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DESCRIPTION

BACKGROUND OF THE INVENTION

[0001] Although a variety of chemical processes, such as oxidation, deamidation and aspartate
isomerisation, may affect critical quality attributes of therapeutic proteins, such as antibodies, protein
aggregation is arguably the most common process affecting protein stability. Aggregation is typically
exacerbated and is the key degradation pathway of proteins formulated in aqueous solution at high
concentrations, such as 10 mg/ml or greater. During storage, aggregation can lead to an unacceptably
high level of high molecular weight species (HMWS) in the formulation or to formation of larger insoluble
aggregates (particulates). Such contaminated formulations may fall outside the specification set by the
U.S. Food and Drug Administration and other pharmaceutical regulatory authorities.

[0002] To some extent, protein aggregation can be controlled by optimization of various parameters of
the protein composition. For example, methods to control the rate of aggregation may involve
optimization of pH, addition of a metal ion chelator or addition of a surfactant.

[0003] The ionic strength of the composition can also affect the rate of aggregation in aqueous protein
compositions. Conventional formulation development for a therapeutic protein therefore typically includes
screening of tonicity modifiers, which can be selected from uncharged chemical species, such as sugars,
or a charged chemical species, such as an inorganic or an organic salt. An uncharged tonicity modifier is
typically preferred if the rate of aggregation is lower in low ionic strength compositions, while a charged
tonicity modifier is preferred if the rate of aggregation is lower in higher ionic strength compositions. The
charged tonicity modifiers typically used in aqueous protein compositions for therapeutic applications
include sodium chloride. Typical uncharged tonicity modifiers include sucrose, trehalose, glycerol and
mannitol.

[0004] Protein aggregation is a very complex process, involving a number of different mechanisms.
However, it is believed that two dominant types of non-covalent interactions drive the protein aggregation:
(1) hydrophobic interactions between non-polar parts of the protein molecules, and (2) charge-charge
interactions between charged regions of the protein molecules. It is believed that in those cases where
the rate of aggregation is lower in compositions of higher ionic strength than in compositions of lower
ionic strength the key cause of aggregation is due to charge-charge interactions between the protein
molecules.

[0005] However, it is also of critical importance that solutions and compositions which are capable of
controlling protein aggregation exhibit a favourable toxicity profile, if they are to be of use in therapeutic
applications. Thus, any additives which may be used to reduce the rate of protein aggregation must
themselves have a favourable toxicity profile.

[0006] As such, there is a need for improved methods for preparing stable, highly concentrated protein
solutions, particularly highly concentrated antibody solutions that have a favourable toxicity profile and
are therefore suitable for use in therapeutic applications.

[0007] US 2007/0036866 (Kissel et al.) describes cationic block polymers comprising PElI and PEG
residues. WO2006/096461A2 (Pharmacia & Upjohn Company LLC discloses compositions of anti-M-CSF
antibodies comprising a chelating agent and/or histidine. WO2011/141926A2 (Intas Biopharmaceuticals
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Limited) describes liquid formulations of a polypeptide containing an Fc domain of an immunoglobulin,
said to be stabilized to maintain the activity of a polypeptide containing an Fc domain for a prolonged
period of time. Veronika Knorr et al. (Pharmaceutical Research, Vol. 25, No. 12, 2008, pp 2937-2945)
describe the synthesis of an acid sensitive ketal-based polyethylene glycol-oligoethyleneimine copolymer,
said to mediate improved transfection efficiency with reduced toxicity. Alexander Philipp et al. (Reactive
and Functional Polymers, Vol. 71, 2011, pp 288-293 describe the functional modification of amide-
crosslinked oligoethyleneimine for improved siRNA delivery. Laura Mazzaferro et al. (International Journal
of Biological Macromolecules, Vol. 47, 2010, pp 15-20) describes a protein stability assessment of seven
model proteins in the presence of low molecular weight polyethyleneimine (PEI, MW 2000Da). Nobuhiro
Nishiyama Arnida et al. (Journal of Controlled Release, Vol. 115, 2006, pp 208-215) describes a study in
which a series of poly(ethyleneglycol) (PEG)-based polycatiomers with increasing number of
ethylenediamine repeating unit at side chain of polycatiomers were complexed with pDNA to form
PEGylated polyplexes as a biocompatible gene carrier. WO2005/072121A2 (Bio-Rad Laboratories, Inc.)
discloses carboxylic acid-substituted polyalkylene polyamines in which amine nitrogen atoms on the
polyamine backbone structure are replaced by guanidine groups providing a pH range extending into
high pH values. The modified polyamines are said to be useful as carrier ampholytes in isoelectric
focussing. Xiofei Yuan et al. (Colloids and Surfaces B: Biointerfaces, Vol. 92, 2012, pp 25-29) describes
the chemical surface modification of carboxylated polystyrene submicroparticles (sMPs) with alpha-
methoxy-poly(ethylene glycol)-pentaethylenehexamine (mPEG-N6), which possesses multiple amino
end-groups at one end, which was explored with respect to modification efficiency. Xiofei Yuan et al.
(Analytical Chemistry. Vol. 81, No. 4, 2009, pp 1549-1556) describes the modification of the surface of
nanospheres based on a nanosphere/antibody complex, pentaethylenehexamine-ended poly(ethylene
glycol), N6-PEG comprising N6-PEG-5k (M, = 6000 g/mol) and N6-PEG-2k (M, = 2000 g/mol).
WO02010/062896A1 (Abbott Laboratories) discloses compositions and methods said to inhibit
fractionation of immunoglobulins comprising a lambda light chain based on the observation that iron, in
the presence of histidine, results in increased fragmentation of a recombinant fully human IgG molecule
containing a lambda light chain due to cleavage in the hinge region.

SUMMARY OF THE INVENTION

[0008] The present invention addresses the problem of aggregation of antibody proteins, in particular,
antibody proteins at elevated concentrations. The present invention also addresses the problem of
providing concentrated antibody solutions that exhibit favourable toxicity profiles and are suitable for use
in therapeutic applications. Application of the present invention is expected to result in considerable
reduction of the rate of aggregation in aqueous antibody protein compositions whilst providing
compositions which exhibit favourable toxicity profiles and may therefore be of use in therapeutic
applications. The present invention also addresses the problem of self-association of antibody proteins
and in aqueous compositions of antibody proteins, particularly at high antibody protein concentrations,
whilst providing therapeutically useful compositions of antibody proteins that exhibit favourable toxicity
profiles.

[0009] In one embodiment, the invention relates to an aqueous solution comprising an antibody protein
at a concentration of at least about 10 mg/mL and an oligomer of ethyleneimine, wherein the oligomer of
ethyleneimine is triethylenetetramine, and wherein the pH of the solution is in the range of 5.0 to 7.5.

[0010] In one embodiment, the invention provides a method of reducing the rate of aggregation of an
antibody protein in aqueous solution at a concentration of at least about 10 mg/mL. The method
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comprises the step of adding to the solution an oligomer of ethyleneimine, wherein the oligomer of
ethyleneimine is triethylenetetramine, and wherein the pH of the solution is in the range 5.0 to 7.5.

[0011] Also disclosed is a method of reducing the rate of viscosity increase during storage, of an aqueous
antibody protein solution at an antibody concentration of at least about 10 mg/mL. The method comprises
the step of adding to the solution an oligomer of ethyleneimine, wherein the number of repeating units of
ethyleneimine (n) in the oligomer is in the range 2-12.

[0012] Also disclosed is a method of reducing the rate of undesired fragmentation of antibody proteins in
aqueous solution at a concentration of at least about 10 mg/mL, as detected by the formation of low
molecular weight species during storage. In particular, such undesired fragmentation may occur in fusion
proteins comprising one or more antibody fragments. The method comprises the step of adding to the
solution an oligomer of ethyleneimine; wherein the number of repeating units of ethyleneimine (n) in the
oligomer is in the range 2-12.

[0013] The solutions and compositions of embodiments described herein are expected to demonstrate
favourable toxicity profiles and are therefore suitable for therapeutic applications.

BRIEF DESCRIPTION OF THE FIGURES

[0014]

Figures 1A-1C show the effect of oligomers of ethyleneimine on the rate of aggregation in formulations of
rituximab at 40 °C.

Figure 2 shows the effect of size of PEI on the cytotoxic effect on HEK 293 and Vero cells.

Figure 3 shows the effect of the size of oligomer of ethyleneimine on Vero cell inhibition. The number
beside each point indicates the molecular weight (Da) of the oligomer or polymer tested.

Figure 4 shows the effect of the size of oligomer of ethyleneimine on MDCK cell inhibition. The number
beside each point indicates the molecular weight (Da) of the oligomer tested.

DETAILED DESCRIPTION OF THE INVENTION

[0015] The present invention relates to the discovery that oligomers of ethyleneimine wherein n = 2-12,
and specifically triethylenetetramine, stabilize highly concentrated aqueous antibody solutions (i.e.
concentrations of at least about 10 mg/mL) whilst being expected to exhibit a favourable toxicity profile. In
particular, it is expected that oligomers of ethyleneimine of the present invention, specifically
triethylenetetramine exhibit a more favourable toxicity profile than higher homologues (for example,
polyethyleneimines with weight greater than 600 Da).

[0016] Owing to this expected favourable toxicity profile, the present invention is particularly applicable to
aqueous compositions of antibody proteins for therapeutic applications.

[0017] Compared with existing methods for stabilizing high concentration aqueous formulations of
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antibody proteins, particularly with respect to reduced rate of aggregation and reversible self-association,
this invention offers several advantages. For example, the present invention should allow a more rational
approach to formulation development, requiring less trial and error in designing trial formulations. In turn,
this enables an accelerated, lower cost route to an optimized formulation meeting the key performance
requirements of storage stability and suitability for low volume subcutaneous injection.

[0018] Compared with prior art methods, the stability benefits and expected favourable toxicity profile
exhibited by the present invention should enable the use of higher concentration aqueous formulations of
therapeutically important antibody proteins.

[0019] The term "antibody protein", as used herein, refers to an antibody, an antibody fragment, an
antibody conjugated to an active moiety, a fusion protein comprising one or more antibody fragments,
such as an immunoglobulin Fc domain, or a derivative of any of the aforementioned. Examples of
derivatives include conjugated derivatives e.g. an antibody or antibody fragment conjugated to another
moiety. Such moieties include chemically inert polymers such as PEG. Preferred antibodies include
monoclonal antibodies and polyclonal antibodies, preferably monoclonal antibodies. The monoclonal
antibodies can be, for example, mammalian or avian, chimeric, for example, human/mouse or
human/primate chimeras, humanized antibodies or fully human antibodies. Suitable antibodies include an
immunoglobulin, such as IgG, including 1gG4, 1gGy, IgG3 or IgG4, IgM, IgA, such as IgA¢ or IgAp, IgD, IgE
or IgY. Suitable antibodies also include single chain antibodies. Also included are antibody fragments
including Fc, Fab, Faby, ScFv fragments and the like. Also embraced are single domain antibodies

including Nanobodies.

[0020] The antibody protein is preferably a therapeutic antibody protein. Such an antibody protein has a
desirable therapeutic or prophylactic activity and is indicated for the treatment, inhibition or prevention of
a disease or medical disorder.

[0021] The term "PEI" refers to a polyethyleneimine, a polymer of ethylenediamine containing multiple
repeating groups which may optionally be derivatised.

[0022] The term "OEI" refers to an oligomer of ethyleneimine, containing 2-12 repeating units which may
optionally be derivatised.

[0023] The term "aqueous solution"”, as used herein, refers to a solution in water, preferably distilled
water, deionized water, water for injection, sterile water for injection or bacteriostatic water for injection.
The aqueous solutions of the invention include dissolved antibody protein, an oligomer of ethyleneimine
which is triethylenetetramine and, optionally, one or more additives and/or excipients. The aqueous
solutions can also include one or more components, such as additives or excipients, which are partially
dissolved or undissolved. The presence of such component or components will result in a multi-phase
composition, such as a suspension or an emulsion. Preferably, the aqueous solution of the invention is a
homogeneous solution, as determined by eye or by light-scattering.

[0024] An oligomer of ethyleneimine wherein the number of repeating units of ethyleneimine (n) in the
oligomer is in the range 2-12 will typically consist essentially of or comprise a moiety of formula -
(CHoCHoNH),- in which n is in the range 2-12, or a branched derivative thereof. A linear ethyleneimine
oligomer contains only secondary amino groups (not considering the terminal functionalities of the
oligomer), whereas a branched oligomer of polyethylene may contain primary, secondary and tertiary
amino groups.
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[0025] Triethylenetetramine can be added to the aqueous solution or composition of the invention in the
free base form or in the form of a salt. The pH of the aqueous solution or composition is preferably
sufficiently low such that at least a portion of the basic groups of the triethylenetetramine are protonated
in solution. The pH of the aqueous solution or composition according to the invention is in the range 5.0
to 7.5 e.g. 5.5to 7.0. Preferably the pH of the aqueous solution or composition according to the invention
may be in the ranges 5.5t06.0,6.0to 6.50r6.5to 7.0.

[0026] Triethylenetetramine can also be added to the aqueous solution or composition as a salt of a
suitable acid, such as a pharmaceutically acceptable acid. Suitable acids include hydrochloric acid,
hydrobromic acid, citric acid, lactic acid, tartaric acid, phosphoric acid, methanesulfonic acid, acetic acid,
formic acid, maleic acid, fumaric acid, malic acid, succinic acid, malonic acid, sulfuric acid, L-glutamic
acid, tartaric acid, L-aspartic acid, pyruvic acid, mucic acid, benzoic acid, glucoronic acid, oxalic acid, and
ascorbic acid. In one embodiment, the acid is a polyacid comprising two or more acidic groups.

[0027] In one embodiment, 50-100% of the basic nitrogen centres of the triethylenetetramine are
protonated. In a further embodiment, 80-100% of the basic nitrogen centres of the triethylenetetramine
are protonated. Preferably, at least 95% of the basic nitrogen centres of the triethylenetetramine are
protonated. Without wishing to be bound by theory, it is contemplated that when at least 95% of the basic
nitrogen centres of the ethyleneimine oligomer are protonated, the high charge density on the antibody
protein surface is masked, thereby inhibiting aggregation of the antibody protein. In particular, without
wishing to be bound by theory, it is contemplated that the negatively charged patches at the antibody
protein surface are masked by the ethyleneimine oligomer, thereby inhibiting charge-driven aggregation
of the antibody protein.

[0028] In one embodiment, the pH of the aqueous solution comprising an antibody protein is below the
isoelectric point (pl) of the protein. In one embodiment, the pl of the antibody protein is higher than the
pH of the solution, suitably at least 0.5 units higher, more suitably at between 0.5 and 5 units higher, even
more suitably between 1 and 3 units higher. In one embodiment, the pl of the antibody protein is at least
7, for example in the range 7-10 or 7.5-9.

[0029] In one embodiment, the aqueous solution comprising an antibody protein is isotonic. In one
embodiment, the aqueous solution comprising an antibody protein is hypertonic. In one embodiment, the
aqueous solution comprising an antibody protein is hypotonic.

[0030] Triethylenetetramine is present in the composition at a concentration which is sufficient to provide
the desired stability. In one embodiment, the concentration of triethylenetetramine is from about 0.01 to
about 10 mg/mL, for example from about 0.01 to about 0.1 mg/mL, about 0.1 to about 0.25 mg/mL,
about 0.25 to about 1 mg/mL, about 1 to about 2 mg/mL, about 2 to about 5 mg/mL, or about 5 to about
10 mg/mL. In an embodiment, the concentration of triethylenetetramine is about 0.2 mg/mL to about 2
mg/mL. As used herein, the mass of triethylenetetramine in a composition of the invention refers to the
free base equivalent, i.e. it does not include any counter anions, if present.

[0031] In certain embodiments, the ratio (wt/wt) of antibody protein to triethylenetetramine is at least 10,
for example, at least 20. In certain embodiments the weight ratio of protein to triethylenetetramine is from
about 20 to about 300, preferably from about 50 to about 200. In certain embodiments, the weight ratio of
protein to triethylenetetramine is about 100. In certain embodiments the weight ratio of protein to
triethylenetetramine may be higher than 300, for example up to 500, 800, or 1000. In one embodiment,
the ratio (wt/wt) of antibody protein to triethylenetetramine is from about 100 to about 200.
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[0032] The solutions of the invention preferably comprise a buffer. Typically the buffer is selected to
provide a pH that will allow dissolution of the protein to the desired concentration. Preferably, the pH is
sufficiently low that at least a portion of the basic groups in the oligomer of ethyleneimine are protonated.
The buffer can also be selected to enhance protein stability.

[0033] The present inventors have investigated the effect of the size of oligomers and polymers of
ethyleneimine on cytotoxicity, as described in Examples 7 and 8. The results are illustrated in Figures 2, 3
and 4, and clearly demonstrate that as polyethyleneimine decreases in size, so does its cytotoxic effect.
The decreasing cytotoxicity is demonstrated for polyethyleneimine of weight about 50,000 Da decreasing
down to about 800 Da (see Example 7). This trend in decreasing cytotoxicity can reasonably be
extrapolated to suggest that oligomers of ethyleneimine wherein the number of repeating units of
ethyleneimine (n) in the oligomer is in the range 2-12 (i.e. of weight < 800 Da) would have even lower
cytotoxicity. Indeed, decreasing cytotoxicity is further demonstrated down to about 100 Da (see Example
8). Without wishing to be bound by theory, the present inventors believe that the oligomers of
ethyleneimine wherein the number of repeating units of ethyleneimine (n) in the oligomer is in the range
2-12 are of sufficient size to mask regions of the antibody protein surface having a high charge density,
thereby solving the problem of antibody protein aggregation in concentrated solutions. In particular,
without wishing to be bound by theory, it is contemplated that oligomers of ethyleneimine wherein n = 2-
12 are of sufficient size to mask patches of the antibody protein having a high negative charge density,
thereby solving the problem of charge-driven antibody protein aggregation in concentrated solutions.
Moreover, as a result of the inventors' studies (see Figures 2, 3 and 4), and again without being bound
by any theory, the present inventors believe that oligomers of ethyleneimine wherein the number of
repeating units of ethyleneimine (n) in the oligomer is in the range 2-12 are also of a sufficiently small
size so as to avoid exerting any toxic effect associated with disruption of cell membranes. Therefore,
such oligomers may reduce aggregation in concentrated antibody protein solutions whilst exhibiting a
favourable toxicity profile. Accordingly, such oligomers are of particular use in therapeutic applications.

[0034] As described in Examples 1-6, it has been found that an oligomer of ethyleneimine defined as
herein can significantly reduce the rate of antibody protein aggregation in a composition, such as an
aqueous antibody protein solution, compared with a composition lacking said oligomer of ethyleneimine
but otherwise similar or identical, following storage under the same conditions and for the same length of
time.

[0035] In one embodiment of the disclosure, the presence of an oligomer of ethyleneimine wherein the
number of repeating units of ethyleneimine (n) in the oligomer is in the range 2-12 in a concentrated
aqueous solution of antibody protein limits the increase in high molecular weight protein species to no
more than 5% (by weight of total protein) after storage at 40°C for one month, suitably to no more than
3% and more suitably to no more than 2%. In one embodiment of the disclosure, the presence of an
oligomer of ethyleneimine wherein the number of repeating units of ethyleneimine (n) in the oligomer is in
the range 2-12 in a concentrated aqueous solution of antibody protein limits the increase in high
molecular weight protein species to no more than 5% (by weight of total protein) after storage at 2-8°C
for up to two years, suitably to no more than 3% and more suitably to no more than 2%. Quantitation of
high molecular weight species is as percent by weight of the total protein in the composition.

[0036] In one embodiment of the disclosure, the presence of an oligomer of ethyleneimine; wherein the
number of repeating units of ethyleneimine (n) in the oligomer is in the range 2-12 in a concentrated
aqueous solution of antibody protein limits the increase in high molecular weight protein species by at
least 10%, preferably by at least 25%, and more preferably by at least 50% compared with a composition
lacking the oligomer of ethyleneimine but otherwise identical, following storage under the same conditions
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and length of time.

[0037] In one embodiment of the disclosure, the presence of an oligomer of ethyleneimine wherein the
number of repeating units of ethyleneimine (n) in the oligomer is in the range 2-12 in a concentrated
aqueous solution of antibody protein maintains an aqueous composition of a protein free of visible
aggregates while formation of visible aggregates is observed in a composition lacking the oligomer of
ethyleneimine but otherwise identical, following storage under the same conditions and for the same
length of time. Quantification of visible aggregates can be performed by turbidity or other types of light
scattering measurement.

[0038] In certain embodiments, the antibody is fused or conjugated to an active molecule, such as a toxin

or a chelating agent capable of binding a radioactive metal ion, such as 997, Mir, 131 or DY, In such
embodiments, the antibody typically functions as a targeting agent, for example, directing the active
molecule to cells which display a certain cell surface protein.

[0039] Specific antibodies which can be formulated as described herein include, but are not limited to,
infliximab (chimeric antibody, anti-TNFa), adalimumab (human antibody, anti-TNFa), basiliximab
(chimeric antibody, anti-IL-2), abciximab (chimeric antibody, anti-Gpllb/llla), daclizumab (humanized
antibody, anti-IL-2), gemtuzumab (humanized antibody, anti-CD33), alemtuzumab (humanized antibody,
anti-CD52), edrecolomab (murine Ig2a, anti-EpCAM), rituximab (chimeric antibody, anti-CD20),
palivizumab (humanized antibody, anti-respiratory syncytial virus), trastuzumab (humanized antibody,
anti- HER2/neu(erbB2) receptor), bevacizumab (humanized antibody, anti-VEGF), cetuximab (chimeric
antibody, anti-EGFR), eculizumab (humanized antibody, anti- complement system protein C5),
efalizumab (humanized antibody, anti-CD 1la), ibritumomab (murine antibody, anti-CD20), muromonab-
CD3 (murine antibody, anti- T cell CD3 receptor), natalizumab (humanized antibody, anti-a4 integrin),
nimotuzumab (humanized 1gG1, anti-EGF receptor), omalizumab (humanized antibody, anti-IgE),
panitumumab (human antibody, anti-EGFR), ranibizumab (humanized antibody, anti-VEGF), 1-131
tositumomab (humanized antibody, anti-CD20), ofatumumab (human antibody, anti-CD-20), certolizumab
(humanized antibody, anti-TNF-a), golimumab (human antibody, anti-TNFa) and denosumab (human
antibody, anti-RANK ligand). Preferred antibodies include trastuzumab and rituximab. A further antibody
of interest is infliximab.

[0040] Other chimeric antibodies which can be formulated as described herein include bavituximab (anti-
phosphatidylserine), brentuximab (anti-CD30), siltuximab (anti-IL-6), clenoliximab (anti-CD4), galiximab
(anti-CD80), gomiliximab (anti-CD23), keliximab (anti-CD4), lumiliximab (anti-CD23), priliximab (anti-
CD4), teneliximab (anti-CD40), vapaliximab (anti-VAPI), ecromeximab (anti-GD3), and pagibaximab (anti-
staphylococcal lipoteichoic acid).

[0041] Other humanized antibodies which can formulated as described herein include epratuzumab (anti-
CD22), afutuzumab (anti-CD20), bivatuzumab mertansine (anti-CD44), cantuzumab mertansine (anti-
mucin), citatuzumab bogatox (anti-TACSTDI), dacetuzumab (anti-CD40), elotuzumab (anti-CD319),
etaracizumab (anti-a,Bs-integrin), farletuzumab (anti-FRa), inotuzumab ozogamicin (anti-CD22),

labetuzumab (anti-carcinoembryonic antigen), lintuzumab (anti-CD33), milatuzumab (anti-CD74),
nimotuzumab (anti-EGFR), oportuzumab monatox (anti-EpCAM), pertuzumab (anti-HER2), sibrotuzumab
(anti-FAP), tacatuzumab tetraxetan (anti-alpha-fetoprotein), tigatuzumab (anti-TRAIL-2), tucotuzumab
celmoleukin (anti-EpCAM), veltuzumab (anti-CD20), aselizumab (anti-CD62L), apolizumab (anti-HLA-
DRB), benralizumab (anti-CD125), cedelizumab (anti-CD4), epratuzumab (anti-CD22), erlizumab (anti-
CD18), fontolizumab (anti-interferon-y), mepolizumab (anti-IL5), ocrelizumab (anti-CD20), pascolizumab
(anti-IL4), pexelizumab (anti-complement component 5), PRO-140 (anti-CCR5), reslizumab (anti-IL5),
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rontalizumab (anti interferon-a), rovelizumab (anti-CD 11, CD18), siplizumab (anti-CD2), talizumab (anti-
IgE), teplizumab (anti-CD3), tocilizumab (anti-IL6R), vedolizumab (anti-a4B7-integrin), visilizumab (anti-

CD3), ibalizumab (anti-CD4), tefibazumab (anti-clumping factor A), tadocizumab (anti-aq1pB3-integrin),

bapineuzumab (anti-amyloid-B), solanezumab (anti-amyloid-B), tanezumab (anti-NGF), urtoxazumab
(anti-E. coli Shiga-like toxin Il B subunit), felvizumab (anti-respiratory syncytial virus), motavizumab (anti-
respiratory syncytial virus glycoprotein F) and lebrikizumab (anti-IL13).

[0042] Additional human antibodies which can be formulated as described herein include atorolimumab
(anti-Rh factor), fresolimumab (anti-TGFB-1, -2, and -3), lerdelimumab (anti-TGF{-2), metelimumab
(anti-TGFB-1), morolimumab (anti-Rh factor), ipilimumab (anti-CTLA-4), tremelimumab (anti-CTLA-4),
bertilimumab (anti-CCL11), zanolimumab (anti-CD4), briakinumab (anti-IL12, -23), canakinumab (anti-
IL1B), ustekinumab (anti-IL12, -23), adecatumumab (anti-EpCAM), belimumab (anti-B cell activating
factor), cixutumumab anti-IGF-1 receptor), conatumumab (anti-TRAIL-R2), figitumumab (anti-IGF-1
receptor), iratumumab (anti-CD30), lexatumumab (anti-TRAIL-R2), Ilucatumumab (anti-CD40),
mapatumumab (anti-TRAIL-R4), necitumumab (anti-EGFR), olaratumab (anti-PDGF-Ra), pritumumab
(anti-vimentin), robatumumab (anti-IGF-1 receptor), votumumab (anti-tumor antigen CTAA16.88),
zalutumumab (anti-EGFR), stamulumab (anti-myostatin), efungumab (anti-fungal HSP90), exbivirumab
(anti-hepatitis B surface antigen), foravirumab (anti- rabies glycoprotein), libivirumab (anti-hepatitis B
surface antigen), rafivirumab (anti- rabies glycoprotein), regavirumab (anti-cytomegalovirus glycoprotein
B), sevirumab (anti-cytomegalovirus), tuvirumab (anti-hepatitis B virus), panobacumab (anti-
pseudomonas aeruginosa serotype IATS 011), raxibacumab (anti-anthrax toxin), ramucirumab (anti-
VEGF-R2), and gantenerumab (anti-amyloid-f3).

[0043] Fusion proteins comprising a fragment of an immunoglobulin molecule can also be formulated
according to the invention. Suitable fusion proteins include proteins comprising an active protein domain
fused to one or more immunoglobulin fragments, such as Fc domains. Such fusion proteins include
dimeric proteins having monomeric units comprising an active protein domain, such as a soluble receptor
or a receptor extracellular ligand binding domain, which is fused to an immunoglobulin Fc domain. Two
Fc domains can associate via disulfide bonds to form the dimeric protein. Such fusion proteins include
etanercept, abatacept and belatacept.

[0044] Conjugated derivatives comprising antibodies (or one or more antibody fragments) and a
chemically inert polymer such as PEG can also be formulated according to the invention. Such derivatives
include certolizumab pegol.

[0045] The antibody protein can be isolated from natural sources or be a recombinant protein.

[0046] In certain embodiments, the antibody protein is substantially pure, that is, the composition
comprises a single protein and no substantial amount of any additional protein. In preferred
embodiments, the protein comprises at least 99%, preferably at least 99.5% and more preferably at least
about 99.9% of the total protein content of the composition. In preferred embodiments the protein is
sufficiently pure for use as in a pharmaceutical composition.

[0047] The concentration of the antibody protein in the aqueous solution is at least about 10 mg/mL, and
is preferably in the range of about 25 mg/mL to about 400 mg/mL. In certain embodiments the
concentration is at least about 25 mg/mL. In certain embodiments, the protein concentration is at least
about 30 mg/mL, 40 mg/mL, 50 mg/mL, 60 mg/mL, 70 mg/mL, 80 mg/mL, 90 mg/mL or 100 mg/mL.
More preferably the protein concentration is greater than 50 mg/mL e.g. at least about 80 mg/mL. The
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concentration can be up to about 400 mg/mL, for example up to about 350 mg/mL, 300 mg/mL, 250
mg/mL, 200 mg/mL or 175 mg/mL. Every concentration range bounded by one of the foregoing lower
limits and one of the foregoing upper limits is contemplated herein.

[0048] The term "pharmaceutically acceptable", as used herein, refers to components of a
pharmaceutical composition which are suitable for the intended use and mode of administration to the
body of a human or an animal, such as a mammal, without undue adverse consequences, such as
toxicity, irritation, and allergic response and with a reasonable risk/benefit ratio.

[0049] Suitably, the composition of the invention comprises a buffer in order to stabilise the pH of the
composition, which can also be selected to enhance protein stability. In one embodiment, a buffer is
selected to have a pKa close to the pH of the composition; for example acetate is suitably employed as a
buffer when the pH of the composition is in the range 4.5-5.5. Histidine is suitably employed as a buffer
when the pH of the composition is in the range 5.6-6.5. Alternatively, in another embodiment, the
composition of the invention is further stabilised as disclosed in W02008/084237, which describes a
composition comprising a protein and one or more additives, characterised in that the system is
substantially free of a conventional buffer, i.e. a compound with a pKa within 1 unit of the pH of the
composition at the intended temperature range of storage of the composition. In this embodiment, the pH
of the composition is set to a value at which the composition has maximum measurable stability with
respect to pH; the one or more additives (displaced buffers) are capable of exchanging protons with the
protein and have pKa values at least 1 unit more or less than the pH of the composition at the intended
temperature range of storage of the composition. By keeping the protein at a suitable pH, at or near a
value at which the measurable stability is maximal, in the absence of a conventional buffer, the storage
stability of the protein can be increased substantially. In certain embodiments, storage stability can
generally be enhanced further, possibly substantially, by use of additives having pKa between 1 to 5 pH
units, preferably between 1 to 3 pH units, most preferably from 1.5 to 2.5 pH units, of the pH of the
aqueous composition at the intended temperature range of storage of the composition,

[0050] The solutions of the invention can further include one or more conventional excipients, such as an
inorganic salt, preferably a salt which is a combination of sodium, potassium, calcium, or ammonium, with
chloride, sulfate, carbonate, sulfite, nitrate, lactate, succinate, acetate, maleate or lactate; an amino acid,
preferably histidine, glycine, arginine or methionine (for example as an anti-oxidant); a sugar or sugar
alcohol, preferably trehalose, sucrose, mannitol, raffinose, sorbitol, lactitol, glycerol, or 1,2-propanediol; a
surfactant, preferably polysorbate 20, polysorbate 60, polysorbate 80, poloxamer 188 or poloxamer 407;
a trace-metal chelating agent, preferably ETDA; a preservative, preferably phenol, m-cresol,
benzylalcohol, propylparaben, benzylalkonium chloride or benzethonium chloride. An inorganic salt which
is a combination of magnesium with chloride, sulfate, carbonate, sulfite, nitrate, lactate, succinate,
acetate, maleate or lactate is also a suitable excipient.

[0051] The solutions of the invention optionally comprise a tonicity modifier. Suitable tonicity modifiers are
listed above in the background of invention, and can be charged or uncharged chemical species. Typical
uncharged tonicity modifiers include sugars such as sucrose, trehalose, glycerol and mannitol. Typical
charged tonicity modifiers include charged chemical species, such as arginine or sodium chloride.

[0052] In one embodiment, the tonicity of the aqueous solution of antibody protein is adjusted using a
charged species such as an inorganic or an organic salt. In one embodiment, the tonicity of the aqueous

solution of antibody protein is adjusted using an uncharged species such as a sugar or a sugar alcohol.

[0053] The aqueous compositions of the present invention cover a wide range of osmolarity, including
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hypotonic, isotonic and hypertonic compositions. Preferably, the solutions of the invention are
substantially isotonic. Preferred solutions have an osmolarity in the range of about 200 to about 500
mOsm/L. Preferably, the osmolarity is in the range of about 250 to about 350 mOsm/L. More preferably,
the osmolarity is about 300 mOsm/L. In one embodiment, the solution is intended for administration to a
subject by intramuscular or subcutaneous injection, and the osmolarity of the solution is selected to
minimize pain upon injection.

[0054] The term "high molecular weight species" as used herein, refers to any component of the protein
content which has an apparent molecular weight at least about double the molecular weight of the parent
active protein. That is, high molecular weight species are multimeric aggregates of the parent protein.
The multimeric aggregates may comprise the parent protein molecules with considerably altered
conformation or they may be an assembly of the parent protein units in the native or near-native
conformation. The determination of high molecular weight species can be done using methods known in
the art, including size exclusion chromatography, electrophoresis, analytical
ultracentrifugation/sedimentation velocity, light scattering, dynamic light scattering, static light scattering
and field flow fractionation.

[0055] Preferably, the composition of the invention comprises no more than 5% (by weight of total
protein) high molecular weight species after storage at 40°C for at least one, two or three months. In one
embodiment, the amount of high molecular weight species increases by no more than 5% (by weight of
total protein), preferably no more than 3%, after storage at 40°C for at least one, two or three months.
Quantitation of high molecular weight species is as percent by weight of the total protein in the
composition.

[0056] In preferred embodiments, a composition of the present invention should exhibit an increase in
high molecular weight species during storage which is at least 10% lower, preferably at least 25% lower,
more preferably at least 50% lower, than a composition lacking triethylenetetramine but otherwise
identical, following storage under the same conditions and length of time.

[0057] In one embodiment, the compositions of the invention are pharmaceutical compositions suitable
for administration of a therapeutic antibody protein to a subject in need thereof. Such compositions can
be used in a method for administering the therapeutic protein to the subject.

[0058] Also disclosed is a method for administering a therapeutic antibody protein to a subject in need
thereof. The method comprises the step of administering an aqueous solution comprising the antibody
protein at a concentration of at least about 10 mg/mL, and an oligomer of ethyleneimine wherein the
number of repeating units of ethyleneimine (n) in the oligomer is in the range 2-12. Preferably the
composition is administered by intravenous, subcutaneous or intramuscular injection. More preferably the
composition is administered by subcutaneous injection.

[0059] In preferred embodiments, the concentration of the protein is sufficiently high that the total volume
of each administration does not exceed about 2 mL. Preferably, the total volume of each administration
does not exceed about 1.5 mL or about 1.0 mL. In one embodiment, the volume of solution of each
administration is from about 0.5 to about 2 mL, preferably from about 0.5 to about 1.5 mL.

[0060] In another embodiment, the invention provides a packaged pharmaceutical composition suitable
for administration to a subject in need thereof. The pharmaceutical composition comprises an aqueous
solution comprising a therapeutic antibody protein at a concentration of at least about 10 mg/mL and
triethylenetetramine, wherein the pH of the solution is in the range 5.0 to 7.5.
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[0061] Preferably, the volume of the solution is about 2 mL or less. In one embodiment, the volume of the
solution provides an administration volume of about 0.5 to about 2 mL with sufficient overage to
accommodate limitations of solution uptake via syringe. In one embodiment, the overage is from about
10% to about 20% of the administration volume. The pharmaceutical composition is preferably packaged
in a vial suitable for introduction of a needle for removal of the solution. In one embodiment, the
pharmaceutical composition is packaged in a glass vial with a rubber stopper. The packaged
pharmaceutical composition can be provided as a kit, further comprising instructions for use and,
optionally, a syringe suitable for intramuscular or subcutaneous administration. Alternatively, the
packaged pharmaceutical composition can be provided in the form of a pre-filled disposable syringe
suitable for intramuscular or subcutaneous administration. A pre-filled auto-injector device would also be
suitable for intramuscular or subcutaneous administration.

[0062] Percentages of oligomer of ethyleneimine as used herein refer to weight based on free base of
oligomer of ethyleneimine (i.e. excluding weight of any counterion).

[0063] Further aspects of the invention include:
1. A. An aqueous solution comprising:

(a) an antibody protein at a concentration of at least about 10 mg/mL, 25 mg/mL, 30 mg/mL, 40
mg/mL, 50 mg/mL, 60 mg/mL, 70 mg/mL, 80 mg/mL, 90 mg/mL or 100 mg/mL, or a range of about
25 mg/mL to about 400 mg/mL (e.g., up to about 350 mg/mL, 300 mg/mL, 250 mg/mL, 200 mg/mL
or 175 mg/mL); and

(a) triethylenetetramine, wherein the concentration of triethylenetetramine is about 0.01 to about
10 mg/mL (e.g., from about 0.01 to about 0.1 mg/mL, about 0.1 to about 0.25 mg/mL, about 0.25
to about 1 mg/mL, about 1 to about 2 mg/mL, about 2 to about 5 mg/mL, or about 5 to about 10
mg/mL);

and

wherein the pH of the aqueous solution is in the range 5.0 to 7.5 (e.g. 5.5 to 7.0) and the solution
has an osmolarity in the range of about 200 to about 500 mOsm/L.

2. B. The aqueous solution of aspect A, wherein the solution comprises a buffer providing a pH
sufficient to allow dissolution of the protein to the desired concentration and sufficiently low to allow
for the protonation of a portion of the basic groups in the oligomer of ethyleneimine.

3. C. The aqueous solution of aspect A or B, wherein the concentration of the antibody protein is
sufficiently high such that the total volume of each administration dose does not exceed about 2
mL.

4. D. The aqueous solution of aspect A, B or C, wherein the aqueous solution further comprises one
or more conventional excipients.

EXAMPLES

Materials
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[0064] Ethylenediamine (Mw 60 Da), diethylenetriamine (Mw 103 Da), triethylenetetramine (Mw 146 Da),
tetraethylenepentamine (Mw 189 Da), pentaethylenehexamine (Mw 232 Da) and PEI800
(Polyethylenimine, ethylenediamine branched, average Mw ~800 by LS, average Mn ~600 by GPC) were
obtained from Sigma-Aldrich.

Abbreviations

[0065]

CPE

cytopathic effect
DMEM

Dulbecco's Minimum Essential Medium
FBS

Foetal Bovine Serum
HEK

Human Embryonic Kidney
MDCK

Madin-Darby Canine Kidney Epithelial
mPEG

polyethylene glycol polymer capped with methoxy
PEG

polyethylene glycol
PEI

polyethyleneimine

Formulation preparation and stability testing

[0066] Formulations of protein therapeutics, rituximab and certolizumab pegol, were prepared either in
the absence or in the presence of various oligomers of ethyleneimine. The following products were used
as the starting material: MabThera® (rituximab) and Cimzia® (certolizumab pegol). The compositions of
the two products are as follows:

MabThera®:

rituximab (10 mg/ml)

sodium citrate dihydrate (7.35 mg/ml)
polysorbate 80 (0.7 mg/ml)

sodium chloride (9.0 mg/ml)

pH is approximately 6.5

Source: EMA Scientific discussion on MabThera®

(http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-
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Scientific_Discussion/human/000165/WC500025817 .pdf)

Cimzia®:

certolizumab pegol (200 mg/ml)
sodium acetate (1.36 mg/ml)
sodium chloride (7.31 mg/ml)
pH is approximately 4.7

Source: RxList (http://www.rxlist.com/script/main/hp.asp)

[0067] In order to prepare the formulations for testing, it was necessary to remove the original excipients
and replace them with the selected excipients. The following procedure was used to prepare the
formulations for testing: Original compositions were removed from the manufacturer's container and
dialysed in 3.5 kDa cut-off dialysis cassettes (Thermo Pierce) at 2-8°C, using three changes for a
minimum of 4 hours in each, including one overnight incubation. The protein was then concentrated to
133.3 mg/ml (rituximab, Examples 1-4), 187 mg/ml (rituximab, Example 5), or 150 mg/ml (certolizumab
pegol, Example 6) using Amicon centrifugal concentrators with MWCO 50 kDa (rituximab) or 30 kDa
(certolizumab pegol).

[0068] The background solutions, containing the new excipients and adjusted to the required pH, were
added to the dialysed proteins to achieve the required concentration of excipients and the protein in the
final composition. The formulated samples were placed into storage at 40°C or at 5°C, and stability was
tested after a given period of time. The stability of the proteins was tested in compositions containing
oligomers of ethyleneimine and compared to a 'Control formulation' with identical background in the
absence of the oligomers. To allow further comparison, an 'Original formulation' was prepared having an
identical composition of excipients as that of the original product (i.e. MabThera® in the case of rituximab
and Cimzia® in the case of certolizumab pegol) but with a particular concentration of protein, as specified
in each Example (e.g. in Example 1, the Original formulation contains 100 mg/ml of rituximab).

Methods of assessing aggregation

[0069] Aggregation in the aqueous protein compositions can be assessed by:

(a) Visual assessment

[0070] Vials are placed in a suitable location with a suitably selected contrasting background, and under
sufficient and appropriate illumination to highlight any potential or detected visual deviations. A control (or
freshly prepared material) is placed alongside for direct comparison. Solutions are classed as clear if
there are no visual imperfections; as cloudy if there is a significant change in the opacity of the material;
and if there are insoluble fractions, or if particles are visible towards the bottom of the vial, a precipitate is
deemed to have been formed.

(b) Size exclusion chromatography (SEC)
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[0071] The amount of high molecular weight species is measured using a 300x7.8 mm S3000 (or
equivalent) size-exclusion column with a guard column. The mobile phase is potassium phosphate pH
6.5, with a flow rate of 0.4 ml/min, injection volume of 1 ul and detected at 210 and 280 nm. The results
are expressed as % high molecular species (HMWS), i.e. sum of all peak areas corresponding to
aggregated protein over the sum of all protein-related peaks on the chromatogram. A small time-point to
time-point variability can be observed in terms of absolute values of %HMWS, for example due to
repeated size-exclusion column use. However, within a given time-point the samples are tested using the
column in the same condition, so the values generated within the time-point represent a very good
indication of the relative stability of the protein in the compositions tested.

Comparative Example 1: Rituximab - demonstration of aggregation control in the presence of

tetraethylenepentamine and pentaethylenehexamine

[0072] Rituximab was formulated at 100 mg/ml in the following background solution: EDTA (0.2 mM),
methionine (1 mM), histidine (10 mM). The pH was adjusted to 6.5. The effects of oligomers of
ethyleneimine (i) tetraethylenepentamine pentahydrochloride (n = 4) and (ii) pentaethylenehexamine (n =
5) on the increase in aggregation in the presence of trehalose at 40°C and 5°C are shown in Tables 1
and 2 respectively. In all background solutions the presence of oligomers of ethyleneimine (i) and (ii) was
found to reduce considerably the rate of formation of HMWS. In addition, at 40°C, precipitation was
observed after 8 weeks in the control formulations not containing an oligomer of ethyleneimine.

Table 1. The rate of aggregation in formulations of rituximab at 40°C

% ,
0,
Trehalose™ | Tetraethylenepentamine** { Pentaethylenehexamine o HMWS Visual
pH{HMWS (8
(mM) (mg/ml) (mg/mil) To 8 weeks)
weeks
200 6.5] 149 § 2.82 § Clear
200 0.1 6.5 140 § 1.79 | Clear
200 0.5 6.5y 144 § 1.85 § Clear
200 2.5 6.5 140 § 1.45 | Clear
200 0.2 6.5] 142 § 1.89 | Clear
200 1.0 6.5 140 §{ 1.24 § Clear
200 5.0 6.5 1.41 1.29 § Clear
Original formulation, 154mM NaCl, 25mM Citrate, 700 mg/l {6.5§ 1.55 § 3.22 { Clear,
Tween 80 ppt at
bottom
*and EDTA (0.2 mM), methionine (1 mM) and histidine (10 mM)
** as pentahydrochloride salt (concentration in column based on weight of base)

Table 2. The rate of aggregation in formulations of rituximab at 5°C
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% ,
0,
Trehalose™ | Tetraethylenepentamine™ { Pentaethylenehexamine % HMWS Visual
(MM*) (mg/mi) (mg/m) PHIHMWS;" g (8
To weeks)
weeks
200 6.5y 1.49 1.25 | Clear
200 0.1 6.5] 1.40 1.23 | Clear
200 0.5 6.5] 1.44 1.22 | Clear
200 2.5 6.5y 1.40 1.21 | Clear
200 0.2 6.5) 1.42 1.22 § Clear
200 1.0 6.5) 1.40 1.24 | Clear
200 5.0 6.5 1.41 1.07 | Clear
Original formulation, 154mM NaCl, 25mM Citrate, 700 mg/l {6.5§ 1.55 1.28 { Clear
Tween 80
*and EDTA (0.2 mM), methionine (1 mM) and histidine (10 mM)
** as pentahydrochloride salt (concentration in column based on weight of base)

Example 2: Rituximab - further investigation of aggregation control in the presence of various
oligomeric additives

[0073] Rituximab is formulated at 100 mg/ml in the following background solution: EDTA (0.2 mM),
Methionine (1 mM), Histidine (10 mM). The pH is adjusted to 6.5.

[0074] The following oligomeric additives can be tested:

1. (a) Ethylenediamine; control

2. (b) Diethylenetriamine (comparator)

3. (c) Triethylenetetramine

4. (d) Tetraethylenepentamine (comparator)
5. (e) Pentaethylenehexamine (comparator)

Jable 3
Arginine Trehalose (a) (b) (c) (d) (e) pH
(mM) (mM) (mg/ml) (mg/mil) (mg/ml) § (mg/ml) { (mg/ml)

80 6.5
200 0.2 6.5

200 1 6.5

200 5 6.5

200 0.2 6.5

200 1 6.5

200 5 6.5

200 0.2 6.5

200 1 6.5

200 5 6.5
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Arginine Trehalose (a) (b) (c) (d) (e) pH
(mM) (mM) (mg/ml) (mg/mil) (mg/ml) § (mg/ml) §{ (mg/ml)

200 0.2 6.5

200 1 6.5

200 5 6.5

200 0.15 6.5

200 1.5 6.5

200 8 6.5

200 16 6.5

Original formulation, 154mM NaCl, 25mM Citrate, 700 mg/l Tween 80 6.5

Comparative Example 3: Rituximab - demonstration of aggregation control in the presence of
tetraethylenepentamine and pentaethylenehexamine, in _alternative backgqround _solution

containing arginine.

[0075] Rituximab was formulated at 100 mg/ml in the following background solution: EDTA (0.2 mM),
methionine (1 mM), histidine (10 mM), in the presence of arginine (80 mM) as a tonicity modifier. The pH
of all formulations was adjusted to 6.5. For comparison, the formulation of commercial liquid rituximab
product ('Original formulation' also with rituximab at 100 mg/ml) was also included. The effects of
oligomers of ethyleneimine (i) tetraethylenepentamine pentahydrochloride (n = 4) and (i)
pentaethylenehexamine (n = 5) on the increase in aggregation at 40°C is shown in Table 4. In all
background solutions the presence of oligomers of ethyleneimine (i) and (ii) was found to reduce
considerably the rate of formation of HMWS compared with the background solutions not containing an
oligomer of ethyleneimine. In addition, the rate of formation of HMWS at 40°C in the presence of an
oligomer of ethyleneimine was found to be lower than in the Original formulation, which also showed
signs of precipitation after 8 weeks.

Table 4. The rate of aggregation in formulations of rituximab at 40 °C

%
Arginine Tetraethylenepentamine Pentaethylenehexamine { HMWS §{ % HMWS
(mM) (mg/ml) (mg/mil) 0 12 weeks
weeks
80 1.47 2.57
80 0.1 1.58 2.08
80 0.5 1.53 1.89
80 2.5 1.47 0.85
80 0.2 1.42 1.92
80 1.0 1.57 1.62
80 5.0 1.36 0.83
Original formulation: Rituximab (100 mg/ml), sodium citrate dihydrate
(7.35 mg/ml), polysorbate 80 (0.7 mg/ml), sodium chloride (9.0 mg/ml), 1.55 3.22
pH 6.5
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Example 4: Rituximab - Demonstration of aggregation control by various oligomers of
ethyleneimine

[0076] Rituximab was formulated at 100 mg/ml in the following background solution: EDTA (0.2 mM),
methionine (1 mM), histidine (10 mM) and trehalose (200 mM). The pH was adjusted to 6.5. The effects
of the following additives on the increase in aggregation in the presence at 40 °C are shown in Table 5.

a
b
c
d

Ethylenediamine (reference)
Diethylenetriamine (comparator)
Triethylenetetramine
Pentaethylenehexamine (comparator)

(
(
(
(

~ ~ ~— ~

1.
2.
3.
4.

[0077] The results are expressed in terms of % high molecular species (HMWS) measured by SEC. The
following observations were made: in all background solutions the presence of oligomers of
ethyleneimine (b), (c) and (d) was found to considerably reduce the rate of formation of HMWS in a dose
dependent manner compared with the background formulation not containing an oligomer of ethylene
imine; the rate of aggregation in the presence of the oligomers of ethyleneimine (b), (c) and (d) was in all
cases lower when compared with the formulation of commercial liquid rituximab product (‘Original
formulation'); and another comparator formulation containing ethylenediamine (a) was less effective in
reducing the formation of HMWS.

Table 5. The rate of aggregation in formulations of rituximab after 16 weeks at 40 °C.

(@) (mg/mi)imM | (b) (mgimi)mM | (c) (mgimiymt | /r(r?l)) g | TS 07 HMVTS
0.69 3.21
0.2/3.3 0.49 2.44
117 0.72 2.27
5/83 0.78 2.08
0.2/1.9 0.81 0.94
1/9.7 0.70 0.70
5/49 0.79 0.67
0.2/1.4 0.74 0.81
1/6.8 0.84 0.56
5/34 0.74 0.51
0.15/0.65 0.59 1.28
1.5/6.5 0.67 0.24
8/34 0.52 0.17
16/69 0.73 0.16
Original formulation: Rituximab (100 mg/ml), sodium citrate
dihydrate (7.35 mg/ml), polysorbate 80 (0.7 mg/ml), sodium chloride 0.75 3.40
(9.0 mg/ml), pH 6.5

Example 5: Rituximab - Demonstration of aggregation control at higher concentration by
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oligomers of ethyleneimine

[0078] Rituximab was formulated at 140 mg/ml in the following background solution: EDTA (0.2 mM),
methionine (1 mM), histidine (10 mM) and trehalose (200 mM). The pH was adjusted to 6.5. The effect of
the following additives on the rate of aggregation was investigated:

1. (a) Diethylenetriamine (comparator)
2. (b) Triethylenetetramine
3. (c) Pentaethylenehexamine (comparator)

[0079] The effect of the oligomers of ethyleneimine on the rate of aggregation of rituximab at 40 °C is
shown in Table 6. The results are expressed in terms of % high molecular species (HMWS) measured by
SEC. The same results are also shown in Figs. 1A-1C. Oligomers of ethyleneimine (a), (b) and (c)
showed a considerable, dose-dependent reduction in the aggregation rate of rituximab (Figs. 1A-1C).
Table 6. Effect of oligomers of ethyleneimine on the rate of aggregation in formulations of rituximab at 40
°C.

(2) (mg/mi)/ mM | (o) (ma/miymM | (c) (ma/miymm | ZHVMVES 1 SEMVIS 1 JFMWNS
0.33 1.41 6.42
0.02/0.19 0.37 0.91 4.09
0.1/0.97 0.38 0.35 0.89
1/9.7 0.38 0.24 1.51
5/49 0.37 0.29 1.83
0.03/0.21 0.36 0.29 4.18
0.14/0.96 0.35 0.32 3.26
1/6.8 0.36 0.27 0.45
5/34 0.26 0.17 0.64
0.04/0.17 0.33 0.96 4.66
0.22/0.95 0.28 0.69 1.01
1/4.3 0.36 0.26 0.54
5/22 0.29 0.26 0.32
Original formulation: Rituximab (140 mg/ml), sodium
citrate dihydrate (7.35 mg/ml), polysorbate 80 (0.7 mg/ml),
sodium chloride (9.0 mg/ml), pH 6.5 0.31 1.23 3.34

Example 6: Certolizumab pegol - Demonstration of aggregation control in _the presence of

oligomers of ethyleneimine

[0080] Certolizumab pegol was formulated at 100 mg/ml in histidine buffer (10 mM, pH 6.0) in the
presence of either NaCl (150 mM) or 1,2-propandiol (200 mM) as tonicity modifiers. The effects of
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oligomers of ethyleneimine (a) and (b) on the rate of aggregation at 40 °C are shown in Table 7 (150 mM
NaCl tonicity modifier) and Table 8 (200 mM 1,2-propanediol tonicity modifier).

[0081] The following additives were tested:

1. (a) Pentaethylenehexamine (Comparator)

2. (b) Triethylenetetramine

[0082] The results are expressed in terms of % high molecular species (HMWS) measured by SEC.
Oligomers of ethyleneimine (a) and (b) were found to reduce the rate of formation of HMWS. In the
composition containing 1,2-propanediol (Table 8), this effect increased with dose. It was also shown that
the rate of HMWS formation was considerably lower in the presence of the oligomers of ethyleneimine
compared with the formulation of the commercial liquid product of Certolizumab pegol (‘Original

formulation').

Table 7. The rate of aggregation in formulations of Certolizumab pegol at 40°C in compositions

containing NaCl.

NaCl (mM) (a) (mg/mly/mM (b) (mg/miymm | % V'j('\a"!:ss 01 % V'j('\a"e":ss 8
150 1/4.3 0.53 1.72
150 3/13 0.45 1.21
150 1/6.9 0.63 1.51
150 3/21 0.49 1.02
Original formulation: Certqlizumab pegol (100 mg/ml), sodium 053 3.06
acetate (1.36 mg/ml), sodium chloride (7.31 mg/ml), pH 4.7

Table 8. The rate of aggregation in formulations of Certolizumab pegol at 40°C in compositions
containing 1,2-propanediol.

acetate (1.36 mg/ml), sodium chloride (7.31 mg/ml), pH 4.7

1’2'p2‘r’np,\j;‘edi°' (@) (mg/mly mM | (b) (mg/mlymMm | V'j('\a"e":ss 0% V'j('\a"e":ss 8
200 1/4.3 0.47 1.35
200 3/13 0.45 1.03
200 1/6.9 0.55 1.02
200 3/21 0.49 0.85
Original formulation: Certolizumab pegol (100 mg/ml), sodium 053 3.06

Method of assessing cytotoxicity

Example 7: Determining the effect of size of PEl on the cytotoxic effect on HEK 293 and Vero cells

[0083] Cell lines Human Embryonic Kidney (HEK) 293, obtained from University of Birmingham, and
Vero, obtained from ECACC (The European Collection of Cell Cultures), were subcultured and used to
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set up 96 well plates at a concentration of 1 x 104 cells/cm? in Dulbecco's Minimum Essential Medium
(DMEM)+2% Foetal Bovine Serum (FBS)+4mM L-Glutamine. The cells were incubated for 24 hours at
37°C to become confluent. After 24 hours various PEl's of molecular weight between about 800 Da and
about 50,000 Da were prepared to a stock concentration of 5mg/mL and had their pH adjusted to 7:
(molecular weights 600, 1800, 10,000 and 50-100,000). The stock was then diluted in
DMEM+2%FBS+4mM L-Glutamine to the following concentrations: 2.5mg/mL, 1.25mg/mL, 600ug/mL,
300ug/mL, 150ug/mL, 75ug/mL, 25ug/mL, 10ug/mL and 5ug/mL. Following the dilution step 100uL of all
of the concentrations, including the stock concentration, were added to 8 wells/plate, giving 8
replicates/concentration. The plates were incubated at 37°C for 72 hours before being screened for
cytopathic effect (CPE), as shown in Figure 2. As discussed above, Figure 2 clearly demonstrates that as
the PEI decreases in size, so does its cytotoxic effect.

[0084] The cytotoxic effect of oligomers of ethyleneimine of the present invention can be tested by
substantially the same method.

Example 8: Effect of size of ethyleneimine oligomer on cytotoxic effect using Vero and MDCK
cells

[0085] Vero cells and Madin-Darby Canine Kidney Epithelial (MDCK) cells were obtained from ECACC
(The European Collection of Cell Cultures, Health Protection Agency, Porton Down, Salisbury, SP4 0JG).

The cells were subcultured and used to set up 96 well plates at a concentration of 1 x 104 cells/cm? in
Dulbecco's Minimum Essential Medium (DMEM) + 2 % Foetal Bovine Serum (FBS) + 4 mM L-Glutamine.
The cells were incubated for 24 hours at 37°C to become confluent. After 24 hours, various
ethyleneimine oligomers and polymers (i.e. PEl's) were prepared to a stock concentration of 5 mg/mL
and had their pH adjusted to 7. Oligomers and polymers of the following molecular weight were tested:
102, 145, 188, 231, 800, 1800, 10,000 and 50-100,000 Da. The stock solutions were then diluted in
DMEM + 2 % FBS + 4 mM L-Glutamine to the following concentrations: 2.5 mg/mL, 1.25 mg/mL, 600
pg/mL, 300 pg/mL, 150 ug/mL, 75 ug/mL, 25 pg/mL, 10 ug/mL and 5 ug/mL. Following the dilution step
100 pL of each the sample at each concentration were added to 8 wells on a plate, giving 8 replicates per
concentration. The plates were incubated at 37 °C for 72 hours before being screened for cell inhibition
and cytopathic effect (CPE). Fig. 3 demonstrates that the size of ethyleneimine oligomer or polymer is
directly related to the cytotoxic effect in Vero cells; the smaller the size the smaller the cytotoxic effect as
determined by the concentration of ethyleneimine oligomer or polymer required for the cytotoxic effect.
No differentiation could be obtained between the smallest three oligomers tested as none of them
showed a cytopathic effect at the highest concentration tested. A similar effect of the size of
ethyleneimine oligomer or polymer on the cytotoxic effect was observed using MDCK cells (Fig. 4),
although the effect was less gradual in this case, with a sharp decrease of cytotoxicity of oligomers below
189 Da.

[0086] Throughout the specification and the claims which follow, unless the context requires otherwise,
the word ‘comprise’, and variations such as 'comprises' and 'comprising’, will be understood to imply the
inclusion of a stated integer, step, group of integers or group of steps but not to the exclusion of any
other integer, step, group of integers or group of steps.

[0087] While this invention has been particularly shown and described with references to preferred
embodiments thereof, it will be understood by those skilled in the art that various changes in form and
details may be made therein without departing from the scope of the invention encompassed by the
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appended claims. It should also be understood that the embodiments described herein are not mutually
exclusive and that features from the various embodiments may be combined in whole or in part in
accordance with the invention.

[0088] Where aspects or embodiments of the invention are described in terms of a Markush group or
other grouping of alternatives, the present invention encompasses not only the entire group listed as a
whole, but also each member of the group individually and all possible subgroups of the main group, and
also the main group absent one or more of the group members. The present invention also envisages
the explicit exclusion of one or more of any of the group members in the claimed invention.

[0089] The term "and/or" as used in a phrase such as "A and/or B" herein is intended to include both A
and B; A or B; A (alone); and B (alone). Likewise, the term "and/or" as used in a phrase such as "A, B,
and/or C" is intended to encompass each of the following embodiments: A, B, and C; A, B, or C; Aor C; A
orB; Bor C; Aand C; A and B; B and C; A (alone); B (alone); and C (alone).
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PATENTIKRAYV

1. Vandig oplgsning omfattende et antistofprotein i en koncentration p& mindst 10
mg/ml og en oligomer af ethylenimin, hvor oligomeren af ethylenimin er triethylentetra-
min, og hvor oplgsningens pH er i omradet 5,0 til 7,5.

2. Fremgangsmade til reduktion af aggregeringshastigheden for et antistofprotein i
en vandig oplgsning, hvor antistofproteinkoncentrationen er mindst 10 mg/ml, omfattende
trinnet at tilsaette en oligomer af ethylenimin til oplgsningen, hvor oligomeren af ethyleni-
min er triethylentetramin, og hvor oplgsningens pH er i omradet 5,0 til 7,5.

3. Vandig oplgsning ifglge krav 1 eller fremgangsmaden ifglge krav 2, hvor oplgsnin-
gens pH er i omradet 5,5 til 7.

4. Vandig oplgsning eller fremgangsmade ifglge et hvilket som helst af kravene 1 til
3, hvor oligomeren af ethylenimin er til stede i en koncentration p& 0,1 mg/ml til 5 mg/ml.

5. Vandig oplgsning eller fremgangsmade ifglge et hvilket som helst af kravene 1 til
4, hvor antistofproteinet er et antistof, et antistoffragment, et antistof konjugeret til en
aktiv enhed, et fusionsprotein omfattende et eller flere antistoffragmenter, eller et derivat
af en hvilket som helst af ovennaevnte, f.eks. et monoklonalt antistof, sdsom et murint
antistof, et kimeert antistof, et humaniseret antistof eller et humant antistof, og iseer
trastuzumab, rituximab eller bevacizumab.

6. Vandig oplgsning eller fremgangsmade ifglge krav 5, hvor antistofproteinet er et
fusionsprotein omfattende et aktivt proteindomazene fusioneret med en eller flere im-
munoglobulin Fc-fragmenter, f.eks. etanercept, abatacept eller belatacept.

7. Vandig oplgsning eller fremgangsmade ifglge krav 5, hvor derivatet er et konjuge-
ret derivat omfattende et eller flere antistoffer eller antistoffragmenter og en kemisk inert
polymer, f.eks. certolizumabpegol.

8. Vandig oplgsning eller fremgangsmade ifglge et hvilket som helst af kravene 1 til
7, hvor antistofproteinkoncentrationen er mellem 25 mg/ml og 300 mg/ml.

9. Vandig oplgsning eller fremgangsmade ifglge et hvilket som helst af kravene 1 til
8, hvor antistofproteinkoncentrationen er op til 175 mg/ml.

10. Vandig oplgsning eller fremgangsmade ifglge et hvilket som helst af kravene 1 til
9, hvor veegtforholdet (veegt/veegt) mellem antistofprotein og oligomeren af ethylenimin er
mindst 10.

11. Vandig oplgsning eller fremgangsmade ifglge et hvilket som helst af kravene 1 til
10, hvor pI af antistofproteinet er hgjere end oplgsningens pH, f.eks. er pl af antistofop-
Igsningen mindst 0,5 enheder hgjere end oplgsningens pH.

12. Vandig oplgsning eller fremgangsmade ifglge et hvilket som helst af kravene 1 til
11, hvor pl af antistofproteinet er mindst 7, eller hvor plI af antistofproteinet er i omradet
7-10.

13. Vandig oplgsning eller fremgangsmade ifglge et hvilket som helst af kravene 1 til
12, hvor den vandige oplgsning er isotonisk.

14. Pakning af farmaceutisk sammensaetning egnet til indgivelse til en person med
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1

behov derfor, omfattende den vandige oplgsning ifglge krav 1 eller et hvilket som helst af
kravene 3 til 13.
15. Vandig oplgsning eller fremgangsmade ifglge et hvilket som helst af kravene 1 til

13, hvor 50-100% af de basiske nitrogencentre i oligomeren af ethylenimin er protonere-
de.
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DRAWINGS

Figure 14
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Figure 2
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Figure 3
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Effect of size of ethyleneimine oligomers and polymers on Vero
cell inhibition
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Effect of size of ethyleneimine oligomers and polymers on MDCK
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