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HIGH CONCENTRATION ANTI-AB PROTOFIBRIL ANTIBODY
FORMULATIONS AND METHODS OF USE THEREOF

{6001}  The present application claims the benefit of priority to LS. Provisional Application
Nop. 62/992 746 filed March 20, 2020 and ULS. Provisional Application No. 63/027 263 filed
May 19, 2020; the contents of both of which are incorporated herein by reference in their
entireties.

[0002]  Alzhemmer’s disease {AD) 15 a progressive, neurodegenerative disorder of unknown
etiology and the most common form of dementia among older people. In 2000, there were
26.6 mitlion cases of AD in the workd {(range: 11.4-59 4 million) {Brookmever, R., et o/,
Forecasting the global burden of Alzheimer’s Disease. dlchelmer Dement. 2007, 3:186-91),
while there were more than § million people in the United States reportedly living with AD
{2010 Alzhetmer’s disease facts and figures. Alzheimer Dement. 201006:158-94). By the
year 2050, the worldwide prevalence of AD is predicted to grow to 106.8 mitlion (range:

47.2 - 221.2 million), while in the United States alone the prevalence is estimated to be 11 to
16 mullion. (Brookmever, i, and 2010 Alzhenner's disease facts and figures, supra).
j6003]  The disease generally mvolves a global decline of cognitive funcuion that
progresses stowly and leaves end-stage subjects bedridden. AD subjects typically survive for
only 3 to 10 vears after symptom onset, although extremes of 2 and 20 years are known.
{Hebert, LE., er e/ Alzheimer disease in the ULS. population: prevalence estimates using the
2000 census. dreh Newrod, 2003; 60:1119-1122.) AD 1s the seventh leading cause of all
deaths in the United States and the 6ifth leading cause of death in Americans older than the
age of 65 years, despite the fact that mortality due to AD is greatly underestimated becanse
death certificates rarely attribute the cause of death to AD. (2010 Alzheumer’s disease facts
and figures, supro.)

(0004  Histologically, the disease is characterized by neuritic plaques, found primuarily m

the assaciation cortex, limbic system and basal ganglia. The major constituent of these
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plagues 18 amylowd beta peptide (AB). A extsts in vartous conformational states - monomers,
oligomars, protofibrils, and insoluble fibrils, Details of the mechanistic relationship between
onset of Alzheimer’s disease and AP production is unknown. However, some anti-Ap
antibodies are undergoing clinical study now as potential therapeutic agents for Alzheimer’s
disease.

[0003]  Anti-AD antibodies and other proteins may be administered to subjects via
intravenous, subcutaneous, ntramuscular, and other means. The dosage andfor dosage form
of an antibody can present many challenges to developing a suitable pharmacentical
formation. For instance, at high antibody concentrations, the stability of the antibody can be
problematic due 1o the formation of protein-protein aggregates or fragmentation. Generally,
aggregation increases with increasing antibody concentrations. Moreover, hugh concentration
antibody formulations require high concentrations of stabilizers and other excipients in order
to achieve long-term protemn stability and shelf-hife. High concentration antibody
formulations are also often viscous, potentially complicating the manufacture and
administration of the pharmaceutical formulation.

{6006]  Provided berein are pharmaceutical formulations comprising a therapeutically
effective amount of at least one isolated anti-AP protofibril antibody or fragment thereof that
binds to AP protofibril. Also provided herein are pharmaceutical formulations comprising
80-300 mg/ml of an isolated anti-Af protofibril antibody or fragment thereof that binds to AR
protofibril, wherein the antibody 1s BAN2401 (also known as fecanemab). The
pharmaceutical formulations provided herein have been found to be advantageous. For
example, despite high concentrations of anti-Af protofibuil antibody {e.g., 100 mg/mL or 200
mgiml.), the protein-protemn aggregation rate is unexpectedly low and comparable to

aggregation rates rypically seen with much lower antibody concentrations {(e.g., 10 mg/mlL).

3 band

In some embodiments, the presently disclosed pharmaceutical formulations exhibit a lower
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mnitial rate of aggregates than formelations baving significantly lower concentrations of anti-
A protofibril antibody (e.g., ~0.3% mnitial level of aggregates for 100 myg/mL anti-Af
protofibril antibody vs. ~0.8% mitial level of aggregates for 10 mg/ml anti-Ap protofibril
antibody). In some embodiments, the presently disclosed pharmaceutical formulations
exhibit a lower generation rate of sub-visible particles than formulations having significantly
lower concentrations of anti-A§} protofibril antibody {e.g., 10.6 particles/mL for 100 mg/mL
anti-AP protofibril antibody vs. 12.6 particles'mL for 10 mg/mL anti-AP protofibril
antibody). In some embodiments, the presenily disclosed pharmaceutical formulations
exiubit a decreased aggregation rate, decreased initial aggregation level, decreased protein
fragmentation rate, and/or decrease in sub-visible particle formation as compared to
formulations having significantly lower concentrations of anti-Ap protofibril antibody. Low
aggregation rate, initial aggregation level, protein fragmentation rate, andfor sub-visible
particle generation may allow for increased stability and/or longer product shelf life
Moreover, the excipients in the presently disclosed pharmaceutical formulations can be
present in fower quantities than in currently marketed intravenous products. In some
embodiments, the pH and osmolality of the presently disclosed pharmaceuntical formulations
are acceptable for intravenous administration atter ditution 1 intravenous thuds.
[0007]  In some embodiments, the at least one anti-Ap protofibril antibody comprises (i) a
heavy chain variable domain comprising the amino acid sequence of SEQ ID NO:T, and (i) &
light chain vaniable domain comprising the amino acid sequence of SEQ 1D NO:2.
[0008]  In some embodiments, the at least one anti-A§ protofibed antibody comprises three
heavy cham complementarity determining regions (HCDR1, HCDR2, and HCDR3}
comprising amino acid sequences of SEQ ID NO: 5 (HCDR1), SEQ 1D NO: 6 (HCDR2), and

SEQ IDNO: 7 (HCDR3}; and three Light chain complementarity determining regions
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{LCDRY, LCDR2, and LCDR3)Y comprising amino acid sequences of SEQ ID NO: 8
{LCDR1), SEQ 1D NO: 9 (LCDR2), and SEQ [D NO: 10 {LCDR3).

[0009]  The assignment of amino acids to each domain is, generally, m accordance with
the definitions of SEQUENCES OF PROTEINS OF IMMUNOLOGICAL INTEREST
{Kabat et al., Sthed., ULS. Department of Health and Human Services, NiH Publication No.
91- 3242, 1991, hereafter referred to as “Kabat report™).

j0010]  In some embodiments, the at least one anti-Ap protofibril antibody comprises a
hunian constant region. In some embodiments, the human constant region of the at least one
anti-Af protofibril antibody comprises a heavy chain constant region chosen from IgG1,
Fe(2, 1pG3, InGy, TeM, TgA, gk, and any allelic variation thereof as disclosad in the Kabat
report. Any one or more of such sequences may be used in the present disclosure. In some
embodiments, the heavy chain constant region is chosen from IgGl and allelic variations
thereof. The amino acid sequence of gman IgGl constant region 1s known in the art and set
out i SEQ D NO: 3.

j0011}  In some embodiments, the human constant region of the at least one anti-Af
antibody comprises a light chain constant region chosen from w-A-chain constant regions and
any allelic vanation thereof as discussed in the Kabat report. Any one or more of such
sequences may be used in the present disclosure. In some embodiments, the light chain
constant region 1s chosen from x and allelic vartations thereof. The amino acid sequence of
hunan k chatn coustant region 1s known in the art and set out in SEQ ID NQ:; 4.

{8012}  In some embodiments, the at least one anti-A§ protofibed antibody comprises
human heavy and Hght chain variable region frameworks. In some embodiments, the af least
one anti-Ad protofibril antibody comprises 4 heavy chain variable region comprising an
amino acid sequence of SEQ ID NO: 1, and a light chain variable region comprising an

amino acid sequence of SEQ ID NO: 2. In some embodiments, the at least one anti-Af
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protofibnil antibody comprises a buman IgG1 heavy chain constant region, and a human lg
kappa light chain constant region. In some embodiments, the at least one anti-Af prototibril
antibody comprises a heavy chain constant region comprising an amino acid sequence of
SEQ 1D NO: 3, and a light chamn constant region comprising an amino acid sequence of SEQ
D NO: 4.

{00131  In some embodiments, the at least one anti-Ap protofibril antibody 1s BAN2401,
also known as lecanemab. BAN2401 is a humanized [2G1 monoclonal version of mAbISE,
which is & murine monoclonal antibody raised to target protofibrils and disclosed in WO
2007108756 and Journal of Alzheimer’s Disease 43; 575588 (20135). BANR2401 i3 at least
one anti-Af protofibril antibody, demonstrating low affinity for AP monomer while binding
with high selectivity to soluble AP aggregate species. For example, BAN2401 has been
reported demonstrates an approximately 1000-fold and 5-fold 1o 10-fold higher selectivity for
soluble AP protofibrils than for AR monomers or Afl-insoluble fibrils, respectively.

[o014] BAN2401 comprises (1) a heavy chain variable domain comprising the amino acid
sequence of SEQ 1D NO:1 and (i1) a light chain variable domain comprising the amino acid
sequence of SEQ 1D NG:2. The foll length sequences of heavy chain and Light chain of
BANZ401 are set forth in SEQ ID NOs: 11 and 12 and is described in WO 2007/108756 and
in Journal of Alzheimer’s Disease 43:5735-588 {2015).

{6013]  Other non-limting examples of suitable antibodies for use as the at feast one anti-
AP protofibril antibody tn the present disclosure include those disclosed i WO 2002/003911,
WO 2005/123775, WO 20077108736, WO 201 1/001366, WO 201 17104696, and WO
2016005466,

[0016]  In some embodiments, the isolated anti-A protofibril antibody is present ina
concentration of at least 80 mg/mkb. In some embodiments, the 1solated anti-Ap prototibril

antibody is present in a concentration of at least 100 mg/mL. In some embodiments, the
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solated anti-Af protofibal anttbody 18 preseut in a concentration of at least 200 mg/mb. In
some embodiments, the isolated anti-AP protofibeil antibody is present in a concentration of
at feast 250 mg/mL. In some embodiments, the isolated antibody or fragment thereof is
present i a concentration ranging from 30 mg/mi. to 300 mg/mi.. In some embodiments, the
1solated anti-Af protofibnt antibody 1s present in a concentration rangmg from 85 mgfmlb. to
275 mg/ml. In some embodiments, the isolated anti-Ap protofibril antibody is present in a
concentration ranging from 90 mg/mL to 250 mg/ml. Ia some embodiments, the isolated
anti-Af protofibril antibody is present in a concentration ranging from 93 mg/ml to 225
mgimi. In some embodunents, the tsolated anti-Af protofibuil antibody is present ina
concentration ranging from 100 me/mi. to 200 mg/ml. In some embodiments, the isolated
antibody or fragment thereof is present in a concentration of 80 mg/ml, 90 mg/mkL, 100
mgémi, 1O mg/mb, 120 mgdmlb, 130 mg/mi., 140 mg/ml, 150 mg/ml, 160 me/mlb. 170
mg/mi., 180 mg/mi., 190 mg/mi., 200 mg/mi, 210 mgiml., 220 mgiml., 230 mg/ml. 240
mg/mL, 250 me/ml, 260 mgimk, 270 mp/mi., 280 mg/mL, 290 mg/mL, or 300 mg/mL. In
some embodiments, the isolated antibody or fragment thereof 1s present in a concentration of
160 mg/mi.. In some embodiments, the isolated antibody or fragment thereof is present in a
concentration of 200 mg/ml. In some embodiments, the 1solated antibody or fragment
thereof s present in a concentration of 250 mg/mL. In some embodiments, the isolated
antthody or fragment thereof i present in a concentration of 300 mg/mL. In some
embodiments, the tsolated antibody or fragment thereof 1s BAN2401. In some embodiments,
the solated antibody or fragment thereof comprises {1} a heavy cham variable domain
comprising the amine acid sequence of SEQ 1D NO:1, and (i1) a light chain vaniable domain
comprising the amino acid sequence of SEQ 1D NO:2. In some embodiments, the solated
antibody or fragment thereof comprises three heavy chain complementarity determining

regions {HCDRI, HCDR2, and HCDR3) comprising amino acid sequences of SEQ IDNO: §
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{HCDRI), SEQ D NG: 6 (HCDR2), and SEQ D NG: 7 (HCDR3); and three light chain
complementarity determining regions (LCDRI1, LCDR2, and LCDR3} comprising amino acid
sequences of SEQ 1D NO: 8 (LCDR1), SEQ ID NO: 9 {LCDR2), and SEQ ID NO: 10
{LCDR3Y

6017}  In some embodiments, the pharmaceutical fornmlation comprising a
therapentically effective amount of at least one isolated anti-Ap protofibril antibody or
fragment thersof that binds to A protofibril further comprises at least one additional
component. In some embodiments, the at least one additional component in the
pharmaceutical formulation Is chosen from buffers. In some embodiments, the buffer s a
citrate buffer. In some embodiments, the buffer is a histidine buffer. In some embodiments,
the at least one additional component 1n the pharmaceutical formulation is chosen from
emulsifiers. In some embodiments, the at least one additional component in the
pharmacentical formulation 1s chosen from citric acid {or citric acid monohydrate), sodium
chloride, histiding (and/or histidine hydrochloride}, arginine (and/or arginine hydrochloride),
and polvsorbate 80, In some embodiments, the at least one additional component in the
pharmacentical formulation is chosen from citric acid {andvor citric acid monohydrate),
arginine (and/or arginune hydrochloride), and polysorbate 80, In some embodiments, the at
least one additional component in the pharmaceutical formulation is chosen from histidine
{andfor histidine hydrochloride), argimine (and/or arginine hyvdrochloride), and polysorbate
80,

[6018]  In some embodiments, the pharmaceuntical formulation comprises argmine {and/or
arginine hvdrochloride). In some embodiments, the concentration of arginine (and/or
arginine hydrochloride) in the pharmaceutical formulation ranges from about 100 mM to
about 400 mM. In some embodiments, the concentration of argimine {and/or arginine

hvdrochloride; in the pharmaceutical formulation ranges from about 110 mM to about 380
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mM. In some embodiments, the concentration of argimne {and/or arginine hydrochloride} in
the pharmaceutical formulation ranges from about 120 mM to about 360 mM. In some
embodiments, the concentration of arginine {and’or arginime hyvdrochloride) in the
pharmacewtical formulation ranges from about 125 mM to about 350 mM. In some
embodiments, the concentration of arginine {and/or argiine hydrochloride) in the
pharmaceutical formulation 1s 125 mM. In some embodiments, the concentration of arginine
{and/or arginine hydrochloride) in the pharmaceutical formulation is 200 mM. In some
embodiments, the concentration of arginine (andfor arginine hydrochloride) in the
pharmaceutical formulation is 350 mM.

[0019]  In some embodiments, the pharmaceutical formulation comprises histidine. In
some embodiments, the concentration of histidine in the pharmaceutical formulation ranges
from abour 10 mM o about 100 mM. In some embodiments, the concentration of histidine in
the pharmaceutical formulation ranges from 10 mM to 100 mM, 12 mM to 80 mM, 14 mM to
60 mM, 15 mM to 55 mM, 15 mM to 35 mM, or 15 mM to 25 mM.  In some embodiments,
the concentration of histidine is 25 mM. In some embodiments, the concentration of histidine
is 50 mM.

{00201 In some embodiments, the pharmaceutical formulation comprises polysorbate 80,
In some embodiments, the concentration of polyserbate 80 i the pharmaceutical formulation
ranges from about 0.01 t0 0.1% wiv, 0.01 to 0.08% wiv, 0.02 10 0.08% wiv, 0.03 10 0.07%
wiv, or 0.04 1o 0.06% wiv. In some embodiments, the polvsorbate 80 i present i the
pharmacentical formulation 10 a concentration of 0.01% wiv, 0.02% wiv, 0.03% wiv, (.04%
wiv, O.058% wiv, 0.06% wiv, 0.07% wiv, or 0.08% wiv. In some embodiments, the
polysorbate 80 is present in the pharmacentical formulation in a concentration of 0.02% wiv,
In some embodiments, the polysorbate 80 is present in the pharmaceatical formulation in a

concentration of 0.05% wiv.
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[0021]  In some embodiments, the pharmaceutical formulation comprises ciiric acid
monohydrate. In some embodiments, the concentration of citric acid monohydrate in the
pharmaceutical formulation ranges from about 10 mM to 100 mM. In some embodiments,
the concentration of citric acid monohydrate in the pharmaceutical formulation ranges from
10 mM to 100 mM, 10 mM to 90 mM, 13 mM to 85 mM, 20 mM to 80 mM, 25 mM 10 73
mM, 30 mM to 70 mM, 30 mM to 60 mM, or 30 mM to 50 mM. In some embodiments, the
concentration of citric acid monohydrate in the pharmaceutical formulation is 50 mM.

{6022}  In some embodiments, the disclosure provides a pharmaceatical formulation
having a pH 1 the range of 4.5 10 5.5, In some embodiments, the pH in the pharmaceutical
formulation is in the range 0 4010 6.0, 4210 5.8, 4310 8.7, 4410 5.6, or 4.5 10 5.5, In some

embodiments, thepH s 4.5, 4.6, 4.7, 48,49, 50, 5.1,

L

2,583,544 00 35 Insome
embodiments, the pH 15 3.0,

{6023}  In some embodiments, the pharmaceuntical formmdations disclosed herem may be in
the form of a solution and/or any other suitable liquid formulation deemed appropriate by one
of ordinary skill in the art. The route of administration of the compositions of the present
disclosure may be intravenous or subcutaneous. In some embodiments, the pharmaceutical
formuldation is formudated as a stertle, non-pyrogenic liquid for intravenous adminsstration. In
some embodiments, the pharmaceutical formulation s formmdated as a sterile, non-pyrogenic
hqud for subcutaneous admimstration. In some embodimeats, the pharmaceutical
composition 1s a sahine solation.

[8024]  In some embodiments, the pharmaceuntical formulation is a hquid dosage form
comprising at least one isolated anti-AP protofibril antibody or fragment thereof that binds to
A protofibril, such as BAN2401, and further comprising, for instance, citric acid
monoehydrate, arghune, arginine hydrochloride, and polysorbate 80. In some embodiments,

the pharmaceutical formulation comprises 100 mg/ml of at least one isolated anti-Ap
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protofibrl antibody or fragment thereof that binds to Af protofibril, such as BANZ4601, 30
mM citric acid monchydrate, 110 mM arginine, 240 mM arginine hydrochloride, and 0.05%
{w/v} polysorbate 80, and has a pH of 5.0 £ 0.4,

[0025]  In some embodiments, the pharmaceutical formulation is a liquid dosage form
comprising at least one isolated anti-Ap protofibril antibody or fragment thereof that binds to
AP protofibril, such as BAN2401, and further comprising, for instance, histidine, histidine
hydrochloride, arginine hydrochloride, and polysorbate 80. In some embodiments, the
pharmacentical formulation comprises 100 mg/ml or 200 mg/ml of at least one isolated
anti-Af protofibril antibody or fragment thereof that binds to A protofibril, such as
BAN2401, 28 mM of histidine and histidine hydrochloride, 200 mM arginine hydrochleride,
and 0.05% (w/v) polysorbate 80, and has apH of 5.0 £ 0.4,

[0026]  In some embodiments, the pharmaceutical formulation is a hqud dosage form
comprising at least one 1solated anti-Af protofibri} antibody or fragment thereof that binds to
A protofibril, such as BAN2401, and further comprising, for instance, histidine, histidine
hydrochloride, arginine hydrochloride, and polysorbate 80. In some embodiments, the
pharmacestical formulation comprises 200 mg/ml of at least one isolated anti-Af protofibyil
anttbody or fragment thereof that binds to A} protofibril, such as BAN2401, 50 mM histidine
andd histidine hydrochloride, 125 miM arginine hyvdrochioride, and 0.02% (w/v) polysorbate
80, and has apH of 5.0+ 0.4

{0027} Iu some embodiments, the pharmaceutical formulation s a hquid dosage form
comprising at least one solated anti-Af protofibri antibody or fragment thereof that binds to
AP protofibril, such as BANZ2401, and further comprising, for instance, histidine, histidine
hydrochlonide, argining hydrochioride, and polysorbate 80, In some embodiments, the
pharmacentical formulation comprises 200 mg/mL of at least one isolated anti-Af protofibril

antibody or fragment thereof that binds to A} protofibril, such as BAN2401, 50 mM citric
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acid {andfor citrie acid monohydrate), 125 mM arginine (and/or arginine hydrochlortde), and
0.02% (w/v) polysorbate 80, and has a pH of 5.0 £ 0.4,

[0028]  BAN2401 and methods comprising the use of BAN2401 are disclosed in 1S,
Provisional Application No. 62/749,614 and PCT International Application No.

PCTAIS2019/043067, both of which are incorporated herein by reference in thewr entireties.

Brief Description of the Drawings

j0029]  FIG. 1 depicts percentage of aggregation in formulations of BAN2401 at 10
mgimb., 100 mg/mb, and 200 mp/mL at time poings 0, 1, 2, and 3 months at § °C.

{0030]  FIG. 2 depicts percentage of fragmentation in formulations of BAN2401 at 10
mg/ml., 100 mgfmi, and 200 mg/ml. at time pownts 0, 1, 2, and 3 months at S °CL

{0031} FIG. 3 depicts percentage of monomers in formulations of BAN2401 at 10 mg/ml,
100 ma/mi., and 200 mg/mb at time potnts 0, 1, 2, and 3 months at 5 °C.

{0032}  FIG. 4 depicts percentage of aggregation in formulations of BAN2401 at 10
mgfmi, 100 mg/mi., and 200 mg/ml. at time points €, 1, 2, and 3 months at 25 °C.

{80331  FIG. 5 depicts percentage of fragmentation i formulations of BAN2401 at 10
mgiml, 100 mg/ml, and 200 mg/mL at time pomts 0, 1, 2, and 3 months at 25 °C,

[0034]  FIG. 6 depicts percentage of monomers in formulations of BAN2401 at 10 mg/ml.,
100 mag/mi., and 200 mg/mi. at time points 0, 1, 2, and 3 months at 253 °C.

{0033]  FIG. 7 depicts percentage of aggregation i formulations of BAN2401 at pH values
of 4.5, 50,55, 60, and 6.5 at time pomis 0, 1, 2, and 3 months at § °C.

[6036]  FIG. 8 depicts percentage of fragmentation in formulations of BAN24G1 at pH
values of 4.5, 5.0, 5.5, 6.0, and 6.5 at time pomts 0, 1, 2, and 3 months at § °C.

{00371 FIG. 9 depicts percentage of monomers in formulations of BAN240T at pH values

of 4.5, 50, 55, 6.0, and 6.5 at time points 0, 1, 2, and 3 months at 5 “C.
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[0038]  FIG. 10 depicts percentage of aggregation n formuiations of BAN2401 at pH
valuas of 4.5, 5.0, 5.5, 6.0, and 6.5 at time points 0, 1, 2, and 3 months at 25 °C.

[0039]  FIG. 1! depicts percentage of fragmentation in formulations of BAN2401 at pH
valnes of 4.5, 5.0, 5.5, 6.0, and 6.5 at time points 0, 1, 2, and 3 months at 23 *C.

[6040]  FIG. 12 depicts percentage of monomers in formudations of BAN240T at pH
values of 4.5, 5.0, 5.5, 6.0, and 6.5 at time points 0, 1, 2, and 3 months a1 25 °C.

[0041]  FIG. 13 depicts percentage of aggregation in formulations of BAN2401 at 10
mg/ml, 100 mg/ml., and 200 mg/ml at time points 0, 1, and 2 months at 235 °C.

[0042]  FIG. 14 depiets percentage of fragmentation in formudations of BAN2401 at 10
mg'mi, 100 mg/mi, and 200 mg/mL at time poinis 0, 1, and 2 months at 23 °C.

{00431 FIG. 15 depicts percentage of monomers m formulations of BAN2401 at 10
mgfml., 100 mg/ml., and 200 mg/ml at time points 0, 1, and 2 months at 25 °C,

{8044}  FIG. 16 depicts percentage of aggregation of monomers wn formalations of
BAN2401 as a function of arginine concentration.

[0045]  FIG. 17 depicts a flowchart for the process of manufacturing a BAN2401 10
mg/ml. injection.

jo0d6]  FIG. 18 depicts a flowchart for the process of manutactoring a BAN2401 100
mg'mi. injection.

[0047]  FIG. 19 depicts the pH values of formulations of BAN2401 at pH values at time
points 0 and 12 months at 5 °C.

[8048]  FIG. 20 depicts the pH values of formutations of BAN2401 at pH values at time
points 0, 1, and 3 months at 25 °C.

{0049  FIG. 21 depicts the pH values of formulations of BAN2401 at pH values after one

month at 5 °C and with agitation at 25 °C.
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[050]  FIG. 22 depicts the absorbance at 405 wm of formulations of BAN240T at time
points 0, 1, 3, 6, 8, and 12 months at 5 °C.

{0051} FIG. 23 depicts the absorbance at 405 nm of formulations of BAN2401 at time
points 0, 1, and 3 months at 25 °C.

[6052]  FIG. 24 depicts the absorbance at 405 nm of formulations of BAN2401 at one
month at 5 °C and with agitation at 25 °C.

[0053]  FIG. 25 depicts percentage of aggregation in formulations of BANZ4G1 at time
points 0, 1, 3,6, 9, and 12 months at 5 °C.

[0054]  FIG. 26 depiets percentage of fragmentation in formulations of BAN2401 at time
potnts 0, 1, 3, 6, 9, and 12 months at 5 °C.

{0035 FIG. 27 depicts percentage of monomers i formulations of BAN2401 at time
points O, 1. 3, 6 9 and 12 months at 5 °C.

[0036]  FIG. 28 depicts percentage of aggregation in formulations of BAN2401 at time
points 0, 1, and 3 months at 25 °C.

0057  FIG. 29 depicts percentage of fragmestation i formulations of BAN2401 at time
pomis O, 1, and 3 months at 23 °C.

[O0SB]  FIG. 30 depicis percentage of monomers in formulations of BAN2401 at time
points 0, 1, and 3 months at 25 °C.

[0039]  FIG. 31 depicts percentage of aggregation i formulations of BAN2401 at one
month at 5 “C and with agitation at 25 °C.

[8068]  FIG. 32 depicts percentage of fragmentation i formulations of BAN2401 at one
month at 3 °C and with agitation at 23 °C.

{0061}  FIG. 33 depicts percentage of monomers in formulations of BAN2401 at one

month at 5 °C and with agitation at 25 °C.
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Definitions

j0062]  The following are definitions of terms used in the present application.

{00631  As used herein, the singular terms “a,” “an,” and “the” include the plaral reference
unless the context clearly indicates otherwise.

[6064]  The phrase “andfor,” as used herein, means “etther or both” of the elements so
conjoined, 1.e., elements that are conjunctively present in some cases and disjunctively
present in other cases. Thus, as a non-limiting example, “A andfor B,” when used in
cotjunction with open-ended language such as “comprising™ can refer, in some
embodiments, to A only {optionally including elements other than B}, iy other embodiments,
to B only (optionally including elements other than A}, m vet other embodiments, to both A
and B {(optionally including other clements); eic.

[0065]  As used herem, “at least one” means one or more of the elements in the list of
elements, but not necessarily including at least one of each and every element specifically
listed within the list of elements and not exchading any combinations of elements in the histof
elements. This definition also allows that elements may optionally be present other than the
clements specifically identified within the list of elements to which the phrase “at least one™
refers, whether related or unrelated to those elements specifically identified. Thus, as a non-
limiting example, “at least one of A amd B” (o, equivalently, “at least one of A or B, or,
equivalently “at least one of A andfor B”) can refer, n one embodiment, 1o at least one,
optionally including more than one, A, with no B present (and optionally including elements
other than B); i another embodiment, to at least one, optionally including more than one, B,
with no A present {and optionally mcluding elements other than A); in vet another
embodiment, to at least one, optionally tnchuding more than one, A, and at least one,

optionally mnclading more than one, B (and optionally including other elements); etc.
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{00661  When a manber is rectied, either alone or as part of a numerical range, 1t should be
understood that the numerical value can vary above and below the stated value by a variance
that is reasonable for the value described, as recognized by one of skill in the art.
{0067 As used herein, a “fragment” of an antibody comprises a portion of the antibody,
for example comprising an antigen-binding or a vanable region thereof. Non-limiting
examples of fragments include Fab fragments, Fab' fragments, F{ab")2 fragments, Fv
fragments, diabodies, linear antibodies, and single-chain antibody molecules.
[0068]  As used herein, “fragmentation” or “fragment formation” refers 1o degradation of
an antibody or fiagment thereof when it is m or added to a formulation. A fragment generated
by the fragmentation or the fragment formation may or may not be capable of binding {o the
antigen to which the antibody or fragment thereof binds.
{0069 As used heremn “histidine buffer” may comprise histidine, hustidine hvdrochloride,
or a combination thereof, wherem histidine hyvdrochloride may be histidine hydrochlonide
monchydrate,
[0070]  As used herein “citrate buffer” may comprise ¢itric acid, its salts, or a combination
thercof, wherein citric acid may be citric acid monohydrate or anhydrous citric acid.
Non-limiting embodiments of the disclosure:
[0071]  Certain embodiments of the present disclosure relate to aqueous pharmacentical
formulations.
{0072} In some embodiments, an agueous pharmaceutical formulation 18 provided
comprising:
{a} an isolated anti-Af protofibril antibody or fragment thereof comprising (1) a heavy
chain vaiable domain comprising the amino acid sequence of SEQ ID NO:i, and
(i) and a light chain variable domain comprising the amino acid sequence of SEQ

1D NO:2, at a concentration of 80-300 mg/ml; and
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(b) 100 mM o 400 mM arginine, wheremn the arginine is argimine, arginine
hydrochioride, or a combination thereof, optionally comprising any one or more of
the following:

a. 0.019%% wiv to 8.1% wiv polysorbate 80;
b. a pharmaceutically acceptable buffer, optionally wherein the buffer is a
histidine buffer or citrate buffer; and
c. apHof45t035,
{60731 In some embodiments, an aquecus pharmacepiical formulation is provided
COMPLISING:

{a} an isolated anti-A protofibril antibody or fragment thereof comprising (i) a heavy
chamn variable domain comprising the amino acid sequence of SEQ ID NO:1, and
{11} and a hight cham variable domain compnising the amino acid sequence of SEQ
ID NO:2, at a concentration of 80-300 mg/ml; and

(b) & pharmaceutically acceptable buffer, wherein the buffer 15 a histidine buffer,
optionally wherein the histidine buffer is at a concentration of about 25 mM,
optionalty comprising any one or more of the following:

a. 0.01% wiv to 0.1% wiv polysorbate 80;
b 100 mM to 400 mM arginine, arginine hvdrochloride, or a combination
thereof’ and
¢. apHofd51w055.
8074}  Some embodiments relate to an aquecus pharmaceutical formulation comprising:

{a} an isolated amti~-AP protofibnl antibody or fragment thereof that binds to human AR
protofibrils, at a concentration of 80 mg/mL to 300 mg/mlL,

{b) 100 mM to 400 mM arginine,

{c} D.61% wiv to 0.1% w/iv polysorbate 80, and
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{d) a pharmaceutically acceptable bulfer,

wherein the pharmaceuntical formulation has a pH ranging from 4.5 to 8.5, and

wherein the antibody or fragment thergof comprises: (1) a heavy chain variable domain

comprising the amino acid sequence of SEQ ID NO: 1, and (i1} and a light chain variable

domain comprising the amino acid sequence of SEQ 1D NO:2,

and wherein arginine is arginine, arginine hydrochloride, or a combination thereof.
j0075]  Concentration of Antibody
{6076  For any of the aqueous pharmaceutical formulations described herein, the antibody
may be present in the following concentrations.
{00771  In some embodiments of the pharmaceuntical formulation, the isolated anti-AP
protofibril antibody or fragment thereof is present in a concentration of 100 mg/ml or more.
In some embodiments of the pharmacentical formulation, the isolated anti-Af protofibril
antibody or fragment thereof is present in a concentration of 100 mg/mli..
[0078]  In some embodiments of the pharmacewtical formulation, the isolated anti-AP
protofibril antibody or fragment thereof is present in a concentration of 200 mgimlL or more.
In some embodiments of the pharmaceutical formudation, the isolated anti-Afl protofibril
anttbody or fragment thereof 1s present in a concentration of 200 mg/mli..
{00791  In some embodiments of the pharmacentical formulation, the isolated anti-AP
protofibril antibody or fragment theveof is present in a concentration ranging from 80 mg/mlL
to 300 mig/ml. In some embodiments of the pharmaceutical formulation, the isolated anti-Ap
protofibril antibody or fragment thereof is present in a concentration ranging from 80 mg/mL
to 240 mg/mi..
[0088]  In some cmbodiments of the pharmaceutical formulation, the wolated anti-AP
protofibril antibody or fragment thereof is present in a concentration ranging from 100 mg/mL

to 200 mg/mi..
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{00811  In some embodiments of the pharmacewtical formulation, the solated anti-Ap
protofibril antibody or fragment thereof s present in a concentration ranging from 80 mg/mL

by d
i
¥

to 300 mg/mL, 85 mg/mL to 275 mg/mL, 90 mg/mL to 230 mg/mL, 95 mg/mL to 225 mg/mL,

<
100 to 200 mgfmb. In some embodiments of the pharmacentical formulation, the isolated anti-
AP protofibril antibody or fragment thereof 18 present m a concentration ranging from 90
mgiml to 220 mg/mL, 100 mg/mL to 210 mg/mL, or 110 mg/ml. 1o 200 mg/mL.

00821  In some embodiments of the pharmaceutical formulation, the isolated anti-AP
protofibril antibody or fragment thercof is present in a concentration of 8¢ mg/ml., 90 mg/mlL,
i mg/mb, 1O mg/mi, 120 mg/ml., 180 ma/ml., 190 mgimb, 200 mg/ml, 210 myg/ml,, 220
mgmi, 230 mg‘mb, 240 mg/mb, 250 mg/ml, 260 mg/ml, 270 mgiml, 280 mg/mi, 290
mgiml., or 300 mg/mi.

{0083}  In some embodiments of the pharmaceutical formulation, the isolated anti-Af
protolibril antibody or fragment thereofl is present m a concentration of 100 mgfmlb..

[0084]  In some embodiments of the pharmacewtical formulation, the isolated anti-AP
protofibril antibody or fragment thereof is present in a concentration of 200 mg/mb..

{6083  In some embodiments of the pharmaceontical formulation, the isolated anti-AB
protofibril antibody or fragment thereot 1s BAN2401.

[0086]  Arginine

[6087] For any of the aqueous pharmacentical formulations described herein, the
formulation may comprise arginine as follows.

[8088]  In some embodiments, the pharmaceutical formulation comprises arginine. In some
embodiments, the arginine is arginine, arginine hydrochlornide, or a combination thereof.
[0089]  In some embodiments of the pharmaceutical formulation, the concentration of

arginine ranges from about 100 mM to about 400 mM.
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[0090]  In some embodiments of the pharmaceutical formulation, the concentration of
arginine ranges from 100 mM to 400 mM, 110 mM to 380 msM, 120 mM to 360 mM, 125
mM to 350 mM, 100 mM to 200 mM, 125 mM to 200 mM or {50 mM to 200 mM. In some
embodiments of the pharmaceutical formudation, the concentration of arginine ranges from
150 mM to 250 mM, 160 mM to 240 mM, 170 mM to 230 mM, 180 mM to 220 mM, 190
mM to 210 mM arginine, arginine hyvdrochloride, or a combination thereof

[0091]  In some embodiments of the pharmaceutical formulation, the concentration of
arginine 18 125 mM.

{0092} In some embodiments of the pharmaceutical formulation, the concentration of
arginine is 200 mM.

{00931  In some embodiments of the pharmaceutical formulation, the concentration of
arginine ranges from 200 mM to 400 mM, 210 mM to 380 mM, 220 mM to 380 mM, 230 mM
to 370 mM, 240 mM to 360 mM, 240 mM to 3530 mM or 250 mM to 350 mM.

[0094]  In some embodiments of the pharmaceutical formulation, the concentration of
arginine is 350 mM.

[0095]  Polysorbate 88 (PS80)

[0096]  For any of the agueous pharmaceutical formulations described herem, the
formulation may comprise polysorbate 80 as follows.

{60971  In some embodiments of the phammaceutical formulation, the concentration of
polysorbate 80 ranges from about 0.01% wiv to 0.1% wiv, 0.01% wiv to 0.08% w/y, 0.02%
wiy to (LO8% wiv, 0.03% wiv to (L07% wiv, or 0.04% wiv o (L06% wiv.

[O098]  In some embodiments of the pharmaceutical formulation, the polysorbate 80 s
present in a concentration of 0.01% wiv, 0.02% wiv, 0.03% wiv, 0.04% wiv, 0.053% w/v, 0.06%
wiv, 0.07% wiv, or 0.08% wiv.

[0099]  In some embodiments of the pharmaceutical formulation, the polysorbate 80 is
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present 1 a concentration of 0.02% wiv,

[00106] In some embodiments of the pharmaceutical formulation, the polysorbate 80 is
present in a concentration of 0.053% wiv,

jo0101]  Buifer

j60102] For any of the aqueous pharmacentical formulations described herein, the
formulation may comprise a pharmacentically acceptable buffer as follows.

[00103] In some embodiments of the pharmaceutical formulation, the pharmaceutically
acceptable buffer 1s citrate buffer.

[00104]  In some embodiments of the pharmaceutical fornnsdation, the citrate buffer is present
in 8 concentration of about 10 mM to about 100 mM.

{00103  In some embodiments of the pharmaceutical fonmulation, the concentration of the
citrate buffer ranges from 10 mM to 100 mM, 10 mM to 80 mM, 15 mM 10 85 mM, 20 mM to
30 mM, 25 mM 1o 75 mM, 30 oM to 70 mM, 30 mM {0 60 mM, or 30 mM to 50 mM.
[00106]  In some embodiments of the pharmaceutical formulation, the citrate buffer is present
in a concentration of 50 mM,

j00187] In some embodiments of the pharmaceantical formulation, the pharmaceatically
acceptable bufter is a histidine bufter.

[00108] In some embodiments of the pharmaceutical formulation, the histidine buffer is
present in & concentration of about 10 mM to about 100 mM.

[00109]  In some embodiments of the pharmaceutical formulation, the concentration of the
histidine buffer ranges from 10 mM to 100 mM, 12 mM to 80 mM, 14 mM to 60 mM, or 13
mM e 35 b, 15 mM 0 35 M, or 15 mM o 25 mM.

[00116]  In some embodiments of the pharmaceutical formudation, the histidine buffer is
present in a concentration of 25 mM.

[00111]  In some embodiments of the pharmaceutical formudation, the hisudine buffer is
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present 1 a concentration of 50 mM.

j00112] In some embodiments of the pharmaceuntical formulation, the histidine buffer
comprises histidine and histidine hydrochloride monohydrate. In some embodiments of the
pharmacewtical formulation, the tistidine buffer comprises histidine and  listidine
hivdrochloride monohydrate, wherein the histidine s in a concentration of about 0.1 to 0.3
mg/ml., and the histidine hydrochlonide monohydrate is in a concentration of about 4 to 6
mgimi. In some embodiments of the pharmacentical formulation, the histidine buffer
comprises histidine and histidine hydrochlonide monohvdrate, wherein the histidine is m @
concentration of about 0.26 mg/ml, and the histidine hydrochlonide monohydrate is in a
concentration of about 4.89 mg/mdl. In some embodiments of the phatmaceutical formulation,
the histidine buffer comprises histidine and hustidine hydrochloride monohvdrate, wherein the
histidine comprises .2-0.3 mg/mL histidine and 4.4 to 4.9 mg/mL histidine hvdrochloride,
optionally where the histidine hydrochlonde is monohydrate.

[00113] pH

j00114] For any of the aqueous pharmaceutical formulations described herein, the
formulation may comprise a pH as follows.

[00115]  In some embodiments of the pharmacentical fornmlation, the pH is in the range of
40t000,421058 431ws5.7 44t05 64510585,

[80116]  In some embodiments of the pharmaceuntical formulation, the pH 18 4.5, 4.6,4.7. 4.8,

4.9,5.0, 5.1, 3,54 0r 35

L

7

L

kd

[80117] In some embodiments of the pharmaceutical formulation, the pH is 4.5 10 5.5,
[O0118]  In some embodiments of the pharmaceutical formulation, the pH 13 5.0,

[00119] In some embodiments of the pharmaceutical formulation, the pharmaceutical
formulation is suitable for intravenous injection.

[00128] [n some embodiments of the pharmacentical formulation, the phanmaceutical



WO 2021/186245 PCT/1IB2021/000155
22

formudation is suitable for subcutaneons mjection.

[00121] In some embodimenms of the agueous pharmaceutical formulation, the
pharmaceutical formulation comprises methionine.

[o0122] In some embodiments, disclosed is an agueous pharmaceutical formulation
COMPrsmg;

{a) 80 mg/mL to 240 mg/mil. BAN2401,

(b} 140 mM to 260 mM arginine hydrochloride,

{c} 0.01% wiv to 0.1% wiv polysorbaie 8O, and

{d) 15 mM to 35 mM histidine buffer,

wherein the pharmaceutical formulation has a pH ranging from 4.5 0 8.5,

[60123] In some embodiments, disclosed 13 an agoeons pharmacentical formulation
comprising:

{a)} 80 mgfml. to 240 mg/mi. of an isolated anti-Afl protofibril antibody or fragment
thereof comprising: (i} a heavy chamn variable domain comprising the amino acid
sequence of SEQ 1D NO:1, and (31) a light chain variable domain comprising the
amino acid sequence of SEQ 1D NO:2,

{b) 140 mM 1o 260 mM arginine hydrochloride,

{€) 0.01% wiv to 0. 1% wiv polysorbate 80, and

{d) 13 mM to 35 mM lstidine buffer,

wherein the pharmaceutical formulation has a pH ranging from 4.5 to 5.5

[60124] In some embodiments, disclosed is an aqueous pharmaceutical formulation
COMPLISING:

{a} 80 mg/mL to 240 mg'ml of an isolated anti-Af protofibnl antibody or fragment

thercof comprising: (i) a heavy chain comprising the amino acid sequence of SEQ

D NO:1, and (1) a light chain comprising the amino acid sequence of SEQ ID
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NO:12,
(b} 140 mM to 260 mM arginine hydrochloride,
{c) 0.01%0 wiv to 0.1% wiv polysorbate 80, and
{(d) 15 mM to 35 mM histidine buffer,

wherein the pharmaceutical formulation has a pH ranging from 4.5 1o §.5.

[00125]  In some embodiments, disclosed herein is an agueous pharmaceutical formulation
cComprising:
{2} 80 mg/ml o 120 my'mi BAN2401,
{b} 240 mM to 360 mM arginine,
{c) 0.03% wiv to 0.08% w/v polysorbate 80, and
{) 30 mM to 70 mM citrate buffer,
wherein the pharmaceutical formulation has a pH ranging from 4.5 10 5.5, and wherem
argining is arginine, arginine hydrochloride, or a combination thereof.

[00126]  In some embodiments, disclosed herein is an agueous pharmaceutical formulation
coOmprising:
{a} 8¢ mg/mL to 120 mg/mi of an isolated anti-Af protofibril antibody or fragment
thereof comprising: (i} a heavy chain variable domain comprising the amino acid
sequence of SEQ D NO: L, and (if) a Hght chain variable domain comprising the amine
acid sequence of SEQ 1D NO:2,
(b} 240 mM to 360 mM arginine,
() D.03% wiv to 0.08% wiv polysorbate 80, and
{) 30 mM to 70 mM citrate baffer,
wherein the pharmaceutical formulation has a pH ranging from 4.5 to 3.5, and wherein

arginine 1s arginine, arginine hydrochloride, or a combination thereof.
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[OI27]  In some embodiments, disclosed heren is an aqueons pharmaceutical formulation
COmprising:
{a) 80 mg/mL to 120 mg/mL of an isolated anti-Af protofibril antibody or fragment
thereot comprising: {1} a heavy chain comprising the amino acid sequence of SEQ 1D
NQO:11, and {11} a hight chain comprising the amino acid sequence of SEQ 1D NO:12,
{b) 240 mM to 360 mM arginine,
{3 0.03% wiv to 0.08% wiv polysorbate 8O, and
{d) 30 mM to 70 mM citrate buffer,
wheremn the pharmaceutical formulation has a pH ranging from 4.5 to 5.5, and wherein
arginine is argiune, argining hydrochionide, or a combmation thergof

[00128] In some embodiments, disclosed heremn 1s an aqueous pharmaceutical formulation
comprising:
{a} 100 mg/ml. BAN2401,
{(b) 200 mM arginine hydrochloride,
(¢ 0.05% wiv polysorbate 80, and
{d) 25 mM histidine buffer,
wherein the pharmaceutical formulation has a pH ranging from 4.5 w0 5.5,

[00129] In some embodiments, disclosed herein is an aqueous pharmaceutical formulation
COMPLisIng:
{a} 100 mg/mL of an wolated anti-Ap protofibril antibody or fragment thereof
comprising: {1} a heavy chain variable domain comprising the ammne actd sequence of
SEQ D NO:L, and (1) a light chain variable domain comprising the amino acid
sequence of SEQ 1D NO2,
{b) 200 mM arginine hydrochloride,

{c} 0.65% wiv polysorbate 80, and
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{d) 25 mM hsstidine balTer,
wherein the pharmaceutical formudation has a pH ranging from 4.5 to 5.5,
[00130]  In some embodiments, disclosed herein is an aqueous pharmaceutical formulation
COMPrising:
{a) 100 mg/ml of an isolated anti-Afl protofibril antibody or fragment thereof
comprising: (i) a heavy chain comprising the amino acid sequence of SEQ 1D NO:11,
and {11} a light chain comprising the amino acid sequence of SEQ ID NO:12,
{b) 200 mM arginine hydrochloride,
(o} D.05% wiv polysorbate 80, and
{d} 253 mM hisudine bufter,
wherein the pharmaceutical formulation has a pH ranging from 4.5 to 5.5,
[00131] In some embodiments, disclosed herein is an agueons pharmaceutical formulation
comprising:
(a) 200 mg/mL BAN2401,
(b} 200 mM arginine hydrochloride,
{c} 0.05% wiv polysorbate 80, and
{d) 25 mM histidine buffer,
wherein the pharmaceutical formulation has a pH ranging from 4.5 to 5.5,
{60132] In some embodiments, disclosed heremn is an aqueous pharmaceutical formulation
comprising;
{ay 200 mg/ml of an isolated anti-Afl protofibril antibody or fragment thereof
comprising: (1) a heavy chain variable domain comprising the amino acid sequence of
SEQ ID NO:1, and (1) a light chain variable domain comprising the amino acid
sequence of SEQ IDNQO:2,

(b) 200 mM arginine hydrochioride,
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{c} D.05% w/v polysorbate 80, and
{d} 25 mM histidine buffer,
wherein the pharmaceutical formulation has a pH ranging from 4.5 10 5.5,
[00133]  In some embodiments, disclosed herein is an agoeons pharmaceutical formulation
COMPrsmg;
(a) 200 mgmL of an isolated anti-Af protofibril antibody or fragment thereof
comprising: {1) a heavy chain comprising the amino acid sequence of SEQ ID NO:1 1,
and {ii) a light chain comprising the amino acid sequence of SEQ ID NO12,
(D) 200 mM arginine hydrochloride,
(¢} 0.05% wiv polysorbate 80, and
{d) 25 mM histidine buffer,
wherein the pharmaceutical formulation has a pH ranging from 4.5 to 3.5.
[80134] In some embodiments, disclosed herein is an aqueous pharmaceutical formulation
comprising:
{a} 100 mpg/ml. BAN2401,
{b}) 350 mM arginine,
{¢) 0.05% wiv polysorbate 80, and
{d} 530 mM citrate buffer,
wherein the pharmaceutical formulation has a pH ranging from 4.5 to 5.5, and wherein
arginine is arginine, arginine hydrochioride, or a combination thereof
[00135]  In some embodiments, disclosed herein is an aqueous pharmaceutical formulation
COMPTISING:
{ay 100 mg/mL of an wolated anti-Af protofibril antibody or fragment thereof
comprising: {1} a heavy chamn variable domaimn comprising the amino acid sequence of

SEQ ID NO:i, and (1) a hight chain variable domain comprising the amino acid
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sequence of SEQ ID NO:2,
{b} 350 mM arginine,
{c) 0.05% wiv polysorbate 80, and
{d) 50 mM ciirate bufier,
wherein the pharmaceutical formulation has a pH ranging from 4.5 to 5.5, and wherem
argining 1s arginine, arginine hydrochioride, or a combination thereof.
[00136]  In some embodiments, disclosed herein is an agueous pharmaceutical formulation
cComprising:
(a} 100 mg/ml of an isolated ant-AP protofibril antibody or fragment thereof
comprising: {1} a heavy chain comprising the aming acid sequence of SEQ ID NO:1 1,
and {i1) a light chain comprising the amino acid sequence of SEQ ID NO:12,
{b) 3530 mM arginine,
{c) 0.05% wiv polysorbate 80, and
(d) 50 mM citrate buffer,
wherein the pharmaceuntical formulation has a pH ranging from 4.5 t0 5.5, and wherein
arginine is arginine, arginine hydrochioride, or a combination thereof.
[00137]  In some embodiments, disclosed herein is an agoeons pharmaceutical formulation
comprising:
{a) 150 mg/ml to 250 mg/mbL BAN2401,
{b) 100 mM to 150 mM arginine hydrochlonde,
{c} 0.01% wiv to 0.05% wiv polysorbate 80, and
{d) 35 mM to 65 mM histicdine buffer,
[00138] wherem the pharmaceuntical formulation has a pH ranging from 4.5 to 5.5, In some

embodiments, disclosed herein is an aqucous pharmaceutical formulation comprising:
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{a) 150 mg/ml to 250 mg/ml of an isolated anti-AP protofibei] antibody or
fragment thereof comprising: (i) a heavy chain variable domain comprising the
amino acid sequence of SEQ 1D NO:1, and (i) a Light chain variable domain
comprising the amino acid sequence of SEQ 1D NO:2,

{b) 100 mM to 130 mM arginme hydrochloride,

{c) 0.01% w/v 1o 0.05% w/v polysorbate 80, and

{d) 35 mM to 65 mM histidine buffer,

wherein the pharmaceutical formulation bas a pH ranging from 4.5 to 5.5,

[00139] In some embodiments, disclosed herein is an aqueous pharmaceutical formulation
COMPrising.
{a) 130 mg/ml to 250 mg/ml of an isolated ant-Ap protofibril antibody or
fragment thereof comprising: {1} a heavy chain comprising the anuno acid
sequence of SEQ ID NO:11, and (i) a light chain comprising the amino acid
sequence of SEQ ID NO:12,
(b} 100 mM to 150 mM arginine hydrochlonde,
{c) 0.01% wiv to 0.05% wiv polysorbate 80, and
{d) 35 mM 1o 65 mM histidine buffer,
wherein the pharmaceutical formulation has a pH ranging from 4.5 to 5.5,
[00146] In some embodiments, the agueons pharmaceutical formulation has pH 5.0,
Method of Reducing Aggregate Formation
[00141]  In some embodiments, disclosed herein is a method of reducing aggregaie
formation of an 1solated anti-AD protofibetl antibody or fragment thereof | comprising:
{a) providing a pharmaceutical formulation comprising an 1solated anti-Af

protofibril antibody or fragment thereof that binds to human A protofibrils, at a
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concentration of S0 mg/ml or more, optionally wherein the concentration s 80
mg/mL 10 300 mg/ml., optionally wherein the concentration s 100 mg/mL to 200
mg'mL, and
{b) adding arginine, arginine hyvdrochloride, or combination thereof, and optionally
providing a pharmaceutically acceptable buffer, wherein the baffer is optionally
histidine buffer, wherem the isolated anti-Af protofibril antibody or fragment thereof
comprises (1) a heavy chain variable domain comprising the amino acid sequence of
SEQ ID NQO:, and (i1) a light chain variable domain comprising the amino acid
sequence of SEQ 1D NO:2.
[00142] In some embodiments of the method of reducing aggregate formation, the pH of
the pharmacentical formulation is 10 the range of 4.5 to 5.5, In some embodiments of the
method, the pH of the pharmaceutical formulation is 5.0,
{80143} In some embodiments of the method of reducing aggregate formation, the arginine,
arginine hvdrochloride, or combination thereof is present in a concentration of 150 mM to
250 mM.
[60144] In some embodiments, disclosed herei is a method of reducing fragmentation of
isolated anti-Ap protofibril antibody or fragment thereof, comprising:
{a} providing a pharmaceutical fornulation comprising an isolated anti-Af
protofibril antibody or fragment thereof that binds to human A protofibrils, st a
concentration of SO mg/ml or more, optionally wherein the concentration is 80
mg/ml. 1o 300 mg/mi, optionally wherein the conceniration is 100 mufmi. to 200
mg/mlb., and
{b) adding histidime baffer, and optionally further providing arginine, arguune
hydrochloride, or combination thereof, wheremn the isolated anti-Af protofibril

antibody or fragment thereof comprises (i} a heavy chain variable domain
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comprising the amino acid sequence of SEQ D NO:1, and (i1) a light cham variable
domain comprising the amino ackl sequence of SEQ ID NO:2.
[00145]  In some embodiments of the method of reducing fragmentation, the pH of the
pharmacewtical formulation is in the range of 4.5 10 5.3, In some embodiments of the
method, the pH of the pharmaceutical formulation 18 3.0,
[00146]  In some embodiments of the method of reducing fragmentation, the arginine,
arginine hydrochloride, or combination thereof is present in a concentration of 100 mM to
400 mM.
[00147]  In some embodiments of the method of reducing fragmentation, the pharmaceutical
formulation further comprises 0.01% w/v o (.1% wiv polysorbate 80.
[00148] In some embodiments of the method of reducing fragmentation, the pharmaceutical
formulation further comprises a pharmaceutically acceptable buffer, wherein the buffer is
histidine buffer, optionally, wheremn the histidine buffer ranges from 10 mM to 100 mM, 12
mM to 80 mM, 14 mM to 60 mM, or 15 mM to 55 mM, 15 mM 1o 35 oM, or 15 mM to 25
mM.
[60149] In some embodiments, disclosed herein is a method of reducing aggregate
formation andéor fragmentation of an 1solated anti-Af} protofibril antibody or fragment
thereof, comprising:
{a) providing a pharmaceutical formulation comprising an solated anti-A$
protofibril antibody or fragment theveof that binds to human A protofibeils, at a
concentration of S mgimi or more, optionally wherein the concentration is 30
mg'ml to 300 me'mb., optionally wherein the concentration is 100 mg/mb to 200
mgmi,

{b) adding arginine, arginine hydrochloride, or combination thereof, and
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{c) providing a pharmaceutically acceptable histidine buffer, wherein the izolated
anti-Af protofibril antibody or fragment thereof comprises (1) a heavy chain variable
domain comprising the amino acid sequence of SEQ 1D NO:1, and (1) a light cham
variable domain comprising the amino acid sequence of SEQ 1D NO:2.
[60138]  In some embodiments, disclosed herem is a method of reducing aggregate
formation and/or fragmentation of an isolated anti-Af protofibril antibody or fragment
thereof , comprising:
{a) providing a pharmaceutical formulation comprising an solated anti-Af
protofibril antibody or fragment thereof that binds to human A protofibrils, at a
concentration of 50 mgiml or more, optionally wherein the concentration is 80
mgiml to 300 mg/mk, optionally wherein the concentration is 100 mg/mL to 200
mgmlb,
{b) provading histidine buffer, and
{¢) providing argining, arginine hydrochioride, or combination thereof, wheremn the
formulation is at a pH of 4.5-5.5, wherein the isolated anti-Af protofibril antibody or
fragment thereof comprises {1} a heavy chain variable domain comprising the amino
acid sequence of SEQ I NO: 1, and (11} a light cham variable domaim comprising the
amino acid sequence of SEQ ID NO:2.
[00151]  Also provided herein are the following embodiments:
{ Embodiment 01] An aqueous pharmacentical formulation comprising:
a. an isolated anti-AP protofibril antibody or fragment thereof that binds to
human AP protofibnils, at a concentration of 80 mg/ml o 300 mgiml,
b. 100 mM to 400 mM argining,
¢. 0.01% wivto 0.1% w/v polysorbate 80, and

d. apharmaceutically acceptable buifer,
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wherein the pharmaceutical formulation has a pH ranging from 4 510 5.5,

wherein the isolated anti- A protofibril antibody or fragment thereof comprises: (i) a
heavy chain variable domain comprising the ammo acid sequence of SEQ ID NO:d,
and (it} a lght chain variable domain comprising the amino acid sequence of SEQ ID
NG:2, and

wherein the argining is arginine, arginine hvdrochloride, or a combination thereof

{Embodiment 02] The pharmaceutical formulation according to claim 1, wherein the
isolated anti-AP protofibnil antibody or fragment thereof is present in a concentration
of 100 ma/mi. to 200 mgimi..

{Embodiment 03] The pharmaceutical formulation according to claim 1, wherein the
isolated anti-Ap protofibril antibody or fragment thereof is present in a concentration
of 100 mg/ml..

{ Embodiment 04] The pharmaceutical formulation according to claim 1, wherein the
isolated anti-Ap protofibril antibody or fragment thereof is present in a concentration
of 200 mg/mL.

[Embodiment 03] The pharmaceutical formulation according to any one of claims 1-4,
further comprising methionme.

{Embodument 06] The pharmaceutical formulation according to any one of claims 1-5,
wherein the pharmaceutically acceptable bulfer is citrate buffer or histidine buffer,

{ Embodiment 07] The pharmaceutical formulation according to any one of claims 1-6,
comprising 10 to 100 mM citrate buffer or 10 to 100 mM histidine buffer.

{Embodiment 08] The pharmaceutical formulation according to any one of claims 1-7,
comprising 125 to 350 mM arginine.

[Embodiment 09] The pharmaceutical formulation according to any one of claims 1.8,

comprising 200 mM arginine, wherein the arginine 1s arginine hydrochloride.



WO 2021/186245 PCT/1IB2021/000155
33

{Embodiment 18] The pharmaceatical formulation according to any one of claims 1-9,
comprising 200 mM arginine, wherein the arginine is arginine hvdrochloride, and 25
mM histidine buffer.

{Embodiment 11] An aqueous pharmacentical formulation comprising:

a. 80 mg/ml to 240 mg/ml. of an 1solated anti-Ap protofibnil antibody or
fragment thereof comprising: (i) a heavy cham variable domain comprising the
amino acid sequence of SEQ ID NO: 1, and (i1) a light chain variable domain
comprising the amino acid sequence of SEQ 1D NO:2,
b 140 mM to 260 mM arginine hydrochloride,
¢. 0.02% wiv to 0.08% wiv pelysorbate 30, and
d. 15 mM 1o 35 mM histidine buffer,

wherein the pharmaceutical formulation has a pH ranging from 4.5 to 5.5,

[Embodiment 12] An agoeons pharmaceutical formulation comprising:

a. S0 mg/mL 1o 120 mp/ml of an isolated anti-Ap protofibril antibody or
fragment thereof comprising: (1) a heavy chain variable domain comprising the
amino acid sequence of SEQ 1D NO: 1, and (i1} a light chain variable domain
comprising the amino acid sequence of SEQ 1D NO:2,
b, 240 mM to 360 mM arginine,
¢ 0.02% wiv 10 0.08% wiv polvsorbate 80, and
d. 30 mM to 50 mM citrate batter,

wherein the pharmaceutical fornmulation bas a pH ranging from 4.5 to 8.5,

and wherein the arginine 1s arginune, arginine hydrochloride, or a combination thergof.

{ Embodiment 13] A method of reducing aggregate formation of an isolated anti-Af

protofibril antibody or fragment thereof, comprising:
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providing an aqueous pharmaceutical formudation comprising an 1solated anti-Af
protofibril antibody or fragment thereof comprising: (i} a heavy chain variable domain

comprising the amino acid sequence of SEQ ID NOu1, and (1) a Hight chain variable
domain comprising the amino acid sequence of SEQ I NO:2 at a concentration of 80
mg/ml to 300 mg/mi, and
adding arginine, arginine hydrochloride, or a combination thereof to said agueous
pharmacentical formulation, wherem the pH of the pharmaceutical formulation ranges
from 4 5t0 3.5
{Embodiment 14] The method according to claim 13, wherein the arginine, arginine
hydrochioride, or combination thereof is present in a congcentration of 150 to 2530 mM.
[Embodiment 13] The method according to claim 14, wherein the arginine, arginine
hydrochionde, or combination thereof is present in a concentration of 200 mM.
{Embodiment 16] The method according to any one of claims 13 to 15, wherem the
pharmaceutical formulation further comprises & pharmaceutically acceptable buffer,
{Embodiment 17] The method according to claim 16, wherein the pharmaceutically
acceptable butfer is histidine bufter or citrate buffer.
{Embodiment 18] A method of reducing fragmentation of an isolated anti-Af} protofibril
antibody or fragment thereof, comprising:
providing an aqueous pharmaceutical formulation comprising an isolated anti-Ap

protofibril antibody or fragment thereof comprising: (1) a heavy chain varable domain

comprising the amino acid sequence of SEQ 1 NOH, and (i) a Lght chain variable
domain comprising the aming acid sequence of SEQ 1D NO:2 at a concentration of 80
mg/ml to 300 mg/mi, and

adding histidine buffer 1o said agueouns pharmaceutical composition, wherein the pH

of the phanmaceutical formulation ranges from 4.5 to 5.5,
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{Embodiment 19] The method according to claim 18, comprising 15 to 33 mM histidine
buffer.

{Embodiment 20] The method according to any one of claims 13-19, wherein the
pharmaceutical formulation further comprises 8.01%% wiv to 0.1% w/v polysorbate 80.

[Embodiment 21} An aqueouns pharmaceutical formulation comprising:

a. S0 mg/mL to 240 mg/mL of an isolated anti-Ap protofibril antibody or
fragment thereof comprising: (1) a heavy chain variable domain comprising the
antino acid sequence of SEQ 1D NO:1, and (31} a light chain variable domain
comprising the amine acid sequence of SEQ 1D NO2:

b, 140 mM to 260 mM arginine, arginine hvdrochloride, or a combination
thereot’

0.01% wiv to 0.1% wiv polysorbate 80; and

4]

d. 15 mM io 35 mM histidine buffer or 30 mM to 30 mM citrate buffer,
wherein the pharmaceutical formulation has a pH ranging from 4.5 to 5.5,

{Embodiment 22] The pharmaceutical formulation according to embodiment 21,
comprising 100 mg/mb of the antibody.

{Embodiment 23] The pharmaceutical formulation according to embodiment 21,
comprising 200 mg/mi of the antibody.

{Embodiment 24] The pharmaceutical formulation according to embodiment 21,
comprising from 90 mg/mb to 220 mg/mb, 100 mg/mb 1o 210 mg/mL, or HO mg/mL
to 200 mgiml of the antibody.

{Embodiment 23] The pharmaceutical formulation according to any one of embodiments
21-24, comprising histiding buffer, wherein the histidine buffer comprises 15 mM o

30 mM, 13 mM to 25 mM, or 20 mM 1o 30mM histidine.
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{Embodiment 26] The pharmaceatical formulation according to any one of embodiments
21-25, comprising histidine buffer, wherein the histidine buffer comprises 0.2-0.3
mg/mL histidine and 4.4 to 4.9 mg/mL histidine hydrochloride, optionally where the
histidine hydrochloride 1s monohydrate.

[Embodiment 27] The pharmaceutical formulation according to any one of embodiments
21-26, comprising 1530 mM to 250 mM, 160 mM to 240 mM, 170 mM to 230 mM,
180 mM to 220 mM, 190 mM to 210 mM arginine, argimine hydrochloride, or a
combination thereof.

{Embodiment 28] The pharmaceutical formulation according to any one of embodiments
2127, compuising 0.02% wiv to0 0.05%, or 0.04% wiv to 0.04% wiv polysorbate §0.

[Embodiment 29] The pharmaceutical formuadation according to anv one of embodiments
21-28 comprising ¢itrate buffer.

{Embodiment 3¢] The pharmaceutical formulation according to any one of embodiments
21-29, comprising histidine buffer.

{Embodiment 31] The pharmacentical formulation according to any one of embodiments
21-30, further comprising methionine.

{Embodiment 321 An aqueous pharmacentical tormulation comprising:

a. 100 mg/mi to 200 mg/ml of an antibody comprising: (1) a heavy chain variable
domain comprising the amino acid seguence of SEQ 1D NO: 1, and (1) a light
chain variable domain comprising the amino acwd sequence of SEQ 1D NO:2;

b. 200 mM argmine hyvdrochloride;

¢, Q.08% wiv polvsorbate 80; and

d. 25 mM hustidine buffer,

wherein the phanmaceutical formulation has a pH ranging from 4.5 10 5.3,
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{Ewbodument 33] The pharmaceatical formulation according to embodiment 32,
comprising 100 mg/mL of the antibody.
{Embodiment 34] The pharmaceutical formulation according to embodiment 32,
comprising 200 mg/mi. of the antibody.
[Embodiment 35] A method of reducing aggregate formation and/or fragmentation of an
antibody, comprising:
a. providing an agoeons pharmaceutical formulation comprising an isolated anti-
Ap protofibril antibody or fragment thereof comprising: (1) a heavy chain
variabde donain conprising the amnoe acid sequence of SEQ D NO:1, and
{11} a Hight chain variable domain comprising the amino acid sequence of SEQ
1D NO:2, at a concentration of 80 mg/ml to 300 mgfml, and
b. adding 1) arginine, arginine hydrochloride, or a combination thereof, or 2)
histidine butfer to said aqueous pharmaceutical composition.
{Embodiment 36] The method of embodiment 35, wherein the pH of the pharmaceutical
formulation ranges from 4.5 10 5.5,
{Embodiment 37] The method of embodiment 35, wherein the arginine, arginine
hydrochloride, or combination thereof Is present in a concentration of 130-250 mM.
{Embodiment 38] The method according 1o embodiment 37, wherein the arginine,
arginine hydrochloride, or combination thereof 1s present in a concentration of 200
M.
{ Embodunent 39] The method according to embodiment 38, compuising 15 to 25 mM
histidine buffer.
{ Embodiment 40] The method according to any one of embodiments 35-39, wherein

pharmaceutical formulation further comprises 0.01% w/v to 0.1% w/v polysorbate 80,
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{Embodiment 41] The method according to any one of embodiments 35-40_ wherein the
pharmaceutical fornnulation further comprises a pharmaceutically acceptable buffer,
[Embodiment 42] The method according to embodiment 41, wherein the

pharmaceutically acceptable buffer is histidine buffer or citrate boffer.

EXAMPLES
Example 1: Protein Concentration Study
[60152] Samples with three protem concentrations (10, 100, 200 mg/ml.) were prepared
and examined in the concentration study. The 10 mg/ml. material was BAN2401 purified
drug substance (PDS) and the 100 and 200 mg/mL materials were produced from BAN2401
PIIS using Amicon Ultra-15 spin filters. The samples were all in the same formulation buffer
{25 mM sodmm citrate, 125 mM sodium chloride, pH 3.7}, except that each bad a different
PS80 level. The PSRO percentages of the 10, 100, 200 mg/mi samples were 0.02%, 0.16%,
and 0.32%, respectively. All samples were 0.2 gm filtered and aliquoted into sterile
poltypropylene (PP} tubes for stabibity testing. {(Note: The PS80 removal process was not
avatlable at the time that the concentration study was condacted.)
[00153]  Sample stability was evaluated at two temperatures (5 & 23 °C) for 3 months using
nattve HPLC-SEC, pH, and DLS. Additional characterization assays, such as PS80
verification, were performed on the T = 0 samples. Details of the sample testing are shown in
Table 1.

Table 1. Testing Schedule {Concentration Study)

Time Pomt T=9 T=1 mo T= 2 mo T 3 mo
Temperature N/A §#C 5°C 5°C
257°C 25 °C 2R°C

Tad

Number of G 6 6

Samples

Testing Native SEC Native SEC Native SEC Native SEC




WO 2021/186245 PCT/1IB2021/000155
39

pH pH pH pH
DLS DLS DLS DLS

{00154]  pH was measured using a pH meter with a microprobe. Prior fo measurements, 8
calibration was performed using pH 4.0 and 7.0 standards.

[B0I33]  Aggregation and physicat degradation of the concentrated BAN2401 was assessed
by performing native HPLC-SEC on stability samples stored at S and 25 °C.

[00156] HPLC-SEC (Native) analysis was performed utilizing a TSK G3000 SWXL
column with 0.2 M sodium phosphate, pH 7.0 mobile phase at g flow rate of 1.0 mL/min. The
sample injection volumes were 15, 1.5, or 0.8 pi, for protein concentrations of 10, 100, or 200
mg/ml., respectively. This ensures approximately 150 pg of protein is injected onto the
column across the study. Results of relative peak areas (%} for monomer, aggregate and
fragment are reported in Figures 1-6.

[B0157] At both temperatures (5 and 25 °C), lugher aggregate percentages and aggregation
rates were seen with increased protein concentrations. For the 100 and 200 mg/mL samples,
the starting aggregate percentages were nearly twice as much as that of the 10 mg/mi
sample, This indicated the concentration process alone caused protein to aggregate.
Additional aggregation occurred doring the storage at S and 25 °C. The average aggregation
rate over 3 months at 5 °C was 0.17% per month for 100 mg/ml., and 0.20% per month for
200 mg/mL. For comparison, the 10 mg/mL sample exhibited oaly a 0.07% per month
aggregation rate under the same condition, In summary, it appeared that BAN2401 at 100
mg/ml. or greater was not physically stable m the formulation.

[OOES8]  Protein concentration was evaluated by LIV by measuring the absorbance at 280
and 320 mu on a Beckman DU-800 spectrophotometer. Samples were diuted 500-fold and
were prepared in duplicate. Protein concentration was calculated using an extinction

coeflicient, ¢, of 1.32 using the followmg formula:
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Concentration = {A280-A320Ve x Dilwtion Factor
j00159] Protein concentration was measured using a UV-Vis spectrophotometer. The
results are listed in Table 2. Overall, the concentrations remained unchanged throughout the 3

months at both {emperatures.

Table 2. Protein Concentration Results (Concentration Stady)

Sample Protein Concenration (mg/ml)

1D 1= T=1mo T=2 meo T=3 mo
S 25°C s°C 25°C §°C 25 °C

10 mg/ml 10.6 9.93 9.93 9.9 10.0 10.11 1015

100 110.3 1101 1141 103.4 104.2 106.6 106.4

mygimi

200 210.8 1972 2245 2074 2054 2053 2058

mgmd

Example 2: pH Screening Study

[B0166]  The stability of BAN24G1 at 200 mg'ml was evaluated at five different pH values.
To prepare the samples, PS80-removed BANZ401 PDS was concentrated and diafiltered mnto
a buffer containing 50 mM sodium citrate, 100 mM sodium chlonide, pH 4.5, The final
concentration adjostment was performed via a dilution to achieve a concentration of 200
mg/ml. protein and 0.02% PS80, The resulting material was divided into S aliquots; four of
the aliquots were titrated with a 10 N sodium hvdroxide to produce samples at different pH
{ie. pH 5.0, 5.5, 6.0, and 6.5). The resulting samples were 0.2-um filtered and sub-alignoted
inio sterile polypropylene {PP) tubes for stability evaluation.

[60161] Stability of the samples was evaluated at two temperatores (5 & 25 °C) using

native HPLC-SEC, pH, and DLS over 3 months. Additionally, an agitation study was
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conducted at the 1-month time point, where a subset of the 3 °C samples was agitated

P

horizontally at 250 RPM for 3 days in a 25 °C mcubator. Details of the sample testing are

shown in Table 3.

Table 3. Testing Schedule (pH Study)

pH

DLS

pH

DLS

pH

DLS

Time Point T=0 T =1 month T =2 months T = 3 months
Temperature na 5°C 5°C 5°C
23°C 23°¢C 25°C
Agitation na Agitation Not required Not requirad
Number of 3 13 10 10
Samples
Testing Native SEC Native SEC Native SEC Native SEC

pH

DLS

[00162] SEC-HPLC analysis was performed utilizing a TSK G3000 SWXL colamn with

0.2 M sodium phosphate, pH 7.0 mobile phase at a flow rate of 1.0 mL/mun. The sample

igjection volumes were 15, 1.5, or 0.8 uL for protein concentrations of 10, 100, or 200

mg/mk, respectively, This ensures approxtmately 130 pg of protein  injected onto the

column across the study. Results of relative peak areas (%6} for monomer, aggregate and

fragment were reported.

[00163] A

o

o<

ggregation and physical degradation of the concentrated BAN2401 was assessed

by performing native HPLC-SEC on stability samples stored at 5 and 23 *C. The resulis are

shown s Figurves 7-12. BAN2401 appeared {o be more stable at ower pH at both

temperatares {5 and 235 °C). Formulations with pH 4.5 and 5.0 started with low aggrepate

percentages and exhibited a slower increase in aggregate formation, at a rate of ~0.07% per
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o

month at 5 °C. In addition to aggregation, fragmentation of the protemn was also analyzed.
The results suggested that fragmentation of BAN2401 was more pronounced in formulations
of BAN2401 at lower pH. Based on these considerations, formulations of BAN2401 at pH
5.0 were considered the most stable (7., exhibited less aggregation andfor physical
degradation of BAN2401 relative (o other formulations at different pH values).

Example 3: Excipient Screening Study

[00164] Twelve excipients were screened in this stndy. To prepare the samples with
BAN2401 at 200 mg/mb, PSBO- removed BAN2401 was concentrated via a TFF step,
followed by a diafiltration step with the base buffer (30 mM citrate, 0.02% PS80, pH 6.0}
The concentrated material was aliquoted into twenty-four fractions. Each fraction was spiked
with a stock solution contaiming a specific excipient. For the majority of the excipients, two
concentrations were examinetd, except sodium chloride and ascorbic acid for which samples
with three and one concentration level respectively were prepared. A hist of the excipients
used and their concentrations i3 shown in Table 4.

Table 4, List of Excipients and Corresponding Concentrations

E xcinient Concentration
B {(Formulation #)
None Control sample (FO) contained
the protein in the base buffer
without any excipient added.
Sucrose 1% (F1), 6% (F2)
Trehalose 01.3% (3}, 3.5% (F4)
Mannitol 0.5% (F5), 1.8% (Fo)
Proline S50 M (F9), 400 Mm (F10)
Glycing S0 Mm (Fi13, 400 Mm (F12)
Arginine 25 Mm (F13), 160 mM (F14)
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Na(l 30 mM (F16), 150 mMA(F17),
500 mM (FIR)
PS30 0.05% wiv {F19), 6.1% viv (F20)
PEG400 1% (F21), 6% (F22
Dextran, LMW 199 {(F23), 5% (F24)
Ascorbic Acid 50 M (F15)
Sorbitol 19 (F7), 6% (F8)

[00163]  All samples, mcluding the control (e, the sample m the base butter without
excipient), were 0.2-gm filtered and then filled mto BD syringes aseptically using a hand
stoppering tool. Control samples were also filled n glass vials. Vials and the BD syringes
were placed at § and 25 °C. Sample stability was evaluated for 2 months using native HPLC-
SEC and pH.

[60166] The samples of the excipient screening study were prepated in a suboptimal buf¥er
{50 mM citrate, 0.02% PS80, pH 6.0) condition in order to amplify positive effects from
excipients in preventing aggregate formation. The stability profile {aggregation) of each
formulation over 2 months at 23 °C was assessed by performing native HPLC-SEC.

[00167]  As shown m Figures 13-13, the formulation containing 160 mM arginme (F14)
produced the lowest aggregation rate among the formulations. As a comparison, the 160 mM
arginine formulation exhibited only 1.4% aggregates at 25 °C after 2 months while the
control (£ e., the formulation in the base buffer withoot excipient — FO) showed 2.4%
aggregates at the same time under the same condition.

[00168] Additionally, formulations with arginine had the lowest starting aggregate
percentages, indicating argining was capable of suppressing aggregate formation during the

protein concentration step. The fragmentation was stightly higher with the arginine
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formmlation (F14) as compared 1o the control {F8). However, the difference could have been
within the assay variability.

[00169]  The second-best excipient in this study was the formulation with 400 mM proline
{F10)}, although its effect in controlling aggregation was not as effective as the arginine
formuolation (F14).

[00178] The formulations with sodium chloride (F16-F18) showed no effect on the stability
as compared to the control sample. The same observation was made for the formulations with
PS&0 (F19 and F20}): no stability effect was observed by varying the PS80 content. The
fornulation with the asecorbic acid (F15) showed a dramatic effect an increasing aggrepate
ancd fragment percentages from the beginning of the study.

[00171] The pH of the two argining formulations (F13 & F14) was measared to verify that
the presence of arginine in the formulations had not caused the pH to dnift over time. As
shown in Table 4, no change 1n pH was observed. The osmolality of the two formalations
was alse measured. The samples were stored at -20 °C before they were thawed at the same

time for measurements.

Table 5. pH and Osmolality of Arginine Formulations (F13 & Fld4)

Arginine Formulation pH mOsm/kg

{F13 and F14; time point)

F13, T=0 no sample noe sauple
Fid, T=0 5.86 no sample
F13, T=1 month 5.97 231
F14, T=1 month 5.88 477
K13, T=2 menths 5.97 230

F14, T=2 months 5.89 459
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The relation between concentration of arginine and aggregates in the formulation

was studied by Design Expert® 7.0. The factors chosen for study, and the levels explored for

each Factor are shown in Table 6 below.

Table 6. Factors Investigated in Example 4

Factor Factor Range Factor Levels
BAN24 30 to 120 mg'mb 30, 53,75, 98, 120 mgiml.
pH 451060 45,49 52 56, and 6.0
Arginine 0 1o 4530 mM 0, 225, 338, and 450 mM
Polysorbate 80 010 0.1% 0, 0.025, 0.05, 0.075, and 0.1%

[H0173] A sample randomization was generated by D-optimal design in Design Expert®
7.0. The obtained saruple sef contatned 25 data potnds mcluding 4 replicates, as shown in

Table 7. Each formalation was prepared and evaluated.

Table 7. Formulations prepared for Example 4

Entry BAN2401 pH Arginine Polysorbate 80
{mg/ml.) {mM) { V)
1 30 52 0 0.000
2 30 6.0 0 0.050
3 30 4.5 0 0.100
4 30 4.5 it 0.100
3 30 6.0 225 €.000
o 30 4.5 450 0.000
7 30 4.5 450 3.000
& 30 6.0 450 €.100
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9 30 6.0 430 0.100
16 53 3.0 235 0.025
11 53 4.9 338 0.075
12 75 4.5 0 £.000
13 75 4.5 0 0.000
14 75 6.0 0 8100
15 75 5.2 225 0.000
16 75 6.0 450 0.000
17 75 6.0 450 8.000
18 98 4.5 450 0.100
19 98 5.6 228 0.025
20 120 4.9 338 08.07%
21 120 6.0 0 0.000
22 120 4.5 it 0.100
23 120 3.2 225 0.050
24 120 4.3 450 0.000
23 120 6.0 450 0.100

{08174] The relation between arginine concentration and aggregate levels i 100 mp/ml.
BAN2Z2401 formulations at pH 5.0 containing 0.02% polvsorbate 80 was estimated by Design
Expert® 7.0, The result of the estimation was shown in Figure 16

Example 5: PS80 Study

{B0175]  To evaluate the changes in drog product quality under stressed conditions,

agitation and freeze-thaw studies were performed using a formulation buatfer {(pH 3.0, 350

mM arginine, 50 mM citric acid). In this experiment, formulations with varving polysorbate
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&0 concentration were investigated to confirm the effect of polysorbate 80 on sub-visible

particle generation under such stressed conditions. The formulations investipated and applied

stress comditions arve shown in Table 8.

Table 8. Formulations Studied for Agitation and Freeze~-Thaw Stress Studies

Formulation Concentrations of Stress Condition
Polysorbate 80
160 mg/mi. BAN2401 o (%% * Shaking at 250 rpm for 3 days at 5 °C
50 mM citrate buffer » 0.02% » Shaking at 250 rpm for 3 davs at
350 mM Arginine o 058 ambient temperature
pH 5.0 e 0.1% » Thiee freeze-thaw cycles {-20 °C to

ambient temperature)

{00176] The samples were prepared in the sante manner as deseribed i Example 40 A 10%

PS80 solution was added to achieve the target PS80 concentration in the formulations and the

final protein concentration adjustment was performed via dilution with the formulation

buffer. The formulations were passed through 0.2 gm filters and filled tnto 2 mL vials with a

1.3 mL fill volume. The samples were placed on an orbital shaker in a horizontal orientation

{vial laying on its side) which was then placed mn a refrigerator or on the lab bench. The

samples were shaken at 250 rpm for 3 days. Other samples were frozen by placing in a -20 °C

chamber for 2 hours, then removed and left at room temperature for 2 hours to thaw. The

freeze-thaw cycle was repeated three times. Samples from the agitation and freeze-thaw

studies were evaluated for visual appearance, aggregate and fragment levels by SEC-HPLC,

and sub-visible particles by Micro Flow Imaging (MFI).

[00177] The results of the agitation and freeze-thaw studies on BAN2401 formulations

with varying levels of PS80 are summarized below.
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SEC-HPLC analysix
j00178] SEC-HPLC analysis was performed ntilizing a TSK G3000 SWXL colump with

0.2 M sodium phosphate, pH 7.0 mobile phase at a flow rate of 1.0 mL/min. The sample
injection volumes were 3.0 pl. or 2.5 pl. for protein concentrations of 530 or 100 mg/ml.,
respectively. This ensares approximately 2350 pg of protein s injected onto the column across
the study. Results of relative peak areas (%) for monomer, aggregate and fragment were
reported.

{00175 In the level of aggregates i pH 5 formulations stored at 235 °C for 3 months with
varying polysorbate 80 concentrations, there was no significant difference in aggregate levels
when the PS&0 concentration was increased from 0% to 0.06%, af 3 formulation pH of 3.0, It
1s concluded that PS80 does not affect the formation of aggregates, fe. dimer and tnimer as
measured by SEC-HPLC, during storage of BAN2401 formmulations at 25 °C.

[BOIRO] In the effect of polvsorbate 80 concentration on fragment levels in formulations at
pH 5, polysorbate 80 concentration does not affect fragment levels in BAN2401.

00181 In the appearance of formulations after shaking at 250 rpm for 3 days at ambient
temperature, the sample withowt PSR0 was cloudy with precipitated protein, while the other
samples (0.02%, 0.053% and 0.1% polysorbate 80) were visibly clear, particle free solutions.
All samples that were shaken at 250 rpm for 3 days at 5 °C were clear and free of precipitate,
All samples subjected to freeze/thaw cycles were also clear and free of precipitate,

[00182] The aggregate and fragment levels o BAN2401 formulations subjected to agitation
and freeze-thaw are shown in Table 9. The stress condition that caused the yreatest instabulity
was agitation under ambient conditions. Under these conditions, the sample without PS80
showed the greatest formation of High Molecular Weight species, and the greatest loss

monemer. This effect was nullified as the PSSO concentration increased.
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Table 9. Results of Aggregates and Fragment Levels for the Agitation and Freeze-Thaw
Studies

Stress Polysorbate HPLC purity (% Area)
Condition 80 (%) HMwi® HMW2 Monomer EAMW®
Y ~ 0.4 99.4 0.2
002 - 0.5 99 3 0.2
5 °C {control)
0.05 - 0.3 99 4 0.2
0.1 - (.5 899 4 0.2
0 0.5 0.6 98.7 0.2
Shaking at 5 0.02 - 0.5 593 0.2
C 0.05 . (.5 99 3 0.2
0.1 - Q.5 993 0.2
o 1.5 1.2 97.1 0.2
Shaking at
0.02 4.0 0.8 9s.1 0.2
ambient
0.03 0.1 0.5 992 0.2
tfemperature
0.1 - (.5 993 0.2
0 . 0.4 99 4 0.2
Three
0.02 - 0.5 99 4 0.2
frecze/thaw
0.05 . {14 99 4 0.2
cycles
0.1 - 0.5 99 .4 0.2

& High Molecular Weight Species; ™ Low Molecular Weight Species; and * Sample
was Ccloudy

Sub-visible particle analysis
[00183] Sub-visible particle analysis was performed using a Micro Flow lmaging

{DPA4100 Flow Microscope and BP-4100-FC-400-UN flow cell). Total sample volume was
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.9 ml and the results were reported for 2 25100 ywm, 5-100 ym, 10-100 gm range, and 25-
100 pm range.

[00184]  An increase in sub-visible particles (2 to 10 pm) was observed in the samples
without PS80 that were subjectled to shaking and freeze-thaw. The generation of sub-visible
particles was increasingly suppressed as the PS80 concentration in the formulation was
mcreased. This effect was observed in all the size ranges studied. There was no significant
change in sub-visible particles in the formulations containing 0.05% and 0.1% polysorbate
80. Therefore, a PS80 concentration of 0.03% was chosen as optimal for the formwulation.
[O0EBS]  The data would suggest that PS80 has no effect on the formation of BAN2401

aggregates (dimers and tomers) and fragments as measured by SEC-HPLC. Therefore, the
PS80 concentration was selected based on the results of the agitation and freeze-thaw studies.

A PS80 concentration of (.05% was chosen to prevent potential precipitation during shipping

and to minimize formation of sub-vigible particles.

Exampie 6: Preparation of intravenous (IV) formulations of BAN2401

A BANZ401 16 mg/ml. Formulation

[00186] A BAN2401 10 mg/mL formulation for wtravenous injection (10 mg/mL
Injection”™) was mamfactured by a conventional ¢lGMP aseptic process for preparation of a
sterile aqueous formulation. BAN2401 10 mg/ml. Injection was produced from the
corresponding BAN2401 drug substances formulation below without addition of any
excipients and dilotion. An exemplary IV formulation containing 10 mefml, BAN240] is
shown in Table 10,

Table 180, Comparative 10 mg/mL IV formulation comprising BAN2441.

component compaosition
BAN2401 10 mgimb
Sodium ciirate/Citnie acid buffer 25 mM
Sadium Chlonide 125 mM
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Polysorbate 80 0.02 % {wiv}
Water for Injection 05
ot 57

[60187] The filtered BAN240! drug substance solution was aseptically filled into vials as
tustrated m Figure 17 (referred to m Figure 17 as “Formulation A7), The pooled drag
substance underwent a bioburden reducing filtration step through a 0.2-pm filter. The final
sterile filtration was performed through two 0.2-pm filters in series, and pre-and post-
filtration filter integrity tests were conducted. The sterile bulk drug product was filled
aseptically into vials. During the filling operation, filling accuracy was confirmed by
measuring the vial full weight. Filled vials were stoppered and then sealed with an aluminum

overseal. After orimp capping, the product was stored at 5& 3 °C,

[00E88] The vials were analvzed using Method 1 (Light Obscuration) according to USP

788, Results are shown in Tables 11 and 12.

Table 11, Particle Size Distribution {particles/container} for 16 mg/ml. Injection Vials

Lat | Al A2 A3 A4 A3 Afr | AT | AR A% AL | ATT | AL2
No.

23 i i i { i 1 ] 1 1 i 5 5 2 I
sn

10 126 | 145 | 469} 241 469 | 23S 1107 1 617} 249 ) 315 215 ) 23 234 191 | 125
i 3

5 1 - | - | - 2] - |- PR RO R B N R
@i

I N R YA A A A R R - . -
an

Table 12. Particle Size Distribution (particles/mL) for 180 mg/mlL Injection Vials

Lo | A1 | A2 A3 Ad AS A6 | AT | A8 A9 Al | AL | AL
R i £ 2
Na,

28 .1 N {11 1§ .1 N {11 i {11 .1 ] a5 3.2 1 Ot
1358

FOOL 120 446 24 e ] 2200 100 L 61 24 | 3L 2 270 0|
o | 6 3 9 9 3 T 9 § 3 3 ) i | 3
nnt 2

2 - - - 1 leed | - - - - - - - - -
Qm
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Example 7: Preparation of Intravenous (1V) and Subcutaneous (8C) Formulations of
BAN2401

Al BAN2461 100 mg/ml. Formulations

[OOIBY] A BAN2401 100 mg/ml. formulation (100 mg/ml. Injection”} was manufactured
by a conventional cGMP aseptic process for preparation of a sterile agueous formulation.
BANZ2401 100 mg/mL was produced from the corresponding BAN2401 drug substances

without addition of any excipients and dilution (Table 13).

Table 13. Exemplary 100 mg/mlL IV formulation comprising BAN2401.

component compuasition
BAN2401 160 me/mb
Citric acid butfer 50 mM
Areinine 110 mM
Arginine Hydrochloride 240 mM
Polysorbate 80 0.05 % (wiv)
Water for injection 05
pH 3.0

[00196]  The filtered BANZ2401 drug substance (100 myg/ml. Injection) solution was
aseptically fifled into vials as Hlustrated in Figure 1€ (referred to in Figuwre 18 as
“Farmulation B7). The drog substance underwent a bioburden reducing filtration step
through a 0.2-pm filter. The final stenile filiration was performed through two 0.2-p filters
1 series, and pre-and post-filtration filter integrity tests were conducted. The sterile bulk drug
product was filled aseptically mto vials. During the filling operation, filling accuracy was
confirmed by measuring the vial fill weight. Filled vials were stoppered and then sealed with
an aluminum overseal. After erimp capping, the product was stored at S+ 3 °C.

[00191] The vials were analyzed using Method 1 (Light Obscuration) according to USP
788. Results are shown in Tables 14 and 15,

Table 14. Particle Size Distribution {(particles/vial} for 108 mg/mL Injection Vials

Lot No. B1 B2 B3 B4
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25 am & i { G
10 pm 53 s 9 9
Sum 631 73 51 60
2um 1934 321 249 267

Table 5, Particle Size Distribution {(particles/mlL) for 1800 mg/ml Injection Vials

Lot Neo, B1 B2 B3 B4
23 am 0 0 0.2 0
10 pm 10.6 1.6 18 1.8
Sum 126.2 144 10.2 12
2 um 390.8 64.2 49 8 334

[00192]

Another BAN2401 100 mg/mL Injection was manufactured. The following

materials can be psed in a second exemplary formulation containing 100 mg/ml BAN2401,

as shown i Table 16,

Table 16. Apother Exemplary 100 mg/mL IV Formulation comprising BAN2401.

component composition
BAN2401 100 mg/mb
osudine_ Total 25 mM
Arginine HC 200 mM
Polysorbate 80 0.05%(wiv)
Water for mfection Qs
pH 50204

B. BAN2401 260 mg/ml Formulation
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{01931 The following matertals can be used in an exemplary 8SC formalation containing
200 mp/mb BAN2401, as shown n Table 17, The stability of BANZ401 in these

were evaloated in conpunction with an evaluation

formutlations {(FRCL, FSO2 and FC3

of the material stability in three container closares:

£} Becton-Dickenson Hypak Biotech glass pre-filled syrings {PFS) and
stepper

i} West Crystal Zenith plastic PFS and stopper

Hi) West § ral. glass vial and stopper

Table 17, Exemplary 200 mg/mL SC formulations comprising BAN2401.

component compaosition
Sample ID FSCla FSCib FSC2 FSC3 FSC4
BAN2401 200 mg/ml | 200 mg/ml. | 200 mg/ml, | 200 mgiml, | 200 mgiml,
Histidine Total 50 Total 30 Total 30 - Total 25
Histidine HCI mM mM ! mM ! mM ¢
Citric Acid e . e S0 mM o
Arginine HCI 125 mM 125 mM 125 mM 125 mM 200 mM
Polysorbate 80 | 0.02%{(w/v) | 0.02%(w/v) | 0.02%{w/v) | 0.02%{(wiv) | 0.053%{w/v)
Methionine - 5 mM o e e
Water for infection QS QS QS S S
pH SO+04 S0 404 55204 S.0 0.4 S.0x04

' Total conceniration as Histiding
[80194] BAN2401 at a target protem concentration of 200 mgiml. was prepared via TFF as
sunzmarized below. A separate TFF operation was performed to prepare BAN240] material
tn each formulation buffer, except for FSCla and FSC1b. For two of the formulations, one
THF operation was performed, and the resulting concentrated material was sphit into two half-
tois. A small quantity of sterile filtered matenial in each final formalation buflfer was not
filled at time zero, but was stored frozen at -20°C to be filled imto the appropriate container
closures for syringe testing,
{a) BAN2481 Preparation
[60195] The process of protein concentration/diafiltration via TFF can be sabdivided into 3

stages:
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1. Concentration of the matertal to 100-150 myg/ml.

2. Diafiltration (5X) against formulation buffer

3, Concentration to »200 mg/mL
jo0196]  The concentration/diafiltration step was performed using a Pall Centramate LV
system instatled with 0.02 m® of membrane area. The BAN2401 material (pulled from GMP
lot manufacture prior to PS80 addition) was charged into the TFF system and a 10-15 fold
concentration {stage 1) was performed. The material was then diafiltered against up to 5
diavolumes of the formulation buffer (stage 2), with pH and conductivity checks of the
permeate being done to monitor diafiltration. After diafiliration, the matesial was further
concentrated to the target protein concentration of 210 to 250 mg/ml. (stage 3). The retentate
was collected and samples were taken for protein concentration determination.
[00197]  In preparing this formulation, the target protein concentration of 210 to 250 mg/mL
was not reached due to high pressare in the TFF system. Therefore, the target protein
concentration was achieved by using Millipore cenirifi. gal filter units {30,000 MWCO). To
perform this concentration step, filter units were equilibrated with the BAN2401 formulation
buffer, followed by centrifugation of the BAN2401 material at 3600 RPM (~3000 x g) for 30
minutes intervals at 20 °C, untl the protein concentration in the retentate was expected to be
greater than 200 me/ml. The retentate was recovered from the filter units and pooled. After
thorough mixing, the pooled retentate was sampled for protein concentration measureraents.
[00198]  Afier the protein was concentrated, a sample was taken from the pool and diluted
S00-fold with the appropriate formulation buffer. The absorbance of the diluted sample at 280
nm and 320 nm was measured agaimnst the bufter blank. The final protein concentration
adjustment was performed via dilution with the appropriate formulation buffer. Lastly, 10%
PS80 solution was added to the BAN2401 to achieve 0.02% PS80 in the final solution, and

the protein selution was thoroughly mixed via end-over-end rotation.
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[O0199]  Final BAN2401 formulated material was filieved asing 0.2 pm syninge filters, and
subsequently filled inte vials or PFS. This step was performed aseptically in a biosafety
cabinet. The resulting vials or PES were placed in a freezer at -20°C. Vials were stored
inverted, and PFS were stored horizontally in order to simulate worst case conditions.

C. Stability Experiments on Exemplary 200 mg/mL SC formulations comprising
BAN2461.

[002008]  Sample stability was evaluated at 3°C (3M, 6M, OM, 12M} and 25°C (1M, 3M)
using assay for pH {(Figures 19-21), absorbance at 405 nm (Figures 22-24) (1o detect
mcreases in vellowing), Size-exclusion Chromatography (SEC) {Figures 25-33), and 53°C
thereafter. See Table 17 for the exemplary formulations FSC1-FSC4; note that in Figures 19-
33, “Fia” refers to FSCla, “Fib” refers to FSCib, “F27 refers to FSC2Z, and “F3” refers to
FSC3. Additional characterization assays, including protein concentration, Differential
Scanning Calorimetry (DSC), PS80, and osmeolality were performed on =0 samples.
Subvisible particle testing were performed on =0 and t=6 month samples. A 3-day agitation
study was performed on samples stored for 1 month at 5°C. Samples for the agitation stady
were transferred from S°C storage after T month to 2570 with agitation for 3 days at 250 ypm.
FOO201]  Test rosulbis showed that 200 mgfmi BANZ401 m all FSCa-FSLL

formmlations had stmdlar levels of aggregates and fragmens after stovage at 2-.8°C for 12
months, Stability for BAN2401 at 200 mg/ml i the three FSC1a-FSC3 formulations was
evaluated. Overall, the stability of BAN2401 m each tested formulation appeared smnilar, and
maintained greater than 98.2% monomer after storage at 5°C for 12 months regardless of the
comtainer closure tested. In addition, after storage at 5°C for 12 months, the pH remained
stable, theve was no appreciable increase in yellowing by A405.

{a}  Protein Concentration {T=0 Samples)

[60202] Protein coucentration was megsured using a UV-Vis spectrophotometer. The

results gre listed in Table 18
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Table 18. Protein Concentration Resulis
. : Protein Conventration
Sample D (meimb
FeCla 206
FRClb 21
FaC2 20
FSC3 189

{60203] Protein concentration was evaluated by measuring the absorbance at 280 and 320
nm on a Beckman DU-800 spectrophotometer usimg a fom quartz covette. Samples were
diluted 500-fold and were prepared 1 tnplicate. Protein concentration was calculated using
an extinction coefficient, & of 1.32 using the following formula

Concentration= {A280-A320) £ x Dilution Factor
{h) Palysorbate 88 (T=0 Samples)
[60204] The PS80 content of samples was measured via quantitation of oleic acid. The
results are shown in Table 19,

Table 19, Polysorbate 86 Results

Sample ID Polysorhate R0 (%)
FSCla 0.01¢6
¥FSC1b 0.022
FSC2 0.019
FSC3 0.019

[00205]  The measurement was performed by quantiation of oleic acid, a hydrolvsis
product of PS80, Using base hydrolysis, PS80 releases oleic acid at a 111 molax ratio. The
oleic acid can then be separated from other PS80 hydrolvsis products and matrices using

reversed phase HPLC. The oleie acid was monttored without derivatization using the
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absorbance at 195 nm. {J. Chromatography B, 878 {2010} 1865+ 1870]. Experimentally,
samples were mixed with sodiun hydroxide to release oleic acid, which was sobsequently
extracted with acetonitrile. The extract was diluted with a potassium phosphate sohution, and
a sample volume of 100 gll was injected into a Waters Symmetry C18 column. The
separation was done using an isocratic elution containing 80% organic phase A (acetoniirile)
and 20% aqueous phase B (20 mM Potassium Phosphate Monobasic, pH 2.8). The PS80
concentration in the sample was calculated from the peak area using a standard curve.

{c) Osmolality {T=0 Samples)

[08206]  The osmolality of sanples was determined using a freszing point osmorneter. The
results are shown in Table 20.

Table 20. Osmolality Results

Sample ID Osmolality

{mOsmol’kg H.0)

FSCla 294
FSClb 309
FSQC2 297
FSC3 327

[00207]  Osmolality was measured using a Precision Svstems Osmette HH freezing point
osmometer. Samples were dituted 3-fold with WFL and diluted sample volumes of 10 uL
were withdrawn and loaded to the nstrument using the osmometer pipette. The resulting
osmolality measorements were corrected for sample ditution.

{(d)y  Subvisible Particles

{00208]  Subvisible particle analysis was performed using g Fluid Technologies FlowCarn

mstrument. The T=0 results are listed in Table 21. There appears to be an increase in the
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total particle concentration and mumber of particles greater than 10um over time when

naterial is stored at 3°C. The degree of the increased change was small in the following

order, FSCla <~ FSCib < ¥FSC2 < FSC3.

Table 21. Subvisible Particle Resulis

_ Particles’ | parricles’ | Particles/
Saniple 1D mi. mi. mi.
Fotal > 10um = 3um
FSCla &
.2 x 187 Q
FSCib i O
2.6 x 147 {
FeC2 L . b
28x 107 18
FSOC3 , 63 0
3.9y 1t
[00209]  Subvisible particle analysis was performed using a Fluid Imaging Technologies

FlowCan with a 20X objective and a 30 am flow cell. Before rummng BAN2401 samples,

the flow cell was flushed with dI H20 and a measurement was performed on the dF HxO to

ensure the flow cell was clean. If the total number of panicles counted per 0.2 mb of di Hz0

was = 2, the flow cell was considered ready for use. Samples were equilibrated to room

temperature, then diuted 20-fold with deionized water. Duphicate dituted samples were

analvzed using a sample volume of 0.2 mL and a sample flowrate of 0.02 mL/mun. The

autoimage rate was 14, giving an efficiency of 19.6% and g run time of 10 min. The resulting

paiticle concentrations were corrected for sample dilation.

{e) pH

106210]

The pH of each formulation was monitored throughout the stability testing. As

shown in Figures 19-21, no apparent change was observed for the samples in any of the

storage conditions tested.

{H) HPLC-SEC
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[00211]  High Performance Liquid Clromatography Size Exclusion Chromatography
{HPLC-SEC) analvsis was performed utilizing a TSK 03000 SWXL column with 0.2 M
sodinm phosphate, pH 7.0 mobile phase at a flow rate of 1.0 mL/mia. The sample mjection
volume was 0.8 L. for a protein concentration of 200 mg/mi.. This ensures approximately
150 pg of protein is myected onto the column across the study. Results of relative peak areas
{%) for monomer, aggregate and fragment were reported, as shown in Figures 25-33.

j00212] Physical degradation of the BAN2401 was assessed by performing HPLC-SEC on
the stability samples stored at 5 and 25 °C. After storage at $°C for 12 months, the percent of
aggregate was similar for the 3 formulations at approximately 1.1%. The percent fragment
gengrated for all tested formulations was m the range of 0.4-0.5%. The monomer content
after 12 months storage at 3°C was in the range of 98.4-98.6% for all tested formulations and
container closures. At the current rates of degradation, 1t is possible that BAN2401 in all
tested formulations could have greater than 97% monomer after ap to 24 months storage at

Ped

“Cl

A

[00213]  After storage at 25°C up 1o 3 months, fragment geperation after 3 mounths was in

the range of 8.4-0.8%. Monomer content was slightly greater than 98% for all formulations,

ot

except for FSC3, which bhad slightly less than 98% monomer after 3 months at 25°C.

Example 8: Selection of Protein, Arginine and Polysorbate 80 Concentrations

A, Sample Preparation

[60214] Each candidate formulation (F1-F12) was prepared as follows. Drug substance
{DS) process intermediate-was concentrated and equilibrated with the corresponding
formulation buffers (Table 22) by centrifugal filter units. After the concentration and
equilibration, PS80 dissolved in the formulation buffer was added to achieve pre-determined

concentrations, and protem concentrations were adjusted to the final concentration. Each
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candidate formulation was filled mto vials with il volame of (.5 mi.. Candidae
formulations (F1-F12) are shown in Table 22. Formulation FO was evaluated as a control.

Table 22 Formulation (F8) and candidate formulations F1-F12

Fom | pan24u1 Buffer Stabilizer Polysorbate 80 | pry | T
™o, {ArEinine vohume
mgdmd, mmald. mgimi. | ounol/L mgfml. | (wi % | meiml mi.
FO 100 Citrate 30 8.6 350 G610 {105 {5 3.8 1ss
i 20 Histidine 253 | 3.9 £30 261 .35 3.5 S84 105
F2e 200 Histiding 23 | 3.9 2040 348 .03 0.5 580 105
F3 24 Histiding 25 | 3.9 250 436 (.03 {5 58 1605
P4 200 Histidine 25 | 39 1LY 32,3 (.08 (3.5 S8 168
F3 240 Histidine 25 | 29 330 IR .03 3.5 S0 105
6 250 Histiding 23 | 39 2060 348 .03 3.8 80 105
F7 ) Histiding 25 | 3.9 208 344 .05 0.3 50 1035
¥H 200 Histiding 25 | 3.9 200 34.8 {} { S8 1058
[ RiYE Histiding 23 | 39 200 348 .02 0.2 S0 1058
Fige | 200 Histidine 23 | 39 200 348 .03 1.5 S0 108
Fil 200 Histiding 25 | 39 200 345 {108 1.8 34§08
¥i12 200 Histiding 25 | 3.9 200 34.8 010 IR S8 1058

& F2 and F1¢ are the same famalations, prepared for difforont studies,
b I the selection of polysorbate 8¢ concentration, drog soltion was withdrawn from drug product and
was fied with 0.5 mb o align the 8 volume and the container closure sysient.

B. Stability protocol
[80215] Stabulity protocols are shown in Table 23, Table 24, and Table 25 Once removed
from storage, the vials were stored at 5 °C until testing.  Storage couditions were as follows:
« Long-tern condition: stored at § “C£3°C upright
¢ Accelerated condition: Stored at 23 °C2 °C, 60%RH3%RH upright
»  Spessed condition (Freeze-thaw), Frozen at =30 *C and thawed at room
reraperature, upright
«  Stressed condition (Agitation): 5 °C, layving down, horizontal, at 25¢ rpm ona

reciprocating shaker with shaking amplitude of 50 mm
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Table 23 Stability Protocol (Leng-term and Accelerated Condition)

Test Point

Test item Initial F°CH3°C Upright | 28 °C£2°C, 0% RH8%RH Upright
ST M M IM

Appoarance FO-F7 FO-F7 FO-F7 FO-F7

pH FO-F7 FG-F7 FO-F7 F(O-F7

Stze exchasion HPLC FOF7 FO-F7 FiLF7 FO-F7

fon exchange HPLC FO-F7 FO-F7 NA FO-F7

Polysorhate 80 FO-F7 FO-F7 FO-F7 FO-F7

N/A: Notapplicable.

Table 24 Stability Protocel (Stressed Condition: ¥0-F7)

Test Paint

. Endtial Freeze~-thaw (-30°C® room temperature)
Test item :
3 eycles
Appearance FO-F7 Fa-F7
pH FO-F7 FO-F7
Size exclusion HPLC FO-F7 FO-F7
ion exchange HPLC FiO-F7 FiO-F7
Polysorbate S0 F(-F7 NiA
Protein concentration FO-F7 NIA
Viscosity FO-F7 NYA
Crsmalatity FO-F7 NiA

NYAL Not applicable.

Table 25 Stability Protocol (Stressed Condition: Fi, F8-F12})

Text Paint
Tnitial Frevze-thaw  {~30°C Agiitmi(m {(8°C, tay anm
Test item ’ ‘ room femperating) horizoutal, 258 rpm)
3 cyeles 3 davs

Appearanes Fi FR-F1Z | FO Fe-F12 FG, FR-F12

pil Fi, FS-F12 FG, F8-Fi2 F(i, FR-Fi2

Protein concentdion Fo, PE-F12 | POOFS.F12 PO, F&Fi12

Forelgn insoluble maiter { | FO, FR-FI12 | FO, FA-Fi2 Fi, F8-Fi2

Vistble particles)

Stre exclusion HPLC P, F8-F12 | PO, FR-F12 Fi FR-Fi2

{(SEC)

Polvsorbate 80 {PSR(Y FG, F-Fi2 B, F9-Fi2 Fi, Fo-Fi2
Micro~llow imaging (MFD | FOFSFLY FO, Fa-Fi2 ¥, F8-Fi12

N/A: Not apphicable.

[00216]

Since the viscosity of solation is known to increase exponentially at highly

concentrated protein solutions, protein concentration of each candidate formulation (F1-F5)

were adjusted to 200 % 10 mg/mL with fornulation buffer containing 0.05 {wiv)% of PSRO

for the analysts, Other formualations were not diluted before the measurement.
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C. Results and Discassion

{a) Selection of arginine concentration

[00217]  To select the target arginine concentration in the formulation, physical properties
were evaluated and freeze-thaw, long-term, and accelerated stability studies were conducied
for candidate formulations with different arginine concentration {130 1o 350 mmolL, F1 to
F3) and compared to formulation FO (see, Table 22). Physical properties and the results of
freeze-thaw study were shown in Table 26, The results of long-term and accelerated stability

R

study were shown in Table 27 and Table 28,
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{b) Phyvsical Properties

[00218]  As shown in Table 26, osmolality values increased as the arginine concentration
increased. F1, F2 and F3 showed lower osmolality values as compared 1o F4 and FS.
Therefore, arginine concentration was limited to 230 mmol/L or less. Viscosity values of F1-
F3 were within a narrow range (7.3-8.1 ¢Pj and were not correlated with arginine
concentration within 150 to 350 mmol/L. The results of appearance, pH and concentration of
PS80 and protein were almost at the target.

{c) Freeze-Thaw Stability Mtudy

[60219] No significant changes were observed 1n all testing tems after three cycles of
freeze-thaw testing as shown in Table 26.

(dy  Long-Term Stability Study

[002268] As shown in Table 27, no significant changes were observed in all testing ems
except for size exchusion HPLC (SEC) after three-month storage. Amounts of aggregate and
fragment by SEC slightly increased m candidate formulations F1-FS. Each increase rate was
strutar to the formulation FO.

{e) Accelerated Stability Study

{00221 As shown in Table 28, no significant changes were observed in all testing items
except for SEC and ion exchusion HPLC (IEX). Although the amount of aggregate by SEC
increased in all the candidates (F1-F5, BAN24G1 200 mgimL} and the rate was faster than
formulation FO as expected, all the candidates were cousidered to be feasible considering the
results in long-term condition and the stability of FO with a long shelf-life. The higher
arginine concentration resulted in shightly slower aggregate formation, consistent with the
results described 1n Example 4. The amount of fragment by SEC also increased in all the
candidates but the rate was similar to that i the formulation FO. As for IEX, the amount of

acidic peak increased in all the candidates but the rate was similar fo that in VO
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{H Arginine Concentration

j00222]  Asshown in Table 26, F4 and F3 (ar arginine concentrations of 300 and 350
mmol/L} were not considered feasible in the view of osmolalitv. Among feasible candidates
F1, F2 and F3 (at arginine concentrations of 150, 200 and 250 mmol/L), F1 is the closest o
1sotonic. As shown m Table 28, formulations with higher argimine concentrations showed
lower aggregate formation rate in accelerated stability studies but the difference in rate was
not significant at the arginine concentration range evaluated. Taking both isotonicity and
aggregate formation rate mto consideration, 200 numol/L was selecied as the target arginine
concentration based on the F2 formulation.

{g) Selection of protein concentration

[00223] To select the target protein concentration in the formulation, physical properties
were evaluated and freeze-thaw, long-term, and accelerated stability studies were conducted
for candidaie formulations with different protein conceniration {200 {o 300 mg/ml., F2, F6,
F7} and formudation FO. Physical properties and the results of freeze~-thaw stady are shown
Table 29. The results of long-term and accelerated stability studies were shown in Table 27

and Tahle 28,
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{h}  Physical Properties

j00224] Asshown in Table 29, F2 and F6 showed lower osmolality values as compared to
F7. Viscosity values in F2, F6 and F7 were 7.8, 21 and 48 ¢P, respectively. High viscosity
over 20 ¢P would cause difficulties m manufacturiog IS by increasing the back-pressure of
the pump and decreasing the transmembrane {lux during ulrafiliration and diafiliration steps.
In addition, higher concentration solution makes DP filling process more difficult by
clogging of filling needles that lead to fill weight variation. Since the desired viscosity is
reported to be not more than 20 ¢P*, F2 was feasible. The results of appearance, pH and
concentration of PSB0 and protein were almost on target.

(i) Freeze-Thaw Study

[00225]  No significant changes were observed in all the tested ftems after three cyveles of
freeze-thaw testing as shown in Table 29.

(i) Long-Term Stability Study

{00226]  As shown in Table 27, no significant changes were observed other than size
exclusion HPLC (SEC) after three-month storage. Amount of aggregate by SEC shightly
mcreased m candidate formulations F2, F6 and F7 bot increase rate was simular to that in FO.
{(k}  Accelerated Stability Study

{00227]  As shown in Table 28, no significant changes were observed other than SEC and
ton exclusion HPLC (JEX). The amount of aggregate by SEC moereased mn all the candidates
{F2, F6 and ¥7) in similar rates at three-month timepoint (0.7-0.8% increase). Therefore, all
the candidates were considered fegsible. The amount of fragment by SEC also increased in
all the candidates but the rate was similar to that in FO. As for IEX, the amount of acidic

peak by IEX increased in all the candidates but the rate was similar to that in FO.
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{H Protein Concentration

j00228] Considering the resulis of osmolality and viscosity shown in Table 29, and the
overall stability results shown in Table 27 and Table 28, protein concentration of 200 mg/mL
was selected.

{(m)}  Selection of PS88 concentration

[00229]  To select the target PS80 concentration in the formulation, freeze-thaw and
agitation studies were conducted for candidate formulations with different PS80
concentration [0 1o 0.10 {w/v)%, F8-F12] and formulation FO. The results of freeze-thaw and

agitation study are shown in Table 30 and Table 31, respectively.
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{n}  Freeze-Thaw Study

j00236]  As shown in Table 30, no significant changes were observed in all the tested items
after three cycles of freeze-thaw testing. Particle counts by MFI were relatively high in F8
{without PS80}

{0}  Agitation Stady

[00231]  Asshown in Table 31, formulations containing 0.02(w/v% to 0. 10{w/v)% of PSEO
{F9 to F12) were stable after agitation. Changes were observed in F& (without PS80} for
appearanoe, protein concentration and aggregate amount by SEC affer agitation. Appearance
was changed from clear shightly vellow hquid to opalescent white hquud. Protein
concentration slightly decreased from 206 to 195 mg/ml.. Aggregate amount mereased from
1.1% to 3.8%. Therefore, F& (without PS80} was not considered feasible.

{p) PS80 Councentration

[00232] Based on the resulis shown in Table 30 (freeze-thaw study) and Table 31 (agitation
study ), formulations contatning 0.020w/ v to 0LI0(w/v )% of PS80 were stable after three
cycle of freeze-thaw and agitation up to three days. Therefore, PS80 concentration of 0.05
{w/v)% was selected as the target,

{g)  Conclusion

[60233] In conclusion, the following formulation was selected for BAN2401 formulation
for subsequent studies.

Table 32 Formulation for Subsequent Studies

S:f’ml"’“‘m BAN2401 | Buffer Stabilizer (Arginine} | Polysorbate 80 | pH
megiml, mmald meml, | mmolL. | mefml, {advi%s | meiml, |
F2 200 Histidine 25 1 3.9 200 348 .03 0.5 5.4
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Example 9: Stability Stady for 200 mg/mE BAN2401 Formulations with Different pH
j00234] A stability study was conducted to test the stability of BAN2401 formulations at
200 mg/mL with different pH. In addition, the impact of methionine addition on drug product
{DP) stability were tested.

A. Sample Preparation

{00235]  Each candidate formulation {Table 33} was prepared as follows. Formulations
were equilibrated with corresponding formulation buffer by centrifugal filter units. Only for
F20 preparation, fornwlation buffer at 3.5 of a pH was used until the pH of filirated solution
achieved to 4.0 since protons are repelled by concentrated charged protem near
senupermeable membrane, known as Donnan effect. After concentration and equihibration,
PS80 dissolved in the formulation buffer was added 1o achieve pre-determined concentration
and then the protein concentration was adjusted to the final concentration. Each candidate
formuplation was filled mto vials with fill volume of 0.5 wl.. Forroulation FO (vee, Table 33)
was evaluated as a control.

Table 33 Composition of Drug Substance and Candidate SC Formulations

Ne, | BAN248L | Buffer Stabilizer Polysorbate 88 | pH® Fnll
» vislume
mg'ml mmold mafml | mmoll. | mgfml | (od% | mgfml f’::-"iq'i

Fi 100 Citrate S0 9.6 Arg 350 1 610 £.05 (.3 S0 135
F13 | 200 Histiding 23 | 3.9 Arg 200 1348 0.03 0.5 45 103
Fi3 {200 Histidhne 253 1 39 Arg 200 | 348 .05 (.5 58 105
Fi17 {200 Histdine 25 | 3.8 Arg 200 | 348 0.03 0.5 38 148

Y ) e Arg 200 | 3438 - T B
T ot oF ) 78 = . ‘ 5 ‘ [
Fi8 | 200 Histidine 253 { 3.9 Mot 10 1 s 0.03 0.3 S | 0.5
F20 | 200 Histiding 35 1 3.9 Arg 260 1 348 £.05 (.3 40 |03
F21% | 200 Histding 25 1 3.8 Arg 200 | 348 0.03 0.5 50 |48
F22 1200 Histiding 25 1 39 Arg 200 | 348 .05 (3.3 6.0 {05

Arg: Arginine, Met: Methionine

a: To adjust pH, arginine and arginine hydrochloride was combined for FO and hydrochloride was
added for F13 teough F22.

br F21 15 the same formulation as FIS§
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B. Storage protocel
j00236] Storage protocols are shown in Table 34, Table 35, and Table 36, Once removed
from storage, the vials were stored at 5 °C unuif the testing started.  Storage conditions are as
follows:

+ Long-term condition: stored at 5 “C43°C upright

Accelerated condition: Stored at 25 *C+2 °C, 60%RH+5%RH upright

s Stressed condition (Freeze-thaw): Frozen at 30 °C and thawed st room temperatare,
upright

OO0 1x: 25 °Cx2 °C, 60%RH=5%RH, lay down with light exposure of 1000 ix

Dark: 25 *(C22 °C, 60%RH=5%RH, lay down without light exposare by covering with
alummum foil

[00237]  To confirm aggregate level after three-month or longer storage, size exclosion
HPLC was additionally evaluated as extended storage samples at nine-months for fong-term

and three-months for accelerated stability study. Latter samples were tested afier stored in

refrigerator for six months.
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C. Results and Discassion

j00238] Physical properties were evaluated and long-term, and accelerated studies were
conducted for candidate formulations including pH variation {(pH 4.0 to pH 6.0), and
methiomine addition. Freeze-thaw and photo-stability studies were also conducted to evaluate
the efficiency of methionine addition.

D. pH Variation

j00239]  As shown in Table 37, Table 38A and 38B, Table 39, and Table 40, no significant
differences among candidate formulations (F13, F15, F17 and F20 1o F22) were observed for
any testing ltems except for size exclusion HPLC {(SEC). Formulation F20{ie., a
formulation with lower pH of 4.0}, showed lower amount of aggregates by SEC at initial
timepoint. In addition, slightly lower rate of aggregates formation and hugher rate of
fragments formation were observed in an accelerated stability study. Results of formulations

with pH from 4.5 to 3.5 were confirmed to be comparable.
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E. Methionine Addition

j00248]  As shown in Tables 41 A and 418, and Table 42 to Tables 46, no significant
difference was observed between formulations with or without methionine (Fi18 and F15).
Fornmdation with methionine (F18) showed slightly fower rate of aggregate formation in
extended a long~-term stability study, accelerated stability study, and photostability study.
F18 also showed slightly lower oxidation of methionine residue {e.g, at position 259 m the
heavy chains) in light exposure with 1000 lux up 1o seven days. Freeze-thaw study did not

show any difference. The effect of 10 mmol/L of methionine as a stabilizer was himited.
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F. Conclusion

j00241]  Quality attributes were comparable among fornmudations of BAN24G1 with pH
variation from pH 4.5 to pH 5.5, s at pH 4.0 showed lower aggregate formation rate and, on
the contrary, faster fragment formation rate during storage. We saw no significant difference
between formulations with and without methionine at a concentration of 10 muolL based on
evaluations of quality, stability studies mchading long-term, accelerated, freeze-thaw, and
photo. Though slightlv slower aggregate formation rate and minor suppression i oxidation
of amino acid residue were observed, the differences were not significant. In conclusion, FI1§
and F21, which were composed of 200 mg/ml. of BAN2401, 25 munol/l. of L~
histidine/histidine hydrochleride, 200 mmol/LL of L-arginine, 0.05 {w/v)}% of polysorbate 80
at a pH of 5.0 4 0.5 were determined o be good drug substance candidates for further
development.

Example 10: Investigation on Effect of Arginine Concentration to the Stability of
BAN2401 Formulation

[00242]  The effect of arginine concentration (0, 30, 100, and 200 mmol/L} to the stability

of BAN2401 at 200mg/mi. was evalnated. The samples of each argiune concentratton level
were stored at accelerated condition {25 °C/60%RH) and tested at 0, 1, and 2 months.

A. Sample preparation

{00243  Samples (F1-F4) were prepared by buffer exchange of the concentrated BAN2401
drug substance process intermediate by ultrafiltration. After aseptic filtration, each 0.4 mL
sample was filled into vial. The sample information is shown in Table 47,

Table 47 Sample information

Formulation . g Stabilizer Polysorbate |
. BANZ401 Buffer L o pH
No. U {Argimne} | 80 ‘ P
. ,, T 0.05
Fi 200 mgfml. | Histidine 25 samolL. | O mmol/L (WY 5.0
F2 200 mg/mb | Histidine 25 mmeol/L | 30 mmol/L (W) a0
WiV )Y
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U I, ” . L | 005 -
F3 200 mg/ml | Histidine 25 mmol/L | 100 mool/L fwiv ) 5.0
WY ;
IOV R N . | 0.08 .
F4 200 mg/ml | Histidine 25 mmol/L. | 200 mmol/L (Wi 5.0
VIV ) s

B. Results

[00244] Resulis of this stability study for samples F1 to ¥4 are shown in Table 48 1o 51.
There was no difference i pH and protein concentration between samples, and the argimne
concentration level were consistent with the target for imtial samples.

[00245]  Agpregates % for samples containing arginine (F2 to F4) were lower than that of
the sample without arginine (F1).

Table 48 Test results of sample F1 (Arginine 0 mmeol/L targeted)

Test ftems Initial M 2M
pH 5.1 - -
Protein concentration {mg/ml.) 195 - ~
Monomer areas 98.3% 98.0% 97.8%
SEC Aggregates area%s | 1.6% 1.7% 1.9%
Fragments area% | 0.1% {0.2% 0.3%
Arginine concentration {mmol/L) i - -

Table 49 Test results of sample F2 (Arginine 50 mmol/L targeted}

Test items Initial M 2M
pH S0 ~ -
Protemn concentration {mg/ml.) 192 - -
Monomer grea®e 9R.4% 98. 1% 97.8%
SEC Aggregates areas | 1.5% 1.7% 1.8%
Fragments area% | 0.1% 0.2% 0.4%
Arginine concentration {mmol/L) 47 - -
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Table 88 Test results of sample ¥3 (Arginine 100 mmol/L targeted)}

Test Items Initial IM 2M
pH 5.0 - -
Protemn concentration {mg/ml) 198 - ~
Monomer area%o 9R8.4% 98.1% 57.8%
SEC Agpgregates area% | 1.5% 1.7% 1.8%
Fragments area% | 0.1% 0.2% 3.4%
Arginine concentration (mmol/L) 87 - -

Table 81 Test results of sample K4 (Arginine 200 mmol/L targeted)

Test ltems Intial M M
pH 5.0 - -
Protein concentration {mg/ml.) 191 - -
Monomer area% 9R. 4% 8. 1% 97.9%
SEC Aggregates area’ | 1.5% 1.6% 1.7%%
Fragments area% | 0.1% {.2% 0.4%
Arghune concentration {mmeol/L) 173 - -

C. Discussion and Conclusion

{00246] Results of this sindy mndicaied thai arginine concentrations of 30 to 200 mmoVLL
prevent increases of protetn aggregates m BAN2401 200 myg/ml. formulaon. Variation of
arginine concentration between batches may result in variation in aggregate % between
batches. In addition, arginine concentration may affect increase trend of aggregates % in the
stabiltity studv.

[00247]  The formulation comprising histidine buffer appeared 1o show effect on reducing
fragmentation of BAN2401 as compared the percentage of fragmentation in the sample F1
with the percentage of fragmentation shown in Figure 11 i Example 2, in which the samples

comprising 200 mg/ml. BAN2401, S0 wM sodivm citrate and 100 mM sodium chloride were

used.
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SEQUENCE LISTING

Table 52. Amino acid seqguences of mAb variable regions

mAb

1gG; chain

SEQ ID NO

Amino acid sequence

BAN240]

Heavy chain

i

EVOQLVESGGGLVQPGGSLRLSCSASGF

TFSSFOGMHWVROQAPGRKGLEWVAYISS

GSSTIYYGDTVKGRFTISRDNAKNSLFL
QMSSLRAEDTAVYYCAREGGYYYGRS
YYTMDYWGOGTTVTVSS

BAN24M

Light cham

b

DVVMTOSPLSLPVTPGAPASISCRSSQS]
VHSNONTYLEWYLOKPGQSPKLLIYKV
SNRFSGVPDRFSGSGSGTDFTLRISRVE

AEDVGIYYCFQGSHVPPTRFGPGTKILEIK

Table 53, Amino acid sequences of mAb constant regions

mAb

1gG chain

Class

SEQ 1D NO

Amino acid sequence

BAN2401

Heavy chain

Gl |3

ASTKGPSVEPLAPSSKSTSGGT
AALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLOQSSGLY
SLSSVVTVPSSSLOGTQTYIONY
NHKPSNTKVDKRVEPKSCDK
THTCPPCPAPELLGGPSVELEP
PKPKDTLMISRTPEVTCVVVD
VSHEDPEVKENWYVDGVEVH
NAKTKPREEQYNSTYRVVSVL
TVLHODWLENGRKEYRCKVSNK
ALPAPIEKTISKAKGQPREPOV
YTLPPSREEMTRNQVSLTCLY
KGFYPSDIAVEWESNGOPENN
YKTTPPVLDSDGSFFLYSKLT
VDKSRWQOQGNVFSCSVMHEA
LHNHYTOQKSLSLSPGK

BAN24G1

Light chain

kappa |4

RTVAAPSVFIFPPSDEQLKSGT
ASVVCLINNEYPREAKVQWK
VDNALQSGNSQESVTEQDSK
DSTYSLSSTLTLSKADYEKHK
VYACEVTHQGLSSPVTKSENR
GEC

Table 34. Amino acid sequences of mAb CDRs

mADb

1gG chain

Amino acid sequence

BAN2401

HCDRI

SEQ ID NO

SFGMH

HCDR2

&

YISSGSSTIYYGDTVEG

HCDR3

EGGYYYGRSYYTMDY

BAN2401

LODRI

RSSOSIVHONGNTYLE

LCDR2

KVSNRFS

LCDR3

FOQOGSHVPPT
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Heavy Chain (SEQ ID NO: 1)
evglvespgelvgpeesirlscsasgfifssfembwvrgapgkglewvavissgsstiyygdtvk grftisrdnaknsiflgmssie
aedtavyycareggyyversyyimdywgqanivivssastkgpsviplapsskstsggtaalgebvkdyfpepvtvswasgalts
gvhtfpavigssglysissvvtvpssslgtgtvienvabkpsatkvdkrvepksedkthteppepapetlgapsvilfppkpkdd
misrtpevitevvvdyshedpevkinwyvdgvevhnaktkpreegynstvrvvsvitvthgdwingkevkekvsnkalpapie
ktiskakggprepgvytippsreemthngvsltcivkgfypsdiavewesnggpennvkitppvidsdgsftlyskitvdksrwyg
qenviscsymbealhnhyilgkslsispgk

Light Chain (SEQ ID NO: 12):
dvemigsplsipyvtpgapasiscrssgsivhsngatylewvlgkpggspklivkvsnrfsgvpdrisgsgsetdftinisrveaedy
givvefqeshvpptfepotkleikrivaapsviifppsdeglisgtasvyellnnfypreakvgwkvdnalgsgnsqesvieqdsk
dstysisstitlskadvekhkvyacevihgglsspvtkstorgec
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CLAIMS

An agueous pharmaceutical formulation comprising:

{a) an isolated anti-AP protofibril antibody or fragment thereof that binds to

human AR protofibrils, at a concentration of 30 mg/ml. to 300 mg/ml.,

{b) 100 mM to 400 mM arginine,

{¢) 0.01% wiv 1o 0.1% w/v polvsorbate 80, and

{d) a pharmaceutically acceptable buffer,
wherein the pharmaceutical formudation has a pH ranging from 4.5 to 3.5,
wherein the isolated anti-Af protofibril antibody o fragment thereof comprises: {1} a
heavy chain variable domain comprising the amino acid sequence of SEQ ID NO:E,
and {i1) a light chain variable domain comprising the amino acid sequence of SEQ 1D
NO:2, and
wherein the arginine is arginine, arginine hydrochloride, or a combination thereof
The pharmacentical formulation according to claim 1, wherein the isolated anti-AB
protofibril antibody or fragment thereof is present in a concentration of 100 mg/mL to
200 mg/ml..
The pharmaceutical formulation according to claim 1, wherein the isolated anti-Af
protofibril antibody or fragment thereof is present in a concentration of 100 mg/mi..
The pharmacentical formulation according to claim 1, wherein the isolated anti-Ap
protofibril antibody or fragment thereot is present it a concentration of 200 mg/md.
The pharmaceutical formulation according to any one of claims 14, further
comprising methionne.
The pharmaceutical formulation according 1o any one of ¢latms 1-5, wheretn the

pharmaceutically acceptable buffer is citrate buffer or lustidine buffer.
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7. The pharmaceutical formulation according to any one of claims 1-6, comprising 10 to
100 mM citrate buffer or 10 to 100 mM histidine buffer.

=
$

The pharmaceutical formulation according to any one of claims 1-7, comprising 125

o

to 350 mM arginine.

9. The pharmacenatical formulation according to any one of claims 1-8, comprising 200
mM argining, wherein the arginine is arginine hydrochloride.

10. The pharmaceutical formulation according to any one of claims 1-9, comprising 200
mM arginine, wherein the arginine is arginine hydrochloride, and 25 mM histidine
buffer.

11. An aqueous pharmaceutical formulation comprising:

{a) 80 mg/mkL to 240 mg/mL of an 1solated anti-Ap protofibnil antibody or
fragment thereot comprising: (1) a heavy chain variable domain comprising the
amine actd sequence of SEQ ID NO: 1, and (11} a light cham variable domam
comprising the amino acid sequence of SEQ 1D NQO:2,

{b) 140 mM to 260 mM arginine hydrochloride,

{c) 0.02% wiv 1o 0.08% wiv polysorbate 30, and

{d) 15 wM 1o 35 mM histidine buffer,

wherein the pharmaceutical formulation has a pH ranging from 4.5 to 5.5,

12. An aqueous pharmaceutical formulation comprising:

{a) 80 mg/mL to 120 mg/ml of an isolated anti-AP protofibril antibody or
fragment thereof comprising: (1) a heavy chain variable domain comprising the
anvine acid sequence of SEQ 1D NO: T, and (1) a Hght cham variable doman
comprising the amino ackd sequence of SEQ 1D NO:2,

{h) 240 mM o 360 mM arginine,

{c) 0.02% wiv to 0.08% wiv polysorbate 80, and
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. A method of reducing ag
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{d) 30 mM to 50 M citrate buffer,
wherein the pharmacentical formulation has a pH ranging from 4.5 to 5.5,
and wherein the arginine is arginine, arginine hydrochloride, or a combination thereof.

eoregate formation of an isolated anti-AP protofibril antibody

ot fragment thereof, comprising:
providing an aqueous pharmacentical formulation comprising an isolated anti-Ap
protofibril antibody or fragment thereof comprising: (i) @ heavy chain variable domain
comprising the amine acid sequence of SEQ ID NO:1, and (i) a light chain vanable
domain comprising the amino acid sequence of SEQ 1D NO:2 at a concentration of 8(
mg/ml to 300 mg/md, and
adding arginine, arginine hydrochloride, or a combination thereof to said agueous
pharmaceutical formulation, wherein the pH of the pharmaceutical formulation ranges
from 4.5 to 5.5.
The method according to claim 13, wherein the arginine, arginine hydrochloride, or

combination thereof is present in a concentration of 150 to 250 mM.

. The method according to claim 14, wherein the arginine, arginine hydrochioride, or

combimation thereot is present in a concentration of 200 mM.

The method according to any one of claims 13 to 15, wherein the pharmaceutical
formulation further comprises a pharmaceutically accepiable buffer.

The method according to claim 16, wherein the pharmaceatically acceptable butfer 15

histidine buffer or citrate buffer.

. A method of reducing fragmentation of an isolated anti-Af protofibril antibody or

fragment thereof, comprising:
providing an aqueous pharmaceutical formulation comprising an isolated anti-AR

protofibri antibody or fragment thereof comprising: (i) a heavy chan variable domain
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comprising the anmuno acid sequence of SEQ ID NO:T, and (i) a hight chain variable
domain comprising the amino acid sequence of SEQ 1D NO:2 at a concentration of 80
mgiml to 300 mgimi, and

adding histidine buffer 1o said aqueous pharmaceutical composition, wherein the pH
of the pharmaceutical formulation ranges from 4.5 10 5.5

The method according to claim 18, comprising 15 to 35 mM histidine buffer.

. The method according to any one of claims 13-19, wherein the pharmaceutical

formulation further comprises 0.01%% wiv to 8.1% w/v polvsorbate 80,
¥ PO
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