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Description
BACKGROUND OF INVENTION
Field of the Invention

[0001] The present invention is directed to pharmaceutical formulations suitable for intravitreal administration com-
prising agents capable of inhibiting vascular endothelial growth factor (VEGF), and to methods for making and using
such formulations. The invention includes liquid pharmaceutical formulations having increased stability, as well as for-
mulations that may be lyophilize and reconstituted for intravitreal administration.

Statement of Related Art

[0002] Vascular endothelial growth factor (VEGF) expression is nearly ubiquitous in human cancer, consistent with
its role as a key mediator of tumor neoangiogenesis. Blockade of VEGF function, by binding to the molecule or its
VEGFR-2 receptor, inhibits growth of implanted tumor cells in multiple different xenograft models (see, for example,
Gerber et al. (2000) Cancer Res. 60:6253-6258). A soluble VEGF-specific fusion protein antagonist, termed a "VEGF
trap" has been described (Kim et al. (2002) Proc. Natl. Acad. Sci. USA 99:11399-404; Holash et al. (2002) Proc. Natl.
Acad.Sci. USA 99:11393-8).

[0003] Ophthalmic formulations are known, see for example, U.S. 7,033,604 and 6,777,429, An ophthalmic formulation
of a VEGF antibody is described in US 6,676,941.

[0004] Lyophilization (freeze drying under controlled conditions) is commonly used for long-term storage of proteins,
The lyophilized protein is substantially resistant to degradation, aggregation, oxidation, and other degenerative processes
while in the freeze-dried state (see, for example, U,S. 6,436,897).

BRIEF SUMMARY OF THE INVENTION

[0005] Stable formulations of a VEGF-specific fusion protein antagonist are provided. Pharmaceutically acceptable
formulations are provided that comprise a VEGF "trap" antagonist with a pharmaceutically acceptable carrier. In specific
embodiments, liquid and lyophilized formulations are provided.

[0006] In afirst aspect, a stable liquid ophthalmic formulation of a VEGF-specific fusion protein antagonist is provided,
comprising a fusion protein that comprises a receptor component consisting essentially of an immunoglobulin-like (1g)
domain 2 of a first VEGF receptor and lg domain 3 of a second VEGF receptor, and a multimerizing component (also
termed a "VEGF trap"). In a specific embodiment of the VEGF-specific fusion protein antagonist, the first VEGF receptor
is FIt1 and the second VEGF receptor is FIk1 or Flt4. In a more specific embodiment the fusion protein has the amino
acid sequence of SEQ ID NO:2 or SEQ ID NO:4. Preferably, the VEGF antagonist is a dimer comprising two fusion
proteins of SEQ ID NO:4.

[0007] In one aspect, a stable liquid ophthalmic formulation is provided that comprises 1-100 mg/ml VEGF-specific
fusion protein antagonist, 0.01-5% of one or more organic co-solvent(s), 30-150 mM of one or more tonicity agent(s),
5-40 mM of a buffering agent, and optionally, 1.0-7.5% of a stabilizing agent, pH between about 5.8-7.0.

[0008] In one or more specific embodiments, the organic co-solvent may be polysorbate, for example, polysorbate 20
or polysorbate 80, polyethylene glycol (PEG), for example, PEG 3350, or propylene glycol, or a combination thereof;
the tonicity agent may be, for example, sodium chloride or potassium chloride; the stabilizing agent may be sucrose,
sorbitol, glycerol, trehalose, or mannitol; and the buffering agent may be, for example, phosphate buffer. In a specific
embodiment, the phosphate buffer is a sodium phosphate buffer.

[0009] In various embodiments, the organic co-solvent is polysorbate and/or PEG, the stabilizing agent is sucrose,
the buffering agent is phosphate buffer, and the tonicity agent is sodium chloride.

[0010] More specifically, the stable liquid ophthalmic formulation comprises about 40-50 mg/ml of the VEGF antagonist
(SEQ ID NO:4), about 10 mM phosphate buffer, 0.01-3% polysorbate and/or PEG, 40-135 mM sodium chloride, and
optionally 5.0% sucrose, pH about 6.2-6.3.

[0011] In a specific preferred embodiment, the stable liquid ophthalmic formulation comprises about 50 mg/ml of the
VEGF antagonist (SEQ ID NO:4), 10 mM sodium phosphate buffer, 50 mM sodium chloride, 0.1 % polysorbate, and 5%
sucrose, pH about 6.2-6.3.

[0012] In a specific preferred embodiment, the stable liquid ophthalmic formulation comprises about 50 mg/ml of the
VEGF antagonist (SEQ ID NO:4), 10 mM sodium phosphate buffer, 50 mM sodium chloride, 3% PEG, and 5% sucrose,
pH about 6.2-6.3.

[0013] In a specific preferred embodiment, the stable liquid ophthalmic formulation comprises about 40 mg/ml of the
VEGF antagonist (SEQ ID NO:4), 10 mM sodium phosphate buffer, 40 mM sodium chloride, 0.03% polysorbate, and
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5% sucrose, pH about 6.2-6.3.

[0014] In a specific preferred embodiment, the stable liquid ophthalmic formulation comprises about 40 mg/ml of the
VEGF antagonist (SEQ ID NO,4), 10 mM sodium phosphate buffer, 135 mM sodium chloride, and 0.03% polysorbate,
pH about 6.2-6.3.

[0015] Inanother aspect, a stable liquid ophthalmic formulation is provided that comprises 1-100 mg/ml VEGF-specific
fusion protein antagonist; 0.01-5% of one or more organic co-solvent(s); 5-40 mM of a buffering agent; and optionally
30-150 mM of one or more tonicity agent(s) and/or 1.0-7.5% of a stabilizing agent; having a pH between about 5.8-7.0.
[0016] Invarious embodiments, the VEGF antagonist (SEQ ID NO:4) is present at a concentration of about 10 to about
80 mg/ml. In various embodiments, the VEGF antagonist (SEQ ID NO:4) is present at a concentration of about 10, about
20, about 30, about 40, about 50, about 60, about 70, or about 80 mg/ml. In a preferred embodiment, the VEGF antagonist
(SEQ ID NO:4) is present at a concentration of about 40 mg/ml.

[0017] In another embodiment, the stabilizing agent is selected from one or more of sucrose, sorbitol, glycerol, treha-
lose, and mannitol.

[0018] In another embodiment, the organic co-solvent is selected from one or more of polysorbate, for example,
polysorbate 20 or polysorbate 80, polyethylene glycol (PEG), for example, PEG 3350, and propylene glycol.

[0019] In another embodiment, the buffer is a phosphate buffer, for example, sodium phosphate.

[0020] In another embodiment, the tonicity agent is a salt, for example, sodium chloride.

[0021] In one embodiment, the stable liquid ophthalmic formulation comprises 10 mM sodium phosphate buffer, about
0,03 to about 0.1% polysorbate and/or about 3% PEG or propylene glycol, about 40 mM sodium chloride, and about
5% sucrose. In a specific embodiment, the stable liquid ophthalmic formulation comprises 10 mM sodium phosphate
buffer, about 0,03% polysorbate, about 40 mM sodium chloride, and about 5% sucrose. In another specific embodiment,
the pH of the formulation is about 6.2 to about 6.3. In another specific embodiment, the pH is achieved by mixing mono-
and dibasic sodium phosphate to the desired pH without acid/base titration.

[0022] In a specific embodiment, the stable liquid ophthalmic formulations consists essentially of a VEGF antagonist
(SEQ ID NO:4) at 40 mg/ml, 10 mM sodium phosphate buffer, polysorbate at 0.03%, sodium chloride at 40 mM, and
sucrose at 5%, pH 6.2-6.3.

[0023] In another aspect, a stable liquid ophthalmic formulation is provided that comprises about 10 to about 80 mg/ml
VEGF antagonist, about 10 mM sodium phosphate buffer, about 0.03% polysorbate, and about 135 mM sodium chloride,
pH of 6.2 to 6.3.

[0024] In various embodiments, the VEGF antagonist (SEQ ID NO:4) is present at a concentration of about 10 to
about 80 mg/ml. In various embodiments, the VEGF antagonist (SEQ ID NO:4) is present at a concentration of about
10, about 20, about 30, about 40, about 50, about 60, about 70, or about 80 mg/ml. In a specific embodiment, the VEGF
antagonist (SEQ ID NO: 4) is present at a concentration of about 40 mg/ml.

[0025] In one embodiment, the stable liquid ophthalmic formulation comprises 40 mg/ml of VEGF antagonist (SEQ
ID NO:4), 10 mM sodium phosphate buffer, 0.03% polysorbate, and 135 mM sodium chloride at pH 6.2-6.3. In a specific
embodiment, the stable liquid ophthalmic formulation consists essentially of 40 mg/ml of VEGF antagonist (SEQ ID NO:
4), 10 mM sodium phosphate buffer, 0.03% polysorbate, and 135 mM sodium chloride at pH 6,2-6.3,

[0026] In another aspect, a lyophilizable formulation of a VEGF antagonist is provided, wherein upon lyophilization
followed by reconstitution, a stable liquid ophthalmic formulation as described herein is obtained.

[0027] In another aspect, a lyophilizable formulation of a vascular endothelial growth factor (VEGF)-specific fusion
protein antagonist is provided, comprising 5-50 mg/ml of the VEGF antagonist, 5-25 mM buffer, such as phosphate
buffer, 0.01 to 0.15% of one or more of an organic co-solvent, such as polysorbate, propylene glycol and/or PEG, and
optionally 1-10% of a stabilizing agent such as sucrose, sorbitol, trehalose, glycerol, or mannitol, pH about 5.8-7.0, In
various embodiments, the VEGF antagonist (SEQ ID NO:4) is present at about 5, about 10, about 20, about 30, or about
40 mg/ml. In a specific embodiment, the lyophilizable ophthalmic formulation of the invention comprises 20 mg/ml of the
VEGF antagonist, 10 mM sodium phosphate buffer, 0.03% polysorbate, 0.1 % PEG, and 2.5% sucrose, pH about 6.2-6.3.
In further embodiments, the lyophilizable formulation further comprises sodium chloride. In a specific embodiment, the
sodium chloride is present at a concentration of about 20 mM. In another specific embodiment, the sodium chloride is
present at a concentration of about 67.5 mM.

[0028] In another specific embodiment, the lyophilizable ophthalmic formulation of the invention comprises 20 mg/ml
of the VEGF antagonist, 5 mM sodium phosphate buffer, 0.01 % polysorbate, 20 mM sodium chloride, and 2.5% sucrose,
pH about 6.2-6.3.

[0029] In another embodiment, the lyophilizable ophthalmic formulation comprises 5 mg/ml, 10 mg/ml, or 40 mg/ml
VEGF antagonist, 5 mM sodium phosphate buffer, 0.015% polysorbate, 20 mM sodium chloride, and 2.5% sucrose, at
pH 6.2-6.3. In a specific embodiment, the lyophilizable ophthalmic formulation consists essentially of 5 mg/ml, 10 mg/ml,
or 40 mg/ml VEGF antagonist (SEQ ID NO:4), 5 mM sodium phosphate buffer, 0.015% polysorbate, 20 mM sodium
chloride, and 2.5% sucrose, at pH 6.2-6.3.

[0030] In another specific embodiment, the lyophilizable ophthalmic formulation comprises 20 mg/ml of the VEGF
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antagonist, 5 mM sodium phosphate buffer, 0.015% polysorbate, and 67.5 mM sodium chloride, pH about 6.2-6.3. In a
more specific embodiment, the lyophilizable ophthalmic formulation consists essentially of 20 mg/ml of the VEGF an-
tagonist (SEQ ID NO:4), 5 mM sodium phosphate buffer, 0,015% polysorbate, and 67.5 mM sodium chloride, pH 6.2-6.3.
[0031] In another specific embodiment, the lyophilizable ophthalmic formulations comprises 5 mg/ml, 10 mg/ml, or 40
mg/ml VEGF antagonist, 5 mM sodium phosphate buffer, 0.015% polysorbate, and 67.5 mM sodium chloride, pH about
6.2-6.3. In a more specific embodiment, the lyophilizable ophthalmic formulation consists essentially of 5 mg/ml, 10
mg/ml, or 40 mg/ml VEGF antagonist (SEQ ID NO:4), 5 mM sodium phosphate buffer, 0.015% polysorbate, and 67.5
mM sodium chloride, pH about 6.2-6.3.

[0032] Generally, the reconstituted formulation is about 2 times the concentration of the pre-lyophilized formulation,
e.g., a 20 mg fusion protein/ml pre-lyophilized formulation is reconstituted to a final formulation of 40 mg fusion protein/ml.
[0033] Generally, the lyophilized formulation is reconstituted with sterile water suitable for injection. Inone embodiment,
the reconstitution liquid is bacteriostatic water.

[0034] In another aspect, the invention features a method of producing a lyophilized formulation of a VEGF-specific
fusion protein antagonist, comprising subjecting the lyophilizable formulation of the invention to lyophilization to generate
a lyophilized formulation. The lyophilized formulation may be lyophilized by any method known in the art for lyophilizing
a liquid,

[0035] In another related aspect, the invention features a method of producing a reconstituted lyophilized formulation
of a VEGF antagonist, comprising reconstituting the lyophilized formulation of the invention to a reconstituted formulation.
In one embodiment, the reconstituted formulation is twice the concentration of the pre-lyophilized formulation, e.g., the
method of the invention comprises: (a) producing a pre-lyophilized formulation of a VEGF-specific fusion protein antag-
onist, (b) subjecting the pre-lyophilized formulation of step (a) to lyophilization; and (c) reconstituting the lyophilized
formulation of step (b).

[0036] Theinvention furtherfeatures ophthalmicformulations provided in a pre-filled syringe or vial, particularly suitable
for intravitreal administration.

[0037] Other objects and advantages will become apparent from a review of the ensuing detailed description.

DETAILED DESCRIPTION OF THE INVENTION

[0038] The present invention is not limited to particular methods, and experimental conditions described, as such
methods and conditions may vary. It is also to be understood that the terminology used herein is for the purpose of
describing particular embodiments only, and is not intended to be limiting unless indicated, since the scope of the present
invention will be limited only by the appended claims.

[0039] Unless stated otherwise, all technical and scientific terms and phrases used herein have the same meaning
as commonly understood by one of ordinary skill in the art to which the invention belongs. Although any methods and
materials similar or equivalent to those described herein can be used in the practice or testing of the present invention,
the preferred methods and materials are now described.

General Description

[0040] Safe handling and administration of formulations comprising proteins represent significant challenges to phar-
maceutical formulators. Proteins possess unique chemical and physical properties that present stability problems: a
variety of degradation pathways exist for proteins, implicating both chemical and physical instability. Chemical instability
includes deamination, aggregation, clipping of the peptide backbone, and oxidation of methionine residues. Physical
instability encompasses many phenomena, including, for example, aggregation and/or precipitation.

[0041] Chemical and physical stability can be promoted by removing water from the protein. Lyophilization (freeze-
drying under controlled conditions) is commonly used for long-term storage of proteins. The lyophilized protein is sub-
stantially resistant to degradation, aggregation, oxidation, and other degenerative processes while in the freeze-dried
state. The lyophilized protein may be reconstituted with water optionally containing a bacteriostatic preservative (e.g.,
benzyl alcohol) prior to administration.

Definitions

[0042] The term "carrier" includes a diluent, adjuvant, excipient, or vehicle with which a composition is administered,
Carriers can include sterile liquids, such as, for example, water and oils, including oils of petroleum, animal, vegetable
or synthetic origin, such as, for example, peanut oil, soybean oil, mineral oil, sesame oil and the like.

[0043] The term "excipient" includes a non-therapeutic agent added to a pharmaceutical composition to provide a
desired consistency or stabilizing effect. Suitable pharmaceutical excipients include, forexample, starch, glucose, lactose,
sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate, glycerol monostearate, talc, sodium chloride, dried
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skim milk, glycerol, propylene, glycol, water, ethanol and the like.
[0044] The term "lyophilized" or "freeze-dried" includes a state of a substance that has been subjected to a drying
procedure such as lyophilization, where at least 90% of moisture has been removed.

VEGF Antagonists

[0045] A VEGF antagonist is a compound capable of blocking or inhibiting the biological action of vascular endothelial
growth factor (VEGF), and includes fusion proteins capable of trapping VEGF. In a preferred embodiment, the VEGF
antagonist is the fusion protein of SEQ ID NO:2 or 4: more preferably, SEQ ID NO:4. In specific embodiments, the VEGF
antagonist is expressed in a mammalian cell line such as a CHO cell and may be modified post-translationally. In a
specific embodiment, the fusion protein comprises amino acids 27-457 of SEQ ID NO:4 and is glycosylated at Asn
residues 62, 94, 149, 222 and 308. Preferably, the VEGF antagonist is a dimer composed of two fusion proteins of SEQ
ID NO:4.

[0046] The VEGF antagonist of the methods and formulations of the invention can be prepared by any suitable method
known in the art, or that comes to be known. The VEGF antagonist is preferably substantially free of protein contaminants
atthetimeitis used to prepare the pharmaceutically acceptable formulation. By "substantially free of protein contaminants™"
is meant, preferably, that at least 90 % of the weight of protein of the VEGF-specific fusion protein antagonist preparation
used for making a formulation is VEGF fusion protein antagonist protein, more preferably at least 95%, most preferably
at least 99%. The fusion protein is preferably substantially free of aggregates. "Substantially free of aggregates" means
that at least 90% of the weight of fusion protein is not present in an aggregate at the time the fusion protein is used to
prepare the pharmaceutical effective formulation. Unless stated otherwise, the phosphates employed are sodium phos-
phates and a desired buffering pH is achieved by mixing appropriate amounts of mono- and dibasic sodium phosphate,

Stable Liquid Ophthalmic Formulations

[0047] In one aspect, the invention provides a stable pharmaceutically acceptable formulation comprising a VEGF
antagonist, wherein the formulation is a liquid formulation suitable for ophthalmic use. Preferably, the liquid formulation
comprises a pharmaceutically effective amount of the VEGF antagonist. The formulation can also comprise one or more
pharmaceutically acceptable carriers, buffers, tonicity agents, stabilizers, and/or excipients. An example of a pharma-
ceutically acceptable liquid formulation comprises a VEGF antagonist in a pharmaceutically effective amount, a buffer,
an organic co-solvent such as polysorbate, a tonicity agent such as NaCl, and optionally, a stabilizer such as sucrose
or trehalose.

[0048] Stability is determined in a number of ways at specified time points, including determination of pH, visual
inspection of color and appearance, determination of total protein content by methods known in the art, e.g., UV spec-
troscopy, and purity is determined by, for example, SDS-PAGE, size-exclusion HPLC, bioassay determination of activity,
isoelectric focusing, and isoaspartate quantification. In one example of a bioassay useful for determining VEGF antagonist
activity, a BAF/3 VEGFR1/EPOR cell line is used to determine VEGF 165 binding by the VEGF antagonist of the invention.
[0049] Liquid formulations can be stored in an oxygen-deprived environment. Oxygen-deprived environments can be
generated by storing the formulations under an inert gas such as, for example, nitrogen or argon. Liquid formulations
are preferably stored at about 5°C.

Ophthalmic Lyophilized Formulations

[0050] In one aspect of the invention, an ophthalmically acceptable formulation comprising a VEGF antagonist is
provided, wherein the formulations is a lyophilizable formulation. Lyophilizable formulations can be reconstituted into
solutions, suspensions, emulsions, or any other suitable form for administration or use. Lyophilizable formulation are
typically first prepared as liquid, then frozen and lyophilized. The total liquid volume before lyophilization can be less,
equal to, or more than, the final reconstituted volume of the lyophilized formulation. The lyophilization process is well
known to those of ordinary skill in the art, and typically includes sublimation of water from a frozen formulation under
controlled conditions.

[0051] Lyophilized formulations can be stored at a wide range of temperatures. Lyophilized formulations may be stored
below 25°C, for example, refrigerated at 2-8°C, or at room temperature (e.g., approximately 25°C). Preferably, lyophilized
formulations are stored below about 25°C, more preferably, at about 4-20°C; below about 4°C; below about -20°C; about
- 40°C; about "70°C, or about -80°C. Stability of the lyophilized formulation may be determined in a number of ways
known to the art, for example, by visual appearance of the cake and/or by moisture content.

[0052] Lyophilized formulations are typically reconstituted for use by addition of an aqueous solution to dissolve the
lyophilized formulation. A wide variety of aqueous solutions can be used to reconstitute a lyophilized formulation. Pref-
erably, lyophilized formulations are reconstituted using water. Lyophilized formulations are preferably reconstituted with
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a solution consisting essentially of water (e.g., USP WFI, or water for injection) or bacteriostatic water (e.g., USP WFI
with 0.9% benzyl alcohol). However, solutions comprising buffers and/or excipients and/or one or more pharmaceutically
acceptable carries can also be used.

[0053] Freeze-dried orlyophilized formulations are typically prepared from liquids, that is, from solutions, suspensions,
emulsions, and the like. Thus, the liquid that is to undergo freeze-drying or lyophilization preferably comprises all com-
ponents desired in a final reconstituted liquid formulation. As a result, when reconstituted, the freeze-dried or lyophilized
formulation will render a desired liquid formulation upon reconstitution.

EXAMPLES

[0054] Before the present methods are described, it is to be understood that this invention is not limited to particular
methods, and experimental conditions described, as such methods and conditions may vary. It is also to be understood
that the terminology used herein is for the purpose of describing particular embodiments only, and is not Intended to be
limiting, since the scope of the present invention will be limited only to the appended claims.

[0055] Unless defined otherwise, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention belongs. Although any methods and materials similar
or equivalent to those described herein can be used in the practice or testing of the present invention, the preferred
methods and materials are now described.

Example 1. Stability of 50 mg/ml VEGF Trap Liquid Formulation Stored at 5°C in 3 ml Glass Vials.

[0056] An ophthalmic liquid formulations containing 50 mg/ml VEGF Trap (SEQ ID NO:4), 10 mM phosphate, 50 mM
NaCl, 0.1% polysorbate 20, 5% sucrose, and pH 6.25, was stored at 5 °C in 3 ml glass vials and samples tested at 3,
6, 9, 12, 18 and 24 months. Stability was determined by SE-HPLC. The results are shown in Table 1. Turbidity was
measured at OD4q5 nm; and percent recovered protein and purity by size exclusion HPLC.

Table 1. Stability of 50 mg/ml VEGF Trap Protein (VGFT-SS065)

Months | Visual Appearance ( ;gi::isd:%) pH | %VEGF Trap Recovered % Vg;':i;l:?_:t:a:ive
0 Pass 0.00 6.2 100 98.8
3 Pass 0.00 6.2 101 98.7
6 Pass 0.01 6.3 100 98.3
9 Pass 0.01 6.3 101 98,3
12 Pass 0.01 6.3 104 98.4
18 Pass 0.01 6.3 96 98.1
24 Pass 0.01 6.3 105 98.1

Example 2. Stability of 50 mg/ml VEGF Trap Liquid Formulation Stored at 5°C in 3 ml Glass Vials.

[0057] A liquid formulation containing 50 mg/ml VEGF Trap (SEQ ID NO:4), 10 mM phosphate, 50 mM NaCl, 3%
polyethylene glycol 3350, 5% sucrose, and pH 6.25, was stored at 5°C in 3 nil glass vials and samples tested at 3, 6,
9, 12, 18 and 24 months. Stability results are shown in Table 2. Turbidity, percent recovered protein and purity was
determined as described above.

Table 2. Stability of 50 mg/ml VEGF Trap Protein (VGFT-SS065)

% VEGF Trap Native
Configuration

Months | Visual Appearance | Turbidity | PH | % VEGF Trap Recovered

0 Pass 0.00 6.2 100 98.9
3 Pass 0.00 6.1 104 98.5
6 Pass 0.01 6.3 99 98.3
9 Pass 0.00 6.3 102 97.6
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(continued)

o -
Months | Visual Appearance | Turbidity | PH | % VEGF Trap Recovered g V(;Ecﬁ::i;;?:t:,antlve
12 Pass 0.01 6.3 103 98.0
18 Pass 0.00 6.3 113 97.7
24 Pass 0.00 6.2 106 97.6

Example 3. Stability of 40 mg/ml VEGF Trap Liquid Formulation Stored at 5°C in 3 ml Glass Vials.

[0058]

A liquid formulation containing 40 mg/ml VEGF Trap (SEQ ID NO:4), 10 mM phosphate, 40 mM NacCl, 0.03%

polysorbate, 20, 5% sucrose, and pH 6.3, was stored at 5 °C in 3 ml glass vials and samples tested at 0.5, 1, 2, 3, and
4 months. stability results are shown in Table 3. Turbidity, percent recovered protein and purity was determined as
described above.

Table 3. Stability of 40 mg/ml VEGF Trap Protein (VGFT.SS207)

o -
Months | Visual Appearance | Turbidity | pH | % VEGF Trap Recovered g V(I:Eil:i;';?:t:’antlve
0 Pass 0.00 6.3 100 99.5
0.5 Pass 0.00 6.3 99 99.4
1 Pass 0.00 6.2 98 99.5
2 Pass 0.00 6.2 95 99.2
3 Pass 0.01 6.4
4 Pass 0.01 6.3

Example 4. Stability of 40 mg/ml VEGF Trap Liquid Formulation Stored at 5°C in Pre-filled Glass Syringe.

[0059] A liquid formulation containing 40 mg/ml VEGF trap (SEQ ID NO:4), 10 mM phosphate, 40 mM NaCl, 0.03%
polysorbate 20, 5% sucrose, and pH 6.3, was stored at 5 °C in 1 ml prefilled luer glass syringe with 4023/50 FluroTec
coated plunger and samples tested at 0.5, 1, 2, 3, and 4 months. Stability results are shown in Table 4. Turbidity, percent

recovered protein and purity was determined as described above.

Table 4. Stability of 40 mg/ml VEGF Trap Protein (VGFT-SS207)

o .
Months | Visual Appearance | Turbidity | pH | % VEGF Trap Recovered g v(fcﬁmii;;?:t:;twe
0 Pass 0.00 6.3 100 99.4
0.5 Pass 0.00 6.3 100 99.3
1 Pass 0.00 6.3 100 99.4
2 Pass 0.00 6.3 97 99.1
3 Pass 0.01 6.4
4 Pass 0.01 6.3

Example 5. Stability of 40 mg/ml VEGF Trap Liquid Formulation Stored at 5°C in 3 ml Glass Vials.

[0060]

A liquid formulation containing 40 mg/ml VEGF trap (SEQ ID NO:4), 10 mM phosphate, 135 mM NaCl, 0.03%
polysorbate, 20, and pH 6.3, was stored at 5°C in 3 ml glass vials and samples tested at 0.5, 1, 2, 3, and 4 months.
Stability results are shown in Table 5. Turbidity, percent recovered protein and purity was determined as described above.
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Table 5. Stability of 40 mg/ml VEGF Trap Protein (VGFT-SS203)

o -
Months | Visual Appearance | Turbidity | pH | % VEGF Trap Recovered g Vgg‘ii;;?:t:itwe
0 Pass 0.00 6.3 100 99.3
0.5 Pass 0.00 6.2 87 99.2
1 Pass 0.00 6.2 88 99.1
2 Pass 0.00 6.3 103 99.2
3 Pass 0.00 6.3 88 99.0
4 Pass 0.00 6.2 85 98.9
5 Pass 0.00 6.3 84 99.0

Example 6. Stability of 40 mg/ml VEGF Trap Liquid Formulation Stored at 5°C in 1 ml Pre-filled Glass Syringe.

[0061] A liquid formulation containing 40 mg/ml VEGF trap (SEQ ID NO:4), 10 mM phosphate, 135 mM NaCl, 0.03%
polysorbate 20, and pH 6.3, was stored at 5 °C in 1 ml prefilled glass luer syringe with 4023/50 FluroTec coated plunger
and samples tested at 0.5, 1, 2, 3, 4, and 5 months. Stability results are shown in Table 6. Turbidity, percent recovered
protein and purity was determined as described above.

Table 6. Stability of 40 mg/ml VEGF Trap Protein (VGFT-SS203)

o .
Months | Visual Appearance | Turbidity | pH | % VEGF Trap Recovered g V(;Ej\l:i;:?:t:;tlve
0 Pass 0.00 6.3 100 99.2
0.5 Pass 0.01 6.3 101 99.2
1 Pass 0.00 6.3 101 99.2
2 Pass 0.00 6.3 - -
3 Pass 0.01 6.3 102 99.1
4 Pass 0.01 6.3 103 98.8
5 Pass 0.00 6.3 99 98.9

Example 7. Stability of Lyophilized 20 mg/ml VEGF Trap Formulation Stored at 5° C in 3 ml Glass Vials and
Reconstituted to 40 mg/mi.

[0062] 0.8 ml of a liquid formulation containing 20 mg/ml VEGF trap (SEQ ID NO:4), 5 mM phosphate. 20 mM NacCl,
0.015% polysorbate 20, 2.5% sucrose, and pH 6.3, were lyophilized in 3 ml glass vials. Samples were stored at 5°C
and tested at 1, and 2 months. VEGF trap was reconstituted to a final concentration of 40 mg/ml VEGF Trap (final volume
of 0.4 ml). Stability results are shown in Table 7 (t = time in months; * = visual appearance; ** = reconstitution time).
Turbidity, percent recovered protein and purity was determined as described above.

Table 7. Stability of Lyophilized 20 mg/ml VEGF Trap Protein (VGFT-SS216).

- Vis. App.*
*k 0, 0,
t | Vis. App.* Recon..Tlme Reconst’d Turbidity | pH % VEGF Trap A,YEGFTra_p
(min) L Recovered Native Config.
Liquid
0 Pass 0.6 Pass 0.00 6.3 100 99.5
1 Pass 0.6 Pass 0.01 6.3 106 99.4
2 Pass 0.4 Pass 0.01 6.2 103 99.3
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Example 8. Stability of Lyophilized 20 mg/ml VEGF Trap Formulation Stored at 5°C In 3 ml Glass Vials.

[0063] 0.8 mlof aliquid formulation containing 20 mg/ml VEGF trap (SEQ ID NO:4), 5 mM phosphate, 67.5 mM NaCl,
0.015% polysorbate 20, and pH 6.3, were lyophilized in 3 ml glass vials. Samples were stored at 5°C and tested at 1,
2, and 3 months. VEGF trap was reconstituted to a final concentration of 40 mg/ml VEGF trap (final volume of 0.4 ml).
Stability result are shown in Table 8 (t = time in months; * = visual appearance; ** = reconstitution time).

Table 8. Stability of Lyophilized 20 mg/ml VEGF Trap Protein (VGFT-SS216)
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. Vis. App.
*% 0, o,

t Vis. App.* Recon..Tlme Reconst’d Turbidity | pH % VEGF Trap & \.,EGF Tra_p

(min) - Recovered Native Config.

Liquid

0 Pass 0.7 Pass 0.00 6.3 100 99.0
1 Pass 0.7 Pass 0.01 6.2 105 98.9
2 Pass 0.4 Pass 0.01 6.2 103 98.9

ASPECTS OF THE DISCLOSURE

[0064] The following are aspects of the disclosure.

(1) an ophthalmic formulation of a vascular endothelial growth factor (VEGF) antagonist, comprising

(a) 1-100 mg/ml a VEGF antagonist comprising the amino acid sequence of SEQ ID NO: 4;

(b) 0.01-5% of one or more organic co-solvent(s) which is one or more of polysorbate, polyethylene glycol
(PEG), and propylene glycol;

(c) 30-150 mM of a tonicity agent selected from sodium chloride or potassium chloride; and,

(d) 5-40 mM of sodium phosphate buffer; and optionally further comprising 1.0-7.5% of a stabilizing agent is
selected from the group consisting of sucrose, sorbitol, glycerol, trehalose, or mannitol, pH between about
5.8-7.0.

(2) An ophthalmic formulation according to (1), comprising about 1-100 mg/ml, preferably 10-80 mg/ml, of the VEGF
antagonist, 10 mM sodium phosphate buffer, 40 mM NaCl, 0.03% polysorbate, and 5% sucrose, pH about 6.2-6.3.

(3) An ophthalmic formulation according to (2), comprising VEGF antagonist at a concentration selected from the
group consisting of 10 mg/ml, 20 mg/ml, 40 mg/ml, and 80 mg/ml.

(4) An ophthalmic formulation according to any one of (1) to (3), comprising 10-80 mg/ml VEGF antagonist, 10 mM
sodium phosphate, 0.03% polysorbate, and 135 mM sodium chloride, pH about 6.2-6.3.

(5) A lyophilizable formulation of a vascular endothelial growth factor (VEGF) antagonist, comprising

(a) 5-50 mg/ml of the VEGF antagonist, preferably 5 mg/ml, 10 mg/ml, 20 mg/ml or 40 mg/ml comprising the
amino acid sequence of SEQ ID NO: 4;

(b) 5-25 mM of sodium phosphate buffer, pH about 5.8-7.0;

(c) 0.01-0.15% of an organic co-solvent, selected from the group consisting of polysorbate, polyethylene glycol
(PEG), propylene glycol, and a combination thereof; and, optionally

(d) 1-10% of a stabilizing agent selected from the group consisting of sucrose, sorbitol, glycerol, trehalose, and
mannitol; or 20-150 mM of a tonicity agent, preferably sodium chloride; or 1 -10% of the stabilizing agent and
20-150 mM of the tonicity agent.

(6) A lyophilizable formulation according to (5), comprising about 20 mg/ml of the VEGF antagonist, about 10 mM
sodium phosphate buffer, about 0.03% polysorbate, about 0.1% PEG, and about 2.5% sucrose, pH about 6.2-6.3.

(7) A lyophilizable formulation according to (5), comprising about 20 mg/ml of the VEGF antagonist, about 5 mM
sodium phosphate buffer, about 0.015% polysorbate, about 2.5% sucrose, and further comprising sodium chloride
at about 20 mM, pH about 6.2-6.3.
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EP 2 364 691 A1
(8) A lyophilizable formulation according to (6), comprising about 20 mg/ml of the VEGF antagonist, about 5 mM
sodium phosphate buffer, about 0.015% polysorbate, and further comprising sodium chloride at about 67.5 mM, pH
about 6.2-6.3.

(9) A method of producing a lyophilized formulation of a VEGF antagonist, comprising subjecting the pre-lyophilized
formulation according to (5) to (8) to Iyophilization to generate a lyophilized formulation.

(10) A pre-flled syringe suitable for intravitreal administration comprising the formulation of (1).

10
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«140>
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150>
<131>
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<L80> 4

<170> FastShQ for Windows Version 4.0

<2i0> 1
<211i> 1453
<212> DNA

<213» Artificial Sequence

<220
<223>

<400> 1

aagottggye
gaaccaccat
tgcotteotoac
cogagattat
ctaacaioao
geataatotyg
ggettotgac
atcgacapac
ctattggage
acttcaacty
taaagaccca
taacooggag
agascageec
caccgtgeoo
cocarggacas
gocacgaaga
CCRAgacAaa
coegicetgea
coctonrage
aggtgtacac
goctggioas
cggagannsn
atagcaaget
tgatgeatygs
aatgagogye

<2107 2
<211> 458
<212> PRT

Synthetlic

tgoaggtoga
agtocaggtac
aggatetagts
acacatgact
bottactita
gaacagtaga
ctgtgaagoa
caatacaate
anagettotc
goastascet
geoetgguegh
Lgacoaagga
atttgtoagy
agoacctgaa
coteatygate
cocotgaggte
geedegygag
ceaggactgg
ccocatogag
cotgecoeea
aggortotat
ctacaagace
caccybggac
ggotctgrag
cHs

togactotag
tqggacaceq
toeggaggta
gaaggaagay
aaasagbtte
aagggctica
acagtoaatyg
atagatgtay
thazstbgta
tottegaage
gagaltysaga
ttgtacacet
ghecatgaaa
ctoctguggy
toeoggacoe
aagttoaact
gAageagraca
ctgaatggea
aggaccatot
teacegggatg
coeagogacsa
acqgoetoneg
azgagcaggt
aaccachtaca

<213>» Artificial Seguence

aggatogate
gggrectgot
gagetivegt
ageotogtoat
ocactligacan
teatatoaas
gycaltigha
thetgagtos
CRguaagaac
ateageatas
aatttttgay
ghtgcageatea
agggccoyggy
gaccegtoagt
chgaggtcac
ggtacgtgga
anagcacgla
sggagtacaa
CCRAAGOCAR
agetgaccaa
tegoogtagga
egotggacte
Jucageayyy
cgragasgag

11

cacgggegay
Jqugogecery
agagatgtac
Twoootgoogyg
titgateoet
tygcaacgtac
taagacaaac
gtoteatgga
tgasctaaat
gaaacttgta
cacoktaact
cagtgygety
cgacaadaat
ctitcototto
atgoegtggty
cggegtggag
ceghgtgogte
glacaaggte
agggeagoec
gaaceagghe
grygggagage
cgacggotec
gaacgtctto
cohkctoocelg

ctogaattoy
crtoagetgre
agtbgaaateg
gttacgteac
gabggaaaac
aaagaaatag
tabtctcacac
attgaactat
gtgggyatty
aaccgagase
atagatggiy
atogaccaaga
cacacatgos
coeoccaaans
gtggacgtga
gtogcataatyg
agegtectca
tocaacaang
Qgagaascas
aguctgacct
aatgggecage
ttottestot
teatgeteoey
teteagggta

6J
1290
180
240
330
aen
420
480
540
Go0
660
120
780
B4O
8930
aa0
1020
108s
11490
1200
1260
1320
1380
1440
1453
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220>
<223> Synthetic

<400> 2

Met
i
Cys
et
Leu
Lys

g5

m

ile
™hr
Leau
Lgu
145
Trp
Asp
Lan
Ala
Val
225
Fro
Lys
Yal
Tyr
Giu
306
His
Lye
Gln
Lau
Pro
385
Asn
Liew

Val

Gln

Val
Leu
Tyr
Val
20

Lys
Asp
Gly
Asn
Ser
130
Asgn
Glu
Ly
Thr
Ala
210
His
Ala
Fra
Val
Val
280
Gln
Gln
Als
Pro
Thx
370
Ser
Tyr
Tyx

Phg

Lys

Segr
Leu
Ser
a5

1le
Fhe
Sex
Leu
Ty
115
Pro
Cys
Tyr
Lyg
Ile
195
Ser
Glu
Pro
1ys
Val

275
AsD

TYT
asp
Leu
Arg

355
Lys

Lys
Ser
Sex

435
Ser

Fyr
Leu
20

Glu

Pro

Thr
Pro
Thr
180
Asp
Ser
Lys
Glu
AsSp
280
Aap
GLly
Asn
Trp
Pro
340
Glu
Asn
Lle
Thr
Lys
420
Cys

hau

Trp
Thr
Ile
Cys
ey
Lys
Thr
Thr
His
Ala
ey
185
Gln
Gly
Gly
Gly
Len

245
Thr

Val
Ser
Lew
328
Ala
Pro
Gln
Ala
Thr
405
Leuw

Ser

Ser

hsp
Gly
Pra
Fib o |
ABD
70

Gly
Cys
His
Gly
Arg
150
Ser
Ser
Yal
Leu
Pro
230
Lew
Lau
Ser
Slu
Thr
310
Asn

Pro

Vai
Val
380
bro
The
Val

Leu

Thr
Ser
Gluw
Val

55
hr

Glu
aArg
Iie
135
Thr
Lys
Gly
Thr
Met
215
Gly
GlLy
et
His
Val
235
Ty
GLy
Ile
val
Sey
375
GlLu
FPro
Val
Met

Ser
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Gly
Bex
Ils
40

Thx

Ieu

Ala
Gln
126
Glu
Glu
Hig
Jer
Arg
200
The
Asp
Gly
Iig
Glu
280
His
Arg
hys
Giu
TYr

360
Lau

Trp
val
ASD
His

440
Pro

Val
Ser
Tle
Sar
Ile
lle
Thr
105
Thr
Leu
ieu
Gln
Slu
185
Sar
Lys
Lys
Pro
sSer
265

Asp

Aan

Thr
Thr
Glu
Lew
Lys
425
Glu

aly

Pro
Ser
290

val
Asn
Ber
Asn
His
170

Met

Aap

Lys

Thr
Ber
250
Arg
Pro
Ala
val
Tyr
330
Thr
Leu
Cys
Ser
Asp
410
Ser

Ala

Ly3

12

Leu
Gly
Met:
Asn
hsp
75

Asn
asn
Thrx
vVal
val
158
Lys
Lys
Gln
Azn
His
235
val
Thx
Glu
Lys
Sar
315
Lys
Ile
Pro
Leuw
ABD
385
Ser

Axrg

Leuw

Cya

Arg

Thr
lle
Gly
Ala
Gly

Ile

Phe
Pro
Val
Thr
300
Val
Cys
Ser
Fro
Val
380
Gly
Asp
Trp

His

Alza
Fro
Glu
Thr
Lys
The
His
Ile

128
Glu

Leu
Pha
Lan
208
Thr
Cya
Latn
Glu
Lys
285
lLys
Len
Lys
Lvs
Bear
365
Lys
Gln
Gly
Gln

Asn
445

Len

Gly
Val
Arg
Ty
Ley
110
Rsp
Lys
ASp
Val
Leu
190
Tyxr
Fhe
Fro
Phe
val
270
the
Pro
Thr
Val
Ala
3E0
arg
Gly
Fro
sex
Gln

530
Eis

Fhe

Leu
15

Val
Arg
Thy
Tie
Ly=s
S5

Ty

Val

Asn
175
Sar
Thr
val
Pro
Ero
255
Thr
Asn
Ary
val
Ser
338
Lys
Asp
FPhe
Glu
Fhe
415

Gly

YT

Ser
Glu
Gl
Leu
Ile

an
Glu

[

VS
val
Val
Asn
160
Arg
Thr
Cys
Arg
Cys
240
Fro
Cys
Tep
Glu
Leu
320
Asn
Gly
GLue
Tyr
Aszn
400
Fhe

Asn

The
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450

«<210> 3

<211x 1377
<212> DNA
<2L13>

<220>
<223> SBynth
400> 3
atggbecaget
acaggateta
coQganatia
cataacatea
ageataatet
gggettotga
catcgacaas
totgttggag
gacticaact
cteaasaccc
graacocygga
aagaacagea
coageacctg
aceckecatge
gaccokgagy
apgeogeggy
caceaggact
geesccatey
accctgecas
apaggoticet
aactacaaga
ctcaccgigy
gaggototge

<210% 4

<211> abh8
<212Z>» PRY
<ELI>

<ZZ0>

£223> Synth

400> 4

Mat val Ser
1

Cys Leu Ley

Phe Val Glu

35

Gly Arg Glu
50

Val Thr

65

Lewu

Ile Ile

Lys Glu

Tyr Lys

115

etic

actygggacac
gttaecggaay
tagacatgac
ctgttacttt
gggacaglay
cotgtgaage
ccratacaat
apaagotigt
gggaataccs
agrotgggag
gtgacoaagyg
catttgtcag
aactocotggy
tctecocggac
tceagttcaa
aggrgoagha
ggrtgaatgyg
agaazaceat
catooocyggga
atooccagega
soacgettoo
aCcaagaygcas
acaaccacta

el ig
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455

Artificgial Seguence

cggggecty
tgatacoggt
tgaaggaagg
asaaaagtit
asagggette
azcagteaat
catagatgty
ottaaatigt
ttetiogaay
tgagatgaay
attgtacacc
ggtecatgaa
gggacegtca
cectgaggte
ctggtacgto
cracagcacyg
caaggagtac
ctecaaageo
tgagectgaco
categocgtg
cgtactggan
gtggcageag
Laggeagaag

Artificial Seguencs

Thr

val

ctgtgegoge
agacnhticg
gagotegteoa
ccacttgaca
atcatatcaa
coggeatttgt
gttotgagte
acagoaagaa
cateagoata
aaatttitga
tgtgeageat
Aaggacanas
gtottoston
acatgeghbgy
gacggeotgg
taccgtgtgyg
aagtgcaagg
aAaagugeagc
aagaaccayg
gagtygggaga
tocgacgyet
gggaaocgket
agoetetaco

Leu

tgotecagetg
tagagatgta
tteeatgocy
ctttgatcee
atgcaacgta
ataagagcaaa
cgtoteatge
ctgaactaaa
agaaactigt
geacattaac
ccagltggget
ctocacaaatg
teccotoaan
tggtgyacgh
aggtgoatasa
tecagegtech
totccaacaa
CCCgagaacs
tecagectgac
geaatggyca
cecttatteot
tetecatgote
tagtoteogay

Ala Leu

Tyx Tzp

Lew Thr
20
Met Tyr

Leu Val

Lys
asp

85
Gly

Trp

Ila
100

Thx Asn

Asp
GLly

Barp

Phe
7Q

Ser
Len

Tyr

dar
Glu
Pro
55

Pro
Arg

Leou

Len

Gly
Rer
Ile
4G

Cys
Ley
Lys
Thx

Thr
120

Ser
25

Pro
Arg
Rsp
Gly
Cys

108
His

13

Lew
Gly
Glu
Val
Thr
Phe
50

Elu

Arg

Sex
Iie
Thx
Leu
75

Ile
Ala

#in

Cys
asp
Ile
Sern
&0

Ile
Ile
Thx

Thx

Thy

His
45

Pro
Pro
Ser

VYal

Astl
125

Gly
20
Met

faEn

ABn

asn
1140
Thr

totgottota
cagtgaaata
ggttacgtca
tgatggaasga
caaagaaata
ctatetcaca
aattgaacta
tgtggggaty
aaaccgagac
tatagatagt
gatgaccaag
cocacogtge
ancoaagygac
gagooacgaa
Ctgooeragaca
cacogtooty
agcococtocooa
acaggtgtac
ctgectggte
goCgyagasc
ctacagcaay
aghtygatgoat
taaatga

T

Thr Gla

Tle Thr

Gly Lys
8o
Ala Thr
85
Gly His

Ila Ile

60
126
igd
240
300
360
420
480
540
600
£80
120
730
840
200
€80
1020
l0e0
1140
1200
1260
1320
13979



10

15

20

25

30

35

40

45

50

55

EP 2 364 691 A1

Asp Val Val Leu Ber Pro Ser His Gly Tle Glu Leu Ser Val Gly Glu
130 135 140
Lys Lew Val DLeuw Asn Cys Thr Ala 2rg Thy Glu Leu Asn Val Gly Ile
145 150 15% 150
Asp Phe Asn Trp Glu Tyr Prg Ser Ser Lys His Gln Bis Lys Lys Leu
163 170 175
Val Asn Arxg Asp Leu Lys Thr Glo Ser Gly Ser Glu Met Lys Lys Phe
180 185 190
Leu Ser Thr Leu Thr Ile Rsp Gly Val Thr Arg Ser Asp Gln Gly Leu
185 200 205
Iyr Thr Cys Ala Ala Ser Ser Gly Leu Met Thy Lys Lys Asn Ser Thr
210 215 2290
Phe Val Arg Val His Glu Lys Asp Lys Thr His Thr Cys Pro Pro Cys
225 230 235 240
Pro Ala Pgo Glu Leu Dew Gly Gly Pro Ser Val Phe Leu Phe Proc Pro
245 250 255
Lys Pro Lys Asp Thr Leun Met ITle Ser Arg Thr Pro Glu Val Thr Cys
260 283 270
Val Val Val Asp Val Ser His Glu asp Fro Glu Val Lys Phs Asn Trp
275 280 285
Tyr Val Asp Gly Val Glu Val His Aszn Ala Lys Thr Lys Pro Arg Glu
280 285 309
Glu Gin Tyr Asn Ber Thr Tyr Arg Val Val 8er Val Leu Thr Val Leu
305 310 315 320
His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
32 330 335
Lys Ala Lesu Pro Ala Pro ile Glu Lys Thr Ile Ser Lys Ala Lys Gly
340 345 350
Gln Pro Arg Glu Pre Gim Wal Tyr Thr Leu Prc Pro Ser Arg Asp Glu
385 380 363
Leu Thr Lys Asn Gln Val Ser Lea Thr Cys Leu Val Lys Gly Fhe Tyr
370 3795 aso
Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly Gln Pre Glu Asn
385 380 385 440
Asn Tyr Lys Thr Thr Pro Pro Val Leuw Asp Ser Asp Gly Ser Phe Phe
408 410 415,
Lew Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Sln Gly Asn
420 425 430
Val Phe Sgr Cys Ser Val Met His Glu Ala Lew His Asn His Tyxr Thr
435 440 445
Glr Lys Ser Leu Ser Leu Sexr Pro Gly Lys
450 455

Claims
1. An ophthalmic formulation of a vascular endothelial growth factor (VEGF) antagonist, comprising:

(a) 1-100 mg/ml of a VEGF antagonist, comprising (i) amino acids 27-457 of SEQ ID No: 4 or (ii) the amino acid
sequence of SEQ ID No: 4;

(b) 0.01-5% of one or more organic co-solvent(s) which is one or more of polysorbate, polyethylene glycol
(PEG), and propylene glycol;

(c) 30-150 mM of a tonicity agent selected from sodium chloride or potassium chloride; and

(d) 5-40 mM of sodium phosphate buffer, pH between about 5.8-7.0.

2. An ophthalmic formulation according to claim 1, further comprising 1.0-7.5% of a stabilizing agent selected from the
group consisting of sucrose, sorbitol, glycerol, trehalose, and mannitol.

3. An ophthalmic formulation according to claim 1 or 2, comprising about 1-100 mg/ml, preferably 10-80 mg/ml, of the

14
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VEGF antagonist, 10 mM sodium phosphate buffer, 40 mM NaCl, 0.03% polysorbate, and 5% sucrose, pH about
6.2-6.3.

An ophthalmic formulation according to claim 3, comprising VEGF antagonist at a concentration selected from the
group consisting of 10 mg/ml, 20 mg/ml, 40 mg/ml, and 80 mg/ml.

An ophthalmic formulation according to any one of the above claims, comprising 10-80 mg/ml VEGF antagonist, 10
mM sodium phosphate, 0.03% polysorbate, and 135 mM sodium chloride, pH about 6.2-6.3.

An ophthalmic formulation according to claim 1 comprising:

(a) 10 mg/ml or 40 mg/ml of a VEGF antagonist comprising amino acids 27-457 of SEQ ID No: 4;
(b) 0.03% of polysorbate 20;

(c) about 40 mM of sodium chloride;

(d) 10 mM of sodium phosphate buffer, pH 6.2-6.3; and

(e) 5% sucrose.

An ophthalmic formulation according to any one of the preceding claims, wherein the formulation is suitable for
intravitreal administration.

A lyophilizable formulation of a vascular endothelial growth factor (VEGF) antagonist, comprising

(a) 5-50 mg/ml of the VEGF antagonist, preferably 5 mg/ml, 10 mg/ml, 20 mg/ml or 40 mg/ml, comprising (i)
amino acids 27-457 of SEQ ID No: 4 or (ii) the amino acid sequence of SEQ ID No: 4;

(b) 5-25 mM of sodium phosphate buffer, pH about 5.8-7.0; and

(c) 0.01-0.15% of an organic co-solvent, selected from the group consisting of polysorbate, polyethylene glycol
(PEG), propylene glycol, and a combination thereof.

A lyophilizable formulation according to claim 8, further comprising:
(d) 1-14% of a stabilizing agent selected from the group consisting of sucrose, sorbitol, glycerol, trehalose, and
mannitol; or 20-150 mM of a tonicity agent, preferably sodium chloride; or 1-10% of the stabilizing agent and

20-150 mM of the tonicity agent.

A lyophilizable formulation according to claim 8 or 9, comprising about 20 mg/ml of the VEGF antagonist, about 10
mM sodium phosphate buffer, about 0.03% polysorbate, about0.1 % PEG, and about2.5% sucrose, pH about6.2-6.3.

A lyophilizable formulation according to claim 8, comprising about 20 mg/ml of the VEGF antagonist, about 5 mM
sodium phosphate buffer, about 0.015% polysorbate, about 2.5% sucrose, and further comprising sodium chloride
at about 20 mM, pH about 6.2-6.3.

A lyophilizable formulation according to claim 10, comprising about 20 mg/ml of the VEGF antagonist, about 5 mM
sodium phosphate buffer, about 0.015% polysorbate, and further comprising sodium chloride at about 67.5 mM, pH
about 6.2-6.3.

A lyophilizable formulation according to any one of claims 8 to 12, wherein the formulation is suitable for intravitreal
administration.

A method of producing a lyophilized formulation of a VEGF antagonist, comprising subjecting the pre-lyophilized
formulation according to claim 8 to 12 to lyophilization to generate a lyophilized formulation.

A pre-filled syringe suitable for intravitreal administration comprising the formulation of any one of claims 1 to 7.

15
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