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BUFFERED FORMULATIONS OF BEVACIZUMAB FOR USE OF
TREATING DISEASES

{ROSS-REFERENCE TO RELATED APPLICATIONS
{01} This application claims priority to U.S. Provisional Application No. 62/776,6806 filed on
December 7, 2018 and U.S. Provisional Application No. 62/658,772 filed on April 17, 2018, the
contents of each of which are incorporated by reference herein, in their entirety and for all

purposes.

INCORPORATION OF SEQUENCE LISTING
{02} The contents of the text file named "ONBI-013 001WO_Seqlisting 8T25.1xt,” which was
created on April 16, 2019 and 1s 9 KB in size, are hereby incorporated by reference in their

entirety.

FIELD OF THE INVENTION
{03] The invention relates generally to the field of antibody formulation chemistry. More
particularly, the invention relates to buftered formulations of an antibody to vascular endothelial
growth factor (VEGF), which formulations enhance the thermal stability and colloidal stability
of the antibody, thereby enhancing long-term storage of the antibody. Such stable antibody
formulations may be used in methods of treating ocular disorders inchuding those where VEGF 15

dysregulated.

BACKGROUND OF THE INVERTION
{04] As part of the Biologics Price Competition and Innovation Act {(BPCIA), a biological drug
product {produced in or dertved from living organisms) may be demonstrated to be “biosimilar”
if data show that, among other things, the product is “highly similar” to an already-approved
biological product. The biosimilar product should retain at least the bislogic function and
treatment efficacy of the U.S. Food and Drug Agency-approved biological product. The
biosimilar product can be formulated differently, however, from the approved biological product.
The formulation can improve stability and shelf storage of the bislogic drug product, and can

also improve the efficacy in treating a particular disease or condition. The formulation can also
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improve other aspects of administration, mcluding a reduction in patient discomfort or other
untoward effects that a patient may experience upon administration of the approved biclogical
product.

{05} Antibody molecules can be used as biological drugs, and many such antibodies are
approved for use in human beings. Antibody molecules can be produced as a biosimilar, and
reformulated accordingly. There remains a need in the art for high quality antibody biosimalars.
{06} The bevacizumab antibody marketed under the brand Avastin® (Genentech, Inc., San
Francisco, CA) 1s known to aggregate in two forms under storage conditions — a non-covalent,
reversible aggregate and a covalent, non-reversible aggregate. 1t is believed that the latter
{covalent aggregate} occurs in the antigen-binding domain and, therefore, reduces the number of
binding sites available to bind to vascular endothelial growth factor (VEGF). As a result, the
potency of the antibody 1s diminished. Reduction of such aggregates is desirable generally, and
particularly for an antibody such as bevacizumab. The present disclosure addresses these needs

m the art.

SUMMARY OF THE INVENTION
{07} In some embodiments, the disclosure features a method of treating an eve disorder in a
subject in need thereof, said method comprising administering to the subject a buffered antibody
formulation comprising an antibody comprising a heavy chain comprising the amino acid
sequence of SEQ ID NO: 1 and a hight chaim comprising the amino acid sequence of SEQ 1D
NG: 2,
{08] In some embodiments of the disclosure, the eve disorder 18 a disorder of the retina, sclera,
vitreous, lens, pupil, iris, cornea, choroid, optic nerve, retinal vasculature, cibiary body, or angle
of the eye. In some embodiments of the disclosure, the eye disorder 15 a disorder of the retina or
choroid. In some embodiments of the disclosure, the eye disorder of the retina or choroid is age-
related macular degeneration, macular edema, diabetic macular edema (DME), retinopathy,
diabetic retinopathy, myopic degeneration, idiopathic choroidal neovascularization,
mflammatory choroidal neovasculanzation, retinal neovascularization, polyploidal choroidal
vasculopathy, eye neovascularization, branch retinal vein occlusion (BRV(), central retinal vein
occlusion, central serous chorioretinopathy, retinitis, retinitis pigmentosa, stargardt disease, usher

syandrome, retinal degeneration, endophthalmitis, familial exudative vitreoretinopathy, idiopathic
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juxtatoveal telangiectasis, lattice degeneration, macular hole, persistent fetal vasculature, retinal
artery occlusion, or retinoblastoma.

{09} In some embodiments of the disclosure, the eve disorder of the retina or choroid 1s age-
related macular degeneration, wet age-related macular degeneration, or neovascular age-related
macular degeneration. In some embodiments of the disclosure, the eye disorder of the retina or
chorotd is wet age-related macular degeneration. In some embodiments of the disclosure, the eye
disorder of the retina or choroid 1s macular edema.

{16} In some embodiments of the disclosure, the buffered antibody formulation 1s administered
to the subject orally, intravenously, intravitreally, intramuscularly, topically, subcutaneously,
suprachoroidally, via eve drop, or via direct absorption through mucous membrane tissues. In
some embodiments of the disclosure, the buffered antibody formulation 1s administered to the
subject by an intravitreal injection.

{11} In some embodiments of the disclosure, the buffered antibody formulation 1s administered
to the subject 1, 2,3,4,5,6,7,8,9, 10, 15, 20, 28, 29, 30, or 31 times per month. In some
ernbodiments of the disclosure, the buffered antibody formulation is administered to the subject
every 1,2,3,4,5,6,7,8,9,10, 11, or 12 weeks. In some embodiments of the disclosure, the
buffered antibody formulation is administered to the subject for a period of time lasting 4, §, 16,
24, 36, or 52 weeks. In some embodiments of the disclosure, the buffered antibody formulation
18 adminustered to the subject for a period of time lasting 1, 2, 3, 4, 5 or 10 years. In some
embodiments of the disclosure, the buffered antibody formulation have a half-life of 10 to 50
days.

{12} In some embodiments of the disclosure, the formulation comprises from about 10 mg/ml to
about 50 mg/ml of the antibody. In some embodiments of the disclosure, the formulation
comprises from about 15 mg/ml to about 35 mg/mi of the antibody. In some embodiments of the
disclosure, the formulation comprises from about 23 mg/ml to about 27 mg/ml of the antibody.
In some embodimenis of the disclosure, the formulation comprises from about 24 mg/ml to about
27 mg/ml of the antibody. In some embodiments of the disclosure, the formulation comprises
from about 25 mg/ml to about 26 mg/ml of the antibody. In some embodiments of the disclosure,
the formulation comprises about 25.5 mg/mli of the antibody. In some embodiments of the

disclosure, the formulation comprises about 25 mg/ml of the antibody.
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{13} In some embodiments of the disclosure, the formulation comprises from about 30 mM to
about 70 mM of citrate phosphate. In some embodiments of the disclosure, the formulation
comprises from about 40 mM to about 60 mM of citrate phosphate. In some embodiments of the
disclosure, the formulation comprises from about 48 mM to about 52 mM of citrate phosphate.
In some embodiments of the disclosure, the formulation comprises from about 49 mM to about
51 mM of citrate phosphate. In some embodiments of the disclosure, the formulation comprises
from about 50 mM to about 51 mM of citrate phosphate.

{14} In some embodiments of the disclosure, the formulation comprises from about 30 mM to
about 70 mM of sodium phosphate. In some embodiments of the disclosure, the formulation
comprises from about 40 mM to about 60 mM of sodium phosphate. In some embodiments of
the disclosure, the formulation comprises from about 48 mM to about 52 mM of sodium
phosphate. In some embodiments of the disclosure, the formulation comprises from about 49
mM to about 51 mM of sodium phosphate. In some embodiments of the disclosure, the
formulation comprises from about 50 mM to about ST mM of sodium phosphate.

[15] In some embodiments of the disclosure, the formulation comprises sodium phosphate
monobasic, sodium phosphate dibasic, or both sodium phosphate monobasic and sodium
phosphate dibasic. In some embodiments of the disclosure, the buffer comprises about 30 mM of
sodium phosphate. In some embodiments of the disclosure, the buffer comprises about ST mM of
sodium phosphate.

{16] In some embodiments of the disclosure, the formulation comprises from about 120 mM to
about 180 mM of trehalose. In some embodiments of the disclosure, the formulation comprises
from about 140 mM to about 180 mM of trehalose. In some embodiments of the disclosure, the
formulation comprises from about 150 mM to about 170 mM of trehalose. In some embodiments
of the disclosure, the formulation comprises from about 157 mM to about 161 M of trehalose.
In some embodiments of the disclosure, the formulation comprises from about 158 mM to about
160 mM of trehalose. In some embodiments of the disclosure, the formulation comprises about
159 mM of trehalose. In some embodiments of the disclosure, the formulation comprises about
160 mM of trehalose.

{17} In some embodiments of the disclosure, the formulation comprises from about 6.02% {v/v}

to about 0.06% {(v/v} of polysorbate 20. In some embodiments of the disclosure, the formulation
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comprises from about 0.03% (v/v) to about 0.05% (v/v} of polysorbate 20. In some embodiments
of the disclosure, the formulation comprises about 0.04% (v/v) of polvsorbate 20.

{18} In some embodiments of the disclosure, the formulation has a pH of about 5.6. In some
embodiments of the disclosure, the formulation has a pH of about 5.8, In some embodiments of
the disclosure, the formulation has a pH of about 6. In some embodiments of the disclosure, the
formulation has a pH of about 6.1.

119} In some embodiments of the disclosure, the buffer comprises from about 11 mM to about 19
mM of sodium acetate. In some embodiments of the disclosure, the buffer comprises from about
13 mM to about 17 mM of sodium acetate. {n some embodiments of the disclosure, the buffer
comprises from about 13 mM to about 16 mM of sodium acetate. In some embodiments of the
disclosure, the buffer comprises about 15 mM of sodium acetate.

{26} In some embodiments of the disclosure, the formulation comprises from about 165 mM to
about 185 mM of sucrose. In some embodiments of the disclosure, the formulation comprises
from about 170 mM to about 180 mM of sucrose. In some embodiments of the disclosure, the
formulation comprises from about 174 mM to about 176 mM of sucrose. In some embodiments
of the disclosure, the formulation comprises about 175 oM of sucrose.

{21} In some embodiments, the disclosure features a kit comprising: a) a buffered antibody
formulation comprising an antibody comprising a heavy chain comprising the amino acid
sequence of SEQ ID NO: 1 and a light chain comprising the amino acid sequence of SEQ ID
NG 2; and b) mstructions for administering the antibody formulation in a method for treating an
eye disorder. In some embodiments of the disclosure, the eve disorder 1s a disorder of the retina,
sclera, vitreous, lens, puptl, 1n1s, cornea, choroid, optic nerve, retinal vasculature, cihary body, or
angle of the eye. In some embodiments of the disclosure, the eye disorder 1s a disorder of the
retina or chorowd. In some embodiments of the disclosure, the eye disorder of the retina or
chorotid is age-related macular degeneration, macular edema, diabetic macular edema (BME),
retinopathy, diabetic retimopathy, myopic degeneration, idiopathic chorpidal neovascularization,
mflammatory choroidal neovascularization, retinal nepvascularization, polyploidal choroidal
vasculopathy, eve neovasculanzation, branch retinal vein occclusion (BRVQ), central retinal vein
occlusion, central serous chorioretinopathy, retinitis, retinttis pigmentosa, stargardt disease, usher
syndrome, retinal degeneration, endophthalmitis, familial exudative vitreoretinopathy, idiopathic

juxtafoveal telangiectasis, lattice degeneration, macular hole, persistent fetal vasculature, retinal
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artery occlusion, or retingblastoma. In some embodiments of the disclosure, the eye disorder of
the retina or choroid is age-related macular degeneration, wet age-related macular degeneration,
or neovascular age-related macular degeneration. In some embodiments of the disclosure, the eye
disorder of the retina or choroid is wet age-related macuiar degeneration.

{22} In some embodiments of the disclosure, the instructions include mstructions for
administering the stable antibody as described in any one of claims 1-56. In some embodiments
of the disclosure, the kit further comprises a device for injecting the buffered antibody

formulation selected from the group comprising: a syringe, needle, and catheter.

Briny DESCRIPTION OF THE DRAWINGS
123} Figure 1 shows a DSC plot showing the effect of various stabilizers on bevacizumab
thermal stability in a 530 mM sodium phosphate buffer. Conditions 1, 2, 9, and 10 from Table |
are shown n the plot.
{24] Figure 2A shows the percent of bevacizumab aggregates in Condition 1 (Bevacizumab
{Avastin®) Match), Condition 2 (Bevacizuroab Citrate Phosphate, pH 5.8), Condition 3
{Bevacizumab Ciurate Phosphate, pH 6.0}, Condition 4 (Bevacizumab Acetate, pH 5.6}, and
Condition 5 (Bevacizumab Acetate, pH 5.8), when stored at 5 °C over a duration of 18 months.
{25] Figure 2A (1) shows the chromatographic overlay {(as measured by size exclusion
chromatography {SEC) using neat injection conditions and quantifies total aggregates) for
Condition 1 {Bevacizumab {Avastin®) Match), Condition 2 (Bevacizumab Cutrate Phosphate,
pH 5.8) and Condition 3 (Bevacizumab Citrate Phosphate, pH 6.0) when product 1s stored at 5
°C over a duration of 18 months.
{26} Figure 2A {11} shows the chromatographic overlay (as measured by size exclusion
chromatography (SEC) using neat injection conditions and quantifies total aggregates) for
Condition 1 (Bevacizumab (Avastin®) Match), Condition 4 (Bevacizumab Acetate, pH 5.6}, and
Condition 5 {Bevacizumab Acetate, pH 5.8} when product is stored at 5 °C over a duration of 18
months.
{27} Figure 2B shows the percent of bevacizumab covalent dimer in Condition 1 {Bevacizumab
{Avastin®} Match}, Condition 2 {Bevacizumab Citrate Phosphate, pH 5.8), Condition 3
{Bevacizumab Citrate Phosphate, pH 6.0}, Condition 4 (Bevacizumab Acetate, pH 5.6}, and

Condition 5 (Bevacizumab Acetate, pH 5.8), when stored at 5 °C over a duration of 18 months.
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{28} Figure 2B (1) shows the chromatographic overlay (as measured by size exclusion
chromatography {(SEC) using dilute injection conditions and quantifies bevacizumab covalent
dimer} for Condition 1 {Bevacizumab (Avastin®) Match), Condition 2 {Bevacizumab Citrate
Phosphate, pH 5.8) and Condition 3 (Bevacizumab Citrate Phosphate, pH 6.0) when product 1s
stored at 5 °C over 18 months.

{29} Figure 2B (1) shows the chromatographic overlay (as measured by Size Exclusion
Chromatography (SEC) using dilute injection conditions and quantifies the bevacizumab
covalent dimer) for Condition 1 (Bevacizumab (Avastin®) Match), Condition 4 (Bevacizumab
Acetate, pH 5.6}, and Condition 5 (Bevacizumab Acetate, pH 5.8) when product 1s stored at 5 °C
over 18 months.

130} Figure 2B (111) shows the changes in percent of bevacizumab acidic species as measured by
cation exchange chromatography (CEX) in Condition 1 (Bevacizumab (Avastin®) Match),
Condition 2 (Bevacizumab Ciirate Phosphate, pH 5.8), Condition 3 (Bevacizumab Citrate
Phosphate, pH 6.0}, Condition 4 (Bevacizumab Acetate, pH 5.6), and Condition § (Bevacizumab
Acetate, pH 5.8), when stored at 3 °C over 18 months.

{31] Figure 2B (1v) shows the chromatographic overlay (as measured by cation exchange
chromatography (CEX) and quantifies % acidic, % basic and % main species) for Condition 1
(Bevacizumab {Avastin®) Match), Condition 2 (Bevacizumab Citrate Phosphate, pH 5.8) and
Condition 3 {Bevacizamab Citrate Phosphate, pH 6.0) when product 13 stored at 5 °C over 18
months.

{32} Figure 2B (v} shows the chromatographic overlay (as measured by cation exchange
chromatography (CEX) and quantifies % acidic, % basic and % mamn species) for Condition |
{Bevacizumab (Avastin®) Match), Condition 4 (Bevacizumab Acetate, pH 5.6), and Condition §
(Bevacizumab Acetate, pH 5.8) when product 1s stored at 5 °C over 18 months.

{33} Figure 2C shows the percent of bevacizumab aggregates in Condition 1 (Bevacizumab
{Avastin®}) Match), Condition 2 (Bevacizumab Citrate Phosphate, pH 5.8}, Condition 3
{Bevacizumab Citrate Phosphate, pH 6.0}, Condition 4 (Bevacizumab Acetate, pH 5.6), and
Condition 5 {Bevacizumab Acetate, pH 5.8}, when stored at 30 °C.

{34} Figure 2D shows the percent of bevacizumab covalent dimer in Condition 1 (Bevacizumab

{Avastin®}) Match), Condition 2 (Bevacizumab Citrate Phosphate, pH 5.8}, Condition 3
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{Bevacizumab Citrate Phosphate, pH 6.0}, Condition 4 (Bevacizumab Acetate, pH 5.6}, and
Condition 5 {Bevacizumab Acetate, pH 5.8), when stored at 30 °C.

{35} Figure 2E shows the percent of bevacizumab aggregates in Condition 1 {Bevacizumab
{Avastin®} Match}, Condition 2 {Bevacizumab Citrate Phosphate, pH 5.8), Condition 3
{Bevacizumab Citrate Phosphate, pH 6.0}, Condition 4 (Bevacizumab Acetate, pH 5.6}, and
Condition 5 (Bevacizumab Acetate, pH 5.8), when stored at 37 °C.

136} Figure 2F shows the percent of bevacizumab covalent dimer in Condition 1 {(Bevacizumab
{Avastin®} Match}, Condition 2 {Bevacizumab Citrate Phosphate, pH 5. 8), Condition 3
{Bevacizumab Citrate Phosphate, pH 6.0}, Condition 4 (Bevacizumab Acetate, pH 5.6}, and
Condition 5 (Bevacizumab Acetate, pH 5.8), when stored at 37 °C.

137} Figure 2G shows the percent of bevacizumab aggregates in Condition 1 {Bevacizumab
{Avastin®) Match), Condition 2 {Bevacizumab Curate Phosphate, pH 5 8), Condition 3
{Bevacizumab Citrate Phosphate, pH 6.0), Condition 4 (Bevacizumab Acetate, pH 5.6), and
Condition 5 {Bevacizumab Acetate, pH 5.8), when subject to shaking stress.

{38} Figure 2H shows the percent of bevacizumab covalent dimer in Condition | (Bevacizumab
{Avastin®) Match), Condition 2 {Bevacizumab Curate Phosphate, pH 5.8}, Condition 3
{Bevacizumab Citrate Phosphate, pH 6.0), Condition 4 (Bevacizumab Acetate, pH 5.6}, and
Condition 5 (Bevacizumab Acetate, pH 5.8), when subject to shaking stress.

{39} Figure 21 shows the percent of bevacizamab aggregates in Condition 1 (Bevacizumab
{Avastin®) Match), Condition 2 (Bevacizumab Citrate Phosphate, pH 5.8}, Condition 3
{Bevacizumab Citrate Phosphate, pH 6.0}, Condition 4 (Bevacizumab Acetate, pH 5.6), and
Condition 5 {Bevacizumab Acetate, pH 5.8}, when subject to freeze/thaw stress.

{40} Figure 2J shows the percent of bevacizumab covalent dimer in Condition 1 (Bevacizumab
{Avastin®) Match), Condition 2 (Bevacizumab Citrate Phosphate, pH 5.8}, Condition 3
{Bevacizumab Citrate Phosphate, pH 6.0}, Condition 4 (Bevacizumab Acetate, pH 5.6), and
Condition 5 {Bevacizumab Acetate, pH 5.8}, when subject to freeze/thaw stress.

{41} Figure 3 shows the hvdrodynamic size of bevacizumab with changing concentration.

{42] Figure 4 shows an accelerated stability T=0 Intrinsic Fluorescence Emission Scan

Tryptophan plot.
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{43} Figure Sshows a flow diagram of the process of manufacturing the stable antibody

composition ONS-5010. The Ultrafiltration and Dhafiltration {UIF/DF) process 1s the penultimate

step in manufacturing the stable antibody composition.

{44} Figure 6A shows protein concentration and % HMWS of intermediate material in the

UF/DF process in the first experiment. The bar on the left of each pair of bars indicates protein

concentration. The bar on the right of each pair of bars indicates % HMWS.

{45} Figure 6B shows protein concentration and % HMWS of intermediate material in the

UF/DF process in the second run. The bar on the left of each pair of bars indicates protein

concentration. The bar on the right of each pair of bars indicates % HMWS.

{46} Figure 6C shows protein concentration and % HMWS of intermediate material 1n the

UF/DF process in the third run. The bar on the left of each pair of bars indicates protein

concentration. The bar on the right of each pair of bars indicates % HMWS.

{47} Figure 7 shows changes 1n % HMWS associated with titration of the stable antibody

compostiion to a final pH of 6.1, and following a final 0.2pm filtration, as measured by size

exclusion HPLC (SE-HPLC).

[48] Figure § shows changes 11 % HMWS associated with diafiltration in 6 % (w/v) oo

trehalose 1n water followed by addition of a 0.5 M sodium phosphate solution, and a 10%

polysorbate 20 solution to a composition of 5.8 g/L sodium phosphate monobasic monohydrate,
2 /L. sodium phosphate dibasic, anhydrous, 60.0 g/L oo’ trehalose, 0.04% polysorbate 20.

{49} Figure 9 shows the effect of pH of the bulk drug substance (BDS} on the % HMWS. The

bar on the left of each set of bars indicates HEPES. The bar in the middle of each set of bars

indicates phosphate. The bar on the right of each set of bars indicates hydroxide.

{30} Figure 10 shows the effect of varying the concentration of ONS-5010 retentate on %

HMWS. The fourth bar (right-most) of the middle set of bars (28 g/L) represents the aliguot in

which the phosphate adjustment was performed with solid mono- and di-basic sodium

phosphate, rather than a stock solution.

{51} Figure 11 shows a flow diagram of the UF/DF process for manufacturing ONS-5010.

{52} Figure 12 shows the initial permeate flux versus retentate pressure curves for five feed flow

rates. The lines on the graph from top to bottom represent S00 LMH, 400 LMH, 300 LMH, 200

LMH, and 100 LMH.
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I53] Figure 13 shows the concentrated flux versus retentate pressure curves for five feed flow
rates in the starting buffer (25mM sodium acetate, 237mM sodium chloride, pH 5.0). The lines
on the graph from top to bottom represent 500 LMH, 400 LMH, 300 LMH, 200 LMH, and 100
IMH.

154} Figure 14 shows the concentrated flux versus retentate pressure curves for five feed flow
rates in the final buffer. The lines on the graph from top to bottom represent 500 LMH, 400
LMH, 300 LMH, 200 LMH, and 100 LMH.

{85} Figure 15 shows the impact of concentration of the stable antibody composition on the
diafiltration optimization. The lines on the graph from top to bottom represent final buffer (51
mM sodium phosphate, 0.04% polysorbate, pH 6.1) and starting buffer (25mM sodium acetate,
237mM sodium chloride, pH 5.0).

{56] Figure 16 demonstrates the concentration-time profile of ONS-5010, U S -licensed Avastin,

and E.U -licensed Avastin as the mean. The vertical line at tiroe zero denotes dosing.

DETAILED PRSCRIPTION OF THE INVENTION
{37} The invention features buffered formulations for storage of bevacizumab. The bevacizumab
may comprise a heavy chain comprising the amino acid sequence of SEQ ID NO: 1 and a hght
chain comprising the amuno acid sequence of SEQ 1D NG: 2, or heavy chamn variable region
comprising the amino acid sequence of SEQ ID NGO: 3 and a hight chamn varniable region
comprising the ammo acid sequence of SEQ ID NG: 4. In the buffered formulation,
bevacizumab may be present in a concentration of from about 10 mg to about 50 mg, or more
preferably from about 15 mg/ml to about 35 mg/ml, or more preferably from about 24 mg/ml to
about 27 mg/ml, or more preferably about 25 mg/ml or about 25.5 mg/ml. The formulation is
aqueous, and the buffer may comprise citrate phosphate or sodium acetate, and the formulation
may also comprise a stabilizer that comprises 3 sugar such as trehalose or sucrose, as well as a
mild surfactant such as polysorbate 20. The formulation preferably has an acidic pH of from
about 5.6 to about 6.1, and in some aspects, the pH is about 5.6, or about 5.8, or about 6.
{58} In some aspects, the formulation comprises a buffer comprising from about 10 mM to about
100 mM of citrate phosphate, from about 100 mM to about 200 mM of trehalose, and from about

0.01% (v/v) to about 6.1% {v/v} of polysorbate 20, and has a pH of from about 5.7 to about 6.1.

- 10 -



WO 2019/204380 PCT/US2019/027790

The citrate phosphate may be at a concentration range of from about 30 mM to about 70 mM,
from about 40 mM to about 60 mM, from about 48 mM {0 about 52 mM, from about 49 mM to
about 51 mM, or from about 50 mM to about 51 mM, or may be at a concentration of about 50
mM or about 51 mM. The trehalose may be at a concentration range of from about 120 mM to
about 180 mM, from about 150 mM to about 170 mM, from about 157 mM to about 161 mM,
from about 140 mM to about 180 mM, or from about 158 mM to about 160 mM, orata
concentration of about 159 mM or about 160 mM. The polysorbate may be at a concentration
range of from about 0.02% (v/v) to about 0.06% (v/v), or from about 0.03% (v/v} to about 0.05%
{(v/v}, or may be at a concentration of about 0.04% (v/v). The formulation pH may be about 5.8
or may be about 6.

159} In some aspects, the formulation comprises a buffer comprising from about 5 mM to about
25 mM of sodium acetate trihiydrate, from about 130 mM to about 201 mM of sucrose, and from
about 0.03% (v/v} to about 0.05% (v/v) of polysorbate 20, and has a pH of from about 5.5 1o
about 5.9, The sodium acetate trihyvdrate may be at a concentration range of from about 11 mM
1o about 19 mM, from about 13 mM to about 17 mM, or from about 13 mM to about 16 mM, or
may be at a concentration of about 15 M. The sucrose may be at a concentration range of from
about 165 mM to about 185 mM, from about 170 mM to about 180 mM, or from about 174 mM
to about 176 mM, or may be at a concentration of about 175 mM.

{68} The present disclosure provides a buffered antibody formulation, comprising an antibody
comprising a heavy chain comprising the amino acid sequence of SEQ ID NO: 1 and a hight
chain comprising the amuno acid sequence of SEQ 1D NG: 2, a buffer comprising from about 10
mM to about 100 mM of citrate phosphate, from about 100 maM to about 200 mM of trehalose,
and from about 0.01% (v/v} to about 0.1% (v/v) of polysorbate 20, wherein the antibody
formulation has a pH of from about 5.7 to about 6.1, Preferably, the antibody formulation 13
stable for at least 18 months when stored under refrigerated conditions at 5°C.

{61] The present disclosure also provides a buffered antibody formulation, comprising from
about 15 myg/ml to about 35 mg/ml of an antibody comprising a heavy chain comprising the
amino acid sequence of SEQ ID NO: 1 and a light chain comprising the amino acid sequence of
SEG ID NO: 2, a buffer comprising from about 40 mM to about 60 mM of citrate phosphate,
from about 140 mM to about 180 mM of trehalose, and from about 0.02% {v/v) to about 0.06%

{v/v} of polysorbate 20, wherein the antibody formulation has a pH of from about 5.7 to about
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6.1. Preferably, the antibody formulation is stable for at least 18 months when stored under
refrigerated conditions at 5°C.

{62] The present disclosure provides a buffered antibody formulation, comprising from about 24
mg/ml to about 27 mg/ml of an antibody comprising a heavy chain comprising the amino acid
sequence of SEQ ID NO: 1 and a light chain comprising the amino acid sequence of SEQ 1D
NO: 2, a buffer comprising from about 48 mM to about 52 mM of citrate phosphate, from about
157 mM to about 161 mM of trehalose, and from about 0.03% (v/v) to about 0.05% (v/v) of
polysorbate 20, wherein the antibody formulation has a pH of from about 5.8 to about 6.0
Preferably, the antibody formulation is stable for at least 18 months when stored under
refrigerated conditions at 5°C.

163} The present disclosure provides a buffered antibody formulation, comprising an antibody
comprising a heavy chain comprising the amino acid sequence of SEQ ID NO: 1 and a light
chain comprising the amino acid sequence of SEQ 1D NO: 2, a buffer comprising about 50 mM
of citrate phosphate, about 159 mM of trehalose, and about 0.04% (v/v) of polysorbate 20,
wherein the antibody formulation has a pH of about 5.8 or about 6. Preferably, the antibody
formulation is stable for at least 18 months when stored under refrigerated conditions at 5°C.
{64] The present disclosure also provides a buffered antibody formulation, comprising from
about 20 mg/ml to about 30 mg/ml of an antibody comprising a heavy chain comprising the
amino acid sequence of SEQ ID NO: 1 and a light chain comprising the amino acid sequence of
SEQ ID NO: 2, a buffer comprising from about 5 mM to about 25 mM of sodium acetate, from
about 150 mM to about 201 mM of sucrose, and from about 0.03% (v/v} to about 0.05% (v/v) of
polysorbate 20, wherein the antibody formulation has a pH of from about 5.6 to about 5.8
Preferably, the antibody formulation 1s stable for at least 18 months when stored under
refrigerated conditions at 5°C.

{65] The present disclosure also provides a buffered antibody formulation, comprising from
about 24 mg/ml to about 26 mg/ml of an antibody comprising a heavy chain comprising the
amino acid sequence of SEQ ID NO: | and a light chain comprising the amino acid sequence of
SEQ ID NO: 2, a buffer comprising from about 13 mM to about 17 mM of sodium acetate, from
about 170 mM to about 180 mM of sucrose, and from about 0.03% (v/v} to about ¢.05% (v/v) of

polysorbate 20, wherein the antibody formulation has a pH of from about 5.6 to abowt 5.8
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Preferably, the antibody formulation is stable for at least 18 months when stored under
refrigerated conditions at 5°C.

{66] The present disclosure also provides a buffered antibody formulation, comprising an
antibody comprising a heavy chain comprising the amino acid sequence of SEQ ID NG 1 and a
light chain comprising the amino acid sequence of SEQ 1D NO: 2, a buffer comprising about 15
mM of sodium acetate, about 175 mM of sucrose, and about 0.04% (v/v) of polysorbate 20,
wherein the antibody formulation has a pH of about 5.6 or about 5.8 Preferably, the antibody
formulation is stable for at least 18 months when stored under refrigerated conditions at 5°C.
167} The present disclosure also provides a buffered antibody formulation, comprising an
antibody comprising a heavy chain comprising the amino acid sequence of SEQ ID NO: 1 anda
light chain comprising the amino acid sequence of SEQ 1D NO: 2, a buffer comprising about 15
mM of sodium acetate, about 175 mM of sucrose, and about 0.04% (v/v) of polysorbate 20,
wherein the antibody formulation has a pH of about 5.6 or about 5 8. Preferably, the antibody
formulation is stable for at least 18 months when stored under refrigerated conditions at 5°C.
[68] The present disclosure also provides a kit comprising any buffered antibody formulation,
comprising an antibody comprising a heavy chain comprising the ammo acid sequence of SEQ
ID NO: 1 and a light chain comprising the amino acid sequence of SEQ ID NQO: 2 disclosed
herein. The kit can further comprise a device for injecting the antibody formulation into a
subject. The device can comprise a syringe, a needle, a catheter, or any combination thereof.
The kit can further comprise instructions for treating one or more of the cancers disclosed herein.
{69} The present disclosure also provides methods for treating cancer in a subject in need
thereof, the method comprising adminstering to the subject any buffered antibody formulation,
comprising an antibody comprising a heavy chain comprising the amino acid sequence of SEQ
ID NO: 1 and a light chain comprising the amino acid sequence of SEQ 1D NO: 2 disclosed
herein in an amount effective to treat said cancer.

{78} The present disclosure also provides any buffered antibody formulation, comprising an
antibody comprising a heavy chain comprising the amino acid sequence of SEQID NG 1 and a
light chain comprising the amino acid sequence of SEQ ID NO: 2 disclosed herein for use in the
manufacture of a medicament for the treatment of cancer.

{71} Any of the antibody formulations can used in a method for treating one or more of

platinum-resistant recurrent epithelial ovarian, fallopian tube, or primary peritoneal cancer. In
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general, the methods comprise administering the formulation, including the bevacizomab
antibody, to a subject in need thereof, in an amount effective to treat one or more of platinum-
resistant recurrent epithelial ovarian, faliopian tube, or primary peritoneal cancer. The subject is
preferably a human being, and the formulation is preferably administered via intravenous
mnfusion or injection. Any of the antibody formulations may similarly be used in the
manufacture of a medicament for the treatment of cancer such as one or more of platinum-
resistant recurrent epithelial ovarian, fallopian tube, or primary peritoneal cancer, persistent,
recurrent or metastatic cervical cancer, metastatic colorectal cancer, metastatic HER2 (human
epidermal growth factor receptor 2) negative breast cancer, metastatic renal cell carcinoma,
elioblastoma, or non-small cell lung cancer.

{72} Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. All patents and publications cited herein are incorporated by reference in their entirety
and for all purposes.

{73] In some embodiments, the disclosure features a method of producing a stable antibody
composition. In some embodiments, the method comprises ultratiltering a starting composition,
e.g., a starting composition having a pH of about 4.7 to about 5.3, In some embodiments, the
starting composition comprises, consists essentially of, or consists of an antibody and a starting
buffer composition. In some embodiments, the starting composition comprises, COnsists
essentially of, or consists of between or between about 4 mg/ml and 6 mg/ml of an antibody,
such as an antibody comprising a heavy chain comprising the amino acid sequence of SEQ 1D
N1 and a Light chain comprising the amuino acid sequence of SEQ ID NO: 2. In some
embodiments, ultrafiltration of the starting composition produces a concentrated composition. In
some embodiments, the concentrated composition comprises between or between about 30 g/L
and 40 /L, inclusive of the endpoints, of the antibody. In some embodiments, the pH of the
concentrated composition is between or between about 4.0 and 6.0, such as between or between
about 4.5 and 5.5. In some embodiments, the pH of the concentrated composition is or is about
5.0

{74} In some embodiments, the method comprises exchanging {e.g., diafiltering) the starting
buffer composition with an exchange solution comprising 6% trehalose (w/v) in water to produce

a trehalose composition. In some embodiments, the trehalose composition comprises between or

- 14 -



WO 2019/204380 PCT/US2019/027790

between about 20 g/L and 50 g/L, between or between about 30 and 40 g/L, or about 35 g/L. of
the antibody, inclusive of the endpoints. In some embodiments, the trehalose composition
comprises between about 30 ¢/L and about 40 /L of the antibody, inclusive of the endpoinis. In
some embodiments, the pH of the trehalose composition is between or between about 4.0 and
6.0, such as between or between about 4.5 and 5.5, In some embodiments, the pH of the
trehalose compostition is or 1s about 5.0,

{75} In some embodiments, the method comprises contacting the trehalose composition with a
phosphate composition to produce a pH adjusted composition. In some embodiments, the
phosphate composition comprises between or between about 400 and 600 mM sodium
phosphate, such as between or between about 450 and 550 mM sodium phosphate. In some
embodiments, the phosphate composition comprises about S00 mM sodium phosphate. In some
embodiments, a final concentration of sodium phosphate in the pH adjusted composition is
between or between about 40 and 60 mM, such as between or between about 45 and 55 mM. In
some embodiments, the final concentration of sodium phosphate in the pH adjusted composition
is about S0 mM. In some embodiments, the pH of the pH adjusted composition is between or
between about 5.0 and 7.0, such as between or between about 5.9 and 6.3, inclusive of the
endpoints. In some embodiments, the pH of the pH adjusted composition 15 about 6.1.

{76} In some embodiments, the method comprises formulating the pH adjusted composition for
delivery to a subject, thereby producing a stable antibody composition. In some embodiments,
the stable antibody composition comprises < 15% high molecular weight species (HMWS), such
as < 10%, <7.5%, < 6%, < 5%, < 4%, <3%, <2.5%, < 2%, <1.5%, or < 1% HMWS Insome
embodiments, the stable antibody composition comprises <6% HMWS,

{771 In some embodiments, the stable antibody composition may be referred to as ONS-S010.
{78] In some embodiments, the starting composition has a pH of between or between about 4.0
and 6.0, such as between or between about 4.5 and 5.5, or between about 4.7 and 5.3. In some
embodiments, the starting composition has a pH of about 5.0,

{79} In some embodiments, the starting buffer composttion comprises between or between about
10 and 40 mM sodium acetate, such as between or between about 15 and 35 mM sodium acetate,
or between or between about 20 and 30 mM sodium acetate. In some embodiments, the starting
buffer composition comprises about 25 mM sodium acetate. In some embodiments, the starting

buffer comprises between or between about 200 and 300 mM NaCl, such as between or between
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about 225 and 240 mM NaCl. In some embodiments, the starting buffer composition comprises
about 237 mM Na(l. In some embodiments, the pH of the starting buffer composition is between
or between about 4.0 and 6.0, such as between or between about 4.5 and 5.5. In some
embodiments, the pH of the starting buffer composition is about 5.0.

{80} In some embodiments, the ultrafiltering comprises the use of a 30 kDA membrane. In some
embodiments, said membrane is a polyethersulfone membrane. In some embodiments, the
membrane bears a load of < 1000 g/m?, < 750 g/m?, < 500 g/m?, or <250 g/m’. In some
embodiments, the membrane bears a load of < about 500 g/m? to < about 100 g/m”. In some
embodiments, the membrane bears a load of < about 300 g/m?® In some embodiments, the
ultrafiltering has a feed flow rate of < about 450 LMH. In some embaodiments, the ultrafiltering
has a feed flow rate of about 375 LMH. In some embodiments, the ultrafiltering has a retentate
pressure of <about 25 psi. In some embodiments, the ulirafiltering has a retentate pressure of 5
pst or about 5 psi. In some embodiments, the ultrafiltering has a transmembrave pressure (TMP)
of < about 20 psi. In sorne embodunents, the ultratiltering has a transmerobrane pressure (TMP)
of about 15 psi.

{81] In some embodiments, the concentrated composition comprises between or between about
20 and 50 mg/ml of the antibody, such as between or between about 25 and 45 mg/ml, or
between or between about 30 and 40 mg/mol. In some embodiments, the concentrated
composition comprises 35 mg/mi of the antibody. In some embodiments, the pH of the
concentrated composition is between or between about 4.0 and 6.0, such as between or between
about 4.5 and 5.5, In some embodiments, the pH of the concentrated composition s or is about
5.0

{82] The disclosure features a method of producing a stable antibody composition comprising
exchanging the starting buffer composition with an exchange solution comprising, consisting
essentially of, or consisting of 6% trehalose (w/v} in water to produce a trehalose composition. In
some embodiments, the trehalose composition comprises between about 30 g/L and about 40
/L, inchusive of the endpoints, of the antibody. In some embodiments, the pH of the trehalose
compostiion is between or between about 4.0 and 6.0, such as between or between about 4.5 and
5.5. In some embodiments, the pH of the trehalose composition is about 5.0.

{83} In some embodiments, the exchange solution comprises 6 % (w/v) o, o' -trehalose in water.

In some embodiments, the pH of the exchange composition is between or between about 4.0 and
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6.0, such as between or between about 4.5 and 5.5, In some embodiments, the pH of the
exchange composition is about 5.0, In some embodiments, the trehalose composition comprises
between or between about 20 and 50 g/L of the antibody, such as between or between about 25
and 45 g/L, or between or between about 30 and 40 g/L. In some embodiments, the trehalose
composition comprises about 35 g/L of the antibody.

{84} Methods of the disclosure may include concentrating and depolarizing the trehalose
composttion. In some embodiments, the depolarizing comprises recirculating the trehalose
composition at a pressure of < 30 psig. In some embodiments, the recirculating 1s carried out for
< 60 minutes. In some embodiments, the recirculating is carried out for about 10 nunutes. In
some embodiments, the concentrating comprises using plug flow chase. In some such
embodiments where the concentrating comprises using plug flow chase, the trehalose
composttion comprises between 27.5 g/l and 32.5 ¢/1., inclusive of the endpoints, of the
antibody.

{85] Methods of the disclosure mclude contacting a trehalose composition with a phosphate
composition to produce a pH adjusted composition. In some embodiments, the phosphate
composttion comprises, consists essentially of, or consists of about S60 mM sodium phosphate.
In some embodiments, the final concentration of the sodium phosphate in the pH adjusted
composition is about SO0 mM. In some embodiments the pH of the pH adjusted composition s
between or between about 5.0 and 7.0, such as between or between about 5.9 and 6.3, inclusive
of the endpomts. In some embodiments, the pH of the pH adjusted composition 1s about 6.1,
{86] In some embodiments, the phosphate composition comprises between or between about 450
and 550 mM sodium phosphate, between or between about 500 and 520 mM sodium phosphate,
or about 510 mM sodium phosphate. In some embodiments, the final concentration of sodium
phosphate 1n the pH adjusted composition is between or between about 45 and 55 mM, such as
about 51 mM. In some embodiments, the phosphate composition comprises sodium phosphate
monobasic. In some embodiments, the phosphate composition comprises sodium phosphate
dibasic. In some embodiments, the phosphate composition comprises both sodium phosphate
monobasic and sodium phosphate dibasic. In some embodiments, the phosphate composition
comprises sodium phosphate dibasic anhydrous. In some embodiments, the phosphate
composition comprises sodium phosphate monobasic monohydrate. In some embodiments, the

phosphate composition comprises sodium phosphate monobasic dihydrate. In some
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embodiments, the phosphate composition comprises trehalose. In some embodiments, the
phosphate composition comprises o,o -trehalose. In some embodiments, the phosphate
composition comprises between or between about 10 and 15 g/L sodium phosphate dibasic
anhydrous, such as about 12 g/ sodium phosphate dibasic anhydrous. In some embodiments, the
phosphate composition comprises between or between about 50 and 75 ¢/L sodium phosphate
monobasic monochydrate, such as about 58 g/L sodium phosphate monobasic monchydrate. In
some embodiments, the phosphate composition comprises between or between about 50 and 70
o/L or between or between about 55 and 65 g/L o, -trehalose, such as about 60 /L o, -
trehalose. In some embodiments, the phosphate composition has a pH of between or between
about 5.0 and 7.0, such as between or between about 5.5 and 6.0. In some embodiments, the
phosphate composition has a pH of 574

{87] In some embodiments, the contacting step has a duration of between 1 second and 3600
seconds, such as between or between about 1000 and 3000, between or between about 1500 and
2500 seconds, nclusive of the endponts, or about 1800 seconds.

[88] Methods of the disclosure mclude formulating the pH adjusted composition for delivery to a
subject to produce a stable antibody composition. In some embodiments, the stable antibody
composition comprises < 15% high molecular weight species (HMWS), such as < 10%, <7.5%,
< 6%, < 5%, <4%, <3%, <2.5%, <2%, <1.5%, or < 1% HMWS. In some embodiments, the
stable antibody composition comprises, consists essentially of,) or consists of <6% high
molecular weight species (HMWS),

{89] In some embodiments, the formulating step comprises contacting the pH adjusted
composition with a polysorbate composition. In some embodiments, the polysorbate composition
comprises about 20%, about 15%, about 10 %, about 5%, or about 1% (m/v) polysorbate 20, In
some embodiments, the polysorbate composttion comprises about 10 % (m/v) polysorbate 20,
{9¢] In some embodiments, the stable antibody composition has a pH of between 5.9 and 6.3,
mclusive of the endpoints. In some embodiments, the stable antibody composition has a pH of
6.1. In some embodiments, the stable antibody composition has a final concentration of the
antibody of between or between about 15 and 35 mg/ml, such as between or between about 20
and 30 mg/ml, inclusive of the endpoints. In some embodiments, the stable antibody composition
has a final concentration of the antibody of between 22.5 mg/m! and 27.5 mg/ml, inclusive of the

endpoints. In some embodiments, the stable antibody compuosition has a final concentration of
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between or between about 0.01% and 0.1% (m/v} polysorbate 20, such as between or between
about 0.02% and 0.06% (m/v) polysorbate 20. In some embodiments, the stable antibody
compostiion has a final concentration of 0.04% {(m/v) polysorbate 20,

{91] In some embodiments, the stable antibody composition has a conductivity of between or
between about 2 and & mS/cm, such as between or between about 3 and 5 mS/cm, inclusive of
the endpoints. In some embodiments, the stable antibody composition has a conductivity of
between about 3.5 and about 4 5 mS/cm, inclusive of the endpoints.

{92} In some embodiments, an expected vield of antibody in the stable antibody composttion
following the formulating step 15 > 80%, > 85%, or > 90%. In some embodiments, the expected
vield of antibody in the stable antibody composition following the formulating step is > 95%.
193] In some embodiments, the stable antibody composition comprises < 15%, < 12%, < 10%, <
8%, < 7%, < 6%, or < 5% HMWS twenty four months after completion of the formulating step.
In some embodiments, the stable antibody composition comprises < 8% HMWS twenty four
months after completion of the formulating step. In some embodiments, the stable antibody
composition accumulates between or between about 0.1% and 1%, 0.2% and 0.6%, or 0.3% and
0.4%, mclusive of the endpoints, of HMWS per month after completion of the formulating step.
In some embodiments, the stable antibody composition accumulates between 0.25% and 0.50%,
inclusive of the endpoints, of HMWS per month after completion of the formulating step.

{94] In some embodiments, the stable antibody composition comprises <5, 4, 3,25, 2, 1.5, 1, or
0.5%, inclusive of the endpoints, oxidation of methionine residues of the amino acid sequence of
SEQ ID NG: 1. In some embodiments, the stable antibody composition comprises < 2.5%,
mclusive of the endpoints, oxidation of methionine residues of the amino acid sequence of SEQ
ID NG: 1. In some embodiments, the stable antibody composition comprises <5, 4,3, 2.5, 2,
1.5, 1, or 0.5%, mclusive of the endpomnts, oxidation of methionine residues of the amino acid
sequence of the amino acid sequence of SEQ ID NO: 2. In some embodiments, the stable
antibody composition comprises < 2.5%, inclusive of the endpoinis, oxidation of methionine
residues of the amino acid sequence of the amino acid sequence of SEQ ID NG: 2. In a particular
embodiment, the oxidation of methionine residues of the aming acid sequence of SEQ ID NO: 1
comprises oxidation of the methionine at position 258 of SEQ ID NG 1.

{95} In some embodiments, the stable antibody composition 1s stored at -20°C + 5°C within 10,

20, 30, 40, 50, 60, 70, 80, 90, 100, or more days following the completion of the formulating
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step. In some embodiments, the stable antibody composition is stored at -20°C + 5°C within 60
days following the completion of the formulating step. In some embodiments, the stable antibody
composition is stored at -20°C + 5°C within 60 days following a date of manufacture of the
stable antibody composition.

{96] The stable antibody composition may be used for treating cancer in a subject in need
thereof. In some embodiments, treatment includes administering to the subject the stable
antibody composition in an amount effective to treat said cancer. In some embodiments, the
subject is a human being. The cancer may be platinum-resistant recurrent epithelial ovarian
cancer, fallopian tube cancer, primary peritoneal cancer, persistent cervical cancer, recurrent
cervical cancer, metastatic cervical cancer, metastatic colorectal cancer, metastatic HERZ
negative breast cancer, metastatic renal cell carcinoma, ghioblastoma, or non-small cell lung
cancer.

{97} Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. In the specification, the singular forms also include the plural unless the context clearly
dictates otherwise. Although methods and matenials similar or equivalent to those described
herein can be used in the practice or testing of the present disclosure, suitable methods and
materials are described below. All publications, patent applications, patents, and other
references mentioned herein are incorporated by reference in their entireties for all purposes.
The references cited herein are not admutted to be prior art to the claimed disclosure. In the case
of confhict, the present specification, mcluding definttions, will control. Tn addition, the
matenals, methods, and examples are illustrative only and are not intended to be limiting.

Other features and advantages of the disclosure will be apparent from the following detailed
description and claims.

{98} Throughout this disclosure, various aspects of the claimed subject matter are presented in a
range format. It should be understood that the description in range format 1s merely for
convenience and brevity and should not be construed as an inflexible limitation on the scope of
the claimed subject matter. Accordingly, the description of a range should be considered to have
spectfically disclosed all the possible sub-ranges as well as individual numerical values within
that range. For example, where a range of values 1s provided, it is understood that each

mtervening value, between the upper and lower limit of that range and any other stated or
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intervening value m that stated range is encompassed within the claimed subject matter. The
upper and lower limits of these smaller ranges may independently be included in the smaller
ranges, and are also encompassed within the claimed subject matter, subject to any specifically
excluded himit in the stated range. Where the stated range includes one or both of the limits,
ranges excluding either or both of those included limits are also included in the claimed subject
matter. This applies regardless of the breadth of the range.

199} The term “about” as used herein refers to the usual error range for the respective value
readily known to the skilled person 1n this technical field. Reference to “about” a value or
parameter herein includes {and describes} embodiments that are directed to that value or

parameter per se. For example, description referring to “about X7 includes description of “X”.

1100} Varnious terms relating to aspects of the present invention are used throughout the
specification and claims. Such terms are to be given their ordinary meaning in the art, unless
otherwise indicated. Other specifically defined terms are to be construed in a manner consistent
with the definttion provided heremn.

{181} As used herein, the singular forms “a,” “an,” and “the” include plural referents unless
expressly stated otherwise.

{102} As used herein, the terms “comprising,” “having,” and “including” encompass the more
restrictive terms “consisting essentially of” and “consisting of”

{103} The terms subject and patient are used interchangeably, and nclude any antmal. Subjects
mclude mammals, including companion and farm mammals, as well as rodents, including mice,
rabbits, and rats, and other rodents. Non-human primates preferred subjects. Human bemngs are
highly preferred subjects.

{104] The terms composition and formulation are used interchangeably. Accordingly, a
formulation of the disclosure may be a composition of the disclosure and a composition of the
disclosure may be a formuldation of the disclosure.

{165] It has been observed m accordance with the invention that formulations of a bevacizumab
biosimilar antibody, which specifically binds to vascular endothelial growth factor, can be
buffered with citrate phosphate, along with trehalose or sucrose, or buffered with acetate (instead
of citrate phosphate) along with sucrose, with the buffers enhancing the thermal and colloidal
stability of the antibody, even more so than formulations of bevacizumab (sold under the trade
name Avastin®) currently approved for patient use. In particular, the inventive formulations
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demonstrated significantly lower anttbody aggregation. The buffers enhance the shelf life of the
antibody molecule. Accordingly, the disclosure features buffered formulations of a bevacizumab
biosimilar antibody that include an aqueous carrier comprising a butfer comprising citrate
phosphate, as well as trehalose or sucrose, at an acidic pH or, 1n the alternative, an aqueous
carrier comprising a buffer comprising acetate, as well as sucrose, at an acidic pH.

{106} The antibody specifically binds to an epitope on vascular endothelial growth factor
(VEGF), and the epitope may be linear or conformational. In some aspects, the antibody
comprises a heavy chain comprising the amino acid sequence of SEQ 1D NO: 1, or a sequence
having at least or about 80, 85, 90, 95, or 99% 1dentity thereto. In some preferred aspects, the
antibody comprises a heavy chain comprising the amino acid sequence of SEQIDNG: 1. In
some preferred aspects, the antibody comprises a light chain comprising the amino acid sequence
of SEQ ID NG: 2. Preferably, the antibody comprises a heavy chain constant domain and/or a
light chain constant domain. In highly preferred aspects, the antibody comprises a heavy cham
comprising the amino acid sequence of SEQ ID NO: 1 and a light chain comprising the amino
acid sequence of SEQ ID NO: 2. Tn some aspects, the antibody comprises a heavy chain variable
region of the amino acid sequence of SEQ ID NO: 3 and the light chain vaniable region of the

amino acid sequence of SEQ ID NO:4.

Bevacizumab Heavy Chain IgG1 (5EQ ID NO:1}

EVQLVESGGG Ly "QT“‘GCLRL SCAASGYTEFT NYGMNWVRQA PGKGLEWVGW INTYTGEPTY
ARDFRERREFTE LOMNSLEAED TAVYYCAKYP HYYGSSHWYE DVWGQGTLVT

VSSASTRKGPS TSGGETAALGC LVERDYFPEPYV TVSWNSGALT SGVHTFPAVL
QSSGLYSLSS ”V'VD”TTZG TOQTYICNVNH KPSNTHKVDEE VEPKSCDKTH TCPPCPAPEL
LGGPSVFLFP PKPKDTLMIS RTPEVICVVY DVSHEDPEVK FNWYVDGVEYV HNAKTKPREE

QYNSTYRVVS VLTVLHQODWL NGKEYRCEKVS NKALPAPIEK TISKAKGQOFPR EFQVYTLPES
REEMTRNQVS LTCLVEGEYP SDJFVANESE GQPENNYETT FPPVLDSDGSE FLYSKLTVDE
SRWOQGNVES CSVMHEALHN HYTQOKSLSLS PGK

Bevacizumab Light Cham ( EQ ED NO: 2)
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Bevacizumab Heavy Chain Variable Region (SEQ 1D NG: 3)

EVQLVESGGEG LVQPGGSLRL SCAASGYTET NYGMNWVRQA PGKGLEWVGW INTYTGEPTY
AADFKRRETE SLDTSKSTAY LOMNSLRAED TAVYYCAKYP HYYGSSHWYE DVWGQOGTLVT
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Bevacizumab Light Chain Variable Region (SEQ [D NO: 4)

DIQMTOSPSS LSASVGDRVT ITCSASQODIS NYLNWYQOKP GRAPKVLIYE TSSLHSGVP!
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{167} In some embodiments, the antibody 1s a full-length antibody, comprising both variable and
constant regions, although in some aspects, the antibody may comprise a derivative or fragment
or portion of 3 full-length antibody that retains the antigen-binding specificity, and also

may comprise post-translational modifications (PTMs) or moieties, which may impact antibody
activity or stability. The antibody may be methylated, acetylated, glycosylated, sulfated,
phosphorylated, carboxvlated, and/or amidated, and may comprise other moieties that are well
known 1o the art.

{1068} The formulation preferably comprises a therapeutically effective amount of the antibody.
A therapeutically effective amount may vary, depending on the disease or condition being treated
upon administration of the antibody, and/or depending on the characteristics of the subject to
which the antibody 1s admunistered, such as age, gender, height, weight, state of advancement or
stage of the disease or condition, the number and efficacy of previous administrations, other
therapeutic agents administered to the subject, and other characteristics that are known to the
practitioner or that would otherwise be taken into account in determining appropriate dosing.
Preferably, a therapeutically effective amount 1s an amount that 1s effective to treat cancers such
as non-squamous non-smalkl cell lung cancer, glichlastoma, renal cell carcinoma, cervical cancer,
or epithelial ovarian, fallopian tube, or primary peritoneal cancer.

{109} The formulation may comprise from about 10 mg/ml to about 50 mg/m! of the antibody.
In some aspects, the formulation comprises from about 10 mg/ml to about 40 mg/ml of the
antibody. In some aspects, the formulation comprises from about 10 mg/ml to about 30 mg/mi
of the antibody. In some aspects, the formulation comprises from about 20 mg/ml to about 50
mg/ml of the antibody. In some aspects, the formulation comprises from about 20 mg/mli to
about 40 mg/ml of the antibody. In some aspects, the formulation comprises from about 20
mg/ml to about 30 mg/mi of the antihody. In some aspects, the formulation comprises from
about 15 mg/ml to about 45 mg/ml of the antibody. In some aspects, the formulation comprises
from about 15 mg/ml to about 35 mg/ml of the antibody. In some aspects, the formulation
comprises from about 15 mg/ml to about 30 mg/mi of the antibody. In some aspects, the
formulation comprises from about 21 mg/mi to about 29 mg/ml of the antibody. In some

aspects, the formulation comprises from about 22 mg/ml to about 28 mg/ml of the antibody. In
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some aspects, the formulation comprises from about 23 mg/ml to about 27 mg/mi of the
antibody. In some aspects, the formulation comprises from about 24 mg/ml to about 25 mg/mi
of the antibody. In some aspects, the formulation comprises from about 25 mg/ml to about 30
mg/ml of the antibody. In some aspects, the formulation comprises from about 25 mg/ml to
about 26 mg/ml of the antibody. In some aspects, the formulation comprises from about 25
mg/ml to about 27 mg/mi of the antibody. In some aspects, the formulation comprises from
about 25 mg/ml to about 28 mg/ml of the antibody. In some aspects, the formulation comprises
from about 25 mg/ml to about 29 mg/ml of the antibody. In some aspects, the formulation
comprises from about 25 mg/ml to about 30 mg/mi of the antibody. In some aspects, the
formulation comprises from about 24 mg/ml to about 27 mg/ml of the antibody. In some
aspects, the formulation comprises from about 24 mg/ml to about 28 mg/ml of the antibody . In
some aspects, the formulation comprises from about 24 mg/ml to about 29 mg/mi of the
antibody. In some aspects, the formulation comprises from about 24 mg/m! to about 30 mg/mi
of the antibody. In some aspects, the formulation comprises from about 25.5 mg/ml to about 26
mg/ml of the antibody. In some aspects, the formulation comprises from about 25.4 mg/ml to
about 25.9 mg/ml of the antibody. In some aspects, the formulation comprises from about 25.6
mg/ml to about 25.9 mg/ml of the antibody. In some aspects, the formulation comprises from
about 25.5 mg/ml to about 25.8 mg/m! of the antibody. In some aspects, the formulation
comprises from about 25.5 mg/ml to about 25.7 mg/mi of the antibody. These ranges include the
fower and upper amounts that define the range. In some aspects, the formulation comprises
about 25 mg/ml of the antibody. In some aspects, the formulation comprises about 25.5 mg/mli
of the antibody. In some aspects, the formulation comprises about 25.6 mg/ml of the antibody.
In some aspects, the formulation comprises about 25.7 mg/ml of the antibody. In some aspects,
the formulation comprises about 25.8 mg/mli of the antibody.

{110} The antibody, for example, at the concentrations described or exemplified herein, is
preferably formulated with a buffered aqueous carrier, and the carrier preferably comprises
water. The buffered antibody formulation is preferably in liquid form, and more preferably in
liquid form suitable for intravenous admimistration. Thus, the amount of water in the buffered
formulation may vary in accordance with the desired volume of the infusion. In some preferred
aspects, the buffer comprises citrate phosphate, trehalose, and a mild surfactant such as

polysorbate 20, and maintains the antibody formulation at an acidic pH of from about 5.8 to
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about 6.0. In some alternate preferred aspects, the buffer comprises acetate, sucrose, and a nuld
surfactant such as polysorbate 20, and maintains the antibody formulation at an acidic pH of
from about 5.6 to about 5.8. When stored in the buffered formulation, the antibody is shelf-
stable under normal storage conditions.

{111} Citrate phosphate comprises an aqueous combimation of dibasic sodium phosphate
dodecahvdrate and citric acid monchydrate, 1n a pre-mixed solution comprising about 0.2 M of
dibasic sodium phosphate and about 0.1 M of ciiric acid.

{1312} The buffer may comprise from about 10 mM to about 100 mM of citrate phosphate. In
some aspects, the buffer may comprise from about 20 mM to about 90 mM of citrate phosphate.
In some aspects, the buffer may comprise from about 30 mM to about 70 mM of citrate
phosphate. In some aspects, the buffer may comprise from about 30 mM to about 80 mM of
citrate phosphate. In some aspects, the buffer may comprise from about 40 mM to about 70 mM
of citrate phosphate. In some aspects, the buffer may comprise from about 40 mM to about 60
mM of citrate phosphate. In some aspects, the buffer may comprise from about 45 mM to about
55 mM of citrate phosphate. In some aspects, the buffer may comprise from about 46 mM to
about 54 mM of citrate phosphate rate. In some aspects, the butfer may comprise from about 47
mM to about 53 M of citrate phosphate. In some aspects, the buffer may comprise from about
48 mM 1o about 52 oM of citrate phosphate. In some aspects, the butfer may comprise from
about 49 mM to about S1 mM of citrate phosphate. In some aspects, the buffer may comprise
from about 40 mM to about 50 mM of citrate phosphate. In some aspects, the buffer may
comprise from about 30 mM to about 75 mM of citrate phosphate. Tn some aspects, the buffer
may comprise from about 30 mM to about 55 mM of citrate phosphate. In some aspects, the
buffer may comprise from about 40 mM to about 55 mM of citrate phosphate. In some aspects,
the buffer may comprise from about 42 mM to about 52 mM of citrate phosphate. In some
aspects, the butffer may comprise from about 46 mM to about 52 mM of citrate phosphate. In
some aspects, the buffer may comprise from about 43 mM to about 53 mM of citrate phosphate.
These ranges include the lower and upper amounts that define the range. In some aspects, the
buffer comprises about 50 mM of citrate phosphate.

{113} The citrate phosphate buffer may comprise from about 100 mM to about 200 mM of
trehalose. In some aspects, the buffer may comprise from about 110 mM to about 190 mM of

trehalose. In some aspects, the buffer may comprise from about 120 mM to about 180 mM of
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trehalose. In some aspects, the buffer may comprise from about 130 mM to about 170 mM of
trehalose. In some aspects, the buffer may comprise from about 140 mM to about 170 mM of
trehalose. In some aspects, the buffer may comprise from about 150 mM to about 170 mM of
trehalose. In some aspects, the buffer may comprise from about 155 mM to about 165 mM of
trehalose. In some aspects, the buffer may comprise from about 150 mM to about 160 mM of
trehalose. In some aspects, the buffer may comprise from about 153 mM to about 164 mM of
trehalose. In some aspects, the buffer may comprise from about 152 mM to about 167 mM of
trehalose. In some aspects, the buffer may comprise from about 154 mM to about 164 mM of
trehalose. In some aspects, the buffer may comprise from about 155 mM to about 163 mM of
trehalose. In some aspects, the buffer may comprise from about 156 mM to about 162 mM of
trehalose. In some aspects, the buffer may comprise from about 157 mM to about 161 mM of
trehalose. In some aspects, the buffer may comprise from about 158 mM to about 160 mM of
trehalose. In some aspects, the buffer may comprise from about 158 5 mM to about 158.9 mM of
trehalose. In some aspects, the buffer may comprise from about 158 .6 mM to about 158 8 mM
of trehalose. In some aspects, the buffer may comprise from about 158 mM to about 161 mM of
trehalose. In some aspects, the buffer may comprise from about 159 mM to about 161 mM of
trehalose. In some aspects, the buffer may comprise from about 157 mM to about 160 mM of
trehalose. In some aspects, the buffer may comprise from about 157 mM to about 159 mM of
tirehalose. In some aspects, the buffer may comprise from about 150 mM to about 159 M of
trehalose. In some aspects, the buffer may comprise from about 159 mM to about 160 mM of
tirehalose. In some aspects, the buffer may comprise from about 159 mM to about 165 mM of
trehalose. These ranges include the lower and upper amounts that define the range. In some
aspects, the buffer comprises about 159 mM of trehalose. In some aspects, the buffer comprises
about 158.7 M of trehalose. In some aspects, sucrose may be used in any of these
concentrations in place of trehalose. Thus, for example, the citrate phosphate buffer may
comprise sucrose as a stabilizer instead of trehalose.

{114] The acetate-sucrose buffer may comprise from about 1 mM to about 30 mM of acetate. In
some aspects, the buffer may comprise from about 5 mM to about 25 mM of acetate. In some
aspects, the buffer may comprise from about 10 mM to about 20 mM of acetate. In some
aspects, the buffer may comprise from about 11 mM to about 19 mM of acetate. In some

aspects, the buffer may comprise from about 12 mM to about 18 mM of acetate. In some
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aspecits, the buffer may comprise from about 13 mM to about 15 mM of acetate. In some

aspects, the buffer may comprise from about 10 mM to about 15 mM of acetate. In some
aspects, the buffer may comprise from about 12 mM to about 16 mM of acetate. In some
aspects, the buffer may comprise from about 12 mM to about 15 mM of acetate. In some
aspects, the buffer may comprise from about 13 mM to about 16 mM of acetate. In some
aspects, the buffer may comprise from about 13 mM to about 17 mM of acetate. In some
aspects, the buffer may comprise from about 14 mM to about 18 mM of acetate. In some
aspects, the buffer may comprise from about 14 mM to about 16 mM of acetate. In some
aspects, the buffer may comprise from about 15 mM to about 20 mM of acetate. In some
aspects, the buffer may comprise from about S mM to about 15 mM of acetate. In some aspects,
the buffer may comprise from about 11 mM to about 17 mM of acetate. In some aspects, the
buffer may comprise from about 15 mM to about 16 mM of acetate. These ranges include the
lower and upper amounts that define the range. In some aspects, the buffer comprises about 15
mM of acetate. Preferably, the acetate 1s sodium acetate trihydrate.

[115] The acetate-sucrose or citrate phosphate-sucrose buffer may comprise from about 100 mM

to about 250 mM of sucrose. In some aspects, the buffer may comprise from about 125 mM to

about 225 mM of sucrose.
about 200 mM of sucrose.
about 195 mM of sucrose.
about 190 mM of sucrose.
about 185 mM of sucrose.
about 134 mM of sucrose.
about 183 mM of sucrose.
about 132 mM of sucrose.
about 181 mM of sucrose.
about 180 mM of sucrose.
about 179 mM of sucrose.
about 178 mM of sucrose.

about 177 mM of sucrose.

about 176 mM of sucrose

about 175.5 mM of sucrose. In some aspects, the buffer may comprise from about 175.2 mM to

In some aspects, the buffer may comprise from about 150 mM to
In some aspects, the buffer may comprise from about 1535 mM to
In some aspects, the buffer may comprise from about 160 mM to
In some aspects, the buffer may comprise from about 165 mM to
In some aspects, the buffer may comprise from about 166 mM to
In some aspects, the buffer may comprise from about 167 mM to
In some aspects, the buffer may comprise from about 168 mM to
In some aspects, the buffer may comprise from about 169 mM to
In some aspects, the buffer may comprise from about 170 mM to
In some aspects, the butfer may comprise from about 171 mM to
In some aspects, the buffer may comprise from about 172 mMto
in some aspects, the butfer may comprise from about 174 mM to
In some aspects, the buffer may comprise from about 174 mM to

. In some aspects, the buffer may comprise from about 175 mM to
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about 175.4 mM of sucrose. In some aspects, the buffer may comprise from about 175 mMto
about 185 mM of sucrose. In some aspects, the buffer may comprise from about 165 mM to
about 175 mM of sucrose. In some aspects, the buffer may comprise from about 170 mM to
about 190 mM of sucrose. In some aspects, the buffer may comprise from about 150 mM to
about 175 mM of sucrose. These ranges include the lower and upper amounts that define the
range. In some aspects, the buffer comprises about 175 mM of sucrose. In some aspects, the
buffer comprises about 175.3 mM of sucrose.

{116} The antibody formulation (e.g., with the citrate phosphate-trehalose or the acetate sucrose
buffer) preferably comprises a non-ionic surfactant. More preferably, the non-tonic surfactant
comprises polysorbate 20 (may comprise Tween® 20 brand polysorbate of Croda International
Plc, Yorkshire, England). The antibody formulation, including the antibody and the aqueous
buffer, preferably comprises from about 0.01% to about 0.1% (by volume} of polysorbate 20. In
some aspects, the antibody formulation comprises from about 0.02% to about 0.09% (by volume)
of polysorbate 20, In some aspects, the antibody formulation comprises from about 0.03% to
about 0.08% (by volume) of polysorbate 20. In some aspects, the antibody formulation
comprises from about 0.01% to about 0.07% (by volume) of polysorbate 20. In some aspects,
the antibody formulation comprises from about 0.02% to about 0.06% (by volume) of
polysorbate 20. In some aspects, the antibody formulation comprises from about 0.03% to about
0.05% (by volume) of polysorbate 20. In some aspects, the antibody formulation comprises from
about 0.04% to about 0.06% (by volume) polysorbate 20.  In some aspects, the antibody
formulation comprises from about 0.02% to about 0.05% (by volume) of polysorbate 20. In
some aspects, the antibody formulation comprises from about 0.02% to about 0.04% (by volume)
of polysorbate 20. In some aspects, the antibody formulation comprises from about 0.03% to
about 0.06% (by volume} of polysorbate 20. In some aspects, the antibody formulation
comprises from about 0.01% to about 0.05% (by volume) of polysorbate 20. In some aspects,
the antibody formulation comprises from about 0.03% to about 0.04% (by volume) of
polysorbate 20. 1n some aspects, the antibody formulation comprises from about 0.04% to about
0.05% (by volume) of polvsorbate 20. In some aspects, the antibody formulation comprises
from about 0.035% to about 0.045% (by volume) of polysorbate 20. These ranges include the
lower and upper amounts that define the range. In some aspects, the antibody formulation

comprises about (.04% (by volume} of polysorbate 20.
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{117} The antibody formulation (e.g., with the citrate phosphate-trehalose/sucrose or the acetate
sucrose buffer) preferably is buffered to an acidic pH. The formulation preferably has a pH of
from about 5.3 to about 6.5, In some aspects, the formulation has a pH of about 5.4 to about 6.4
In some preferred aspects, the formulation has a pH of about 5.4 to about 5.9. In some preferred
aspects, the formulation has a pH of about 5.5 to about 5.8. In some preferred aspects, the
formulation has a pH of about 5.6 to about 5.8. In some preferred aspects, the formulation has a
pH of about 5.6 to about 5.9. In some aspects, the formulation has a pH of about 5.5 to about
5.3. Insome preferred aspects, the formulation has a pH of about 5.6 to about 6.2, In some
aspects, the formulation has a pH of about 5.7 to about 6.1. In some aspects, the formulation has
a pH of about 5.8 to about 6.0. In some preferred aspects, the formulation has a pH of about 5.4
to about 5.9, In some aspects, the formulation has a pH of about 5.6 to about 5.9, In some
preferred aspects, the formulation has a pH of about 5.7 to about 5.9, In some preferred aspects,
the formulation has a pH of about 5.9 to about 6.1. In some aspects, the formulation has a pH of
about 6.0 to about 6.2, In some aspects, the formulation has a pH of about 5.7 to about 6.0. In
some preferred aspects, the formulation has a pH of from about 5.8 to about 6.1. These ranges
include the lower and upper amounts that define the range. In some aspects, the formulation has
a pH of about 5.8 In some aspects, the formulation has a pH of about 5.9, In some aspects, the
formulation has a pH of about 6.0,

{118] In some preferred aspects, the antibody formulation comprises from about 20 mg/ml to
about 30 mg/ml of an antibody that specifically binds to VEGF and comprises a heavy chain
comprising the amino acid sequence of SEQ ID NO: 1 and a light chain comprising the amino
acid sequence of SEQ ID NO: 2, a buffer comprising from about 30 mM to about 70 mM of
citrate phosphate, from about 150 mM to about 170 mM of trehalose, and from about 0.01% to
about 0.07% {by volume) of polysorbate 20, and has a pH of from about 5.6 to about 6.0. In
some aspects, the antibody formulation consists essentially of from about 20 mg/mi to about 30
mg/ml of an antibody that specifically binds to VEGYF and comprises a heavy chain comprising
the amino acid sequence of SEQ ID NG: 1 and a light chain comprising the amino acid sequence
of SEQ 1D NO: 2, a buffer comprising from about 30 mM to about 70 mM of citrate phosphate,
from about 150 mM to about 170 mM of trehalose, and from about 0.01% to about 0.07% {(by
volume} of polysorbate 20, and has a pH of from about 5.6 to about 6.0, In some aspects, the

antibody formulation consists of from about 20 mg/mi to about 30 mg/ml of an antibody that
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specifically binds to VEGF and comprises a heavy chain comprising the amino acid sequence of
SE(Q ID NO: 1 and a light chain comprising the amino acid sequence of SEQ ID NO: 2, a buffer
comprising from about 30 mM to about 70 mM of citrate phosphate, from about 150 mM to
about 170 mM of trehalose, and from about 0.01% to about 0.07% (by volume) of polysorbate
20, and has a pH of from about 5.6 to about 6.0. In any such embodiments, the antibody may be
present in the formulation at from about 21 mg/ml to about 29 mg/ml, or from about 22 mg/mi to
about 28 mg/ml, or from about 23 mg/ml to about 27 mg/ml, of from about 24 mg/ml to about 26
mg/ml, or from about 24.5 mg/ml to about 26.5 mg/ml, about 25 mg/mi, about 26 mg/ml, about
25.5 mg/ml, about 25 6 mg/ml, about 257 mg/ml or about 25 8 mg/mi.

{1319} In some preferred aspects, the antihody formulation comprises from about 20 mg/ml to
about 30 mg/ml of an antibody that specifically binds to VEGYF and comprises a heavy chain
comprising the amino acid sequence of SEQ ID NG: 1 and a hight chain comprising the amimo
acid sequence of SEQ ID NO: 2, a butfer comprising from about 40 mM to about 60 mM of
citrate phosphate, from about 154 mM to about 164 mM of trehalose, and from about 0.02% to
about 0.06% (by volume) of polysorbate 20, and has a pH of from about 5.6 to about 6.0, or a pH
of about 5.8, or a pH of about 6.0, Tn some aspects, the antibody formulation consists essentially
of from about 20 mg/ml to about 30 mg/ml of an antibody that specifically binds to VEGF and
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 1 and a light chain
comprising the ammo acid sequence of SEQ 1D NG: 2, a buffer comprising from about 40 mM
to about 60 mM of citrate phosphate, from about 154 mM to about 164 mM of trehalose, and
from about 0.02% to about 0.06% {(by volume} of polysorbate 20, and has a pH of from about 5.6
to about 6.0, or a pH of about 5.8, or a pH of about 6.0, In some aspects, the antibody
formulation consists of from about 20 mg/ml to about 30 mg/ml of an antibody that specifically
binds to VEGF and comprises 3 heavy chain comprising the amino acid sequence of SEQ ID
NO: 1 and a light chain comprising the aming acid sequence of SEQ [D NO: 2, a buffer
comprising from about 40 mM to about 60 mM of citrate phosphate, from about 154 mM to
about 164 mM of trehalose, and from about 0.02% to about 0.06% (by volume) of polysorbate
20, and has a pH of from about 5.6 to about 6.0, or a pH of about 5.8, ora pH of about 6.0. In
any such embodiments, the antibody may be present in the formulation at from about 21 mg/ml
to about 29 mg/mi, or from about 22 mg/ml to about 28 mg/ml, or from about 23 mg/ml to about

27 mg/ml, of from about 24 mg/ml to about 26 mg/mi, or from about 24.5 mg/ml to about 26.5
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mg/ml, about 25 mg/ml, about 26 mg/ml, about 25.5 mg/ml, about 25.6 mg/ml, about 25.7
mg/ml or about 25.8 mg/mi.

1120} In some preferred aspects, the antibody formulation comprises from about 25 mg/ml to
about 26.5 mg/ml of an antibody that specifically binds to VEGF and comprises a heavy chain
comprising the amino acid sequence of SEQ ID NO: 1 and a light chain comprising the amino
acid sequence of SEQ ID NO: 2, a buffer comprising from about 45 mM to about 55 mM of
citrate phosphate, from about 157 mM to about 161 mM of trehalose, and from about 0.03% to
about 0.05% (by volume) of polysorbate 20, and has a pH of from about 5.6 to about 6.0, or a pH
of about 5.8, or a pH of about 6.0. In some aspects, the antibody formulation consists essentially
of from about 25 mg/ml to about 26.5 mg/ml of an antibody that specifically binds to VEGF and
comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 1 and a light chain
comprising the amino acid sequence of SEQ ID NO: 2, a butter comprising from about 45 mM
to about 35 mM of citrate phosphate, from about 157 mM to about 161 mM of trehalose, and
from about 0.03% to about 0.05% (by volume) of polvsorbate 20, and has a pH of from about 5.6
to about 6.0, or a pH of about 5.8, or a pH of about 6.0. In some aspects, the antibody
formulation consists of from about 25 mg/ml to about 26.5 mg/ml of an antibody that specifically
binds to VEGF and comprises a heavy chain comprising the anuno acid sequence of SEQ ID
NO: 1 and a light chain comprising the amino acid sequence of SEQ ID NO: 2, a buffer
comprising from about 45 mM to about 55 mM of citrate phosphate, from about 157 mM to
about 161 mM of trehalose, and from about 0.03% to about 0.05% (by volume) of polysorbate
20, and has a pH of from about 5.6 to about 6.0, or a pH of about 5.8, or a pH of about 6.0. In
any such embodiments, the antibody may be present in the formulation at from about 25 mg/ml
to about 26 mg/ml, or from about 25.5 mg/mi to about 26 mg/ml, about 25 mg/ml, about 26
mg/ml, about 25.5 mg/ml, about 25.6 mg/ml, about 25.7 mg/m!l or about 25.8 mg/ml.

{121} In some preferred aspects, the antibody formulation comprises from about 25.5 mg/ml to
about 26.1 mg/ml of an antibody that specifically binds to VEGF and comprises a heavy chain
comprising the amino acid sequence of SEQ 1D NG: 1 and a hight chain comprising the amino
acid sequence of SEQ ID NG 2, a buffer comprising about 50 mM of citrate phosphate, about
159 mM of trehalose, and about 0.04% (bv volume) of polysorbate 20, and has a pH of about 5.8
or about 6.0. In some aspects, the antibody formulation consists essentially of from about 25.5

mg/ml to about 26.1 mg/ml of an antibody that specifically binds to VEGF and comprises a
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heavy chain comprising the amino acid sequence of SEQ ID NG: 1 and a light chain comprising
the amino acid sequence of SEQ ID NG: 2, a buffer comprising about 50 mM of citrate
phosphate, about 159 mM of trehalose, and about 0.04% (by volume) of polysorbate 20, and has
a pH of about 5.8 or about 6.0. In some aspects, the antibody formulation consists of from about
25.5 mg/ml to about 26.1 mg/ml of an antibody that specifically binds to VEGF and comprises a
heavy chain comprising the amino acid sequence of SEQ 1D NO: 1 and a light chain comprising
the amino acid sequence of SEQ 1D NO: 2, a buffer comprising about 50 mM of citrate
phosphate, about 159 mM of trehalose, and about 0.04% (by volume) of polysorbate 20, and has
a pH of about 5.8 or about 6.0. In any such embodiments, the antibody may be present in the
formulation at about 26 mg/ml, about 255 mg/ml, about 25.6 mg/ml, about 257 mg/ml or about
258 mg/ml.

{122} The formulation stabilizes the antibody for improved shelf storage, particularly over a
period of months to vears. When stored in the formulation, the antibody maintains thermal and
collodal stability during the period of storage. For example, when stored in the formulation, the
antibody 1s stable and exhibits nunimal aggregation, flocculation, fragmentation, and
denaturation, and the antibody retains its VEGF binding activity.

[123] It 15 preferred that the antibody formulation be stored under refrigerated conditions, and
preferably at a temperature of from about 2 °C to about 6 °C, including about 2 °C, about 3 °C,
about 4 °C, about 5 °C, about 6 °C, about 7 °C about 8 °C. The antibody formulation may be
stored at such temperatures for at least about 3 months. In some aspects, the antibody
formulation may be stored at such temperatures for at least about 6 months. In some aspects, the
antibody formulation may be stored at such temperatures for at least about 9 months. In some
aspects, the antibody formulation may be stored at such temperatures for at least about 12
months. In some aspects, the antibody formulation may be stored at such temperatures for at
least about 15 months. In some aspects, the antibody formulation may be stored at such
temperatures for at least about 18 months. In some aspects, the antibody formulation may be
stored at such temperatures for at least about 21 months. In some aspects, the antibody
formulation may be stored at such temperatures for at least about 24 months. During the storage
period the antibody s stable and exhibits mimimal aggregation, flocculation, fragmentation, and

denaturation, and the antibody retains it VEGF binding activity such that the antibody
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formulation may be removed from storage, administered to a patient, and still exhibit therapeutic
efficacy against the condition for which the formulation 1s admuinistered.

{124} The formulation preferably comprises about 20 mg/ml to about 30 mg/ml of antibody and,
more preferably about 25 mg/ml or about 25.5 mg/mi, or about 26 mg/m! of antibody. Among
this amount of antibody protein 15 a percentage of antibody monomers i active, native form, as
well as a percentage of antibody aggregates that have reduced or no VEGF binding activity. Itis
highly preferred that that the formulation include a maximal amount of functional antibody
monomers and a minimal amount of antibody aggregates, and structurally altered forms of the
antibody with reduced binding activity and/or therapeutic efficacy (relative to the unaltered
monomer). For example, the antibody formulation preferably contains at least about 85% by
weight of antibody monomers, and less than about 15% by weight of antibody aggregates with
reduced VEGF binding activity and/or therapeutic efficacy when stored at about 2 °C to about 6
°C for at least about six months.

{125} In some aspects, the antibody formulation contains at least about 90% by weight of
antibody monomers, and less than about 10% by weight of antibody aggregates with reduced
VEGF binding activity and/or therapeutic efficacy when stored at about 2 °C to about § °C for at
least about six months. In some aspects, the antibody formulation contains at least about 93% by
weight of antibody monomers, and less than about 7% by weight of antibody aggregates with
reduced VEGF binding activity and/or therapeutic efficacy when stored at about 2 °C to about 8
°C for at least about six months. In some aspects, the antibody formulation contains at least
about 95% by weight of antibody monomers, and less than about 5% by weight of antibody
aggregates with reduced VEGF binding activity and/or therapeutic efficacy when stored at about
2 °C to about 8 °C for at least about six months. In some aspects, the antibody formulation
contains at least about 96% by weight of antibody aggregates with reduced VEGF binding
activity and/or therapeutic efficacy when stored at about 2 °C to about 8 °C for at least about six
months. In some aspects, the antibody formulation contains at least about 97% by weight of
antibody monomers, and less than about 3% by weight of antibody aggregates with reduced
VEGF binding activity and/or therapeutic efficacy when stored at about 2 °C to about 8 °C for at
least about six months. In some aspects, the antibody formulation contains at least about 98% by
weight of antibody monomers, and less than about 2% by weight of antibody aggregates with

reduced VEGF binding activity and/or therapeutic efficacy when stored at about 2 °C to about 8
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°( for at least about six months. In some aspects, the antibody formulation contains at least
about 99% by weight of antibody monomers, and less than about 1% by weight of antibody
aggregates with reduced VEGE binding activity and/or therapeutic efficacy when stored at about
2 °C to about 8 “C for at least about six months. The amount of antibody monomers and/or
antibody aggregates may be determined according to any technique suitable in the art, including
those described or exemplified herein, inchuding any one or combination of differential light
scattering (DLS), differential scanning calonimetry (DSC), size exclusion chromatography (SE-
HPLC), non-reducing and reducing capillary electrophoresis SDS (NR CE-SDS and R CE-SDS),
and particulate count (PC).

{126} In some aspects, the antibody formulation contains at least about 90% by weight of
antibody monomers, and less than about 10% by weight of antibody aggregates with reduced
VEGF binding activity and/or therapeutic efficacy when stored at about 2 °C to about 8 °C for at
least about twelve months. In some aspects, the antibody formulation contains at least about
93% by weight of antibody monomers, and less than about 7% by weight of antibody aggregates
with reduced VEGF binding activity and/or therapeutic efficacy when stored at about 2 °C to
about 8 °C for at least about twelve months. In some aspects, the antibody formulation contains
at least about 95% by weight of antibody monomers, and less than about 5% by weight of
antibody aggregates with reduced VEGF binding activity and/or therapeutic efficacy when stored
at about 2 °C to about 8 °C for at least about twelve months. In some aspects, the antibody
formulation contains at teast about 96% by weight of antibody aggregates with reduced VEGF
binding activity and/or therapeutic efficacy when stored at about 2 °C to about 8 °C for at least
about twelve months. In some aspects, the antibody formulation contains at least about 97% by
weight of antibody monomers, and less than about 3% by weight of antibody aggregates with
reduced VEGF binding activity and/or therapeutic efficacy when stored at about 2 °C to about
°C for at least about twelve months. In some aspects, the antibody formulation contains at least
about 98% by weight of antibody monomers, and less than about 2% by weight of antibody
aggregates with reduced VEGF binding activity and/or therapeutic efficacy when stored at about
2 °C to about 8 °C for at least about twelve months. In some aspects, the antibody formulation
contains at least about 99% by weight of antibody monomers, and less than about 1% by weight
of antibody aggregates with reduced VEGF binding activity and/or therapeutic efficacy when

stored at about 2 °C to about 8 °C for at least about twelve months. The amount of antibody
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monomers and/or antibody aggregates may be determined according to any technique suitable in
the art, including those described or exemplified herein, including any one or combination of
differential light scattering (DLS), differential scanning calorimetry (DSC), size exclusion
chromatography (SE-HPLL), non-reducing and reducing capillary electrophoresis SDS (NR CE-
SDS and R CE-SDS), and particulate count (PC).

{127} In some aspects, the antibody formulation contains at least about 90% by weight of
antibody monomers, and less than about 10% by weight of antibody aggregates with reduced
VEGF binding activity and/or therapeutic efficacy when stored at about 2 °C to about 8 °C for at
least about eighteen months. In some aspects, the antibody formulation contains at least about
93% by weight of antibody monomers, and less than about 7% by weight of antibody aggregates
with reduced VEGF binding activity and/or therapeutic efficacy when stored at about 2 °C to
about 8 °C for at least about eighteen months. In some aspects, the antibody formulation
contains at least about 95% by weight of antibody monomers, and less than about 5% by weight
of antibody aggregates with reduced VEGF binding activity and/or therapeutic efficacy when
stored at about 2 °C to about 8 °C for at least about eighteen months. In some aspects, the
antibody formulation contains at least about 96% by weight of antibody aggregates with reduced
VEGF binding activity and/or therapeutic efficacy when stored at about 2 °C to about 8 °C for at
least about eighteen months. In some aspects, the antibody formulation contans at least about
97% by weight of antibody monomers, and less than about 3% by weight of antibody aggregates
with reduced VEGF binding activity and/or therapeutic efficacy when stored at about 2 °C to
about & °C for at least about eighteen months. In some aspects, the antibody formulation
contains at least about 98% by weight of antibody monomers, and lfess than about 2% by weight
stored at about 2 °C to about 8 °C for at least about eighteen months. In some aspects, the
antibody formulation contains at least about 99% by weight of antibody monomers, and less than
about 1% by weight of antibody aggregates with reduced VEGF binding activity and/or
therapeutic efficacy when stored at about 2 °C to about 8 °C for at least about eighteen months.
The amount of antibody monomers and/or antibody aggregates may be determined according to
any technique suitable in the art, including those described or exemplified herein, including any

one or combination of differential light scattering (BLS}, differential scanning calonmetry
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(DSC), size exclusion chromatography (SE-HPLC), non-reducing and reducing capillary
electrophoresis SDS (NR CE-SDS and R CE-SDS), and particulate count (PC).

{128] In some aspects, the antibody formulation contains at least about 90% by weight of
antibody monomers, and less than about 10% by weight of antibody aggregates with reduced
VEGF binding activity and/or therapeutic efficacy when stored at about 2 °C to about 8 °C for at
least about twenty-four months. In some aspects, the antibody formulation contains at least
about 93% by weight of antibody monomers, and less than about 7% by weight of antibody
aggregates with reduced VEGF binding activity and/or therapeutic efficacy when stored at about
2 °C to about 8 °C for at least about twenty-four months. In some aspects, the antibody
formulation contains at least about 95% by weight of antibody monomers, and less than about
5% by weight of antibody aggregates with reduced VEGF binding activity and/or therapeutic
efficacy when stored at about 2 °C to about 8 °C for at least about twenty-four months. In some
aspects, the antibody formulation contains at least about 96% by weight of antibody aggregates
with reduced VEGF binding activity and/or therapeutic efficacy when stored at about 2 °C to
about 8 °C for at least about twenty-four months. In some aspects, the antibody formulation
contains at least about 97% by weight of antibody monomers, and less than about 3% by weight
of antibody aggregates with reduced VEGF binding activity and/or therapeutic etfficacy when
stored at about 2 °C to about 8 °C for at least about twenty-four months. In some aspects, the
antibody formulation contamns at least about 98% by weight of antibody monomers, and less than
about 2% by weight of antibody aggregates with reduced VEGF binding activity and/or
therapeutic efficacy when stored at about 2 °C to about 8 °C for at least about twenty-four
months. In some aspects, the antibody formulation contains at least about 99% by weight of
antibody monomers, and less than about 1% by weight of antibody aggregates with reduced
VEGF binding activity and/or therapeutic efficacy when stored at about 2 °C to about 8 °C for at
least about twenty-four months. The amount of antibody monomers and/or antibody aggregates
may be determined according to any technique suitable n the art, including those described or
exemplified herein, including any one or combination of differential light scattering (DLS),
differential scanning calorimetry (DSC), size exclusion chromatography (SE-HPLC), non-
reducing and reducing capillary electrophoresis SBS (NR CE-SDS and R CE-SDS), and
particulate count (PC).

Methods of Producing Stable Antibody Compositions
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{129} The methods of the disclosure produce stable antibody compositions. These stable
antibody compositions may be referred to as ONS-5010. In some embodiments, ONS-5010
comprises an antibody biosimilar, sodium phosphate monobasic, sodium phosphate dibasic, a,0-
trehalose, and polysorbate 20. In some embodiments, the stable antibody compositions contain
minimal amounts of HMWS, accumulate HMWS at a slower rate over time, and/or maintain low
amounts of HMWS during long-term storage {e g., as compared to other antibody compositions).
1130} Generally, HMWS contribute to the formation of covalent, non-reversible aggregates that
diminish binding of an antibody, e g., bevacizumab, to its epitope on VEGF, thus reducing the
therapeutic efficacy of the antibody. Typically, limiting the amount of HMWS reduces this
problem and enhances the activity of the antibody. In addition, regulatory standards limit the
allowable amount of HMWS in antibody formulations of bevacizumab to less than or equal to
8% after twenty-four months. Therefore, it 1s desirable to imit the amount of HMWS 1n stable
antibody compositions, to slow the accumulation of HMWS over time, and to maintain low
amounts of HMWS during long-term storage.

{131} In some embodiments, diafiltration is a component of the penultimate step in the
manufacturing process of the stable antibody composition (e.g., antibody biosimilar) of the
instant disclosure. Generally, pH values at or above 6.2 during diafiltration increase the HMWS
in formulations of antibody, e.g., bevacizumab, causing greater accumulation of HMWS over
time. Accordingly, the present disclosure provides methods of diafiltration that decrease HMWS
by duafiltering a concentrated composttion into an exchange solution comprising trehalose and,
followimg diafiltration, rapidly adjusting the pH of the composition by addition of a phosphate
composition. In some embodiments, the addition of the phosphate composition prevents
generation and accumulation of HMWS during manufacture and storage of the stable antibody
COMPOSHIONS,

{132} The present disclosure provides a method of producing a stable antibody composition.

The method includes ultrafiltering a starting composition to produce a concentrated composition.
In some aspects, the starting composition comprises between or between about 4 mg/ml and 6
mg/ml, mclusive of the endpoints, of an antibody. In some aspects, the starting composition has a
pH of about 4.7 to about 5.3, inclusive of the endpoinis. In certain aspects, the pH of the starting

composition is about 5.0,
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1133} In some aspects, methods of the disclosure produce a stable antibody composition
comprising ultrafiltering a starting composition. In some aspects, methods of the disclosure
employ a starting composition comprising, consisting essentially of, or consisting of an antibody
and a starting buffer composition. In some embodiments, the starting composition comprises,
consists essentially of, or consists of between or between about 4 mg/ml and 6 mg/mi of an
antibody comprising a heavy chain comprising the amino acid sequence of SEQ ID NO:1 and a
light chain comprising the amino acid sequence of SEQ 1D NO: 2.

{134} In some aspects, the starting buffer composition has a pH of about 5.0. An exemplary
starting buffer composition of the disclosure includes, but 1s not limited to, acetate. In some
aspects, the starting buffer composition has a conductivity of between or between about 20 and
30 mS/cm, such as about 25 mS/cm. In some aspects, the starting buffer composition has a
conductivity of 25 mS/cm. In some aspects embodiments, the starting buffer composition
comprises one or more monovalent or bivalent metal 1ons at a concentration that does not
decrease the stability of the antibody compared to a composition that does not comprise one or
more monovalent or bivalent metal ions. Exemplary monovalent or bivalent (or divalent) metal
ions include, but are not limated to, hydrogen (H), lithwum (L1), sodium (Na), magnesium (Mg),
potassium (K), calcium (Ca), manganese {Mn), won (Fe), cobalt {Co) and zinc (Zn).

{135} In some aspects, methods of the disclosure may be referred to as ultrafiltration/diafiltration
{(UF/DF). Generally, membrane size, material, and load may affect protein adsorption or
retention during UF/DF. In some aspects, methods of the disclosure use polyethersulfone
membranes. In some aspects, methods of the disclosure use membranes with a 30kD molecular
weight pore size. Membrane load, which 1s generally a factor of the desired process time and the
permeate fhux {volume of permeate over time}, may affect the quality of product obtained from
UF/DF. The permeate flux 1s typically influenced by the feed rate (LMH), retentate
pressure/Trans-membrane pressure, and the viscosity of the material. In some embodiments, the
membrane bears a load of < 1000 g/m?, <750 g/m?, < 500 g/m?, or <250 g/m? In some
embodiments, the membrane bears a load of < about 500 g/m? to < about 100 g/m’. In some
embodiments, the membrane bears a load of <about 300 g/m”. In some aspects, feed flow rates
of <450 LMH are used in the methods of the disclosure. In some aspects, a feed flow rate of 375
LMH 1s used in the methods of the disclosure. In some aspects, a retentate pressure of <25 psiis

used in the methods of the disclosure. In some aspects, a retentate pressure of 5 psi is used in the
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methods of the disclosure. In some aspects, a TMP of <20 psig is used in the methods of the
disclosure. In some aspects, a TMP of 15 psig s used in the methods of the disclosure.

{136} In some aspects, compositions of the disclosure {e.g., the starting composition,
concentrated composition, trehalose composition,} may be ultrafiltered prior to diafiliration. In
some aspects, compositions of the disclosure may be concentrated by ultrafiltration prior to
diafiltration. In some aspects, ultrafiltration produces a concentrated composition comprising
between or between about 30 and 40 mg/ml, inclusive of the endpoints, of the antibody.

{137] Diafiltration may be used to remove, or decrease the concentration of, salts or solvents in
compositions or formulations of the present disclosure. Diafiltration may be continuous or
discontinuous. Regenerated cellulose membranes or polyethersulfone membranes can be
employed for diafiliration. Generally, these membranes, or cassettes, have a wide pH and
temperature range. Membranes used for diafiltration are typically avatlable in variety of
molecular weight cutofts including 1 kDa, 30 kD, and 100 kD>, In some aspects, the methods of
the disclosure employ membranes with a 30 kD molecular weight pore size. These membranes
may be equilibrated prior to diafiltration. In some aspects, the membranes are equilibrated with
sodium acetate. In some aspects, about 25 mM sodium acetate 1s used to equilibrate the
membranes. In some aspects, the membranes are equilibrated with sodium chloride. In some
aspects, about 240 mM sodium chloride 1s used to equilibrate the membranes. In some aspects,
237 oM sodium chloride 15 used. In some aspects, the membranes are equilibrated with a
trehalose solution. In some aspects, the trehalose solution comprises about 6% trehalose. In some
aspects, the trehalose solution comprises trehalose 1n water. Membranes may also be equilibrated
to a desired pH and conductivity. In some aspects, the membranes are equilibrated to a pH of
between or between about 4.5 and S.5, such as about 5.0. In some aspects, the membranes are
equibibrated to a conductivity of between or between about 20 and 30 mS/cm, such as about 25
mi/cm.

{138] In some aspects, diafiltration comprises exchanging the starting buffer composition of the
concentrated composition with an exchange solution. In some embodiments, the exchange
solution may be agueous. In some aspects, the exchange solotion comprises trehalose. In some
embodiments, the exchange solution comprises from about 4% to about 8% trehalose (w/v},
mclusive of the endpoints. In certain aspects, the exchange solotion comprises 6% trehalose

{w/v}) in water. In some aspects, the trehalose is 0,0 -trehalose. In some aspects, the exchange
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solution comprises polysorbate, including, as a non-limiting example, polysorbate 20. In some
aspects, a polysorbate composition comprising about 10% of polysorbate 1s used to produce a
final concentration of about .03% to about .05% polysorbate 20 in the exchange composition
and/or the trehalose composition. In some aspects, the exchange solution and/or trehalose
composition comprises a final concentration of .04% polysorbate. In some aspects, > S
diavolumes of the exchange solution may be used during diafiltration. As a non-limiting
example, the amount of the exchange solution used may be 5.1, 5.2, 53,54,55,56,57,5.8,
5.9,6.0,65,7.0,7.5, or 8.0 diavolumes.

1139} In some aspects, the trehalose composition comprises between or between about 30 g/L
and 40 g/L, inclusive of the endpoints, of the antibody. In some aspects, the trehalose
composttion comprises about 35 g/L of the antibody. In some embodiments, the trehalose
composttion comprises 35 ¢/ of the antibody.

[140] In some aspects, the trehalose composition has a pH of about 4.7 to about $.3, inclusive of
the endpoints. In certain aspects, the pH of the trehalose composition is about 5.0

{141} Additional process steps may be employed to increase recovery or improve quality of
products of UF/DF. For example, product loss may result from loss in the permeate due to
product that has passed through the membrauve, bound to the membrane and cannot be desorbed
prior 1o recovery, or product that is otherwise lost 1o the system. Recovery procedures may use
air, buffer, or gravity assist. As a non-limiting example, buffer recirculation may be used to
concentrate the product and improve recovery. Buffer recirculation methods may also be used to
depolarize membranes and improve product mixing. In some embodiments, a recirculation
pressure of <30 psig 15 used. In some embodiments, recirculation time may be <60 minutes. In
some embodiments, recirculation time 1s about 10 munutes. A plug flow rinse or chase may be
used 1o recover product that 1s lost 1n the equipment or system. This procedure can be used to
flush the product (protein, e.g. antibody) from the system. In some aspects, the volume of 6%
a,a-trehalose used in plug flow rinse or chase may be selected to produce a protein concentration
of about 30 g/L. In some aspects, the volume used in plug flow rinse or chase may be selected to
produce a protein concentration of about 28.5 to about 31.5 g/L, inclusive of the endpoints.

{142} In some embodiments, the method of the present disclosure also includes contacting the

trehalose composition with a phosphate composition to produce a pH adjusted composition.
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{143] In some aspects, the contacting step has a duration of between or between about 1 second
and 3600 seconds, inclusive of the endpoints. In some aspects, the contacting step has a duration
of between or between about 1500 and 2100 seconds, inclusive of the endpoints. In some
aspects, the contacting step has a duration of about 1800 seconds. Methods known in the art may
be used to increase the rate at which contacting occurs. Exemplary methods may include, but are
not limited to, the application of heat, pressure, or agitation to the trehalose composition. In
some embodiments, heat, pressure, or agitation may be applied to the phosphate composition.
{144} In some aspects, the phosphate composition has a pH of about 5.5 to about 5.9, inclusive of
the endpoints. In certain aspects, the phosphate composition has a pH of about 5.7. In some such
aspects, the phosphate composition has a pH of 574,

{145} In some embodiments, the phosphate composition of the present disclosure comprises
sodium phosphate. In some aspects, the phosphate composition comprises between or between
about 450 mM and 550 mM, inclusive of the endpoints, sodium phosphate. In some aspects, the
phosphate composition comprises about 500 mM sodium phosphate. In some such aspects, the
phosphate composition comprises 510 mM.

{146} In some aspects, the sodium phosphate is sodium phosphate monobasic. In some aspects,
the sodium phosphate is sodium phosphate dibasic. In some embodiments, the sodiurn phosphate
comprises sodium phosphate monobasic and sodium phosphate dibasic. In some aspects, the
phosphate composition comprises between or between about 50 and 60 g/L, inclustve of the
endpoints, of sodium phosphate monobasic. In some aspects, the phosphate composition
comprises about 35 g/L sodium phosphate monobasic. In some embodiments, the phosphate
composition comprises 38 g/L sodium phosphate monobasic. In some aspects, the phosphate
composition comprises between or between about 10 and 20 g/L., mclusive of the endpoints, of
sodium phosphate dibasic. In some aspects, the phosphate composition comprises about 15 g/L.
sodium phosphate dibasic. In some embodiments, the phosphate composition comprises 12 g/
sodium phosphate dibasic.

{147} In some aspects, the phosphate composttion comprises between or between about 40 and
80 g/L o,a’-trehalose, such as between or between about 50 and 70 g/L oo’ -trehalose. In some
aspects, the phosphate composition comprises about 60 ¢/L 0,0 -trehalose.

{148] In some aspects, the final concentration of sodium phosphate in the pH adjusted

composition 1s between about 40 mM and about 60 mM, inclusive of the endpoints. In some
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aspects, the final concentration of the sodium phosphate in the pH adjusted composition is
between 45 mM and 55 mM, inclusive of the endpoints. In some aspects, the final concentration
of the sodium phosphate in the pH adjusted composition 15 about 50 mM. In some aspects, the
final concentration of the sodium phosphate in the pH adjusted composition is or 18 about 51
mb

{149} In some aspects, the pH of the pH adjusted composition i1s between about 5.9 and about
6.3, inclusive of the endpoints. In some aspects, the pH of the pH adjusted composition is
between 5.9 and 6.3, inclusive of the endpoints. In some aspects, the pH of the pH adjusted
composition is or is about 6.2.

{150} In some embodiments, the method of the present disclosure includes formulating the pH
adjusted composition for delivery to a subject to produce a stable antibody composition. In some
aspects, the formulating step comprises adding aqueous solution {phosphate and/or polysorbate
solution). In some aspects, the formulating step comprises adding a non-ionic surfactant
{polysorbate 20).

{151} In some aspects, the pH adjusted composition comprises about 3.0 to about 3.5 % HMWS,
inclusive of the endpoints. In some aspects, the pH adjusted composition comprises about 3.20,
about 3.25, about 3.30, about 3.35, about 3 40, about 3.45, or about 3.50 % HMWS. In some
aspects, the pH adjusted composition comprises 3.20, 3.25, 3.30, 3.35,3.40, 345, or 3.50%
HMWS,

[152] Tn some embodiments, the method of the present disclosure includes formulating the pH
adjusted composition for delivery to a subject to produce a stable antibody composttion. In some
aspects, formulating comprises contacting the pH adjusted composition with a polysorbate
composition.

{153] In some aspects, the polysorbate composition comprises polysorbate 20.

{154} In some aspects, the polysorbate composition comprises about 10% of polysorbate. In
some embodiments, the polysorbate composition is used to produce a final concentration of
about .03% to about .05% polysorbate 20 in the stable antibody composition. In some aspects,
the stable antibody composition comprises a final concentration of .04% polysorbate.

{155] In some aspects, the present disclosure provides a stable antibody composition comprising
25 g/L of an antibody comprising a heavy chain comprising the aming acid sequence of SEQ ID

NQO:1 and a light chain comprising the amino acid sequence of SEQ ID NO: 2, 5.8 g/ sodium
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phosphate monobasic monohydrate, 1.2 g/L sodium phosphate dibasic anhydrous, 60.0 /L. a0~
trehalose dehvdrate, and .04% (v/v} polysorbate 20. In some embodiments, the stable antibody
compostiion comprises < 6% HMWS.

{156} In some aspects, the stable antibody composition has a final concentration of antibody of
between or between about 22.5 o/L and 27.5 ¢/L, inclusive of the endpoints. In certain aspects,
the stable antibody composition has a final concentration of about 25 g/L of the antibody. In
certain aspects, the stable antibody composition has a final concentration of about 0.04%
polysorbate 20. In certain aspects, the stable antibody composition has a final concentration of
0.04% polysorbate 20. In some embodiments, among the antibody comprised by the stable
antibody composition is a percentage of antibody monomers in active, native form, as well as a
percentage of antibody fragments, antibody aggregates, and denatured or partially denatured
antibodies that have reduced or no tumor necrosis binding activity. In some embodiments, the
stable antibody composition includes a maximal amount of functional antibody monomers and a
minimal amount of antibody fragments, aggregates, and structurally altered forms of the
antibody with reduced binding activity and/or therapeutic efficacy (relative to the unaltered
monomer).

{157} In some aspects, the stable antibody composition comprises about 3.0 to about 6.0%
HMWS, mnclusive of the endpomts. In some aspects, the stable antibody composition comprises
about 3.20, about 3.25, about 3.30, about 3.35, about 3.40, about 3.45, about 3.50, about 4.00,
about, 4.50, or about 6.00 % HMWS.

{138] In some aspects, the stable antibody composition accumulates between 0.25% and 0.50%,
mclusive of the endpoints, of HMWS per month after the formulating step. In some aspects, the
stable antibody composition mamtains < 15%, < 12%, < 10%, < 8%, < 7%, < 6%, or < 5%
HMWS for at least twelve, at least sixteen, at least eighteen, at least twenty four, at least thirty,
or at least thirty six months. In some aspects, the stable antibody composition comprises < 8%
HMWS more than twenty-four months after completion of the formulating step.

{159} In some aspects, the stable antibody composition comprises between 0.5% and 2.5%,
mclusive of the endpoints, oxidation of methionine residues of the amino acid sequence of SEQ
ID NO: 1 or the ammo acid sequence of SEQ ID NO: 2. In some aspects, the stable antibody
compostiion comprises < 2.5% oxidation of methionine residues of the amino acid sequence of

SEQ ID NO: 1 or the amino acid sequence of SEQ ID NG 2. In some aspects, the oxidation of
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methionine residues of the amino acid sequence of SEQ ID NO: 1 comprises oxidation of the
methionine at position 258 of SEQ ID NO: 1.

{160} In some aspects, the stable antibody composition has a pH of about 5.9 to about 6.3,
inclusive of the endpoints. In certain aspects, the stable antibody composition has a pH of about
6.1. In some embodiments, the stable antibody composition has a pH of 6.1.

{161} In some aspects, the stable antibody composition is stored at -20°C =+ 5°C within 60 days
following the completion of the formulating step or following a date of manufacture of the stable
antibody composition. The stable antibody composition may be stored at -20°C £ 5°C withun 30
days following the completion of the formulating step or following a date of manufacture of the
stable antibody composition. The stable antibody composition may be stored at -20°C = 5°C
within 15 days following the completion of the formulating step or following a date of
manufacture of the stable antibody composition. In some embodiments, compositions of the
disclosure, e.g., the stable antibody composition, may be stored at such temperatures for at least
about 3 months, at least about 6 months, at least about 9 months, at least about 12 months, at
least about 15 months, at least about 18 months, at least about 21 months, at least about 24
months or any minimal number of months 10 between. In some embodiments, during the storage
period, the antibody is stable and extubits minimal accumulation of HMWS, such that the stable
antibody composition may be removed from storage, administered to a patient, and still exhibit
therapeutic efficacy against the condition for which the stable antibody composition 1s
administered.

Methods of Treatiment

{162] In some embodiments, compositions and formulations of the present disclosure comprise a
therapeutically effective amount of the antibody. A therapeutically effective amount may vary,
depending on the disease or condition being treated upon admunustration of the antibody, and/or
depending on the characteristics of the subject to which the antibody 1s administered, such as
age, gender, height, weight, state of advancement or stage of the disease or condition, the number
and efficacy of previous administrations, other therapeutic agents administered to the subject,
and other characteristics that are known to the practitioner or that would otherwise be taken into
account in determining appropriate dosing. Typically, a therapeutically effective amount 1s an
amount that is effective to treat cancers such as non-squamous non-small cell lung cancer,

glioblastoma, renal cell carcinoma, cervical cancer, or epithelial ovarian, fallopian tube, or
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primary peritoneal cancer. In some aspects, compositions of the present disclosure may be used
to treat colon cancer, lung cancer, glioblastoma, rectal cancer, brain tumors, and renal-celi
carcinoma.

{163} In some aspects, compositions of the present disclosure may be used to treat eve conditions
or disorders, including, but not limited to those of the retina, sclera, vitreous, lens, pupil,
iris,cornea, choroid, optic nerve, retinal vasculature, cihiary body, or angle of the eye. In some
embodiments, the angle of the eye comprises the trabecular meshwork and associated structures.
In some aspects, compositions of the present disclosure may be used to treat eye conditions or
disorders wherein vascular endothelial growth factor (VEGY) 1s upregulated, dysregulated, or
hyperactive. In some aspects, compositions of the present disclosure may be used to treat eye
conditions or disorders, including, but not limited to, age-related macular degeneration, macular
edema, diabetic macular ederma (DME), retinopathy, diabetic retinopathy, myopic degeneration,
idiopathic choroidal neovascularization, inflammatory chorowdal neovascularization, retinal
neovascularization, polvploidal choroidal vasculopathy, eye neovascularization, branch retinal
vein occlusion (BRVO), central retinal vein occlusion, central serous chororetinopathy, retinitis,
retirutis pigmentosa, stargardt disease, usher syndrome, retinal degeneration, endophthaloutis,
familial exudative vitreoretinopathy, idiopathic juxtatoveal telangiectasis, lattice degeneration,
macular hole, persistent fetal vasculature, retinal artery occlusion, and retinoblastoma. In some
aspects, compositions of the present disclosure may be used to treat eye conditions or disorders,
mcluding, but not limited to, age-related macular degeneration, wet age-related macular
degeneration, and neovascular age-related macular degeneration.

[164] In some aspects, methods of treating wet age-related macular degeneration with stable
antibody compositions of the disclosure comprise inhibiting, preventing, or reducing vascular
growth n the eye. In some aspects, methods of treating wet age-related macular degeneration
with stable anttbody compuositions of the disclosure comprise inhibiting, preventing or reducing
vascularization of the eye.

{165] Stable antibody compositions of the disclosure may be administered through any
appropriate route including, but not limited to, oral routes, intravenous routes, inframuscular
routes, topically, subcutaneously, suprachoroidally, via eye drop, and direct absorption through
mucous membrane tissues. In some aspects, stable antibody compositions of the disclosure may

be administered as a solution for intravenous infusion. In some aspects, stable antibody
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compostiions of the disclosure may be administered as an intravitreal injection. In some aspects,
stable antibody compositions of the disclosure may be administered as an intravitreal infusion.
{166} In some aspects, stable antibody compositions of the disclosure may be administered
every 2 weeks. In some aspects, stable anttbody compositions of the disclosure may be
administered every 15 days. In some aspects, stable antibody compositions of the disclosure may
be administered twice a month. It is possible that limiting the % of HMWS in compositions of an
antibody would reduce the frequency of dose adnunistration necessary to achieve therapeutic
efficacy. Methods of the disclosure may produce compositions that are administered every 15-30
days. Methods of the disclosure may produce compositions that are administered about every 20
days. Methods of the disclosure may produce compositions that are administered about every
three, four, five, or six weeks. Methods of the disclosure may produce compositions that are
administered once a mounth or once every two months. In some aspects, stable antibody
compositions of disclosure may be administered for 52 weeks. In some aspects, stable antibody
composttions of the disclosure may be adnunistered for about 50 weeks. In some aspects, stable
antibody compositions of the disclosure may be administered for 4 weeks, 8 weeks, 16 weeks, 24
weeks, 30 weeks or 48 weeks. In some aspects, stable antibody composttions may be
admunmistered four, five, six, seven, eight, mine, 10, 12, 14, 16, 18, 20, or 25 times. [t 15 possible
that limiting the amount of % HMWS mn stable antibody compositions reduces the amount,
duration, or frequency of dose administration necessary to achieve therapeutic efficacy.

{167] In some aspects, stable antibody compositions of the disclosure have an approximate half-
bife of 11-50 days. In some aspects, stable antibody compositions of the disclosure have an
approximate half-hife of 20 days. It 18 possible that houting the amount of % HMWS 1n stable
antibody compositions 1ncreases their half-life. Methods of the disclosure may produce
compostiions with a halt-life 1, 2, 3, 4, 5, 10, 15, 20, or more days longer than antibody
compositions produced by conventional methods.

{168] Suitable compositions may contain antibody 1soforms or combinations thereof along with
one or more pharmaceutically acceptable carriers and/or pharmaceutically acceptable excipients.
1169} The invention also features methods for treating a tumor in a subject in need thereof by
admunistering a therapeutically effective amount of any of the antibody formulations described or
exemplified herein. Preferably, the antibody formulations are used in methods for treating

cancers such as platinum-resistant recurrent epithelial ovarian, fallopian tube, or primary
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peritoneal cancer, persistent, recurrent, or metastatic cervical cancer, metastatic colorectal

glioblastoma, or

pa]

cancer, metastatic HERZ negative breast cancer, metastatic renal cell carcinoma
non-small cell lung cancer (NSCLC). Therapeutic efficacy 1s attained, for example, by the
bevacizumab antibody present in the administered formulation. Administration of the antibody
formulation may be according to any suttable route, preferably by injection, and more preferably
by intravenous injection. Admunisiration may be carried out under the direction or supervision
of a medical practitioner.

{170] The invention also features methods for treating an eve condition or disorder in a subject in
need thereof by administering a therapeutically effective amount of any of the antibody
formulations described or exemplified herein. Preferably, the antibody formulations are used in
methods for treating eye conditions or disorders, including, but not limited to those of the retina,
sclera, vitreous, lens, pupil, itis, cornea, choroid, optic nerve, retinal vasculature, cihary body, or
angle of the eve (including the trabecular meshwork and associated structures). In some aspects,
compositions of the present disclosure may be used to treat eve conditions or disorders wherein
vascular endothelial growth factor (VEGYF) 15 upregulated, dysregulated, or hyperactive. In some
aspects, compositions of the present disclosure may be used to treat eve conditions or disorders,
mncluding, but not limuted to, age-related macular degeneration, macular edema, diabetic macular
edema (DME), retinopathy, diabetic retinopathy, myopic degeneration, idiopathic choroidal
neovascularization, inflammatory choroidal negvasculanzation, retinal neovascularization,
polyploidal choroidal vasculopathy, eve neovascularization, branch retinal vein occlusion
{BRVQ), central retinal vein occlusion, central serous chortoretinopathy, retinitis, retinitis
pigmentosa, stargardt disease, usher syndrome, retinal degeneration, endophthalmitis, famihal
exudative vitreoretinopathy, idiopathic juxtafoveal telangiectasis, lattice degeneration, macular
hole, persistent fetal vasculature, retinal artery occlusion, and retinoblastoma. In some aspects,
compositions of the present disclosure may be used to treat eye conditions or disorders,
mcluding, but not limited to, age-related macular degeneration, wet age-related macular
degeneration, and neovascular age-related macular degeneration.

{171} The antibody formulations described and exemplified herein may be foruseas a
medicament. The antibody formulations described and exemplified herein may be for use in the
manufacture of a medicament for the treatment of one or more of a cancer such as platinum-

resistant recurrent epithelial ovarian, fallopian tube, or primary peritoneal cancer, persistent,
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recurrent, or metastatic cervical cancer, metastatic colorectal cancer, metastatic HERZ2 negative
breast cancer, metastatic renal cell carcinoma, ghoblastoma, or non-small cell lung cancer
(NSCLC). The formulations may be for use in the treatment of platinum-resistant recurrent
epithehial ovarian, fallopian tube, or primary peritoneal cancer. The formulations may be for use
in the treatment of persistent, recurrent, or metastatic cervical cancer. The formulations may be
for use in the treatment of metastatic colorectal cancer. The formulations may be for use in the
treatment of metastatic HER2 negative breast cancer. The formulations may be for use in the
treatment of metastatic renal cell carcinoma. The formulations may be for use in the treatment of
glioblastoma. The formulations may be for use in the treatment of non-small cell lung cancer
{(NSCLC). The antibody formulations described and exemplified herein may be for use in the
manufacture of a medicament for the treatment of one or more of an eve condition or disorder,
including, but not imited to those of the retina, sclera, vitreous, lens, pupil, iris, cornea, choroid,
optic nerve, retinal vasculature, ciliary body, or angle of the eve (including the trabecular
meshwork and associated structures). In some aspects, formulations of the present disclosure
may be used to treat eyve conditions or disorders wherein vascular endothelial growth factor
(VEGF) 15 upregulated, dysregulated, or hyperactive. In some aspects, formulations of the
present disclosure may be used to treat eve conditions or disorders, including, but not himited to,
age-related macular degeneration, macular edema, diabetic macular edema (DME), retinopathy,
diabetic retinopathy, myopic degeneration, 1diopathic chorotdal neovascularization,
mflammatory choroidal neovascularization, retinal neovascularization, polyploidal choroidal
vasculopathy, eye neovascularization, branch retinal vein occlusion (BRV(), central retinal vemn
occlusion, central serous chorioretinopathy, retinttis, retinitis pigmentosa, stargardt disease, usher
syndrome, retinal degeneration, endophthalmitis, famihial exudative vitreorstinopathy, 1diopathic
Juxtafoveal telangiectasis, lattice degeneration, macular hole, persistent fetal vasculature, retinal
artery occlusion, and retinoblastoma. In some aspects, formulations of the present disclosure may
be used to treat eye conditions or disorders, including, but not limited to, age-related macular
degeneration, wet age-related macular degeneration, and neovascular age-related macular
degeneration.

{172} The invention also features kits. The kits may be used, for example, to practice any of the
methods described or exemplified herein. In some aspects, a kit comprises any antibody

formulation described or exemplified herein, and instructions for using the antibody formulation
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in any of the methods or uses described or exemplified herein. The kit may comprise a device
for imjecting the antibody formulation o a subject, including but not limited to a syringe and
needle, or catheter.

{173} The instructions included with the kit may include instructions for administering the
antibody formulation in a method for treating platinum-resistant recurrent epithelial ovarian,
fallopian tube, or primary peritoneal cancer, including mstructions for injecting the antibody
formulation into a platinum-resistant recurrent epithelial ovarian, fallopian tube, or primary
peritoneal cancer patient in need thereof. In some aspects, the instructions included with the kit
may include mstructions for administering the antibody formulation in a method for treating
persistent, recurrent, or metastatic cervical cancer, including instructions for injecting the
antibody formulation into a persistent, recurrent, or metastatic cervical cancer patient in need
thereof. In some aspects, the instructions included with the kit may mnclude mstructions for
administering the antibody formulation in a method for treating metastatic colorectal cancer,
including instructions for injecting the antibody formulation into a metastatic colorectal cancer
patient in need thereof. In some aspects, the nstructions included with the kit may include
nstructions for administering the antibody formulation m a method for treating metastatic HER2
negative breast cancer, including instructions for injecting the antibody formulation 1nto a
metastatic HER2 negative breast cancer patient in need thereof In some aspects, the mstructions
mcluded with the kit may include mstructions for administering the antibody formulation in a
method for treating metastatic renal cell carcinoma, including mstructions for injecting the
antibody formulation mto a metastatic renal cell carcinoma patient in need thereof. In some
aspects, the instructions mcluded with the kit may include mstructions for adounistering the
antibody formulation in a method for treating ghioblastoma, mcluding mstructions for njecting
the antibody formulation into a ghioblastoma patient 10 need thereof In some aspects, the
mstructions included with the kit may include mstructions for administering the antibody
formulation in a method for treating non-small celf lung cancer (NSCLC), including instructions
for injecting the antibody formulation into a non-small cell lung cancer (NSCLC) patient in need
thereot. The instructions included with the kit may include instructions for administering the
antibody formulation in a method for treating an eye condition, including, but not limited to
those of the retina, sclera, vitreous, lens, pupil, 11s, cornea, choroid, optic nerve, retinal

vasculature, ctliary body, or angle of the eve (including the trabecular meshwork and associated
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structures). In some aspects, compositions of the present disclosure may be used to treat eye
conditions or disorders wherein vascular endothelial growth factor {(VEGF) 1s upregulated,
dysregulated, or hyperactive. In some aspects, the mstractions included with the kit may include
mstructions for administering the antibody formulation 1n a method for treating eve conditions
or disorders, including, but not limited to, age-related macular degeneration, macular edema,
diabetic macular edema (DME), retinopathy, diabetic retinopathy, myopic degeneration,
idiopathic choroidal neovascularization, inflammatory choroidal neovascularization, retinal
neovascularization, polyploidal choroidal vasculopathy, eve neovascularization, branch retinal
vein occlusion (BRVO), central retinal vein occlusion, central serous chororetinopathy, retinitis,
retinitis pigmentosa, stargardt disease, usher syndrome, retinal degeneration, endophthalmitis,
familial exudative vitreoretinopathy, idiopathic juxtafoveal telangiectasis, lattice degeneration,
macular hole, persistent fetal vasculature, retinal artery occlusion, and retinoblastoma. In some
aspects, the nstructions included with the kit may include mstructions for administering the
antibody formulation in a method for treating eye conditions or disorders, including, but not
limited to, age-related macular degeneration, wet age-related macular degeneration, and
neovascular age-related macular degeneration,

{174} The following examples are provided to describe the invention m greater detail. They are

intended to iHusirate, not to limit, the mvention.

Example 1 - Materials and Methods

{175} Introduction. Antibody ONS-5010 represents a biostmular of bevacizumab, and has been
reformulated for enhanced storage stability. It 15 believed that the buffered formulation may, at
the very least, reduce aggregation of the antibody during long-term storage. 1t 18 believed that
the buffered formulation may reduce both the non-covalent and covalent dimerization of the
bevacizumab molecule. Bevacizamab marketed as Avastin® (Genentech, Inc.) 1s formulated in
a sodium phosphate buffer, including trehalose as a stabilizer, and including a mild surfactant
and an acidic pH of 6.2, The experimental approach described below included development
work to reformulate bevacizumab for enhanced colloidal stability. Significant enhancement in
stability and, particularly with respect to a reduction in aggregation, was attained by changing the

buffer and the pH.
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1176} Dynamic Light Scattering (DLS). The DLS testing method used a Wyatt DynaPro™ Plate
Reader to provide information on protein size distribution and overall colloidal stability in
solution. Hydrodynamic radius provided information on the presence of aggregation and
confirmation of the molecule’s structure m solution. DLS testing provided an orthogonal
measure of size distribution in solution under non-denaturing conditions.

{177} Differential Scanning Calorimetry (DSC). Differential scanning calorimetry measured the
melting transitions for the protein and, thus, provided information on protein thermal stability in
solution. Calorimetry was performed using a GE VP Capillary DSC system. The protein was
heated from 25 °C to 95 °C at an optimized scan rate allowing the melting transitions {(Tm) to
occur while the protein is unfolding. A buffer control was heated alongside the sample and used
to calculate melting temperatures and transitions. The DSC profile was typical of antibodies and
demonstrated that the protein folded into distinet domains.

[178] Size Exclusion Chromatography (SE-HPLC). SE-HPLC was used to monitor antibody
size varant distribution. The SE-HPLC testing method separates proteins based on size. Species
eluting before the monomer peak were aggregates (HMWS) and peaks eluting after the monomer
peak were degradants (LMWS).

[179] Species were separated using a TSK3000SWxi 7. 8mm x 300mm column (Tosoh
Bioscience Cat# 08541}, with a tlow rate of 0.5mL/nmin and a run tirse of 30 minutes; column at
ambient temperature. The mobile phase comprised ¢ 2M potassium phosphate and 0.25M
potassium chioride and a pH of 6.2. There were two forms of sample iyection - neat injection
10ul. @ 25 mg/mL and dilute injection 100ul. @ 0.5 mg/mL (Neat injection measures the total
aggregates including reversible aggregates, dilute mnjection measures the dimers primarily of
covalent nature). Dilute samples were diluted with the mobile phase A (0.2M potassium
phosphate, 0.25M potassium chloride, pH 6.2) to 0. 5mg/mL.

{180} Samples were incubated for 24 hours prior to analysis at 30 °C. The autosampler
temperature was mamtained at 30 °C for the entire duration of the run.  Data were analyzed at
280nm,

{181} Cation Exchange Chromatography (CEX). Bevacizumab samples were diluted in mobile
phase A and digested with carboxypeptidase B. Species were separated using a cation-exchange

HPLC column. A gradient was performed with mobile phase A and mobile phase B using a flow
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rate of 0.5mL/minute. Column temperature was maintained at 40 °C and samples were
maintained at 2-8 °C. Data was analyzed at 280nm.

{182} Particuiate Content (Fluid Imaging). The Fluid Imaging (FI) system 15 an integrated
system for rapidly analyzing particles in a moving fluid. The system automatically counts,
umages, and analyzes the particles or cells in a sample or a continuous flow. In the FI system, the
sample is drawn into the flow chamber by a pump. Using the laser in Autolmage Mode, the FI
system monitored the light scatter of the passing particles. The camera was set to capture images
synchronously at a user defined interval. The scatter detection values were then saved by
VisualSpreadsheet (in addition to all other particle properties and the image). The computer and
digital signal processor work together to initiate, retrieve and process images of the field of view.
{183} Osmolality. An Osmometer was used to measure the osmolality of buffer and protein
solutions by means of freezing-point measurement. 1t utilized high-precision thermisters o sense
the sample temperature, to control the degree of super cooling and freeze induction, and to
measure the freezing point of the sample. Sample requirement was 20ul. per measurement.

[184] Intrinsic Fluorescence. Intrinsic Fluorescence Spectroscopy 1s a non-invasive biophysical
characterization method that provides information on the tertiary structure of the protein. This
method measured the degree of unfolding of the protein structure. Intensity and maximum
wavelength of a protein sample (for example tryptophan emission) were determined on the
fluorescence spectrometer. Test 600uL of O Img/mL protein solution per replicate. Emission
scan: Excitation at 295nm, start at 310nm end at 450um.

{185} HUVEC Cell Based VEGF Neutralization Assay. The primary mecharmism of action of
the anti-angiogenesis monocional antibody bevacizumab s to bind to VEGF and prevent binding
to s cognate receptor. In this way, bevacizumab neutralizes the abihity of VEGF to induce
endothehal cell proliferation; therefore, potency of an anti-VEGF antibody can be quantified by
its ability to inhibit VEGF-induced proliferation of cells. In the HUVEC cell-based potency
assay, fixed concentrations of VEGF are incubated with serially diluted drug. Bevacizumab
binds to VEGF 1n a dose dependent manner, making VEGF unavailable for other binding
mteractions. This drug-VEGF cocktail 1s then added to HUVEC cells seeded in multi-well plates
and further incubated for continued proliferation. During incubation, HUVEC cells proliferate in
a VEGF concentration-dependent manner. At low drug concentrations, more VEGF is available

and therefore proliferation is high and vice versa. Antibody dose-dependent inhibition of
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HUVEC cell proliferation 18 assessed by quantifying the number of viable cells at the end of
imcubation. The VEGF neutralization assay is a relative assay in which the potency of samples is
measured relative to a reference standard. The assay consisis of three independent assay plates.
In each plate, the cell viability data of standard and samples are fit to 4P logistic models to
generate sigmotidal curves with independent curve parameters using statistical software; standard
and sample curve parameters are compared to assess curve parallelism and when deemed
parallel, the relative potency of test articles is calculated. The final reported value 1s an average
of three independent values that are within acceptable vanabtlity.

{186} VEGF Binding Immunoassay. The primary mechanism of action of the anti-angiogenesis
monoclonal antibody bevacizumab 1s to bind to VEGF and prevent binding to its cognate
receptor, thereby inhibiting VEGF mediated mitogenic effects on vascular endothelial cells. This
neutralization of VEGF by bevacizumab inhibits the angiogenesis process, which i turn
suppresses tumor survival and progression. Therefore, potency of an anti-VEGTF antibody can be
quantified by measuring its binding to VEGF i an ELISA. In this assay, a fixed concentration of
VEGF s first coated on multi-well plates. After blocking non-specific binding sites, the
immobihized VEGF 15 reacted with serially diluted Reference standard and Test sarmaples. The
unbound antibody 1s washed away and the wells are incubated with horseradish peroxidase
(HRP) coryugated anti-kappa light cham antibody which binds to the VEGF-Antibody
complexes. Next, the unbound secondary antibody 1s washed away and the wells are incubated
with 3,3°.5,5 - Tetramethylbenzidine (TMB) HRP sobstrate to produce a colored product. The
color development i3 quenched by adding phosphoric acid and the absorbance values are read.
The optical density {O.D.) values obtained are directly proportional to the amount of sample
bound to VEGF. The VEGF binding assay 18 a relative assay n which the potency of samples 15
measured relative to a reference standard. The assay consists of two independent assay plates. In
each plate, the O.D. data of standard and samples are fit to 4P logistic models to generate
sigmotdal curves with independent curve parameters using statistical software; standard and
sample curve parameters are compared to assess curve parallelism and when deemed parallel, the
relative potency of test articles 1s calculated. The final reported value 18 an average of two

independent values that are within acceptable variability.
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Example 2 - Effect of Buffer, Stabilizers, and pH on Bevacizumab Conformational and

Colloidal Stability

{187} Inmitial experiments evaluated the buffer components for the conformational and colloidal
stability of bevacizumab. It was determuned that citrate, phosphate, and acetate buffers are ideal
for stability of bevacizumab. Moreover, individually these buffers exhibited a protective effect
towards aggregation of bevacizumab that 15 induced by heating or shaking related stress. Further
experiments evaluated if a combination of these buffers {citrate, phosphate and acetate) exhibited
superior stabilizing effects. A citrate phosphate buffer produced significantly lower aggregates
(including covalent type dimers) and lower charge species relative to the sodium phosphate
buffer in the bevacizumab match composition {matched to the formulation of the commercially
available Avastin® formulation}.

{188] The effect of the trehalose stabilizer in a 50 mM sodium phosphate buffer was compared
with alternative stabilizers, including sucrose, sorbitol, mannitol, and glycine. Conformational
stability of the antibody in the different stabilized butfer composition was then assessed by DSC
(Fig. 1), These data are presented in Table 1, and show that all of the stabilizers tested were

equal to or better than trehalose.

{189} Table 1. Alternative conformational stabilizing agents in sodium phosphate buffer.

Buffer Al conditions: SﬂmM Final T, Ty
Ceonditions sodinm phosphate Buffer pH
1 Trehalose 60 mg/mL (maich) 6.20 73.3 835
2 Trehalose 25 mp/mL 6.26 73.0 83.0
3 Sucrose 23 mg/mL 6.13 72.9 82.9
4 Sucrose 60 mg/mkL 6.11 73.4 83.4
3 Sorbitol 25 me/mL 6.19 73.1 82.9
6 Sorbitol 60 mg/mL 6.12 3.6 83.5
7 Manmitol 25 mg/mL 6.19 73.0 832
3 Manmitol 60 mg/mL 6.03 73.7 83.4
9 Glyveimne 16 mg/mL 6.11 73.5 833
10 Glyeine 25 mg/mL 6.05 73.9 83.6

{190} The alternative stabilizers (sucrose, sorbitol, mannitol, and glycine) were next used with

the citrate phosphate buffer, and the conformational stability of the bevacizumab antibody was
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assessed by DSC. The data are presented in Table 2, and show that the alternative stabilizers in a

citrate phosphate buffer were equal to or better than the bevacizumab match formulation.

{191} Table 2. Alternative conformational stabilizing agents in citrate phosphate (C/P) buffer.

Buffer Sample pH Tml Tm2
Condition
1 Bevacizumab $6.20 733 835

maich: 50 M
sodinm phosphate,
Trehalose 60 mg/mL

2 50 mM C/P sucrose 6.15 73.0 83.0
60 gm/mb

3 50 mM C/P sorbitol 6.14 73.3 83.3
o0 mg/inl

4 56 mM /P 6.11 73.3 83.2

mannitel 60 mg/nb

5 3¢ mM C/P glycine 6.1 73.5 83.6

25 mg/mb

{192} Using the citrate phosphate buffer with trehalose as the stabilizing agent, the effect of pH
on the conformational stability of the antibody (bevacizumab} was assessed. BSC was used to
measure the antibody stability. The data, presented in Table 3, show that the unfolding
temperatures for Bevacizumab as measured 1in each formulation composttions are comparable to
that observed for the Bevacizumab maich composition, but only at pH of greater than 5.6 (5.6,
5.8,6.0,6.2). Atlower pH {(particularly 5.0), an early unfolding event takes place at lower
temperature of about 65 °C, thus making such lower pH {(below 5.6) unsuitable for formulation

of bevacizumab.

{193} Table 3. Effect of pH on bevacizumab thermal/conformational stability 1n a 50 mM citrate

or 50 mM citrate phosphate buffer.

Sample ;‘;“’“i Buffer | 2ot | Tm2 | Tm3
Bevacizumab Match 6.20 73.4 83.5
35mM Cit Treh 60 mg/mb. pH 5.8 5.79 723 83.0
50mM Cit Treh 60 mg/mbL pH 5.0 499 653 711 79.6
S0mM Cit Treh 60 mg/mL pH 5.2 513 71.5 30.9
50mM Cit Treh 60 mg/mL pH 5.4 532 71.9 82.0
50mM Cit Treh 60 mg/mL pH 5.6 5.51 72. 82.4
50mM Cit Treh 60 mg/ml. pH 5.8 5.70 72.2 82.8
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50mM Cit Treh 60 mg/mL pH 6.0 5.93 72.3 82.8
50mM Cit Treh 60 mg/mL pH 6.2 6.13 72.4 83.0
50mM C/P Treh 60 mg/mL pH 5.0 5.08 722 81.2
50mM C/P Treh 60 mg/mL pH 5.2 525 72.5 81.9
S0mM C/P Treh 60 mg/mL pH 5.4 543 72.8 82.3
S0mM C/P Treh 60 mg/mL pH 5.6 5.66 72.8 83.1
S0mM C/P Treh 60 mg/mbL pH 5.8 592 72.9 83.1
50mM C/P Treh 60 mg/mL pH 6.0 6.13 73.0 832
50mM C/P Treh 60 mg/mL pH 6.2 6.26 73.1 83.4

{194] Parallel experiments evaluated acetate as the buffering agent. Acetate was assessed at
concentrations of S mM, 15 mM, and 25 mM, with variable pH (Tables 4 and 5). These
experiments compared sucrose {60 mg/ml) and trehalose (60 mg/ml) as the stabilizing agent.
Stability of the bevacizumab molecule m each composition was then assessed by DSC. The data
are shown in Tables 4 and 5. It was observed that increasing the molarity of acetate lowered the
Tm, and mncreasing the pH also lowered the Tm (Tables 4 and 5). Enhanced conformational

stability was shown for pH 5.6 and 5.8 {Table 5).

{195} Table 4. Conformational stability of bevacizumab in acetate trehalose buffered

formulations.

Sample Final pH Tmi Tm2
Bevacizumab Match 50 mM Phosphate pH
6.2 6.20 73.4 83.5
S mM Acetate 159 mM Treh. pH 5.6 3.51 74.2 83.3
15 mM Acetate 159 mM Treh. pH 5.6 3.52 73.9 33.3
25 mM Acetate 159 mM Treh. pH 5.6 5.56 73.8 83.0
5 mM Acetate 159 mM Treh. pH 5.8 578 74.1 83.5
15 mM Acetate 159 mM Treh. pH 5.8 5.77 74.0 833
25 mM Acetate 159 mM Treh pH S8 5.76 73.8 83.3
5 mM Acetate 159 mM Treh. pH 6.0 5.93 74.1 83.6
15 mM Acetate 159 mM Treh. pH 6.0 5.91 73.9 33.4
25 mM Acetate 139 mM Treh. pH 6.0 3.97 73.8 ’3.7
5 mM Acetate 159 mM Treh. pH 6.2 6.11 74.1 83.8
15 mM Acetate 159 mM Treh pH 6.2 615 73.8 83.8
25 mM Acetate 159 mM Treh pH 6.2 6.14 73.6 838
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{196] Table 5, Conformational stability of bevacizumab in acetate sucrose buffered

formulations.
Final pH
Actual @ 0.5
Sample Buffer pH meg/imh Tmi Tm2
Bevacizumab Match

3¢ mM Phosphate pH 6.2 6.20 6.20 73.4 83.7
3 mM Acetate

60 mg/mL Suc pH 3.6 3.57 372 741 834
15 mM Acetale

60 rag/mbL Suc pH 3.6 5352 360 73.9 §3.0
5 mM Acetate

60 mg/mL Suc pH 3.4 5.76 592 741 834
15 mM Acetate

60 mg/mL Suc pH 3.8 5.73 5.80 739 8373

Example 3 - Storage Stability in Citrate Phosphate Buffered Trehalose and Acetate Sucrose

Formulations

{197} Four buffered formulations were selected to assess long-term storage stability of the

bevacizumab molecule over 18 months. These formulations were run in parallel with the

bevacizumab match/reference formulation {condition 1). Storage conditions were as follows:

antibody at ~25 mg/ml (neat} or diluted; storage at 5 °C, 30 °C, or

°C; shaking at 150 RPM at

room temperature; and freeze/thaw (20 °C to room temperature, for three cycles). The

formulations tested are listed below:

Condition 1; Bevacizumab {Avastin®) Match
50 mM Sodium Phosphate

159 mM Trehalose

0.04% polysorbate 20

pH 6.20

.8, with Sterile water for injection

Condition 2. Bevacizumab Citrate Phosphate, pH 5.8

50 mM Citrate Phosphate

159 mM Trehalose

0.04% Polysorbate 20

pH 5.80

Q.5. with Sterile Water for injection

Condition 3. Bevacizumab Citrate Phosphate, pH 6.0

]
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50 mM Citrate Phosphate

159 mM Trehalose

(0.04% Polysorbate 20

pH 6.0

(2.8, with Sterile Water for injection

Condition 4. Bevacizumab Acetate. pH 5.6
15 mM Acetate

175 mM Sucrose

0.04% Polysorbate 20

pH 5.60

.8, with Sterile Water for injection

Condition 5 Bevacizumab Acetate, pH 5.8
15 mM Acetate

175 mM Sucrose

0.04% Polysorbate 20

pH 5.80

Q.5. with Sterile Water for injection

[198] Stability of the antibody under each storage condition was tested by a battery of routine
analytical and extended characterization assays, including but not limited, to size exclusion
chromatography (SEC), cation exchange chromatography (CEX), CE-SDS, HUVEC cell based
VEGF neutralization assay, VEGF binding immunoassay and particulate count (PC). Size
exclusion chromatography was used to assess the percentage of antibody monomers, the
percentage of total aggregates {covalent and non-covalent), and the percentage of degradants.
The comparative stability of both formulation types were assessed along with the bevacizumab
{Avastin®) reference/match composition. Samples on long term storage stability stored at 5 °C
+3 °C over 18 months, mndicate that both the citrate phosphate based compositions (Conditions 2
and 3} and the acetate buffer based compositions (Conditions 4 and S} are more stable than
Avastin® match composttion (Fig. 2A; Fig. 2A (1); Fig 2A (11); Table 6). Figure 2B, Figure 2B
(1), Figure 2B (11} and Table 7 indicate the measured covalent dimers 13 present in all five
bevacizumab biosimilar compositions, however Conditions 2, 3, 4 and 5 have lower covalent

dimers than those present in the bevacizumab match composition (condition 1) (Table 7).
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{199} Table 6. Total aggregates in bevacizumab biosimilar formulations (long term stability at 5

°C) as measured by SE-HPLC (neat injection).

F@rmuigt?on % Aggregates
Compostiiion
Time {at 5°C) | Condition 1 | Condition 2 | Condition 3 (/anltmn Condition 5
T0 6.0 3.1 3.5 5.7 6.2
2 Months 6.3 3.4 3.8 3.4 4.9
3.5 Months 6.3 33 39 3.4 4.9
7 Mouths 6.5 3.5 4.0 3.6 4.9
12 Months 6.4 3.4 4.6 3.0 4.1
18 Months 7.0 39 4.3 34 4.6

{200} Table 7. Covalent dimers in bevacizumab biosimilar formulations (long-term stability) as

measured by SE-HPLC (dilute injection).

g;);?;giiﬁgz % Covalent Dimer
Time {at 5°C)y | Condition1 | Condition 2 | Condition 3 | Condition4 | Condition 5
TO 1.7 1.7 1.7 1.3 1.4
3.5 Months 2.0 2.4 1.9 2.3 2.0
7 Months 2.3 2.2 2.5 2.1 2.2
12 Months 2.4 2.1 2.1 1.7 1.9
18 Months 2.5 2.5 2.6 2.1 2.3

{201} Acidic charged species as measured by cation exchange chromatography (CEX)) were also
tested for all samples during the 18-month long storage stability study {Table 7 (1); Figure 2B
{u}; Figure 2B (1v) and Figure 2B {v)). Across all 5 compositions, the charged species
particularly the acidic charged species did not vary significantly over the 18 months of storage at

5°C.
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{202} Table 7 (i). % Acidic Species in bevacizumab biosimilar formulations {long term stability)

as measured by CEX-HPLC.

PCT/US2019/027790

{i?;iiiﬁj:: % Acidic Species
Time {at 5°C) | Condition 1| Condition2 | Condition3 | Condition 4 | Condition 5
10 22.9 257 26.5 269 26.7
3.5 month 28.3 27, 231 284 279
7 month 292 288 291 294 29.4
12 month 29.7 28.6 290 265 289
18 month 28.7 273 273 276 274

1203} The relative potency for bevacizumab biosimilar formulations as measured by HUVEC
cell based VEGF neutralization assay were found to be within 90 — 110 % for all conditions
{condition 2-5) as compared to Condition 1 {Table7 (11)). This finding also confirms that the
potency of the formulations {condition 2-5) 1s not affected due to alterations in formulation
composition and 1s equivalent to the formulation of Avastin composition over 18 months of

storage at 2-8 °C.

1204} Table 7 (ii}. Relative potency for bevacizumab biosimtlar formulations (conditions 1 to 5)
as measured by the HUVEC cell based VEGF neutralization assay after 18 months of storage at

2-8 °C.

Sample Description Relative Potency Compared to Condition 1

Condition 1 100
Condition 2 103
Condition 3 101
Condition 4 100
Condition 5 99

{205} The relative potency for bevacizumab biosimilar formulations as measured by VEGF
binding Immunoassay were found to be within 90 — 100 % for all conditions {(condition 2-5) as
compared to Condition 1 (Table 7(iit}). This finding also confirms that the potency of the
formulations (condition 2-5) 15 not affected due to alterations in formulation composition and 1s

equivalent to the formulation of Avastin composition over 18 months of storage at 2-8 °C.
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{206] Table 7 (it} Relative potency for bevacizumab biosimilar formulations {(conditions 1 to 5}

as measured by the VEGF binding Immunoassay after 18 months of storage at 2-8 °C.

Sample Deseription Relative Potency Compared to Condition 1
Condition 1 100%
Condition 2 95%
Condition 3 93%
Condition 4 97%
Condition 5 97%

{267} Samples on accelerated storage stability (30°C) indicate that both the citrate phosphate
based compositions and the acetate buffer based compositions are more stable than the
bevacizumab {Avastin®) match composition (Fig. 2C and Fig. 2D; Tables 8 and 9). Figure 2D
and Table 9 indicate there are measurable covalent dimers in all five bevacizomab biosimilar
compositions. All biosimilar formulation conditions (2-5) were found to have lower covalent
dimers than those present in the bevacizumab match composition,

{2068} Table 8. Total aggregates in bevacizumab biosimilar formulations (accelerated stability at

30 °C) as measured by SE-HPLC (neat injection).

formuigﬁan % Agaregates
Composition =
Time {at 30°C) | Condition 1 | Condition 2 | Condition 3 | Condition 4 | Condition 5
TO 6.0 3.1 35 5.7 6.2
Day 7 6.1 3.3 33 3.8 5.3
Day 14 6.6 3.5 4.1 3.9 5.7
3.5 Months 8.3 4.6 5.3 4.1 6.2

{209} Table 9. Covalent dimers in bevacizumab biosimilar formulations {accelerated

stability @30 °C) as measured by SE-HPLC (dilute mnjection).

F ?E'ﬁl'glgtion % Covalent Dimer
Condition
Time (at° 30C) | Condiion 1 | Condittion 2 | Condiion 3 | Condition 4 | Condition 5
TO 1.7 1.7 1.7 £.5 1.4
2 Months 3.6 2.8 3.0 2.3 2.5
3.5 Months 4.0 3.2 37 2.7 32
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{210} Samples on accelerated storage stability {37 °C) indicated that both the citrate phosphate
based compositions and the acetate buffer based compositions are more stable than the
bevacizumab match composition (Fig. 2F and Fig. 2F; Tables 10 and 11). Figure 2F and Table
11 indicate the presence of measurable covalent dimers 1n all five bevacizumab biosimilar
compositions. Nevertheless, all conditions (2-5), have lower covalent dimers than those present
i the bevacizumab match composition.

{211} Table 10. Total aggregates in bevacizumab biosimilar formulations (Accelerated stability

at 37 °() as measured by SE-HPLC (neat injection).

Formulation 04 Avoresates
Composition Aggregates
Time (at 37°C) | Condition 1 | Condition 2 | Condition 3 | Condition4 | Condition 5
TO 6.0 3.1 3.5 57 6.2
Day 7 6.7 3.4 4.0 3.9 5.7
Day 14 7.3 3.9 4.6 4.0 6.2
Day 21 7.8 4.2 4.9 4.3 6.2
Day 28 3.3 4.4 51 472 5.6
2 Months 9.9 52 5.9 4.6 6.4

{212} Table 11, Covalent dimers 1n bevacizumab biosimuar formulations (accelerated stability at

37 °C) as measured by SE-HPLC (diute injection).

gg;iggzggi % Covalent Dimer
Time (at 37°C) | Conditton 1 | Condition 2 | Condition3 | Condition4 | Condition 5
To 1.7 1.7 1.7 1.5 14
2 Months 5.1 3.7 38 3.0 3.2

{213} Samples on stress testing (shaking at room temperature at 150 rpm), indicate that both the
citrate phosphate based compositions and the acetate buffer based compositions are more stable
than the bevacizumab (Avastin®) match composition (Fig. 2G and Fig. 2H; Tables 12 and 13).
The Acetate-Sucrose composition {condition 3) had a slightly higher percentage of aggregate,
indicating that the pH of 5.6 1s preferred for formulation stability of bevacizumab over pH 5 8.
Figure 2H and Table 13 indicate the measured covalent dimers 1n all five bevacizumab
biosimilar compositions. All conditions (2-5), were observed to have lower covalent dimers than

those present in the bevacizumab (Avastin®) match composition.
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{214] Table 12, Total aggregates in bevacizumab biosimilar formulations {shaking at 150 rpm)

as measured by SE-HPLC (neat injection).

Formulation % Aggregates
Composition
Time (shaking Condition 1 Condition 2 | Condition 3 | Condition 4 | Condition 5
at 150 rpmy

16 6.0 3.1 3.5 5.7 ‘

Day 7 6.4 33 3.9 4.0 5.3
Day 14 6.5 32 4.0 4.0 6.0
Day 21 6.7 3.8 4.3 4.2 5.7

{215] Table 13, Covalent dumers in bevacizumab biostmular formulations (shaking at 150 rpm)

as measured by SE-HPLC (dilute injection).

Formulation % Covalent Dimer
Composition
Time {(shaking | Condition 1 Condition 2 | Condition3 | Condition 4 | Condition 5
at 150 rpny

TO 1.7 1.7 1.7 1.5 5
Day 21 2.8 2.2 2.4 2.0 21

{216} Samples on stress testing (freeze/thaw testing) indicate that both the citrate phosphate
based compositions and the acetate butfer based compositions are equivalent to the bevacizumab
{Avastin®) match composition with regard to offering protection against freeze/thaw stress (Fig.
21 and Fig. 2J; Tables 14 and 15}. The Acetate-Sucrose composition {condition 5} had a slightly
higher percentage of aggregate, indicating that the pH of 5.6 1s preferred for formulation stability
of bevacizumab over pH 5.8. Figure 2J and Table 15 indicate the presence of measurable

covalent dimers in all five bevacizumab biosimilar compositions.  All conditions (2-5), had

lower covalent dimers than those present in the bevacizumab match composition.
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Table 14, Total aggregates i bevacizumab biosimilar formulations {shaking at 150 rpm} as

measured by SE-HPLC (neat injection).

Formulation % Aggregates

Composition

Freeze/thaw Condition 1 Condition 2 | Condition 3 | Condition4 | Condition 5
stress testing

TO 6.0 3.1 35 5.7 6.2

cyele 1 RT/- .

20°C 0.1 ) 3.8 3.7 52

cycle 3 RT/-

20°C 6.2 3.2 37 3.6 5.8

{217} Table 15. Covalent dimers in bevacizumab biosimilar formulations (Freeze/thaw stress)

as measured by SE-HPLC (dilute injection).

Formulation % Covalent Dimer
conditions Conditi
Freeze/thaw Condition 1 Condition 2 | Condition 3 | Condition 4 5 -ondition
stress testing ;
T0 1.7 17 1.7 1.5 1.4
cyele 1 RT/- - i
20°C L7 17 17 Lo 16
“ > '/..
cyﬂciﬁe&hl, 17 7 1 6 o
20°C 1.6 1.8 1.7

Buffered Trehalose and Acetate Sucrose Formulations

{218] Biophysical properties of the four buffered biosimilar test formulations were assessed in
parallel with the bevacizumab match reference formulation. Biophysical properties including but
not himited to those tested by Differential Scanning Calonimetry (DSC), Dynamic hight scattering
(DLS), Fluorescence Spectroscopy {Int. F1} were assessed. Sinularity of biosimilars was
assessed by several orthogonal tools, with these biophysical methods being one such approach
within the orthogonal analvtical methods to assess biosimilarity. Orthogonal tools mdicate the
biophysical properties of four buffered formuiations of bevacizumab biosimilar (condition 2-5)
were similar or better to that of bevacizumab match composition {condition 1).

{219} The melting temperatures and, hence, the thermal unfolding pattern for bevacizumab in all

formulations is similar with a Tm1 of about 73 °C and Tm2 of about 83 °C (Table 16}). This
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indicates that all the developed formulation conditions offer similar conformational stability to
bevacizumab. Ultimately 1t 1s the long term stability study (18 months storage at 5 °C) as
described tn Example 3, which conclusively identifies conditions 2-5 as formulations (F.e.
compositions) wherein Bevacizumab is more stable and less prone to aggregation.

{220} Table 16. Conformational stability of bevacizumab biosimilar formulations compositions

as measured by DSC.

Formulation Actual

\e Sample Buffer Tml Tm2
Condition

pH

1 Bevacizumab Match 6.2 733 833
2 Bevacizumab Citrate Phosphate pH 5.8 5.8 72.8 82.8
3 Bevacizumab Citrate Phosphate pH 6.0 6.0 72.4 82.9
4 Bevacizumab Acetate pH 5.6 5.6 73.5 83.1
S Bevacizumab Acetate 5.8 5.8 73.6 83.3

{221} Dynamic Light Scattering (DLS) based assessment of the hydrodynamic properties of
bevacizumab biosimilar in all four formulation conditions was assessed in comparison to
bevacizumab match composition {condition 1). The hydrodynamic radius of bevacizumab
biosumnilar increases from about 6 nm to 7 nim {at a concentration of 15 mg/ml) 1n conditions 1-3
{Table 17, Figure 3). The acetate conditions, 4 and S, showed notable different size trends as
compared to the bevacizumab match composition (condition 1}, indicating a better collowdal
stability. While the hydrodynamic size in the citrate phosphate conditions, 2 and 3, the trend was
similar to the bevacizumab match condition (condition 1), the reversible aggregate and covalent
dimer formation trends (long term storage over a duration of 18 months and accelerated
temperature storage stability as described in example 3) indicate it offers better protection

against aggregation.
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{222} Table 17, Hydrodynamic size {(average) and diffusion coefficient (average) as measured

for different formulation conditions by DLS.

Formulation Condition § | Condition 2 Condition 3 Condition 4 | Condition 5
7 o i e s ¥ e e e [ N R~ T b R~
Target B QP2 DErEr QErErOErlEe OF
: B BEH e 8« EHe B« BHeEme @ He 5 8 H-
dalzsted Tl 208 NT0S i 20 (D06 e 2R (D06 EE””@& =66 EEWG
] . o, S, B e = B e = < 2. R
Protein i o & =3 o3 g o
S trati = = = = = = = = = =
“oncentration = = = = =2
{mg/mi)
S 4308- i 424E- 329E- 2.51E-
1.6 56 ();3‘1: 5.7 ();3% 5.6 0;2% 7.6 Oi/‘)“’h 61 | 1B
T T SETEN TR T
2.0 61 037‘”& 6.4 Oﬁg% 6.3 Oi;g“t 62 “7'8 E 7.5 (}37 E
Pl 1T N 4 D4AF - ) 3.82E-
20 o (;:9{ 6o (;.mx o (;.GUE 60 (}to E 64 (j%s..E
3.39E- 331E- , 333E- 20E- 4.13E-
10.0 7.2 (;,f)h 72 (;,ﬁ E 7.0 (3"3 E 58 O‘imh 59 oi 3k
X A 2/ / !
. . 3 27E- 3.25E- 321E- .| 444E- . §47E-
150 T I 7.4 o 7.4 09 55 | g 5.5 ;
200 Se | 3BE- |, 306E- | .4 3.05E- - 4.76E- <3 4.60E-
- & 07 07 07 oy 07
3.00E- 281k~ ) 283E- - 1.92E- . 473E-
357 ¢ o g5 : 7 - 51 : 2 :
337 8O oy 8. 07 8.7 07 oy > 07

Note: The Rh indicated in bold here are multimodal measurements.

1223} Intrinsic fluorescence spectroscopy indicates all formulation conditions offering similar
conformational stability to bevacizumab as the match composition {condition 1) {Table 18 and
Fig. 4} The key biophysical descriptors of this test {absorbance maximum and wavelength
maximum} are similar for all formulation conditions.

{224} Table 18, Intrinsic fluorescence spectra for all formulation conditions indicating the

average peak maximum and the absorbance

Tryptophan - 295/310

. ‘ Averag

F ormqlation Formulation Description Pe;; g;ex Average
Condition (nm) Absorbance
1 Bevacizumab Match 341 542.6

2 Bevacizumab Citrate Phosphate pH 3 8 338 502.7

3 Bevacizumab Citrate Phosphate pH 6.0 336 522.3

4 Bevacizumab Acetate pH 5.6 337 5185

5 Bevacizumalb Acetate pH 5.8 336 557.6

{225} Bevacizumab has been shown to have a significant sensitivity to even subtle changes m pH
leading to mmcreased amounts of aggregates present either in process intermediates or 1n the drug
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substance if not controlled. Antibody ONS-5010 represents a biosimilar of bevacizumab, and
the ultrafiltration/diafiltration process has been improved to enhance storage stability. The
specified pH range for of the final formulation for ONS-5010 1s 5.9-6.3. It has been observed
during ONS-5010 development that pH values approaching 6.2 and beyond carry a continued
mncrease in Yo HMWS. Furthermore, bevacizumab exhibits an additional phenomenon of
“reversible aggregation.” A portion of the total % HMWS species present in the drug substance
over time at the prescribed storage condition (2-8°C) will proceed towards an aggregated state
until an equilibrium s reached. This presents an added concern around the shelf-life of the drug
substance or product upon storage. Therefore, the development of the manufacturing process for
ONS-5010 was designed primarily around understanding and maintaining an acceptable amount
of % HMWS throughout. The examples below detail the development of the final unit operation
in the downstream manufacturing process; ultrafiltration/diafiltration (UF/DF) followed by
formulation and final filtration.

Fxample 85: Conventional UF/DF

[226] A series of experiments were performed to determine the most effective processing
method. An initial set of experiments was performed to deternune it a conventional UF/DF
process in which ONS-5010 was concentrated and diafiltered nto Final Formulation Buffer
(FFB) would be feasible. The conditions are shown in Table 19

Table 19, Process Variables and Analytical Results for a Conventional TFF Process

Parameters Condition (N=3)
Membrane Type Regenerated Cellulose, PES
Membrane Cut off 30kD
Mass Load (g/m?) 100 — 150
.. e . FER, FFB +0.02 % (viv -
Conditions Dhafiltration Buffer FEB, FEB Oééz 7o (VIV) PS
Diavolumes >5
Na(l Concentration of Load Material . -
e 118 — 237
(mM)
Procedure ONS-5010 f.&mcen‘{{gﬂon at Diafiliration 12 - 30
(o/L)
Operating TP 14-16
Parameters Feed Flux (LMH) 240 - 720
{Dnafiltration) {Cross Flow Rate (LMH) 198 — 645
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Table 20: Analytical Resulis for a Conventional TFF Process

Intermediate Run i Roan 2 Run 3

Load Material 2.34 1.05 1.14
BDS 5.73 5.29 4.68

A % HMWS +3.39 +4.24 +3.54

{227} The majority of the HMWS increase was observed during the diafiltration (Figure 6 and
Table 20). In this step, material that was origmally in an acetate solution with a pH of 5.0 and
conductivity of 25 mS/cm was exchanged mto the Final Formulation Buffer, which had a pH of
6.1 and conductivity of about 3.7 mS/cm.

Eftects of pH and Conductivity on Ageregation

{228} An experiment was performed to parse out the impact of pH and conductivity, using the
operating conditions in Table 21, Starting material was concentrated to approximately 30 g/L
and an aliquot was taken for titration to a final pH of 6.1 using 0.5 M sodium phosphate, pH 8.0
{(Figure 7). This mcreased the pH while having a negligible impact on the conductivity, resulting
m a HMWS increase of approximately 2.2 %. The remaining concentrate was diafiltered nto

6 % (m/v) trehalose in water, resulting in a decrease 10 conductivity from 25 mS/cm to
approximately 1 mS/cm with no significant change in pH. Aggregate levels remained unchanged
(Figure §; data points 1 and 2), establishing that when the conductivity changes during
diafiltration and pH remains constant, the HMWS 18 not impacted. The recovered material from
the UF/DF step 1n 6 % {w/v) trehalose was later diluted to the final protein concentration and
phosphate content using 0.5 M sodium phosphate 1n 6 % (w/v) a0 trehalose and FFB without
PS-20 to target an approxiumate protein concentration of 25 ¢/L. and phosphate molarity of 51
mM. During these additions, the HMWS mcreased by 1.64 % (Figure 8), which correlates with
the HMWS mcrease observed during the pH adjustment of the aliquot removed post
concentration {Figure 7). Polysorbate-20 was added to achieve a final concentration of 0.04 %
(v/v})and did not result in an increase in aggregation. Lastly, the BDS was 0.2 um filtered using
a vacuum filtration unit, which caused an additional increase in aggregation of 0.50 %, This
experiment demonstrated that the root cause of the majority of the HMWS increase during the

UF/DF step results from the change in pH of the material.
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Table 21. Process Variables and Analytical Results for Diafiltration in o,0” Trehalose

, Dhafiltration in oo Trehalose
Parameters - (
Experiment
Lot# B140101/03-D14
Membrane Type PES, 30 kD
Mass Load {g/m?) 150
Conditions Daafiltration Buffer 6 % {w/v) a0 Trehalose i water
Diavolumes 53
Loading Material Neat
Operating TMP (psi) 15
Parameters Feed Flux {LMH) 576
{(Diafiltration} Cross Flow Rate (LMH) 530

Fable 22: SEC-HPLC Results for Diafiltration in o, Trehalose

o . Diafiltration in oo
Intermediate ,
Trehalose
Start Material 1.57
Prefiltered BDS 3.02
BDS 3.14
A Y HMWS 1.95

Fxample 6: Two Diafiltration Steps

[229] An experiment was designed with two duafiliration steps to determine f an immediate pH
change would prove more robust than the gradual increase seen n the conventional UF/DF
process. Three conditions were tested {Table 22). In the first, a phosphate spike was
admunistered after two diavolumes of 6 % (w/v) o,0”-Trehalose 1in water, and was followed by 5
diavolumes of FFB, without PS-20. This allowed for an immediate pH change (via the spike)
but with further diafiltration that should result in a robust, reproducible pH and phosphate
concentration. In the second condition, the second diafiltration step was performed in 42 mM
Sodium Phosphate Monobasic, 2 mM Sodium Phosphate Dibasic, 6 % (w/v) a,a-Trehalose (pH
5.5). The remaining Sodium Phosphate Dibasic was spiked in after recovery to adjust the pH to
target. Finally, a condition was tested in which 2 diavolumes of 6 % (w/v) o,0”-Trehalose in

water were followed with 5 diavolumes of FFB. The results are shown 1in Table 23.
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Table 23. Process Variables: Tweo Diafiltration Steps

T/US2019/027790

Parameters Condition 1 Condition 2 Condition 3
Adjustafter 2DV in 6% 2DV 1rn . 6% ('w”" Trehalose 2DV in6%oaa’-
s - S + 5 DV 1n sodium phosphatel,. 0
Procedure 0,0 ‘nirehaios‘e, follow 1 Dibasic adjustment after hehaiose, foiiow
with 3 DV in FFB with S DV 1o FFB
recovery
Number of Runs 1 1 2
Conditions
Membrane PES
Surface Area (m°) 0.02 0.3
Mass Load {g/m?) 200 | 200 200
Buffer #1 6 % {(w/v) a,a-Trehalose in water
Diavolumes 2.7 2.1 23-24
42 mM Sodium Phosphate
Monobasic, . :
Buffer #2 FFB without PS-20 2 mM Sodium Phésphate Fr W'féem Ps-
Dibasic,
6 % {(w/v) a,u-Trehalose
Diavolumes St 5.2 50-54
Adjustment (.51 M Sodium Phosphate] Solid Sodium Phosphate JA
Solution pH 5.74 Dibasic i
Duafiltration Operating Parameters
T™MP 15
Feed Flux (LMH) 240

Table 24. SEC-HPLC Results: Two Diafiltration Steps

Intermediate Condition 1 Condiiion 2 Condition 3
Load 0.82 1.17 1.17
BDS 2.58 2.60 3.18 2.86

A% HMWS 1.76 1.78 2.01 1.69

238} All three conditions resulted in a significant increase in % HMWS that, although lower
; g

than in the conventional UF/DF experiment, indicated that any diafiltration performed in sodium

phosphate results in an increase in % HMWS. Based on the results of this experiment, all further

experiments were performed using 6 % (w/v) a,u-Trehalose in water for diafiltration with the

addition of phosphate and polysorbate-20 after recovery to adjust the retentate into the BDS

formulation (5.8 g/L sodium phosphate monobasic, monochydrate, 1.2 g/L sodium phosphate

dibasic, anhydrous, 60 g/l o,a-trehalose, 0.04% polysorbate 20, pH 6.1).
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Example 7: Impact of Final pH on the Levels of HMWS in the BDS
{231} In order to confirm the impact of final pH on the levels of HMWS in the BDS, an

experiment was performed in which the diafiliration was performed in 6 % a,a-Trehalose in
water and the recovered retentate was adjusted to pH 5.5, 5.7, 5.9, and 6.1. Sodium Phosphate
{0.5 M, pH 9), 2M HEPES, pH 9, and 1N NaOH were used for adjusting the pH to see if the
solution had an impact on % HMWS, or f pH was the sole driver of the increase in % HMWS
{Figure 9).

{232} The results in Figure 9 confirm that the pH of the BDS had a substantial impact on the %
HMWS, with higher % HMWS as the pH increases. The solution components did not seem o
have an impact on the % HMWS, further evidence that pH was the primary driver of the %
HMWS increase.

Example 8: Impact of Protein Concentration durings pH Adiustment on % HVMWS

{233} An experiment was performed to determine if the protein concentration during pH
adjustment had an impact on % HMWS. The diafiltration was performed in 6 % a,0-Trehalose
i water. After recovery, the retentate was diluted to 25, 28, or 30 g/L using 6 % o,u-Trehalose
i water. The 25 g/L and 30 g/L portions were then divided into three aliquots, and the
phosphate was adjusted. The 28 g/L portion was divided into four aliquots; three underwent
normal phosphate adjustment but the fourth was performed by adding powdered monobasic
sodium phosphate and disodium phosphate to reach a final sodium phosphate concentration of 51
mM, pH 6.0.

{234] The results in Figure 10 show that there was no impact on % HMWS when the
concentration of the recovered ONS-5010 retentate varied from 30 — 25 ¢/L. The results for the
28 /L concentration additionally indicated that the composition of the phosphate spike did not

appear to impact the level of % HMWS.
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Example 9: Final UF/DF Process
{235} Three runs were performed to confirm the updated process at the 0.02 m? model scale

using the parameters cutlined in Table 27 and the process outlined in Figure 11. The sodium
phosphate and polysorbate components were added via Equations 1 — 4. The results from the
three runs are shown in Table 26. The results from the confirmation runs were positive. The
final solution contained 5.83 ¢/L Sodium Phosphate monobasic and 1.22 g/L Sodium Phosphate
dibasic. The final phosphate concentration in all runs was 51 mM and the final Polysorbate-20
concentration in all runs was 0.04 % v/v. The % HMWS was higher in all cases than previous
studies, due to a change in assays to measure the reversible as well as trreversible aggregate.
The pH, conductivity, concentration, and % HMWS were all extremely consistent across the

three runs indicating that the UF/DF process was robust and reproducible.

Table 25. Process Pavameters for UF/BF and Filling of BIS

Step Description Process Parameter Target Range
Membrane Pore Size (kDa) 30
Membrajﬁ ¢ Membrane Type PES
Preparation - - -
Equilibration volume (L/m?) 5 NA
Membranc loading (g/m®) NA <500
Feed flow rate (all operations) (LMH) 375 <450
Ultrafiltration Retentate Pressure (psi) 3 <25
Operating TMP (all operations) (psig) 15 <20
UF end concentration (g/L) 35 30 - 40
Lo . Solution & Yo (w/v) a0’ -Trehalose in water
Diafiltration T ; 5
Diafiltration volumes 5 >3
Recirc-Pr (psig) NA <30
Recire-Time (min) i0 <60
Butfer flush-Pr (psi NA <30
Concentration- <Buj STMTE \DSIE <3
Depolarizaiton Buffer flush-Time (min) 10 <60
Protein concentration pre-adyustment (g/L) 35 30 - 40
o , PN Calculated fo achieve protein
Plug-Flow Chase Volume (ml) concentration of 30 = 1.5 ¢/L
Sedium Phosphate Protein conceniration {g/L), post adjustment 25 225275
and Polysorbate 20 Final Permeate/Retentate pH 6.2 59-63
Addition Final Permeate/Retertate cond. (mS/cm) 3.5 3.5+1
Post Concentration Diepth Filter MCE/Borosilicate Glass®
Filtration and Final | Post Concentration Depth Filter Capacity 75 <95
. , 2 225
Fill (L/mH)
Termunal Filter Membrane Material PYVDF
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Terminal Filier Membrane (L/m%) 50 <50
Flax (LMH) 360 <300
<60 daysat S £3°C

Short Term Storage

Must be stored at -20 = 5°C
within 60 davs from date of
manufachire
"5 | oW

Hold Time for BDS o o
Long Term Storage

Expected step vield (%)
aFilter media was Mixed Cellulose Esters with a pre-filter using borosilicate glass

Eqguation 1: Calculation for Sodium Phosphate Addition

F
SR

v A

17
P OBIM Sodiam Phosphars stock o

» ;= the volume of recovered retentate from the UF/DF

Equation 2: Calculation for Polysorbate-20 Addition

.
i
Iy m—
I’iw S PE—30 stpal
A N For Ty ST > 49
25

Vi = the volume of recovered rotentate after adding 0.51M Sodium Phosphate Stock Solution

Equation 3: Determination of the Final Yolume

Taes Wi
iR HES

P}

»,""‘!
%)
e

Vet = the total volume required to reach the target protein concentration of 25g/L (L},
« (= the concentration of the recovered malenial after adding 0.3IM Sodium Phosphate and
Polysorbate 20 Stock Sohation (g/L).

V.5 = the volume of the recovered material after adding 0.518 Sodivm Phosphate and Polysotbate 20

stock solution and right before the dilution (L).
Eguation 4. Calculation for Protein Concentration Diluent Addition

R —— ’ S : o N LI S
FEFRinmogwithFE-I8 Y FFR {ng BE—28) — ¥ finad Ygis

Vire awim psom = Velume of Final Formulation Buffer with 6.04% (u/v) PS 20 required 1o ditute the
protein concentration to 25g/L and to achieve Vi calculated in Equation 3 (L),

Vinat = the otal vohame calculated in Equation 3 (L)
Vi = the vohume of the recovered material after adding 0.51M Sodium Phosphate and Polysorbate 20

stock solution and right before the dilution (L).

Table 26: Results from the UF/DF Confirmation Runs

Attribute Specification] Run 1 Run 2 Run 3

pH 5.9-63(6.2) 6.0 6.0 6.0
Conductivity (mS/cm) N/A 3.98 3.88 3.84
[Protein] {mg/mL} 23-27.54{25) 252 24.6 249
SEC-HPLC Methods THM-0026 (main peak) and TM-0033 (HMWS)
%Main Peak {(monomer) > 95 98.5 98.6 98.5
% HMWS <5 4.5 4.6 4.7

Met258 <2 1.3 1.2 1.3
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Table 27: Parameters for the UF/DF Confirmation Runs

Parameters Values

Membrane PES (Pall Centramate Omega)
Surface Area (m?) 0.02
Mass Load (g/m?) 200
Duafiltration Buffer & % {w/v) a,a-Trehalose in water

Diavolumes 5
Feed Flux (LMH) 240

TMP (psi) 15

{236} The process described in Table 27 was shown to be a robust, reproducible process, albeit
with a low membrane load and feed flow rate. The membrane load is a factor of the desired
process time and the permeate flux (volume of permeate over time). The permeate flux s
nfluenced by the feed rate (LMH), retentate pressure/Trans-membrane pressure, and the
viscosity of the material. In order to determune the optimum conditions necessary for the
maximum amount of matertal in the mumimum membrane area over a reasonable time frame, two
optunization experiments were performed. The first was to determune the impact of flux and
flow rate on product quabity {as deternuned by mcrease m % HMWS), and the second was to

determine an acceptable membrane load for the process.

Example 10 Impact of Flux and Feed Rate on Product Ouality

{237} Flux rates were obtained for feed rates of 100, 200, 300, 400, and 500 LMH at retentate
pressures of 0, 5, 10, 15, 20, and 25 psi. Retentate pressure control was chosen over TMIP as
TMP was determuned by retentate pressure. The experimental parameters are shown in Table 28
Results are shown in Figures 12 — 14, Figure 12 shows the initial permeate thix vs. retentate
pressure curves for five feed flow rates at the inttial ONS-5010 concentration. Figure 13 shows
the flux vs. retentate pressure curves for five feed flow rates, also at the mitial ONS-5010
concentration. Figure 14 shows the flux vs. retentate pressure curves for five feed flow rates
with ONS-5010 concentrated to approximately 50 g/L.. The experiment mdicated that permeate
flux did not increase significantly with additional retentate pressure under any of the conditions

tested; therefore the retentate pressure was set at Spsi.

<74 -
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Table 28: Impact of Flux and Feed Rate Experiment

Parameters Values
Membrane PES (Pall Centramate Omega)
Surface Area ( ) 01
Mass Load (2/m?) 200
Initial Concentration 23 oL
{o/L) i
Final C()ngeritratl ot 30 o/L
{g/L) -
Duiafiltration Buffer 6 Y% {w/v) a,a-Trehalose 1n water
Diavolumes 3
Flow Rate (LMH) 300 375 450
Retentate Pressure {pst) S

Example 11: Impact of Concentration on the Diafiltration Process

{238} The optimum concentration for diafiltration (DF) 1s typically one that allows the smallest
volume with the largest permeate tlux. The DF Optunuzation parameter is deternuned by
multiplying the concentration by the permeate flux. The maximum number obtained is the
optimum concentration at which to perform the UF/DF. Figure 15 demonstrates that in the range
tested, concentration did not affect the permeate flux, 1.e. the DF optimization factor continued to
mcrease. Therefore, the previous target of diafiltration at 35 g/l was mamtained. Thus,
combined with the phosphate addition process resulted in a robust and reproducible UF/DF

process.

Example 12: Determination of Accepiable Membrane Load

[239] A membrane load of 500 g/m” was identified as a target, and the following experiment was
performed to evaluate it at multiple flow rates. These were tested against the control condition.
A sample of material after the SDV UFDF and system flush was spiked to 51mM Phosphate and
0.04% tween 20 as per process A0 and syringe filtered prior to SEC-HPLC analysis (Table 30).
As shown in Table 30, the change i HMWS did not increase with increasing feed flow rates,

and all three runs were comparable with respect to HMWS with the control run {Run 4).

i
~]
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Table 29: Determination of Accepiable Membrane Lead
Parameters Bun i RBupn 2 Bun 3 Control
Merobrane PES (Pall Centramate Omega)
Surface Area (nt') 0.02
Mass Load {g/m?} 500 L 200
Diafiltration Buffer 6 Yo {w/v) o,a~-Trebalose 1n water
Diavolumes 3
Flow Rate (LMH) 300 | 375 | 450 240
Retentate Pressure (psi) 5 N/A
TMP (psi) N/A 15

Table 30: Results from determination of acceptable membrane load

Attribute HMWS HMWS LMWS
Sample | Start | BDS A Start | BDS | Start | BDS
Run i 2.2 6.0 3. 97.7 93.9 0.05 0.05
Run 2 2.3 6.1 3.8 977 93.9 .05 0.04
Run 3 2.7 6.1 3.4 973 93.9 0.05 0.04
Run 4 2.7 6.4 3.7 972 935 0.06 0.05

Example 13: Comparative study befween ONS-5010 and avastin formulations

{240} The potency of ONS-5010 was compared to alternative bevacizumab formulations

mncluding Avastin formulated for use in the U.S. and formulated for use in the E.U. Figure 16

demonstrates the concentration-time profile of ONS-5010, U.S -licensed Avastin, and EU .-

hicensed Avastin as the mean. The vertical line at time zero denotes dosing. These results

demonstrate a high degree of similarity between the three products.
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We claim:
i A buffered antibody formulation comprising an antibody comprising a heavy chain
comprising the amino acid sequence of SEQ ID NG: 1 and a light chain comprising the amino

acid sequence of SEQ ID NO: 2 for use in treating an eye disorder in a subject.

2. The formulation for use, according to claim 1, wherein the eye disorder is a disorder of
the retina, sclera, vitreous, lens, pupil, iris, cornea, choroid, optic nerve, retinal vasculature,

cihiary body, or angle of the eye.

3. The formulation for use, according to claim 1, wherein the eye disorder is a disorder of

the retina or choroid.

4. The formulation for use, according to claim 3, wherein the eye disorder of the retina or
choroid 15 age-related macular degeneration, macular edema, diabetic macular edema (DME),
retinopathy, diabetic retinopathy, moyvopic degeneration, idiopathic choroidal neovascularization,
inflammatory choroidal neovascularization, retinal neovascularization, polvploidal choroidal
vasculopathy, eye neovascularization, branch retinal vein occlusion (BRVO), central retinal vein
occlusion, central serous chortoretinopathy, retinitis, retinitis pigmentosa, stargardt disease, usher
syndrome, retinal degeneration, endophthalmutis, famulial exudative vitreoretinopathy, 1diopathic
juxtafoveal telangiectasis, lattice degeneration, macular hole, persistent fetal vasculature, retinal

artery occlusion, or retinoblastoma.

5. The formulation for use, according to claim 3, wherein the eye disorder of the retina or
choroid is age-related macular degeneration, wet age-related macular degeneration, or

neovascular age-related macular degeneration,

6. The formulation for use, according to claim 3, wherein the eye disorder of the retina or

chorotid is wet age-related macular degeneration.
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Ay

The formulation for use, according to claim 3, wherein the eye disorder of the retina or

choroid is macular edema.

3 The formulation for use, according to claim 1, wherein the buffered antibody formulation
1s administered to the subject orally, intravenously, intravitreally, intramuscularly, topically,
subcutaneously, suprachoroidally, via eve drop, or via direct absorption through mucous

membrane issues.

9. The formulation for use, according to claim 8, wherein the buffered antibody formulation

is administered to the subject by an intravitreal injection.

10, The formulation for use, according to claim 1, wherein the buffered antibody formulation

is admunustered to the subject 1, 2, 3,4, 5, 6,7, 8,9, 10, 15, 20, 28, 29, 30, or 31 times per month.

i1 The formulation for use, according to claim 1, wherein the buffered antibody formulation

is administered to the subject everv 1, 2,3, 4, 5,6, 7, 8,9, 10, 11, or 12 weeks.

12, The formulation for use, according to claim 1, wherein the buffered antibody formulation

18 adminustered to the subject for a period of time lasting 4, 8, 16, 24, 36, or 52 weeks.

13. The formulation for use, according to claim 1, wherein the buffered antibody formulation

1s administered to the subject for a period of time lasting 1, 2, 3, 4, S or 10 vears.

14, The formulation for use, according to claim 1, wheren the buffered antibody formulation

have a half-life of 10 to 50 days.

15 The formulation for use, according to claim 1, wherein the formulation comprises from

about 10 mg/ml to about 50 mg/ml of the antibody.

16. The formulation for use, according to claim 1, wherein the formulation comprises from

about 15 mg/ml to about 35 mg/mli of the antibody.
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17. The formulation for use, according to claim 1, wherein the formulation comprises from

about 23 mg/ml to about 27 mg/mli of the antibody.

18. The formulation for use, according to claim 1, wherein the formulation comprises from

about 24 mg/ml to about 27 mg/ml of the antibody.

19. The formulation for use, according to claim 1, wherein the formulation comprises from

about 25 mg/ml to about 26 mg/ml of the antibody.

20. The formulation for use, according to claim 1, wherein the formulation comprises about

25.5 mg/ml of the antibody.

21 The formulation for use, according to claim 1, wherein the formulation comprises about

25 mg/ml of the antibody.

22. The formulation for use, according to claim 1, wherein the formulation comprises from

about 30 mM to about 70 mM of citrate phosphate.

23, The formulation for use, according to claim 1, wheremn the formulation comprises from

about 40 mM to about 60 mM of citrate phosphate.

24, The formulation for use, according to claim 1, wherein the formulation comprises from

about 483 mM to about 52 mM of citrate phosphate.

25. The formulation for use, according to claim 1, wherein the formulation comprises from
about 49 mM to about 51 mM of citrate phosphate.
26. The formulation for use, according to claim 1, wherein the formulation comprises from

about 50 mM to about 51 mM of citrate phosphate.
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27. The formulation for use, according to claim 1, wherein the formulation comprises from
about 30 mM to about 70 mM of sodium phosphate.
28, The formulation for use, according to claim 1, wherein the formulation comprises from

about 40 mM to about 60 mM of sodium phosphate.

29. The formulation for use, according to claim 1, wherein the formulation comprises from

about 48 mM to about 52 mM of sodium phosphate.

30. The formulation for use, according to claim 1, wherein the formulation comprises from

about 49 mM to about 51 mM of sodium phosphate.

31 The formulation for use, according to claim 1, wherein the formulation comprises from

about 50 mM to about 31 mM of sodium phosphate.

32. The formulation for use, according to claim 1, wherein the formulation comprises sodium
phosphate monobasic, sodium phosphate dibasic, or both sodium phosphate monobasic and

sodium phosphate dibasic.

33. The formulation for use, according to claim 1, wherein the buffer comprises about 50

mM of sodium phosphate.

34, The formulation for use, according to claim 1, wherein the buffer comprises about 51

mM of sodium phosphate.

35. The formulation for use, according to claim 1, wherein the formulation comprises from

about 120 mM to about 180 mM of trehalose.

36. The formulation for use, according to claim 1, wherein the formulation comprises from

about 140 mM to about 180 mM of trehalose.

- &0 -
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The formulation for use, according to claim 1, wherein the formulation comprises from

about 150 mM to about 170 mM of trehalose.

38

The formulation for use, according to claim 1, wherein the formulation comprises from

about 157 mM to about 161 mM of trehalose.

39

The formulation for use, according to claim 1, wherein the formulation comprises from

about 158 mM to about 160 mM of trehalose.

40, The formulation for use, according to claim 1, wherein the formulation comprises about
159 mM of trehalose.
41, The formulation for use, according to claim 1, wherein the formulation comprises about

160 mM of trehalose,

42.

The formulation for use, according to claim 1, wherein the formulation comprises from

about 0.02% (v/v} to about 0.06% (v/v) of polysorbate 20.

43.

The formulation for use, according to claim 1, wherein the formulation comprises from

about 0.03% {v/v} to about 0.05% (v/v) of polysorbate 20.

44.

The formulation for use, according to claim 1, wherein the formulation comprises about

0.04% (v/v) of polysorbate 20.

46.
5.8.

The formulation for use, according to claim 1, wherein the formulation has a pH of about

The formulation for use, according to claim 1, wherein the formulation has a pH of about

- 81 -
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47, The formulation for use, according to claim 1, wherein the formulation has a pH of about
6.

48, The formulation for use, according to claim 1, wherein the formulation has a pH of about
6.1.

49, The formulation for use, according to claim 1, wherein the buffer comprises from about

11 mM to about 19 mM of sodium acetate.

50. The formulation for use, according to claim 1, wherein the buffer comprises from about

13 mM to about 17 mM of sodium acetate.

51 The formulation for use, according to claim 1, wherein the buffer comprises from about

13 mM o about 16 mM of sodium acetate.

52. The formulation for use, according to claim 1, wherein the buffer comprises about 13

mM of sodium acetate.

53 The formulation for use, according to claim 1, wherein the formulation comprises from

about 165 mM to about 185 mM of sucrose.

54. The formulation for use, according to claim 1, wheremn the formulation comprises from

about 170 mM to about 180 mM of sucrose.

55. The formulation for use, according to claim 1, wherein the formulation comprises from

about 174 mM to about 176 mM of sucrose.

56. The formulation for use, according to claim 1, wherein the formulation comprises about

175 mM of sucrose.

57 A kit comprising;

.82 .
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a} a buffered antibody formulation comprising an antibody comprising a heavy chain
comprising the amino acid sequence of SEQ 1D NO: 1 and a light chain comprising the amino
acid sequence of SEQ ID NO: 2; and

b} mstructions for administering the antibody formulation in a method for treating an eve

disorder.

58. The kit of claim 57, wherein the eye disorder is a disorder of the retina, sclera, vitreous,

lens, pupil, iris, cornea, choroid, optic nerve, retinal vasculature, ciliary body, or angle of the eve.

59. The kit of claim 57, wherein the eve disorder is a disorder of the retina or choroid.

60. The kit of claim 37, wherein the eve disorder of the retina or choroid 1s age-related
macular degeneration, macular edema, diabetic macular edema (DME), retinopathy, diabetic
retinopathy, myopic degeneration, wdiopathic choroidal neovascularization, mflammatory
choroidal neovascularization, retinal neovascularization, polyploidal choroidal vasculopathy, eye
neovascularization, branch retival vein occlusion (BRVO), central retinal vein occlusion, central
serous chorioretinopathy, retinitis, retinitis pigmentosa, stargardt disease, usher syndrome, retinal
degeneration, endophthalmitis, familial exudative vitreoretinopathy, idiopathic juxtafoveal
telangiectasis, lattice degeneration, macular hole, persistent fetal vasculature, retinal artery

occlusion, or retinoblastoma.
61. The kit of claim 57, wherein the eve disorder of the retina or choroid s age-related
macular degeneration, wet age-related macular degeneration, or neovascular age-related macular

degeneration.

62. The kit of claim 57, wherein the eyve disorder of the retina or choroid 1s wet age-related

macular degeneration.

63. The kit of claim 57, wherein the mstructions include instructions for administering the

stable antibody as described in any one of claims 1-56.
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64. The kit of claim 57, further comprising a device for injecting the buffered antibody

formulation selected from the group comprising: a syringe, needle, and catheter.

-84 -
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% Aggregate in Bevacizumab blosimilar formulations as
measured by SEC{5°C storags}
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% Covalent Dimer in Bevacizumab biosimilar formulations as
mneasured by SEC{S()
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3 Acidic Species in Bavadzumab blosimilar formulations as

measured by CEX {5°U storage]

% Acidic

g
©

[
4]
e
feee

0 3.5 month

sondffoeneee anyclition 1

7 month 12 month 1R month

e Cpndifion 3 ccathes CondRBion 3 s e dkes Condition £ me e Congdition 5

Fig. 2B (iii



WO 2019/204380

PCT/US2019/027790

THNARN

4

LA

sk

RS

o0

)

el 2

L%

B e e S B
o Rw

PN %
Condition 3

Condition 2
L

andition 2

Fig. 2B (iv)



WO 2019/204380 PCT/US2019/027790
Y29

24

E) ¥ * O > ¥ t R T ¥ 3 * '
AR SR

i L
WY SR B}

¥

L N R e T B R e R
A2 S SR

T
R SHA

Condition 3
Congition 4
Condition S

Fig. 2B (v)



WO 2019/204380 PCT/US2019/027790
11/29

3% Aggregatein Bevacizumab bioshullar formulations as
measured by 5EC {30°C storage}
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% Agegregates in Bevackumab biogimilar formusdations as
measured by SEC {37°C storage)
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% Aggregate in Bevadzomab blosimilar formuslations as

measured by SEC {shaking stress)
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%% Covalent Dimer in Bevacizumab biosimilar formulations as
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Hydrodynamic Size of Bevacizumab with changling
concentration
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Fig. 6A

Protein Concentration and % HMWS of Intermediate Material in the UF/DF
for a Tangential Flow Filtration
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Legend: CA-FT - Load; Load — Diluted Load; C1 — post initial concentration; DF -
post diafiltration; C2 - Post final concentration; BDS - post final filtration
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Fig. 6B
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Fig. 9

Impact of pH on % HMWS in BDS
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Fig. 10

Impact of concentration at pH adjustment on % HMWS!
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