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

{6001  The present application claims the benefit of priority 1o 1S, Provisional Application
No. 62/992 746 filed March 20, 2020 and U.S. Provisional Apphication No. 63/027 263 filed
May 19, 2020 the coments of both of which are incorporated herein by reference in their
entireties.

j0002]  Alzhemmer’s disease (AD) is a progressive, neurodegenerative disorder of unknown
etiology and the most common form of dementia among older people. In 2006, there were
26.6 million cases of AD in the world {(range: 11.4-59 4 million) {Brookmever, R., el o/,
Forecasting the global burden of Alzheimer’s Disease. Alcheimer Dement. 2007; 3:186-91),
while there were more than § million people in the United States reportedly living with AD
{2010 Alzheimer’s disease facts and figures. Alzhefmer Dement. 2010:6:158-94). By the
year 2050, the worldwide prevalence of AD is predicted to grow to 106.8 million (range:

47.2 - 221.2 million), while in the United States alone the prevalence is estimated to be 11 to
16 million. (Brookmever, sipre, and 2010 Alzheimer’s disease facts and figures, supra).
[0003]  The disease generally involves a global decline of cognitive function that
progresses slowly 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., ef of., Alzheimer disease in the U.S. population: prevalence estimates using the
2000 census. drch Newrol. 2003; 60:31119-1122.) AD is the seventh leading cause of all
deaths in the United States and the £ifth leading cause of death in Americans older than the
age of 65 vears, despite the fact that mortality due to AD is greatly underestimated because
death certificates rarely attribute the cause of death to AD. (2010 Alzheimer’s disease facts
and fgures, supra.)

{0004]  Histologically, the disease is characterized by neuritic plagues, found primacily o

the association cortex, limbic system and basal ganglia. The major constituent of these
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plagues is amylod beta peptide (AB). AP exists in various conformational states - monomers,
oligomers, protofibrils, and insoluble fibrils. Details of the mechanistic relationship between
onset of Alzheimer’s disease and AP production is unknown. However, some anti-Af
antibodies are undergoing clinical study now as potential therapeutic agents for Alzheimer’s
disease.

[O003]  Anti-AD antibodies and other proteins may be administered to subjects via
intravenous, subcutaneous, intramuscular, and other means. The dosage and/or dosage form
of an antibody can present many challenges to developmg a suitable pharmacentical
formation. For instance, at high antibody concentrations, the stability of the antibody can be
problematic due o the formation of protein~-protein aggregates or tragmentation. Generally,
aggregation ncreases with increasing antibody concentrations. Moreover, hugh concentration
antibody formulations require high concentrations of stabilizers and other excipients in order
to achieve long-term protein stability and shelf-life. High concentration antibody
formulations are also often viscous, potentially complicating the manufacture and
administration of the pharmaceutical formulation.

{6006}  Provided herein are pharmaceuntical formudations comyprising a therapeuatically
effective amount of at least one isolated anti-Af protofibril antibody or fragment thereof that
binds 10 AP protofibril. Also provided heretn are pharmaceutical formulations comprising
80-300 mg/ml of an isolated anti-Af protofibril antibody or fragment thereof that binds to AP
protofibril, wherein the antibody s BAN2401 (also known as lecanemab). The
pharmaceutical formulations provided herein have been found to be advantageous. For
example, despite high concentrations of anti-Af protofibril antibody (2.g., 100 mg/mL or 200
mgfml), the protein-protein sggregation rate is unexpectedly low and comparable to

&

aggregation rates typically seen with much lower antibody concentrations {e.g., 10 mg/mL).

i =

In some embodiments, the presently disclosed phapmaceutical formulations exhibit a lower
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mnitial rate of aggregates than formulations having significantly lower concentrations of anti-
AP protofibril antibody (e.g., ~0.3% initial level of aggregates for 100 my/mL anti-Af
protofibril antibody vs. ~0.8% initial 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-Af} protofibril antibody {e.g., 10.6 particles'mL for 100 mg/mL
anti-Af protofibril antibody vs. 12.6 particles'mL for 10 mg/mL anti-Ap protofibrid
antibody). In some embodiments, the presenily disclosed pharmaceutical formalations
exiubit a decreased aggregation rate, decreased inwtial aggregation level, decreased protein
fragmentation rate, and/or decrease in sub-visible particle formation as compared to
formulations having significantly lower concentrations of anti-A protofibril antibody. Low
aggregation rate, inttial aggregation level, protein fragmentation rate, and/or sub-visible
particle generation may allow for increased stability and/or longer prodact shelf life.
Moreover, the excipients in the presently disclosad pharmaceutical formulations can be
present in lower quantities than in currently marketed intravenous products. In some
embodiments, the pH and osmolality of the presently disclosed phanmacentical formulations
are acceptable for ntravenous administration after difution in intravenous fhuds.

{0007;  In some embodiments, the at least one anti-Af protofibril antibody comprises (i) a
heavy chain varigble domain comprising the amino acid sequence of SEQ ID NO:Y, and (i &
light chain variable domain comprising the amine acid sequence of SEQ ID NO:2.

[0008]  In some embodiments, the at least one anti-Af protofibeil antibody comprises three
heavy chain complementarity determining regions (HCDR1, HCDR2, and HCDR3Y)
comprising amino acid sequences of SEQ IDNO: 5 (HCDR1}, SEQ ID NO: 6 (HCDR2), and

SEQ IDNO: 7{(HCDR3); and three hight chain complementanity determining regions
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{LCDRIY, LODR2, and LCDR3) comprising amino acid sequences of SEQ ID NO: 8
(LCDR1), SEQ 1D NO: 8 {LCDR2), and SEQ IDNO: 10 (LCDR3).

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

j0010]  In some embodiments, the at least one anti-Ap protofibeil antibody comprises a
hwman constant region. In some embodiments, the human constant region of the at least one
anti-Af protofibetl antibody comprises a heavy chain constant region chosen from IgGl,
feG2, 1pG3, TeGd, IgM, 1gA, 1gE, and any allelic variation thereof as disclosed 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 IgG1 and allelic variations
thereof. The amino acid sequence of lnuman IgGl constant region 1s known in the art and set
out in SEQ D NO: 3.

[8011]  In some embodiments, the human constant region of the at least one anti-Ap
anttbody comprises a light chain constant region chosen from r-A~chain constant regions and
any allelic variation 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 lght chain
constant region is chosen from x and allelic vartations thereof. The amino acid sequence of
huwman x chain constant region 1s known in the art and set out in SEQ ID NO; 4.

8012}  In some embodiments, the at least one anti-Af protofibrd antibody comprises
human heavy and Hight chain variable region frameworks, In some embodiments, the at least
one anti-Af protofibril antibody comprises a heavy chain variable region comprising an
amino acid sequence of SEQ 1D NQO: 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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protofibril antibody comprises a human IgG1 beavy chamn constant region, and a haman g
kappa light chain constant region. In some embodiments, the at least one anti-A$ protofibril
antthody comprises a heavy chain constant region comprising an amino acid sequence of
SEQ ID NO: 3, and a light chain constant region comprising an amino acid sequence of SEQ
D NO: 4,

{00131 Insome embodiments, the at least one anti-AP protofibril antibody is BAN2401,
also known as lecanemab., BAN2401 is a humanized 1gG1 monoclonal version of mAbISg,
which is a murine monocional sntibody raised to target protofibrils and disclosed in WO
2007108756 and Journal of Alzheimer’s Disease 43: 575-5888 (2015). BAN2401 is at least
one anti-Af pretofibril antibody, demonstrating low affinity for AR monomer while binding
with high selectivity to solable AP aggregate species. For example, BAN2401 has been
reported demonstrates an approximately 1000-fold and 5-fold to 10-fold higher selectivity for
soluble A} protofibrils than for AR monomers or Afl-insoluble fibrils, respectively.

{0014} BANZ2401 comprises (1) 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
seguence of SEQ 1D N2, The full length sequences of heavy chain and light chain of
BANZ40T are set forth in SEQ D NOs: 11 and 12 and is described in WO 2007/108756 and
in Journal of Alzheimer’s Disease 43:375-588 {2015).

[9015]  Other non-Himiting examples of suitable antihodies for use as the at least one anti-
AP protofibril antibody in the present disclosure inchude those disclosed 1 WO 2002003911,
WO 2005/123775, WO 2007108756, WO 2011/001366, WO 201 1104696, and WO
2016/0034606.

[0016]  In some embodiments, the isolated anti-Af protofibril aptibody is present g
concentration of at least 80 mg/mb. In some embodiments, the isolated anti-AP protofibril

antibody is present in a concentration of at least 100 mg/mL. In some embodiments, the
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solated anti-Af protofibal antibody is present in a concentration of at least 200 mg/ml. In
some ambodiments, the isolated anti-AP protofibril antibody is present in a concentration of
at least 250 mg/mL. In some embodiments, the isolated antibody or fragment thereof is
present in a concentration ranging from 30 mg/mi. to 300 mg/ml.. In some embodiments, the
isolated anti-AB protofibril antibody is present in a concentration ranging from §5 mg/ml. to
275 mg/ml. In some embodiments, the isolated anti-Af protofibril antibody is present in a
concentration ranging from 90 mg/ml to 250 mg/ml. In some embodiments, the isolated
anti-AB protofibril antibody is present in @ concentration ranging from 93 mgimL 1o 235
mg/mb. In some embodiments, the isolated anti-Af protofibril antibody is present ina
concentration ranging frem 100 mg/mi. to 200 mgiml.. In some embodiments, the isolated
antibody or fragment thereof is present in a concentration of 80 mg'ml., 90 mg/ml., 100
mgéimb, 110 mg/mi., 120 mg/mlb, 130 mg/ml., 140 mg/mb, 150 mg/ml, 160 mg/mb., 170
mgmi, 180 mg/mi, 190 mg/mi., 200 mgéml., 210 mg/ml., 220 mg/ml., 230 mg/ml., 240
mgiml, 250 me/mb, 260 mgimL, 270 mg/ml., 280 mg/mi, 290 mg/ml., or 300 mg/mi. In
some embodiments, the isolated antibody or fragment thereof is present in a concentration of
100 mg/mi. In some embodiments, the isolated antibody or fragment thereof is present in a
concentration of 260 mg/ml. In some embodiments, the isolated antibody or fragment
thereof Is present in & concentration of 250 mg/ml.. In some embodunents, the isolated
antibody or fragment thereof is present in a concentration of 300 mg/mL. In some
embodiments, the solated antibody or fragment thereof s BAN2401. In some embodiments,
the isolated antibody or fiagment thereof comprises (1) a heavy cham variable domain
comprising the amino acid sequence of SEQ 1D NQ: 1, and (i1) a light chain variable domain
comprising the amino acid sequence of SEQ 1D NO:2. In some embodiments, the isolated
antthody or fragment thereof comprises three heavy chain complementarity determining

regions {HCDR I, HCDR2, and HCDR3) comprising amino acid sequences of SEQ IDNO: 3
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{HCDRI), SEQ D NG: 6 (HCDR2), and SEQ 1D NO: 7 (HCDR3): and three light chain
complementarity determining regions (LCDR1, LCDR2, and LCDR3} comprising amino acid
sequences of SEQ 1D NO: 8 (LCDR1), SEQ ID NO: 9 {LCDR2), and SEQ 1D NO: 10
(LCDR3).

[6017]  In some embodiments, the pharmacentical formulation comprising a
therapentically effective amount of at least one isolated anti-Ap protofibril antibody or
fragment thergof that binds to AR protofibril further comprises at least one additional
cowmponent. In some embodiments, the at least one additional component in the
pharmaceutical formulation is chosen from buffers. In some embodiments, the buffer is a
citrate buffer. In some embodiments, the builer is a histidine buffer. In some embodimaents,
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 is chosen from citrie acid {or citric acid monohvydrate), sodium
chloride, histidine (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 (andfor citric acid monohydrate),
arginine (and/or arginine hydrochioride), and polysorbate 80, In some embodiments, the at
least one additional component in the pharmaceutical formulation is chosen from histidine
{and/or histidine hydrochloride), argimine {and/or arginine hvdrochloride), and polysorbate
§0.

0018  In some embodiments, the pharmacentical formulation comprises arginine {andfor
arginine hvidrochloride). In some embodiments, the concentration of arginine (and/or
arginine hydrochloride) in the pharmaceutical formulation ranges from aboat 100 mM o
about 400 mM. In some embodiments, the concentration of arginine (and/or arginine

w3y

hivdrochloride) in the pharmaceutical formulation ranges from about 110 mM to about 380
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mM. In some embodiments, the concentration of argimine {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 arginine hydrochloride) in the
pharmaceutical Tormulation ranges from about 125 mM to about 350 mM. In some
embodiments, the concentration of arginine {and/or arginine hydrochloride) in the
pharmaceutical formulation is 125 mM. In some embodiments, the concentration of arginine
{and/or arginine hydrochloride) m the pharmaceutical formulation is 200 mM. In some
embodiments, the concentration of arginine {(andf/or arginine hydrochloride) in the
pharmaceutical formulation is 350 mM.

j0019]  In some embodiments, the pharmaceutical formulation comprises histidine. In
some embodiments, the concentration of histidine in the pharmaceutical formulstion ranges
from about 10 mM to about 100 mM. In some embodiments, the concentration of histidine in
the pharmaceutical formulation ranges from 10 mM {0 100 mM, 12 mM to 80 mM, 14 mMto
S0-mM, 15 M to 55 mM, 15 mM to 35 mM, or 153 mM to 25 mM. In some embodiments,
the concentration of histidine 15 25 mM. In some embodiments, the concentration of histidine
is S0 mM.

{0020]  In some embodiments, the pharmaceutical formulation comprises polysorbate 80.
In some embodiments, the concentration of polysorbate 80 in the pharmacentical formmlation
ranges from about .01 t0 §.1% wiv, 0.01 to 0.08% wiv, 0.02 t0 0.08% wiv, 0.03 10 0.07%
wiy, or 0.04 10 0.06% wiv. In some embodiments, the polvsorbate 80 is present in the
pharmaceutical formulation in a concentration of 0.01% wiv, 0.02% wiv, 0.03% wiv, 0.04%
wiv, 0.05% wiv, 0.06% wiv, 0.07% wiy, or (.08% wiv. In some embodiments, the
polysorbate 80 1s present in the pharmacentical formulation in 8 concentration of 0.02% wiv,
In some embodiments, the polysorbate 80 is present in the pharmacentical formulation in g

concentration of 0.05% wiv.
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{0217 o some embaodiments, the pharmaceutical formelation comprises ciiric acid
monohvdrate. 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 conceniration of citric acid monohydrate in the pharmaceutical formulation ranges from
10 mM to 100 mM, 10 mM to 90 mM, 153 mM 1o 85 mM, 20 mM to 80 mM, 253 mM 10 75
mM, 30 mM to 70 mM, 30 mM to 60 mM, or 30 mM 1o S0 mM. In some embodiments, the
concentration of citric acid monohydrate in the pharmaceutical formulation is 50 mM.
{6622  In some embodiments, the disclosure provides a pharmacesiical formulation
having a pH 1 the range of 4.5 t0 5.5, In some embodiments, the pH in the pharmaceutical

formulation is in the range of 4010 6.0, 4210 5.8, 43 10 3.7, 4410 3.6, or 4.5 t0 5.3, In some

]

emboduments, the pH i3 4.5, 4.6,4.7, 4.8, 4.9, 5.0, 5.1, 5.2, 533, 84 or 5.5, In some

1

embodiments, the pH is 5.0,

[8023f  In some embodiments, the pharmacentical formulations disclosed heretn may be in
the form of a solution andfor 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 subcutaneons. In some embodiments, the pharmaceutical
formulation is formulated as a sterile, non-pyrogenic Hquid for intravenouns administration. {n
some embodiments, the pharmaceutical formulation is formulated as a sterile, non-pyrogenic
higquad for subcutaneous admimstration. In some embodiments, the pharmaceutical
composition s a saline solution.

0024  In some embodiments, the pharmacentical formulation is a Liquid dosage form
comprising at least one isolated anti-AP protofibril antibody or fragment thereof that binds {o
AP protofibril, such as BAN2401, and further comprising, for instance, citric acid
monchydrate, arginine, arginine hydrochloride, and polysorbate 80. In some embodiments,

the pharmaceutical formudation comprises 100 mg/ml. of at least one isolated anti-AB
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protofibril antibody or fragment thereof that binds to AJ protofibril, sach as BAN2401, 50
mM citric acid monohydrate, 110 mM arginine, 240 mM arginine hydrochloride, and 0.05%
{w/v} polysorbate 80, and has a pH of 5.0 £ 0.4,

j0028]  In some embodiments, the phanmaceutical formulation is a hquid dosage form
comprising at least one isolated anti-A} 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 protofibetl antibody or fragment thereof that binds to Afi protofibril, such as
BAN2401, 25 mM of histidine and histidine hydrochloride, 200 mM arginine hydrochloride,
and 0.05% {w/v) polysorbate 80, and has a pH of 3.0 2 0.4

[0026]  In some embodiments, the pharmaceutical formulation is a Hquid dosage form
comprising at least one isolated anti-AR protofibril antibody or fragment thereof that binds to
AP protofibril, such as BAN2401, and further comprising, for instance, histidine, histidine
hydrochloride, arginine hydrochioride, and polysorbate 80. In some embodiments, the
pharmacentical formulation comprises 200 mg/mL of at least one isolated anti-AP protofibiil
antibody or fragment thereof that binds to AP protofibril, such as BAN240!, 50 mM histidine
and histidine hydrochloride, 125 mM arginine hvdrochloride, and 0.02% (w/v} polysorbate
80, and hasapH of 5.0 204,

[0027]  la some embodiments, the pharmaceutical formulation is a hiquad dosage form
comprising at least one isolated anti-Af protofibril antibody or fragment thereof that binds to
AB protofibril, such as BAN2401, and further comprising, for instance, histidine, histidine
hydrochloride, arginine hydrochioride, and polysorbate 80. In some embodiments, the
pharmacentical formulation comprises 200 mg/ml of at least one isolated anti-Ap protofibril

antibody or fragment thereof that binds to A} protofibril, such as BAN2401, 50 mM citric
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acid {andfor citeic acid monohydrate), 125 mM arginine (andfor argimine hydrochloride}, and
0.02% (wiv) polysorbate 80, and has a pH of 5.0 = 0.4,

{0028  BAN2401 and methods comprising the use of BAN2401 are disclosed in L1.S.
Provisional Application No. 62/749.614 and PCT International Application No.
PCTAUS2019/043067, both of which are incorporated herein by reference in their entireties.
Brief Description of the Drawings

{80291  FIG. 1 depicts percentage of aggregation in formulations of BAN2401 at 10
mgmL, 100 mg/mL, and 200 mg/mL at time poings 0, 1, 2, and 3 months at 5§ °C.

j0030]  FIG. 2 depicts percentage of fragmentation in formulations of BAN2401 at 10
myg/mb., 100 mg/ml, and 200 mg/mL at time pointz 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/mib, and 200 mp/mL at time poims 0, 1, 2, and 3 months at 5 °C.

[6032]  FIG. 4 depicts percentage of aggregation in formulations of BAN2401 at 10
mg/mi, 100 mg/mi., and 200 mg/ml. at time poings 6, 1, 2, and 3 months at 25 °C.

8033}  FIG. S depicts percentage of fragmentation in formulations of BAN2401 at 10
mgml, 100 mgiml, and 200 mg/mL at time points 0, 1, 2, and 3 months at 25 °C.

[0034]  FIG. o depicts percentage of monomers in formulations of BAN2401 at 10 magfml,
100 mg/mi., and 200 mg/mi. at time points 0, 1, 2, and 3 months af 25 °C,

{0035]  FIG. 7 depicts percentage of aggregation in formulations of BAN2401 at pH values
of $5,5.0, 55, 6.0, and 6.5 attime points 0, 1, 2, and 3 months at 5 °C.

{6036}  FIG. 8 depicts percentage of fragmentation in formulations of BAN2401 at pH
values of 4.5, 5.0, 5.5, 6.0, and 0.5 at time points 0, 1, 2, and 3 months at § °C.

j0037]  FIG. 9 depicts percentage of monomers in formulations of BAN240T at pH values

of 4.5, 5.0, 5.5, 6.0, and 6.5 at time points 6, 1, 2, and 3 months at § “C.
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[0038]  FIG. 10 depicis percentage of aggregation i formulations of BAN2401 at pH
valugs of 4.5, 5.0, 5.5, 6.0, and 6.5 at time points O, 1, 2, and 3 months at 25 *C.

[0039]  FIG. 11 depicts percentage of fragmentation in formulations of BAN2401 at pH
values of 4.5, 5.0, 5.5, 6.0, and 6.5 at time poinis 0, 1, 2, and 3 months at 25 *C.

[6040]  FIG. 12 depicts percentage of monomers in formulations of BAN2401 at pH
values of 4.5, 5.0, 5.5, 6.0, and 6.5 at time points 0, 1, 2, and 3 months at 25 °C.

j0041]  FIG. 12 depicts percentage of aggregation in formulations of BAN2401 at 10
mg'mb., 100 mgfmb, and 200 mg/mL at time points 0, 1, and 2 wonths at 25 °C.

[0042]  FIG. 14 depicts percentage of fragmentation in formulations of BAN2401 at 10
mg'ml, 100 mg/mL, and 200 mg/mL af time peints 0, 1, and 2 months at 25 °C.

{0043} FIG. 15 depicts percentage of monomers in formulations of BAN2401 at 10
mg/mb., 100 mg/ml., and 200 mg/ml at time points 0, 1, and 2 months at 23 °C,

{8044}  FIG. 16 depicts percentage of aggregation of monomers in formulations of
BANZ2401 as a function of arginine concentration.

[0048]  FIG. 17 depicts a flowchart for the process of manufacturing a BAN2401 10
mg/mi. injection.

jonds]  FIG. 18 depicts a Howchart for the process of manufactoring a BAN2401 100
mgimi, fngjection.

[8047]  FIG. 19 depicts the pH values of formulations of BAN2401 at pH values at time
points 0 and 12 months at 3 °C.

j0048]  FIG. 20 depicts the pH values of formulations 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 3 °C and with agitation at 25 °C.
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[0050]  FIG. 22 depicts the absorbance at 405 ny of formulations of BANZ4M at time
points 0, 1, 3, 6, 9, and 12 months at 53 °C.

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

[8052]  FIG. 24 depicts the absorbance at 403 nm of formulations of BAN2401 at one
month at 5 °C and with agitation at 25 °C,

j0053]  FIG. 25 depicts percentage of aggregation in formulations of BANZ401 at time
points 0, 1, 3,6, 9, and 12 months st 5°C.

{0054} FIG. 206 depicts percentage of fragmentation in formulations of BAN2401 at time
points 0, 1, 3, 6,9, and 12 months at 5 °C.

{0053} FIG. 27 depicts percentage of monomers i formudations of BAN2401 at time
points O, 1,3, 6, 9, and 12 months at § °C.

[8056]  FIG. 28 depicts percentage of aggregation in formulations of BAN2401 at time
points 0, 1, and 3 months at 25 °C.

j0057]  FIG. 29 depicts percentage of fragmentation in formulations of BAN2401 at timse
points O, 1, and 3 months at 25 °C

{8058]  FIG. 30 depicts percentage of monomers i formulations of BAN2401 at time
poings 0, 1, and 3 months at 25 °C.

[9059]  FIG. 31 depicts percentage of aggregation i formulations of BAN2401 at one
month at 5 °C and with agitation at 25 °C.

0060  FIG. 32 depicts percentage of fragmentation in 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 3 °C and with agitation at 25 °C.
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Definitions
f0062]  The following are definitions of terms used in the present application.

ER RN

{00631 As used herein, the singular terms “a,” “an,” and “the” inclode the plural reference
uniess the context clearly indicates otherwise.

j0064]  The phrase “andfor,” as used herein, means “either or both” of the elements so
conjoined, Le., elements that are conjunctively present in some cases and disjunctively
present in other cases. Thus, as a non-Hmiting example, “A andfor B,” when used in
comjuiction with open-ended language such as “comprising”™ can refer, in some
embodiments, 1o A only {optionally including elements other than B); in other embodiments,
to B only (optionaily including elements other than A); m vet other embodiments, to both A
and B {optionally including other elements); eic,

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

optionally incloding more than one, B (and optionally including other elements); etc.
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[0066]  When a muvber is reciied, either alone or as part of’ a nemenical range, it should be
understood that the numerical valug 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 variable 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 anttbody or fiagiment thergof when it is w or added to a formulation. A fragment generated
by the fragmentation or the fragment formation may or mayv not be capable of binding to the
antigen to which the antibody or fragment thereof binds.
[3069] As used herein “histidine buffer” may comprise histidine, histidine hvdrochloride,
or a combination thereof, wherein histidine bydrochloride may be histidine hydrochlonde
monohydrate.
{00701  As used herein “citrate buffer” may comprise citric acid, its salts, or & combination
thereof, wherein citric acid may be citric acid monohydrate or anhydrous ciiric acid.
Non-limiting embodiments of the disclosure:
{00717  Certain embodiments of the present disclosure relate to aqueocus pharmaceutical
formulations.
{0072} In some embodiments, an agueous pharmaceutical formulation 18 provided
comprising:
(2} an isolated anti-Af protofibril antibody or fragment thereof comprising (i) 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, at a concentration of 80300 mg/ml; and
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{b) 100 mM o 400 mM arginine, wherein the arginine is argimine, arginine
hivdrochloride, or a combination thereof, optionally comprising any one or more of
the following:

a. 0.01% w/v to 0.1% w/v polysorbate 80;
b, a pharmacewtically acceptable buffer, optionally wherein the buffer is a
histidine buffer or citrate buffer; and
¢. apHof4.5t0 5.5
0731 In some embodiments, an agueous pharmacentical formudation is provided
comprising:

(a) an isolated anti-Ap protofibril antibody or fragment thereof comprising (i) a heavy
chain variable domain comprising the aminoe acid sequence of SEQ ID NO:, and
(i) and a light chain variable domain comprising the amino acid sequence of SEQ
1D NO:2, at a concentration of 80-303(0 mgiml; and

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

a. 0.01% w/v to 0.1%% wiv polysorbate 80;
b 100 mM o 400 mM arginine, arginine hyvdrochloride, or a combination
thereof, and
¢. apHof451055
{8074}  Some embodiments relate to an aqueous pharmaceutical formulation comprising:

(2} an isolated anti-AP protofitil antibody or fragment thereof that binds to human AR
protofibrils, at a concentration of 80 mgfmk to 300 mg/mL,

(b) 100 mM 0 400 mM arginine,

{c} 0.01% wiv to 0.1% wiv polysorbate 80, and
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{d} a pharmaceutically acceptable buffer,
wherein the pharmacentical formulation has a pH ranging from 4.5 to 5.5, and
wherein the antibody or fragment thersof comprises: (1) a heavy chain variable domain
comprising the amino acid sequence of SEQ 1D NQ:1, and (i1} and a light chain variable
domain comprising the amine acid sequence of SEQ 1D NO:2,
and wherein arginine is arginine, arginine hydrochloride, or a combination thereof.
{00751 Concentration of Antibody
{0676]  For any of the aqueous pharmaceuntical formulations described herein, the antibody
may be present in the following concenirations.
[00771  In some embodiments of the pharmaceutical formulation, the isolated anti-Ap
protofibril antibody or fragment thereof is present i a concentration of 100 mg/mlL or more.
In some embodiments of the pharmaceuntical formulation, the isolated anti-Af protofibril
antibody or fragment thereof is present in a concentration of 100 mg/mi..
{0078]  In some embodiments of the pharmaceutical formulation, the isolated anti-Ap
protofibril antibody or fragment thereof is present in a concentration of 200 mg/mlL or more.
In some embodiments of the pharmaceutical formulation, the isolated anti-Af protofibril
antibody or fragment thereof is present in a concentration of 200 mg/ml..
{00791  In some embodiments of the pharmaceutical formulation, the isolated anti-Af
protofibril antibody or fragment thereof is present in a concentration ranging from 80 mg/mL
to 300 mgiml. In some embodiments of the pharmaceuatical formalation, the isolated anti-Ap
protofibril antibody or fragment thereof is present in a concentration ranging from 80 mg/mL
to 240 myg‘mi.,
[0080]  In some embodiments of the pharmaceutical formulation, the isolated anti-Ap
protofibril antibody or fragment thereof is present in a concentration ranging from 100 mg/mL

to 200 mp/mi..
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{00817 In some embodiments of the pharmaceutical formulation, the solated anti-Af
protofibril antibody or fragment thereof is present in a concentration ranging from 80 mg/mL
to 300 mg/mL, 85 mgiml to 275 mgiml, 80 mg/mL to 230 mg'/mL, 95 mg/mL to 225 mg/mlL,
100 to 200 mg/ml.. In some embodiments of the pharmacentical formulation, the isolated anti-
AP protofibril antibody or fragment thereof is present in a concentration ranging from 90
mg/ml to 220 mg/ml., 100 mg/ml to 210 mg/mL, or 110 mg/mi. 10 200 mg/ml.

j0082]  In some embodiments of the pharmaceutical formulation, the solated anti-Af
protefibril antibody or fragment thercof is present in a conceptration of 80 mg/ml, 90 mg/ml.,
HG mgimL, 110 mg/ml, 120 mg/ml., 180 mp/ml., 190 mgimb, 200 mg/mlL, 210 myg/ml., 220
mg'ml, 230 mgmb, 240 my/ml, 250 mg/ml, 260 mg/ml, 270 mgiml, 280 mg'mL, 290
mg/ml., or 300 mg/ml.

{0083}  In some embodiments of the pharmaceutical formulation, the isolated anti-Ad
protofibril antibody or fragment thereof is present i a concentration of 100 mefml.

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

{6085 In some embodiments of the pharmacentical formulation, the isolated anti-Af
protofibril antibody or fragment thereof is BAN2401.

j0086]  Arginine

{9087} For any of the aqueous pharmacentical formulations described herein, the
formulation may comprise argininge as follows.

[0088]  In some embodiments, the pharmacentical formulation comprises arginine. In some
embodiments, the arginine is arginine, arginine hydrochloride, 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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{09 o some embaodiments of the phammaceutical formulation, the concentration of
arginine ranges from 100 mM to 400 mM, 110 mM to 380 miM, 120 mM to 360 mM, 125
mM to 350 mM, 100 mM to 200 mM, 125 mM 0 200 mM or 150 mM 0 200 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 io 230 miM, 180 mM 10 220 mM, 190
mM to 210 mM arginine, arginine hydrochloride, or a combination thereof

[8091]  In some embodiments of the pharmaceutical formulation, the concentration of
arginine 1s 125 mM

{00921 [n some embodiments of the pharmaceutical formulation, the concentration of
arginine s 200 mM.

{60931  In some embodiments of the phammaceutical 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 3530 mM.

[0094]  In some embodiments of the pharmaceutical formulation, the concentration of
arginine 1s 3530 mM.

[6095]  Polysorbate 88 (PS80)

{0096]  For any of the aqueous pharmaceutical formulations described herem, the
formulation may comprise polyvsorbate 80 as follows.

{90971 In some embodiments of the pharmaceutical formulation, the concentration of
polysorbate 80 ranges from about 0.01% w/v to 0.1%% wiv, 0.01% wiv to 0.08% w/v, 0.02%
wiv to (.08% wiy, (.03% wiv 1o 107% wiv, or (.04% wiv 1o (L.06% wiv.

[0098]  In some embodiments of the pharmaceutical formulation, the polysorbate 80 is
present in a concentration of 0.01% wiv, 0.02% w/iv, 0.03% wiv, 0.04% wiv, 0.05% wiv, 0.06%
wiv, 0.07% wiv, or 0.08% wiv.

{0099 In some embodiments of the pharmaceutical formulation, the polysorbate 80 s



WO 2021/186245 PCT/1B2021/000155
20

present in a concentration of 0.02% wiv,

[60106] In some embodiments of the pharmacentical formulation, the polysorbate 80 is
present in a concentration of 0.05% wiv,

[00101]  Buffer

[60102] For any of the aqueous pharmacentical formulations described herein, the
formulation may comprise a pharmacentically acceptable buffer as follows.

j00103] In some embodiments of the pharmaceutical formulation, the pharmaceutically
acceptable buffer is citrate buffer.

{00104]  In some embodiments of' the pharmaceutical forouudation, the citrate buffer is present
in a concentration of about 14 mM to about 100 mM.

{00103]  In some embodiments of the pharmaceutical formulation, the concentration of the
citrate buffer ranges from 10 mM o 100 mM, 10 mM to 80 mM, 15 mM to 85 mM, 20 mM to
3G mM, 25 mM 1o 75 mM, 30 oM to 70 mM, 30 mM 1o 60 mM, or 30 mM to SO mM.
[O0106]  1n some embodiments of the pharmaceutical formulation, the citrate buffer is present
in a concentration of 50 mM.

[60107] In some embodiments of the pharmaceniical formulation, the pharmaceatically
acceptable bufter is a histidine buffer.

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

[00199]  In some emnbodiments of the pharmaceutical formulation, the concenmtration of the
histidine buffer ranges from 10 ;M to 100 mM, 12 mM w0 &0 mM, 14 mM to 60 mM, or 15
mM to S5 mM, 15 mM 10 35 mM, or 15 mM to 28 mM.

[00110] In some embodiments of the pharmaceutical formuldation, the histidine buffer is
present in a concentration of 25 mM.

[00111]  In some embodiments of the pharmaceutical formulation, the histidine buffer i3
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present in a concentration of 30 mM.

j00112] In some embodiments of the pharmaceutical formulation, the histidine buffer
comprises histidine and histidine hydrochloride monohydrate. In some embodimenis of the
pharmaceutical formuolation, the histidine buffer comprises bhistidine and  thistidine
hydrochloride monohydrate, wherein the histidine is in a conecentration of about 0.1 to 0.3
mg/mL, and the histidine hydrochioride monohydrate is in a concentration of about 4 to 6
mgimi. In some embodiments of the pharmacentical formulation, the histidine buffer
cowprises histidine and histidine hydrochlonide monohvdrate, wherein the histidine is v @
concentration of about 0.26 mg/ml, and the histdine hydrochloride monohydrate is in a
concentration of about 4.89 mg/mL. In some embodiments of the phanmaceutical formulation,
the histidine buffer comprises histidine and hustidine hydrochloride monohydrate, wherein the
histidine comprises (.2-0.3 mg/mL histidine and 4.4 to 4.9 mg/mL histidine hydrochloride,
optionally where the histidive hydrochlonde is monobydrate.

[00113] pH

[00114] For any of the aqueous pharmaceutical formulations described herein, the
formualation may comprise a pH as follows.

{O011S5]  In some embodiments of the pharmaceutical fornnilation, the pH is in the range of
4006042058 431057, 441056 0r451055,

[90116]  In some embodiments of the pharmacentical formulation, the pH 18 4.5, 46,47, 4§,

-~

49,30 51, 3,.540r
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00117 In some embodiments of the pharmaceutical formulation, the pHis 4.5 10 5.5
[00118]  In some embodiments of the pharmaceutical formulation, the pH is 3.0,

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

[00128] In some embodiments of the pharmaceutical formulation, the phanmaceutical



WO 2021/186245 PCT/1B2021/000155
22

formulation is sutable for subcutaneons injection.

j00121] In some embodiments of the agueous pharmaceutical formulation, the
pharmaceutical formulation comprises methionine,

jo0122] In some embodiments, disclosed is an agueous pharmaceutical formulation
cCoOmprising:

{a) 80 mg/ml to 240 mg/ml BAN2401,

{b) 140 mM to 260 mM arginine hydrochloride,

() 0.01% wiv to 0.1% wiv polysorbate 8O, and

(d) 15 oM to 35 mM histidine buffer,

wherein the pharmacentical formudation has a pH ranging from 4.5 w0 8.5

[00123] In some embodiments, disclosed is an agueons pharmacentical formulation
comprising:

{(a} 80 mgfml. to 240 mg/mi. of an isolated anti-Afl protofibeil 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} 140 mM to 260 mM arginine hydrochloride,

(¢} 0.01% wiv to 0.1% wiv polvsorbate 80, and

{(d) 15 mM to 35 mM histidine buffer,

wheretn the pharmaceutical formulation has a pH ranging from 4.5 to 3.5

j[00124] In some embodiments, disclosed is an agqueous pharmaceutical formulation
COmPEISINg!

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

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

ID NO: L, and (11) a light chain comprising the amino acid sequence of SEQ 1D
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NO:12,
{b} 140 mM to 260 mM arginine hydrochloride,
(¢} 0.01% wiv to 0.1% wiv polvsorbate 80, and
(d) 15 mM to 35 mM hisiidine buffer,

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

[00125]  In some embodiments, disclosed herein is an agueous pharmaceutical formulation
COmMprising:
(a) 80 mgiml. to 120 ma'mt. BAN2401,
(b} 240 mM to 360 mM arginine,
(€} 0.03% wiv to 0.08% wiv polysorbate 80, and
{dY 30 mM to 70 mM citrate buffer,
wherein the pharmaceutical formulation has a pH ranging from 4.5 t0 5.5, and wherein
arginine Is arginine, arginine hydrochioride, or a combination thereof.

[00126] In some embodiments, disclosed herein is an aqueous pharmaceutical formulation
comprising:
{(a) 80 mg/mL to 120 mg/ml of an isolated anti-Af protofibril antibody or fragment
thereof comprising: (i) a heavy chain variable domain comprising the antino acid
sequence of SEQ 1D NO:i, and {i1) a light chain variable domain comprising the amine
acid sequence of SEQ 1D NO:2,
(b} 240 mM 10 360 mM arginine,
{c) D.03% wiv to 2.08% wiv polysorbate 80, and
(i) 30 mM to 70 mM citrate buffer,
wherein the pharmaceutical formulation has a pH ranging from 4.5 to 5.5, and wherein

arginine is argining, arginine hvdrochloride, or a combination thereof.
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{0127]  In some embodiments, disclosed heretn i3 an aqueons pharmaceutical formuelation
COMPprising:
(a) 80 mg/mL to 120 mg/mlL of an isolated anti-Af protofibril antibody or fragment
thereof comprising: (i} a heavy chain comprising the amino acid sequence of SEQ 1D
NO:H, and (i) a light chain comprising the amino acid sequence of SEQ D NO: 12,
(b) 240 mM to 360 mM arginine,
{3 0.03% wiv 10 0.08% wiv polysorbate B0, and
{d) 30 mM 10 70 mM citrate buffer,
wherem the pharmaceutical formulation has a pH ranging from 4.5 to 8.5, and wherein
arginine is arginine, arginine hydrochloride, or a combination thergof.

[60128] In some embodiments, disclosed herem is an aqueous pharmaceutical formulation
comprising:
{a} 160 mg/ml. BAN2401,
(b) 200 mM arginine hydrochloride,
{3y 0.05% wiv polysorbate 80, and
{dy 25 mM histidine buffer,
wherein the pharmaceutical formulation has a pH ranging from 4.5 to 5.5,

[00129] In some embodiments, disclosed herein is an aqueous pharmaceutical formulation
Comprising:
{ay 100 mg/ml of gn solated anti-AB protofibril antibody or fragment thereof
comprising: (1} a heavy chain variable domain comprising the amine acid sequence of
SEQ ID NO:1, and (1) a light chain vaciable domain comprising the amino acid
seguence of SEQ 1D NO:22,
(b) 200 mM arginine hydrochloride,

(¢} 0.03% wiv polysorbate 80, and
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{d) 25 mM lustichoe bafler,
wherein the pharmacentical formulation has a pH ranging from 4.5 to 5.5,
{00130]  In some embodiments, disclosed heremn is an aqueous pharmacentical formulation
comprising:
(a) 100 mg/ml. of an isolated anti-Afi protofibril antibody or fragment thereof
comprising: (i) a heavy chain comprising the amino acid sequence of SEQ ID NO:11,
and (i1} a lght chain comprising the amino acid sequence of SEQ IDNO:12,
(b) 200 mM arginine hydrochioride,
(¢} D.05% wiv polysorbate 80, and
() 23 mM histidine buffer,
wherein the pharmaceutical formulation has a pH ranging from 4.5 0 5.5
[00131]  In some embodiments, disclosed herein is an agueouns pharmaceutical formulation
comprising:
(a) 200 mg/mL BAN2401,
{b) 200 mM arginine hydrochloride,
{c} 0.05% wiv polysorbate 80, and
{d) 25 mM histidine baffer,
wherein the pharmaceuntical formulation has a pH ranging from 4.5 to 5.5
{60132]  In some embodiments, disclosed herein s an aqueous pharmaceutical formulation
comprising
(ay 200 mg/ml of an isolated anti-Af} protofibril antibody or fragment thergof
comprising: (1) a heavy chain variable domain comprising the amino acid sequence of
SEQ 1D NO:1, and (i) a light chain variable domain comprising the smino acid
sequence of SEQ ID NQO:2,

{b) 200 mM arginine hydrochloride,
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{c} D.03% wiv polysorbate 80, and
{d} 25 mM histidine bufter,
wherain the phanmaceutical formulation has a pH ranging from 4.5 10 5.5,
j00133]  In some embodiments, disclosed herein is an aqueouns pharmaceutical formulation
cCoOmprising:
(a) 200 mg/ml of an isolated amti-Af protofibril antibody or fragment thereof
comprising: (1) a heavy chain comprising the amino acid sequence of SEQ ID NO:1 ],
and {ii) a hght chain comprising the amino acid sequence of SEQ ID NQ:12,
() 200 mM arginine hydrochloride,
(¢} 0.05% wiv polyserbate 80, and
{d) 25 mM histidine buffer,
wherein the pharmaceutical fornmulation has a pH ranging from 4.5 to 3.5
{80134] In some embodiments, disclosed herein is an aqueous pharmaceutical formulation
comprising:
{ay 100 mg/mL BAN2401,
(b} 350 mM arginine,
(¢} 0.05% wiv polysorbate 80, and
{d} 50 mM citrate buffer,
wherein the phanmaceutical formulation has a pH ranging from 4.5 t0 5.5, and wherein
arginine is arginine, arginine hyvdrochloride, or a combination thereof.
00135  In some embodiments, disclosed herein is an aqueous phanmaceutical formulation
comprising:
{a} 100 mg/mL of an isolated anti-Af protofibril antibody or fragment thereof
comprising: (i) a heavy chain variable domain comprising the amino acid sequence of

SEQ ID NO:i, and (1) a light chain vartable domain comprising the amino acid
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sequence of SEQ 1D NO:2,
{b} 350 mM arginine,
(¢} 0.05% wiv polysorbate 80, and
{d) 30 mM citrate boffer,
wherein the pharmaceutical formulation has a pH ranging from 4.5 10 5.5, and wherein
argining is arginine, arginine hydrochloride, or a combination thereof.
j00136] In some embodiments, disclosed herein is an agueous pharmaceutical formulation
COmMprising:
{a} 100 mg/ml. of an isolated anti-AR protofibril antibody or fragment thereof
comprising: (1) a heavy chain comprising the amino acid sequence of SEQ ID NO:11,
and (i1} a hight chain comprising the amino acid sequence of SEQ ID NO: 12,
(b} 336 mM arginine,
{¢} 0.05% wiv polysorbate 80, and
{d) 50 mM citrate buffer,
wherein the pharmaceuntical formulation has a pH ranging from 4.5 to 5.3, and wherein
arginine is arginine, arginine hydrochloride, or a combination thereof.
{01371 In some embodiments, disclosed herein is an aqueouns pharmaceutical formulation
COMprising
{a) 150 mg/ml to 250 mg/mL BAN2401,
(by 100 mM to 150 mM grginine hydrochloride,
{c} (.01%% wiv to 0.05% wiv polysorbate 80, and
{d) 35 mM to 65 mM histidine buffer,
j00138] wheremn the pharmacentical formulation has a pH rapging from 4.5 0 5.5, In some

embodiments, disclosed herein is an aqueous phanmaceutical formulation comprising:
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{a) 150 mg/ml. to 250 mg/ml of an isolated anti-AP protofibeil antibody or
fragment thereof comprising: (i) a heavy chain variable domain comprising the
amino acid sequence of SEQ 1D NO:1, and (i) a Hight chain variable domain
comprising the amino acid sequence of SEQ 1D NQ:2,

{b) 100 mM to 130 mM arginime hydrochloride,

{) 0.01% wiv 10 0.05% w/v polysorbate 80, and

{d) 35 mM to 65 mM histidine buffer,

wherein the pharmaceutical formulation has a pH ranging from 4.5 t0 5.5

jO0139]  In some embodiments, disclosed hevein is an aqueous pharmaceutical formulation
comprising:
(a) 1530 mg/ml. to 250 mg/mb of an isolated anti-Af protofibril antibody or
fragment thereof comprising: 1) a heavy chain comprising the amino acid
sequence of SEQ ID NO:11, and (i) a light chain comprising the amino acid
sequence of SEQ [D NO:12,
(b} 100 mM to 130 mM arginine hydrochloride,
{¢) 0.01% wév to 0.05% wiv polysorbate 80, and
{d) 35 miM 10 65 mM histidine buffer,
wherein the pharmacentical formulation has a pH ranging from 4.5 10 5.5,
[001468]  In some embodiments, the aqueons pharmaceutical formalation has pH 5.0,
Method of Reducing Aggregate Formation
[oo41]  Insome embodiments, disclosed herein is a method of reducing aggregate
formation of an isolated anti-AB protofibril antibody or fragment thereof | comprising:
{a) providing a pharmaceutical formulation comprising an isolated anti-A$

protofibril antibody or fragment thereof that binds to human A protofibrils, at a
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concentration of 50 mg/ml or more, optionally wherein the concentration is 80
mg/mb o 300 mg/mL., optionally wherein the concentration i3 100 mg/mL to 200
mgimlL, and
{b) adding arginine, arginine hydrochloride, or combination thereof, and optionally
providing a pharmacewtically acceptable buffer, wherein the buoffer is optionally
histidine buffer, wherein the isolated anti-Af protofibril antibody or fragment thereof
comprises (i} a heavy chain variable domain comprising the amino acid sequence of
SEGQID NQO:1, and {ii) a light chain variable domain comprising the amino acid
sequence of SEQ ID NO:2,
j00142] In some embodiments of the method of reducing aggregate formation, the pH of
the pharmacentical formulation s 1n the range of 4.5 to 8.5, 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 hyvdrochloride, or combination thereof is present in a concentration of 150 mM to
250 mM.
[60144] In some embodiments, disclosed herein 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-A$
protofibril antibody or fragment thereof that binds to human A protofibrils, at s
concentration of SO mgiml or more, optionally wherein the concentration is 80
mg/ml to 300 mg/ml, optionally wherein the conceniration is 100 mg/mi. to 200
mgfmL, and
{b) adding histidine baf¥er, and optionally further providing arginine, arghune
hydrochloride, or combination thereof, wherein the isolated anti-Af protofibril

antibody or fragment thereof comprises (1} a heavy chain variable domain
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comprising the ammo acid sequence of SEQ 1D NO:1, and (i1) a light chain variable
domain comprising the amino acid sequence of SEQ ID NO:2.
{00143]  In some embodiments of the method of reducing fragmentation, the pH of the
pharmaceutical formulation is in the range of 4.5 10 5.5, In some embodiments of the
method, the pH of the pharmacewtical formulation 18 5.0
[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.
[0147]  [n some embodiments of the method of reducing fragmentation, the phanmaceutical
formulation further comprises 0.01% w/v to 8.1% wiv polysorbate 80,
[00148]  In some embodiments of the method of reducing fragmentation, the pharmaceutical
formulation further commprises a pharmaceuntically acceptable buffer, wherein the buffer is
histidine buffer, optionally, wherein the histidine buffer ranges from 10 mM to 100 mM, 12
mM to 80 mM, 14 mM to 60 mM, or 153 mMto 535 mM, 15 mM to 35 mM, or 15 mM to 25
mML
[60149] In some embodiments, disclosed herein is a method of reducing aggregate
formation andifor fragmentation of an isolated anti-Af protofibril antibody or fragment
thereof, comprising:
{a) providing a pharmaceutical formulation comprising an wsolated anti-Ap
protofibril antibody or fragment therveof that binds to human AP protofibrils, ata
concentration of 30 mg/ml or more, optionally wherein the concentration is 80
mgimL to 300 my/mb., optionally wherein the concentration is 100 mg/mL to 200
myml,

(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 (i} a heavy chain variable
domain comprising the amino acid sequence of SEQ 1D NO:1, and (ii) a light chain
variable domain comprising the amino acid sequence of SEQ 1D NO:2,
[60158] In some embodiments, disclosed herein 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 isolated anti-Af
protofibril antibody or fragment thereof that binds to human AP protofibrils, at a
concentration of 30 mg/ml or more, optionally wherein the concentration is 80
mg/ml to 300 mgfmb, optionally wherein the concentration is 100 mg/mL to 200
mgiml,
(b) providing histidive buffer, and
{¢) providing argining, arginine hydrochloride, or combination thereof, wherein the
formulation is at a pH of 4.5-5.5, wherein the isolated anti-AP protofibril antibody or
fragment thereof comprises (i} a heavy chain 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 ID NO:2.
[90151]  Also provided herein are the following embodiments:
{Embodiment 01] An aqueous pharmaceutical formulation comprising:
a. an isolated anti~-AP protofibril antibody or fragment thereof that binds to
hunzan AP protofibrils, at a concentration of 80 mg'ml t© 300 mgimi.,
b. 100 mM to 400 mM arginine,
¢ 0.01% wiv 1o 0.1% w/v polvsorbate 80, and

d. apharmaceutically acceptable buffer,
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wherein the pharmaceutical formulation has a pH ranging from 4.5 t0 3.5,

wherein the isolated anti-AP protofibril antibody or fragment thereof comprises: (i) a
heavy chain variable domain comprising the amino acid sequence of SEQ 1D NO:d,
and (i1} a light chain variable domain comprising the amino acid sequence of SEQ ID
NQO2, and

wherein the arginine is arginine, arginine hydrochloride, or a combination thereof.

{Embodiment 02] The pharmacentical formulation according to claim 1, wherein the
isolated anti-AB protofibol antibody or fragment thereof is present in a concentration
of 100 mg/mk. to 200 mg/mkb.

[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-Af protofibril antibody or fragment thereof is present in a concentration
of 200 mg/mi.

{Embodiment 03] The pharmaceutical formulation according to any one of claims 1-4,
farther comprising methionine.

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

{ Embodiment 07] The pharmaceatical formulation according to any one of claimg 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 clauns 1-7,
comprising 125 to 3530 mM arginine.

{Embodiment 09] The pharmaceutical formulation according to any one of claims 1-8,

comprising 200 mM arginine, wherein the arginine is arginine hydrochloride,
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{Embodiment 10] 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 pharmaceuntical formulation comprising:

a. 80 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
amine acid sequence of SEQ ID NO:1, and (i1} a light chain variable domain
comprising the amino acid sequence of SEQ 1D NQ:2,
b 140 mM to 260 mM argining hydrochloride,
¢ 0.02% wiv to 0.08% wiv polysorbate 80, and
d. 15 mM o 35 mM histidine buffer,

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

{Embodiment 12] An aqueous pharmaceutical formulation comprising:

a. 80 mg/mlb to 120 mg/mbL of an isolated anti-Af protofibril antibody or
fragment thereof comprising: (1) a heavy chain variable domain comprising the
amino acid sequence of SEQ 1D NO:1, and (ii) a light chain variable domain
comprising the amino acid sequence of SEQ ID NO:2,
b, 240 mM to 360 mM arginine,
¢ 0.02% wiv to 0.08% wiv polysorbate 80, and
d. 30 mM o 530 mM citrate bafter,
wherein the pharmaceutical formulation has a pH ranging from 4.5 to 3.5,
and wherein the arginine is arginine, 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 agqueous pharmaceutical formulation comprising an 1solated anii-Af
protofibril antibody or fragment thereof comprising: (i} a heavy chain variable domain
comprising the amino acid sequence of SEQ 1D NO:1, and (i1) a Hght chain variable
domain comprising the amino acid sequence of SEQ ID NO:2 at a concentration of 80
mg/ml to 300 mg/mi, and
adding arginine, arginine hvdrochloride, or a combination thereof to said agueous
pharmacentical formulation, wherein the pH of the pharmaceutical formulation ranges
from 4.5 to 3.5,
{Embodiment 14] The method according to claim 13, wherein the arginine, arginine
hydrochioride, or combination thereof is present in a concentration of 150 to 230 mM.
{Embodiment 13] The method according to claim 14, wherein the arginine, arginine
hydrochloride, or combination thereof is present in a concentration of 200 mM.
{Embodiment 16] The method according to any one of claims 13 to 15, wherein the
pharmaceutical formulation further comprises a pharmaceuntically acceptable buffer.
{Embodiment 17] The method according to claim 16, wherein the pharmaceutically
acceptable buffer is histidine buffer or citrate buffer.
{Embodiment 18] A method of reducing fragimentation of an isolated anti-Ap protofibril
antibody or fragment thereof, comprising:
providing an aqueous pharmaceutical formulation comprising an isolated anti-Af
protofibril antibody or fragment thereof comprising: (1) 4 heavy chain variable domain
comprising the amino acid sequence of SEQ 1D NOU, and (31) a Light chain variable
domain comprising the aming acid sequence of SEQ ID NO:2 at a concentration of 80
mgfml to 300 mg/ml, and
adding histidine buffer to said agueouns pharmaceutical composition, wherein the pH

of the pharmaceutical formulation ranges from 4.5 to 5.5,
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{Embodiment 19] The method according to claim 18, comprising 15 to 353 mM hisudine
buffer.

{Embodiment 20] The method according to any one of claims 13-19, wherein the
pharmaceutical formulation further comprises 8.01%% wiv {0 0.1% w/v polysorbate 30,

{Embodiment 21] An aguecuns pharmaceutical formulation comprising:

a. 80 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
amino acid sequence of SEQ ID NO:A, and (1) a light chamn variable domain
comprising the amino acid sequence of SEQ 1D NO2;

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

¢ 0.01% wiv to 0.1% wiv polysorbate 80; and

4. 15 mM io 35 mM histidine buffer or 30 mM to 50 mM citrate buffer,

wherein the pharmaceutical formulation has a pH ranging from 4.5 to 3.5,

{Embodiment 22] The pharmacentical formulation according 1o embodiment 21,
comprising 100 mg/mi. of the antibody.

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

{Embodiment 24] The pharmaceutical formulation according to embodiment 21,
comprising from 90 mgfml to 220 mg/ml, 100 mg/fml 1o 210 mg/ml, or 110 mg/mbL
o 200 mpiml. of the antibody.

{Embodiment 23] The pharmaceutical formulation according 1o any one of embodiments
21-24, comprising histiding buffer, wherein the histidine buffer comprises 15 mM to

30 mM, 15 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 histidineg 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 is monohydrate.

{Embodiment 27] The pharmaceutical formulation according to any one of embodiments
21-26, comprising 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 hydrochloride, or a
combination thereof.

{Embodiment 28] The pharmaceutical formulation according to any one of embodiments
21-27, compristing 0.02% wiv 10 0.08%, or 0.04% wiv to 0.04% wiv polysorbate €0,

[Embodiment 29] The pharmaceutical formudation sccording to any one of embodimenis
21-28 comprising citrate buffer.

{Embodiment 38] The pharmaceutical formulation according to any one of embodiments
21-29, comprising histidine buffer.

{Embodiment 31] The pharmacentical formulation according o any one of embodiments
2130, further comprising methionine.

{Embodiment 32] An aqueous pharmacentical formulation comprising:

a. 100 mg/mi to 200 mg/ml of an antibody comprising: {i) a heavy chain 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. 200 mM argmine hydrochloride;

¢ 0.05% wiv polvsorbate 80 and

d. 25 mM histidine buffer,

wherein the pharmaceutical formulation has a pH ranging from 4.5 t0 5.5,
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{Embodiment 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/ml of the antibody.
{Embodiment 35] A method of reducing aggregate formation andf/or fragmentation of an
antibody, comprising:
a. providing an agoeons pharmaceutical formulation comprising an isolated anti-
Af protofibril antibody or fragment thereof comprising: (1) 8 heavy chan
variable domain comprising the amine acid sequence of SEQ 1D NO:1, and
{11} a light chain variable domain comprising the amino acid sequence of SEQ
ID NO:2, at a concentration of 80 mg/ml to 300 mg/ml, and
b. adding 1) arginine, arginine hydrochloride, or a combination thereof, or 2)
histidine buffer to said aqueous pharmaceutical composition.
{Embodiment 36] The method of embodiment 35, wherein the pH of the pharmaceutical
formuiation ranges from 4.5 10 5.5,
{Embodiment 37] The method of embodiment 35, wherein the arginine, arginine
hydrochioride, or combination thereof is present in a concentration of 130-250 mM.
{Embodiment 38] The method according to embodiment 37, wherein the arginine,
argintne hydrochloride, or combination thereof 1s present in 8 concentration of 200
mM.
[Embodiment 39] The method according to embodiment 38, comprising 15 to 25 mM
histidine buffer.
{Embodiment 40] The method according to any one of embodimenis 35-39, wherein

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

pharmaceutically acceptable buffer is histidine buffer or citrate baffer.

EXAMPLES
Example 1: Protein Concentration Study
[60152] Samples with three protein concentrations (10, 100, 200 mg/ml.} were prepared
and examined in the concentration study. The 10 mg/mlL. material was BAN2401 purified
drug substance (PDS) and the 100 and 200 mg/mL materials were produced from BAN2401
PDS using Amicon Ultra-18 spin filters. The samples were all in the same formulation buffer
{25 mM sodium citrate, 125 mM sodium chloride, pH 5.7}, except that each had a different
PS80 level. The PS80 percentages of the 10, 100, 200 myg/mi. samples were 0.02%, 0.16%,
and 0.32%, respectively. All samples were 0.2 g filtered and aliquoted into sterile
polypropyvlene (PP} tubes for stability 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 & 25 °C) for 3 months using
native 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 Point T=0 T=1 mo T=2mo T 3 mo
Temperature N/A 52C 5°C 5°C

25%C 25°C 25°C
Nummber of 3 6 6 6
Samples
Testing Native SEC Native SEC Native SEC Native SEC
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oH pH pH pH
DLS DLS DLS DLS

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

[BO135]  Aggregation and physical degradation of the concentrated BAN2401 was assessed
by performing native HPLC-SEC on stability samples stored at § 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/mi., respectively. This ensures approximately 130 pg of protein is injected onto the
column across the study. Results of relative peak areas (%6} for monomer, aggregate and
fragmeny are reported in Figures 1-6,

[B01S7] At both temperatures (5 and 25 *C), lngher 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/mlL
sample. This indicated the concentration process alone caused protein to aggregate.
Additional aggregation occurred during the storage at $ and 25 °C. The average aggregation
rate over 3 months at 3 °C was 0.17% per month for 100 mgfml., and 0.20% per month for
200 mg/mL. For comparison, the 10 mg/mL sample exhibited oaly a .07% per moath
aggregation vate under the same condition. In summary, it appeared that BAN2401 at 100
mg/mb or greater was not physically stable in the formulation.

[00E58]  Protein concentration was evaluated by 1V by measuring the absorbance at 280
and 320 mu on a Beckman DU-800 spectrophotometer. Samples were diluted 500-fold and
were prepared in duplicate. Protein concentration was calculated using an extinction

coefficient; ¢, of 1.32 using the followmg formula:



WO 2021/186245 PCT/1B2021/000155
40

Concentration = {AZB0-A320Ve x Dihation Factor
[00139] Protein concentration was measurad using a UV-Vis spectrophotometer. The
results are listed in Table 2. Overall, the concentrations remained unchanged throughout the 3

maonths at botly temperatures.

Table 2. Protein Concentration Results (Concentration Study)

Sample Protein Concentration (mg/ml)

1D T=1 T=1mo T=2 mo T=3 mo
$°C 25C seC 25°C $eC 28°C

10 mgiml 10.6 9.93 Q.93 9.9 10.0 10.11 1015

100 1103 110.1 1144 103.4 104.2 106.6 106.4

mgdmi

240 210.8 197.2 2245 2074 205.4 2053 205.8

mgdml

Example 2: pH Screening Study

{60160 The stability of BAN24G1 at 200 mg/mi was evaluated at five different pH values.
To prepare the samiples, PS80-removed BAN2401 PDS was concentrated and diafiltered into
a buffer containing 50 mM sodium citrate, 100 mM sodiam chloride, pH 4.5, The final
concentration adjustment was performed via a dilution to achieve a concentration of 200
mgiml protein and 0.02% PS80, The resulting material was divided into S aliquots; four of
the aliquots were titrated with a 10 N sodinm hvdroxide to produce samples at different pH
{i.e, pH 5.0, 5.5, 6.0, and 6.5). The resulting samples were 0.2-pun filtered and sub-aliquoted
into sterile polypropylene {PP) tubes for stability evaluation,

j00161] 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 T-month time point, where a subset of the 3 °C samples was agitated

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

shown in Table 3.

Table 3. Testing Schedule (pH Study)

Time Point T=0 T =1 month T =2 months T = 3 months
Temperature na 5°C 5°¢C 5°C
25°C 25°C 25°C
Agitation na Agitation Not required Not required
Number of 5 13 10 10
Samples
Testing Native SEC Native SEC Native SEC Native SEC
pH pH pH pH
DLS DLS DLS DLS
DSC
{00162] SEC-HPLC analysis was performed utilizing ¢ TSK G3000 SWXL column with

0.2 M sodium phosphate, pH 7.0 mobile phase at 3 flow rate of 1.0 mL/min. The sample

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

mgimL, respectively, This ensures approximately 130 g of protein is injected onto the

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

fragment were reported.

[00163]  Aggregation and physical degradation of the concentrated BAN2401 was assessed

by performing native HPLC-SEC on stability samples stored at 5 and 25 *C. The results are

shown in Figures 7-12. BAN2401 appeared to be more stable at lower pH af both

temperatures {5 and 25 *C). Formulations with pH 4.5 and 5.0 started with low aggrepate

percentages and exhibited a stower increase in aggregate formation, at a rate of ~0.07% per
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month at $ °C. In addition to aggregation, fragmentation of the protein 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 to other formulations at different pH values).

Example 3: Excipient Screening Study

j00164] Twelve excipients were screened in this study. To prepare the samples with
BAN2401 at 200 mge/mL, PS80- removed BAN2401 was concentrated via a TFF step,
followed by a diafiliwation step with the base buffer (50 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 contaimng a specific excipient. For the majority of the excipients, two
concentrations were examined, except sodium chloride and ascorbic acid for which samples
with three and one concentration level respectively were prepared. A list of the excipients

used and their concentrations is shown in Table 4.

Table 4. List of Excipients and Corresponding Concentrations

Excinient Concentration
B {Formulation #)
None Control sample (FO) contained
the protein in the base buffer
without any excipient added.
Sucrose 1% (F1), 6% (F2)
Trehalose {1.5% {F3}, 3.58% (F4)
Mannitol 0.5% (F5), 1.8% (Fo)
Proline 50 M (F®), 400 Mm (F10)
Glycine SO M (F11}, 400 Mm (F12)
Arginine 25 Mm (F13), 160 mM (F14)
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NaCl 50 mM {F168), 150 mM(F17),
560 mM {FI8)
PS80 0.05% viv (F19), 0.1% viv (F20)
PEG400 19 (F21), 6% (F22
Dextran, LMW 1% (F23), 5% (F24)
Ascorbic Acid 50 Mm (FIS)
Sorbitol 1% {(F7), 6% (F8)

[90163] Al samples, including the control (Fe., the sample in the base buffer without
excipient), were 0.2-gm filiered and then filled mnto BD syringes aseptically using a hand
stoppering tool. Control samples were also filled in 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 exciptent screening study were prepared in a suboptimal buffer
{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 in Figwres 13-13, the formulation containing 160 mM arginine (F14)
produced the lowest aggregation rate among the formulations. As a comparison, the 160 mM
arginine formulation exhibited only 1.4% aggregates at 23 °C after 2 months while the
control (£e., the formulation i the base buffer withoot excipient — F@) showed 2.4%
aggregates at the same time under the same condition.

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

protein concentration step. The fragmentation was slightly higher with the arginine
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formudation (F14) as compared to the control {(F(). 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
formulation (F14}.

[60170] The formulations with sodivm chloride (F16-F18) showed no effect on the stability
as compared to the control sample. The same observation was made for the formulations with
PS80 (F19 and F20): no stability effect was observed by varying the PSRO content. The

formulation with the aseorbic acid (F15) showed a dramatic effect an increasing aggrepate

and fragment percentages from the beginning of the study.

{00171]  The pH of the two arginine formulations (F13 & F14) was measured to verify that
the presence of arginine in the formulations had not caused the pH to drift over time. As
shown i Table 4, no change i pH was observed. The osmolality of the two formalations
was also 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 & Fid)

Arginine Formulation pH mOsm/kg

(F13 and F14; time point)

F13, T=0 no sample ne sample
Fid4, T=0 5.86 no sample
F13, T=1 month 597 231
F14, T=1 month 5.88 477
F13, T=2 months 597 230

Fi4, 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
BAN2403 30 to 120 mg/mbL 30, 53,75, 9§, 120 mgiml
pH 451060 45,490 52 56, and 6.0
Arginine 0 to 430 mM 0, 225, 338, and 450 mM

Polysorbate 80

Oto0.1%

0, 0.025, 0.05, 0.075, and 0.1%

0173] A sample randomization was generated by D-optimal design in Design Expert®
7.0, The obtained sample set contained 25 data points mcluding 4 replicates, as shown in

Table 7. Bach formalation was prepared and evaluated.

Table 7. Formulations prepared for Example 4

Eniry BAN2401 pH Arginine Polysorbate 80
{mg/mlL) {mM) {Yn)
I 30 5.2 O 0.000
2 30 6.0 0 0.050
3 30 4.5 0 0.100
4 30 4.5 0 0100
3 30 6.0 225 0.000
6 30 4.5 450 0.000
7 30 4.5 450 0.000
8 30 6.0 450 €.100
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9 30 6.0 430 0.100
10 53 5.6 225 €.025
11 53 4.9 338 08.075
12 75 4.5 0 0.000
13 75 45 0 0.000
14 75 6.0 0 0.100
1S 75 52 225 £.000
16 75 6.0 450 $.000
17 75 6.0 430 8.000
18 93 4.5 450 0.100
1% 98 5.6 225 0.025
20 120 4.9 338 0.075
21 120 6.0 0 0.000
22 120 4.8 0 8.100
23 120 3.2 225 0.050
24 120 4.5 456 0.000
235 120 6.0 450 0.100

{00174] The relation between arginine concentration and aggregate levels in 100 mp/mlL
BAN2401 formulations at pH 5.0 containing 0.02% polysorbate 80 was estimated by Design
Expert® 7.0, The result of the estimation was shown in Figare 16,

Example 5: PS80 Study

FI0ETS]  To evaluate the changes in drag product quality under stressed conditions,

agitation and freeze-thaw studies were performed using a formulation baffer {(pH 5.0, 350

M arginine, 50 mM citrie acid). In this experiment, formulations with varving pelysorbate
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80 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 conditions are shown in Table 8.

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

Formulation Concentrations of Stress Condition
Polysorbate 80
100 mg/ml. BAN2401 * (% * Shaking at 250 rpm for 3 days at 5 °C
S0 mM citrate buffer o 0.02% o Shaking at 250 rpm for 3 davs at
350 mM Arginine o D058 ambient temperature
pH 5.0 ¢ 0.1% * Three fieeze-thaw cvcles (<20 °C 1o

ambient temperature)

[80176] The samples were prepared in the same manner as deseribed in Example 4. A 10%

PSE&0 solution was added to aclueve 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 fifled into 2 mL vials with a

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

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

samples were shaken at 250 rpm for 3 days. Other samples were frozen by placing ina -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 appearvance; aggregate and fragment levels by SECGHPLC,

and sub-visible particles by Micro Flow Imaging (MF1).

DTS

{60177]  The results of the agitation and freeze-thaw studies on BAN2401 formulations

with varying levels of PSEO are sumwmarized below.
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SEC-HPLC analysix
[00178] SEC-HPLC analysis was performed utilizing a TSK G3000 SWXL column 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 gl for protein concentrations of 50 or 100 mg/mi.,
respectively. This ensares approximately 250 pg of protein is injected onto the cohumn across
the study. Results of relative peak areas (%) for monomer, aggregate and fragment were
reported.

{06179]  In the level of aggregates m pH 3 formulations stored at 25 °C for 3 months with
varying polysorbate 30 concentrations, there was no significant difference in aggregate levels
when the PS&G concentration was increased from 0% to 0.06%, af a formulation pH of 3.0, 1t
1s concluded that PS80 does not affect the formation of aggregates, fe. dimer and trimer as
meastred by SEC-HPLC, during storage of BAN2401 formulations at 25 °C.

[{B0180] In the effect of polvsorbate 84 concentration on fragment levels in formulations at
pH 5, polysorbate BO 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 PS80 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 § °C were clear and free of precipitate.
All samples subjected to freezefthaw cycles were also clear and free of precipitate,

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

monemer. This effect was nullified as the PSSO concentration increased.



WO 2021/186245 PCT/1B2021/000155
49

Table 8. Results of Aggregates and Fragment Levels for the Agitation and Freeze-Thaw
Studies

Stress Polysorbate HPLC purity (% Area)
Condition 8 {%o) HMwi® HMW2 Monomer LMW®
0 ~ 0.4 99.4 0.2
0.02 - 0.5 993 0.2
5 °C (control)
0.035 - 0.3 99 4 0.2
0.1 - (.3 99 4 0.2
Y Q.5 Q.6 98.7 0.2
Shaking at 5 0.02 - 0.5 993 0.2
C 0.05 . 0.5 89 3 0.2
0.1 - 0.5 993 0.2
o LA 1.2 7.1 0.2
Shaking at
0.02 4.0 08 981 0.2
ambient
0.05 0.1 0.5 992 0.2
temperature
0.1 ~ 0.3 993 0.2
0 - 0.4 99 4 0.2
Three
0.02 - 0.5 99 4 0.2
freeze/thaw
305 - (.4 90,4 0.2
cycles
0.1 - 0.5 99.4 0.2

&) High Molecular Weight Species; ™ Low Molecalar Weight Species; and ™ Sample
was cloudy

Sub-visible particle analysiy
j00183] Sub-visible particle analysis was performed using a Micro Flow Imaging

{DPA4100 Flow Microscope and BP-4100-FC~400-UN flow cell). Total sample volume was
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0.9 mi. and the reselts were reported for 225100 ym, 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 subjected to shaking and freeze-thaw. The generation of sub-visible
particles was mcreasingly suppressed as the PS80 concentration in the formulation was
increased. 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
30, Therefore, a PS80 concentration of .03% was choser as optimal for the forniulation.
[O0I8S]  The data would suggest that PS80 has no effect on the formation of BAN2401
aguregates (dimers and twimers) and fragments as measured by SEC-HPLC, Therefore, the
PS80 concentration was selected based on the resalts 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-visible particles.

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

Al BANZ401 10 mg/ml. Formulation

j00186] A BAN2401 10 mg/mlL fornwlation for intravenous injection (710 mg/mL
Injection”™) was manufactured by a conventional ¢GMP aseptic process for preparation of a
sterile aqueous formulation. BAN2401 10 mp/mL Injection was produced from the
corresponding BAN2401 drag substances formulation below withowt addition of any
excipients and dilotion. An exemplary I'V formulation containing 10 mgéml, BAN240!1 is
shown in Table 10

Table 18, Comparative 10 mg/mL IV formulation comprising BAN2401.

component compaosition
BANZ401 10 mg/mL
Sodiom cirate/Citric acid buffer 23 mM
Sodium Chlonde 125 mM
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Polysorbate 80 0.02 % {wiv)
Water for Infection a5
pH 5.7

[80187] The filtered BAN2401 drug substance solution was aseprically filled into vials as
tlustrated in Figure 17 (referved to in Figure 17 as “Formalation A”). 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 fill weight. Filled vials were stoppered and then sealed with an aluminum
overseal. After orimp capping, the product was stored at 523 °C,

[HO188] The vials were analyzed using Method 1 (Light Obscuration) according to USP

78R. Results are shown in Tables 11 and 12,

Table 11, Particle Size Distribution (particles/container} for 16 mg/mbL Injection Vials

Lot | Al | A2 A3 A4 A3 Ad | AT | AR AY Ald | A1L | AL
N,
23 i t 1 & i 1 ] 1 i H ] ) 2 i i
an
16§ 126 | 145 | 469 | 241 489 P 2RSS T 107 ] 617§ 249 | 315 {2185 273 231 191 | 125
i
3 ~ - - 2022 - - - - ~ ~ ~ - ~
4
2 - - - 16636 - - - - - - - - -
1on

Table 12. Particle Size Distribution (particles/mL) for 10 mg/mL Injection Vials

Lo | Al | A2 A3 Ad AS A6 | AT | A8 A3 Al | AL | Al
t i 1 2
Na,
25 .1 .1 €1 ¢ .1 9.1 {3 (1N .1 (] 3.3 0.5 3.2 1 (1]
n
$00F 1201 140 46,0 1 241 46,0 ) 2301 M. o6l | 340 31} 2104 27 23119 i
unt | 6 3 9 9 3 i 7 @ N 3 3 ] 1 3
3 - - - 292, - - - - - - - - -
[ 2
2 - - - 1664 - - - - - - - - -
4
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Example 7: Preparation of Intravenous (1V) and Subcutaneous (8C) Formulations of
BAN2401

Al BAN2461 100 mg/ml. Formulations

[OOERY] A BANZ401 100 mg/ml. formulation (“100 mg/ml. Injection”™) was manufactured
by a conventional cGMP aseptic process for preparation of a sterile agueous formuiation.
BAN2401 100 mg/mL was produced from the corresponding BAN2401 drug substances

withowt addition of any excipients and dilution (Table 13},

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

coniponent compuosition
BAN2401 100 mg/ml
Citric acid buffer 50 mM
Argigine 110 mM
Arginine Hydrochloride 240 mM
Polysorbate 80 0.05 %% (wiv)
Water for Injection 5
pH 5.0

{I198]  The filtered BAN2401 drug substance {100 my/ml. Injection) solution was
aseptically filled into vials as Hlustrated in Figure 1§ (referred to in Figwre 18 as
“Formualation B™). The drug substance underwent a bioburden reducing filteation step
through a 0.2-pw filter. The final stevile filiration was performed through two 0.2-pm filters
in series, and pre-and post-filtration filter integrity fests were conducted. The sterile bulk drug
product was filled aseptically into vials. During the filling operation, filling accuracy was
confirmed by measaring the vial fill weight. Filled vials were stoppered and then sealed with
an aluminum overseal. After crimp capping, the product was stored at 54 3 °C,

j00191] The vials were analyzed ustng Method 1 (Light Obscuration) according to USP
788. Results are shown in Tables 14 and 15

Table 14. Particle Size Distribution (particles/vial) for 106 mg/mL Injection Vials

Lot No. Bl B2 B3 B4
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I8 pm & 0 § 0
10 am 53 3 Q 9
S pm 631 72 51 60
2 pm 1934 321 248 267

Table IS, Particle Size Distribution (particles/mlL) for 168 mg/mlL Injection Vials

Lot Ne, B1 B2 B3 B4

25 pm 0 0 0.2 0

10 am 10.6 1.6 1.8 1.8

Spm 126.2 144 10.2 12

2 um 390.8 642 49 8 334
[80192]  Another BAN2401 100 mg/mL Injection was manufactured. The following

materials can be vsed in a second exemplary formulation containing 100 mg/mL BAN2401,

as shown in Table 16,

Table 16. Another Exemplary 100 mg/ml IV Formulation comprising BAN2401,

component composition
BAN24G] 160 ma/mi.
Hl:;f;g G Total 25 mM
Arginine HCI 200 mM
Polysorhate 80 0.05%{wiv)
Water for mfection QS
pH 50404

B. BAN2401 200 mg/mL Formulation
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[00193]  The following materials can be vsed i an exemplary 8C formalation containing
200 mg/ml. BAN2401, as shown in Table 17. The stability of BANZ401 in these
formulations (FSC1, FSOZ and FSC3 ) were evalnated in conjunction with an evaluation

of the material stability in three contataer closures:

i} Becton-Dickenson Hypak Biotech glass pre-filled syringe (PFS) and
stapper
i} West Crystal Zenith plastic PFS and stopper

i} West S ral glass vial and stopper

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

component compaosition
Sample ID FSCla FSClib FSC2 FSC3 FSC4
BAN2401 200 mg/ml | 200 mg/ml. | 200 wg/ml. | 200 mgfml | 200 medmll
Histidine Total 30 Total 30 Total 30 - Total 25
Histidine HCI mM ! mM ¢ mM ! mM !
Citric Acid e e - 30 mM —
Aruinine B! 125 mM 125 mM 128 mM 125 mM 200 mM
Polysorbate 80 | 0.02%(w/v) | 8.02%(w/v) | 0.02%{w/v) | 0.02%{wiv) | 0.05%(w/v)
Methionine - 5 mM o - -
Water for infoection QS 085 QS QS QS
pH S0 204 5.0 404 55204 S0 204 SO0 204

' Total concentration as Histiding
[00194] BAN2401 at a target protein concentration of 200 mgiml was prepared via TFF as
sunzmarized below. A separate TFF operation was performed to prepare BAN2401 material
in each formulation buffer, except for FSCla and FSClh. For two of the fornwlations, one
TEY operation was performed, and the resulting concentrated material was split into two balf-
lots. A small quantity of sterile filtered material in each final formulation buffer was not
filled at time zero, but was stored frozen at -20°C to be filled into the appropriate container
closures for syringe testing,
{a) BAN2401 Preparation
FO0195]  The process of protein concentration/diafiltration via TFF can be sabdivided into 3

stages:
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1. Concentration of the material to 100-150 mg/ml.

2. Diafiltration (SX) against formulation buffer

3, Concentration to »200 mg/mL
jo0196]  The concentration/diafiliration step was performed using a Pall Centramate LV
system installed with 0.02 m® of membrane area. The BAN2401 material (palled from GMP
lot manufactare 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 agrinst up to 3
diavolumes of the formulation buffer (stage 2), with pH and conductivity checks of the
permeate being done to monitor diafikiration. After diafiltration, the material was further
concentrated to the target protein concentration of 210 to 250 mg/mL (stage 3). The reteniate
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 centrifi. Tgal 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 ¢) for 30
minutes intervals at 20 °C, until the protein concentration in the retentate was expected to be
greater than 200 mpdmi. The retentate was recovered from the filter units and pooled. After
thorough nuxing, the pooled retentate was sampled for protein concentration measurergents.
j00198]  Afier the protein was concentrated, 8 samaple was taken from the pool and diluted
500-fold with the appropriate formulation buffer. The absorbance of the diluted sample at 280
i and 320 wn was measured against the buffer 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 solution was thoroughly mixed via end-over-end rotation.



WO 2021/186245 PCT/1B2021/000155
56

[O0199]  Final BAN2401 formulated material was filtered using 0.2 pm syninge filiers, and
subsequently filled into vials or PFS. This step was performed aseptically in a biosafety
cabingt. The resulting vials or PFS were placed in a freezer at -20°C. Vials were stored

inverted, and PES were stored horizontally in order to simulate worst case conditions.

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

[00208]  Sample stability was evaloated at 5°C (3M, 6M, 9M, 12M) and 25°C (1M, 3M)
using assay for pH (Figures 19-21), absorbance at 405 nm (Figures 22-24) (io detect
increases in vellowing), Size-exclusion Chromatography (SECQ) (Figures 25-33), and 3°C
thereafter. See Table 17 for the exemplary formulations FSC1-FSC4; note that in Figures 18-
33, “Fla” refers to FSCla, “F1b7 refers to FSCIb, “F27 refers to FSC2Z, and “F37 refers 1o
FRC3. Additional characterization assays, including protein concentration, Differential
Scanning Calorimetry (DSC), PS80, and osmolality were performed on t=0 samples.
Subvisible particle testing were performed on =0 and t=6 month samples. A 3-day agitation
studdy was performed on samples stored for 1 month at $°C. Samples for the agitation study
were transferred from 55C storage after 1 month to 2570 with agitation for 3 days at 250 rpm.
[O0201]  Tost rosults showed that 200 mg/ml BANZ40] in all FSOIa-FE3

fornmdations had sinlar lovels of aggrogastes and fagments alter storage at 2-8°C for 12

months, Stability for BAN2401 at 200 mg/mlL in the three PSC1a-FSC3 formulations was
evaluated. Overall, the stability of BAN2401 mn each tested formulation appeared similar, and
matntained greatey than 98.2% monomer after storage at 3°C for 12 months regardless of the
container closure tested. In addition, after storage at 5°C for 12 months, the pH remained
stable, there was no appreciable increase in yellowing by A405.

{a}  Protein Concentration {T=0 Samples)

{60282] Protein concentration was megsured using a UV-Vis spectrophotometer. The

results are listed wn Table 18,
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Table 18, Protein Concentration Results
Sample (D ?s‘atein{&g&g?trmmn
FsCla 206
FC b 204
FRO2 201
F8CR 189

{60203] Protein coucentration was evaluated by measuring the absorbance at 280 and 320
i on a Beckman DU-800 spectrophotometer using & Iom quartz covette. Samples were
diluted S00-fold and were prepared iny tnplicate. Protein concentration was calculated using
an extinetion coefficient, &  of 1.32 using the following formula

Concentration= {A280-A320) £ x  Dilution Factor
{h) Polysorbate 88 (T=0 Samples)
{00204]  The PS80 comtent of samples was measured via quantitation of oleic acid. The
results gre shown in Table 19,

Table 19, Polysorbate 88 Resuits

Sample ID Polysorbate 80 (%)
FSCla 0.016
FSCib 0.022
FSC2 0.019
FSC3 0.419

{H0208]  The measurement was performed by quantitation of oleic acid, a hydrolvsis
product of PS80, Using base hydrolysis, PS80 releases oleic acid at 8 111 molar ratio. The
oletc acid can then be separated from other PS80 hvdrolvsis products and matrices using

reversed phase HPLC. The oleie acid was monitored without derivatization using the



WO 2021/186245 PCT/1B2021/000155
58

absorbance at 195 nm. [} Chromatography B, 878 {2010} 1865~ 1870]. Experimentally,
samples were mixed with sodium hydroxide to release oleic acid, which was subsequently
extracted with acetonitrile. The exiract was diluted with a potassivm phosphate solution, and
a sample volume of 100 gl was injected into a Waters Symmetry C18 colwnn. The
separation was done using an isocratic elution containing §0% organic phase A (acetonitrile)
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)

[00206]  The osmolality of samples was determined using a freezing point osmorneter. The
results are shown in Table 20.

Table 20. Osmolality Results

Sample ID Osmolality

{(mOsmolkg H:0)

¥SCla 204
FSClb 309
FSC2 297
FSC3 327

[00207]  Osmolality was measured using a Precision Systems Osmette HI freezing poim
osmometer. Samples were dituted 3-fold with WFI, and diluted sample volumes of 10 yL
were withdrawn and loaded 1o the instrument using the osmometer pipette. The resulting
osmolality measoerements were corrected for sample ditution.

(d}  Subvisible Particles
[00208] Subvisible particle analysis was performed using a 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 number of particles greater than 10 over time when
material is stored at 5°C. The degree of the increased change was small in the following
order, FSCla < FSClb < FSC2 < FSC3.

Table 21. Subvisible Particle Resulis

) Particles/ | Particles/ | Particles/
Sanple 1D mk, mb. mi.
Fotal Zi0pm = 25wm
FSCia . 9
1.2 107 g
FSCIb _ . {
2.6y 100 0
FSC2 s . {
28y 10" 18
FSO3 N 63 4]
39 %10

{00209]  Subvisible particle analysis was performed using a Fluid Imaging Technologies
FlowCam with a 20X objective and a 50 am flow cell. Before running BAN2401 samples,
the flow cell was flushed with dI H20 and a measurersent was performed on the dF HzO to
ensure the flow cell was clean. If the total number of panicles counted per 0.2 mb of di H:0
was = 2, the flow cell was considered ready for use. Samples were equilibrated to room
temperature, then diuted 20-fold with deionized water. Duplicate dituted samples were
analvzed using a sample volume of 0.2 mL and a sample flowrate of .02 ml/min. The
autoimage rate was 14, giving an efficiency of 19.6% and 4 run thime of 10 min. The resulting
paiticle concentrations were corrected for sample dilation.

(e} pH

{00216} The pH of each formulation was monitored throughout the stability testing. As
shown in Figures {9-21, 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 Chromatography Size Exclasion Chromatography
(HPLC-SEC) analysis 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/min. The sample ijection
volume was 0.3 gL for a protein concentration of 200 mg/mi. This ensures approximately
150 pg of protein is injected onto the column across the study. Results of relative peak areas
{%o) 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 28 °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
generated for all tested fornmlations was in the range of 0.4-0.5%. The monomer content
after 12 months storage at 53°C was in the range of 98.4-98.6% for all tested formulations and
container closures. At the current rates of degradation, it is possible that BAN2401 in all
tested formalations could have greater than 97% monomer after ap to 24 months storage at
5¢C.

[B0213]  After storage at 25°C up to 3 months, fragment generation after 3 months was in

ghtly greater than 98% for all formulations,

o

the range of 0.4-0.8%. Monomer content was shi

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

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

Al 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
equitibration, PS80 dissolved in the formulation buffer was added 1o achieve pre-determined

concentrations, and protein concentrations were adjusted to the final concentration. Each
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candidate formulation was filled into vials with fill volome of 1.5 mil.. Candidate

formulations (F1-F12) are shown in Table 22. Formulation FO was evaluated as a control.

Table 22 Formulation (F0) and candidate formulations F1-F12

Fomn | paN4vl Butler Stbilizes Polysorbare 80 | pr | EU
No. {Arginine yolune
g, sl mgimb. | owolL mefml. | (wi% | oogiml ml.
F 100 Citrate 30 9.6 350 GLO 0.05 0.5 g s
Fi 200 Histiding 25 1 3.9 {30 26,1 £.63 0.5 S0 103
e 200 Histiding 23 139 200 34.8 0.03 N 50 1038
F3 200 Hisiding 25 | 39 258 436 .05 0.3 5.0 j65
¥4 200 Histidine 25 139 300 2.3 0.08 0.5 5.8 103
Fs 200 Histiding 23 | 3.9 350 61.0 (.03 0.5 50 {105
T 230 Hisudine 23 139 200 34.8 $.03 3.5 S8 1058
F7 D Histiding 23 | 3.9 200 345 6.05 0.5 586 1035
FX 200 Histidine 28 139 200 348 4 Y 38 103
P9 20 Histiding 25 | 3.9 200 34.8 .42 3.2 S84 (05
FIg° | 200 Histiding 23 | 39 200 348 £.63 8.5 38 1038
Fil 200 Histiding 25 | 39 200 348 .08 6.8 348 108
Fi2 300 Histidine 28 139 200 348 0,10 RS 548 103
a: F2 and F1¢ are the same formalations, prepared for different studies,

b I the selection of polysorbaie 80 concentration, drug sohstion was withdrawn from drug product and

was filled with 0.3 mi to align the il volume and te container closure sysient.

B.

160215)

Stability protocel

Stability protocols are shown in Table 23, Table 24, and Table 25 Once removed

from storage, the vials were stored at 5 °C unuil testing.  Storage conditions weze as follows:

« Long-term condition: stored at 5 *C&3°C upright

¢ Accelerated condition: Stored at 23 °C2 °C, 60%RH:3%RH upright

»  Spressed condition (Freeze-thaw), Frozen at =30 °C and thawed at room

teruperatare, upright

*  Stressed condition (Agitation): 3 °C, laving down, horizontal, at 25¢ rpmoon a

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 Taitial 5 oCEIPC Upripght | 25 9C42°C, 60% RHE5%RH Uprioht
S JM 1M 3M

Appeatance FO-F7 FO-F7 FO-F7 FO-F7

pH FO-F7 FO-F7 FO-F7 FO-F7

Size exclustion HPLC FO-F7 FO-F7 FO-F7 FO-F7

{on exchange HPLC FO-F7 Fi-F7 NA FO-F7

Polysorbate 80 FO-F7 FO-F7 FO-F7 FO-F7

N/A: Not apphicable.

Table 24 Stability Protocel (Stressed Condition: FO-F7)

Test Pomi

. Enitial Freeze-thaw (-30°C 9 room temperature)
Test item
3 eycles
Appeaance FO-F7 FG-F7
pH FOAF7 FOAF7
Size exclusion HPLC FOVF7 FO-F7
fon exchange HPLC FO-F7 FO-F7
Polysorbate SO FO-F7 NiA
Erotein concentration FO-F7 NA
Viscosity FO-F7 N/A
Osmadality FO-F7 N/A

N/AL Not applicable.

Table 25 Stability Protocel (Stressed Condition: FO, F8-F12)

Text Pamt

Tuitial Frevze-thaw  (-30°C < Agiatmi(m {8°C, tay '(lm’m‘
Test tem ’ room temperature) horizoatal, 258 rpm)
3 cycles 3 days
Appearancs FOFR-FI2 | FO, FR-Fi12 Fo, Fa-F12
pil Fo FS-F12 | FG FS-Fi2 FO, FR-Fi2
Protein toncenraton PO, FR-F12 1 FO, F8-F12 FO, FR-Fi2

Foreign insoluble matter {
Visible particies)

F@, FR-F12

. Fe-Fi2

Fi

FN-FI2

Size exchusion HPLC FG, F8-F12 | FO.FR-FI2 FGFRFi2
(SEC)

Polyvsorbate B0 {PS&M)) FO, FO-Fi2 D, P9-Fi2 Fi Fe-Fi2
Micro-ow mnaging (MFD 1§ FO, F&-F12 0, FR-Fi2 ¥, F8-Fi2

N/A: Not apphicable.

[00216]

Nince the viscosity of solation s known to increase exponentially at highly
S th ty of solut k t , tially at highis

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

were adjosted to 200 & 10 mgful with formulation buffer containing 0.05 {wiv)% of PS80

for the analysis. Other formulations were not diluted before the measurement,
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C. Results and Discussion

{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 conducted
for candidate formulations with different arginine concentration {150 10 330 mmoliL, Fl to
F3} and compared to formulation FO (see, Table 22). Physical properties and the resulis of
freeze-thaw study were shown in Table 26, The results of long-term and accelerated stability

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

[00218]  As shown in Table 26, osmolality values increased as the arginine concentration
ingreased. F1, F2 and F3 showed lower osmolality values as compared to F4 and FS.
Therefore, arginine concentration was limited to 250 mmol/L or fess. Viscosity values of F1-
F5 were within a narrow range {7.3-8.1 ¢P) 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 &t the target.

{c) Freeze-Thaw Stability Study

F00219]  No significant changes were observed in all testing items after three cycles of
freeze-thaw testing as shown in Table 26.

(d)  Long-Term Stability Study

[00220] As shown in Table 27, no significant changes were observed in all testing items
except for size exclusion HPLC {(SEC) after threesmonth storage. Amounts of aggregate and
fragment by SEC slightly increased in candidate formulations F1-FS. Each increase rate was
stratar to the formulation FO.

{e) Accelerated Stability Study

[60221]  As shown in Table 28, no significant changes were observed in all testing items
except for SEC and 1on exchusion HPLC (IEX). Although the amount of aggregate by SEC
increased in all the candidates (F1-F5, BAN2401 200 mg/ml} 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 fong shelt-life. The higher
arginine concentration resulted in slightly slower aggregate formation, consistent with the
results described in Example 4. The amount of fragment by SEC also increased in all the

candidates but the rate was similar io that in the formulation FO. As for IEX, the amount of

acidic peak increased in all the candidates but the rate was similar to that in FO.
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{H Arginine Concentration

f00222]  As shown in Table 26, F4 and F35 (at arginine concentrations of 300 and 350
mmol/L} wers not considered feasible in the view of osmolalitv. Among feasible candidates
Fi, F2Z and 3 (at arginine concentrations of 150, 200 and 250 mumoll.), FI is the closest o
isotonic. As shown in Table 28, formulations with higher arginine concentrations showed
lower aggregate formation rate in accelerated stability studies but the difference m rate was
not significant at the arginine concentration range evaluated. Taking both isotonicity and

gregate formation rate ito consideration, 200 punol/L was selecied as the target arginine

badihg ]

ag
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 candidate formulations with different protein concentration (200 o 300 mg/mL, F2, F6,
F7} and formudation FO. Physical properties and the results of freere-thaw stady are shown in
Table 29. The results of long-term and accelerated stability studies were shown in Table 27

and Table 28,
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{h}  Physical Properties

f00224]  As shown 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, respectivelv. High viscosity
over 20 ¢P would cause difficulties in manufacturing DS by increasing the back-pressure of
the pump and decreasing the transmemwbrane flox during ulrafiliration and diafiliration steps.
In addition, higher concentration solution makes DP filling process more difficult by
clogging of filling neadles 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 PS80 and protein were almost on target,

(i) Freeze-Thaw Study

{00225] No significant changes were observed in all the tested items after three cycles 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 i candidate formulations F2, F6 and F7 but increase rate was stnular to that in FO.
(k}  Accelerated Stability Study

[00227]  As shown in Table 28, no significant changes were observed other than SEC and
ion exclusion HPLC (JEX). The amount of aggregate by SEC increased in all the candidates
{F2, ¥6 and ¥7) in similar rates at three-month timepoint (0.7-0.8% increase). Therefore, all
the candidates were considered feasible. The amount of fragment by SEC also increased in

all the candidates but the rate was sumilar 1o that in FQ. 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

f00228] Considering the resnlts 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

{0229]  To select the target PS80 concentration i the formulation, freeze-thaw and
agitation studies were conducted for candidate formulations with different PS80
concentration [0 10 0.10 {(w/v)%, F8-F12] and formulation FO. The results of freeze-thaw and

agitation study are shown in Table 36 and Table 31, respectively.
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{n}  Freeze-Thaw Siudy

f00230]  As shown in Table 30, no significant changes were observed in all the tested items
after three cveles of freeze-thaw testing. Particle counts by MFI were relatively high in F8
{without PS30).

{0}  Agitation Stady

{0231]  Asshown in Table 31, formulations containing 0.02(w/v1%6 to 0. 10{w/v}? of PS80
{F9 to F12) were stable after agitation. Changes were observed in F8 (without PS80} for
appearance, profein concentration and aggrepate anvount by SEC afer agitation. Appearance
was changed from clear shghtly vellow Hquid to opalescent white hgqund. Protemn
concentration shightly decreased from 206 to 193 mgfml. Aggregate amount mereased from
1.1% to 3.8%. Therefore, F8 (without PS80) was not considered feasible.

(M PS80 Concentration

{80232] Based on the results shown in Table 30 {(freeze-thaw study) and Table 31 {agitation
study), formultations containing 0020w/} to 0. 10(w/A)% of PREG were stable after three
cycle of freeze-thaw and agitation up to three days. Therefore, PS80 concentration of 0.05
{wiv)% was selected as the target,

{qy  Counclusion

[00233]  In conclusion, the following formulation was selected for BAN2401 fonmudation
for subsequent studies.

Table 32 Formulation for Subsequent Studies

Formulation | pano401 | Butfer Stabilizes {Argining) | Polysorbae 80 | pH
meiml. ol meimb, | mmolL. | mgfml {ad i | omeml,
F2 200 Histiding 28 1 39 260 348 0.03 0.5 84
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Example 9: Stability Study for 200 mg/ml BAN2401 Formubations with Different pH
f00234] 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 formudation (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 autil the pH of filtrated solution
achieved 1o 4.0 since protons are repelled by concentrated charged protem near
semipermeable 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
formulation was filled into vigls with fill volume of 0.5 will, Forandation FO (see, Table 33)
was evaluated as a control.

Table 33 Compesition of Drug Substance and Candidate SC Formulations

No. | BAN2481 | Buffor Stabilizer Polyvsorbate 88 | pH® ?'u
vidume
nmghmL mmol/L mgfml | noll | mp/mb | (WA | mgfml ﬁilm
Fo 100 Citrate 30 9.6 Arg 350 1 610 .05 0.5 36 15
Fi3 1200 Histidne 23 | 39 Arg 200 348 0.03 1.5 45 (0.8
Fis 1200 Histidine 35 1 39 Arg 200 | M8 .08 (L5 58 1038
Fi7 1200 Histiding 23 | 3.9 Arg 200 | 348 0.03 0.5 38 1038
1o |- SITPTRP Arg200 | 348 < < .
Fi8 | 200 Histiding 23 | 39 Mot 10 13 0.03 0.5 S8 105
F30 | 200 Hispding 35 | 39 Arg 200 | M8 .05 (.3 48 (05
218 | 200 Histiding 23 1 39 Arg 260 1348 0.03 0.5 SO 105
F22 1200 Histiding 25 1 3.9 Arg 200 | 348 .05 3.3 6.0 |05

Arg: Arginine, Met: Methionine

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

b: F21 15 the same formudation as F1§
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8. Storage protocol
f00236] Storage protocols are shown in Table 34, Table 35, and Table 36. Once removed
from storage, the vials were stored at 5 °C until the testing started. Storage conditions are as

follows:
s Long-term condition: stored at 5 “C+3°C upright

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

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

N

1000 Ix: 25 #C=2 °C, 60%RHE3%RH, lay down with Hght exposure of 1000 ix

Dark: 28 *Cx2 *C, 60%RH£5%RH, lay down without light exposare by covering with
aluminum toil

{00237]  To confirm aggregate level after three-month or longer storage, size exclusion
HPLC was additionally evaluated as extended storage samples at nine-menths for long-texm
and three-months for accelerated stability study. Latter samples were tested after stored in

refrigerator for six months,
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. Results and Discussion

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
methionne addition. Freeze-thaw and photo-stability studies were also conducted to evaluate
the efficiency of methionine addition.

D. pH Variation

j00239]  Asshown in Table 37, Table 38A and 38B, Tabie 39, and Table 40, no significant
differences among candidate formulations (F13, F1S, F17 and F20 to F22) were observed for
any testing iems except for size exclusion HPLC {SECY. 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 ohserved in an accelerated stability study. Results of formulations

with pH from 4.5 to 5.5 were confirmed to be comparable.
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E. Methionine Addition

f00240]  As shown in Tables 41A and 418, and Table 42 to Tables 46, no significant
difference was observed between formulations with or without methionine (F18 and F135).
Formulation with methionine (F18) showed slighily 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 in the
heavy chains) in light exposure with 1000 lux up to seven days. Freeze-thaw study did not

show any difference. The effect of 10 mmol/L of methionine gs a stabilizer was limited.
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¥. Counclusion

f00241]  Quality attributes were comparable among formudations of BAN2401 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 formudations with and without methionine at a concentration of 10 mumolL. based on
evalnations of quality, stability studies including long-term, accelerated, freeze-thaw, and
photo. Though slightly slower aggregate formation rate and minor suppression in oxidation
of amino acid residue were pbserved, the differenices were not significamt. In conclusion, F13
and F21, which were composed of 200 mg/ml. of BAN2401, 25 mmol/L of L~
histidine/histidine hydrochloride, 200 mmol/L of L-arginine, £.05 {w/v)% of polysorbate 80
at a pH of 5.0 % 0.5 were determined to be good drug substance candidates for further
development,

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

{00242]  The etfect of arginine concentration (0, 30, 100, and 200 mumno¥/L} to the stability

of BAN2401 at 200mg/ml was evalvated. The samiples of each argmine concentration 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 . " Stabilizer Polysorbate

. BAN2401 Buffer S o oH

No. e {Argimne} | 80 P

-« . e . : 05 <

Fi 200 mgiml. | Histidine 25 mmokl L. | 6 mmol/L ?“?,v\,,,‘% 5.0

| NN . . 1005

F2 200 mg/ml | Histidine 25 symol/L. | 50 mmol/L (wiv)% 30
WiV
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o SRR I , i 5 1008 .
F3 200 mg/ml. | Histidine 25 mmolL | 100 numol/L (wivI% 30
i o T o 005 -
F4 200 mg/mL. | Histidine 25 mmol/L | 200 mmol/L (W) 50
%W At

B. Results

j00244] Results of this stability study for samples F1 to ¥4 are shown in Table 48 to §1.
There was no difference in pH and protein concentration between samples, and the arginine
concentration fevel were consistent with the target for initial samples.

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

Table 48 Test resuits of sample F1 (Arginine 0 mmol/L. targeted)

Test Items Initial M 2M
pH S - -
Protein concentration {mgfml.) 195 - ~
Monomer area%a 98.3% 98.0% 97.8%
SEC Aggregates area | 1.6% 1.7% 1.9%
Fragments area% | 0.1% 0.2% §.3%
Arginine concentration (immol/L) I - -

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

Test items Initial M 2M
pH S0 - -
Protein concentration {ma/ml.) 192 - -
Monomer grea%s 98.4% 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 38 Test results of sample F3 (Arginine 100 mmol/L targeted)

Test [terus Initial M M
pH 5.0 - -
Protem concentration {mg/mL) 198 - ~
Monomer area%o GR.4% 98.1% 97.8%
SEC Agpgregates area%s | 1.5% 1.7% 1.8%
Fragments area% | 0.1% 0.2% 0.4%
Arginine concentration (mmol/L) 87 - -

Table 51 Test resulis of sample F4 (Arginine 200 mmol/L targeted)

Test Items Initial iM M
pH 50 - -
Protein concentration {fmg/ml.) 191 - ~
Monomer area®a GR. 4%, 8. 1% 97.9%
SEC Aggregates aveas | 1.5% 1.6% 1.7%%
Fragments areas | 0.1% 0.2% 0.4%
Argimine concentraion {(mmolL) 173 - -

C. Discussion and Conclusion
j00246] Results of this study indicated that arginine concentrations of 50 to 200 munol/L.
prevent increases of protein aggregates in BAN2401 200 wmg/ml. formulation. Variation of

arginine conecentration between batches may result in variation in aggregate % between
batches. In addition, grginine concentration may affect increase trend of aggregsates %6 in the
stabiltity study.

H00247]  The formuelation comprising histidine buffer appeared to show effect on reducing
fragmentation of BAN2401 as compared the percentage of fragmentation in the sample Fi
with the percentage of fragmentation shown in Figure 11 in Example 2, in which the samples

comprising 200 me/mi. BAN2401, 50 mM sodivm citrate and 100 mM sodinan chloride were
R - Lo

used.
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SEQUENCE LISTING

Table 52. Amino acid sequences of mAb variable regions

mAb 1gG chain SEQ ID NO | Amino acid sequence
BAN240H Heavy chain H EVQLVESGGGLVQPGGSLRLSCSASGE

TFSSFOMHWVRQAPGKGLEWVAYISS
GSSTIYYGDTVKGRFTISRDNAKNSLFL
OMSSLRAEDTAVYYCAREGGYYYGRS
YYTMDYWGOQGTTVTVSS

BAN2401 Light chain

b

DVVMTOQSPLSLPVTPGAPASISCRESOQS!
VHSNGNTYLEWYLOKPGQSPKLLIYKV
SNRFSGVPDRFSGSGSGTDFTLRISRVE

AEDVGIYYCFOQGSHVPPTRFGPGTRKLEIK

Table 53. Amino acid sequences of mAb constant regions

mAb 1gG chain Class SEQ ID NO | Amino acid sequence
BAN2401 Heavy chain | IgGl 3 ASTKGPSVFPLAPSSKSTSGGT

AALGCLVKDYFPEPVTVSWN
SGALTSGVHTFPAVLQSSGLY
SLESSVVTVPSSSLGTQTYIONY
NHKPSNTKVDKRVEPKSCDK
THTCPPCPAPELLGGPSVELEP
PKPKDTLMISRTPEVTCVVVD
VSHEDPEVKFNWYVDGVEVH
NAKTKPREEQYNSTYRVVSVL
TVLHODWINGKEYRCKVSNK
ALPAPIEKTISKAKGOPREPQV
YTLPPSREEMTENQVSLTCLY
KGFYPSDIAVEWESNGOPENN
YKTTPPVLDSDGSFFLYSKLT
VDKSRWQOGNVESCSVMHEA
LHNHYTOKSLSLSPGK

BAN2401 Light chain kappa |4 RTVAAPSVFIFPPSDEQLKSGT
ASVVCLLINNEFYPREAKVQWK
VDNALQSGNSQESVTEQDSK
DSTYSLSSTLTLSKADYEKHK
VYACEVTHQGLSSPVTKSFNR

GEC
Table 54, Amino acid sequences of mAb CDRs
mab 1gG chain SEQ ID KO | Amino acid sequence
BAN2401 HCDRY 3 SFGMH
HCDR2Z & YISSGSSTIYYGDTVEG
HCDR3 7 EGGYYYGRSYYTMDY
BAN2401 LCDRI 3 RSSOQSIVHSNGNTYLE
LCDR2 9 KVSNRFS
LOCDR3 10 FOOGSHVPPT
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Heavy Chain (SEQ IDNO: H )
evglvespeglvgpegsirlscsasgfifssfombwyrgapgkglewvavissgsstiyygdtvkgritisrdnaknsifigmsste
aedtavyyeareggyyversyytmdywagativivssastkgpsviplapsskstsggtaalpelvhkdyipepvtvswasgalts
gvhtipavigssglysissvvtvpssslgtgtvicnvahkpsatkvdkrvepksedkthteppepapellggpsvitfppkpkddd
misrtpevtevvvdyshedpevkinwyvdgvevhnaktkpreeqyvastyrvvsvitvthgdwingkevkekvsnkalpapie
ktiskakggprepgvytippsreemtkngvsltchvkgfypsdiavewesnggpennyktippvidsdgsfilyskitvdksrwyg
qenviscsymbeathnhytgkslsispgk

Light Chain (SEQ ID NO: 12):
dvemigsplsipyvtpgapasiscrssgsivhsngatylewvlgkpegspkilivkvsnrfsgepdrfsgspsatdftiviseveady
givyefqeshvpptfgpethleikrtvaapsviifppsdeglhsgtasvvellnnfypreakvqwkvdnalgsgnsqesvieqdsk
dstysisseitiskadvekhkvyacevihgelsspytkstorgec



