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METHODS OF CHARACTERIZING AND PURIFYING VEGF RECEPTOR FUSION
PROTEIN

FIELD
{61} The present disclosure generally pertains to methods for producing and purnifyiog VEGE

receptor fusion proteins including aflibercept.

CROSS REFERERCE TO RELATED APPLICATION

je02] The precent application clavms prionity to and the bevefut of United States paterd
application no. 63/612,573, “AFLIBERCEPT, TRUNCATED FORM OF AFLIBERCEPT AND
METHODS OF CHARACTERIZING AMD PURIFYING THEREOF,” which was tiled on

December 20, 2023, the disclosure of which ta hereby incorporated by reference tn Hs entirety.

SEQUENCE LISTING

{6003} The instant application contains a Sequence Listing which is being submitted herewith
electronically in XML formal and is hereby incorporaied by reference in s entively. Said XML
copy, created on December 17, 2024, is named 086939501102 Sequencelisting xmi and is 4

kilobyies tn size.

BACKGROUND

{8604 Persistent angiogenesis may cause or exacerbate certain diseases such as psoriasis,
rheumatoid arthritis, hernangiomas, angiotibromas, diabetic retinopathy and neovascular
glaucora. Aninhibitor of VEGE activity can be useful a3 a treatment for such diseases and
cther VEGF-induced pathological angiogenesis and vascular permeability conditions, such as
twmor vascudarization. The angiopoieting and roembers of the vascular endothelial growth factor
(VEGF) family are the only growth factors thought to be largely specitic for vaseular endothelial
cells.

{05 Several eve disorders are assoctaied with pathological angicgenesia. For example, the
development of age-related macular degeneration {AMD) is associated with g process called
choroidal neovascularization (CNV) Leakage from the UNV causes wacular edema and
collection of fluid beneath the macuia resulting in vision loss. Diabetic macular edema (EME) is

another eye disorder with an angiogenic component. DME is the wost prevalent cause of
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moderate vision [oss in patienta with diabetes and is a common complication of diabetic
retinopathy, a disease affecting the blood vessels of the retina. Clinically sigmificant DME
nccurs when fhid leaks into the center of the macula, the light-sensitive part of the retina
responsible for sharp, direct vision. Fluid in the macula can cause severe vision loss or
blindness,

{086] Various VEGE inhibitors, such as the VEGEF trap EYLEA® {(aflibercept), have heen
approved to treat such eye disorders. Aflibercept is a fusion protein composed of an Igf Fe
domain fused to the Iz domain 2 of VEGFR-T and Ig domain 3 of VEGFR-2Z. Aflibercept is
marketed as Eviea® (Regeneron, Tarrytown, NY ) for the treatment of various ocular conditions,
including wet type AMI, and is formulated for intravitreal administration. The fusion protein is
alse marketed as Zaltrap® (z/v-aflibercept) (Regenercn, Tarrytown, NY) for the treatment of
certain types of cancer aud is formulated for intravencus administration.

{8607] It is an important that a drug product meant for intravenous administration satisfy a
predetermined lovel of purity and quality. Impunties can be caused by chemical yoodifications of
a bislogic such as aflibercept during s manufacturing, degradation products of formulation
excipients, or degradation products formed through the reaction of the biologic and formulation
excipients, How such impurities form can be essential in studying the root cause of the problem
andd to formulate methods to avoid the formation of such impurities.

{68 Moreover, a large variety of Tactors can affect the safety, efficacy and stability of a
protein drug such as its manufacturing process, potential impurities developed durning
mwanufacture, exciptenis used to formulate a drug product of the protein, storage conditions, ote
Changes in any of these various factors can adversely and sometimes unexpectedly affect the

safety, efficacy and stability of g protein drug

SUMMARY

{8089} The present disclosure provides processes of preparing and purifying a VEGF recepior
fusion protein, e.g., aflibercept. Also disclosed are formulations including a high concentration
of the VEGF receptor fusion protein with a low amount of an aspartyl protease, e.g., cathepsin I3
{6018} In an embodiment, the process can include flowing a drg substance intermediate that
comprises a VEGTE receptor fusion protein, & surfactant, and an asparty] protease through a size

exclusion chramatography (S8 column; collecting a first ehiate from the SEC column that
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comprises the VEGE receptor protein and an amount of tess than 1 ppm of the aspariyl proteass;
and excluding from the collected first eluate a second cluate that comprises the VEGF receptor
fusion protein and the aspanty] protease. In some embodiments, the collected fivst ¢luate can have
even less of the aspartyl protease {e.g., cathepsin D} such as less than 0.7 ppm, 0.5 ppm, 0.3
ppm, 0.1 ppv, 807 ppro, 0.0% ppm, ete. of the aspariy] protease {e.g, cathepsin D,

{80111 In another embodiment, the process can include purifving atlibercept by tlowing a drug
substance wntermediate that comprises aflibercept, a surfactant, and cathepsin D through & size
exclusion chromatography (SEC) column, collecting a first eluate from the SEC column that
comprises the aflibercept and an amount of less than 1 ppm of the cathepsin I3 and excluding
from the collected first eluaie a second sluate that comprises the aflibercept and the cathepsin Db,
{6812] Cther embodiments can include a process of purifying a VEGF receptor fusion protein
{e.g, aflibercepty by Jowing a mixture comprising the VEGE receptor fusion protein, a
surfactant, and an aspartyl protease {e.g., cathepsin D) through a size exclusion chromatography
{SEC)Y column; and coltecting a first eluate from the SEC column that comprises the VEGF
receptor protein and an amount of less than 1 ppm of the aspartyl protease; and excluding a
second eluate from the SEC column that comprises the VEGF receptor protein and greater than 1
ppm of the aspartyl protease to thereby purify the VEGEF receptor fusion protein. o certain
embodiments, the process can include collecting a first eluate from the SEC column that
comprises the VEGE receptor protein and even less of the aspartyl protease such as an amount of

~r
!
‘

tess than 0.7 ppm of the aspariyl protease, e.g., less than 0.5 ppm, 0.3 ppm, 0.1 ppm, 0.07 ppm,
0.05 ppm, eie. of the aspartyl protease. In othor erpbodiments, the process can include excluding
the second eluate from the SEC column that comprises the VEGF receptor protein and greater
than the amount of the aspartyl protease collected 1n the first eluate such as excluding a second
eluate from the SEC column that comprises the YEGY receptor protein and greater than 0.03
pom, .07 ppm, 0.1 ppm, 0.3 ppm, 0.5 ppm, 0.7 ppm of the aspartyl protease to therehy punify
the VEGEF receptor fusion protein.

j8813] Also disclosed herein is a process of forming a high concendration aflibercept and low
concentration aspartyl protease {&.g., cathepsin D} containing composition. In an embodiment,
the process can include flowing a drug substance intermediate, or a mixture comprising the
VEGF receptor fusion protetn, a surfactant, and an asparty] protesse through a size exclusion

chromatography {8EC) column; and collecting a first eluate from the SEC column that comprises
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the VEGYF receptor protein and an amount of less than 1 ppm of the aspartyl protease, ¢.2., an
amount less than 0.7 ppro, 0.5 ppm, 6.3 ppim, 0.1 ppr, 0.07 ppm, 0.05 ppim, otc. The process can
further exchude a second eluate that comprises the VEGEF receptor protein and greater than 1 ppm
of the aspartyl protease, e g, an amount greater than 0.7 ppm, 0.5 ppm, 0.3 ppm, &1 ppmy, 0.07
ppm, .03 ppm, etc. of the aspartyl protease, 1o thereby form the high concentration aflibercept
and low concentration aspartyl protease containing composition.

{8014] Suitable surfactants can include non-ionic surfactants such as those that have a
polyoxyethylens moisty, ez, a polysorbate, such as polysorbate 20, polysorbate 80, a
poloxamer, such as poloxamer 188, a polvethvlene glveol, a polyvglved ester of hydroxystesric
acid, a giyeerol polvethylens glyveol ricinoleate, and any mixture thereof, Sarfactants in the drag
substance intermediate or mixiure for separation by the SEC column can be present in greater
than 0 0003 % such as at feast about 0.001%, e.g., at least about §.003%, about 0.01%, about
0.19%% and greater amounts such as up to and including at least about 2 9% and any range thereof
such as from greater than 0.0003% to about 2%. The surfactant can be added 1o the drug
substance intermediate, or mixture, as the case maybe, prior to tlowing it through the S8EC
column or concurrently while flowing the DSE or mixture through the SEC column.

{8015} Advantageously, the amount of the aspariyvi protease in an eluate, e.g., a fivst and/or
second eluate, can be deternuned by an enzyme-linked immunosorbent assaey (ELISA), or an
activily assay, or by Hquid chromatography-mass specirometry {(LC-MS), or by a combination of
two or more thereot. The ELISA can be based on an anti-Chinese hamster ovary cathepsin B
antibody, for example. Any one ot more than one of these techniques can be used to determine
an amount of the aspartyl protease in the first or second ehuate.

{816] In addition, any one or more of an ersyme-linked tmmuonosorbent assay (ELISAY, or an
activity assay, or by Hquid chromatography-mass spectrometry {(LC-MS), or by a combination of
two or more thereot, can be used to determing, prior to collecting an eluate, e.g, a first eluate, an
amount of the asparty] protease in one or more fractions of the drug substance intermediate or
miixture eluting from the SEC column. By detennining the amount of the aspartyl protease in
one or more {ractions of the drug substance intermediate or ixture eluting from the SEC
column, the SEC purification process can be carried out with a predetermined start and end time

of collecting a first eluate from the SEC colurn,
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{83177 In some aspects, the process further comprises, prior 1o purifying a VEGE receptor fusion
protein via an 3EC column, preparing a drug substance intermediate. The process can include
harvesting a preparation of the anti-VEGE protein produced by a host cell genetically enginsered
o express the anti-VEGE protein in a culture medium, purifyving the preparation by hiquid
chromatography, and adding 2 surfactant 1o the purified preparation to form a drug substance
intermediate. Advantagecusly, the preparation can be puritied by Protein A chromatography,
anion exchange chromatography, cation exchange chromatography, hydrophobic tnteraction
chromatography, or a combination of two or more thereof

{8018} In another embodiment, forraulations of the present disclosure can comprise g high

concentration VEGEF receptor protein, e g., aflibercept and low concentration aspariyl proteass
{e.z., cathepsin D). For example, formulations of the present disclosure are suitable for a high
concentration of the VEGF receptor fusion protein, e.g., aflibercept, such as a concentration of at
feast 41 mg/mb of the VEGY receptor fusion protein in the formulation. In some embodiments,
the conceniration of the VEGE receptor fusion protein in a formudation can tange from about 100
meg/mL to about 300 mg/mb.. Advantageously, the formulations can have a low amount of an
aspartyl protease {(e.g., cathepsin 13} such as fess than 1 ppm, e.g, less than 0.7 ppm, 0.5 ppm, 0.3
ppm, 0.1 ppoy, 0.1 ppm, 0.07 ppm, G.05 ppm, ste. of the asparty] protease {e.g, cathepsio D} in
the formulation. The formulation can further include one or more pharmaceutically acceptable
exciptents and aflibercept at concentration of frow about 100 my/mlL to about 300 mg/mi,
wherein the formulation includes less than 0.3 ppm of cathepsin D and has a pH of from 5.5 10
6.1, 1o some embodiments, the pH of the formulstion can range from about 5.0 0 about 6.5,
such as from about 5.5 0 abour 6.1

{819] These and other aspects of the disclosure will be better appreciated and undersiond when
considered in conjunction with the following description and the accompanving drawings. The
foliowing description, while indicating various embodiments and numerous specitic details
thereof, is given by way of ilustration and oot of limitation. Many substitutions, modifications,

additions, or rearrangements may be made within the scope of the disclosure.

BRIEY DE

CRIPTION OF THE DRAWINGS
{8628 FIG. 1 1s s cartoon representation of the structure and sequence of afitbercept (SEQ 1D

NE¥ 13y, according to an exemplary embodiment,
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{B021] FIG 218 a cartoon represeniation of the structure of WR-1 species, according to an
exemplary embodiment.

{80221 FIG. 3 is a chart of NR-1% formed over time when D8 samples are incubated with
cathepsin D at a pH of 6.3 and 4.5, according to an exemplary embodiment.

{8023 FIG. 4 15 ao exemplary workflow for guantifving the amount of cathepsin I3 present in &
sample, according to an exemplary embodiment.

{8024] FIG. 3 chow exernplary parameters helpful for quantifving the amount of cathepsin D
present in a sample, according o an exemplary embodiment.

{BG25] FIG3 613 a table of average level of cathepsin D present in facility A and facility B’s DSI
samples, which are calcufated according to an exemplary embodiment.

{6826 FIG. 7 displays an ELISA assay for guantifying cathepsin D in a sample, according to an
exemplary embodiment.

j8627] FI(3. 8 shows a chart presenting the Himit of detection {(LOD) for an ELISA assay for
guantifying cathepsin D 1o g sarople, according to sn exemplary embodunent.

{6628] FiG. 9 is a chart that shows levels of cathepsin I {in ppm} in different pocds for the
manufacturing process of g VEGF Trapl, according 10 an exemplary embodiment.

{602%) FIG. 10 shows a purification scheme for anti-cathepsin I3 antibody, according to an
exemplary embodiment.

{60338] FIG. 11 shows details of the purification scheme for anti-cathepsin B3 antibody shown in
FIG. 10

{8031] FIG. 12 displays an ELISA assay for quantifying cathepsin I 1o a saraple, according to
an exemplary embodiment.

{8032 FIG 13 shows a chant of levels of cathepsin I quantified as sbsorbance fevels in samples
with seriatly dilined Gl and 1pG4 antibodies, wherein the fevels are quantitying using an assay
according to an exemplary embodiment.

{8033} FIG. 14 shows a chart of levels of cathepsin D in different lois of aftibercept
manufacture, wherein the levels are quantifying using an assay according to an exemplary
embodiment.

{6034} FIG. 15A shows a chart of accelerated stability trends for LMW species at ¢ months at

25°C (black civcle and box) and comparator fots, according 1o an exemplary embodiment,



WO 2025/137313 PCT/US2024/061078

{8035] FIG. 158 shows a chart of accelerated stability trends for SE-UPLC aggregate species at
& months at 25°C {(black circle and box) and comparator lots. according to an exemplary
smbodinent,

18036] FIG. 16A shows a chart of accelerated stability trends for EMW species at 6 months at
5°C, according to an exemplary embodinment.

{#037] FIG. 168 shows a chart of accelerated stability trends for SE-UPLC aggregate species at
& monthe at 3°C, according 10 an exemplary erobodiment

{8038] FIG. 17A s a schematic of intact VEGEF-Trap trap (aflibercept) and the NRT variant,
according to an exemplary embodiment.

{#339] FIG. 178 shows the known VEGF-Trap cleavage sites from K& {0 T100, according to
an exernplary embodiment.

{8048] FIG. 1B are charts which display cleavage of VEGF-Trap (aflibercept) per sites
quantified with increased Y92/L93 digestion confirmed for high concentration {HC) DSI derived
Fiual drug substance {FDS), according 10 an exemplary embodiment,

{6041} FIG. 19 is a schematic showing Cathepsin D ~mediated VEGF-Trap aggregation.

{6842] F1G. 20 15 g panel of graphs showing Cathepsin P -mediated formation of NRU linked to
tncreased, according to an exemplary embodiment.

18043] FIG. 21 shows Cathepsin D activity data for D81 in-process pools produced in low
concentration (LC) DBSE lots (26 foted and high concentration {HC) DS ots (206 {otsy, according
to an exemplary embodiment.

{8644] FIG. 22 displays the results of activity assay {green box) and ELISA data (red box) of
embodiment.

{B045Y FIG. 23 displays Octet HTX sensorgrams of VEGF-Trap and cathepsin D interactions
across a range of VEGF-Trap concentration. according to an exemplary embodiment,

{8046] FIG. 24 displays Octet HTX sensorgrams of VEGF-Trap and cathepsin I association and
disassociation across g range of buffer pH, according to an exemplary embodiment.

{47 FIG. 25 §s a schematic of VEGEF-Trap (aflibercept) and cathepsin I3 with molecular
weight differences, thereby showing enabling separation by SEC which 15 aided by higher

nurnber of plates {colomn efficiency ), according to an exeraplary erabodimaent.
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{8348] FIG. 26 shows a smali-scale SEC run on high (bhee, right curve) and low {red, left curve}
efficiency columns to contirm shifts in cathepsin I retention timae {pesk traction denoted by star
and determinad by activity assay) and thersfore resclution from the VEGE-Trap main peak,
according to an exemplary embodiment.

[B8049] FIG. 27 A shows the fractions, which were analyvzed for cathepsin D activily, wherein
fractions that would be removed from the pool by an earlier collection end, are represented by
dashed Hnes, according to an exemplary embodiment.

{865¢] FIG. 278 is a pansl of graphs showing cathepsin I3 activity in the fractions shoen in FEG.
27A.

{e651] FIG. 28 displays a peak associated with a mixture aflibercept and cathepsin D eluting
from an SEC column and earlier collection end (cut) implemented during the SEC purification
step to reduce cathepsio D levels, according to an exemplary erabodiment.

{80521 FIG. 294 displays activity assay {top panelsy and ELISA data (bottom panels} of
cathepsin I3 concentration in source DISE and at FDIS, pre (ved) and post (blue} change, with fold
reduction, according to an exemplary embodiment.

{6633 FIG. 298 18 a graph of the experiment led earlier cut tmplemented during the SEC
purification step 1o reduce Cathepsin 12 levels, according to an exemplary emnbodiment.

18084] FIG. 29C shows cathepsin D concentration pre- and post-optimization {e.g., an SEC
purification step), according 1o au exemplary embodiment.

{8055} FIG. 304 shows a chart of CE-8DS stability data at 25 °C for modified high
concentration formulated drug substance (FIS) lots (black) at 3 wonths conopared to
investigation FIDS lot without the modification {blue, rectangles) and comparaior fots (red,
digroonds), according to an exemplary embodiment.

{3836] FIG. 308 shows a chart of stability data at 25 °C for pre~optimization {red, upper line},
post-optimization {green}, and comparators (biack) over 6 months, according to an exemplary
embodiment,

j8857] FIG. 31 are Octet HTX sensorgrams of VEGF-Trap and cathepsin D binding in the
presence of increasing polysorbate 20 (PRZ0} buffer concentration, wherein cathepsin B was
immobilized to the biosensor, while VEGF -Trap was the analyte {A), according to an exemplary

embodiment,
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{8058 FIG. 32 iflustrates a chart showing reduction in steady state binding affinity of YEGE-
Trap and cathepsin D binding observed o the presence of PS20, particularty at >0.0003%%,
according 10 an exemplary embodiment,

1805%) FIG. 33 shows the Formulated Drug Substance from multiple process areas Pre- and
Posi- SEC optimization.

{#068] FIG. 34 shows the capability of an ELISA assay, an Activity Assay and LC-MS to
correlate cathepsin I3 concentration 1o accelerated stability bebavior for a given Drug Substance
Intermediate. These technigues can also be used to correlate cathepsin I concentration 1o
accelerated stability behavior for a given FDS,

{6361] FIG. 35A dlusirates 3 chart showing development stability at FIDS and demonstrates that
the aggregate is linked to clipped species formation. The DMSEO line is FDIS with various
concentrations of Cathepsin Id and the Total HMW at 6 months. The Pepstatin A line is the same
material with the Cathepsin D inhibitor {(pepstatin A).

{862 FIG. 358 shows a diagram of blending of pre-optimization and post-optimization
cathepsin D to correlate cathepsin £ conceniration to aflibercept stability,

{8063} F1G. 30 shows development stability at FDS demonstrates that the sggregate 1s linked to
clipped species formation. Closed trangles represent two 251 ots with cathepsin I present.
Open triangles represent the same two DSI lots with cathepsin D present but inhibited by the
inhibitor (pepstatin &) LHS: Aggregation RHS. NR1 {clipped species).

{B8044] FIG. 37 shows siability pre-optimization. Higher levels of Cathepsin D {red) have
rmnumal iropact on NR1T formation a1 5°C. Higher levels of Cathepsin B (red) nupact observed at
25°C. Presence of infubitor {open symbois) prevents effect of Cathepsin £3 at 25°C. Presence of
inhibitor (opeu symbols) at 5°C shows that activity (oot just presence) of Cathepsin D g

important for stability behavior,

DETAILED DESCRIPTION

{8065] Unless described otherwise, all technical and sciendific terms used herein have the same
meantng as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. Methods and materials similar or equivalent to those described herein known to the

skilled artisan can be used in the practice of particular embodirnents described herein,
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{63066] The term “a” should be understood o mean “at least one” and the terms “about” and
“approvimately” should be understood to permit standard variation as would be understood by
those of ordinary skill in the art and where ranges are provided, endpoints are included.

18067] A “sample” refers to 2 small portion of a larger quantity of material. Generally, testing
according to the methods described berein is performed on a sample. The sample is typically
obtained from a recombinant polypeptide preparation obtained, for example, from cultured host
cells. A sample may be obtatned from, for exarple but vot Hmited to, harvested cell colture
thitd, from an in-process pool at a certain step in a purification process, or from the final purified
product.

{6368] As used herein, the term “angiogenic eye disorder” means any dissase of the eye, which
is caused by or associated with the growth or proliferation of blood vessels or by blood vessel
feakage.

{8069} As used herein, the term “chemically defined medium” or “chemically defined media”
{both abbreviated “CDM”) refers 1o a synthetic growth medium in which the identity and
concentration of all the ingredients are detined. Chemically defined media do not contain
bacterial, yeast, antmal, or plant extracts, animal serum, or plasma, although individual plant or
avumal-derived components {e.g., proteins, polypeptides, efc.} may be added. Chemically
defined media may contain inorganic salts such as phosphates, sultates, and the ke needed to
support growth, The carbon source is defined, and is usually a sugar such as glucose, lactose,
galactose, snd the like, or other compounds such as glveerol, lactate, acetate, and the ke, While
certain chensically defined culture media also use phosphate sales as a buffer, other butters may
be employed such as sodium bicarbonate, HEFES, citrate, triethanolamine, and the like.
Examples of commercially svaitable chemically defined media include, but are not Hmted to,
various Dulbecce's Moedified Eagle's {DME) media (Sigma-Aldrich Co; SAFC Biosciences,
Inc.}, Ham's Nutrient Mixture {Sigma-Aldrich Co; SAFC Biosciences, Inc )y, various EX-CELLs
madiums (Sigma-Aldrich Co; SAFC Biosciences, Inc.}, various 18 CHO-CD medivms
(FLUJIFILM Irvine Scientific), combinations thereof, and the ike. Methods of preparing
chemically defined culture media are known in the art, for example, in US. Pat. Nos. 6,171,825
and 6,936,441, WG 2007/077217, and U.S. Patent Application Publication Nos. 2008/06009040

and 2007/0212770, the eotive teachings of which are herein wcorporated by reference.

10
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{8078 As used herein, the term “formudation” refers 1o 3 protein of interest that is formudated
together with one or more pharmaceutically acceptable vehicles or excipients. Tn one aspect, the
protetns of taterest s aflibercept and/or a truncated aflibercept. In some exemplary embodiments,
the amount of protein of interest in the formulation can range from about .01 mg/mL to about
600 mgful. In some specific embodiments, the amount of the protein of interest in the
formulation can be about 6.01 mg/mL, about 0.02 mg/mL, about 0.03 mp/mb., about 0.04
wg/ml, about 0.03 mg/ml, about 0 00 mg/mb, about 8.07 me/ml, about 0 08 rog/mi., about
3,09 mg/ml, about 0.1 my/ml, about 0.2 mg/mb., abowt 6.3 mg/ml, about 0.4 myg/mi., about 4.5
mg/ml, about 0.6 mg/mL, about 0.7 mg/mb, about 0.8 mg/mL, about 0.9 mg/mL, about 1
me/ml, about 2 mg/ml., about 3 mg/ml, about 4 mgfmi, about 5 mg/ml., about 6 mg/ml, about
7 my/mb, about § mg/mi, sbout 9 mg/ml, about 10 mg/mb, sboutr 15 my/md., about 20 mg/mi,
about 25 mgfral, about 30 mg/ml., about 35 mg/mi, about 40 mg/mL, about 45 mg/ml, about
50 mg/mb, about 35 mg/mi | about 60 mg/ml, about 65 mg/mb., about 76 mg/mi., about 75
mg/mb, about 80 mg/ml., about 85 mg/ml., about 90 mg/mi, about 100 mg/mL, gbout 110
meg/mL, abount 120 mg/mb, about 130 mg/mL, about 140 mp/mb, about 150 my/mb., about 160
mg/mb, about 170 mg/mb, about 180 mg/mL, about 120 mg/ml, abour 200 mg/mb., gbout 223
mg/mi., about 250 mg/mi., aboul 275 mg/mi, about 300 mg/ml., about 325 mg/ml., about 350
mg/ml., about 375 mg/ml, about 400 mg/ml, about 425 mg/mi. about 450 mg/mb., about 475
me/ral, about 300 mefml, about 325 mefol., about 530 mefml., abowt $75 mg/ml., or about
600 mg/mL. In other specific embodiments, the amount of the protein of interest in the
formulation can be at least 41 mg/ml, such at feast 100 mg/ml.. For example, the amount of the
protein of interest in the formulation can be at least 41 mo/mb to about 600mg/mL and any value
therebetween, In some exemplary embodiments, pH of the formulation can be greater than about
5.0. In one exemplary embodiment, the pH can be greater than about 5.0, greater than about 3.5,

5

7
7
7

greater than about 6.0, greater than about 6.5, greater than about 7.0, greater than about 7.5,
greater than about .0, or greater than about 3.5, In ancther exemplary embodiment, the pH can
range from about 5.0 o about 6.5, such as from about 5.5 to about 6.1

{711 As used herein, the term “database” refers to a bicinformatics tool, which provides for the

possibility of searching the uninterpreted MS-MS spectra against all possible sequences in the

database(s). Non-liroiting examples of such tools are Mascot {www rnatrixscience com),

Npectrum Mill (www chem agilent com), PLGS (www waters com), PEAKS

1"
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{www bioinformaticasclutions com}, Proteinpiiot

{downlead applicdbiosystems com//proteinpilot), Phenyx (www phenvx-ms.com}, Sorcerer
{www sagenresearch.com}, OMSISA (www pubchem nebinlm nih gov/omasa/}, X1Tandem
{(www thegpm org/ TANDEMY), Protein Prospector

{www.prospector.ucst edu/prospector/mshome him ), Byonic

{www proteinmetrics.com/products/byonic) or Sequest {fields scripps. edu/sequest).

{80721 A “purification step” may be part of an overall purification process resulting in a
“homogeneous” composition, which is used hereln to refer (0 2 composition comprising less than
about 100 ppm HCOP (100 ppm in 3 composition comprising the protein of irderest, or less than
about 90 ppm {90 ppm), or less than about 30 ppm (80 ppm), or less than about 70 ppm {70
ppm g, or 1ess than about 60 ppm (60 ppm ), or less than aboot 50 ppm 50 ppm), or less than about
40 ppro (40 ppm), or less than about 30 ppiw (30 ppm), or less than about 20 ppm (20 ppod, or
fess than about 10 ppm (10 ppm), or less than about & ppm (5 ppm), or igss than about 3 ppm (G
ppm) or fess than about 1 ppm {8 ppro). In certain embodiments, the HCP 15 a single HCP
species. In one embodiment, the single HCP species is Cathepsin D Cathepsin D) 15 an aspartic
endo-protease that is ubiguitously distributed in lysosomes. The main function of cathepsin D is
to degrade proteins and activate precursors of bioactive profeing in pre-lysosomal compartments.
The sequence of cathepsin D is represented in SEQ D NG: 2.

SEQID NG 2
SAVIRIPLRKFTSIRRTMTEVGGSVEDLILKGPITK Y SNOSPAETRKGPVSELLENYLDAGY
YGEIGIGTPPOUFTVVED TGS SNL WVPRSTHCK LLDIACWIHHE YNSGKESTEVRMNGTRFDI
HYGSGSLSGYLSQDTVEVPUKSEQPGGLKVEKQIFGEAIKQPGITFIAARFDGILGMGYPS
ISVNMNYVPVFDNLMOOKLVEKNIFSFFLNRDPTGOPGGELMLGGIDSKY YEGELSYLNY
TREAYWOQVHMDOLDYANGLTLCKGGCEAIVDTGTSLLVGPVDEVKELGRAIGAVPLIQ
GEYMIPCEKVSSLPSVTLEKLGGKDYELSPSKYVEKVSQGGK TICLSGFMGMDIPPPSGPL
WILGDVFIGTYYTVFDRONNRYGFAK AATLEOKLISEEDL GOEQKLISEEDLUHMHEHE

{B073] As used herein, the term “ultrafiliration” or “UF” can include a membrane filtration
process similar {o reverse osmosis, using hydrostatic pressure to force water through a semi-

permeable membrane, Ultrafiltration is desceribed in detail v LEOs J. ZonaN & ANDREW L.

ZYDMEY, MICROFILTRATION AND ULTRAFILTRATION | PRINCIPLER AND APPLICATIONS (1990}, the
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entite teaching of which is herein incorporated. Filters with & pore size of smallerthan 01 um
can be used for ulirafiltration. By employing filters having such small pore size, the volume of
the sample can be reduced through permeation of the sample buffer through the filter while
proteins are retained behind the filter

{80747 As used berein, “diafiliration” or “DFY can include a method of using ulirafitiers to
remove and exchange salts, sugars, and non-agqueocus solvents, to separate free trom bound
species, to remove low molecular-weight material, and/or to cause the rapid change of tonic
and/or pH environments. Microselutes are removed most efficiently by adding solvent to 2
solution being ulirafiltered ar a rate approximately equal to the ultrafiltration rate. This washes
microspecies from the solution at a constant volume, In certain exemplary smbodunents of the
present disclosure, a diafiltration step can be emploved to exchange various butfers used in
connection with the tnatant disclosure, for example, prior to chromatography or other production
steps, as well as to remove impurities from the protein preparation. As used hersin, the term
“downstrearn process technology” refers 1o one or more technigues used after the upstream
process technologies to produce a protein. Downstream process technology includes, for

example, production of a protein product, using, for example, affinity chromatography, including

Protein A affinity chromatography as well as affintty chromatography that uses a solid phase
having a well-defined molecule like VEGF that can interact with its cognate like a VEGF
receptor { VEGER], jon exchange chivomatography, such as anion or calion exchange
chromatography, hydrophobic interaction chromatography, or displacement chromatography.
{8073] The phrase “recombinant host cell” {or sitnply “host cell”) includes a cell into which a
recombinant expression vector coding for a protein of interest has been introduced. It should be
pndersiood that such 2 ferm 18 intended to refer vot only to 4 particular subject cell but to a
progeny of such a cell. Because certain modifications may cccur in succeeding generations due
to either mutation or environmental influences, such progeny may not, in fact, be identical 1o the

4 >

parent cell, but are still tncluded within the scope of the term “host cell” as used herein. Inan
embodiment, host cells includde prokaryotic and eukaryotic cells selected from any of the
kingdoms of ife. fo one aspect, eskarvotic cells include protist, fungal, plant and animal cells

in a further aspect, host cells include sukaryotic cells such as plant and/or animal cells. The cells
can be mamroalian cells, fish cells, tnsect cells, amphibian cells or svian cells, In g particular

aspect, the host cell is 2 mammalian cell. A wide variety of mammalian cell lines suitable for
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growih tn cuiture are avatlable from the American Type Culture Collection (Manaseas, Va} and
other depositories as well as commercial vendors. Cells that can be used in the processes of the
disclosure tnclude, but not limitied to, MKZ.7 cells, PER-C6 cells, Chinese hamster ovary cells
{(CHO), such as CHO-K 1 {ATCC CCL-61), DG4 {(Chasin ef f | 1986, Som. (ell Molec.
Grenrer., 12:555-536, Kolkekar ef af, 1997, Biochemistry, 36 10901-10209; and W0 01/92337
A2}, dihvdrofolate reductase negative CHG cells (CHO/-DHFER, Urlaub and Chasin, 1980, Froc
Notl, Aced Sei. U84, '77:42?6}7 and dpi2 CHO celis {US. Pat. No. 5,721,121}, monkey kidney
cells (CV1, ATCC CCL-T0Y, wonkey kidoey OV cells transformed by SY40 (COS cells, COS-
7. ATCC CRL—lGil); HEK 293 cells, and Sp2/0 cells, 518 hybridoma cells, Dandi cells, EL4
cells, Hel.a cells, HL-60 celis, K562 cells, Jurkat cells, THP-1 cells, Sp2/0 cells, primary
epithelial cells {e.g, keratinocyies, cervical epitheiial cells, bronchial epithelial cells, tracheal
epithelial cells, kidnev epithelial cells and retinal epthelial cells) and established cell lines and
their strains {e.g., human embryonic kidaey ceils {e.g, 293 celis, or 293 cells subcloned for
growth i suspension culture, Graham of of, 1977, J. Gese Virod, 36.39), baby hamster kidney
cells (BHK, ATCC COL-10); mouse sertoli cells (TM4, Mather, 1980, Biol Reprod., 23:243-
2513, burmnan cervical carcinoma cells (HELA, ATCC CCL-2); canine kiduey cells (MDCK,
ATCL CUL-34) homan lung cells {W13&, ATCU CCL-75):, buman hepatoma cells (HEP-(3Z,
HEB 8065); mouse mammary tumor cells (MMT 0665362, ATCC CCL-31y; buttalo rat liver cells
{BRL 3A, ATCC CRL-1442) TRI cells (Mather, 1982, Annaly NY Acad. Sci., 38344683, MCR
S cells; Fa4 cells; PER-CO6 retnal cells, MDBE (NBL-13 ceils, 911 cells, CRFK cells, MDCK
olls, BeWo cells, Chang cells, Deroit 562 cells, HeLa 229 cells, Hela S5 cells, Hep-2 cells, KB
cells, LS 180 celis, LS 1747 cells, NCI-H-8348 cells, RPMI 2650 cells, SW-13 cells, T24 cells,
WI-28 VA3, ZRA cells, WISH celis, BR-C-1 cells, LLC-MK: cells, Clons M3 cells, 1-10 cells,
RAG cells, TOMK-T cells, Y-1 cells, LLC-FK cells, PR{15) cells, GHi cells, GHucells, L2 cells,
LLC-REC 256 cells, MHCs cells, XC cells, MDOK cells, VSW cells, and TH-L Bl cells, or
derivatives thereofl, fibroblast cells from any tissue or organ Gocluding bui not Hmited to heart,
Hver, kidney, colon, intestines, esophagus, stomach, neural tissue (brain, spinal cord), lung,
vascular tissue {artery, vein, capillary}, Iymphoid tissue {lymph gland, adenoid, tonsil, bone
marrow, and bloody, spleen, and fibroblast and fibroblast-like cell lines {e.g., TRG-2 celis, IMR-
33 cells, Don cells, GHK-Z1 cells, aitrullinemia cells, Dempsey cells, Detroit 5531 cells, Detroit

510 cells, Detroit 525 cells, Detroit 529 cells, Detroit 332 cells, Detroit 539 cells, Detroit 548
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cefls, Detroit 573 celis, HEL 299 cells, IMR-90 celis, MRC-5 cells, Wi-38 cells, WI-26 cells)
MiCh eells, CV-1 cells, COS-1 cells, COS-3 cells, COS-7 celis, African green monkey kidney
cells (VERO-T6, ATCC CRL-1587; VERQG, ATCC CUL-81Y, DBE-Frhl~2 cells, BALB/3T3
cells, F9 cells, SV-T2 cells, M-MSV-BALB/ATS cells, K-BALB cells, BLO-11 cells, NOR-10
cefls, CiHAGTIZ cells, HSDMGs cells, KENZ0S cells, MeCoy cells, Mouse L cells, Strain 2071
{Mouse L} cells, L-M strain {dMouse L) celis, L-MTK {Mouse L} celis, NCTC clones 2472 and
2555, SCC-PRAL cells, Swiss/3T3 cells, Indian muniac celis, SIRC cells, Cncells, and Jensen
cells, or desivatives thereofd or any other cell type known to one skilled v the art,

{8078 As used herein, the term “host cell proteing” (HCP) includes protein derived from a host
cell and can be unrelated {0 the desired protein of intereat. Host cell proteins can be a process-
related impurity which can be derived from the manufacturing process and can include three
major categories: cell subsirate-derived, cell culture-derived and downstream derived. Cel
substrate-derived impurities include, but are not hmited fo, proteins derived from a host
organism and vucleic acid (host celt genomic, vector, or total DNAY Cell culture-derived
impurities inchude, but are not limited to, inducers, antibiotics, serum, and other media
components. Downstream-derived impurities include, but are not imited to, enzymes, chemical
and biochemical processing reagents {e.g., cvanogen bromide, guanidive, oxidizing and reducing
agents), inorganic salts (e.g., heavy metals, arsentc, nonmetallic ion), solvents, carriers, ligands
{e.g., mouoclonal antibodies), and other leachables,

{68077} The term “parts per million” or “ppm” are used interchangeably herein to refer o a
reasure of purity of the protein of interest purified by a method of the disclosure. The umit ppin
refers to the amount of HCP or CHOP in nancgrams/muliiliter per protein of interest in
muiligrams/malliliter G e, CHOP ppro=(CHOP sg/miy{protein of interest mg/mb), where the
proteins are in solution). Whers the proteins are dried {such as by lyophilization), ppm refers to
{CHOP ngy/{protein of interest mg)). Impurities may also be expressed as “ppmy” which 15 used
tnterchangeably with ppm.

{8078] In some exemplary embodiments, the host cell protein can bave a pl in the range of about
4 Stoabout 9.0 In an exemplary embodiroent, the pl can be about 4.5, abowt 5.0, about 5.5,

o
7
/

about 5.6, sbout 5.7, about 5.€, about 5.9, about 6.0, about 6.1, about 6.2, about 6.3, about 6.4,

about 6.5, sbout 6.6, about 6.7, about 6.8, about 6.2, about 7.0, about 7.1, about 7.2, about 7.3,
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about 7.4 about 7.5, about 7.6, about 7.7, about 7 8, aboui 7.9, about 8.0, about 8.1, about 3.2,
about 8.3, gbout 8.4, about 8.5, about 8.4, about 8.7, about 8 8, about 8.9, or about 9.0,

{807%] As used heretn, the term “Hauid chromatography” refers 10 a process in which a
biological/chemical mixture carried by a liquid can be separated into components as a result of
differential distribution of the components as they How through (or tnto) a stationary Lguid or
solid phase. Non-limiting examples of liguid chromatography include reverse phase lquid
chromatography, 1on-exchange chromatography, stze exclusion chromatography, affinity
chromatography, mixed-mode chromatography or hydrophobic chromatography

[8686] As used herein, “affimty chromatography” can include separations including any method
by which two substances are separaied based upon their affinity to a chromatographic material.
It can comprise subjecting the substances to a column comprising a suitable affinity
chromatographic medis. Non-limiting examples of such chromatographic media include, but are
not limited to, Protein A resin, Protein G resin, affinity supports comprising an antigen against
which a binding molecule (¢ 2., antibody ) was produced, protein capable of biudivg to a protein
of interest and affinity supports comprising an Fo binding protein. In one aspect, an affinity
columa can be equilibrated with a suitable butter prior to sample Ioading. An example of a
suitable buffer can be a Tris/NaCl bufter, pH around 7.0 10 8.0, A skilled artisan can develop a
suttable butfer without undue burden. Following this equilibration, 2 sample can be loaded onto
the column. Following the loading of the column, the column can be washed one or multiple
times using, tor example, the equilibrating buffer. Other washes, including washes emploving
different buffers, can be used before eluting the coluron. The atfintry column can then be eluter
using an appropriate elution buffer. An example of a suitable elution buffer can be an acetic
actd/Nal botter, pH around 2.010 3.3 Again, the skilled artisan can develop an appropriate
elution buffer without undue burden. The eluate can be monitored using technigues well known
to those skilled in the art, including UY. For example, the sbsorbance at 280 nm can be
employed, especially if the sample of interest comprises aromatic rings {e.g., proteins having
aromatic anting acids like pyprophan).

{811 As used herein, "ion exchange chromatography” can refer to separations inclading any
method by which two substances are separated based on differences in their respective tonic
charges, etther on the molecule of interest and/or chromatographic matenial as a whole ot logally

on specific regions of the molecule of interest and/or chromatographic material and thus can
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employ either cationic exchange material or antonic exchange material lon exchange
chromatography separates molecules based on differences between the local charges of the
motecules of interest and the local charges of the chromatographic material. A packed ion-
exchange chromatography column or an ion-exchange membrane device can be operated in a
bind~cluie mode, a flowthrough mode, or a hybrid mode. Afler washing the coluron or the
membrane device with an equiltbration butfer or ancther butter, product recovery can be
achieved by increasing the 1onic sirength (e, conductivity) of the elution buffer to compete with
the solute for the charged sites of the lon exchange matrix. Changing the pH and thereby altering
the charge of the solute can be ancther way to achieve elution of the solute. The change in
conduciivity or pi may be gradual {gradient elution} or stepwise {step elution)  Anionic or
cationic substituents may be attached 1o matrices in order to form antonic or cationic supports for
chromatography. Non-limiting examples of anionic exchange subetitnents include
disthylaminoethyl (DEAE), quaternary aminosthy] (QAE} and quaternary amine (G} groups.
Cationic substituents inchude carboxymethyt (UM}, sulfoethyl (3B}, sulfopropyl (8P, phosphate
(P and sulfonate (5}, Cellulose ion exchange medias or support can inciude DEZIYM DE3ZTM
DESZT CM-253T CM-327 gnd CM-32™ are available from Whatman Lid Maidstone, Kent,
UK SEPHADEX®-based and -locross-hinked lon exchangers are also kuown. For example,
DEAE- QAE- CM-, and SP-SEPHADEX® and DEAE-) -, CM- and 8-SEPHAROSE® and
SEPHARORE® Fast Flow, and Capto™ 8 are all available from OF Healthcare, Further, both
DEAFE and UM denvitized ethylene glycol-methscrylate copolymer such as TOYOPEARL™
DEAE-630S or M and TOYOPEARL™ CM-6308 or M are available from Toso Haas Co.,
Philadelphia, Pa, or Nuvia § and UNOSphere™ S trom BioRad, Hercules, Calif | Eshmune® 8
from EMID Millipore, MA.

{082} As used herein, the term “hydrophobic interastion chromatography resin” can include a
solid phase, which can be covalently modified with phenyl, octyl, butyl or the like | can use the
properties of hydrophobicily 1o separaie molecules from one ancther. In this type of
chromatography, hydrophobic groups such as, phenyl, votvl, hexyi or butyl can form the
stationary phase of 2 column. Molecuiss such as proteins, peptides and the like pass through a
HIC {hydrophobic interactive chromatography ) column that possess one or more hydrophobic
regions on thelr surface or have hydrophobie pockets and are able to interact with hydrophobic

groups comprising a HIC s stationary phase. Examples of HIC resing or support include Phenyl
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sepharose FF, Capto Phenyl {GE Healtheare, Uppsala, Sweden), Phenyl 650-M {Tosoh
Bioscience, Tokyo, lapan) and Sartobind Phenyl (Sartorius corporation, Mew York, USA)
{80831 As used heretn, the term “Mixed Mode Chromatography™ or “multimodal
chromatography” (both “MMC”} inclades a chromatographic method in which solutes interact
with a stationary phase through more than one interaction wode or mechanismy. MM can be
used as an alternative or complementary tool 1o traditional reversed-phased {R¥), ion exchange
(IEXY and vormal phase chromatography (NP) Unlike BP, NP and IEX chromatography, in
which bydropholic tnteraction, bydrophilic interaction and ionic jnteraction respectively are the
dominant interaction modes, mixed-mode chromatography can employ a combination of two or
more of these interaction modes. Mixed mode chromalography media can provide unigue
selectivity that cannot be reproduced by single mode chromatography. Mixed mode
chromatography can also provide potential cost savings, fonger column lifetimes and operation
Hlexibility compared to affinity-based methods. In some exemplary embodiments, mixed mode
chromatography media can be comprised of mixed roode Bgands coupled 1o ap organic or
inorganic support, sometimes denoted a base matrix, directly or via a spacer. The support may
be i the form of particles, such as essentially spherical particles, a monolith, filter, membrane,
surface, capillaries, efe. In some exenmplary emabodiments, the support can be prepared from a
native polymer such as cross-linked carhohydrate matenal, such as agarose, agPV, celluiose,
dexiran, chitusan, konjac, carrageenan, gelian, alginate, efe. To obiain high adsorption
capacities, the support can be porous and ligands are then coupled to the external surfaces as well
as to the pore surfaces. Such native polyiver supports can be prepared according o standard
methods, such as inverse suspension gelation (8 Hjerten: Biochim Biophys Acta 79(2), 393-398
{1964}, the entire teachings of which are herern incorporated). Alternatively, the support can be
prepared from a synthetic polymer such as cross-linked synthetic polymers, for example, styrene
or styrene dervatives, divinylbenzene, acrvlanudes, acrvlate esters, methacryiste esters, vinyl
gaters, vinyl amides and the tike. Such synthetic polymers can be produced according to
standard methods, for example, “Styrene based polyrmer suppons developed by suspension
polvinerization” (R Arshady: Chimica & L'ndustria 70(9), 70-75 (1988}, the entire teachings of
which are herein incorporated). Porous native or synthetic polvmer supports are also available

from commercial sources, such as such as GE Hesltheare, Uppsala, Sweden.
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{60847 As used herein, the term “mass spectrometer” includes a device capable of identifving
specitic molecular species and measuring their sccurate masses. The term 15 meant to include
any motecular detector into which a polypeptide or peptide may be characterized. A mass
spectrometer can include three major parts: the ion source, the mass analyzer, and the detector.
The rofe of the ton source is 1o oreate gas phase wons. Analyie atoms, melecules, or clusters can
be transterred into gas phase and ionized either concurrently (as in electrospray ionization} or
through separate processes. The choice of lon socurce depends on the application. In some
exemplary smbodiments, the mwass spectromster can be a tandem mass spectrometer. As used
herein, the term “tandem mass spectrometry” includes a technique where structural information
on sample molecules is obtained by using multiple stages of mass selection and masa separation.
A prerequisite 1s that the sample molecules be transformed inmto a ¢gas phase and ionized so that
fragroents are formed in a predictable and controllable fashion after the first mass selection step.
Multistage MS/MS, or MS”, can be performed by first selecting and isclating a precursor ion

§%), fragroenting it, isolating a privoary fragment ion (MS'), fragmenting it, isolating &

secondary fragment (MS?y, and so on, as long as one can obtain meaningful information, or the
fragment 1on signal 1s detectable. Tandem MS has been successfully performed with & wide
variety of analyzer combinations.

{B885] Which analyzers to corabine for a certain application can be determined by many
different factors, such as sensitivily, selectivity, and apeed, but also size, cost, and availability,
The two major categories of fandem MS methods are tandem-in-space and tandem-in-time, but
there are also bybrids where tandem-in-time analyzers are coupled w space or with tandem-in-
space analyzers. A tandem-in-space mass spectiometsr Comprises an ion SOUCe, a Precursor ion
activation device, and at least two von-trapping mass analyzers. Specific w/z separation
funsiions can be designed so that in one section of the instrument ions are selected, dissociated in
an intermediate region, and the product ons are then transmitted to another analyzer for m/z
separation and data acquisition. In tandem-in-time, mass specirometer jons produced in the ton
source can be trapped, isolated, fragmented, and vz separated in the same physical device.
{#:86] The peptides identified by the mass spectrometer can be used as surrogate reprasentatives
of the intact protein and their post translational modifications. They can be used for protein
characterization by correlating experimental and theoretical MS/MS data, the latter generated

from possible peptides in a protein sequence database. The characterization includes, but is not
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Hemited, to seguencing aming acids of the protetn fragments, determining protein sequencing,
deternuning protein de #ove sequencing, locating post-translational modifications, or identifying
post transiational modifications, or comparability analyvsis, or combinations thereot,

{80871 As used herein, the term “subject” refers to a mammal {e.g., rat, mouse, cat, dog, cow,
sheep, borse, goat, rabbit), preferably a buman inveed of preveotion and/or treatment of a
disorder such as a cancer of an angicgenic eve disorder. The subjsct may have the disorder, ¢,
cancer or angiogenic eve disorder, of be predisposed to developing the disorder, e g., cancer or
angiogenic eve disorder

{B088] In terme of protein formulation, the terrn “stable.” as used herein refers o the protein of
interest within the formulation being able to retain an accepiable degree of chemical struciure or
biclogical tunction after storage under exemplary conditions defined herein. A formulation may
be stable even though the protein of mterest contained therein does not maintain 100% of its
chemical siructure or biological function atter storage for a defined amount of time. Under
certain crcumstances, maintenance of about 90%, about 95%, about 96%%, about 97%, about
98% or about 99% of a protein of interest’s structure or function after storage for a defined
amount of fime may be regarded as “stable.”

{BO8%] The term “treat” or “treatment’ refers to a therapeutic measure that reverses, stabilizes or
eliminates an undesired disease or disorder {e.g., an angiogenic eve disorder or cancer), for
exampie, by causing the regression, stabilization or elunination of one or more symploms or
indicia of such disease or disorder by any chinically measurable degree, for example, with regard
to an angiogenic sye disorder, by causing a reduction n or maintenasce of diabetic retinopathy
severity score (DRES), by tmproving or mainiaining vision {e.g., in best corrected visual acuity,
for exaraple, as measored by an increase in ETDRXA letters), increasing or majntaining visual
field and/or reducing or maintaining central retinal thickness and, with respect to cancer,
stopping or reversing the growth, survival and/or metastasis of cancer celis in the subject.
Typically, the therapeutic measure is adminisiration of one or more doses of a therapeuticaliy
effective amount of VEGF MiniTrap o the subject with the disease or disorder.

{90 As used herein, the term “upstream process techuology,” 1 the context of protein
preparation, refers to activities involving the production and collection of proteins from celis
during or following the cell culture of a protein of interest. As used herein, the term “cell

culture” refers to methods for generating and maintaining a popalation of host celis capable of
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producinng a recombinant protein of interest, as well as the methods and techniques for
optintizing the production and collection of the protein of interest. For example, once an
expreasion vector bas been tncorporated into an appropriate hoat cell, the host cell can be
mainiained under conditions suitable for exprassion of the relevant nucleotide coding sequences,
and the collection and production of the desired reconbivant proteto,

{80911 When using the cell culture technigues of the instant disciosure, a protein of interest can
be produced intracellularty, in the periplasmic space, or directly secreted into the medinm. In
embodiments where the protein of inferest is produced intracelinlarly, particulate debris - either
host cells or Iysed cells {e.z, resulting fror homogenization) can be removed by a variety of
techuiquies, incliding, but not limited o, centrifugation or ultrafiltration. Where the protein of
interest iy secreted into the medium, supernatants from such expression systems can be first
concentrated using a commercially available profein concentration filier, for example, using an
Amicon™ or Millipore Pellicon™ ultrafiltration unit. In one aspect, the protein of interest may
be harvested by centrifugation followed by depth filiration and then affindty capture
chromatography.

{6692] As used herein, 2 “VEGE antagonist” or “anti-VEGF protein” is any protein or peptide
that binds to or interacts with VEGE. Typically, this binding to or interactiog with inhibits the
binding of VEGF to its receptors (VEGFR! and VEGFR2), and/or inhibits the biological
stgnaling and activity of VEGEF, VEGF antagonists include molecules which interfere with the
interaction between VEGYE and a natural VEGF receptor, for example, molecules which bind 1o
VEGE or a VEGF receptor and prevent or otherwise hinder the interaction bebween VEGF and &
YVHEGE receptor. Specific exemplary VEGF antagonists include anti-VEGF antibodies {e.g.,
raibizurnab [LUCENTIS®), ang-VEGTE receptor avtibodies {2.g, anti-VEGFRT antibodies,
anti-YVEGERZ antibodies and the like), and VEGY receptor-based chimeric molecules or VEGEH-
inhibiting fusion proteins {also referred to heretn as "VEGF-Traps” or “VEGF MiniTraps”}, such
as aflibercept, ziv-aflibercept and a protein having an amino acid haviog SEQ ID N(E 1 Other
examples of VEGE-Traps are ALT-L9, M710, FYB203 and CHS-2020 Additional examples of
YVEGEF-Traps can be found in U X Pat Nos, 7,070,959, 7.306,799; 7,374,757, 7 374,758,

7,531,173, 7,608,261, 5,952,199, 6,100,071, 6,383 446, 6,897,294 & 7,771,721, which are

specifically incorporated herein by reference in their entirety,
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{80393] For purposes heretn, a “VEGE receptor fusion protein” refers to a molecule that
comprises one or more YEGYE receptors or domains thereof, fused to another polypeptide, which
tnterferes with the interaction between YEGEF and a natural VEGFE receptor, £ 2., wherein two of
such fusion polypeptides are associated thereby forming a homodimer or other multimer. Such
YEGF receptor fuston proteins may be referced (o as a “VEGE-Trap” or “VEGF Trap”™.

{640394] VEGY receptor-based chimeric molecules include chimeric polypeptides which comprise
two or more immunogiobulin {Igk-like domaing of & VEGE receptor such as VEGFR {also
referred to as Fitl) and/or VEGFR2 {also referred 1o as FIkT or KIRY, and may also comprise a
multimerizing domain {¢.g., an Fe domam which facilitates the moltimenization [e.g.,
dimerization] of two or more chimenc polypeptidesy. An exemplary VEGF receptor-based
chimeric molecule is a molecule referred to as VEGFRIR2-FeAC 1(a) {also known as atlibercept;
marketed under the product name EYLEA®R) or conbercept (sold commercially by Chengda
Kanghong Bictechnology Co., Ltd). See International patent application publication no.
WOIN05/121176 or WORGHT/U12675 The terms “sthbercept” and “conbercept” include
biosimilar versions thereof. A biosimilar version of a reference product (e.g., atlibercept)
generally refers to a product comprising the iWdentical amino acid sequence, but includes products
which are biosimilar under the UK. Biclogics Price Competition and Innovation Act.

180%5] In certain exemplary embodiments, aflibercept comprises the amino acid sequence set
forth as

SDTGRPFVEMY SEIPEHHMTEGRELVIPCRVTSPNITVTLEKFPLDTLIPDGRKRIWDSRKG
FHSMATYKEIGLLTCEATYNGHLYKTNYLTHROTNTHDVVLSPSHGIELSVGEKLVLNG
TARTELNVGIDFNWEYPSSKHOHKKLYNRDLKTOSGUEMRKKFLETLTIDGVTRSDOQGLY
TCAASRGLMTKENSTIVRVHEKDKTHTCPPCPAPELLGOPSVEFLFPPKPKDTLMISRTPE
YVICVVYVYDYSHEDPEVEKFNWYVDOVEVHNAKTKPREEQYNSTYRVYSVLTVEHOQDWL
NOGEKEYKCKVSNRKALPAPIEKTISK AKGOPREPQVY TLPPSEDELTENGYSLTCLVKGEFYP
NMAVEWESNGOPENNYKTTPPVLDSDOGSFFLYSKLTVBKSRWQOQONVYESCSVMHEAL
HNHYTQESLSLESFGK. (SEQ ID NO: 1)

{6096] As used herein, “viral filtration” can include filtration using suiiabie filters including, but
not imited to, Planova 20N™ 50 N or BicEx from Asahi Kasel Pharma, Viresolve™ {filiers

from EMD Millipore, ViroSart CPV from Sartoriug, or Ultipor DV20 or DVSO™ filter from Pall
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Corporation. Tt will be apparent to one of ordinary slill in the art to select a suitable filter to
obtain desired tiliration performance.

{8097] The present disclosure provides methods for treating or preventing a cancer {e.g., whose
growth and/or metastasis is mediated, at least in part, by VEGF, for example, YEGF-mediated
angiogenesis) or an angiogenic eve disorder, in a subject, compnsing administering a
therapeutically effective amount of compositions or formulations as disclosed herein.

{B098] The present disclosure provides a method for freating cancer whose growth and/or
metasiasis is mediated, at teast i part, by VEGY, for example, VEGEF-mediaied anglogenesis or
an angiogenic eye disorder in a subject in need thereot, the method comprising administering a
therapeutically effective amount of the compositions set forth herein (Section HI and Section Vil
above), for example, Z mg, 4 myg. 6 mg, § mg or 10 mg of the protein of interest, in no more than
about 100 ub, and optionally a finther therapeutic agent, 1o a subject In one embodiment of the
disclosure, administration is done by intravitreal injection. Nen-limiting examples of angiogenic
eve disorders that are treatable or preventable using the methods berein, inchude: sge-related
macular degeneration {e.g., wet or drv}, macular edema, macular edema following retinal vein
occlusion, retinal vein occlusion (RVO), central retinal vein occlusion (CRYO), branch retinal
vetn occhusion (BRV(), diabetic macular edema (IDME), choroidal veovasaularization (UNV),
iris neovascularization, neovascular glaucoma, post-surgical fibrosis in glaucoma, proliferative
vitreoretinopathy (PVR), optic dise neovascularization, corneal neovascularization, retinal
neovascularization, vitreal neovascularization, pannus, prervgium, vascular retinopathy, diabetic
retinopathy 1o a subject with diabetic wacular odema, and diabetic retinopathies {e.g., non-
profiferative diabetic retinopathy {e.g., characterized by a Diabetic Retinopathy Severity Scale
(DRSS} level of abour 47 or 53) or proliferative dighetic retinopathy; e.gl, i a subject that does
not suffer from DME)

{65099} The mode of administration of such compositions or formulations can vary and can be
determined by a skilled practitioner. Routes of administration tnclude parenteral, non-parenteral,
oral, rectal, transmucosal, iiestinal, paremteral, intrarauscular, subcutaneous, intradermal,
intramedullary, intrathecal, divect intraventricular, intravenous, intraperitonsal, intranasal,
intraocular, inhalation, insuffiation, topical, cutaneous, intraccular, intravitreal, fransdermal or

wtra-artertal,
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{1488] In one embodiment of the disclosure, intravitreal injection of a pharmaceutical
formulation of the present disclosure {which includes a compositions or formulations of the
present disclosure) includes the step of plercing the eye with a syringe and needle {e.g., 30-gauge
injection needle) comprising the formulation and injecting the formulation {e.g, tess than about
or equal to about 100 microliters; about 40, 50, 535, 5S¢, 37, 871, S8, 60 or 70 microliters) into the
vitreous of the eve with a sufficient volume as to deliver a therapsutically effective amount as set
forth berein, for example, of sbout 2,4, 6,80, 8 1,82 83, 84,853 86,87, 88,39, 10 0r 20
myg of the protein of interest. Optionally, the method tnclodes the steps of administering a focal
anesthetic {e.g., proparacaine, lidocaine or tetracaine), an antibictic (e g, a Huoroguinclone),
antiseptic {e.g., povidone-iodine} and/or a pupil dilating agent to the eve being injected. fn one
aspect, a sterile ficld arcund the eve 1o be injocted 15 established before the imjection. Following
wntravitreal injection, the subject is monitored for elevations in intraccular pressure,
inflammation and/or blood pressure.

{8191} Ao effective or therapeutically effective amount of protein of interest for an angiogenic
eve disorder refers to the amount of the protein of interest sufticient to cause the regression,
stabilization or elimination of the cancer or angiogenic oye disorder, for example, by regressing,
stabilizing or eluninatiog one or more sympioms of indicia of the cancer or angiogenic eve
disorder by anv clinically measurable degree, for example, with regard to an angiogenic eye
disorder, by causing a reduction in or maintenance of diabetic retinopathy severity score {BRSS),
by improving or maintaining vision {2.g., in best corrected visual acuity as measured by an
worease i ETDRS letters), increastog or matutaining visual field and/or reducing or wwaintsiving
central retinal thickness and, with respect 1o cancer, stopping or reversing the growth, survival
and/or wetasiasis of cancer cells o the subject.

{3192] In one embodiment of the disclosure, an effective or therapewtically effective amount of a
protein of interest such as aflibercept for treating or preventing an angiogenic eye disorder is
about 0.5 mg, 2 mg, 3 mg, 4 ma, Smg, 6 mg, Tmeg, 725 mg, 77 mg, 79 mz, 80 mg, 8.1 mg,
82mg, 83 myg, 84 mg, 8.5 mg 8&mp 8.7 mg 88 mg 8.9mg Omg 10mg, 11 mg, 12 mg, 13
mg, 14 mg, 15 mg, 16mg, 17 mg, 18 g, 19 mg or 20 mg, eg., in 0o more thas about 100 sl
The amount may vary depending upon the age and the size of a subject o be administerad, target
disease, conditions, route of admindstration, and the bke, In certain exemplary embodiments, the

initial dose mav be followed by adiministration of a second or a plurality of subsequent doses of
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the protein of inferest in an amount that can be approximately the same or less of more than that
of the mmitial dose, wherein the subseoquent doses are separated by at feast T day to 3 days; at least
one week at feast 2 weeks, at least 3 weeks, at least 4 weeks, at least 5 weeks, at least 6 weeks,
at least 7 weeks, at least 8 weeks, at least © weeks, at least 10 weeks, at least 12 weeks, or at least
14 weeks.

{4183] [t1s to be noted that dosage values can vary with the type and severity of the condition to
be alteviated. 1t i3 to be further understood that for any particular subject, specific dosage
regimens should be adjusted over time according to the individual need and the professional
judgment of the person administering or supervising the administration of the compositions, and
that dosage ranges set forth herein are exemplary only and are not infended to limit the scope ot
practice of the claimed composition.

{8184} The present disclosure relates 1o anti-VEGE proteins including the VEGF trap protein
aflibercept, which is a fusion protein. The instant disclosure also pertains to truncated forms of
aflibercepr. Disclosed herein are methods of voaking an VEGF receptor fusion protein such as
aflibercept and truncated aflibercept, including production modalities that provide efficient and
etfective production of these proteins of interest. Further disclosed herein are methods for
purifying a VEGE receptor fusion protein such as aflibercept and composttions thereof,

18195] It was discovered durning development of a high dose VEGF receptor fusion protein, such
as aflibereept, (e.g., 8 concentration of at feast 41 ww/ml) that the stability of the formulated
drug product can be variable For example, and as further discussed in the Examples below,
during routine analysis of 25°C stability data at 6 months for a lngh dose 1ot of formulated
aflibercept atypical results were obtained for purity and low molecular weight (LMW) by
capillary electrophoresis-sodinm dodecyl sulfate (CE-SDS) and main peak and aggregate by size
exclusion-ultra performance liquid chromatography (SE-UPLC). This lot showed faster
fragmentation and aggregation compared 0 historical lots put on 258 °C stability. This led to an
tpvestigation of over 200 process variables where no laboratory, system, or assay error could be
identitied. Further investigation determined that the root cause of the atypical results for
fragmentation and aggregation was a higher level of the host cell protetn cathepsin I in the high
dose formulation.

{81086} It was discovered that an aspariyl protease such as cathepsin I can associate with VEGEF

receptor fusion protein such as aflibercept and piggy-back through the purification processes
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involved in preparing a formulated drog product with variable levels of removal. Further, very
fow tevels of the asparty] protease such as cathepsin D can significantly adversely affect stability
of a VEGE receptor fusion protetn such as aflibercept. Additionally, high VEGEF receptor fusion
protein concentration and lower formulation pH, which 15 useful for stability of high protein
concendrations, are more favorable for cathepsin [ enzyme activity. To address some of these
problems, & process of punifving a YEGY receptor fuston protein was developed through
significant effort that involves size exclusion chromatography.

{8107] In an embodiment, a process of purifyiog a VEGE receptor fusion protetn can include
flowing a drug substance intermediate (DS that comprises the VEGF receptor fusion protein
{e.g. aflibercept}, a surfactant, and an aspariy] protease {e.g., cathepsin D) through a size
exclusion chromatography (SEC) column. The DS can flow through the SEC column by
injecting the DIST into a solvent steam (mobile phase) that is passed through the SEC column
with a flow through eluted as the end of the SEC column. As discussed furiher below and in the
examples, including a surfactant with the DST or mixture advantageously faciitates separation of
the aspartyl protease from the VEGF receptor fusion protein while the mixture is flowing
through the SEC column.

{8188} 1 an aspect, the process cau further include collecting a first eluate frow the SEC column
that comprises the VEGF receptor protein {e.g., atibercept) and an amount of less than 1 ppm of
the aspartyl protease {e.y., cathepsin B3}, such as less than 0.7 ppm, 0.5 ppoy, 0.3 ppim, 0.1 ppw,
ete. of the ssparty] protease. In some aspects, the collected first eluate can have even less of the
aspartyl protease (.., cathepsin DY such as less than 007 ppro, 0.05 ppm, ote. of the asparty]
protease {e. g, cathepsin I3}, Although the vield for collecting the VEGF receptor protein {e.g
aflibercept} s reduced, a second elnate that also includes the VEGF receptor protein and the
aspartyl protease can be excluded from the first eluate by directing the second eluate to waste.
That s, a second amount of material that includes the VEGF receptor protein and the aspartyl
protease eluting from the SEC column s not included 1o the collecied first eluate. The second
eluate can have a high amount of the aspartyl protease than the first eluate such as greater than 1
ppm, greater than 0.7 ppmy, 8.5 ppm, 0.3 ppm, 0.1 ppim, ete. for example. As explained above,
the unit ppm refers to the amount of the aspartyl protease in nanograms/millifiter per protein of
woterest o milligrarosinilifiter (e, aspartyl protease ppme= (aspartyl protease ng/miy(protein of

interest my/mi), where the proteins are in solution}.
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{#1499] In ancther aspect, the process can include collecting a first eluate from the SEC column
that comprises the VEGF receptor protein {e.g., aflibercept) and g predetermined amount of the
aspartyl protease {e g., cathepsin D}, which can be predetermined by an assay or LC-MS. The
predetermined amount can be an amount of the aspartyl protease (e ¢ cathepsin D} in the

~
7
7

collected fust eluate of less than 1 ppo, such aslessthan 0.7 ppm, 0.5 ppr, 0.3 pom, &1 ppiw,
0.07 ppm, 0.05 ppm, etc. Other embodiments can include a process of purifying a VEGH
recepior fusion protetn {e.g., aflibercept) by flowing a mivture comprising the VEGT receptor
fusion protein, a surfactant, and an aspartyl protease (e.g | cathepsin D} through a size exclusion
chromatography (S8EC) coluran; and collecting a first eluate from the SEC column that comprises
the VEGYF receptor protein and an amount of less than 1 ppm of the asparty] protease; and
excluding a second eluate from the SEC column that comprises the VEGF receptor protein and
greater than | ppr of the aspartyl protease to thereby purify the VEGF receptor fusion protein.
in certain embodiments, the process can include collecting a first eluate from the SEC column
that comprises the VEGE receptor protein and even less of the aspartyl protease such as an
amount of fess than 0.7 ppm of the aspartyl protease, e.g, less than 0.5 ppm, 0.3 ppm, ¢.1 ppm,
0.07 ppm, 0.05 ppm, etc. of the aspartyl protease. In other embodiments, the process can include
excluding a second eluate from the SEC column that comwprises the VEGE recepior protein and
greater than the amount of the aspartyl protease collected in the first eluate such as excluding a
second eluate from the SEC columu that comprises the VEGE recepior protein and greater than
0.05 ppm, 0.07 ppmy, 0.1 ppim, 0.3 ppm, 0.5 ppm, 0.7 ppm of the aspartyl protease to thereby
purify the VEGE receptor fusion protein,

1811¢] Also disclosed herein is & process of forming a high concentration aflibercept and low
concerdration aspartyl protease {e g, cathepsin DY containing composition. In an embodiment,
the process can include flowing a mixture comprising the VEGF receptor fusion protein, a
surfactant, and an aspartyl protease through a size exclusion chromategraphy (SEC) column; and
collecting a first eluate from the SEC column that comprises the VEGHF receptor protein and an
amount of igss than 1 ppm of the asparty] protease, ©.g., an amount less than 0.7 ppm, 0.5 ppra,
0.3 ppm, 0.1 ppm, 0.07 ppm, 0.05 ppm, etc. The process can further exclude a second cluate that
comprises the YEGE receptor protein and greater than 1 ppun of the aspartyl protease, e.g., an

amount grester than 0.7 ppro, 0.5 ppom, 0.3 ppwg, 0.1 ppro, .07 ppm, 8.05 ppm, ete. of the
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aspartyl proteass, to thereby form the high concentration aflibercept and low concentration
aspartyl protease containing composition.

{8111] Any of the purification processes can be repeated to cotlect a pool of puritied eluate
Further, the collected eluate or poot of collected eluates can be concentrated and fiitered to form
a concentrated eluate or pool.

(#1312} As discussed above and provided in the examples below, including a surfactant during
the SEC separation advaniageousty facilitates separation of the aspartyl protease fromw the VEGF
recepior fusion protein. Suitable surfactanis can inchude non-tonte surfactants such as thoss that
have a polyoxyethyiene moiety, HHustrative surfactanis in this category include: a polysorbate,
e.g., polysorbate 20, polysorbate &0, a poloxamer, e.g., poloxamer 188, polyethylene glycol
3350, a polyglycot ester of hydroxystearic acisd such as Kolliphor HS available from BASF 2
glyeerol polvethylene glycol ricinoleate, Kolliphor ELP, Kolliphor P188, and any mixiure
thereof. Surfactants in the drug substance intermediate or mixture for separation by 3EC column
can be present in greater than 0.0003 % such as at feast about 0.001%%, ¢ g.. at least about
0.003%, about 0.01%, about 0.1% and greater amounts such as up to and including at {east abowt
2% and any range thereot such as from greater than 0.0003% to about 2%. The surfactant can be
added to the drug substauce tntermediate ot mixture, as the case maybe, prior to flowing 3t
through the SEC column or concurrently while flowing the DSY or mixture through the SEC
column,

{8113} Advantageously, the amount of the aspartyl protease in an cluate, e.¢., a first or second
eluate, can be determined by an enzyme-hoked omunosotbent assay (ELISA), or an activity
assay, of by liguid chromatography-mass spectrometry (LO-MS), or by a combination of two or
maore thereof The ELISA can be based on an anti-Chinese bamster ovary cathepsin I antibody,
for example. Any one or more than ong of these techniques can be used to determine an amount
of the asparty! protease in the first or second cluate.

{8114} In addition, any one o more of an enzyme-linked immunesorbent assay (FLISA), or an
activity assay, or by Houid chromatography-mass specrometry {LC-MS), or by a combination of
two or more thereof can be used {o determine, prior to collecting a first eluate, an ancunt of the
asparty] protease in one or more fractions of the drug substance intermediate eluting from the
SEC column. By determining the sroount of the aspartyl protease in ove or roore fractions of the

drug substance intermediate or mixture eluting from the SEC colummn, the SEC purification
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process can be carried out with a predetermined start and end time of collecting 3 first elnate
from the SEC column.

{8115] The purification methods of the present disclosure can advantagecusly employ a high
concentration of the VEGF receptor fusion protein in the drug subsiance intermediate, or
muxture, as the case maybe, such as, for example, a concentration of at least 41mg/ml of the
YEGE receptor fusion protein, e.g., a conceniration of at least 60 ma/mb, 80 mg/mb, 100
wg/ml, 110 mg/mi, ste. of the VEGF receptor fusion protein,

{8116} In soms aspects, the size exclusion chromatography column can be a high efficiency
column. For example, the SEC column can include about 1000 to about 1500 plates.

{4117 Advantageously, the purification methods of the present disclosure can be repeated and
collected eluates pooled together to form a purified pool. One or more of the collected eluates
can be fnther processed to a formulated drug product including one or more steps of
concentrating, filtering, and/or formulating the collected eluate with one or mors
pharmaceutically accepiable excipients.

{6118} In some aspecis, the process further comprises, prior o purifying a VEGF receptor fusion
protein vig an SEC columa, preparing g drug substance mtermediate. The process can include
harvesting a preparation of the anti-VEGE protein produced by a host cell genetically engineered
0 express the anti-VEGF protein in a culture medium, purifying the preparation by hiquid
chromatography, and adding & swrfactant 1o the purified preparation (o form the duug substance
intermediate. Advantageously, the preparation can be punified by Protein A chromstography,
amon exchange chromatography, cation exchange chromatography, bydrophobic wteraction
chromatography, or a combination of two of more thereof

{8119 Advaotageonsly, the present disclosure further provides a bigh concentration of the
YEGF receptor fusion protein, e.g., aflibercept, such as a concentration of at feast 41 mg/mL of
the VEGF receptor fusion protein in the formulation. As described earlier when referring to
formulations, the concentration of the YVEGY receptor fusion protein, e.g., allibercept, in a
formulation can range from about 100 mg/mml to about 300 me/ml. The formulation of the
present discipsure can have a low amount of au aspartyl protease (e.g., cathepsin 133 such as less
than 1 ppm, e, less than 0.7 ppm, €.5 ppm, 0.3 ppm, 0.1 ppm, G.1 ppm, 0.07 ppm, 0.05 ppm,
ete. of the asparty] protease (e.g, cathepsin Id) in the pharmaceutical formulation. The

formulation can include one or more pharmaceutically acceptable excipients.
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{#128] In one exemplary embodiment, the pH of the formulation can be greater than about 5.0,
greater than about 5.5, greater than about €.0, and less than about 6.5, for example. In another
exemplary sobodiment, the pH can range from about 5.6 to about 6.5, such as from abont 5.5 1o
abont 6.1,

{8121] Additonal aspecis of the purification methods and preparation of VEGF receptor fusion
protein are described below.

Production of VEGF receptor fusion protein such as Aflibercept

{81221 An anti-VEGE protein can be produced by providing a host cell genetically engineered to
express the anti-VEGE protein and a cell cultore mediom, such as a culwre medium with a pH of
more than about 6, and harvesting a preparation of the anti-VEGYE protein produced by the cell
I one aspect, the production of an anti-VEGF protein further comprises culturing the host cell in
a cetl culiure medinm. Harvesting a preparatdon of the anti-VEGE protein produced by a host cel
genstically enginsered to express the anti-VEGF protein in a culture medium, with or without
putifying the preparation by hawd chromatogrsphy, generates a drug substavce intermediate.
{6123} The cell culture medium can be a chemically defined medium ("CDM”). A CDM s
often used because 1t 18 a protein-free, chemically-defined formula using no animal-derived
components and there is certainty as to the composition of the medium. The cell cultire medium
car also be a hydrolysate medium or a chemically-defined medium supplemented with a
hydrolysate.

{8124} In one aspect, the cell cubture medium comprises a chemically defined medium In some
specific aspects, the cell culture wmedinm can be supplemonted with oue of more of the following:
a recombinant growth factor; a buffer; an camoelarity regulator; an energy source; and
hydrolysate(s). The bydrolysates can be an additional source of free amino acids along with di-
and tri-peptides and can be supplemented to the cell culture medium. See Babeock and Wiloox.
Partial Replacement of Chemically Defined Media with Plant-Derived Protein Hydrolysates, 3
BioPhasrm Tatt (20106}

J8125] In one aspect, the anu-YVEGF protein 13 selected from the group consisting of aflibercept
and recombinant Mini Trap {examples of which are disclosed in U8, Pat. No. 7,279,159}, an
atlibercept scFv and other anti-VEGF proteins. In a preferred aspect, the anti-VEGF is

aflibercept.
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{4126} In another aspect, the anti-VEGYE protein such as aflibercept s expressed in a suitable
host cell. Non-Hmiting examples of such host cells include, but are not limited to, CHG, CHO
K1, EESYR®, NICE®, NSO, 5p2/0, embryome kidaey cells and BHEK.

18127} In one aspect, the preparation has fess than about 100 ppm of aspartic protease. In certain
subodiments, the amount of aspartic protease s between 0.5 ppm o about 100 ppm, 0.3 ppm to
about 90 ppat, 0.5 ppm to about 80 ppm. 0.5 ppm to about 70 ppm, 0.5 ppm 1o about 60 ppm, 0.5
pom o about 530 ppm, §.5 ppm to about 40 ppm, §.5 ppm to about 30 ppmy 0.3 ppm and 20 ppm,
or between 0.5 ppo and 15 ppm, or between 0.5 ppm and 18 ppm, or between 0.3 ppm and &
ppm, of between 0.5 ppm and 5 ppm, or bebween G5 ppm and 3 pprn, or between 8.5 ppm and 2
ppm, of between 0.5 ppm and 1 ppm, or between the limit of assay quantifation {LOQ) and §
T

{B128] In another aspect, the preparation has amount of aspartic protease between about 0.1 ppm
to about 100 ppm. In certain embodiments, the amount of aspartic protease is between, about 0.1
ppm to about 0.3 ppm, about 0.1 ppm {o about 1 ppro, about 0.1 ppro 1o about 1 pprg, about 1]
ppm 1o about & ppm., about 0.1 ppm to about 10 ppm, about 0.1 ppm to about 15 ppm, sbout 0.1
pom 10 about 20 ppm, about 0.5 ppm to about | ppm, about 0.1 ppin 1o about 5 ppm, sbout 0.1
ppm to about 10 ppmy, about 0.1 ppim 1o about 15 ppm, about C.1 ppm Lo about 20 ppm, about §
ppm to about 10 ppm, about 5 ppm to sbout 15 ppm, about 5 ppm to about 20 ppm, about 10
ppm 1o about 1S ppr, about 10 ppm to about 20 ppm, about 15 ppm to about 20 ppm, about
pom 10 about 30 ppm, about 10 ppm o about 30 ppm, about 15 ppm to about 30 ppmy, about 20
porn 1o about 30 ppm, about 25 ppro to about 30 ppimy, about S ppwm to about 40 ppmy, sbout 10
ppm o about 40 ppm, about 15 ppm to about 40 ppm, about 20 ppm to about 40 ppm, about 25
ppm 1o about 40 ppro, about 30 ppm to about 40 ppro, about 35 ppm to sbout 40 ppmy, about S
ppmt 1o about 30 ppm, about 10 ppm to about 30 ppmy, about 13 ppim to about 50 ppm, about 20
pom 10 about 30 ppm, about 25 ppm to about 30 ppm, about 30 ppm 1o about 50 ppm, sbout 35
ppm to about 30 ppm, about 40 ppm fo about 30 ppim, about 45 ppm to about 50 ppm, about 5
ppm to about 60 ppn, about 10 ppnt to about 60 ppim, about 13 pprt to gbout 60 ppm, about 20
ppm 10 about 60 ppra, about 23 ppm to about 60 ppm, about 3¢ ppm to about 60 ppm, abowt 35
ppm 1o about 60 ppm, about 40 ppm to about 60 ppm, about 43 ppm to about 60 ppm, about 50
ppro o about 60 ppmy, about S5 ppro to about 60 ppmy, about 5 ppm to about 70 ppys, about 14

ppm to about 70 ppm, about 15 ppm to about 70 ppm, about 20 ppm to about 70 ppm, about 25
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ppm 1o sbout 70 ppm, about 30 ppm to about 70 ppmy, about 33 ppm to about 70 ppm, about 40
ppim 1o about 70 ppm, about 45 ppm to about 70 ppmy, about 30 ppm to about 70 ppmy, gbout 53
ppm to about 70 ppm, about 60 ppru (0 about 70 ppim, about 65 ppmw to about 70 ppm, about 3
ppm to about &0 ppm, about 10 ppm to about €0 ppm, about 15 ppm to about 80 ppm, about 20
ppm to about 30 ppm, about 25 ppom to about 30 ppr, about 30 ppm to about 80 ppm, about 35
poam 10 about 80 ppm, about 40 ppm to about 80 ppum, about 45 ppim to about B0 ppm, about 50
pom to about 80 ppm, about S5 ppm o about 80 ppimy, abont 60 ppm o about 80 ppm, sbout 63
ppm to about &0 ppm, about 70 pp o about &0 ppm, about 75 ppm to about 80 ppm, about 3
ppm 16 about 90 ppm, about 16 ppm o about 90 ppm, about 13 ppm to about 50 ppm, about 20
ppm to about 90 ppm, about 25 ppm to about 90 ppm, about 30 ppm to about 90 ppoy, abowt 35
pom 10 about 90 ppm, about 40 ppm o about 90 ppm, about 45 ppra to about SO ppmy, about 50
ppm to about 90 ppm, about S5 ppm to about 30 ppim, about 60 ppm to about 90 ppmy, about 68
ppm {o about 90 ppan, about 70 ppm fo about 90 ppm, about 73 ppm to about 90 ppm, about 80
ppm to about 90 ppro, about 85 ppm to about 90 ppro, about S ppw 1o about 100 ppim, about 10
ppm 1o about 100 ppm, about 15 ppm to about 100 ppm, about 20 ppm 0 about 100 ppm, about
25 ppm to about 100 ppm, about 30 ppim 1o about 100 ppm, about 35 pprm to about 100 ppm,
about 40 ppm 1o about 100 ppm, about 45 ppim to about 100 ppm, abowut 50 ppim to about 100
ppm, about 55 ppm 0 about 100 ppm, about 60 ppm to about 100 ppm, about &5 ppm to about
100 ppmy, about 76 ppm to about 100 ppm, about 75 ppro 1o about 106 ppm, about 86 ppro 1o
about 100 ppm. about 85 ppim 0 about 100 ppm. about 90 ppm 1o about 100 ppm, about 95 ppm
to about 100 ppr, and ranges between about 8.1 ppro to about 100 ppm.

18129] In vet another aspect, the preparation has less than about 100 ppm of cathepsin . In
certain embodiments, the amount of cathepsin DX 13 between 0.5 ppro to about 100 ppm, ©.5 pom
to about 90 ppm, 0.5 ppm o about &0 ppm, 0.5 ppm to about 70 ppm, 0.5 ppm to about 00 ppm,
0.5 ppm to about 30 ppm, 0.5 ppm to about 40 ppro, 0.5 ppm to sbout 30 ppm. 0.5 ppm and 20
ppm, of betwesn 0.5 ppm and 15 ppr, or between 6.5 ppot and 10 ppoy, or between 0.5 ppm and
8§ ppm, or between 0.5 ppam and S ppan, or between 9.5 ppm and 3 ppm, or between 0.5 ppm and
2 ppim, of between 0.5 ppra and 1 ppro, or betwesn the Hmit of assay quantitation (L0} and 1
ppm. In certain aspects, the amount of cathepsin I is quantified using an immunoassay or a

mass specirometry assay. In certain aspects, the inununoassay is g total Chinese hamster ovary
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protein ELISA or a cathepsin B ELISA . In some apecific aspects, the immunoasiay is 2
cathepsin D ELISA. In certain aspects, the mass spectrometry assay is LO-ME/MS.

{81381 In vet ancther aspect, the preparation has amount of cathepsin D between about 0.1 ppimn
to about 100 ppm. In certain embodiments, the amount of cathepsin D is between, about 0.1 ppm
i about 0.5 ppro, about 8.1 ppro 1o about 1 ppm, about 6.1 ppm to about 1 ppmy, about 0.1 ppm
to about 5 ppm, about 4.1 ppm to about 10 ppm, about 6.1 ppm 1o about 15 ppm, about 4.1 ppm

to shout 20 ppro, about 0.5 pp 1o about 1 ppw, about §.1 ppm to about 5 ppmy, about 0.1 ppm to

about 10 ppm,
abont 10 ppim,
about 15 ppm,
about 30 ppm,
about 30 ppmy,
abrout 40 ppim,
about 40 ppr,
about 50 ppm,
about 50 ppm,
about 50 ppim,
about 60 ppra,
about 60 pp,
about 60 ppm,
about 60 ppim,
about 70 ppm,
about 70 pp,
about 70 ppm,
about 70 ppm,
abrout 80 ppm,
about 80 ppra,
about 30 ppm,
about 80 ppm,

about 80 ppi,

about 0.1 ppm to about 15 pprn, about 0.1 ppw to about 20 ppim, aboui 5 ppm 1o

about 5 ppm to about 15 ppm, about 5 ppim 1o about 20 ppm, abont 10 ppm to

about 10 ppm 1o about 20 ppm, about 15 ppm to about 20 ppm, about S ppm o

about 10 ppm
about 25 ppm
about 15 ppm
about 30 ppm
about 10 ppm
about 25 ppm
about 40 ppm
about 10 ppm
about 25 ppm
about 40 ppm
about 55 ppm
about 15 ppm
aboui 30 ppm
about 45 ppm
about 60 ppm
aboui 10 ppm
about 25 ppm
about 40 ppm
about 55 ppm

about 70 ppr

0 about 30 ppm,
i about 30 ppm,
1o about 40 ppm,
£ gbout 40 ppm,
¢ about 50 ppm,
o about 50 ppm,
o about 30 ppm,
to about 60 ppm,
o about 60 ppw,
10 about 60 ppm,
iy about 60 ppm,
to about 70 ppm,
to gbout 70 ppm.
1o about 70 ppm,
o about 70 ppm,
io about &0 ppm,
to about 80 ppm,
¢ about 30 ppm,
o about 80 ppm,

i about 80 ppim,

about 90 ppim, about 10 ppm to about 90 ppm,

about 15 ppm to about 30 ppm, about 20 ppm to
about 3 ppm 1o about 40 ppo, about 10 ppm to

about 20 ppm to about 40 ppm, about 258 ppm o
about 35 ppm to gbout 40 ppm, about S ppio o

about 15 ppm to about 50 ppm, about 20 ppm to
about 30 ppm to about 50 ppm, about 35 ppm to
about 45 ppmy 1o abowt 50 ppm, about 5 ppm 1o

about 15 ppm to sbout 60 ppm, about 20 ppm to
about 30 ppm to about 60 ppm, about 35 ppm to
about 45 ppm to about &0 ppm, sbout 30 ppm to
about 5 ppm 1o about 70 ppro, about 10 ppm 0

about 20 ppm o about 70 ppm, about 25 ppm ©
about 35 ppm to about 70 ppm, abowt 40 ppm to
about 30 ppm to about 70 ppm, about 53 ppm to
gbout 65 ppm to about 70 ppm, about 5 ppm 10
about 15 ppo to about 80 ppm, about 20 ppot 1o
about 30 ppim to about 80 ppm, about 35 pun o
aboutt 45 ppm to about 80 ppm, about 50 ppm to
about 60 ppm to about 80 ppm, about 65 ppm to
about 75 ppw to about 80 pprg, about 5 ppm to

about 15 ppny to about 90 ppm, about 20 ppm
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about 90 ppm, about 235 ppm 1o about 90 ppm, abowt 30 ppm to about S0 ppm, about 35 ppm to
about 90 ppm, about 40 pprm 1o about 90 ppmy, about 45 ppm to about 90 ppm, about 30 ppm to
about 960 ppim, about 55 ppm o about 90 ppm, about 60 ppm 1o about 90 ppm, about 65 ppm 1o
about 90 ppm, about 70 ppm to about 90 ppm, about 75 ppm to about 90 ppm, about 80 ppm o
about 90 ppm, about 85 ppm to about 90 ppm. about 3 ppw to about 180 ppm, about 10 ppm to
about 100 ppm, about 15 ppm to about 100 ppm. about 20 ppm to about 100 ppm., about 25 ppm
to ahout 100 ppro, about 30 ppm to sbout 100 ppm, about 35 ppm to about 100 ppm, about 40
ppm to about 100 ppm, about 45 ppm to about 100 ppm, about 56 ppm to about 100 ppm, about
55 ppm to about 100 ppra, about 60 ppm to about 100 ppm, about 65 ppm to about 100 ppm,
about 70 ppm o about 100 ppm, about 75 ppm io about 100 ppm, about 80 ppm to about 1060
s, about 85 ppm 1o about 100 ppm, sbout 90 ppo to about 102 ppm, about 95 ppm to about
100 ppro, and ranges between about 0.1 ppro to about 100 ppm. In certain aspects, the aroount of
cathepsin D is quantified using an immunocassay of a mass specirometry assay. {n some specific
aspects, the immunoassay s a cathepsin D ELISA . In certain aspects, the mass specirometty
assay 15 LC-ME/MS and ranges between about 0.1 ppm to about 20 ppm. In certain aspects, the
amount of cathepsin D 15 quantified using an immunoassay of & mass spectrometry assay. In
cerlain aspects, the immunoassay 5 a total Chinese hamster ovary protein ELISA or a cathepsin
D ELISA. In certain aspects, the mass spectrometry assay is LC-MS/MS.

{#131] Prior to fonming a drug substance niermediate, the preparation can be purified by a
variety of steps. For example, the preparation can be purified by Protein A chromatography,
amon exchange chromatography, cation exchange chromatography, bydrophobic wteraction
chromatography, or @ combination of two of more thereof

{8132] For example, i one aspect, a clarified harvest sarople preparation from a culture
comprising the anti-VEGFE protein is subjected to a capture chromatography procedure. in one
aspect, the capture step 15 an aftinity chromatography procedure using, for exampile, Protein A
{8133} 1o one aspect, aflibercept is produced from a host cell genetically engineerad to express
the anti-YEGE protetn. In one aspect, other species or variants of the anti-VEGFE protein are also
produced.

{4134} In one aspect, the preparation includes an aspartic acid protease inhibitor. In a specific
aspect, the aspartic acid protease inhubitor is pepstatin A,

18135} In one aspect, the cell culture medium inchides a cathepsin I inhibitor.
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{#136] In one aspect, the pH of the cell culture medium 13 more than abowt 6.0, In one specific
aspect, the pH 13 about 6.0 to about 6.8, In another specific aspect, the pH is between about 6. 1 1o
about 6 8, sbout 6.2 1o sbout 6.8, about 6 3 1o about 6.8, about 6 4 to about 68, shont 6.5 10

about 6.8, sbout 6.6 to about 6.8, about 6.7 10 about 6.8, abouwt 6.1 to about 6.7, about 6.2 1o

3

7
J

about 6.7, about 8.3 to about 6.7, about 6.4 1o about 8.7, about 6.5 to about 6.7, about 8.6 {0

>

about 6.7, shout 6.1 1o about 6.6, about 6.2 to about 6.6, about 6.3 to about 6.6, ahout 6.4 1o

about 6 6, gbout 6.3 to about 6.6, about 6.1 to about 6.5, about 8.2 to about 6.5, about 6.3 o
about 6.5, sboui 6.4 to about 6.5, about .1 10 about 6.4, about 6.2 0 about 6.4, aboni 6.3 1o
about 6.4, about 6.1 to about 6.3, about 6.2 10 about .3, about 6.1 0 about 6.2 and any range
between the preceding amounts.

{8137} In one aspect, the cell cubture mediur includes a buffer. In a specific aspect, the buffer is
sodinm citrate

{8138} In one aspect, the cubturing is carried out at a temperature from about 30° C to about 40°
. Ina specific aspect, the culturiog is carnted out ai a temperature of gbow 357 C

{#139] In one aspect, the culturing is performed for about 7-12 days. 1n a specific aspect, the
culturing 1s performed for about § days.

{8148} In one aspect, the preparation includes a truncated aflibercept s formed by clipping at
one or more of the following sites of aflibercept: NOSTI00, TO4HSE TOONS1, and ¥Y92/L.930n
another aspect, the truncated aflibercept ts formed by clipping at Y921L.93 of aflibercept.

{8141} In one aspect, the amount of truncated atlibercept present in the preparation is less than
about 10%. In some embodiments, the amount of truncated aflibercept present 1o the preparation
is less than about 9%, less than about 8%, less than about 7%, less than about 6%, less than about
5956, tess than abouwt 496, lees than abont 3%, less than about 2%, less than about 1%, less than
about 0.5%, less than about ¢.1%, and ranges between about 0.1 % to about 10%.

{#142} In one embodiment, the clarified harvest sample from harvesting a preparation is
subjected to a capiure step such as Protein A affinily chromatography. Subsequent to the affinity
step, an atfinity eluate can be subjected to ton exchange chromatography. The ton exchange
chromatography can be either cation or anton exchange chromatography. Also contemplated to
be within the scope of the present embodiment 15 mixed-mode or multimodal chromatography as
well a3 other chromatographic procedures which are discussed further below, In & particular

aspect, the ion exchange chromatography is anion exchange chromatography (AEX) Suitable
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conditions for employing AEX include, but are not linvited to, tris hydrochloride at a pH of about
%.3 1o about 8.6. Following equilibration using, for example, tris hydrochioride at a pH of about
8.3 to about 8.6, the AEX column ia loaded with sample. Following the foading of the column,
the column can be washed one or mruliipie times using, for example, an equilibrating buffer. Ina
particular aspect, the conditions used can facilitate the differential chromatographic behavior of
aflibercept and its oxidized varianis such that a fraction comprising aflibercept absent significant
amounts of oxo-varianis can be collected 1n a flowthrongh fraction while a significant portion of
oxo-variants are retained on the solid-phase of the AEX columup and can be obtained upon
stripping the column.

{#143] The present embodiment can include the additicn of one or more steps, in no particular
order, such as hvidrophobic interaction chromatography (BIC), affinity chromatography,
multimaodal chromatography, viral inactivation {e.g., using low pH), viral filtration, and/or
ultra/diafiltration as well as other well-known chromatographic steps.

{8144} In one embodiment, the anti-VEGE protein s glycosyliated at oue or roore asparagines,
not limited to GO-GlcNAc glycosylation; Gl-{HeNAc ghycosylation; G183-GlcNAc
glveosylation; GO glycosylation; G1 glycosylation; G1S ¢lycosylation;, G2 glycosyiation; G28
giveosyvlation, G282 glycosylation; GOF glycosylation, G2F2S glycosylation; 32F252

tveosyiation; GIF glyvcosylation; GEFS glyeosylation; GIF glycosviation; GZFS glycosylation;

R’y

F2FS2 wlycosylation, G3FS glyeosvlation; G3FS3 glycosvianon, GO-2GIeNAC glveosylation,

fet)

-~

Mand glveosyistion; Mand A1TG glycosylation; Mand A1GIST glycosylation; Man$
ghveosylation; Mand ATGT glycosyiation, ManS AIGIST glycosylation; Mand glycosylation;
Mant GO+Phosphate glycosyiation, Mant+Phosphate glvcosyiation; and/or Man?
giyeosyiation. In ove aspect, the anti-VEGE protein can be aflibercept, or VEGF MiniTrap.
{4145} In one embodiment, the process can further comprise formulating a drug substance using
a pharmaceutically acceptable excipient. In one aspect of the embodiment, the pharmaceutically
acceptable excipient can be selected from one or more of the following water, buffering agenis,
sugar, salt, surfactant, aming acid, polvol, chelating agent, emulsifier and preservative. Other
weli-known excipients fo the skilled artisan are within the purview of this embodiment.

{4146} In one aspect of the embodiment, the formulation can be suitable for administration to a
human subject. In particular, adovinisiration can be affected by intravitreal injection. In one

aspect, the formulation can have about 10 to about 300 mg/mb of the anti-VEGF protein. In one
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particular aspect, the formulation can have anti-VEGE at o concentration of about 6.1 mg/ml,

~
ol

about 0 2 mg/mL, sbout 0.3 mg/mi., about 0.4 mg/mL, about 0.5 mg/mL, about 0.6 mg/mi.,
about 0.7 mg/mL, about $.& mg/ml., about 0.9 meiml, about 1 mg/mi., about 2 mg/ml., about 3
mg/mi, about 4 mg/mbL, about S mg/mL, about 6 mg/mL, about 7 me/mL, about 8 mp/mb, about
9 mg/mb. about 18 mg/ml, about 1S mg/mL, about 20 mg/mi, about 25 mgfol, about 30
meg/mi, about 35 mg/mb, about 40 mp/mb, about 45 mg/mL, about 50 mg/mb, about 55
wg/ml, about 60 mg/mi., about 68 mg/mi., about 70 mg/ml, about 75 mg/mb., about 80
mg/mb., about 85 mg/ml, about 50 mg/ml, about 100 mg/ml, about 110 mg/ml, about 120
mg/ml, about 130 mg/mL, about 140 mg/mL, about 150 mg/mL, about 160 mg/mb, about 170
me/ml, about 180 mg/mi, about 190 ma/ml, about 200 mg/ml., about 225 mg/ml., about 250
me/mb, about 275 mg/mL, about 300 mg/mL, and ranged between the preceding amounts.
{8147} The formulation can be used as a method of treating or preventing angiogenic eyve
disorders which can include, for example: age-related macular degeneration {e.g., wet or dry},
macular edema, macular edema following retinal vein occlusion, retingl vein occlusion (RVO),
central retinal vein occlusion (CRV (), branch retinal vein coclusion (BRYQ), diabetic macular
edema {DME), choroidal neovascularization (CNV), inis neovascularization, neovascular
giaucoma, post-surgical fibrosis in glaucoma, proliferative vitreoretivopathy (PVR), optic disc
neovascularization, cornesl neovascularization, retinal neovascularization, vitreal
neovascularization, pannus, pleryeiur, vascular retinopathy, diabetic retivopathyy in a subject
with diabetic macuolar edema; or diabetic retinopathies (e.g., non-proliferative dighetic
retinopathy (e g, characterized by a Diabetic Retinopathy Severity Scale (DRSS) tovel of about
47 or 53 or proliferative diabetic retinopathy; e.g., i a subject that does not sufter from DME).
Production of Truncated aflibercent

{4148} In another implementation, the present disclosure describes the production of modified
versions of atlibercept wherein the aflibercept s truncated. This can be produced in any cell
culiure medinm tncluding a chemically defined medinm (CDM) or soy bydrolysaie medium.
{014%] In vet another embodiment, the cell culture medium is a chenucally-defined medium
supplemented with a bydrolysate.

{41358} In one aspect, the cell culture medium comprises chemically defined medium. In some
specific aspects, the cell culture medinm can be supplemented with oue of wore of the following:

a recombinant growth factor; a buffer; an camolarity regulator, an energy source; and
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hydrolysate(s}. The hydrolysates can be an additional source of free amino acids along with di-
and tri-peptides and can be supplomented to the cell culture medium. In one embodiment, the
method for producing a truncated aflibercept comprises culfuning a mammalian cell producing
aflibercept in a cell culture medium, wherein the cell culture medium has a pH of about 2 to
about 6, and harvesting a preparation of the truncated aflibercept produced by the mamunalian
ceil.

{81581] In one aspect, the preparation includes a truncated aflibercept

{B152] In one aspect, the amount of truncated aflibercept present in the preparation is less than
about 10%. In some embodiments, the amount of truncated aflibercept present in the preparation
is leas than about 9%, less than about 8%, less than about 7%, less than about 6%, less than about
5%, less than about 4%, less than about 3%, less than about 2%, less than about 1%, less than
about 0 5%, less than about G 1%, and ranges between about 0.1 % to abour 10%.

{8153} In one aspect, the truncated aflibercept is formed by clipping at one or more of the
following sties of aflibercept: NO9TI0G, T94H93, TOONSL, and Y9Z/LY3In ancther aspect, the
truncated atlibercept is formed by clipping at Y921.93 of aflibercept.

{8134} In one aspect, the pH 1s between gbout 2 and about 5 In one aspect, the pH is between
about 4 and about 5. In a specific aspect, the pH is between about 4.25 and about 475

{B155] In one aspect, the preparation has less than about 100 ppm of aspartic protease. In certain
embodiments, the amownt of aspartic protease s between 0.5 ppm 10 about 106 ppra, 6.5 ppmy 1o
about 90 ppm, 0.5 ppm 10 about 80 ppm, &5 ppm to about 70 ppm, 0.5 ppm 10 about 60 ppmy, 0.5
poro to about 30 ppm, 0.5 pp to about 40 pom, 0.5 poro to about 30 ppmy 0.5 ppm and 24 ppm,
or batween 0.5 ppm and 15 ppm, or between 0.3 ppm and 1€ ppm, or between 9.5 ppm and &
ppm, or between 0.5 ppm and 5 ppm, or between 0.5 ppm and 3 ppi, or between 0.5 ppm and 2
pom, of between 0.5 ppm and 1 ppm, or between the limit of assay quantitation (LOQ) and 1
ppim. In a specific aspect, the aspartic protease is cathepsin I

{8156} In another aspect, the preparation has an amwount of aspartic profease between about 0.1
ppm to about 10 ppin. In cortain embodiments, the amount of aspartic protease is between, about
0.1 ppm to about 0.5 ppry, about G.F ppm to about 1 ppm, about .1 ppim to abont 1 ppm, abowt
0.1 ppm to about 5 ppm, about 8.1 ppm to about 10 ppmy, about 0.1 ppm to about 15 ppm, about
0.1 ppm to about 20 ppro, about 0.5 ppro 0 about 1 pprw, about 8.1 ppm to about 5 ppim, about

0.1 ppm to about 10 ppm, about 0.1 ppm to about 15 ppm, about 0.1 ppm to about 20 ppm, about
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3 ppim to about 1 ppm, about 5 ppm to about 15 ppm, about S ppm to abowt 20 ppm, about 10
i to about 15 ppm, about 10 ppm to about 20 ppmy, about 15 ppm to about 20 ppmy, about 5
ppm to about 30 ppm, about 10 ppm to about 3¢ ppm, about 1S ppm to about 30 ppm, about 20
ppm to about 30 ppm, about 25 ppm to about 30 ppm, about 5 ppm 1o about 40 ppm, about 10
ppm to about 40 ppm, about 15 ppm to about 40 ppr, about 20 ppm to about 40 ppm, about 25
prm 10 about 40 ppm, about 30 ppm to about 40 ppm, about 35 ppm to about 40 ppm, about 5
pom o about 30 ppm, about 10 ppm to about 30 ppmy, about 15 ppm to about 50 ppmy about 20
ppm to about 50 ppm, about 25 ppm o about 30 ppm, about 30 ppm to about 50 ppm, abont 35
ppm 16 about 30 ppm, about 40 ppm o about 50 ppm, about 43 ppm to about 30 ppm, about §
ppm to about 60 ppm, about 10 ppm to about 60 ppm, about 15 ppm to about 60 ppm, about 20
pom 10 about 60 ppm, about 25 ppm to about 60 ppm, about 30 ppim 1o about 40 ppmy, gbout 35
ppm to about 60 ppm, about 40 ppm to about 60 ppmy, about 45 ppm to about 60 ppmy, about 530
ppm te about 60 ppm, about 55 ppm to about 60 ppim, about & ppm to about 70 ppm, about 10
ppm to about 70 ppro, about 15 ppm to about 70 ppro, about 20 ppim to about 70 ppm, about 25
ppm 1o about 70 pom, about 30 ppm to about 70 ppm, about 35 ppm to about 70 ppm, about 40
pom 10 about 70 ppm, about 45 ppm 1o about 70 ppm, about 50 ppin to about 70 ppim, gbout 53
ppm to about 70 ppm, about 60 ppro to about 70 ppin, about 65 ppm to about 70 ppm, abowt 3
ppm to about 80 ppm, about 10 ppm to about 80 pprm, about 13 ppm to gbout 80 ppm, about 20
ppm 1o about B0 ppr, about 235 ppm to about 30 ppm, about 30 ppm to sbout 80 ppm, about 35
pom 10 about 8G ppm, about 40 ppm 1o about 80 ppm, about 45 ppm to about B0 ppmy, about 50
ppiv to about 80 ppm, about 55 ppmw to about 80 ppm, about 60 ppm 1o about RO ppm, about 65
ppm o about &0 ppm, about 70 ppm fo about &0 ppm, about 73 ppm to about 80 ppm, about 5
ppm 1o about 90 ppro, about 10 ppm to about 90 ppro, about 15 ppm to about 90 ppmy, about 20
ppm 1o about 90 ppm, about 25 ppim to about 90 ppmy, about 30 ppm to about 90 ppmy, about 33
ppm 1o about 90 ppm, about 40 ppm 0 about 90 ppm, about 45 ppim 1o about SO ppmy, about 50
ppra fo about 90 ppm, about 55 ppo io about 90 ppm, aboui 60 ppm to about 0 ppm, about 65
ppm to about 90 ppin, about 70 ppm o about 90 ppim, about 73 ppit te about 20 ppm, about 80
ppm 10 about 90 ppra, about 83 ppm to about 90 ppry, about 5 ppm fo about 100 ppim, about 10
ppm to about 100 ppm, about 15 ppm 1o about 100 ppm, about 20 ppm 1o about 100 ppm, about
25 pyro o about 100 ppmy, about 30 ppro to about 100 ppm, about 35 ppro o about 100 ppm,

about 40 ppim to about 100 ppm, about 45 ppm to about 100 ppm, about 50 ppm to about 100
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ppm, abowt 55 ppm o about 100 ppmy, about 60 ppm to about 100 ppmy, about 65 ppm to about
100 pprm, about 70 pom to ghout 100 ppm, about 75 ppm to about 100 ppm, about 8¢ ppm to
about 100 ppm, about 85 ppm Lo about 100 ppm, about 90 ppm 1o about 100 ppm, about 95 ppm
to about 100 ppm, and ranges between about 0.1 ppm to abour 100 ppm. In a specific aspect, the
aspartic protease s Cathepsin D

{1571 In one aspect, the culturing is carried out af a temperature from about 35° € 1o about 37°
€. Ina specific aspect, the culturing is carried out at a temperature of about 3539 €,

{B158] In one aspect, the culturing is performed for 7-12 days. In a specific aspect, the culiuring
is performed for § davs.

{#159] In one aspect of the present embodiment, the aflibercept is expressed in a suitable bost
cell. Non-Himiting exarmaples of such host cells include, but are not himited to, CHO, CHO K,
EESYR® NICE®, N8O, Sp2/0, embryonic kidney cells and BHK

{8168} Suitable CDMs include Dulbeceo's Modified Eagle's (ODME) medium, Ham's Nutrient
Mixture, EX-CELL medium (SAFC), and I8 CHO-CD mediure dovine), Other CDMs known ©
those skilled in the art are also contemplated to be within the scope of the present disclosure. In
a particular aspect, a suitable CDM 1s CDMIB (Regeneron) or Excell medium (SAFC)

{6181 The present embodiment can include the addition of oug or more steps, 1o no particular
order, such as hydrophobic interaction chromatography, atfinity chromatography, multimodal
chromatography, viral inactivation {e.2., using fow ph), viral filtration, and/or ulira/diatibiration.
{8142} In one embodiment, the process can further comprise formulating the modified version of
aflibercept nsing 8 pharmaceutically acceptsble exapient. In oo aspect, the pharmacentically
acceptable excipient can be selected from one or more of the following: water, butfering agenis,
sugar, salt, surfactant, aming acid, polvol, chelating ageot, emulsifier and preservative. Other
well-known excipients o the skilled artisan are within the purview of this embodiment.

{8163] The formulation of the present disclosure is suitsble for adminisiration to a human
subject. In one aspect of the present embodiment, adminisiration can be affected by intravitreal
ijection. In one aspect, the formulation can have about 40 {0 about 200 mg/ml of the modifted
version of aflibercept.

{4164} The formulation can be used in a method of treating or preventing angicgenic eye
disorders which can include, for example: age-related macular degeneration (e 2., wet ot dry),

macular edema, macular edema following retinal vein occlusion, retinal vein occlusion (RV3),

40



WO 2025/137313 PCT/US2024/061078

central retinal vein occlusion (CRVO), branch refinal vein coechusion (BRYO), disbetic macular
edema (DME), choroidal neovascularization (CWNY), ins neovascularization, ncovascular
glaucoma, post-surgical fibrosis in glavcoma, prodiferative vitreoretinopathy (PVR), optic disc
nepvascularization, corneal neovascularization, retinal neovascularization, vitreal
neovascularization, pannus, plerygium, vascular retinopathy, diabetic refivopathy in a subject
with diabetic macular edema; or diabetic retinopathies (e.g, non-proliferative diabetic
retinopathy {e.g., characterized by a Digbetic Retinopathy Severity Scale (DRSS fevel of about
47 or 533 or proliferative diabetic retinopathy; e.g, in a subject that does not suffer from DME).
Methods 1o Minimize Cathepsin D

{#165] The present disclosure also provides methods for purification of a VEGE recepior fusion
protein such as aflibercept sample 1o reduce levels of certain host cell proteins, such as aspartyl
protease, e.g., cathepsin B The method can include harvesting a preparation of aflibercept,
wherein the preparation contains an aspartic protease and subjecting the preparation o a size
exchusion chromatograpby column, where the size exclusion chromatography colomn tucludes at
teast about 1000 plates of 100 cm thickness and the size exclusion chromatography column
provides fractions meluding the atlibercept and tractions including the aspartic protease
iohibitor, thereby purifying the aflibercept sample.

18166} In some embodiments, the preparation includes a truncated aflibercept.

{167} In some embodiments, the aspartic protease is cathepsin D

{8168] In some embodiments, the pH ot the aflibercept sample i3 about 6.3 1o about 6.6

{816%] Iu some embodiments, a surfactant 1s added to the aflibercept sample prior to subjecting
it to the size exclusion chromatography column. 1n specific embodiments, the surfactant is
polysorbate 20

{8178} In some embodiments, the method further comprises use of at Isast one other
chromatography selected from the group consisting of anton exchange chromatography, cation
exchanges chromatography, and hydrophobic interaction chromatography.

{8171] In somwe embodiments, the size exclusion chromatography column includes at about 1000
to about 1500 plates. [o other embodiments, the size exclusion chromatography column includes
at feast about 1100 plates.

Metheds to Quantifly Cathepsin B

41



WO 2025/137313 PCT/US2024/061078

{8172} The present disclosure also provides methods for guantitative measarement of aspartyl
protease, ¢.g., cathepsin D ina sample. The method can include, for example, obtaining 1solated
an antibody specific for a protein with an amino acid sequence cowpriaing an aming acid
sequence of asparty! protease, e g, cathepsin B3 attaching said isolated antibody 1o a solid
support; reacting attached isolated antibody with said sample including the aspartvl protease,
e.z., cathepsin L providing a detector capable of recognizing an amino acid sequence which is
separate and distinet from the aminoe acid sequence recognized by the attached isclated antibody,;
effecting an hmmuvoreaction; and detecting said immunoreaction to gquantitatively measure the
aspartyl protease, ¢ g, cathepsin I}, in the sample.

{#173] In some embodiments, the isolated antibody is a polyclonal antibody. In another
embodiments, the isolated antibody is a monoclonal antibedy. The isolated antibody can be
obtained from any snimal, for example, the antmal can be a rabbit or a goat.

{8174} In some embodiments, the isolated antibody is obtained by imnumizing an animal to the
protein with an amino acid sequence comprising an aming acid sequence of aspartyl protease,

el

pE g

cathepsin D, to obtain serum from the animal; contacting the serum to a chromatography
column including the aspartyl protease, ¢.g., cathepsin B, and collecting an ¢luate from the
chromatography including the 1solated antibody.

{8175] In some embodiments, the protein with the amino acid sequence comprising the amino
actd sequence of aspartyl protease, e.g, cathepsin D, comprises a mroh tag,

{8176} In some embodiments, the 1solated sntibody is obtained by tmmunizing an animal to the
protewn with an aroioo acid sequence coraprising an amno acd sequence of aspartyl protease.
2.g., cathepsin I fo obtain serum from the animal; contacting the serum fo a chromatography
colurmn including cathepsin B aud collecting an eluate from the chromatography mcluding the
isolated antibody. In such cases, the method can comprise contacting the eluate from the
chromatography including the isolated antithody to a second chromatography column including
anti-mmb antibodies and collecting the flowthrough including the tsolated antibody.

VEGE recepior fusion protein, e.3., Aflibercept, Composition

{4177} The present disclosure also provides aflibercept composition comprising aflibercept
isclated from CHO cells, wherein the composition comprises the aflibercept and a residual

amount of an aspartic protease.
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{178} In some embodiments, the aflibercept composition can be prepared by culturing 3
mammalian cell producing aflibercept 1n & cell culture medium, wherein the cell culture medium
has & pH of about 2 to about 6.8, This can be produced 1y any cell colture medim including a
chemically defined mediuny (UM} or soy hydrolysate madium. The cell culture medium can
also be chemically-defined medium supplemented with a bydrolysate. The celi culture medium
can alsc be supplemented with one of more of the following:  a recombinant growth factor; a
buffer; an osmolanty regulator; an energy source; and hydrolysate(s). The hydrolysates can be an
additional source of free amino acids along with di- and tri-peptides and can be supplemented o
the cell culture medium,

{617%] Non-limiting examples of such host cells inchude, but are not mited 1o, CHO, CHO K,
EESYR®, NICE®, NSO, Sp/0, embryonic Kidnev cells and BHK. Suitable CDMs include
Duibecco's Modified Eagle’s (DME) mediom, Ham's Notrieot Mixtwre, EX-CELL medium
(SAFC), and 18 CHO-CD medium (Irvine). Other CDMs known to those skilled in the art are
also cordemplated 1o be within the scope of the preserd disclosure. In a particular aspect, a
suitable UM is CDMIB (Regeneron) or Excell medium (SAFC).

{#18¢] In certain embodiments, the amount of the aspartic protease is less than about 100 ppm.
In certain emboditaents, the amount of the aspattic protease 1s less than about 1 ppm. In certain
embodiments, the amount of cathepsin D is between 0.5 ppm to about 100 ppm, 6.5 ppm 1o
about 96 ppry, 0.5 ppm to about 30 ppy, 0.5 ppm to about 70 ppm, 0.5 ppm to about 60 ppw, 8.5
pom 10 about 50 pom, 0.5 ppm to about 40 pom, 6.5 ppm 1o about 30 ppm, 0.5 ppm and 20 ppm,
or between 0.5 ppm and 15 ppm, or between 0.5 ppm and 14 ppm, or between .5 ppm and 8
ppm, or between 0.3 ppm and 5 ppm, or between 0.5 ppm and 3 ppm, or between 8.5 ppm and 2
ppm, or between 0.5 ppm and 1 ppm, or between the it of assay guantitation (LOGQ) and 1
pom. In one specific aspect, the aspartic protease is cathepsin D

{#181} In some embodiments, the amount of the aspartic protease in the composition is between
about 0.1 ppro io about 100 ppm. o certain embodiments, the aspartic protease is between, about
0.1 ppun 1o about 0.5 ppra, about 0.1 ppm 1o about 1 ppmy, about 6.1 ppis to about 1 ppm, about
G.1 ppm to about 5 ppim, about 0.1 ppm to about 10 ppm, abowt 6.1 ppw 10 about 15 ppm, abowut
0.1 ppm to about 20 ppm, about 0.5 ppim to about 1 ppm, about 0.1 ppm to about 3 ppm, about
0.1 ppm to about 10 ppro, about 0.1 ppro 1o about 153 ppmy, gbout 0.1 ppm to about 20 ppom, about

5 ppm to about 10 ppm, about § ppm to about 15 ppm, about 5 ppm to about 20 ppm, about 10
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prm 1o sbout 15 ppm, about 10 ppm to about 20 ppry, about 13 ppm to about 20 ppmy, about 5
ppn 1o about 30 ppm, about 10 ppm to about 30 ppm, about 15 ppm to about 30 ppmy, about 20
ppm to about 30 ppm, about 25 ppm to about 3¢ ppm, about 5 ppm 1o about 40 ppm, about 10
ppm to about 40 ppm, about 15 ppm to about 40 ppm, about 20 ppm to about 40 ppm, about 25
ppm to about 40 ppim, about 30 ppm to about 49 ppro, about 35 ppm to sbout 40 ppm, about §
poam 10 about 50 ppm, about 10 ppm to about 50 ppu, about 15 ppm to about 50 ppm, about 20
pom to about 30 ppm, about 25 ppm o about 530 ppmy, abont 30 ppr o about 50 ppm, sbout 338
ppm to about 30 ppm, about 40 pp o about 3¢ ppm, about 45 ppm to about 50 ppm, about 3
ppm te about 60 ppim, about 10 ppm to about 60 ppro, about 15 ppm to gbout 60 ppm, about 20
ppm to about 60 ppm, about 25 ppm to about 60 ppm, about 30 ppm to about 60 ppoy, abowt 35
pom 10 about 60 ppm, about 40 ppm to about 60 ppm, about 45 ppra to about &0 ppmy, about 50
ppm to about 60 ppm, about 55 ppm to about 60 ppmy, about 5 ppm to about 70 ppry, about 10
ppm te about 70 ppem, about 15 ppm to about 70 ppim, about 20 ppm to about 70 ppm, about 25
ppm to about 70 ppro, about 30 pom to about 79 ppro, about 35 ppmto gbout 70 ppm, about 40
ppm to about 70 ppm, about 45 ppm to about 70 ppm, about 30 ppm to about 70 ppm, sbout 55
pom 10 about 70 ppm, about 60 ppm to about 70 ppmy, about 65 ppra to about 70 ppmy, about §
ppm to about ¢ ppm, about 10 ppm to about &0 ppm, about 1S ppm to about 80 ppm, about 20
ppm to about 80 ppm, about 25 ppm to about 80 ppro, about 30 ppm to sbout 80 ppm, about 35
ppm 1o about B0 ppm, about 40 ppm to about 30 ppm, about 43 ppm to about 80 ppm, about 50
pom 10 about 80 ppm, about 55 ppm to about 80 ppm, about 60 ppm 1o about B0 ppmy, gbout 63
porn 1o about 8G ppm, about 70 ppro 1o about 80 ppimy, about 75 ppm to about 0 ppam, about 3
ppm o about 90 ppm, about 10 ppm to about 20 ppim, about 13 ppm to about 90 ppm, about 20
ppm 1o about 90 ppro, about 25 ppm to about 90 ppro, about 30 ppm to about 90 ppmy, about 35
ppm 1o about 90 ppm, about 40 ppm to about 90 ppmy, about 43 ppim to about 80 ppm, about 50
ppim 1o about 90 ppm, about 55 ppim 10 about 90 ppm, about 60 ppm 1o about 90 ppmy, gbout 63
ppra fo about 90 ppm, about 70 ppm io about 90 ppm, about 75 ppm to about 90 ppm, about 80
ppm to about 90 ppin, about 85 ppn o about 90 ppim, about S ppm to about 100 ppmy, gbour 10
ppm 10 about 100 ppi, about 15 ppot 1o about 100 ppm, abont 20 ppot 1o about 100 ppm, about
25 ppm o about 100 ppm, about 30 ppm to about 100 ppm, about 35 ppm to about 100 ppm,
about 40 ppm o gbout 100 ppra, about 45 ppm to gbont 100 ppro, about 50 ppmto about 100

ppm, about 55 ppm 1o about 100 ppm, about &0 ppm 1o about 100 ppm, about &5 ppm to about
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100 ppm, abeut 70 ppm to about 140 ppm, about 75 ppm to about 100 ppm, about 80 ppm to
about 100 ppm, about 85 ppu to about 100 ppm, about 90 ppra to about 100 ppm, about 95 poymo
to about 100 ppm, and ranges between about 0.1 ppm to about 100 ppm. In one apecific aspect,
the aspartic protease is cathepsin D,

{81821 In one embodiment, the compaosition of formulation can include a pharmacentically
acceptable excipient. In one aspect, the pharmaceutically acceptable excipient can be selected
from the following: water, buffering agents, sugar, salt, surfactant, amino acid, polyol, chelating
agent, emulsifier and preservative, Other well-known excipients fo the skilled artisan are within
the purview of this embodiment.

{#183] The composition of the present disclosure is suiiable for administration to a human
subiect. In ong aspect of the present embodiment, administration can be affected by intravitreal
wjection. In one aspect, the formulation can have about 40 to sbout 200 mg/l of the modified
version of aflibercept.

{8184} The composition can be used 1 a method of reating or preventing sngiogenic eve
disorders which can include: age-related macular degeneration {e.g., wet or dry), macular edema,
macular edema following retinal vein occlusion, retinal vein occlusion (RVG), central retinal
vein occhusion ({CRYO), branch retinal vein occlusion (BRYVQ, diabetic macular edema (DME],
choroidal neovascularization {OMNV}, 115 neovascularization, neovascular glaucoma, post-
surgical fibrosis in glaucoma, proliferative vitreoretinopathy (PYR), optic disc
necvasculanzation, corneal neovasculanzation, retinal neovascularization, vitreal
neovascularizatiion, pannus, pterygium, vascular retinopathy, digbetic retinopathy o a subject
with diabetic macular edema; or diabetic retinopathies (e.g., non-proliferative diabetic
retinopathy {e.g., characterized by a DHabetic Retinopathy Severity Scale (DRIS) level of about
47 or 53 or proliferative diabetic retinopathy; e.g, in a subject that does not suffer from DME)
{B185] In some embodiments, the composition further comprises a truncated aflibercept. In one
aspect, the truncated aflibercept is formed by clipping at Y92/L.93 of aflibercept.

{8186} In one aspect, the amount of truncated aflibercept present in the atlibercept composition
is less than about 10%. In some embodiments, the amount of runcated aflibercept present in the
atlibercept composition is fess than about 99%, less than about 8%, less than about 7%, less than

about 6%, tess than about 3%, less than sbout 4%, less than about 3%, less than about 2%, less
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than about 1%, lesa than about 0 5%, Tess than about 0 1%, and ranges between about 8.1 % to
about 10%.
{8187} In one aspect, the amount of tnuncated aflibercept present in the aflibercept composition
s between about 0.1% to about 10%. In some embodiments, the amount of truncated aflibercept
present in the aflibercept composition is between about 0.1% o about 196, about 0. 1% to sbout
2%, about 0.1% 1o about 3%, about {0.1% to about 4%, about $.1%% to about 5%, about 0. 1% 10
about 6%, about 0 1% to about 7%, aboui §.19% to about 8%, about §.1% 1o about 9%%, about
.1% to abowut 10%%, about 0.5% to about 1%, aboui £.53% to about 2%, about §.5% to about 3%
about §.5% to about 4%, about §.5% to about 5%, about .59 to about 6%, about 0.5% 10 about
7%, about 0.5% to about 8%, about .35%% (o about 9%, about §.5% o about 1090, about 1%% o0
about 2%, about 1%6 to about 3%, about 1% to gbout 4%, about 1% 10 about 5%, about 1% to
about 6%, about 194 to about 7%, about 1% to gbout 8%, about 190 (0 about 994, about 1% 1o
about 10%, about 2% to about 3%, about 2% to about 4%, about 2% to about 3%, about 2% to
about 6%, sbout 2% to about 7%, about 2% to about 8%4, about 2% 10 gbout %%, about 2% to
about 10%;, about 3% to about 4%%, about 3% to about 5%, about 3% to about 6%, about 3% 1o
about 7%, about 3% to about 8%, about 3% to gbout %%, about 3% 1o about 10%, about 4% to
about 5%, abowut 4% 10 about 6%, about 4% to about 7%, about 4% to about 8%, about 4% 10
about 9%, about 4% to about 10%, about 3% 1o about 6%, about 5% to about 7%, about 5% to
about 3%, about 5% to about 9%, about 3% to about 10%, about 0% 10 about 7%, about 6% to
about 8%, about 6% to about 9%. about 5% to gbout 10%, sbout 7% 1o about 8%, about 7% to
about 9%%, about 7%% to about 10%, about 8% to about 9%, sbout 99 to about 1%, and ranges
between.
YEGF receptor fusion protetn, e.g., Aflibercept, Formulation
{4188} As described above, a drug substance intermediate can be purified by an SEC column and
an eluate coliected having a VEGF receptor fusion protein and a low amount of an aspartyl
protease. {Ine or more of the collecied eluates can be further processed to a formulated drug
product, ¢ g., including one or more steps of concentrating, fillering, and/or formulating the
collected eluates) with one or more pharmacentically acceptable excipisuts. Formulations of the
present disclosure are suitable for a high concentration of the VEGY receptor fusion protein, eg.,
aflibercept. such as a concentration of st least 41 g/l of the VEGF receptor fusion protein in

the formulation. As described earlier when referring to formulations, the concentration of the
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YEGF receptor fusion protein, e.g., aflibercept, in a formulation can range from about 160
mg/mb to sbout 300 mg/mL. The pH of the formulation can range from about 5.0 to about 6.5,
such as from about 5.5 10 about 8.1

18189 Advantageously, formulations of the present disclosure can have a low amount of an
asparty] protease {e.g., cathepsin I3} such as less than 1 ppmy, e g, less than 0.7 ppm, 0.5 ppm, 0.3
prm, 0.1 ppim, 0.1 ppm., 0.07 ppm, $.05 ppim, ete. of the asparntyl protease {e.z., cathepsin D) in
the formulation.

{819¢] In an aspect, the pharmacentically acceptable exciptent can be selected from the
following: water, buffering agents, a sugar, a salt, a surfactant, an amino acid, a polyol, a
chelating agent, an emudsifier, a preservative, or a combination of two or more thereot,

{8191} The formulations of the present disclosure can be introduced tnto a vessel or device e.g,
avial, or debivery device, eg, & pre-filled syringe. The formulations of the present disclosure
are suitable for administration to a buman subject. in one aspect of the present embodiment,

admirastration can be atfected by intravitrest injection.

EMBODIMENTS
The following list of embodiments is intended to complement, rather than displace or supersede,

the previous descriptions.
Embodiments set 1.

Embodiment I-1. A composition of atfibercept isolated from Chinese hamster ovary host cells,
the composition comprising
aflibercept and a residual amount of an aspartic protease; and
whergin the residual amount of the aspartic protease is between about 8.1 ppm to about
100 ppm.
Embodiment -2 The composition of ermmbodiment 1) wherein the aspartic protease is cathepsin
i
Embodiment I-3. The composition of any of the preceding embodiments, wherein the residual
amount of cathepsin D is quantified using an mmunoassay of 4 Mass spectrometry assay.
Embodiment 1-4. The composition of any of the preceding embodiments, wherain the

forsunoassay 13 cathepsin D ELISA.
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Fmbodiment 153 The composition of any of the preceding embodiments, wherein the mass
specirometry assay 15 LO-ME/MS.
Embodiment I-6. The composition of any of the preceding embodiments, further comprising
truncated aflibercept.
Embodiment I-7 The composition of any of the preceding embodimenis, wherein amount of
truncated atlibercept is less than about 5%,
Embodinment I-3. The composition of any of the preceding embodiments, wherein amount of
truncaied aflibercept is tess than about 4%,
Embodiment I-9. The composition of any of the preceding embodiments, wherein amount of
truncated aflibercept is less than about 3%
Embodiment I-19. The composition of any of the preceding embodiments, wherein amourt of
truncated aflibercept i tess than about 2%.
Embodiment 1-11. The compaosition of any of the preceding embodiments, wherein amount of
iruncated aflibercept is less than about 1%
Embodiment 1-12. The compoesition of any of the preceding embodiments, wherein amount of
trunicated aflibercept is less than about 0.5%.
Embodiment 1-13.
Embodiment I-14. The compesition of any of the preceding embodiments, wherein the truncated
aflibercept ts formed by tuncaling aflibercept between Tyrosine residue at 92 position and
Leucine at 93 position.
Embodiment 15, A method for produciog aflibercept, the method comprising:
providing a host cell genetically engineerad (o express aflibercept;
culturing the host cell in a cell culture mediur, wherein the cell culture mediur hasa pH
between about 6 to about 6.§; and
harvesting g preparation of the aflibercept produced by the cell.
Embodiment 1-16. The method of embodiment 13, wherein the cell culture medium inchudes an
aspartic protease inhibitor,
Embodiment I-17. The method of embodiment 16, wherein the aspartic acid protease inhibitor is
pepsiatin A
Embodiment 1118, The method of embodiment 15, wherein the preparation includes a cathepsin

D3 inhibitor.
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Hmbodiment 1-19. The method of embodiment 15, wherein the pH is about 6.3 to aboui 6.6,
Embodiment 1-20. The method of embodiment 15, wherein the cell culture mediur includes a
buffer.

Embodiment 121, The method of embodiment 20, wherein the butter 15 sodium citrate.
Embodiment 1-22. The method of erobodirent 15, wherein the culturing 15 carried out at 2
temperature from about 30° 1o about 40° €.

Embodiment 1223, The method of embodiment 22, wherein the coliuring is caried cut at a
temperature of abont 357 C.

Embodiment I-24. The method of embodirnent 15, wherein the culturing is performed for about
7-12 days.

Embodiment I-25. The method of embodiment 15, wherein the culturing ts performed for about §
days.

Embodiment 1-26. The method of embodiment 15, wherein the preparation includes truncated
aflibercept.

Embodiment 1-27. The method of embodiment 26, wherein amount of truncated aflibercept is
fess than about 3%.

Embodiment 1-28. The method of embodiment 26, wherein amount of truncated aflibercept is
tess than about 4%

Embodiment 1-29. The method of emnbodiment 26, wherein amount of truncated attibercept is
tess than sbout 3%.

Embodiment 1.3, The method of embodiment 26, wherein amount of truncated aflibercept 1s
fess than about 2%.

Embodiment I-31. The method of ernbodiment 26, wherein amount of truncated attibercept i3
fess than about 1%.

Embodiment I-32. The method of embodiment 26, wherein amount of truncated aflibercept is
fess than about 0.5%.

Embodinent 1-33, The method of erabodirnent 26, wherein amount of truncated atlibercept is
less than abowt 5%

Embodiment 1-34.

Embodiment 1-35. A method for producing aflibercept, the method comprising:

providing a host cell genetically engineerad to express aflibercept;
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aulturing the host cell in a cell eulture medium, wherein the cell culture medium has a pH
greater than about 6 and

harvesting a preparation of the aflibercept produced by the cell, wherein the preparation
containg an aspartic protease inhibitor.

Embodiment 1-36. The method of erwbodiroent 35, wherein the preparation includes truncated

aflibercept.

Embodiment 1-37. A method for productog a truncaied aflibercept, said rwethod comprising
culturing a mammalian cell producing aflibercept in a cell eulture medivm, wherein the
cell calmure mediuny has a pH of about 2 to ahout 6; and
harvesting a preparation of the truncated aflibercept produced by the mammalian cell.

Embodiment I-38. The method of embodiment 36, wherein the preparation includes afiibercept.

Embodiment 1-39. The method of embodiment 36, wherein the pH ia between 2 and 5.

Embodiment 1-40. The method of embodiment 36, wherein the preparation inciudes an aspartic

protease.

Embodiment -4}, The method of embodiment 39, wherein the aspartic protease is cathepsin D,

Embodiment 1-42. The method of embodiment 490, wherein concentration of cathepsin ¥ in the

cell eulture medium is less than about 190 ppm.

Embodiment 143, The method of embodiment 29, wherein concentration of cathepsin D in the

cefl cubture medium s less than about 10 ppm,

Embodiment I-44. The method of embodiment 36, wherein the culturing is carried out at a

temperature from about 35° € 1o about 37° €.

Embodiment 1-45. The method of embodiment 36, wherein the culturing is carried cut at 2

teraperature of about 35° O

Embodiment 1-40. The method of embodiment 36, wherein the culturing is performed for 7-12

days.

Embodiment 1447, The method of embodiment 36, wherein the culiuring is performed for 8 days.

Embodiment 1-48. A method for producing a truncated aflibercep, said method comprising:
culturing s mammalian cell producing athibercept in a cell culture medium, whersin the
celf culture medium includes cathepsin D) and
barvesting a prepatation of the truncated aflibercept frovs the cell culture medium and

produced by the mammalian cell.
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Embodiment 149, The method of embodiment 48, wherein the preparation includes affibercept
Embodiment 1-50. A method for quantitative measurement of Cathepsin D in a samaple,
comprising:

obtaining isolated antibody specific for a protein with an amino acid sequence comprising

an aming acid sequence of Cathepsin T,

attaching said isclated antibody 1o a solid support;

reacting aitached tsolated antibody with said sample including cathepsin I

providing a detector capable of recognizing an amino acid sequence which is separate

and distinct from the amino acid sequence recognized by the attached isolated antibody:

effecting an immunoreaction; and

detecting said immunoreaction to quantitatively measure the cathepsin D in the sample.
Embodiment I-51. The method of embodiment 30, wherein the isolated antibody 15 a polyclonal
antibody.
Embodinent 1-52, The method of evobodirosnt SO, wherein the isolated antibody is a rabbi
isclated rabbit polycional antibody.
Embodiment -53. The method of embodiment 530, wherein the isolated antibody is a goat
isolated rabbit polyclonal antibody.
Embodinent I-34, The method of erabodirent 50, wherein the isolated antibody is obtained by
fomunizing an animal 1o the protein with an amino acid sequence comprising an aming acid
sequence of Cathepsin D to obtain serum from the armmal; contacting the serumto a
chromatography column wnchuding cathepsin ) and collecting an eluate from the
chromatography including the isolated antibody.
Embodunent I-55. The method of erobodiroent 50, wherein the protein with the amiso acid
sequense comprising the amino acid sequence of Cathepsin £} comprises a mmb tag.
Embodiment I-56. The method of embodiment 51, wherein the isolated antibody 1s obtained by
immunizing an animal to the protein with an amino acid sequence comprising an amine acid
sequence of Cathepsin D 1o obtain serum from the animal; contacting the serum toa
chromatography column including cathepsin I3, and collecting an elnate from the

chromatography including the isclated antibody.
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Embodiment 157, The method of embodiment 56, wherein the eluate from the chromatography
including the isolated antibody 18 contacted to a second chromatography column including anti-
mmb antibodics and collecting the flowtbrough including the isolated antibody.

Embodiment 158, A method for purification of aftibercept sample, the method comprising:
harvesting a preparation of aftibercept. wherein the preparaiion contains an aspartic
protease and subjecting the preparation o a size exclusion chromatography column,
where the size exclusion chromatography column includes at teast about 1000 plates of
100 ¢m thickness and the size exclusion chromatography colomn provides fractions
including the aflibercept and fractions including the aspariic protease inhibitor, thereby
purifying the aflibercept sample.

Embodiment 1-59. The method of embodiment 38, wherein the preparation tncludes & truncated

aflibercept.

Embodiment 1-60. The method of embodiment 58, wherein the aspartic proteass is cathepsin I3

Embodinoent 161, The method of evobodiroent 58, wherein the pH of the aflibercept sarople 18

about 6.3 to sbout 6.6

Embodiment I-62. The method of embodiment 58, wherein a surfactant is added to the

aflibercept sample prior to subjecting it to the size exclusion chromatography column.

Embodiment 1-63. The method of embodiment 62, wherein o surfactant is polysorbate 20,

Embodiment 1-64, The method of ewbodivoent 58 further comprising at least one other

chromatography selected from the gronp consisting of anton exchange chromatography. cation

exchange chromatography, and hydrophobic wteraction chromatography.

Embodiment 1-65. The method of embodiment 38, where the size exclusion chromatography

columm mciudes at about 1000 to about 1500 plates.

Embodiment 1-60. The methed of embodiment 58, where the size exclusion chromatography

column includes at least about 1100 plates.

Embodimenis set 1.

Embodiment -1, A process of purifying & VEGE receptor fusion protein, comprising
flowing a drug substance intermediate that comprises the VEGF receptor fusion protein, a

surfactant, and an aspartyl protease through a size exclusion chromatography (SEC) column;
collecting a first eluate from the SEC column that comprises the VEGF receptor protein

and an amount of less than 1 ppm of the aspartyl protease; and
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excluding from the collected first eluate a second eluate that comprises the VEGF

receptor protein and the aspartyl protease.

Embodiment 11-2. The process of embodiment 1, wherein the first eluate has less than 0.3
ppm of the aspartyl protease and the second eluate has greater than 0.3 ppm of the aspartyl

protease.

Embodiment II-3. The process of embodiment 1 or 2, wherein the process comprises, prior to
collecting the first eluate, determining an amount of the aspartyl protease in one or more

fractions of the drug substance intermediate eluting from the SEC column
Embodiment I1-4. The process of any one of embodiments 1-3, wherein the amount of the
aspartyl protease is determined by an activity assay or by liquid chromatography-mass

spectrometry (LC-MS).

Embodiment I1-5. The process of any one of embodiments 1-3, wherein the amount of the

aspartyl protease is determined by an enzyme-linked immunosorbent assay (ELISA).

Embodiment I1-6. The process of embodiment 5, wherein the aspartyl protease is a cathepsin

D and the ELISA is based on an anti-Chinese hamster ovary cathepsin D antibody.

Embodiment II-7. The process of any one of embodiments 1-6, wherein the drug substance

intermediate comprises the VEGF receptor fusion protein at a concentration of at least 41mg/mL.

Embodiment I1-8. The process of any one of embodiments 1-7, wherein the drug substance

intermediate comprises the surfactant at a concentration of at least 0.003%.

Embodiment I1-9. The process of any one of embodiments 1-8, wherein the surfactant

comprises a non-ionic surfactant having a polyoxyethylene moiety.
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Embodiment TI-10.  The process of any one of embodiments 1-9, further comprising, prior to
the SEC column, harvesting a preparation of the anti-VEGF protein produced by a host cell
genetically engineered to express the anti-VEGF protein in a culture medium, purifying the
preparation by liquid chromatography, and adding a surfactant to the purified preparation to form

the drug substance intermediate.
Embodiment II-11.  The process of embodiment 10, wherein the preparation is purified by
Protein A chromatography, anion exchange chromatography, cation exchange chromatography,

hydrophobic interaction chromatography, or a combination of two or more thereof.

Embodiment II-12.  The process of any one of embodiments 1-11, further comprising

concentrating and filtering the first eluate to form a concentrated pool.
Embodiment II-13.  The process of any one of embodiments 1-12, further comprising
formulating the first eluate with one or more pharmaceutically acceptable excipients, wherein the

VEGF receptor fusion protein has a concentration of at least 41 mg/mL in the formulation.

Embodiment II-14.  The process of any one of embodiments 1-13, wherein the aspartyl

protease is cathepsin D.

Embodiment II-15.  The process of any one of embodiments 1-14, wherein the surfactant is a

polysorbate.

Embodiment 1I-16.  The process of any one of embodiments 1-15, wherein the surfactant is

added to the drug substance intermediate prior to flowing it through the SEC column.

Embodiment II-17.  The process of any one of embodiments 1-16, wherein the VEGF receptor

fusion protein is aflibercept.

Embodiment II-18. A process of purifying aflibercept, comprising:
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flowing a drug substance intermediate that comprises aflibercept, a surfactant, and
cathepsin D through a size exclusion chromatography (SEC) column;

collecting a first eluate from the SEC column that comprises the aflibercept and an
amount of less than 1 ppm of the cathepsin D; and

excluding from the collected first eluate a second eluate that comprises the aflibercept

and the cathepsin D.

Embodiment II-19.  The process of embodiment 18, wherein the surfactant comprises a non-

ionic surfactant having a polyoxyethylene moiety.

Embodiment 1I-20. A formulation comprising one or more pharmaceutically acceptable
excipients and aflibercept at concentration of from about 100 mg/mL to about 300 mg/mL,
wherein the formulation includes less than 0.3 ppm of cathepsin D and has a pH of from 5.5 to

6.1.

Embodiment I1-21.  The formulation of embodiment 20, comprising less than 0.05 ppm of

cathepsin D.

Embodiment I1-22.  The formulation of embodiment 20 or 21, wherein the formulation is
prepared from collecting a first eluate of a drug substance intermediate by a process comprising:
flowing a drug substance intermediate that comprises aflibercept, a surfactant, and
cathepsin D through a size exclusion chromatography (SEC) column;
collecting a first eluate from the SEC column that comprises the aflibercept and an
amount of less than 1 ppm of the cathepsin D; and
excluding from the collected first eluate a second eluate that comprises the aflibercept and the

cathepsin D.
EXAMPLES

Example 1. Assessment of degradation products during aflibercept manufacturing

{0192] A sample of an aflibercept drug substance intermediate (3811 was analyzed for varions

atirtbutes duning s stability testing. The DST sample was ebiained from the downstream
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purtfication process afier carrving ot protein A chromatography, CEX, AEX and HIC, An
accelerated stability (25° € over & Months) and stressed stability (45° C over 1.2 Months) was
the two lots were compared and it was found that a greater rate of degradation was observed in
DRI of the Lot from facility A than of the Lot from facitiey B.

Example 2. Assessment of degradation products in athibercept drug substance

{8193} Aflibercept drug substance (138 was taken from drog substance lots ie., after the
manufaciured aflibercept was purified and formudated into 2 pharmacentically acceptable form
and this DS was analvzed for various atiributes during its stability testing.

{#194] An accelerated stability (25° C over & Months) was carried out on two lots of DS from
different facilities. The results from the two lots were compared and it was found that the rate of
degradation for both lots from facility A and B, was comparable.

{8195} This was in contrast to the results from Example 1.

Example 3. Evaluation of the NR-1 band

{8196] Iu order to examine the truncations in aflibercept that forms the NR-1 band, SDS-PAGE
was performed. The general sequence of atlibercept is shown in FIG. 1. It was known based on
earlier studies that NR-1 species (a cartoon of which is shownn FIG. 2) were formed when the
fuli-length aflibercept lost almost the entive VEGFRT domain on one arm due 1o the truncation at
the following two sites toward the C-terminal region of the VEGFRT domato: between T90 and
MN91 between N9 and T100.

j81%7] To improve the sensitivity and fidelity, the analysis was performed by changing usual
mass analysis technique by {a) performing FPABRICATOR digesiion to remove the Fe portion of
atlibercept, (b} complete deglycosyviation was necessary 1o remove the heterogenetry from up o
10 » Neglyeosylation from the analyies and {¢} denaturing the samples using Rapigest, a mild
denaturing condition which does not deactivate PNGaseF enzyme for deglyeosylation. The
analysis was performed by devaturing SEC-MS, which can provide {partial} liqund
chromatography separation between the intact receptor domain and NR1 species {with Fe
remnoved) for the successful detection of the low levels of MR species. The DS and DSI sample
from lots A and B were analyzed using a modified mass analysis {samples 1-7 are representative
of both DS and DSI samples from both the lots). The modification made 1s possible to

differentiate the peaks of the receptor domain of aflibercept and truncated athibercept. The
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asseasment of the receptor domain of the truncated aflibercept further revealed the different
positions that led to truncations.

{B198] On assessing the truncations due to each of the positions (N9ST 100, YO4HOS, and
TOONY1} in the DSI and DS samples from Lot of A and Lot of B, it became clear that the NR-1
due to these truncations was not that appreciable in natare. This led to the revelation that the
NR-1 band in the DS and DN samples was predominantly due fo a novel clipping site ¥92/L.93
{8199] The dSEC-MS Analyas of Selected Jot of A and fot of B DET and DS material under
accelerated stability revealed a novel clipping site Y92/L.93 respousible for faster NR-1 growth.
The effect of truncation due to Y92/L93 is predominant in Lots A and B ST samples. The level
of truncation between Y92 and 193 was very low in all DS samples as well as D8I samples from
both facifities taken at ime=0. The level of truncation between Y92 and L93 increased in the
38T accelerated stability samples, but not in the DS accelerated stability sarmples from both sites.
Under accelerated stability conditions, the rate of truncation between Y92 and L33 in Lot of A
was bigher than that in the Lot of B,

Example 4. Investigation of the cause of truncation between Y92 and L93 of aflibercept in D8]
fots

{6286] As itlustrated from Hxamples 123, the NR-1 band was predomisant tn D051 samples
compared to DS samples.

{6281] Dus 1o the distinction in the number of HOPs 1o the samples, HOPs from the samples
were characterized by the method developed by Johnson et al. See ('Brien Iohnson er o (2020).
Combination of FAIMS, Protein A Depletion, and Mative Dngest Condiions Enables Dieep
Proteomic Profiling of Host Cell Proteins in Monoclonal Antibodies. Analytical Chemistry,
92{153, 10478-10484 [t was also observed that there was g substantial overlap between HCOPs
found in Lot of A DS and Lot of B B8 Additionaliy, HCPs were also consistent between D8
and D8I lois from the same facility.

{82021 The characterization of the HCPs revealed a toial of 132 HOPs {data not shown}. Bug
cathepsinn D was detected in all the lots for DS and DST from both the facitities. The comparative
analyais also revealed that D81 ot from facility A had the highest amount of cathepsin I3 fevels
{6203} This led to the hypothesis that cathepsin D is Hikely responsible for the NR-1 band

formation. Other proteases detected were ClrA and Cathepsin 2. However, their levels were
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very fow and not substantially different between the two facilities, nor D8 and D51 lots, and
observed cleavages did not match protease specificity.

Esample 5 Confirmation study of Cathepsin B led to truncation of aflibercept at Y921L.93
18284] Once cathepsin I was identified to be a potential reason for the cleavage of aflibercept, a
cathepsin I3 inbibitor was used 1o confirm the finding. AEBSF and Aprotivin bovine lung
{serine protease inhibitors), E64 and Leupepiin hemisulfate {cvsteine protease inhibitors) and
pepsiatin A (sn aspartic protease inhibitor) were evaluated for thetr ability to inhibit activity of
cathepsin .

{8265] To the samplies from lots from both the facilites containing DST at =0, pepstatin A was
added at 37° (' and % of NR-1 band formed was asseased at day 3 and day 5. For both the
samples, MNR-1 band increase stopped, and Y/L clipping ceased after incubating the DST samples
with pepstatin A, suggesting cathepsin [ is likely the cause for NR-1 band formation.

Exampls 6. Production of Y92L.93 clipping of atlibercept using cathepsin I

{8246] Production of the ¥Y92L93 chipping was atternpted using cathepatn . To a sample of
atlibercept 38, cathepsin D was added and incubated at 37°C at pH 6.1, Different
concentrations of cathepsin B were evaluated, including 1 pprm, 2 pprn, 5 ppm, and 10 ppm
Increased NR-1 band did not correspond to the amount of Cathepsin I (CatpD) spiked in at pH
6.1 {data not shown). Neghigible Y/L clipping was observed with 10 ppm Cathepsin B spiked in
at pH 6.1 even for & days and <1% of Y/L clipping was observed with 100 ppoy Cathepsin B
spiked in a1t pH 6 1 for 8 days

{6287] Since the failure of cathepsin D o affect the truncation could be due to reaction
conditions, the experiment was repeated at a lower pH since cathepsin D needs to be activated by
fower pH for conformational switch to mature cathepsio Id. Cathepsin-ID 15 av aspartic protease
that depends criticaily on protonation of its active site Asp residue. Along with Asp-protonation,
tower pH also leads to conformational switch in mature cathepsin-D. See Briozzo P et al.
{198&). Cancer Research. 48 (13} 368892

{8208] To test the DS saraples with the presence of activated cathepsin D, to a sample from DS
at t={3, 100 ppm acidified cathepsin I was added at 37°  and incubated for 3 houss. As
suspectad, the activated cathepsin D led to Y/L clipping of aflibercept and the truncating effect

HICTeases over time.
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{62491 The clipping activity was alao observed at newtral condition when acidified cathepsin D
was added. For example, when 0.5-20 ppm of acidified cathepsin [ 15 added to an atlibercept DS
sample and incubated for 7 days at 37° O, the resudts demonstrated a correlation between spiked-
in cathepsin 1% and NR-1 band formation, and Y/L cleavage.

Example 7. Iopact of pH on NR-1 band formation

{4218] Since cathepsin D 18 an acidic protease {optimal pH between 2 and 5}, experiments 1o test
the impact of pH on the activity of cathepsin D on a D8I sample revealed that the tower pH (4.5}
prodoces significant MR-1 band compared to a slightly actdic pH (6.3}, See FIG. 3. Testing of
DI samples from both facilities A and B tor aflibercept production also show simtlar resulis.
{6211] The impact of pH i a0 significant that use of different buf¥ers can also show a difference
in the YOZL93 clipping observed during the production of aflibercept. For exarmple, citric acid
was emoploved at facility B o achieve a pH of 6.1 and sodium citrate was eruployed at facility A
to achigve a pH of 6.2, despite other conditions remaining the same (Z¢., incubation of 1381 at
379 0 for 12 days, intermediate e point taken at 3™ and 6% day). While the difference in the
pH 15 0.1, the effect through cathepsin D based clipping is notable over time {data not shown).
{6212] When the pH is increased to 0.45 by adding sodium citrate, the formation of NR-1 band
formation decreased 7.e., it stopped the 92Y 3L clipping of aflibercept. All samples were
ineubated at 37° C for 12 days, intermediate time point taken at 3rd and &th day.

{6213] Resulis dersonstrated pH 6 45 can effectively siow down NR1 band increase and prevent
YL cleavage. Effectively no NR-1 band 1< formed duning atlibercept manufacturing when the
pi s 6.45 (data not shown},

Example 8 Absclute Quantitation of cathepsin D

{8214} The quantificaton procedure a3 shown 1o FIG 4 wae followed. The exact parameters as
fisted in FIG. 5 were followed. Based on this method, 1t was determined that the average level of
cathepsin D 1o facihity A DST(1.37 ppm) was about 1.5 times that in facility B DSE{G.09 ppm).
See FIG. &

Example 94 Detection of Cathepsin D lovels

{6215] The quantification procedure as shown 1o FIGS. 4 and 5, while adequate, had some
Himitations. For example, the sensitivity of Cathepsin D was Himited 10 6.5 ppm, e.g, {cathepsin
D ngfrolyallibercept mg/mdy . See FIG. 6 Given the low levels of Cathepsin D that were found

0 be present coupled in the lots with the method of detection and gquantitation by mass speg, a
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more sensitive method was required. As evident from FIG. 6, many lots had Cathepsin 3 at
fevels close to or at 0.5 ng/rl.

{8216] A Cathepsin D host cell protein (HOP) ELISA assay was developed 1o overcome the
above-mentioned challenges.

{82171 A schematic of the assay developed i3 outlined 1o FIG. 7. The assay was developed using
{athepsin U expressad from CHO cells with mmbh tag. A polvclonal anti-cathepsin D antibody
was generated 1u rabbit and was affinity purified against recombinant cathepsin D The assay 30
developed has a LOD of 0.2 ng/ml.. See FIG. 8. This BLISA assay is more amenable to
laboratory quality control analysis, compared 1o mass spectrometry.

{#218] This assay used an indirect sandwich HELISA approach to quaniify the Cathepsin D
protein. A 20-well plate was coated with anti-CHO Cathepsin D polyclonal antibody. After
overnight incubation at 4°C, the plate was blocked, and theu standards, controls and samples
were loaded to the coated plate. Cathepsin D that is present will be bound and immeobilized.
Next, hotinviated polvcional antibody against CHO Cathepsin D was added as the primary
antibody detection agent. Subsequently, streptavidin-HRE was added as the detection reagent.
Lastly, Tetramethylbenzidine {TMB) was added as the substrate. The absorbance at 430 nm was
then measured using the NEG plate reader. The data was then unported for data analyss.

j821%] Coating Antibody and Plate Coating: Working solutions of Cathepsin I HCP coating
antibody were prepared o T+ PBS spanuing a range of concentrations. These coating
concentrations were tested by adding 100 pL/ well of each Cathepsin D antibody coating
concentration solution and subsequently stored overmight at 4°C. The optimal condition was
selected after testing.

{8228] Plate Blocking: Plate blocking used blocking butter (BSA 1u 17 PBST) at 300 pl/well
and incubated with shaking for a set amount of time.

{8221} Standard Preparation and Assay Range: The standard curve was prepared using the CHO
Cathepsin 3 protein that was produced. A variety of standard ranges were tesied to determine the
appropriate range to be used in the assay.

{82221 Prunary Antibody: A range of working solutions of the primary antibody were prepared
in Assay buffer (BSA in 1x FBST) and incubated for one hour with shaking. The optimal

condition was deterroined after festing was complete,
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{6223] Strepiavidin-HRP. A range of working solutions of Sreptavidin-HRP were prepared in
Assay buffer (BSA in 1 PBST) and incubated for one hour with shaking. The optimal dilution
was determined after testing was complete.

{82241 VEGF Trap 1 {a fuli-length VEGF Trap) process was analyzed for levels of cathepsin [
The process sieps/pools during the production of the VEGE Trap | were depth filtrate pool, AEX
pool and HIC pool. The ELISA assay was able to detect up 10 4 ppny in the sampies {Table 1 and

G 9)

PCT/US2024/061078

Table 1.
Process Step Sample Conc Cathepsin D
(mg/mL)
Process step Sample ng/mL PPM (ng/mg) PPM
(nmol/mmol )

Depth Filtrate 7.6 313 4.1 13.5
AEX 943 312 33 10.8
HIC 3.88 <LOQ <LOQ <LOQ

Fxample 98 Generation of anti-cathepsin D antibody in goat

{8225] Tnstead of rabbit anti-cathepsin I3 pAb, goat anti-cathepsin B3 pAb were gevnerated. The
purification scheme for anti-cathepsin D pAb from goat sera included use of series of affinity
puritications with an affinity column including cathepsin D generated in-house. See the
purifications described in FIG. 10 and FIG. 11

{6226} Gosts were immunized using the CHO Cathepsin I protein as the immunogen. Goats
were boosied with the CHO Cathepsin [ protein on a regular interval to both increase antibody
titer and 10 generats enough blesds.

{8227} Bleed Puriticstion: Bleeds were punified using two sepsrate affinity column pusifications,
One was prepared by using the CHO Cathepsin D protein while the other was prepared using a
protetn that containg a histidine tag. Purifications were perforimed on an AKTA FPLO system.
{8228 Antibody Characterization and Labeling: Antibody concentration was measured using a
protein concentration method. A portion of the purified antibody was subsequently abelled with
biotin. After biotin labelling, the antibody concentration was measured using a protein

concentration method.
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{6229] Using this goat anti-cathepsin pAb, the ELISA method described above was used. The
ELISA method using goat anti-cathepsin pAb 18 shown in FIG. 12, This ELISA method was able
to detect 0.05 ng/mi (L.OD) and quantitate 0.3 ng/mi (1L.OGQ) For 6 1gG1 mAbs and 3 1gG4
mAbs, the ELISA method using goat anti-cathepsin pAb detected low levels of cathepsin D in
the 1g€31 1o Abs and none (o the 18G4 mabs, See FIG 13 The LOD and LOQ inppm {ngfml}
varied based on the concentration of the drug sample tested.

{8238] Similar detections were observed for aflibercept process lots e | the LOE and LOGQ in
ppm {ng/mi} varied based on the concentration of the drug sample tested (FI{. 14)

Example 10 Siability study on Drug Substance Intermediate Lots at varying concentrations
{6231 This study investigated how a residual HCP can piggy-back through the atfibercept 1381
manufacturing process. Unexpected, a high dose formulation of aflibercept {e.g, & 1143 mg/mb
formulated drug substance (FI2RY) Tot showed unaccepiable stability during av accelerated
stability test (25°C for 6 months). The test showed increased rates of aggregation and
fragmentation under the 25 “C condition.

{6232} Through this investigation it was found that variation in fragmentation and aggeregation
rates under the accelerated stability condition tor BSI and 1143 mg/mL FDS are likely
atiributable to low, variable, levels of a Chinese hamster ovary {CHO)Y host cell protease,
cathepsin . In addition, the purification process for atlibercept has an inherent vanability where
differences in the clearance of cathepsin I was observed from lot to Tot Small differeuces in the
tevels of cathepsin D have a greater impact on aggregation and fragmentation rates for a high
concentration (o.g., 1143 mg/rol) FDS under the accelersted condition compared 10 40 mg/md.
FOS8 hvis believed the buffer used with the high dose formulation is more favorable for
cathepsin I3 activity, due 1o the igher protein concentration and lower formulation pH

{64233} Drug substance intermadiate (DS81) lots containing afiibercept at two different
concentrations (40mg/mt and 1143 mg/ml) were evaluated at 5 °C and 25 °C. 1t was observed
that accelerated stability resulis at & months at 25°C showed reduced CE-SDS purity, low
mlecular weight (LMW) purity, low SE-UPLC main peak purity and high molecular weight
{HMW) species for the of aflibercept [ots with higher concentration (1143 mg/mb) (FIG. 154
and Fix 15B).

{06234] The siability testing at S °C did not show an unexpected stability result (FIG 16A and

{6B). Notably, under the 5 °C condition, an absence of fragmentation was observed through the
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1Z-month time point, while modelling of the SE-UPLL pusity and aggregate data indicated that
the faster rate was not anticipated.

{82358] VEGHF-Trap can be cleaved {n its R1D2Z region, resulting in LMW specigs denocted NR1
(FiG. 17A) Cleavage at residues Y92/L.93 was previcusly confirmed to be driven by CHO Host
Cell Protein (HCP) cathepsin D (FIG 17B)

{64236] Investigation into the deviation revealed that vaniation in fragmentation and aggregation
rates under the accelerated stability condition for these lots 16 hkely attributable to low, variable,
fevels of cathepsin I3 The higher concentration lots (114.3 mg/mi} comprised higher amounis of
cathepsin causing more cleavage of aflibercept at the YO3/L53 site forming the NR-1 species.
See Pl 17

{6237 Mass spectrometry analysis further confirmed (3. 4x) higher levels of Y22/L93 clipping
for the unexpected aflibercept high concentration ot when compared to Y92/L92 chippiug
observed for fow concentration lots (FIG. 18). Increased NRI due to cathepsin D cleavage at
Y92/1.93 of aflibercept was linked to increased aggregate formation (F1G. 19 and FIG 203
{6238} In addition, downstream process on the DS lots showed an inherent variability where
ditferences in the clearance of cathepsin D was observed from lot to ot (FIG. 21 and FIG. 22}
Py 21 shows a statistically sigmificant differences in cathepsin I concentrations between the
downstream process poels for high concentration DSI {ots and low concentration D8I ots (V1
pool, CEX pool, AEX pool and HIC pool). The amount of cathepsin 13 1o these pools was also
catculated and showed higher fevels of Cathepsin D in downstream process pools for lugh
concentratton DS ots (FIG. 22)

10239] Small differences in the levels of cathepsin D showed a greater impact on the high
concerdration DSElots (20 Jots, 114 3 mg/mL) 1o terms of aggregation and fragmentation rates
under the accelerated condition compared to lower concentration D81 lots {20 lots, 40 mg/miy It
was observed that cathepsin D fevels were more in the higher concentration DST lots because of
the higher protein concentration and the type of specific buffer used in those DRI ots.

Example 11, Interactions between aflibercept and cathepsin D

{8248] Interaction analysis was carried out using OCTET HTX seusorgram. The results from the
sensor showed that there was an aflibercept concentration dependent binding to Cathepsin D
(F1(3. 23} It was also shown that intergetion between aflibercept and cathepsin D increased with

reducing buffer pH (FIG. 24}
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Example 12, Downstream process for Cathepsin D removal

{8241} Since cathepsin B was oot sutficiently removed during the upstream process of producing
aflibercept, including puritication with chromatography, it was believed that the downstream
operations provided an opportunity for cathepsin [ removal from the product stream. For
exampie, due to differences in molecular weight of aflibercept and cathepsio D it was believed
that size exclusion chromatography (SEC) could adequately separate cathepsin D from
aflibercept (FIG 253 In particular, it was observed that a parameter in developing modified SEC
process was inereasing the number of plates for SEC to more than about 1000 plates. For the
experiment, plates with 100 om packing were evaluated {data not shown}. In particular,
comparing the number of plates for SEC purification, it was observed that the SEC column has
an efficiency criterion of >1134 plates.

{8242] Using the modified SEC punificstion, the high concentration DS ot was purified
downstream using SEC. The optimization of the SEC purification showed a reduction in the
fevels of Jower molecular weight HOPs, jocluding cathepsio B The levels of cathepsan D
cbserved i all three final dmg substance (FDS) [ots post optimization of the D81 lots were
below those levels observed in lots which resulted in HMW and LMW profiies at 6 months
stability at 25 °C {as mentioned 1o Exanople 10} {o addition, stability data up to the 3-month data
point at 25 °C for these lots also showed profiles for LMW which further supports cathepsin D
clearance foliowing implemeniation of the changes.

{6243] In order to contirm the findings, higher efficiency SEC columns were evaluated. As
shown in FIG. 26, those colurnns provided a greator aflibercept and cathepsin B resolution.
Activity of cathepsin I3 increases across fractions that overlap with peak end collection criteria of
005 AU FIG. 27y, imdicating ocoreased cathepsin B levels acrose those fractions. The fractions
marked as “Not present in Pool B/Not present in Pool O in FIG. 278 are designations relative to
all of the fractions {i.¢. they are all present in Pool A}

{8244} Three lots were processed with the moedified purification method and the results show
increased clearance and subsequently lower levels of cathepsio Db in the final drug substance post
the change. Anearlier cut tn dme for the eluting peak was implemented for the SEC step for the
higher concentration 8T lots (FIG 28) resulting in increased clearance and subssquently fower
fevels of cathepsin B at FDS (FIG. 29). Lastly, the stability data at 257°C at 3 months for those

FI3S fots showad LMW levels in line with comparators e, FDS obiained from low
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concentration DS {ois (FIG 303 Accelerated stability (25°C for 6 months) was investigated.
The cumulative increase in MW (FIG. 33A) and R (FIG. 338} was represented over that 6
months by calcudation of the slope. This slope was then plotted against the amounnt of cathepain
D (in ppm by ELISA}Y and showed a relationship between cathepsin D pre-optimisation {open
square and open circle) and post-optimisation {open diamond and open triangle) from several
process areas. Fhe cathepsin ) mediated NR1 species showed a higher vaniability pre-
optintization as compared 1o post-optimization. The DST was analvzed for stability at 25°C for 6
months, The rate of NR1 species was caloulated from TO to T6 months and plotted agatust the
cathepsin D value obtained by ELISA (FIG. 34A), Activity Assay (FIG. 34B) and Mass
Spectrometry {FIG. 34C). The data show that irrespective of the method of analysis, the stability
can be predicted based on the cathepsin D fevel (FIG. 34D

{8245] Formulated Drug Substance with high (pre-optimization} and low {post-optimization
cathepsin D were biended to achieve various levels of cathi} (FIG. 35B). Thess mixtures wers
prepared to corapare to cathepsin D levels below, ai, and above the highest knowrn levels that
were observed post-optimized IVT and had acceptable stability performance. The blended
material was put on 25°C stability observation in both the presence and absence of the inhibitor
pepsiatin A (FIG. 354), HMW formeation was tracked (SE-UPLC) FIG. 354 shows the total
and demonsirates that cathepsin 3 activity 15 responsible for HMW formation (bloe shading) and
that the presence of cathepsin D does not induce HMW formation (red = inhibited with pepstatin
A)

16246] The Drug Substance Intermediate from two Lots was placed on stability observation at
25°C 1o the presevce {open triangle) and absence {closed tmangle) of the inhibtor pepstatin A for
o months (FIG. 36). The data shows the HMW (FIG. 304; SE-UPLC) and NR1 species (FIG.
308, CE-8D8) were associated with the activity of cathepsin D and not attributed 10 18 presence
alone. Pepsiatin A inhibitor presence showed reduced NR1 formation and reduced HMW
formanon (FIG. 30},

{82471 FIG. 37 shows that FI3S from MEFG process had high and low cathepsin I¥ levels,
Samples were placed on Z5°C and 5°C stability observation in the presence and absence of
cathepsin D inhibitor, HMW formation was analyzed by SE-UPLC and NRI formation was

analvred by CE-SDS.
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{66248} The daia shows that preoptimized FIIS processing in cathepsin I3 presence causes NR1
formation and HMW formation and this could be attributed to cathepsin D activity (FIG. 378
and 3703, 25°C Condition}. The analysis was alse performed at 3°( to show that the presence of
inactive cathepsin [ {via inhubitor and or low temperature) resuited in no formation of NR Ifor
up to 18 months (FIG 37 A and 37C).

{6#8249) As shown in FIG. 20 and FIG. 28, although a certain amount of cathepsin [3 can be
separated from the attibercept, a cartain amount of cathepsin I co-elutes with the aflibercept
FI3. 26 shows an analysis of various fractions of eluting aflibercept and the amount of cathepsin
D in the fractions. Even with the higher efficiency column, cathepsin D co-elutes with
aflibercept. The amount of cathepsin I¥ is shown on the right axis and it can be seen that ceriain
amounts are co-eluting at the same tirne as atlibercept on the bottom axis. To further reduce the
amount of cathepsin D collected in a sample, the collection eriteria for collecting aflibercept
sluting from the SEC column was changed. As shown in FIG. 28, atlibercept can be purified
from g T¥ST by truncating the collection of atlibercept eluting from the SEC column. Thatds, a
first eluate from the SEC column that includes the aflibercept and low amount of the cathepsin
D, e.g., no more than ¢.1 ppm, (coligction end eartier in time, Le. optimized collection end) wiule
excluding a second eluate that includes the aflibercept and significantly more cathepsin B e g,
berween Collection End Optimized and Collection end nitialy. This process reduces the yield of
colected aflibercept, but reduced the amount of cathepsin B3 in the coliscied product.

Example 13, Polysorbate 20 for Cathepsin I removal

18258] Since cathepsin B can “piggy back” onto aflibercept during purification of aflibercept, in
order to reduce the interactions, use of surfactants was implemented. For example, addition of
polysorbate 20 (PS20) showed reduction in afthbercept-cathepsin D interaction (FIG. 31} dunog
formulation in the DSI process, providing an opportunity for removal of free cathepsin 3 during
downstream purification, for exaraple the SEC purification discussed above. It was found that at
a process refevant concentration of about 0.003% PS20, the Ko of aflibercept-cathepsin I
tteraction decrgased by about 4-fold (F1G. 32).

{6251 The results show increased clearance and subsequently lower levels of cathepsin D at
¥DS post the change. In addition, stability data at 23°C at 3 months demonstrates LMW levels in

fine with FDS obtained from low concentration DSI lois,

66



WO 2025/137313 PCT/US2024/061078

What 1s claimed i3

1. A process of purifying a VEGF receptor fusion protein, comprising:

flowing a drug substance intermediate that comprises the VEGF receptor fusion protein, a
surfactant, and an aspartyl protease through a size exclusion chromatography (SEC) column;

collecting a first eluate from the SEC column that comprises the VEGF receptor protein
and an amount of less than 1 ppm of the aspartyl protease; and

excluding from the collected first eluate a second eluate that comprises the VEGF

receptor protein and the aspartyl protease.

2. The process of claim 1, wherein the first eluate has less than 0.3 ppm of the aspartyl
protease and the second eluate has greater than 0.3 ppm of the aspartyl protease.

3. The process of claim 1 or 2, wherein the process comprises, prior to collecting the first
eluate, determining an amount of the aspartyl protease in one or more fractions of the drug

substance intermediate eluting from the SEC column.

4. The process of any one of claims 1-3, wherein the amount of the aspartyl protease is

determined by an activity assay or by liquid chromatography-mass spectrometry (LC-MS).

5. The process of any one of claims 1-3, wherein the amount of the aspartyl protease is

determined by an enzyme-linked immunosorbent assay (ELISA).

6. The process of claim 5, wherein the aspartyl protease is a cathepsin D and the ELISA is

based on an anti-Chinese hamster ovary cathepsin D antibody.

7. The process of any one of claims 1-6, wherein the drug substance intermediate comprises

the VEGF receptor fusion protein at a concentration of at least 41 mg/mL.

8. The process of any one of claims 1-7, wherein the drug substance intermediate comprises

the surfactant at a concentration of at least 0.003%.
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9. The process of any one of claims 1-8, wherein the surfactant comprises a non-ionic

surfactant having a polyoxyethylene moiety.

10. The process of any one of claims 1-9, further comprising, prior to the SEC column,
harvesting a preparation of the anti-VEGF protein produced by a host cell genetically engineered
to express the anti-VEGF protein in a culture medium, purifying the preparation by liquid
chromatography, and adding a surfactant to the purified preparation to form the drug substance

intermediate.

11. The process of claim 10, wherein the preparation is purified by Protein A
chromatography, anion exchange chromatography, cation exchange chromatography,

hydrophobic interaction chromatography, or a combination of two or more thereof.

12. The process of any one of claims 1-11, further comprising concentrating and filtering the

first eluate to form a concentrated pool.

13. The process of any one of claims 1-12, further comprising formulating the first eluate
with one or more pharmaceutically acceptable excipients, wherein the VEGF receptor fusion

protein has a concentration of at least 41 mg/mL in the formulation.

14. The process of any one of claims 1-13, wherein the aspartyl protease is cathepsin D.
15. The process of any one of claims 1-14, wherein the surfactant is a polysorbate.
16.  The process of any one of claims 1-15, wherein the surfactant is added to the drug

substance intermediate prior to flowing it through the SEC column.

17.  The process of any one of claims 1-16, wherein the VEGF receptor fusion protein is

aflibercept.
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18. A process of purifying aflibercept, comprising:

flowing a drug substance intermediate that comprises aflibercept, a surfactant, and
cathepsin D through a size exclusion chromatography (SEC) column,;

collecting a first eluate from the SEC column that comprises the aflibercept and an
amount of less than 1 ppm of the cathepsin D; and

excluding from the collected first eluate a second eluate that comprises the aflibercept

and the cathepsin D.

19.  The process of claim 18, wherein the surfactant comprises a non-ionic surfactant having a

polyoxyethylene moiety.

20. A formulation comprising one or more pharmaceutically acceptable excipients and
aflibercept at concentration of from about 100 mg/mL to about 300 mg/mL, wherein the

formulation includes less than 0.3 ppm of cathepsin D and has a pH of from 5.5 t0 6.1.

21. The formulation of claim 20, comprising less than 0.05 ppm of cathepsin D.

22. The formulation of claim 20 or 21, wherein the formulation is prepared from collecting a
first eluate of a drug substance intermediate by a process comprising:

flowing a drug substance intermediate that comprises aflibercept, a surfactant, and
cathepsin D through a size exclusion chromatography (SEC) column;

collecting a first eluate from the SEC column that comprises the aflibercept and an
amount of less than 1 ppm of the cathepsin D; and

excluding from the collected first eluate a second eluate that comprises the aflibercept

and the cathepsin D.
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