhuMAb HER2 after
lyophil&zat&on and subsequent storage. To achieve &solonic
solutions after reconslilulion for subcutaneous adm&nistra-
tion (approximately four-fold concenlrat&on of formulation
components ancl protein), the sucrose concentration must be
reduced s&gmficantiy. The equal mass concentration of
sucrose and mannitol (bulking a cnt) used in thc screening
stuclics prcvcntcd aggregation of the protein. A lower con-
cenlrat&on of sucrose and mann&lol (equal mass concenlra-
tions) was chosen as a potential subcutaneous iormu let&on of
rhuMAb HER2. The protein bolunon (25 mg/mL protein, 5
mM h&stidine, pfl 6 0, 38.4 mM (7 mg ml.) mannitol, 20.4
mM (7 mg,'ml.) sucrose, 001(yo I'ween 20nu) was lyo-
philizcd in thc same manner as thc 60 mM trchalosc for-
mulation except that the primary drying cycle was extcndcd
to 54 hours. After 4 weeks at 40'., there was a ought
increase in Ihe amount of aggregates after reconsnlution
w&th 4.0 or 20.0 mL of BWFI (Table 3). The amounl of.

aggregated protem was the same for reconstitution at 22 or
100 mgrml. protein (FI('. 4) I.ike the 60 mM trehaiose
formulations, the mannitol,'sucrose formulation yielded less
intact protein over time at 40'. The molar ratio of sucrose
lo prole&n for th&s formulation was 120 to I, &nd&canng ihal.
the mannilolrsucrose comb&nation may be more elfecnve.
than trehalobe alone at the same molar rat&o of. stabilizing
sugar (FI('S. 2 and 4).

[0137] In thc previous examples, the stability of thc lyo-
philtzed rhuMAb HER2 formulanons wab de&arm&ned as a
funcnon of temperature. These sluches demonstrated that Ihe
trehalose and mannitol/sucrose formulations prevented deg-
radation of the protein in the lyophilized state at high
temperatures (40' ). Ilo&vever, these experiments did not
address thc stability of thc protein after reconstitution and
atom c. Once reconstituted with BWFI, thc lyophilized
rhuMAb HER2 formulat&ons may be useci for several admin-
&slrat&ons of Ihe drug. In particular, the v&al conligurauon
(450 mg rhuMAb flL'R2) was designed to provide three
doses to the average patient (130 mg rhuMAb IIL'R2 per
dose). Since the drug is dosed weekly, the vial may be stored
at least thrcc weel s after reconstitution. To assure that thc
rhuMAb HER2 rcmaincd stable after reconstitution, stability
stutlieb on the reconstituted rhuMAb HER2 formulations
were performed at 5'. and 25'.
[0138] For subcutaneous administration, thc formulations
werc rcconstitutcd to 100 mg mL(-I mL BWFI). At this hi h
protein concentralion, Ihe protein may be more suscep&ibfe
to aggregation than the intravenous dosage form that was
reconst&tuleci to 22 mg/mL protein (20 mL BWFI). The four
rhuMAb flL'R2 formulations from the previous example
were assessed for aggregation (loss of intact protein). As
shown in Tables 4 through 6, there was no difference in
stability for formulations reconstituted at 22 and 100 mg n&L

prote&n Furthermore, these formulalionb ma&niained Ihe
prote&n completely intact for up to 90 days al 5'. and 30
days at 25'., indicating thai the reconstituted prole&n coulcl
be stored refrigerated for at least 90 days Unlike the
lyophilized protein stability in the previous example, the

TA13 I.L) 4

Stab Ilty t the re onst. (uted f'mulat na I rhuMAb HER

l)oplulmed at 5 mg'mLp ote n n 5 mM cod um su nate.pH 50.
6(3 mM trchalosc, (3 019 T cca 0(3

'. Inla I P ot

Tm &Dt) mg' 0'om'n

(dnysl .'C Zg'C "C " 'C

30

9)9
VD

&DD 0

99 S

&00 0

&00 0

ND

997 997
ND ioo 0

IDO 0 &00 0

IDO ND

Th . i pl . r r on.hln( 0 Ih 4.t)o 00 ml of BW&rl(l I «n
(1)feb n sl I ohol). DIh n I» 0 t." (1 ."('h 'la Ipo
Imn,ad fin 6 . Ih f, (ion fn h p Law,am . Oby I

ev I .ion hrom,l pophy Nu=n Id I rmu d

[0139]

TABI .L'
Stab I I) f the e onst. hited I rmuhst na I rlniMAb HER

pldlmedat mg„nLp ten n. mMhstdne.pH60
60 mM trehalose 00&"I Tween 0

9 Inta t Protctn

Ttmc

(d vs)

(3

14
(3

ol

. '.' . '(' (' ('000

&000 IOD 0 IOD I&

ND 1000 t D li&D i&

99. 99 7 &00(3 &00 D

10(3 0 Nr& ID ND

I'6 s mpl s r r mstil I 0 th 40 r t)0 I I'W&rt(l I'au
()')I 6 nryl,l h I), idth net 0 r.'0 o 15'0 I'I ( ml tp

a.l sum hr nralognaphy. ND = ol d I n

[0140]

TA13 I.L) 6

Stab Ilty t the re onst. (uted f'mulat na I rhuMAb HER
pin)mad at. 5 mgmLp ten n. mM h std ne. pH 60

3S4 nbl mannlI I 04 nM sacr se 00&'I Tacan 0

&()tact Proter)&

Ttmc

(d,yi 5 ('"(1 .'(''('
&4

I
90

99 7

ND
10(3 0
100.0

999 )9S &)0
&000 ND ss S

100 0 &00 0 &00 0
ND &00 ND

Th . i pl . r r on.hln( 0 Ih 4.t)o 00 ml of BW&rl(l I «n
(1)feb n sl I ohol). DIh n I» 0 t." (1 ."('h 'la Ipo
Imn,ad fin 6 . Ih f, (ion fn h p Law,am . Oby I

ev Iuion hrom,l pophy Su= n Id I rmu d

trchalosc concentration in the formulation did not affect thc
protein stability (Table 7).
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[0141]

TABLE 7

stability of thc rc on.tttutcd fonnulat oni for huMAb HERZ
lvoplnlv 0 I I mgrml Holm»n 10 mq.odi«m. n t pu 50.

Tme
Int tp Im

(days i "C .- C

XD
99 9

99 g
ital.n
99 4

x I )

The samples were re one ntuted w th Zc oi mL ot BWPI (0 9: benet I alee
holi and thenstored at 5 C o C The " nta tprotwn was dehned
as ihe I nct on ot nanve penh ares ns measured by nat ve sue ex lus on
chronwtogtaphy SD = not dctcmiutcd

I'AI3I.L 8

T m (mml

57

o I

a irma

10
4

100
100

Itl

Pmt I lmo "sm nl dalgls i od7 !got'pi I n sl du
tor each analvs

[0144] Again, there were no diilerences in stability of Ihe
formulations reconstituted at 22 and I(g) mg/ml. protein
(FI('S. 5 through 7). The protein degradation was more
rapid at 25'. than 5'. for each formulation, and the rate
of dc ratlation was comparable for all the formulations
stored at 5'. Thc formulations containing histidinc under-
went a slightly greater rale of. degr;uiauon al 25'. than Ihe.

succtnale formulations. The amounl of. Irehalose tn Ihe.

formulation did not affect the degradation rate at either
temperature (FI('S. 5 and 8) These results indicated that
thcsc four formulations provide an acceptable rate of dcg-
ratlation under rcfrigcratcd storage conditions (5'.) for thc
intcndcd period of use (30 days after reconstitution with
BWFI)

[0145] Mulu-use formulations should pass preservative
eihcacy testing as tiescriberl by Ihe US Pharmacopeta (ASP)
for use in the United States. The rhuMAb HER2 lyophilizetl
formulation consisting of ZS mJml. protein, S mM histi-
dine, pll Ci 0,60 mM trehalose, 001'7o Tween 2(Y'u ivas

[0142] As mentioned previously, the major degradation
route for rhuMAb IIL'R2 in aqueous solutions is deamida-
tion or succinimide formation I'he loss of native protein due
to deamidatton or succinimide formation ivas assessed for
thc four reconstituted rhuMAb HERZ formulations.

[0143] Analysis of rhuMAb HERZ dcamidation and suc-
cinimide formation was performed using cation exchange
chromato raphy. A Bakcrbond Wide-Porc Carboxy Sulfon
(CSX) column (4.6x250 mm) was operated al a flow rale of
I mL,'min. The mobile phase buffers were (A) 0.02 M
sodium phosphate, pu 6 rL and (13) 0.02 M sodimn phos-
phate, pu 6.9, 0.2 M NaCI. 'I'he chromatography tvas then
pcrformctl at 40', as follows;

reconstituted with 20 mL of bcnzyl alcohol at concentrations
between 0.9 aml 1.5"/o w/w. For concenlrauons at or above
1.3crt w w, the reconsntuletl soluuon became cloudy after
overnight incubation at room temperature (-25'.) Recon-
stitution with the standard 13Wlrl solution (0.9% benvyl
alcohol) rcsultcd in a solution that did not consistently pass
the prcsctvativc challenge tests. Howcvcr, reconstitution
with 1.0 or I. fr%a bcnzyl alcohol was Iioth compatibk with
Ihe Rirmulation and passed lhe preservauve challenge test-
mg. The manufacturer's specilicauons for the soluuon
required a range of+If'7r, and therefore, the lyophilived
formulations are reconstituted with l.l% benzyl alcohol
(1.1+0.1'7c).

[0146] A sin lc step lyophilization cycle for thc rhuMAb
HER2 formulauon was developed. In the single step lyo-
philization cycle, rhuMAb HER2 at 25 mgrmL, 60 mM
Irehalose, 5 mM histidme pH 6 anti 0.01078 polysorbate 20
tvas lyophilized at a shelf temperature of 20'., and a
pressure of 150 m'I'orr After 47 hours, the residual moisture
content of thc lyophilizcrl cake was less than 5%. This
lyophilization cycle is consideretl to bc useful in that it
stmplffies lhe manufactunng process, by eltminanng the
secondary drying step.

Example 2

Anti-Ig E Fomiulation

[0147] IgL antibodies bind to specitic high-affinity recep-
tors on mast cells, leading to mast cell de ranulation and
rclcasc of mediators, such as histamine, which prorlucc
symptoms associated with allergy. Hence, anti-IgE antibod-
ies that block bindin of IgE to its high-aifinity receptor arc
of. polenual Iherapeulic value in the treatment ol. allergy
These antibodies must also not btml to IgE once it is bound
to the receptor because this would tri ger histamine release
This example describes the development of a lyophilived
formulation comprising full length humanizctl anti-IgE anti-
body MaEII described in Presta ct al 7 /mmnim/ogy, 151:
2623-2632 (1993).

[0148] Materials:

[0149] Hi hly purified rhuMAb EZ5 (rccomliinant human-
ized anu-IgE antibody MaE11) which ditl not contain Tween
20™ was used in lhe formulauons descnbed below.Spectra,'or

7 dialysis membranes were purchased from Spectrum
(I.os Angeles, Calif.). All other rea ents used in this study
ivcre obtainctl from commercial sources anil werc of ana-
lytical radc. Formulation Iiuft'ers anil chromatography
mobile phase werc preparctl Iiy mixin thc appropriate
amount of buffer anil sall with MIIII-Q water in a volumetnc
fiask.

[0150] Formulation:

[0151] E25 S Sepharose pool was dtalyzed into

formulati-

onon buffers as specified l)ialysis tvas accomplished by a
minimum of4x2 I. buffer exchanges over a 48 hour period
at 2-8'. Folloiving rlialysis, lyoprotectant was added at a
isotonic concentration to sonic of thc formulations as
required. Protein concentranon following dialysis was deter-
mined by UV spectroscopy using a molar absorpuvily of
1.60. The dialyzed protein was thluleti to the predetermined
fomiulation concentration tvith an appropriate formulation
buffer, sterile filtered using a 0.22 Fm Millex-(IV filter
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(Milliporc) and dispcnscd into pre-washed and autoclaved
glass vials. I'he vials were fitted with siliconized teflon
lyophilization stoppcrs and lyophilizcd using the following
condittons: the E25 iormu la&ion was frozen to —55'. at 80'

/hour and thc vial content was kept frozen for 4 hours. Thc
shelf temperature was ramped lo 25'. al 10'./hour for
primary drying. Primary drving was carried out at 25'., SO

/& chamber vacuum pressure for 39 hours such that Ihe
residual moisture of the lyophilized cake was 1-2'rr I'ol-
low&ng lyophil&zat&on, a v&al of each Iormulahon was
removed for t=O analysis and the remaining vials were held
at various tcmpcraturcs which include -70'., 2-8'.,ZS',

30' (controlled room temperature) 40''nd 50'

[0152] Chromatography.

[0153] Native size exclusion chromatography &vas carried
out on a B&o-Rad Bio-Seleclra SEC 250-5 cohimn (3(K)x7.8
mm). Thc column was equilibrated and ran in PBS at a flow
rate of 0.5 mL&m&n us&ng a Hewlett Packard 1090L HPLC
equipped &vith a diode array detector Molecular iveight
standards (Bio-Rad, Inc.) consisung of. thyroglobul&n (670
kd), gamma-globulin (IS8 kd), ovalbumin (44 kd), and
cyanocobalamin (1.35 kd) werc used to calibrate the col-
umn I'he sample load was 2S pg and protein ivas detected
by monitoring thc UV absorption at 214 nm using Turbo-
chrom 3 soft&vere (PL& Nelson, lnc).

[0154] Hydrophobic Interaction Chromatography.

[0155] F(ab') fragments of thc E25 antibody were chro-
malographed us&ng a TosoHaas Butyl-NPR column (3.5x4.6
mm) and a Hcwlctt Packard 1090L HPLC equipped with a
diode array dctcctor. Elution buft'cr A was: 20 mM Tris, 2 M
ammon&um sulfate, 20% (v/v) glycerol, pH 8.0 while elut&on
huller B was 20 mM Tris, 20% (v&v) glycerol, pH 8.0. The
column was equilibrated w&lh 10"/o eluuon bulTer B al a flow
rate of 1.0 ml.,&min for a minimum ot'0 minutes. 'I'he

sample los&i was S pg and protein was detected by moni-
toung thc UV absorption at 21-1 run using Turbochrom 3
data acquisition software (PE Nelson, Inc). Foliowing injec-
tion of Ihe sample, Ihe column was main&a&ned al. 10!o buITer
B for I m&nute followed by a incur grruhenl of from 10% to
62"/u bulTer B &n 20 m&nules. The column was washed w&th

100% butfer 8 for 5 minutes and re-equilibrated ivith 10%
butfer 0 for a minimum of 20 minutes bet&veen successive
sampk inlcctions.

[0156] Antibody B&mhng Acliv&ty.

[0157] IgL'eceptor binding inhibition assay (IL25:2) &vas

carried out as described in Presta ct al., supra, on san&plea
diluted to 20 /&8/mL and 30 Pg/mL in assay diluent (phos-
phate buffered saline, 0.5r/&, BSA, 0.05%& polysorbale 20,
001% Th&merosol). Each dilution was then assayeii in
triphcale anti the results were mulliphed by an appropnale.
dilution factor to yield an active concentration The results
from (i essays were averaged. I'he assay measures the ability
of rhuMAb E25 to compctitivcly bind to IgE and thcrcby
prcvcnt IgE from bindin to its hi h affinity receptor &vhich
&s &mmobil&zed to an ELISAplale. The results are d&vided by
the antibody concentration as de&arm&ned by UV absorpt&on
spectroscopy and reported as a spec&iic act&v&ty. Previous
experiments have sho&vn that this assay is stability indicat-
iilg.

[0158] Particmlatc Assay:

[0159] Reconstituted v&als of lyophihze&l rhuMAb E2S
were pooled to achieve a volume of approximately 7 mL. A
count of the number of particles of size ranging from 2 to 80
um present in I ml. of sample ives determined using a
Hiac&Royco n&odel 8000 counter. Thc counter was first
vvashcd vvith I mL of sample three times followed by thc
measuremenl of. I mL of sample &n tnphcate. The instrument
determ&nes the number of parncles per mL that are equal to
or greater than 10 pm and Ihe number of parucles per mL
that are equal to or rester than sS pm.

[0160] Thc first step in thc dcvelopmcnt of a formulation
for thc anti-IgE antibody was to dctcrmninc a suitable buft'cr
anil pH for lyophilization and storage of the product. Anti-
body al a concentration of 5.0 mg&mL was formulated into
10 mM succinate bulTers ranging from pH 5 0 to pH 6.S and
into sodium phosphate, potassium phosphate and histidine
buffers at pil 7 0. FIG. 9 shows increased ant&body aggre-
gate was observed in the higher pl I formulat&ons both before
and after lyophilization. An exception was thc histirlinc
formulation at pH 7, where no increase in ag rcgate was
observed upon storage at 2-8'. IrIG. 10 shows rhuMAb
E25 lyophilized in 5 mM h&aldine bufl'er at both pH 6 and
pl i 7 and stored for I year at 2-8'', 25'., and 40'. At
each assay time point and storage temperature the pu (I

formulation had less aggregate than the antil&ody formulated
at pH 7. Thcsc results sho&v histirlinc at pH 6 is a particularly
useful bufl'cr system for prcvcnting a grcgation of thc
antibodv.

[0161] To facilitate screening of lyoprolectanls, the anti-
IgL& antibody was fom&ulated into sodium succi nate at pl I 5
ivith or without a lyoprotectant Potential lyoprotectants,
arlrlcrl at isotonic concentrations, werc grouped into 3 cat-
e'r&cs:

[0162] (a) non-reducing n&onosacchanrlc (i.c. manni-
tol);

[0163] (b) reducing d&saccharides (i.e. lactose and
maltose); and

[0164] (c) non-reducing disaccharides (i e. trehalose
and sucrose).

[0165] A gregation of thc formulations following storage
at 2-8'. anil 40'. for onc year is shown in FIGS. 11 and
IZ. SV&lh storage al 2-8'., the monosaccharide formulauon
(mannitol) aggregated at a rale s&miler lo the bulTer control,
ivhile formulations containing the disaccharides were
equally effective in controlling aggregation (FIG. 11). The
results folio&vin storage at 40'. whcrc similar with thc
exception of thc sucrose formulation which rapirlly ag rc-
gatcd (which correlated with a brownin of thc frcczc-&tried
cele (IrIG. 1Z)). Th&s was later shown to be caused by
de radation of sucrose following storage at both acid&c pH
and high temperature

[0166] I lydrophobic interaction chromatography of the
antibody formulate&i in histidinc buffcr at pH 6 with lactose
shows thc antibody is aitcrcd following storage for 6 months
at 40'. (IrIG. 13). The chromatography peaks are broad-
ened anil Ihe retention time decreases. These changes are not
observed w&th the bulTer control aml sucrose iormulations
stored under similar conditions as shown in FIGS. 14 and
15, respectively. 1&urthermore, isoelectric focusing showed
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an acidic shift in thc pi of thc antibody formulated in lactose
and stored at 25'. anrf 40'. This indicates ihal rerfucing
sugars are not suitable as lyoprotectants for the anubody.

[0167] Aggregation of lyophilized formulations of anti-
IgL't a concentration of 20 mg mi. in 5 mM histidine buffer
at pH 6 with various concentrations of sucrose and trrhalosr
followin storage for 12 weeks at 50'. is shown in FIG.
16. Both sugars have a similar protective rffcct on aggrc-
gatton when Ihe sugar concentrauon 16 greater than 500
moles of sugar per mole of antibody. From these results,
isotonic and hypertonic formulations of both sucrose and
trehalose were identified for further development The for-
mulations are rlesigned to be filled prior to lyophilization at
a relatively low concentration of antifyody and the lyo-
philizcd product is rcconstitutcd with irss volume than svas
filled with bactenostanc water ior infection (BWFI) com-
pnsing 0.96/6 benzyl alcohol. This allows Ihe concentrauon
of the antibody immediately prior to subcutaneous deliver
and includes a preservative for a potential multi-use formu-
lation svhile avoiding interactions betsveen the protein and
prcscrvativc upon long-term storage.

[0168] Isotonic formulation:

[0169] Anti-IgE at 25 mglmL formulated in 5 mM histi-
dine bulTer at pH 6 with 500 moles of sugar per mole
antibody which equals a sugar concentration of 85 mM This
formulation is reconstituted with l3Wftl (0.9'7o benzyl alco-
hol) at a volume which is four tilnes less than was filled This
results in a 100 m,imL of antibody in 20 mM histidinc at pH
6 with an isotomc sugar concentration of 340 mM.

[0174] Lyophilizcd formulations of proteins arc knoan to
contam insoluble aggregates or paruculales (Cleland et al,
Crilica/ Resiews in Tfierapeiaic Drrtg Carrier Spy/em*, 10
(4): 307-377 (1993)) Accordingly, a particulate assay of
antifsody lyophilized at a concentration of 2S mg/ml. in S

mM histidinc, pH 6 with the addition of 85 mM and 161 mM
sucrose and trchalosc was performerl. Polysorbatc 20 was
added to thc formulations at a concentration of 0.003%,
0.0107%, aml 0.02%. Samples were lyophilized and allayed
following reconstituuon to 100 mgrmL antibody in 20 mM
histidine, pH (3 with 340 mM and (344 mM sugar The
polysorbate 20 concentration following reconstitution svas
0.02%, 0.04o/6, and 0.08%.

[0175] Table 9 below shows the number of parucles of size
equal Io or greater than 10 pm amf equal to or greater than
2S am from the isotonic and hypertonic sucrose and treha-
lose fomiulations Polysorbate 20 was added to the formu-
lations at concentrations of 0.003%, 0.01'7c, and 0 02% prior
to lyophilization. The results show that thc addition of
Tween"'o thc formulation significantly reduces the num-
ber of. particles in each size range tested The US Pharma-
copeia (USP) specification for small volume inlecuons are
not more than (3,000 particles of greater than or equal to 10
um and not more than (300 particles of greater than or equal
to 23 pm pcr container (Cfciand et al., supra) With thc
arlrlition of polysorbate 20, both thc hypertonic and isotonic
formulations pass this specification.

TABLE 9

[0170] Hvpertonic formulation: lo nmi iem Poly. o uei 213 8 ill m — 6 St

[0171] Anti-IgE at 25 mg/mL formulated in 5 mM histi-
dine buffer at pH 6 with 1000 moles of. sugar per mole.
antibody which equals a sugar concentration of 161 mM
I'his formulation is reconstituted with BWI1 (0 '3% benzyl
alcohol) at a volume which is four times irss than was filled.
This results in a 100 m,imL of antibody in 20 niM histidinr
at pH 6 with 8 hypertonic sugar concentrauon of 644 mM.

[0172] Compawsons of the antiborfy aggreganon follow-
ing storage of the isotonic and hypertonic Iormulauons for
up to 36 weeks are shown in HGS. 17 to 19. No change in
aggregation is observed in either the hypertonic or isotonic
formulations with store c at 2-8'. (FIG. 17). With storage
at controllcrl room temperature (30'.) increased aggrega-
tion is not observed in the hypertonic formulations while, an
increase in aggregate of from I to 2ofr: occurs in Ihe isotonic
formulations [IPIG. IS). Finally, follov:ing storage at 50'.
a minimal increase in aggregate is observed with the hyper-
tomc formulations, a 4'/o increase in aggregate occurs svith
thc isotonic trchalosc formulation and a 12%o incrcasc in
aggregate occurs with thc isotonic sucrose formulation
[FIG. 19). These results show the isotonic formulauon
contains the minimum amount of sugar necessary Io main-
tain the stability of. the antiborfy with storage at a tempera-
ture up to 30'.
[0173] Thc binding activity of the anti-IgE in the isotonic
and hypertonic formulations was measurerf in an IgE recep-
tor inhibition assay. II was thscovered that Ihe binding
activity of the isotonic aml hypertonic sucrose aml trehalose
formulations was essentially unchanged follosving storage at
—70''., 2-8', 30'1 and SO'. for up to 3(i sveeks
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[0176] One formulation developed for the anti-I L anti-
body (i e 143 mg vial isotonic formulation of rhuMAb L2S)
which is considercrl to bc useful for subcutaneous rlclivcry
of this antiborly is shosvn in Table 10 below A 10 cc vial is
Iilled with 5.7 mL ol: rhuMAb E75 at a concentration of 2S
mg/mL formulated m 5 mM hisndine at pH 6.0 with 0.01o/6,

polysorbate 20. Sucrose is added as a lyoprotectant at 8

concentration of 85 mM which corresponds tn a molar ratio
of sugar to antibody of 500 to I The vial is lynphilized and
reconstituted with 0.9'7o benzyl alcohol to onc quarter of thc
volume of the fill or 1.2 mL. The final concentration of
componen(s in lhe formulation is increased four fold to 100
m mL rhuMAb Eos in 20 mM histithne at pH 6 with 0 04e/6,

polysorbate 20 and 340 mM sucrose (isotonic) anil 0.9e/6,

benzyl alcohol. The formulation contains histidine butTer at

pH 6 because of its demonstrated protective effect on
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antibody aggregation. Sucrose was added as the lyopro-
tectant because of. previous use in the pharmaceuucal Imlus-
try. The concentration of sugar was chosen lo result In an
Isotonic formulation upon reconstitution I finally, polysor-
hate 20 is aclded to prevent the formation of insoluble
aggrf'gales

TAIII.L'O

0 Iv phrl d leo m I Om It met f I d lrorm I Inn
(F ~ 7 mL nto 10 cc vol) 0 mL004I nenztlAlcohou

45 mgrmL fhoMAb E"

5 frtM Hrntrdfnc, pH b 0
SS mM Socrofc
0 fit I'olyt b I

100 mg,'mL fhohlAb EZS
00 mM H vtfdmc, pH 0 0
540 mM Socrnfc
I'lee I'ye rh'
(1 0" H nryl AI tnl

What ts claimed Is:
I A stable isotonic reconstituted formulation comprising

a protein in an amount of at least about 50 mg/ml. and a
diluent, which reconstituted formulation has been prepared
from a lyophilizccl mixture of a protein and a lyoprotcctant,
whcrcin thc protein concentration in thc reconstituted for-
mulatton Is about 2-40 limes greater than the protein con-
centration In the mixture before lyophilization.

2. The formulation of claim I wherein the lyoprotectant is
sucrose

3. The formulation of claim I wherein the lyoprotectant is
trchalosc.

4. Thc formulation of claim I which further comprises a
huller.

5. The Iormulalion of claim 4 wherein the huller is
histidine or succinate.

6 The formulation of claim I which further comprises a
surfactant

7. Thc formulation of claim I which is sterile.
8. A stable rcconstitutcd formulation comprisin an anti-

body In an amount of. at least about 50 mg/mL aml a diluent,
which reconbutuled formulauon has been prepareci from a
lyophilized mixture of an antibody and a Iyoprotectant,
wherein the antibody concentration in the reconstituted
formulation is about 2-40 times greater than the antibody
concentration in thc mixture before lyophilization.

9. Thc formulation of ciaim 8 wherein thc antibody is an
antt-IgE antibody.

1U. The formulation of claim 8 wherein the antibody Ib an
antt-HER2 antibociy.

11 Thc formulation of claim 8 wherein thc antibody is a
full length humanized antibody.

12. I'he formulation of claim 8 which is isotonic.
13. A method for preparing a stable isotonic reconstituted

formulation comprising reconstituting a lyophiiizcd mixture
of a protein and a lyoproteclant in a diluent such ihal Ihc.

protein concentration in lhe reconstituted formulauon is al
least SO mgrmi., wherein the protein concentration in the
reconstitutecl formulation is about 2-40 times greater than
thc protein concentration in thc mixture bcforc lyophiliza-
tion.

14. The method of claim 13 wherein Ihe lyoproleclant is
sucrose

15. Thc method of claim 13 wherein the lyoprotectant is
trchalosc.

16 The method ot'laim 13 wherein the Iyophiiized
mixture further comprises a hulking agent

17. Thc method of claini 13 whncin the protein is an
antibody.

18. A method for prepaung a formulauon composing lhe
steps of

(a) lyophilizing a mixture of a protein anil a lyoprotectant,
anti

(8) reconstituting the lyophilized mixture nf step (a) in a

diluent such that thc rcconstitutcd formulation is iso-
tonic and stable and has a protein concentration of at
least about 50 mgrmL.

19 'I'he method of claim 18 vvherein the protein concen-
tration in the reconstituted fomiulation is from about 80
mg ml. to about 300 mgrmi ..

ZU. The method of. claim 18 wherein the protein mtncen-
tration in the reconstituted fomtulation is about 2-40 times
greater than thc protein concentration in thc mixture bcforc
lyophilization

Zf. The method of claim 18 wherein lyophilizauon Ib

performed at a shelf temperature maintained at about15-30'.

throughout the enure lyophdization proceam

22. An article of manufacture comprising

(a) a container vvhich holds a lyophihzed mixture of a

protein and a lyoprotcctant; and

(8) instructions for reconstituting the lyophilized mixture
with a diluenl to a protein concentration in the recon-
stituted formulation of at least about SO mg/mi.

Z3. The arucle of. manufacture of. claim 22 wherein lhe
protein concentration in the reconstituted fnrmulation is
about 2-40 limes greater Ihan lhe protein concentration in
the mixture before lyophilization.

Z4. The arucle of manufacture of claim 22 Iurther com-
prisin a second container vvhich holds a diluent.

25 'I'he article of manufacture of claim 24 wherein the
diluent is bacteriostatic vvater for injection (IIWI I) compris-
ing an aromatic alcohol.

Z6. A formulauon composing a lyophdized mixture of a
lyoproteclant aml an antibody, wherein the molar rauo of
lyoproteclant:anubody Is about 100-1500 mole lyopro-
tectant I mole antibody

27. A method for treating a mammal comprising admin-
istering a therapeutically cfi'ective amount of thc formulation
of. claim I lo Ihe mammal, wherein the mammal has a
disorder refluiitn ~ treatment with the protein in the Iormu-
I ation

28. Thc method of claini 27 wherein the formulation is
administcrcd subcutaneously.

Z9. A formulation compnsing anti-HERZ antibody in
amount from about S-40 mgrmi o sucrose or trehalose in an
amount from about IO-l(NI mM, a butfer and a surfactant.

38. Thc formulation of claim 29 further comprising a
bullnng a ent.

31 The formulation of claim 30 wherein the bulking
age(0 Ls nlanntlol ol glvcltlc

32. Thc formulation of claim 29 which is lyophilizcrl and
stable at 30'. for al least 6 months.

33 'I'he formulation of claim 32 which is reconstituted
with a diluent such that the anti-IILR2 antibody concentra
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tion in thc reconstituted formuiation is from about 10-30
mg,'ml., wherein the reconstituted formulation is stable at
g-g'. for at (cast about 30 days.

34. The formulation of claim 33 wherein the diluent is
bacteriostatic water for injection (BWFI) comprisin an
aromatic alcohnl

35. rt fomiulation comprising anti-IgE antibody in
amount from about 5-40 mg/mL, sucrose or trehalose tn an
amount from about 80-300 mM, a huller aml a surfactant.

36 The formulation of claim 35 which is iyophiliaed and
stable at about 30''or at least l veer
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