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METHOD OF TREATING AMD IN PATIENTS REFRACTORY TO
ANTI-VEGF THERAPY

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application No. 61/643,878
filed on May 7, 2012, U.S. Provisional Application No. 61/728,017 filed on November
19, 2012, and U.S. Provisional Application No. 61/731,238 filed on November 29, 2012.
The entire contents of all three applications are incorporated herein by reference.

BACKGROUND

The retina is a thin layer of neural tissue lining the inner surface of the back of
the eye. The retina consists of various kinds of neurons, the most familiar of which are
the photoreceptors responsible for vision: rods, which are more sensitive to light, and
cones, which are more sensitive to color. The cones are highly concentrated in the
macula, the small, central portion of the retina. It is this portion of the eye that is
responsible for central, high acuity vision.

Diseases of the retina, and the macula in particular, are the leading cause of
vision impairment and blindness in those over 50 years of age in developed countries.
These diseases include age-related macular degeneration, myopic macular
degeneration, diabetic macular edema, diabetic retinopathy, branch retinal vein
occlusion, and central retinal vein occlusion. Macular degeneration can occur in
children, as well.

Some of these diseases can be treated with agents that inhibit a protein called
vascular endothelial growth factor A (VEGF-A). VEGF-A stimulates the growth of blood
vessels. In the exudative (or vascular) form of age-related macular degeneration,
abnormally high levels of VEGF stimulate the growth of new blood vessels into the
macula causing irreversible damage to photoreceptors; in addition, these newly formed
blood vessels leak blood and proteins into the retina, causing a scar to form in the area
that was previously occupied by photoreceptors. Inhibiting VEGF-A blocks the
formation of these new vessels, and blocks the leakage of blood and proteins, thus
preserving vision.

There are a few drugs that are used to inhibit VEGF-A in the eye. These include
ranibizumab, bevacizumab, aflibercept, and, to a lesser extent, pegaptanib. They are
effective to various degrees, but all suffer from two significant shortcomings: they are
not effective in all patients, and they must be dosed frequently (at least every four to
eight weeks) by a method of administration which many patients find disagreeable.

Ranibizumab is a antibody fragment derived from the same parent mouse
antibody as bevacizumab. It is sold under the brand name LUCENTIS® in the United
States. Ranibizumab is indicated for the treatment of neovascular (exudative) age-
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related macular degeneration, macular edema following retinal vein occlusion, and
diabetic macular edema.

Ranibizumab is administered at a dose of 0.3 mg or 0.5 mg, depending on the
condition treated, every 28 days. The drug is injected by means of syringe directly into
the vitreous humor of the eye, the clear gelatinous material that comprises most of the
volume of the eye. An example is shown in Figure 1. An intravitreal injection can be
injected through the pars plana, 3 mm to 4 mm posterior to the limbus. For age-related
macular degeneration, 0.5 mg ranibizumab is administered to the affected eye by
intravitreal injection approximately every 28 days. The prescribing literature that
accompanies the product states that “treatment may be reduced to one injection every
3 months after the first four injections if monthly injections are not feasible,” but that
such doses are ‘“less effective,” and that “dosing every 3 months will lead to an
approximate 5-letter (1-line) loss of visual acuity benefit, on average, over the following
9 months” compared to continued monthly dosing.

Bevacizumab is a humanized monoclonal antibody inhibitor of VEGF-A. It is sold
under the brand name AVASTIN® in the United States. Bevacizumab is indicated as a
single-use therapy for glioblastoma and as an adjunctive therapy for metastatic
colorectal cancer, non-squamous non-small cell lung cancer, and metastatic renal cell
carcinoma. It is also used, off-label, for the treatment of those conditions for which
ranibizumab is indicated. The dosing schedule is the same as for ranibizumab.

Aflibercept is a recombinant fusion protein comprising extracellular domains of
human VEGF receptors 1 and 2 fused to the Fc portion of human IgG1. It is sold under
the brand name EYLEA® in the United States. Aflibercept is indicated for the treatment
of neovascular (exudative) age-related macular degeneration, administered in a 2 mg
dose by intravitreal injection every 4 weeks for the first 12 weeks, followed by 2 mg via
intravitreal injection once every 8 weeks. The drug may also be dosed as frequently as
2 mg every 4 weeks.

Pegaptanib is a single strand of nucleic acid, more specifically, an
oligonucleotide of twenty-eight nucleotides, that binds to VEGF-A165. It is sold under
the brand name MACUGEN® in the United States. Pegaptanib is approved for the
treatment of treatment of neovascular (exudative) age-related macular degeneration,
administered in a 0.3 mg dose every 6 weeks by intravitreous injection. The drug is not
as effective as ranibizumab, bevacizumab, or aflibercept and so is not as frequently
used.

Despite the effectiveness of ranibizumab, bevacizumab, aflibercept, and
pegaptanib, there are still patients who do not respond to those drugs. Moreover, those
drugs require frequent administration every four to eight weeks. That may not seem so
bad — and indeed it would not be so, were those drugs swallowed as a pill, or applied
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topically as an eye drop. Instead, those drugs are administered by a needle that
pierces the front of the eye (including, but not limited to the conjunctiva and sclera) and
extends into the vitreous of the eye where the drug is delivered. The procedure is safe,
when performed by trained personnel, but readers who doubt that anyone should object
to undergoing such a procedure every four weeks are invited to take a needle, hold it
within proximity to the eye, and contemplate the path required to reach the vitreous.
There is therefore a need in the art for therapies capable of treating patients who desire
a relief from diseases of the retina whom ranibizumab, bevacizumab, aflibercept, or
pegaptanib do not aid, for patients who desire less frequent treatment, and for patients
desire both.

SUMMARY OF THE INVENTION

The inventors have surprisingly discovered that the anti-VEGF compositions and
methods of the invention may be used to treat exudative age-related macular
degeneration and other conditions of the eye with surprisingly fewer injections than
ranibizumab, bevacizumab, aflibercept, and pegaptanib require. Like those drugs, the
compositions of the inventions also inhibit VEGF-A, and so have the same mechanism
of action (that is, they work in much the same way) — yet the compositions and methods
of the invention may be used to treat patients who ranibizumab, bevacizumab,
aflibercept, and pegaptanib cannot treat. One can also administer the drugs to treat
ocular conditions such as age-related macular degeneration, diabetic macular edema,
pathological myopia branch retinal vein occlusion, or central retinal vein occlusion.

Accordingly, in an embodiment, a method of inhibiting binding between VEGF-
Axxx and VEGFR-2 includes the step of administering to a patient in need of such
inhibition, at a frequency between 8 weeks and 16 weeks, a dose of about 1 mg to
about 4 mg of a recombinant binding protein comprising an ankyrin repeat domain,
wherein the ankyrin domain binds VEGF-Axxx with a Kd below 10°M. In some
embodiments, the binding protein further includes a polyethylene glycol moiety of at
least 5 kDa molecular weight. According to some embodiments, the N-terminal capping
module of the ankyrin repeat domain comprises an Asp residue at position 5. In some
embodiments, the ankyrin repeat domain competes for binding to VEGF-Axxx with the
ankyrin repeat domains of SEQ ID NO:1 or 3. In some embodiments, the ankyrin
repeat domain is selected from the group consisting of the ankyrin repeat domains of
SEQ ID NOS: 1 to 7. According to some embodiments, the binding protein inhibits
VEGF-Axxx binding to VEGFR-1. In some embodiments, the ankyrin repeat domain is
conjugated at its C-terminus via a peptide bond to a polypeptide linker and a C-terminal
Cys residue, wherein the thiol of the C-terminal Cys is further conjugated to a
maleimide-coupled polyethylene glycol. In some embodiments, the maleimide-coupled
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polyethylene  glycol is  a-[3-(3-maleimido-1-oxopropyl)amino]propyl-w-methoxy-
polyoxyethylene. According to some embodiments, the binding protein is an ankyrin
repeat protein selected from the group consisting of the ankyrin repeat proteins of SEQ
ID NOS: 2, 3, 5, 6 or 7. In some embodiments, the polyethylene glycol moiety has a
molecular weight of about 20 kDa. In some embodiments, the binding protein includes
the ankyrin repeat protein of SEQ ID NO:3 and the thiol of the C-terminal Cys of the
ankyrin repeat protein is further conjugated to a maleimide-coupled polyethylene glycol.
According to some embodiments, the maleimide-coupled polyethylene glycol is a-[3-(3-
maleimido-1-oxopropyl)amino]propyl-w-methoxy-polyoxyethylene, and the polyethylene
glycol moiety has a molecular weight of at least 10 kDa. According to some
embodiments, the binding protein is administered with a pharmaceutically acceptable
carrier and/or diluents, in some embodiments, the carrier is PBS. In some
embodiments, the binding protein is administered by intravitreal injection. According to
some embodiments, the binding protein is administered every 8, 9, 10, 11, 12, 13, 14,
15, or 16 weeks. In some embodiments, the binding protein is administered at a dose of
2 mg, 3 mg, or 4 mg, or at a dose of about 2.0 mg, about 3.0 mg, or about 4.0 mg.
According to some embodiments, the method is used to treat age-related macular
degeneration, diabetic macular edema, pathological myopia branch retinal vein
occlusion, or central retinal vein occlusion in a patient having that condition. According
to some embodiments, the patient is refractory to ranibizumab, bevacizumab,
aflibercept, or pegaptanib therapy. In some embodiments, the patient refractory to
ranibizumab, bevacizumab, aflibercept, or pegaptanib therapy has less than a 20%
decrease in the center 1 mm? area of the macula after 3 intravitreal injections of
ranibizumab, bevacizumab, or aflibercept. In some embodiments, the patient is
refractory to one dose of ranizumab therapy. In some embodiments, the patient is
refractory to one dose of bevacizumab therapy. In some embodiments, the patient is
refractory to one dose of aflibercept therapy. In some embodiments, the patient is
refractory to one dose of pegaptanib therapy.
These and other embodiments are described in greater detail below.

BRIEF DESCRIPTION OF THE FIGURES
These and other features will now be described with reference to the drawings
summarized below. These drawings and the associated description are provided to
illustrate one or more embodiments and not to limit the scope of the invention.

Figure 1 illustrates an example injection of a drug by means of syringe directly
into the vitreous humor of the eye.
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Figure 2a shows central retina thickness in human patients, refractory to
LUCENTIS® and/or AVASTIN® therapy, after receiving 1.0 mg of a composition
according to the invention comprising the ankyrin repeat domains of SEQ ID NO: 3.
The composition was dissolved in PBS and administered via intravitreal injection in a 50
Ml volume.

Figure 2b shows central retina thickness in human patients, refractory to
LUCENTIS® and/or AVASTIN® therapy, after receiving 2.0 mg of a composition
according to the invention comprising the ankyrin repeat domains of SEQ ID NO: 3.
The composition was dissolved in PBS and administered via intravitreal injection in a 50
Ml volume.

Figure 3a shows central retina thickness in human patients, refractory to
LUCENTIS® and/or AVASTIN® therapy, after receiving via injection into the vitreous
3.0 mg of a composition according to the invention comprising the ankyrin repeat
domains of SEQ ID NO: 3. The composition was dissolved in PBS and administered
via intravitreal injection in a 50 pl volume.

Figure 3b shows central retina thickness in human patients, refractory to
LUCENTIS® and/or AVASTIN® therapy, after receiving via injection into the vitreous
4.2 mg of a composition according to the invention comprising the ankyrin repeat
domains of SEQ ID NO: 3. The composition was dissolved in PBS and administered
via intravitreal injection in a 50 pl volume.

Figure 4 illustrates duration of treatment effect of an example embodiment of the
compositions disclosed herein compared to ranibizumab (Commercially available as
LUCENTIS®).

DETAILED DESCRIPTION OF THE INVENTION

Vascular Endothelial Growth Factor

Angiogenesis, the growth of new blood vessels from pre-existing vasculature and
increased vessel exudation are key processes in several pathological conditions,
including tumor growth and eye diseases, in particular ocular neovascularization and
retinal ischemic diseases such as age-related macular degeneration or diabetic macular
edema (Carmeliet, P., Nature 438, 932-936, 2005). Vascular endothelial growth factors
stimulate angiogenesis and lymphangiogenesis by activating VEGF receptor (VEGFR)
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tyrosine kinases in endothelial cells (Ferrara, N., Gerber, H. P. and LeCouter, J., Nature
Med. 9, 669-676, 2003).

The mammalian VEGF family consists of five glycoproteins referred to as VEGF-
A, VEGF-B, VEGF-C, VEGF-D (also known as FIGF) and placenta growth factor (PIGF,
also known as PGF). VEGF-A has been shown to be an effective target for anti-
angiogenic therapy (Ellis, L. M. and Hicklin, D. J., Nature Rev. Cancer 8, 579-591 ,
2008). The VEGF-A ligands bind to and activate three structurally similar type Il
receptor tyrosine kinases, designated VEGFR- 1 (also known as FLT1), VEGFR-2 (also
known as KDR) and VEGFR-3 (also known as FLT4). The VEGF ligands have
distinctive binding specificities for each of these tyrosine kinase receptors, which
contribute to their diversity of function. In response to ligand binding, the VEGFR
tyrosine kinases activate a network of distinct downstream signaling pathways.
VEGFR-1 and VEGFR-2 are primarily found on the vascular endothelium whereas
VEGFR-3 is mostly found on the lymphatic endothelium. These receptors all have an
extracellular domain, a single transmembrane region and a consensus tyrosine kinase
sequence interrupted by a kinase-insert domain. More recently neuropilin (NRP-1),
originally identified as a receptor for the semaphorin/collapsin family of neuronal
guidance mediators, was shown to act as an isoform specific receptor for VEGF-A.

Various isoforms of VEGF-A are known that are generated by alternative splicing
from eight exons within the VEGF-A gene. All isoforms contain exons 1-5 and the
terminal exon, exon 8. Exons 6 and 7, which encode heparin-binding domains, can be
included or excluded. This gives rise to a family of proteins termed according to their
amino acid number: VEGF-A165, VEGF-A121, VEGF-A189, and so on. Exon 8,
however, contains two 3' splice sites in the nucleotide sequences, which can be used
by the cell to generate two families of isoforms with identical length, but differing C-
terminal amino acid sequences (Varey, A.H.R. et al., British J. Cancer 98, 1366-1379,
2008). VEGF-Axxx (“xxx” denotes the amino acid number of the mature protein), the
pro-angiogenic family of isoforms, is generated by use of the most proximal sequence
in exon 8 (resulting in the inclusion of exon 8a). The more recently described anti-
angiogenic VEGF-Axxxb isoforms are generated by the use of a distal splice site, 66 bp
further along the gene from the proximal splice site. This results in splicing out of exon
8a and the production of MRNA sequences that encode the VEGF-Axxxb family.
VEGF-A165 is the predominant pro-angiogenic isoform and is commonly
overexpressed in a variety of human solid tumors. VEGF-A165b was the first of the
exon 8b-encoded isoforms identified and was shown to have anti-angiogenic effects
(Varey et al., loc. cit; Konopatskaya, O. et al., Molecular Vision 12, 626-632, 2006). It is
an endogenous inhibitory form of VEGF-A, which decreases VEGF-A induced
proliferation and migration of endothelial cells. Although it can bind to VEGFR-2,
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VEGF-A165b binding does not result in receptor phosphorylation or activation of the
downstream signaling pathways.

Recombinant Binding Proteins

The method of the invention administers a binding protein comprising a binding
domain comprising a designed ankyrin repeat domain. Examples of such designed
ankyrin repeat domains are described in U.S. Patent No. 7,417,130 and U.S. Patent
No. 8,110,653, the entire contents of both of which are incorporated herein by
reference. Those patents further contain a general description of repeat protein
features, techniques and applications.

The term “repeat proteins” refers to a protein comprising one or more repeat
domains. In one embodiment, each of the repeat proteins comprises up to four repeat
domains. In another embodiment, each of the repeat proteins comprises up to two
repeat domains. In another embodiment, each of the repeat proteins comprises only
one repeat domain. The repeat protein may also comprise additional non-repeat
protein domains, polypeptide tags and/or polypeptide linkers.

The term “repeat domain” refers to a protein domain comprising two or more
consecutive repeat units (modules) as structural units, wherein the structural units have
the same fold, and stack tightly to create, for example, a superhelical structure having a
joint hydrophobic core.

The term “designed repeat protein” and “designed repeat domain” refer to a
repeat protein or repeat domain, respectively, obtained as the result of the inventive
procedure explained in U.S. Patent No. 7,417,130 and U.S. Patent No. 8,110,653.
Designed repeat proteins and designed repeat domains are synthetic and not from
nature. They are man-made proteins or domains, respectively, obtained by expression
of correspondingly designed nucleic acids.

Mammalian VEGF-A exists as two families of alternative spliced isoforms: (i) the
pro-angiogenic “VEGF-Axxx” isoforms generated by proximal splicing of exon 8 and (ii)
the anti-angiogenic “VEGF-Axxxb” isoforms generated by distal splicing of exon 8. In
one embodiment, the binding domain according to the invention is specific for the pro-
angiogenic VEGF-Axxx of dog, rabbit, monkey or human origin. In another
embodiment, the binding domain according to the invention is specific for the pro-
angiogenic VEGF-Axxx of human origin. In another embodiment, the binding domain
according to the invention is specific for human VEGF-A165.

The term “protein” refers to a polypeptide, wherein at least part of the
polypeptide has, or is able to acquire a defined three-dimensional arrangement by
forming secondary, tertiary, or quaternary structures within and/or between its
polypeptide chain(s). If a protein comprises two or more polypeptides, the individual
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polypeptide chains may be linked non-covalently or covalently, e.g. by a disulfide bond
between two polypeptides. A part of a protein, which individually has, or is able to
acquire a defined three-dimensional arrangement by forming secondary or tertiary
structures, is termed “protein domain.” Such protein domains are well known to the
practitioner skilled in the art.

The term “recombinant” as used in recombinant protein, recombinant protein
domain and the like, means that the polypeptides are produced by the use of
recombinant DNA technologies well known by the practitioner skilled in the relevant art.
For example, a recombinant DNA molecule (e.g. produced by gene synthesis) encoding
a polypeptide can be cloned into a bacterial expression plasmid (e.g. pQE30, Qiagen).
When such a constructed recombinant expression plasmid is inserted into a bacteria
(e.g. E. coli), this bacteria can produce the polypeptide encoded by this recombinant
DNA. The correspondingly produced polypeptide is called a recombinant polypeptide.

The term “polypeptide tag” refers to an amino acid sequence attached to a
polypeptide/protein, wherein the amino acid sequence is useful for the purification,
detection, or targeting of the polypeptide/protein, or wherein the amino acid sequence
improves the physicochemical behavior of the polypeptide/protein, or wherein the amino
acid sequence possesses an effector function. The individual polypeptide tags,
moieties and/or domains of a binding protein may be connected to each other directly or
via polypeptide linkers. These polypeptide tags are all well known in the art and are
fully available to the person skilled in the art. Examples of polypeptide tags are small
polypeptide sequences, for example, His, myc, FLAG, or Strep-tags or moieties such as
enzymes (for example enzymes like alkaline phosphatase), which allow the detection of
the polypeptide/protein, or moieties which can be used for targeting (such as
immunoglobulins or fragments thereof) and/or as effector molecules.

The term “polypeptide linker” refers to an amino acid sequence, which is able to
link, for example, two protein domains, a polypeptide tag and a protein domain, a
protein domain and a non-polypeptide moiety such as polyethylene glycol or two
sequence tags. Such additional domains, tags, non-polypeptide moieties and linkers
are known to the person skilled in the relevant art. A list of example is provided in U.S.
Patent No. 7,417,130 and U.S. Patent No. 8,110,653. Examples of such linkers are
glycine-serine-linkers and proline-threonine-linkers of variable lengths. In one
embodiment, the linkers have a length of between 2 and 24 amino acids; in another
embodiment, the linkers have a length of between 2 and 16 amino acids.

The term “polypeptide” relates to a molecule consisting of one or more chains of
multiple, i.e. two or more, amino acids linked via peptide bonds. In one embodiment, a
polypeptide consists of more than eight amino acids linked via peptide bonds.
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The term “polymer moiety” refers to either a proteinaceous polymer moiety or a
non-proteinaceous polymer moiety. In one embodiment, a “proteinaceous polymer
moiety” is a polypeptide that does not form a stable tertiary structure while not forming
more than 10% (or, not more than 5%, not more than 2%, not more than 1 %, and not
more than any detectable amount, as determined by size exclusion chromatography
(SECQC)) of oligomers or aggregates when stored at a concentration of about 0.1 mM in
PBS at RT for one month. Such proteinaceous polymer moieties run at an apparent
molecular weight in SEC that is higher than their effective molecular weight when using
globular proteins as molecular weight standards for the SEC. In one embodiment, the
apparent molecular weight of the proteinaceous polymer moieties determined by SEC is
1.5x, 2x or 2.5x higher than their effective molecular weight calculated from their amino
acid sequence. In one embodiment, the apparent molecular weights of the non-
proteinaceous polymer moieties determined by SEC is 2x, 4x or 8x higher than their
effective molecular weight calculated from their molecular composition. In one
embodiment, more than 50%, 70% or even 90% of the amino acids of the
proteinaceous polymer moiety do not form stable secondary structures at a
concentration of about 0.1 mM in PBS at RT as determined by Circular Dichroism (CD)
measurements. In one embodiment, the proteinaceous polymer shows a typical near
UV CD-spectra of a random coil conformation. Such CD analyses are well known to the
person skilled in the art. One can also use proteinaceous polymer moieties that
comprise more than 50, 100, 200, 300, 400, 500, 600, 700 or 800 amino acids.

Examples of proteinaceous polymer moieties are XTEN® (a registered
trademark of Amunix; WO 07/103515) polypeptides, or polypeptides comprising proline,
alanine and serine residues as described in WO 08/155134. Such proteinaceous
polymer moieties can be covalently attached to, for example, a binding domain of the
invention by the generation of genetic fusion polypeptides using standard DNA cloning
technologies, followed by their standard expression and purification. Examples of
binding proteins comprising a repeat domain binding VEGF-Axxx and such a
proteinaceous polymer moiety are shown in SEQ ID NO:1 and SEQ ID NO:4. The
amino acid positions from 1 to 159 of SEQ ID NO:1 correspond to the repeat domain
and the amino acid position 161 to 1 025 of SEQ ID NO:1 correspond to the
proteinaceous polymer moiety. The amino acid positions from 1 to 126 of SEQ ID NO:4
correspond to the repeat domain and the amino acid positions 131 to 640 of SEQ ID
NO:4 correspond to the proteinaceous polymer moiety.

A polymer moiety of the invention may vary widely in molecular weight (i.e. from
about 1 kDa to about 150 kDa). In one embodiment, the polymer moiety has a
molecular weight of at least 2 kDa, 5 kDa, 10 kDa, 20 kDa, 30 kDa, 50 kDa, 70 kDa or
100 kDa.



10

15

20

25

30

35

WO 2013/169614 PCT/US2013/039619

In one embodiment, the polymer moiety is connected by a polypeptide linker to a
binding domain. Examples of such polypeptide linkers are the amino acids 1 to 8 of
SEQ ID NO:8 and SEQ ID NO:9.

Examples of non-proteinaceous polymer moieties are hydroxyethyl starch (HES),
polyethylene glycol (PEG), polypropylene glycol, or polyoxyalkylene. The term
‘PEGylated” means that a PEG moiety is covalently attached to, for example, a
polypeptide of the invention. Examples of repeat proteins containing a polypeptide
linker between the repeat domain and a C-terminal Cys residue useful for binding a
non-proteinaceous polymer moiety are SEQ ID NO:2, 3, 5 6 and 7. In some
embodiments, PEG, if used, can be either in a linear or branched arrangement.

In a specific embodiment, a PEG moiety or any other non-proteinaceous polymer
can, e.g., be coupled to a cysteine thiol via a maleimide linker with the cysteine being
coupled via a peptide linker to the N- or C-terminus of a binding domain as described
herein (e.g. SEQ ID NO:3).

The term “binding protein” refers to a protein comprising one or more binding
domains and, in one embodiment, one or more polymer moieties as further explained
below. In one embodiment, the binding protein comprises up to four binding domains.
In one embodiment, the binding protein comprises up to two binding domains. In
another embodiment, the binding protein has only one binding domain. Furthermore,
any such binding protein may comprise additional protein domains that are not binding
domains, multimerization moieties, polypeptide tags, polypeptide linkers and/or a single
Cys residue. Examples of multimerization moieties are immunoglobulin heavy chain
constant regions which pair to provide functional immunoglobulin Fc domains, and
leucine zippers or polypeptides comprising a free thiol which forms an intermolecular
disulfide bond between two such polypeptides. The single Cys residue may be used for
conjugating other moieties to the polypeptide, for example, by using the maleimide
chemistry well known to the person skilled in the art.

In one embodiment, the binding protein comprises up to four polymer moieties.
In another embodiment, the binding protein comprises up to two polymer moieties. In
another embodiment, the binding protein only has one polymer moiety.

In one embodiment, the binding protein has an apparent molecular weight of
about 10 kDa, 15 kDa, 20 kDa, 25 kDa, 30 kDa, 35 kDa, 40 kDa, 45 kDa, 50 kDa, 55
kDa, 60 kDa, 65 kDa, 70 kDa, 75 kDa, 80 kDa, 85 kDa, 90 kDa, 95 kDa, 100 kDa, 200
kDa, 300 kDa, 400 kDa, 500 kDa, 600 kDa, 700 kDa, 800 kDa, 900 kDa, or 1,000 kDa
when analyzed at a concentration of 0.1 mM in PBS at RT by SEC using globular
proteins as molecular weight standards. In one embodiment, the binding protein has an
apparent molecular weight of 34 kDa.
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Those skilled in the art will appreciate the meaning of various terms of degree
used herein. For example, as used herein in the context of referring to an amount (e.g.,
“about 10 kDa”), the term “about” represents an amount close to and including the
stated amount that still performs a desired function or achieves a desired result, e.g.
“about 10 kDa” can include 10 kDa and amounts close to 10 kDa that still perform a
desired function or achieve a desired result. For example, the term “about” can refer to
an amount that is within 10% or less of, within 5% or less of, within 0.1% or less of, or
within 0.01% or less of the stated amount.

The term “binding domain” means a protein domain exhibiting the same “fold”
(three-dimensional arrangement) as a protein scaffold and having a predetermined
property, as defined below. Such a binding domain may be obtained by rational, or
most commonly, combinatorial protein engineering techniques, skills which are known
in the art (Skerra, 2000, loc. cit; Binz et al., 2005, loc. cit). For example, a binding
domain having a predetermined property can be obtained by a method comprising the
steps of (a) providing a diverse collection of protein domains exhibiting the same fold as
a protein scaffold as defined further below; and (b) screening the diverse collection
and/or selecting from the diverse collection to obtain at least one protein domain having
the predetermined property. The diverse collection of protein domains may be provided
by several methods in accordance with the screening and/or selection system being
used, and may comprise the use of methods well known to the person skilled in the art,
such as phage display or ribosome display.

The term “protein scaffold” means a protein with exposed surface areas in which
amino acid insertions, substitutions or deletions are highly tolerable. Examples of
protein scaffolds that can be used to generate binding domains of the present invention
are antibodies or fragments thereof such as single-chain Fv or Fab fragments, protein A
from Staphylococcus aureus, the bilin binding protein from Pieris brassicae or other
lipocalins, ankyrin repeat proteins or other repeat proteins, and human fibronectin.
Protein scaffolds are known to the person skilled in the art (Binz et al., 2005, loc. cit;
Binz et al., 2004, loc. cit.).

The term “predetermined property” refers to a property such as binding to a
target, blocking of a target, activation of a target-mediated reaction, enzymatic activity,
and related further properties. Depending on the type of desired property, one of
ordinary skill will be able to identify format and necessary steps for performing
screening and/or selection of a binding domain with the desired property. Preferably,
the predetermined property is binding to a target.

In one embodiment, the binding domain of the invention does not comprise an
immunoglobulin fold as present in antibodies and/or the fibronectin type Ill domain. An
immunoglobulin fold is a common all- protein fold that consists of a 2-layer sandwich
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of about 7 anti-parallel B-strands arranged in two B-sheets. Immunoglobulin folds are
well known to the person skilled in the art. For example, such binding domains
comprising an immunoglobulin fold are described in WO 07/080392 or WO 08/097497.

In another embodiment, the binding domain of the invention does not comprise
an immunoglobulin-like domain as found in VEGFR-1 or VEGFR-2. Such binding
domains are described in WO 00/075319.

In one embodiment, the binding domain comprises between 70 amino acids and
300 amino acids; in another embodiment, the binding comprises between 100 amino
acids and 200 amino acids.

In one embodiment, the binding domain is devoid of a free Cys residue. A free
Cys residue is not involved in the formation of a disulfide bond. In another embodiment,
the binding domain is free of any Cys residue.

In one embodiment, the binding proteins of the invention may be expressed in
eukaryotic or prokaryotic cells, such as bacterial cells, or by using a cell-free in vitro
expression system.

The term “structural unit” refers to a locally ordered part of a polypeptide, formed
by three-dimensional interactions between two or more segments of secondary
structure that are near one another along the polypeptide chain. Such a structural unit
exhibits a structural motif. The term “structural motif” refers to a three-dimensional
arrangement of secondary structure elements present in at least one structural unit.
Structural motifs are well known to the person skilled in the art. Structural units alone
are not able to acquire a defined three-dimensional arrangement; however, their
consecutive arrangement, for example as repeat modules in a repeat domain, leads to
a mutual stabilization of neighboring units resulting in a superhelical structure.

The term “repeat unit” refers to amino acid sequences comprising repeat
sequence motifs of one or more naturally occurring repeat proteins, wherein the “repeat
units” are found in multiple copies, and which exhibit a defined folding topology
common to all the motifs determining the fold of the protein. Examples of such repeat
units are armadillo repeat units, leucine-rich repeat units, ankyrin repeat units,
tetratricopeptide repeat units, HEAT repeat units, and leucine-rich variant repeat units.
Naturally occurring proteins containing two or more such repeat units are referred to as
“naturally occurring repeat proteins.” The amino acid sequences of the individual
repeat units of a repeat protein may have a significant number of mutations,
substitutions, additions and/or deletions when compared to each other, while still
substantially retaining the general pattern, or motif, of the repeat units.

The term “repeat sequence motif’ refers to an amino acid sequence, which is
deduced from one or more repeat units. In one embodiment, the repeat units are from
repeat domains having binding specificity for the same target.
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The term “folding topology” refers to the tertiary structure of the repeat units.
The folding topology will be determined by stretches of amino acids forming at least
parts of ohelices or B-sheets, or amino acid stretches forming linear polypeptides or
loops, or any combination of a-helices, B-sheets and/or linear polypeptides/loops.

The term “consecutive” refers to an arrangement wherein the repeat units or
repeat modules are arranged in tandem. In designed repeat proteins, there are at least
2 repeat units, but usually about 2 repeat units to 6 repeat units, but there may also be
6 or more repeat units or 20 or more repeat units. In most cases, repeat units will
exhibit a high degree of sequence identity (same amino acid residues at corresponding
positions) or sequence similarity (amino acid residues being different, but having similar
physicochemical properties), and some of the amino acid residues might be key
residues being strongly conserved in the different repeat units found in naturally
occurring proteins. However, a high degree of sequence variability by amino acid
insertions and/or deletions, and/or substitutions between the different repeat units found
in naturally occurring proteins will be possible as long as the common folding topology
is maintained.

Methods for directly determining the folding topology of repeat proteins by
physico-chemical means such as X-ray crystallography, NMR or CD spectroscopy, are
well known to the practitioner skilled in the art. Methods for identifying and determining
repeat units or repeat sequence motifs or for identifying families of related proteins
comprising such repeat units or motifs, such as homology searches (BLAST etc.), are
well established in the field of bioinformatics, and are well known to the practitioner in
the art. The step of refining an initial repeat sequence motif may comprise an iterative
process.

The term “repeat modules” refers to the repeated amino acid sequences of the
designed repeat domains, which are originally derived from the repeat units of naturally
occurring repeat proteins. Each repeat module comprised in a repeat domain is derived
from one or more repeat units of the family or subfamily of naturally occurring repeat
proteins, e.g. the family of armadillo repeat proteins or ankyrin repeat proteins.

“‘Repeat modules” may comprise positions with amino acid residues present in all
copies of corresponding repeat modules (“fixed positions”) and positions with differing
or “randomized” amino acid residues (“‘randomized positions”).

The term “capping module” refers to a polypeptide fused to the N- or C-terminal
repeat module of a repeat domain, wherein the capping module forms tight tertiary
interactions with the repeat module thereby providing a cap that shields the
hydrophobic core of the repeat module at the side not in contact with the consecutive
repeat module from the solvent. The N- and/or C-terminal capping module may be, or
may be derived from, a capping unit or other domain found in a naturally occurring
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repeat protein adjacent to a repeat unit. The term “capping unit” refers to a naturally
occurring folded polypeptide, wherein the polypeptide defines a particular structural unit
which is N- or C-terminally fused to a repeat unit, wherein the polypeptide forms tight
tertiary interactions with the repeat unit thereby providing a cap that shields the
hydrophobic core of the repeat unit at one side from the solvent. Such capping units
may have sequence similarities to the repeat sequence motif. Capping modules and
capping repeats are described in U.S. Patent No. 7,417,130 and U.S. Patent No.
8,110,653. For example, the N-terminal capping module of SEQ ID NO:2 is encoded by
the amino acids from position 1 to 32. Also preferred is such an N-terminal capping
module having a glycine or aspartate residue at position 5.

The term “target” refers to an individual molecule such as a nucleic acid
molecule, a polypeptide or protein, a carbohydrate, or any other naturally occurring
molecule, including any part of such individual molecule, or complexes of two or more
of such molecules. The target may be a whole cell or a tissue sample, or it may be any
non-natural molecule or moiety. Preferably, the target is a naturally occurring or non-
natural polypeptide or a polypeptide containing chemical modifications, for example
modified by natural or non-natural phosphorylation, acetylation, or methylation. In some
embodiments, the target is VEGF-Axxx or VEGFR-2.

The term “consensus sequence” refers to an amino acid sequence, wherein the
consensus sequence is obtained by structural and/or sequence aligning of multiple
repeat units. Using two or more structural and/or sequence aligned repeat units, and
allowing for gaps in the alignment, it is possible to determine the most frequent amino
acid residue at each position. The consensus sequence is that sequence which
comprises the amino acids which are most frequently represented at each position. In
the event that two or more amino acids are represented above-average at a single
position, the consensus sequence may include a subset of those amino acids. The two
or more repeat units may be taken from the repeat units comprised in a single repeat
protein, or from two or more different repeat proteins.

Consensus sequences and methods to determine them are well known to the
person skilled in the art.

A “consensus amino acid residue” is the amino acid found at a certain position in
a consensus sequence. If two or more, e.g. three, four or five, amino acid residues are
found with a similar probability in the two or more repeat units, the consensus amino
acid may be one of the most frequently found amino acids or a combination of the two
or more amino acid residues.

In one embodiment, one may also use non-naturally occurring binding proteins
or binding domains.
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The term “non-naturally occurring” means synthetic or not from nature, for
example, made by a person. The term “non-naturally occurring binding protein” or
“non-naturally occurring binding domain” means that the binding protein or the binding
domain is synthetic (i.e. produced by chemical synthesis from amino acids) or
recombinant and not from nature. “Non-naturally occurring binding protein” or “non-
naturally occurring binding domain” is a man-made protein or domain, respectively,
obtained by expression of correspondingly designed nucleic acids. Preferably, the
expression is done in eukaryotic or bacterial cells, or by using a cell-free in vitro
expression system. Further, the term means that the sequence of the binding protein or
the binding domain is not present as a non-artificial sequence entry in a sequence
database, for example in GenBank, EMBL-Bank or Swiss-Prot. These databases and
other similar sequence databases are well known to the person skilled in the art.

A binding domain can inhibit VEGF-Axxx binding to VEGFR-2 either by binding
to VEGF-Axxx or by binding to VEGFR-2 in a way that the apparent dissociation
constant (Kq) between VEGF-Axxx and VEGFR-2 is increased more than 10%fold. In
other embodiments, the dissociation constant is increased more than 10°-fold, more
than 10*-fold, more than 10°-fold, or more than 10°-fold. In one embodiment, the Kq for
the interaction of the binding domain to either VEGF-Axxx or VEGFR-2 is below 10'M,
below 10°M, or below 10°M, below 10'M, or below 10'"M. Methods to determine
dissociation constants of protein-protein interactions, such as surface plasmon
resonance (SPR) based technologies, are well known to the person skilled in the art.

The binding domain binds VEGF-Axxx. In one embodiment, the binding domain
binds human VEGF-A165. In other embodiments, it may bind other VEGF-A isoforms.

In one embodiment, the binding protein and/or binding domain do not lose their
native three-dimensional structure upon incubation in PBS containing 100 mM
dithiothreitol (DTT) for 1 or 10 hours at 37°C. “PBS,” as wused here, means a
phosphate buffered water solution containing 137 mM NaCl, 10 mM phosphate and 2.7
mM KCI and having a pH of 7.4.

In one embodiment, the binding protein comprises a binding domain that inhibits
VEGF-Axxx binding to VEGFR-2 and has the midpoint denaturation temperature and
non-aggregating properties as defined above, wherein the binding protein inhibits
sprouting of HUVEC spheroids with an ICsg value below 100 nM.

The term “HUVEC” means human umbilical vein endothelial cells, which can be
isolated from normal human umbilical vein and which are responsive to VEGF-A
stimulation.

Assays to measure the sprouting of HUVEC spheroids are well known to the
person skilled in the art.
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An ICs value is the concentration of a substance, such as a binding protein or
binding domain, which is required for 50% inhibition in vitro of an experimental
determined parameter, such as the sprouting of HUVEC spheroids. ICs0 values can be
readily determined by the person skilled in the art (Korff T. and Augustin H.G., J. Cell
Biol. 143(5), 1341 -52, 1998).

In one embodiment, the binding protein and/or binding domain inhibit the
sprouting of HUVEC spheroid with an ICso value below 10 nM, below 1 nM, below 0.1
nM, or below 0.05 nM.

In another embodiment, one can use a monomeric binding protein and/or binding
domain that inhibit the sprouting of HUVEC spheroids with an ICsg value lower than the
corresponding ICsg value of ranibizumab, bevacizumab, aflibercept, or pegaptanib.

In one embodiment, the Ky for the interaction of a binding domain to VEGF-B,
VEGF-C, VEGF-D, PIGF or PDGF is above 1 nM, above 10 nM, above 10? nM, above
10° nM, or above 10* nM.

In one embodiment, VEGF-Axxx is either dog VEGF-A 164 or simian VEGF-A
165 or human VEGF-A165, and VEGF-Axxxb is either dog VEGF-A 164b or simian
VEGF-A165b or human VEGF-A165b.

Another embodiment is a recombinant binding protein comprising a binding
domain, wherein the binding domain inhibits VEGF-Axxx binding to VEGFR-2 and
wherein the binding domain is a repeat domain or a designed repeat domain. Such a
repeat domain may comprise one, two, three or more internal repeat modules that will
participate in binding to VEGF-Axxx. In one embodiment, such a repeat domain
comprises an N-terminal capping module, two to four internal repeat modules, and a C-
terminal capping module. In one embodiment, the binding domain is an ankyrin repeat
domain or designed ankyrin repeat domain.

In one embodiment the binding protein comprises a binding domain as described
herein, conjugated to a polyethylene glycol (PEG) moiety. In one embodiment the PEG
moiety is coupled to a single Cys residue of the binding domain. The Cys residue can
be genetically introduced at the C-terminal end of the binding domain. The PEG moiety
can then be coupled by chemical means, for example, by using maleimide chemistry
well known to the person skilled in the art.

Another embodiment is a recombinant binding protein as defined above
comprising at least one repeat domain with binding specificity for VEGF-Axxx, wherein
the repeat domain competes for binding to VEGF-Axxx with a repeat domain selected
from the group of the repeat domains of SEQ ID NO:1 to 7. In one embodiment, the
repeat domain competes for binding to VEGF-Axxx with the repeat domain of SEQ ID
NO:1 or 3. In another embodiment, the repeat domain competes for binding to VEGF-
Axxx with the repeat domain of SEQ ID NO:3.
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The term “compete for binding” means the inability of two different binding
domains of the invention to bind simultaneously to the same target, while both are able
to bind the same target individually. Thus, such two binding domains compete for
binding to the target. Methods, such as competition ELISA or competition SPR
measurements (e.g. by using the Proteon instrument from BioRad), to determine if two
binding domains compete for binding to a target are well known to the practitioner in the
art.

A recombinant binding protein that competes for binding to VEGF-Axxx with a
selected repeat protein can be identified by methods well know to the person skilled in
the art, such as a competition Enzyme-Linked Immunosorbent Assay (ELISA).

Another embodiment is a recombinant binding protein comprising a repeat
domain with binding specificity for VEGF-Axxx selected from the group consisting of the
repeat domains of SEQ ID NO:1 to 7. In one embodiment, the repeat domain is
selected from the repeat domains of SEQ ID NO:2 or 3. In another embodiment, the
repeat domain is the repeat domain of SEQ ID NO:3.

One or more polyethylene glycol moieties may be attached at different positions
in the binding protein, and such attachment may be achieved by reaction with amines,
thiols or other suitable reactive groups. Attachment of polyethylene glycol moieties
(PEGylation) may be site-directed, wherein a suitable reactive group is introduced into
the protein to create a site where PEGylation preferentially occurs, or is originally
present in the binding protein. The thiol group may be present in a cysteine residue;
and the amine group may be, for example, a primary amine found at the N-terminus of
the polypeptide or an amine group present in the side chain of an amino acid, such as
lysine or arginine. In one embodiment, the binding protein is modified so as to have a
cysteine residue at a desired position, permitting site directed PEGylation on the
cysteine, for example by reaction with a polyethylene glycol derivative carrying a
maleimide function. The polyethylene glycol moiety may vary widely in molecular weight
(i.e. from about 1 kDa to about 100 kDa) and may be branched or linear. In one
embodiment, the polyethylene glycol has a molecular weight of about 1 to about 50
kDa; in another embodiment, the polyethylene glycol has a molecular weight of about
10 kDa to about 40 kDa, about 15 kDa to about 30 kDa, or about 20 kDa. Examples of
such binding proteins and methods for synthesizing them are provided in WO

2011/135067, the entire contents of which are incorporated herein by reference.
In one embodiment, one can use a recombinant protein comprising a binding

domain as described herein, wherein the recombinant protein is conjugated at its C-

terminal cysteine thiol to a maleimide-coupled PEG, such as a-[3-(3-maleimido-1-

oxopropyl)amino]propyl-w-methoxy-polyoxyethylene  (NOF, Sunbright ME-200MA

(20kD) or Sunbright ME-400MA (40kD)). In one embodiment, one can use a
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recombinant binding protein comprising a binding domain as described herein, wherein
the binding domain is conjugated at its C-terminus via a peptide bond to SEQ ID NO:8,
which is in turn conjugated at the C-terminal cysteine thiol to a maleimide-coupled PEG,
such as  a-[3-(3-maleimido-1-oxopropyl)amino]propyl-w-methoxy-polyoxyethylene
(NOF, Sunbright ME-200MA (20kD) or Sunbright ME-400MA (40kD)).

In some embodiments, the C-terminal cysteine thiol can be conjugated to a
pyridyl disulfide-coupled PEG, a vinyl sulfone-coupled PEG, or a PEG coupled via other
thiol reagent.

In some embodiments, the PEG and appropriate linking compound has a
molecular weight of at least about 2 kD, 5 kD, 10 kD, 20 kD, 30 kD, 40 kD, 50 kD, 70
kD, or 100 kD. In one embodiment the maleimide-coupled PEG has a molecular weight
of at least about 2 kD, 5 kD, 10 kD, 20 kD, 30 kD, 40 kD, 50 kD, 70 kD, or 100 kD.

In certain embodiments the a-[3-(3-maleimido-1-oxopropyl)amino]propyl-w-
methoxy-polyoxyethylene has a molecular weight of at least about 20 kD or at least
about 40 kD.

In some embodiments, a recombinant binding protein can be conjugated at a N-
terminal amino group to a suitable PEG-containing linking compound. In such
embodiments, PEG-ethylene reagents, PEG NHS-esters, PEG NHS-carbonate, PEG-p-
nitrophenyl carbonates, PEG-triazine reagents, and the like may be conjugated at the
N-terminus of a suitable binding protein described herein.

In a further embodiment, the invention relates to nucleic acid molecules encoding
the particular recombinant binding proteins. Further, a vector comprising the nucleic
acid molecule is considered.

Further, a pharmaceutical composition comprising one or more of the above
mentioned binding proteins, in particular recombinant binding proteins comprising
repeat domains, or nucleic acid molecules encoding the particular recombinant binding
proteins, and optionally a pharmaceutical acceptable carrier and/or diluent is
considered.

Formulation

Pharmaceutical acceptable carriers and/or diluents are known to the person
skilled in the art and are explained in more detail below. Even further, a diagnostic
composition comprising one or more of the above mentioned recombinant binding
proteins, in particular binding proteins comprising repeat domains, is considered.
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A pharmaceutical composition comprises binding proteins as described above
and a pharmaceutically acceptable carrier, excipient or stabilizer (Remington's
Pharmaceutical Sciences 16th edition, Osol, A. Ed. [1980]). Suitable carriers,
excipients or stabilizers known to the skilled man are saline, Ringer's solution, dextrose
solution, Hank's solution, fixed oils, ethyl oleate, 5% dextrose in saline, substances that
enhance isotonicity and chemical stability, buffers and preservatives. Other suitable
carriers include any carrier that does not itself induce the production of antibodies
harmful to the individual receiving the composition such as proteins, polysaccharides,
polylactic acids, polyglycolic acids, polymeric amino acids and amino acid copolymers.
A pharmaceutical composition may also be a combination formulation, comprising an
additional active agent, such as an anticancer agent or an anti-angiogenic agent (for
example human VEGF-Axxxb; preferably, human VEGF-A165b).

In one embodiment, a formulation comprises binding proteins as described
above and a detergent such as nonionic detergent, including but not limited to
polysorbate 20 (e.g. about 0.04%), a buffer such as histidine, phosphate or lactic acid
and a sugar such as sucrose or trehalose. The formulation may also comprise PBS.

The formulations to be used for in vivo administration must be aseptic or sterile.
This is readily accomplished by filtration through sterile filtration membranes.

Methods of treatment

In one embodiment, the method of the invention comprises a method of inhibiting
binding between VEGF-Axxx and VEGFR-2 by administering to a patient in need of
such inhibition, at a frequency between every 8 weeks and every 16 weeks, a dose of
about 2 mg to about 4 mg of a recombinant binding protein comprising an ankyrin
repeat domain, wherein the ankyrin repeat domain is selected from the group consisting
of the ankyrin repeat domains of SEQ ID NOS:1 to 7. In some embodiments, the
ankyrin repeat domain is selected from the group consisting of the ankyrin repeat
domains of SEQ ID NOS:1 to 5. In some embodiments, the ankyrin repeat domain is
selected from the group consisting of the ankyrin repeat domains of SEQ ID NOS: 2 or
3. The methods can be used to treat certain ocular conditions, including those related
to ischemic retinopathy, neovascular retinopathy, or both ischemic retinopathy and
neovascular retinopathy. Some conditions related to ischemic retinopathy, that can be
treated by methods disclosed herein, can include diabetic macular edema, central vein
occlusion, and branched vein occlusion. Some conditions related to neovascular
retinopathy, that can be treated by methods disclosed herein, can include proliferative
diabetic retinopathy, exudative age-related macular degeneration, pathological myopia,
choroidal neovascularation, secondary to histoplasmosis, polypoidal choroidal
neovasularization, and retinal angiomatous proliferation, The method may be used to
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treat age-related macular degeneration, diabetic macular edema, pathological myopia
branch retinal vein occlusion, and central retinal vein occlusion. The method may also
be used to treat patients have the above-listed diseases who are refractory to existing
anti-VEGF therapies.

To “treat,” as used here, means to deal with medically. It includes, for example,
administering the recombinant binding protein of the invention to prevent the onset of
AMD as well as to alleviate its severity.

In one embodiment, the binding protein is administered every 8 weeks. In
another embodiment, the binding protein is administered every 9 weeks, 10 weeks, 11
weeks, 12 weeks, 13 weeks, 14 weeks, 15 weeks, or 16 weeks. In one embodiment,
the binding protein is administered every 8 weeks to 10 weeks, every 10 weeks to 12
weeks, every 12 weeks to 14 weeks, or every 14 weeks to 16 weeks. In another
embodiment, the binding protein is administered every 4 weeks to 12 weeks, or every 8
weeks to 12 weeks, or every 12 weeks to 16 weeks. In some embodiments, the protein
is administered at one or more of the frequencies described above for the remainder of
the lifetime of the patient.

Macular degeneration results from the neovascular growth of the choroid vessel
underneath the macula. There are two types of advanced macular degeneration:
exudative and atrophic. While exudative macular degeneration only comprises 15% of
all macular degeneration, nearly all exudative macular degeneration leads to blindness.
Once one eye is affected by exudative macular degeneration, the condition almost
always affects the other eye. Exudative and atrophic macular degeneration are often
called age-related macular degeneration or age-related “wet” macular degeneration as
the diseases are found mostly in elderly persons.

As used here, “refractory to anti-VEGF therapy” refers to the inability to achieve
a satisfactory physiological response with known anti-VEGF therapy, such as
ranibizumab, bevacizumab, aflibercept, or pegaptanib therapy. Such patients have less
than a 20% decrease in abnormal central retina thickness (center 1mm? area of the
macula) after 3 intravitreal injections of ranibizumab, bevacizumab, or aflibercept (or 3
intravitreal injections of a combination of any of the foregoing therapies). In one
embodiment, a patient who is refractory to anti-VEGF therapy experiences a continuing
worsening of vision despite ranibizumab, bevacizumab, aflibercept, or pegaptanib
therapy. In another embodiment, a patient who is refractory to anti-VEGF therapy
experiences thickening of the retina despite ranibizumab, bevacizumab, aflibercept, or
pegaptanib therapy. In some embodiments, patients refractory to anti-VEGF therapy
demonstrate negligible anatomical improvement despite receiving ranibizumab,
bevacizumab, aflibercept, or pegaptanib therapy.
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In some embodiments, the binding proteins are administered intravitreally at a
dose between 0.1 mg and 10 mg of binding proteins per injection, between 0.3 mg and
6 mg of binding proteins per injection, or between 1 mg and 4 mg per injection. In some
embodiments, the binding proteins are administered at a dose containing between 0.5
mg and 5 mg of binding proteins per injection, between 1.0 mg and 4.0 mg of binding
proteins per injection, between 2.0 mg and 4.0 mg of binding proteins per injection, or
between 3.0 mg and 4.0 mg of binding proteins per injection. In an embodiment, the
binding proteins are administered at a dose of 2 mg of binding proteins per injection. In
another embodiment, the proteins are administered at a dose of 3 mg of binding
proteins per injection.

According to some embodiments, a patient receiving injections of recombinant
binding proteins disclosed herein every four weeks to sixteen weeks can demonstrate a
20% or greater reduction in abnormal central retina thickness from baseline. According
to some embodiments, a patient receiving injections of recombinant binding proteins
disclosed herein every eight weeks to twelve weeks can demonstrate a 20% or greater
reduction in abnormal central retina thickness from baseline. According to some
embodiments a patient receiving injections of recombinant binding proteins disclosed
herein can demonstrate a 30% or greater reduction in abnormal central retina thickness
from baseline. According to yet other embodiments a patient receiving injections of
recombinant binding proteins disclosed herein can demonstrate a 40% or greater
reduction in abnormal central retina thickness from baseline.

According to some embodiments, a patient, who is refractory to Anti-VEGF
treatments such as anibizumab, bevacizumab, aflibercept, or pegaptanib, after
receiving one or more injections of binding proteins disclosed herein can demonstrate
about a 20% or greater reduction in abnormal central retina thickness from baseline.
According to some embodiments a patient after receiving one or more injections of
binding proteins disclosed herein can demonstrate about a 30% or greater reduction in
abnormal central retina thickness from baseline. According to yet other embodiments a
patient after receiving one or more injections of binding proteins disclosed herein can
demonstrate less than a 40% or greater reduction in abnormal central retina thickness
from baseline.

For example, a method for the treatment of an ocular condition, such as age-
related macular degeneration can include an intravitreal injection of a recombinant
binding protein in an amount in the range of 0.5 mg to 5 mg once every twelve weeks to
once every sixteen weeks. The recombinant binding protein can include an ankyrin
repeat domain, wherein the ankyrin repeat domain is selected from the group consisting
of the ankyrin repeat domains of SEQ ID NO: 3.
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In another example, a method for the treatment of age-related macular
degeneration in a patient who is refractory to an anti-VEGF treatment such as
ranibizumab, bevacizumab, or ranibizumab and bevacizumab, can include an
intravitreal injection of a recombinant binding protein in an amount in the range of 0.5
mg to 5 mg. The recombinant binding protein can include an ankyrin repeat domain,
wherein the ankyrin repeat domain is selected from the group consisting of the ankyrin
repeat domains of SEQ ID NO: 3. In such an example, a patient receiving such injection
or injections can experience more than a 20% decrease in abnormal central retina
thickness after receiving one or more injections. In some embodiments, a patient
receiving such injection or injections does not experience a thickening of the retina after
receiving one or more injections.

In another example, a method for the treatment of diabetic macular edema in a
patient who is refractory to an anti-VEGF treatment such as ranibizumab, bevacizumab,
or ranibizumab and bevacizumab, can include an intravitreal injection of a recombinant
binding protein in an amount in the range of 0.5 mg to 5 mg. The recombinant binding
protein can include an ankyrin repeat domain, wherein the ankyrin repeat domain is
selected from the group consisting of the ankyrin repeat domains of SEQ ID NO: 3. In
such an example, a patient receiving such injection or injections can experience more
than a 20% decrease in abnormal central retina thickness after receiving one or more
injections. In some embodiments, a patient receiving such injection or injections does
not experience a thickening of the retina after receiving one or more injections.

EXAMPLES
Example 1
Treatment of Patients Refractory to Existing Treatments

Several patients suffering from age-related macular degeneration who were
refractory to ranibizumab (LUCENTIS®) or bevacizumab (AVASTIN®) therapy were
treated via injection of a composition according to the invention comprising the ankyrin
repeat domains of SEQ ID NO: 3. The compositions were all dissolved in PBS and
administered via intravitreal injection in a 50 pl to 70 pl volume.

Three patients received 1.0 mg injections of the composition dissolved in PBS
and administered via intravitreal injection in a 50 pl volume, the retinal thicknesses of
the patients receiving the injections over time are shown in Figure 2a. The patients’
retinal thicknesses were determined using spectral domain optical coherence
tomography (“OCT”). These patients were refractive to existing VEGF therapies.

As llustrated in Figure 2a, patients A and C surprisingly demonstrated a
cumulative reduction in central retinal thickness from baseline after receiving an
injection of a composition including 1.0 mg of recombinant binding proteins including
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the ankyrin repeat domains of SEQ ID NO: 3, over a length of time of eight weeks. As
is seen in the figure, patients A, B, and C all surprisingly demonstrated a cumulative
reduction in central retinal thickness from baseline after receiving an injection of a
composition including recombinant binding proteins including the ankyrin repeat
domains of SEQ ID NO: 3, over a length of time of two weeks.

Six patients received 2.0 mg injections of the composition dissolved in PBS and
administered via intravitreal injection in a 50 ul volume, the retinal thicknesses of the
patients receiving the injections over time are shown in Figure 2b. The patients’ retinal
thicknesses were determined using OCT. These patients were refractive to existing
VEGF therapies.

As illustrated in Figure 2b, patients D, E, F, G, H and | surprisingly demonstrated
a cumulative reduction in retinal thickness from baseline after receiving an injection of
a composition including 2.0 mg of recombinant binding proteins including the ankyrin
repeat domains of SEQ ID NO: 3, over a length of time of eight weeks.

Six patients received 3.0 mg injections of the composition dissolved in PBS and
administered via intravitreal injection in a 50 ul volume, the retinal thicknesses of the
patients receiving the injections over time are shown in Figure 3a. The patients’ retinal
thicknesses were determined using OCT. These patients were refractive to existing
VEGF therapies.

As illustrated in Figure 3a, patients J, K, M, N, and O surprisingly demonstrated a
cumulative reduction in retinal thickness from baseline after receiving an injection of a
composition including 3.0 mg of recombinant binding proteins including the ankyrin
repeat domains of SEQ ID NO: 3, over a length of time of eight weeks. As is seen in
the figure, patients J, K, L, M, N, and O all surprisingly demonstrated a cumulative
reduction in retinal thickness from baseline after receiving an injection of a composition
including recombinant binding proteins including the ankyrin repeat domains of SEQ ID
NO: 3, over a length of time of four weeks.

Nine patients received 4.2 mg injections of the composition dissolved in PBS and
administered via intravitreal injection in a 50 ul volume, the retinal thicknesses of the
patients receiving the injections over time are shown in Figure 3b. The patients’ retinal
thicknesses were determined using OCT. These patients were refractive to existing
VEGF therapies.

As illustrated in Figure 3b, patients S, U, and V surprisingly demonstrated a
cumulative reduction in retinal thickness from baseline after receiving an injection of a
composition according to the invention including 4.2 mg of recombinant binding proteins
including the ankyrin repeat domains of SEQ ID NO: 3, over a length of time of sixteen
weeks. As is seen in the figure, patients S, U, V, and X surprisingly demonstrated a
cumulative reduction in retinal thickness from baseline after receiving an injection of a
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composition according to the invention including 4.2 mg of recombinant binding proteins
including the ankyrin repeat domains of SEQ ID NO: 3, over a length of time of twelve
weeks. As is seen in the figure, patients P, S, U, V, and X all surprisingly demonstrated
a cumulative reduction in retinal thickness from baseline after receiving an injection of
a composition including 4.2 mg recombinant binding proteins including the ankyrin
repeat domains of SEQ ID NO: 3, over a length of time of eight weeks.

Example 2
Duration of Treatment Effect

Figure 4 is a diagram that describes that binding affinity and vitreous half-life
define the duration of effect of a VEGF inhibitor. The figure describes the half life and
duration of treatment effect of two different dosage concentrations of recombinant
binding proteins according to the disclosure herein (referred to as “DARPIn”) as
compared to ranibizumab (LUCENTIS®). As is illustrated in Figure 4, both DARPiIn
dosages demonstrate a longer half life and longer duration of treatment effect as
compared to ranibizumab.

Although this invention has been disclosed in the context of certain embodiments
and examples, it will be understood by those skilled in the art that the present invention
extends beyond the specifically disclosed embodiments to other alternative
embodiments and/or uses of the invention and obvious modifications and equivalents
thereof. In addition while the number of variations have been shown and described in
detail, other modifications, which are within the scope of this invention, will be readily
apparent to those of skill in the art based on this disclosure. It is also contemplated that
various combinations or subcombinations of the specific features and aspects of the
embodiments can be made and still fall within the scope. Accordingly, it should be
understood that various features and aspects of the disclosed embodiments can be
combined with, or substituted for, one another in order to perform varying modes of the
disclosed invention. Thus, it is intended that the scope of the present invention herein
disclosed should not be limited by the particular disclosed embodiments described
above, but should be determined only by a fair reading of the claims.
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CLAIMS

What is claimed is:

1. A method of inhibiting binding between VEGF-Axxx and VEGFR-2, the method
comprising the step of administering to a patient in need of such inhibition, at a
frequency between 8 weeks and 16 weeks, a dose of about 1 mg to about 4 mg of a
recombinant binding protein comprising an ankyrin repeat domain, wherein the ankyrin
domain binds VEGF-Axxx with a Kd below 10°M.

2. The method of claim 1, wherein the binding protein further comprises a
polyethylene glycol moiety of at least 5 kDa molecular weight.

3. The method of claim 1 or 2, wherein the N-terminal capping module of the
ankyrin repeat domain comprises an Asp residue at position 5.

4. The method of any of claims 1, 2, or 3, wherein the ankyrin repeat domain
competes for binding to VEGF-Axxx with the ankyrin repeat domains of SEQ ID NO:1 or
3.

5. The method of any of claims 1, 2, or 3, wherein the ankyrin repeat domain is
selected from the group consisting of the ankyrin repeat domains of SEQ ID NOS: 1 to
7.

6. The method of any one of claims 1 to 5, wherein the binding protein inhibits
VEGF-Axxx binding to VEGFR-1.

7. The method of any one of claims 1 to 6, wherein the ankyrin repeat domain is
conjugated at its C-terminus via a peptide bond to a polypeptide linker and a C-terminal
Cys residue, wherein the thiol of the C-terminal Cys is further conjugated to a
maleimide-coupled polyethylene glycol.

8. The method of claim 7, wherein the maleimide-coupled polyethylene glycol is a-
[3-(3-maleimido-1-oxopropyl)amino]propyl-w-methoxy-polyoxyethylene.
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9. The method of any one of claims 1-8, wherein the binding protein is an ankyrin
repeat protein selected from the group consisting of the ankyrin repeat proteins of SEQ
IDNOS: 2,3,5,60r7.

10. The method of any one of claims 7 to 8, wherein the polyethylene glycol moiety
has a molecular weight of about 20 kDa.

11.  The method of claim 1, wherein the binding protein comprises the ankyrin repeat
protein of SEQ ID NO:3 wherein the thiol of the C-terminal Cys of the ankyrin repeat
protein is further conjugated to a maleimide-coupled polyethylene glycol.

12. The method of claim 11, wherein the maleimide-coupled polyethylene glycol is a-
[3-(3-maleimido-1-oxopropyl)amino]propyl-w-methoxy-polyoxyethylene, and wherein
the polyethylene glycol moiety has a molecular weight of at least 10 kDa.

13. The method of any one of claims 1 to 12, wherein the binding protein is
administered with a pharmaceutically acceptable carrier and/or diluent.

14. The method of claim 13, wherein the carrier is PBS.

15. The method of claim 13 or 14, wherein the binding protein is administered by
intravitreal injection.

16. The method of any one of claims 1 to 15, wherein the binding protein is
administered every 4, 8, 9, 10, 11, 12, 13, 14, 15, or 16 weeks.

17. The method of any one of claims 1 to 16, wherein the binding protein is
administered at a dose of 1 mg, 2 mg, 3 mg, or 4 mg, or at a dose of about 1.0 mg, 2.0
mg, about 3.0 mg, or about 4.0 mg.

18. The method of any one of claims 1 to 17, wherein the method is used to treat
age-related macular degeneration, diabetic macular edema, pathological myopia,
branch retinal vein occlusion, or central retinal vein occlusion in a patient having that
condition.

19. The method of any one of claims 1 to 18, wherein the patient is refractory to
ranibizumab, bevacizumab, aflibercept, or pegaptanib therapy.
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20. The method of claim 19, wherein the patient has less than a 20% decrease in the
center 1 mm? area of the macula after 3 intravitreal injections of ranibizumab,
bevacizumab, or aflibercept.

21. The method of claim 19, wherein the patient is refractory to one dose of
ranizumab therapy.

22. The method of claim 19, wherein the patient is refractory to one dose of
bevacizumab therapy.

23. The method of claim 19, wherein the patient is refractory to one dose of aflibercept
therapy.

24. The method of claim 19, wherein the patient is refractory to one dose of pegaptanib
therapy.
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