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STABLE ANTIBODY FORMULATION

GOVERNMENT LICENSE RIGHTS
[0001] This invention was made with Government support under Agreement
HHS0100201500013C and HHS0100201700016C awarded by the U.S. Department of Health

and Human Services. The government has certain rights in the invention.

SEQUENCE LISTING
[0002] An official copy of the sequence listing is submitted concurrently with the specification
electronically via EFS-Web as an ASCII formatted sequence listing with a file name of
“10668WO01_Sequence_Listing_ST25.1xt”, a creation date of January 22, 2021, and a size of
about 36KB. The sequence listing contained in this ASCII formatted document is part of the
specification and is herein incorporated by reference in its entirety.

FIELD OF THE INVENTION
[0003] The present disclosure relates to the field of therapeutic antibody formulations. More
specifically, the present disclosure relates to the field of pharmaceutical formulations comprising
one or more human antibodies that specifically bind to Ebola virus (EBOV).

BACKGROUND
[0004] Therapeutic macromolecules (e.g., antibodies) must be formulated in a manner that not
only makes the molecules suitable for administration to patients, but also maintains their stability
during storage and subsequent use. For example, therapeutic antibodies in liquid solution are
prone to degradation, aggregation or undesired chemical modifications unless the solution is
formulated properly. The stability of an antibody in liquid formulation depends not only on the
kinds of excipients used in the formulation, but also on the amounts and proportions of the
excipients relative to one another. Furthermore, other considerations aside from stability must
be taken into account when preparing a liquid antibody formulation. Examples of such additional
considerations include the viscosity of the solution and the concentration of antibody that can be
accommodated by a given formulation, and the visual quality or appeal of the formulation. Thus,
when formulating a therapeutic antibody, great care must be taken to arrive at a formulation that
remains stable, contains an adequate concentration of antibody, and possesses a suitable
viscosity as well as other properties which enable the formulation to be conveniently
administered to patients. Antibodies to the Ebola virus (EBOV) are one example of a
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therapeutically relevant macromolecule that requires proper formulation. Anti-EBOV antibodies
are clinically useful for the prevention and/or treatment of Ebola virus infection. Exemplary anti-
EBOV antibodies are described, inter alia, in US Patent/Publication Nos. 10,501,526
10,081,670, 9,771,414, 6,630,144, 6,875,433, 7,335,356, and 8,513,391, and in WO
2016/123019, EP1539238, EP2350270, and EP8513391.

[0005] Although anti-EBOV antibodies are known, there remains a need in the art for novel
pharmaceutical formulations comprising anti-EBOV antibodies that are sufficiently stable and
suitable for administration to patients, including patients located in remote environments or

environments lacking access to refrigeration for therapeutics.

BRIEF SUMMARY
[0006] The present disclosure satisfies the aforementioned need by providing stable
pharmaceutical formulations comprising a human antibody that specifically binds to Ebola virus
(EBOV).
[0007] In one aspect, a stable liquid pharmaceutical formulation is provided comprising: (a) a
stabilizer comprising a sugar; (b) a buffer comprising histidine; (c) an organic cosolvent
comprising polysorbate; and (d) at least one antibody which binds specifically to Ebola virus
(EBOV).
[0008] In various embodiments, the at least one antibody that specifically binds to EBOV is
provided at a concentration from about 5 £ 0.75 mg/mL to about 250 + 37.5 mg/mL. In some
embodiments, 250 mg/mL is the maximum protein concentration in the formulation. In some
aspects, the 250 mg/mL protein comprises up to three antibodies. In some aspects, a maximum
protein concentration in a formulation comprising three antibodies would range from about 5 +
0.75 mg/mL to about 250 mg/mL £ 37.5 mg/mL.
[0009] The ratio of the two or three antibodies present in the formulation can be modified
depending on outcome measurements. In some aspects, the two antibodies are presentina 1:1
ratio. In some aspects, the antibodies are present in a 1:2 ratio. In some aspects, the two
antibodies are present in a ratio of about 1 to 10:1. In some aspects, the three antibodies are
present in a 1:1:1 ratio. In some aspects, the three antibodies are presentin a 1:2:1 ratio. In
some aspects, the three antibodies are present in a 2:1:1 ratio. In some aspects, the three
antibodies are present in a 1:1:2 ratio. In some aspects, the antibodies are present in a ratio of
about 1 to 10:1 to 10:1 to 10.
[00010] In some embodiments, the dosage is about 3000 mg, about 2000 mg, about 1500 mg,
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1000 mg, about 800 mg, about 750 mg, about 500 mg, about 250 mg, about 200 mg, about 150
mg, about 100 mg, about 75 mg, about 50 mg, or about 25 mg. In some aspects, a dosage
comprises one anti-EBOV antibody. In some aspects, a dosage comprises two anti-EBOV
antibodies. In some aspects, a dosage comprises three anti-EBOV antibodies. In one
embodiment, the co-formulated antibodies are delivered intravenously over a time period of
about 2 hours.

[00011] In one embodiment, the at least one antibody is provided at a concentration of 12.5
mg/mL £ 1.85 mg/mL, or about 12.5 mg/mL. In one embodiment, the at least one antibody is
provided at a concentration of 25 mg/mL £ 3.75 mg/mL, or about 25 mg/mL. In another
embodiment, the at least one antibody is provided at a concentration of 50 mg/mL + 7.5 mg/mL,
or about 50 mg/mL. In another embodiment, the at least one antibody is provided at a
concentration of 100 mg/mL + 15 mg/mL, or about 100 mg/mL. In another embodiment, the at
least one antibody is provided at a concentration of 125 mg/mL + 18.75 mg/mL, or about 125
mg/mL. In one embodiment, the at least one antibody is provided at a concentration of 150
mg/mL £ 22.5 mg/mL, or about 150 mg/mL. In another embodiment, the at least one antibody is
provided at a concentration of 175 mg/mL £ 26.25 mg/mL, or about 175 mg/mL. In another
embodiment, the at least one antibody is provided at a concentration of 200 mg/mL + 30 mg/mL,
or about 200 mg/mL. In another embodiment, the at least one antibody is provided at a
concentration of 250 mg/mL £ 37.5 mg/mL, or about 250 mg/mL.

[00012] In some embodiments, each antibody is administered at 50 mg/kg of body weight. In
one embodiment, three antibodies are co-formulated such that the final formulation provides for
each antibody to be administered at 50 mg/kg of body weight. Accordingly, the final dose to be
administered to the patient is 150 mg/kg of body weight, with the three antibodies in the
formulation at a 1:1:1 ratio. In one embodiment, the co-formulated antibodies are delivered
intravenously over a time period of about 2 hours.

[00013] In certain embodiments, the formulation comprises any one or more of the anti-EBOV
antibodies disclosed in US Patent Application Publication No: 2016/0215040, incorporated
herein in its entirety. In certain embodiments, the anti-EBOV antibody comprises (a) a heavy
chain variable region (HCVR) comprising heavy chain complementarity determining regions 1, 2
and 3 (HCDR1-HCDR2-HCDR3) each comprising a sequence of SEQ ID NO: 4, SEQ ID NO: 6,
and SEQ ID NO: 8, respectively; and (b) a light chain variable region (LCVR) comprising light
chain complementarity determining regions 1, 2 and 3 (LCDR1-LCDR2-LCDRS3) each
comprising a sequence of SEQ ID NO: 12, SEQ ID NO: 14, and SEQ ID NO: 16, respectively. In
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one embodiment, the antibody comprises a HCVR comprising the amino acid sequence of SEQ
ID NO: 2 and a LCVR comprising the amino acid sequence of SEQ ID NO: 10. In one
embodiment, the antibody comprises a heavy chain comprising the amino acid sequence of
SEQ ID NO: 17 and a light chain comprising the amino acid sequence of SEQ ID NO: 18. In one
embodiment, the antibody comprises a HCVR having at least 90% sequence identity to SEQ ID
NO: 2. In one embodiment, the antibody comprises a LCVR having at least 90% sequence
identity to SEQ ID NO: 10. In one embodiment, the antibody comprises a HCVR having at least
95% sequence identity to SEQ ID NO: 2 and a LCVR having at least 95% sequence identity to
SEQ ID NO: 10.

[00014] In certain embodiments, the anti-EBOV antibody comprises (a) a heavy chain variable
region (HCVR) comprising heavy chain complementarity determining regions 1, 2 and 3
(HCDR1-HCDR2-HCDR3) each comprising a sequence of SEQ ID NO: 22, SEQ ID NO: 24, and
SEQ ID NO: 26, respectively; and (b) a light chain variable region (LCVR) comprising light chain
complementarity determining regions 1, 2 and 3 (LCDR1-LCDR2-LCDR3) each comprising a
sequence of SEQ ID NO: 30, SEQ ID NO: 32, and SEQ ID NO: 34, respectively. In one
embodiment, the antibody comprises a HCVR comprising the amino acid sequence of SEQ ID
NO: 20 and a LCVR comprising the amino acid sequence of SEQ ID NO: 28. In one
embodiment, the antibody comprises a heavy chain comprising the amino acid sequence of
SEQ ID NO: 35 and a light chain comprising the amino acid sequence of SEQ ID NO: 36. In one
embodiment, the antibody comprises a HCVR having 90% sequence identity to SEQ ID NO: 20.
In one embodiment, the antibody comprises a LCVR having 90% sequence identity to SEQ ID
NO: 28. In one embodiment, the antibody comprises a HCVR having 95% sequence identity to
SEQ ID NO: 20 and a LCVR having 95% sequence identity to SEQ ID NO: 28.

[00015] In certain embodiments, the anti-EBOV antibody comprises (a) a heavy chain variable
region (HCVR) comprising heavy chain complementarity determining regions 1, 2 and 3
(HCDR1-HCDR2-HCDR3) each comprising a sequence of SEQ ID NO: 40, SEQ ID NO: 42, and
SEQ ID NO: 44, respectively; and (b) a light chain variable region (LCVR) comprising light chain
complementarity determining regions 1, 2 and 3 (LCDR1-LCDR2-LCDR3) each comprising a
sequence of SEQ ID NO: 48, SEQ ID NO: 50, and SEQ ID NO: 52, respectively. In one
embodiment, the antibody comprises a HCVR comprising the amino acid sequence of SEQ ID
NO: 38 and a LCVR comprising the amino acid sequence of SEQ ID NO: 46. In one
embodiment, the antibody comprises a heavy chain comprising the amino acid sequence of
SEQ ID NO: 53 and a light chain comprising the amino acid sequence of SEQ ID NO: 54. In one
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embodiment, the antibody comprises a HCVR having 90% sequence identity to SEQ ID NO: 38.
In one embodiment, the antibody comprises a LCVR having 90% sequence identity to SEQ ID
NO: 46. In one embodiment, the antibody comprises a HCVR having 95% sequence identity to
SEQ ID NO: 38 and a LCVR having 95% sequence identity to SEQ ID NO: 46.

[00016] In one embodiment, the pH of the liquid formulation is pH 6.0 £ 0.5, pH 6.0 £ 0.4, pH
6.0+0.3,pH6.0+£0.2,pH6.0+£0.1,pH 6.0 £0.05, pH 6.0 £0.01, or pH 6.0. In one
embodiment, the pH of the liquid formulation is about pH 6.0 = 0.3.

[00017] In one embodiment, the buffer comprises histidine. In certain embodiments, the
histidine buffer is at a concentration of from 5 mM + 1 mM to 50 mM £ 10 mM, or from 5 mM + 1
mM to 25 mM = 5 mM. In one embodiment, the histidine buffer is at a concentration of 10 mM %
2 mM or about 10 mM. In one embodiment, the histidine buffer is at a concentration of 20 mM =
4 mM or about 20 mM. In one embodiment, the histidine buffer is at a concentration of 40 nM +
8 mM or about 40 nM. In certain embodiments, the histidine buffer comprises L-histidine and L-
histidine monohydrochloride monohydrate. In one embodiment, L-histidine is at a concentration
of from 2 mM £ 0.4 mM to 25 mM £ 5 mM, preferably from 4 mM = 0.8 mM to 20 mM £ 4 mM. In
one embodiment, L-histidine monohydrochloride monohydrate is at a concentration of from 2
mM £ 0.4 mM to 25 mM £ 5 mM, preferably from 4 mM £ 0.8 mM to 20 mM = 4 mM. In one
embodiment, the buffer comprises L-histidine at a concentration of 4.8 mM = 0.96 mM and L-
histidine monohydrochloride monohydrate at a concentration of 5.2 mM £ 1.04 mM. In one
embodiment, the buffer comprises histidine at a concentration of 10 mM + 2 mM, wherein the
histidine comprises L-histidine at a concentration of 4.8 mM + 0.96 mM and L-histidine
monohydrochloride monohydrate at a concentration of 5.2 mM + 1.04 mM.

[00018] In certain embodiments, the organic cosolvent is a nonionic polymer containing a
polyoxyethylene moiety. In one embodiment, the organic cosolvent is a surfactant. In some
embodiments, the organic cosolvent is any one or more of polysorbate, poloxamer 188 and
polyethylene glycol 3350. In one embodiment, the organic cosolvent is polysorbate 80. In one
embodiment, the organic cosolvent is polysorbate 20.

[00019] In one embodiment, the organic cosolvent is at a concentration of from about 0.01% +
0.005% to about 1% + 0.5% “weight to volume” or “w/v”, wherein, e.g., 0.1 g/ml = 10% and 0.01
g/ml = 1%. In certain embodiments, the organic cosolvent is polysorbate at a concentration of
from 0.05% % 0.025% to 0.5% + 0.25% (w/v). In one embodiment, the organic cosolvent is
polysorbate 80, which is at a concentration of 0.2% % 0.1% w/v, or about 0.2%. In another

embodiment, the organic cosolvent is polysorbate 80, which is at a concentration of 0.1% £
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0.05% w/v or about 0.1% w/v. In one embodiment, the organic cosolvent is polysorbate 20,
which is at a concentration of 0.2% + 0.1% w/v, or about 0.2%. In another embodiment, the
organic cosolvent is polysorbate 20, which is at a concentration of 0.1% % 0.05% w/v or about
0.1% wi/v.

[00020] In certain embodiments, the stabilizer is a sugar. In one embodiment, the sugar is
sucrose. In various embodiments, the stabilizer is at a concentration of from 1% £+ 0.2% w/v to
20% * 4% wiv, from 5% £ 1% w/v to 15% * 3% w/v, or from 1% + 0.2% to 10% + 2% w/v. In one
embodiment, the stabilizer is sucrose at a concentration of 5% + 1% w/v or about 5% w/v. In
another embodiment, the stabilizer is sucrose at a concentration of 9% =+ 1.8% w/v or about 9%
w/v. In another embodiment, the stabilizer is sucrose at a concentration of 10% + 2% w/v or
about 10% w/v.

[00021] In certain embodiments, the formulation does not need a viscosity modifier, i.e. the
formulation lacks a viscosity modifier. In certain embodiments, the formulation comprises a
viscosity modifier. In one embodiment, the formulation comprises a viscosity modifier and the
viscosity modifier is an amino acid or a salt. In one embodiment, the viscosity modifier is L-
proline. In certain embodiments, the viscosity modifier is at a concentration of from 1% * 0.2%
to 5% + 1% w/v. In one embodiment, the viscosity modifier is proline at a concentration of 1.5%
1 0.3% or about 1.5%. In one embodiment, the viscosity modifier is proline at a concentration of
3% * 0.6%, or about 3%.

[00022] In certain embodiments, the viscosity of the liquid pharmaceutical formulation at 25°C
is less than or equal to about 15 cPoise + 10%. In certain embodiments, the viscosity at 25°C is
between 1.0 cPoise £ 10% and 20 cPoise £ 10%. In certain embodiments, the viscosity of the
liquid pharmaceutical formulation is < 20 cPoise. In certain embodiments, the viscosity of the
liquid pharmaceutical formulation is < 15 cPoise. In certain embodiments, the viscosity of the
liquid pharmaceutical formulation is < 10 cPoise. In certain embodiments, the viscosity of the
liquid pharmaceutical formulation is < 5 cPoise. In certain embodiments, the viscosity of the
liguid pharmaceutical formulation is < 2.5 cPoise. In certain embodiments, the viscosity at 25°C
is about 2 cPoise = 10%, 5 cPoise * 10%, 6.0 cPoise * 10%, 7.0 cPoise + 10%, 7.1 cPoise +
10%, 7.2 cPoise £ 10%, 7.9 cPoise + 10%, 8.3 cPoaise + 10%, 9.0 cPoise + 10%, 9.6 cPoise +
10%, 10.0 cPoise + 10%, 10.6 cPoise * 10%, 11.4 cPoise + 10%, 11.6 cPoise * 10%, 11.8
cPoise £ 10%, 12.0 cPoise + 10%,13.0 cPoise * 10%, 14.0 cPoise + 10%, 15.0 cPoise * 10%,
or 16 cPoise + 10%. In certain embodiments, the viscosity at 25°C is about 2.2 cPoise.

[00023] In one aspect, a stable liquid pharmaceutical formulation is provided, comprising: (a)

6



WO 2021/150829 PCT/US2021/014524

from 5% + 1% to 15% * 3% wi/v sucrose, (b) from 5 mM £ 1 mM to 20 mM + 4 mM histidine
buffer, (¢} from 0.01% % 0.005% to 0.5% * 0.25% w/v polysorbate, e.g. about 0.05% + 0.025%
to about 0.2% + 0.1% w/v polysorbate, and (d) 50 mg/mL + 7.5 mg/mL total anti-EBOV
antibody, at pH 6.0 £ 0.3. In another aspect, a stable liquid pharmaceutical formulation is
provided, comprising: (a) 10% + 2% w/v sucrose, (b) 10mM £ 2mM histidine buffer, (c) 0.1% %
0.05% w/v polysorbate, and (d) 50 mg/mL £ 7.5 mg/mL total antibody, at pH 6.0 = 0.3. In
another aspect, a stable liquid pharmaceutical formulation is provided, comprising: (a) 10% %
2% w/v sucrose, (b) 10mM £ 2mM histidine buffer, (¢) 0.1% + 0.05% w/v polysorbate, and (d) 50
mg/mL + 5 g/mL total antibody, at pH 6.0 £ 0.3.

[00024] In one aspect, a stable liquid pharmaceutical formulation is provided, comprising: (a)
from 5% + 1% to 15% + 3% w/v sucrose, (b) from 5 mM = 1 mM to 20 mM £ 4 mM histidine
buffer, (¢) from 0.01% % 0.005% to 0.5% * 0.25% w/v polysorbate, and (d) 100 mg/mL £ 15
mg/mL total antibody, at pH 6.0 + 0.3. In another aspect, a stable liquid pharmaceutical
formulation is provided, comprising: (a) 10% % 2% w/v sucrose, (b) 10mM £ 2mM histidine
buffer, (¢) 0.1% £ 0.05% w/v polysorbate, and (d) 100 mg/mL £ 15 mg/mL total antibody, at pH
6.0 £ 0.3. In another aspect, a stable liquid pharmaceutical formulation is provided, comprising:
(a) 10% + 2% w/v sucrose, (b) 10mM + 2mM histidine buffer, (¢) 0.1% + 0.05% w/v polysorbate,
and (d) 100 mg/mL + 10 mg/mL total antibody, at pH 6.0 = 0.3.

[00025] The anti-EBOV antibody comprises at least one antibody comprising three heavy chain
complementarity determining regions (CDRs) (HCDR1, HCDR2 and HCDR3) and three light
chain CDRs (LCDR1, LCDR2 and LCDR3) contained in a heavy chain variable region/light
chain variable region (HCVR/LCVR) amino acid sequence pair selected from the group
consisting of (i) SEQ ID NOs: 2/10, (i) SEQ ID NOs: 20/28, and (i) SEQ ID NOs: 38/46. In
some aspects, the formulation comprises the following: (i), (ii), (iii), (i)+(ii), (i)+iii), (ii)+(iii), or
(i)+(ii)+(iii), and the total anti-EBOV antibody present in the formulation is 50 mg/mL = 7.5
mg/mL. In some aspects, the formulation comprises the following: (i), (ii), (iii), (i)+(ii), (i)+(iii),
(i)+(iii), or (i)+(ii)+(iii), and the total anti-EBOV antibody present in the formulation is 100 mg/mL
+ 15 mg/mL.

[00026] In some embodiments, the at least one anti-EBOV antibody comprises a heavy chain
variable region (HCVR) and a light chain variable region (LCVR) such that the HCVR/LCVR
combination comprises heavy and light chain complementarity determining regions (HCDR1-
HCDR2-HCDR3 / LCDR1-LCDR2-LCDR3), which comprise the amino acid sequences selected



WO 2021/150829 PCT/US2021/014524

from the group consisting of SEQ ID NOs: 4-6-8 / 12-14-16, respectively; SEQ ID NOs: 22-24-
26 / 30-32-34, respectively; and SEQ ID NOs: 40-42-44 / 48-50-52, respectively. In one
embodiment, the anti-EBOV antibody comprises a heavy chain variable region (HCVRY)/light
chain variable region (LCVR) amino acid sequence pair selected from the group consisting of
SEQ ID NOs: 2/10, 20/28, and 38/46. In certain embodiments, the anti-EBOV antibody
comprises a Fc region elected from the group consisting of human IgG1, 1gG2, 1gG3, and IgG4
isotypes. In one embodiment, the antibody comprises a human IgG1 isotype. In one
embodiment, the antibody comprises a heavy chain comprising the amino acid sequence
selected from the group consisting of SEQ ID NOs: 17, 35, and 53; and a light chain comprising
the amino acid sequence selected from the group consisting of SEQ ID NOs: 18, 36, and 54. In
one embodiment, the antibody has a molecular weight of 145 kDa + 15 kDa, for example,
144,804 Da, 145,905 Da, or 143,689 Da.

[00027] In certain embodiments, a stable, liquid pharmaceutical formulation is provided,
comprising: (a) 10% £ 2% w/v sucrose, (b) 10mM + 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v
polysorbate, and (d) 50 mg/mL £ 7.5 mg/mL total antibody that specifically binds to EBOV, at pH
6.0 £ 0.3; wherein the antibody comprises three heavy chain CDRs (HCDR1, HCDR2 and
HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDRS3) contained in the
HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 2/10. In one embodiment, the anti-
EBOV antibody comprises a HCVR comprising the amino acid sequence of SEQ ID NO: 2 and
a LCVR comprising the amino acid sequence of SEQ ID NO: 10. In one embodiment, the anti-
EBOV antibody comprises a heavy chain comprising the amino acid sequence of SEQ ID NO:
17; and a light chain comprising the amino acid sequence of SEQ ID NO: 18.

[00028] In certain embodiments, a stable, liquid pharmaceutical formulation is provided,
comprising: (a) 10% + 2% w/v sucrose, (b) 10mM £ 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v
polysorbate, and (d) 50 mg/mL £ 7.5 mg/mL total antibody that specifically binds to EBOV, at pH
6.0 £ 0.3; wherein the antibody comprises three heavy chain CDRs (HCDR1, HCDR2 and
HCDRS3) and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in the
HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 20/28. In one embodiment, the anti-
EBOV antibody comprises a HCVR comprising the amino acid sequence of SEQ ID NO: 20 and
a LCVR comprising the amino acid sequence of SEQ ID NO: 28. In one embodiment, the anti-
EBOV antibody comprises a heavy chain comprising the amino acid sequence of SEQ ID NO:
35; and a light chain comprising the amino acid sequence of SEQ ID NO: 36.

[00029] In certain embodiments, a stable, liquid pharmaceutical formulation is provided,
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comprising: (a) 10% + 2% w/v sucrose, (b) 10mM + 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v
polysorbate, and (d) 50 mg/mL + 7.5 mg/mL total antibody that specifically binds to EBOV, at pH
6.0 £ 0.3; wherein the antibody comprises three heavy chain CDRs (HCDR1, HCDR2 and
HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in the
HCVR/LCVR amino acid sequence pair of (iii) SEQ ID NOs: 38/46. In one embodiment, the anti-
EBOV antibody comprises a HCVR comprising the amino acid sequence of SEQ ID NO: 38 and
a LCVR comprising the amino acid sequence of SEQ ID NO: 46. In one embodiment, the anti-
EBOV antibody comprises a heavy chain comprising the amino acid sequence of SEQ ID NO:
53; and a light chain comprising the amino acid sequence of SEQ ID NO: 54.

[00030] In certain embodiments, a stable, liquid pharmaceutical formulation is provided,
comprising: (a) 10% + 2% w/v sucrose, (b) 10mM + 2mM histidine buffer, (¢) 0.1% + 0.05% w/v
polysorbate, and (d) 50 mg/mL £ 7.5 mg/mL total antibody that specifically binds to EBOV, at pH
6.0 £ 0.3; wherein a first antibody comprises three heavy chain CDRs (HCDR1, HCDR2 and
HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDRS3) contained in the
HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 2/10, and a second antibody
comprises three heavy chain CDRs (HCDR1, HCDR2 and HCDR3) and three light chain CDRs
(LCDR1, LCDR2 and LCDR3) contained in the HCVR/LCVR amino acid sequence pair of (ii)
SEQ ID NOs: 20/28. In one embodiment, the first anti-EBOV antibody comprises a HCVR
comprising the amino acid sequence of SEQ ID NO: 2 and a LCVR comprising the amino acid
sequence of SEQ ID NO: 10; and the second anti-EBOV antibody comprises an HCVR
comprising the amino acid sequence of SEQ ID NO: 20 and an LCVR comprising the amino
acid sequence of SEQ ID NO: 28.

[00031] In certain embodiments, a stable, liquid pharmaceutical formulation is provided,
comprising: (a) 10% £ 2% w/v sucrose, (b) 10mM £ 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v
polysorbate, and (d) 50 mg/mL £ 7.5 mg/mL total antibody that specifically binds to EBOV, at pH
6.0 £ 0.3; wherein a first antibody comprises three heavy chain CDRs (HCDR1, HCDR2 and
HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in the
HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 2/10, and a second antibody
comprises three heavy chain CDRs (HCDR1, HCDR2 and HCDR3) and three light chain CDRs
(LCDR1, LCDR2 and LCDRS3) contained in the HCVR/LCVR amino acid sequence pair of (iii)
SEQ ID NOs: 38/46. In one embodiment, the first anti-EBOV antibody comprises a HCVR
comprising the amino acid sequence of SEQ ID NO: 2 and a LCVR comprising the amino acid
sequence of SEQ ID NO: 10; and the second anti-EBOV antibody comprises an HCVR
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comprising the amino acid sequence of SEQ ID NO: 38 and an LCVR comprising the amino
acid sequence of SEQ ID NO: 46.

[00032] In certain embodiments, a stable, liquid pharmaceutical formulation is provided,
comprising: (a) 10% + 2% w/v sucrose, (b) 10mM + 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v
polysorbate, and (d) 50 mg/mL £ 7.5 mg/mL total antibody that specifically binds to EBOV, at pH
6.0 £ 0.3; wherein a first antibody comprises three heavy chain CDRs (HCDR1, HCDR2 and
HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in the
HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 20/28, and a second antibody
comprises three heavy chain CDRs (HCDR1, HCDR2 and HCDRS3) and three light chain CDRs
(LCDR1, LCDR2 and LCDR3) contained in the HCVR/LCVR amino acid sequence pair of (iii)
SEQ ID NOs: 38/46. In one embodiment, the first anti-EBOV antibody comprises a HCVR
comprising the amino acid sequence of SEQ ID NO: 20 and a LCVR comprising the amino acid
sequence of SEQ ID NO: 28; and the second anti-EBOV antibody comprises an HCVR
comprising the amino acid sequence of SEQ ID NO: 38 and an LCVR comprising the amino
acid sequence of SEQ ID NO: 46.

[00033] In certain embodiments, a stable, liquid pharmaceutical formulation is provided,
comprising: (a) 10% + 2% w/v sucrose, (b) 10mM + 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v
polysorbate, and (d) 50 mg/mL £ 7.5 mg/mL total antibody that specifically binds to EBOV, at pH
6.0 = 0.3; wherein a first antibody comprises three heavy chain CDRs (HCDR1, HCDR2 and
HCDRS3) and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in the
HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 2/10, a second antibody comprises
three heavy chain CDRs (HCDR1, HCDR2 and HCDRS3) and three light chain CDRs (LCDR1,
LCDR2 and LCDR3) contained in the HCVR/LCVR amino acid sequence pair of (ii) SEQ ID
NOs: 20/28, and a third antibody comprises three heavy chain CDRs (HCDR1, HCDR2 and
HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in the
HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 38/46. In one embodiment, the first
anti-EBOV antibody comprises a HCVR comprising the amino acid sequence of SEQ ID NO: 2
and a LCVR comprising the amino acid sequence of SEQ ID NO: 10; the second anti-EBOV
antibody comprises an HCVR comprising the amino acid sequence of SEQ ID NO: 20 and an
LCVR comprising the amino acid sequence of SEQ ID NO: 28; and the third anti-EBOV
antibody comprises an HCVR comprising the amino acid sequence of SEQ ID NO: 38 and a
LCVR comprising the amino acid sequence of SEQ ID NO: 46.

[00034] In certain embodiments, a stable, liquid pharmaceutical formulation is provided,
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comprising: (a) 10% + 2% w/v sucrose, (b) 10mM + 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v
polysorbate, and (d) 100 mg/mL + 15 mg/mL total antibody that specifically binds to EBOV, at
pH 6.0 = 0.3; wherein the antibody comprises three heavy chain CDRs (HCDR1, HCDR2 and
HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in the
HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 2/10. In one embodiment, the anti-
EBOV antibody comprises a HCVR comprising the amino acid sequence of SEQ ID NO: 2 and
a LCVR comprising the amino acid sequence of SEQ ID NO: 10. In one embodiment, the anti-
EBOV antibody comprises a heavy chain comprising the amino acid sequence of SEQ ID NO:
17; and a light chain comprising the amino acid sequence of SEQ ID NO: 18.

[00035] In certain embodiments, a stable, liquid pharmaceutical formulation is provided,
comprising: (a) 10% + 2% w/v sucrose, (b) 10mM + 2mM histidine buffer, (¢) 0.1% + 0.05% w/v
polysorbate, and (d) 100 mg/mL £ 15 mg/mL total antibody that specifically binds to EBOV, at
pH 6.0 = 0.3; wherein the antibody comprises three heavy chain CDRs (HCDR1, HCDR2 and
HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDRS3) contained in the
HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 20/28. In one embodiment, the anti-
EBOV antibody comprises a HCVR comprising the amino acid sequence of SEQ ID NO: 20 and
a LCVR comprising the amino acid sequence of SEQ ID NO: 28. In one embodiment, the anti-
EBOV antibody comprises a heavy chain comprising the amino acid sequence of SEQ ID NO:
35; and a light chain comprising the amino acid sequence of SEQ ID NO: 36.

[00036] In certain embodiments, a stable, liquid pharmaceutical formulation is provided,
comprising: (a) 10% £ 2% w/v sucrose, (b) 10mM £ 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v
polysorbate, and (d) 100 mg/mL £ 15 mg/mL total antibody that specifically binds to EBOV, at
pH 6.0 £ 0.3; wherein the antibody comprises three heavy chain CDRs (HCDR1, HCDR2 and
HCDRS3) and three light chain CDRs (LCDR1, LCDR2 and LCDRS3) contained in the
HCVR/LCVR amino acid sequence pair of (iii) SEQ ID NOs: 38/46. In one embodiment, the anti-
EBOV antibody comprises a HCVR comprising the amino acid sequence of SEQ ID NO: 38 and
a LCVR comprising the amino acid sequence of SEQ ID NO: 46. In one embodiment, the anti-
EBOV antibody comprises a heavy chain comprising the amino acid sequence of SEQ ID NO:
53; and a light chain comprising the amino acid sequence of SEQ ID NO: 54.

[00037] In certain embodiments, a stable, liquid pharmaceutical formulation is provided,
comprising: (a) 10% + 2% w/v sucrose, (b) 10mM £ 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v
polysorbate, and (d) 100 mg/mL £ 15 mg/mL total antibody that specifically binds to EBOV, at

11



WO 2021/150829 PCT/US2021/014524

pH 6.0 = 0.3; wherein a first antibody comprises three heavy chain CDRs (HCDR1, HCDR2 and
HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in the
HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 2/10, and a second antibody
comprises three heavy chain CDRs (HCDR1, HCDR2 and HCDR3) and three light chain CDRs
(LCDR1, LCDR2 and LCDR3) contained in the HCVR/LCVR amino acid sequence pair of (ii)
SEQ ID NOs: 20/28. In one embodiment, the first anti-EBOV antibody comprises a HCVR
comprising the amino acid sequence of SEQ ID NO: 2 and a LCVR comprising the amino acid
sequence of SEQ ID NO: 10; and the second anti-EBOV antibody comprises an HCVR
comprising the amino acid sequence of SEQ ID NO: 20 and an LCVR comprising the amino
acid sequence of SEQ ID NO: 28.

[00038] In certain embodiments, a stable, liquid pharmaceutical formulation is provided,
comprising: (a) 10% £ 2% w/v sucrose, (b) 10mM + 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v
polysorbate, and (d) 100 mg/mL £ 15 mg/mL total antibody that specifically binds to EBOV, at
pH 6.0 £ 0.3; wherein a first antibody comprises three heavy chain CDRs (HCDR1, HCDR2 and
HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in the
HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 2/10, and a second antibody
comprises three heavy chain CDRs (HCDR1, HCDR2 and HCDRS3) and three light chain CDRs
(LCDR1, LCDR2 and LCDR3) contained in the HCVR/LCVR amino acid sequence pair of (iii)
SEQ ID NOs: 38/46. In one embodiment, the first anti-EBOV antibody comprises a HCVR
comprising the amino acid sequence of SEQ ID NO: 2 and a LCVR comprising the amino acid
sequence of SEQ ID NO: 10; and the second anti-EBOV antibody comprises an HCVR
comprising the amino acid sequence of SEQ ID NO: 38 and an LCVR comprising the amino
acid sequence of SEQ ID NO: 46.

[00039] In certain embodiments, a stable, liquid pharmaceutical formulation is provided,
comprising: (a) 10% + 2% w/v sucrose, (b) 10mM + 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v
polysorbate, and (d) 100 mg/mL £ 15 mg/mL total antibody that specifically binds to EBOV, at
pH 6.0 = 0.3; wherein a first antibody comprises three heavy chain CDRs (HCDR1, HCDR2 and
HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDRS3) contained in the
HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 20/28, and a second antibody
comprises three heavy chain CDRs (HCDR1, HCDR2 and HCDRS3) and three light chain CDRs
(LCDR1, LCDR2 and LCDR3) contained in the HCVR/LCVR amino acid sequence pair of (iii)
SEQ ID NOs: 38/46. In one embodiment, the first anti-EBOV antibody comprises a HCVR
comprising the amino acid sequence of SEQ ID NO: 20 and a LCVR comprising the amino acid
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sequence of SEQ ID NO: 28; and the second anti-EBOV antibody comprises an HCVR
comprising the amino acid sequence of SEQ ID NO: 38 and an LCVR comprising the amino
acid sequence of SEQ ID NO: 46.

[00040] In certain embodiments, a stable, liquid pharmaceutical formulation is provided,
comprising: (a) 10% + 2% w/v sucrose, (b) 10mM + 2mM histidine buffer, (¢) 0.1% + 0.05% w/v
polysorbate, and (d) 100 mg/mL + 15 mg/mL total antibody that specifically binds to EBOV, at
pH 6.0 £ 0.3; wherein a first antibody comprises three heavy chain CDRs (HCDR1, HCDR2 and
HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in the
HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 2/10, a second antibody comprises
three heavy chain CDRs (HCDR1, HCDR2 and HCDRS3) and three light chain CDRs (LCDR1,
LCDR2 and LCDR3) contained in the HCVR/LCVR amino acid sequence pair of (ii) SEQ ID
NOs: 20/28, and a third antibody comprises three heavy chain CDRs (HCDR1, HCDR2 and
HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDRS3) contained in the
HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 38/46. In one embodiment, the first
anti-EBOV antibody comprises a HCVR comprising the amino acid sequence of SEQ ID NO: 2
and a LCVR comprising the amino acid sequence of SEQ ID NO: 10; the second anti-EBOV
antibody comprises an HCVR comprising the amino acid sequence of SEQ ID NO: 20 and an
LCVR comprising the amino acid sequence of SEQ ID NO: 28; and the third anti-EBOV
antibody comprises an HCVR comprising the amino acid sequence of SEQ ID NO: 38 and a
LCVR comprising the amino acid sequence of SEQ ID NO: 46.

[00041] In certain embodiments, the formulation of any of the preceding aspects has an
attribute selected from the group consisting of: (i) the formulation is stable to long-term storage
at 60°C, 55°C, 50°C, 45°C, 40°C, 35°C, 30°C, 25°C, 5°C, -20°C, -30°C and -80°C, as described
herein; (ii) the formulation is stable to agitation stress as described herein; (iii) the formulation is
stable to heat stress as described herein; (iv) the formulation is low-viscosity (viscosity less than
20cPoise, preferably less than 15 cPoise); (v) the formulation is stable even with up to = 50%
variation in the formulation excipient concentrations, as described herein; (vi) the formulation is
iso-osmolar to physiologic conditions; (vii) the formulation is stable to and compatible with
intravenous delivery devices and procedures; and (viii) the formulation is stable to long-term
storage in a glass vial or in a prefilled syringe.

[00042] In certain embodiments, the formulation of any of the preceding aspects has an
attribute selected from the group consisting of: (i) the formulation has viscosity of less than 10
cP; (ii) the formulation has a viscosity of less than 5 cP; (iii) the formulation has a viscosity of
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less than about 2.5; (iv) at least 90% of the antibody is the native species after 28 days at 45°C;
(v) at least 18% of the antibody is the main charge variant of the antibody after 28 days at 45°C;
(vi) at least 96% of the antibody is the native species after three months at 25°C; (vii) at least
30% of the antibody is the main charge variant of the antibody after three months at 25°C; (viii)
at least 96% of the antibody is the native species after 36 months at 5°C; (ix) at least 34% of the
antibody is the main charge variant of the antibody after 36 months at 5°C; (x) at least 97% of
the antibody is the native species after 120 minutes agitation; (xi) at least 35% of the antibody is
the main charge variant of the antibody after 120 minutes agitation; (xii) at least 97% of the
antibody is the native species after 8 freeze thaw cycles; and/or (xiii) at least 35% of the
antibody is the main charge variant of the antibody after 8 freeze thaw cycles.

[00043] In certain embodiments, an antibody within the formulation of any of the preceding
aspects has an attribute selected from the group consisting of: (i) the antibody retains ADCC
activity of at least about 90% after storage at -80°C for 12 months relative to the activity of the
same antibody prior to storage; (ii) the antibody retains ADCC activity of at least about 80%, or
at least about 90%, after storage at -30°C for 12 months relative to the activity of the same
antibody prior to storage; (iii) the antibody retains ADCC activity of at least about 90%, or at
least about 95%, after storage at -20°C for 3 months relative to the activity of the same antibody
prior to storage; (iv) the antibody retains ADCC activity of at least about 90%, or at least about
95%, after storage at 5°C for 56 days relative to the activity of the same antibody prior to
storage; (v) the antibody retains ADCC activity of at least about 90%, or at least about 95%,
after storage at 25°C/60% relative humidity (RH) for 28 days relative to the activity of the same
antibody prior to storage; (vi) the antibody retains ADCC activity of at least about 90%, or at
least about 95%, after storage at 40°C/75%RH for 28 days relative to the activity of the same
antibody prior to storage; (vii) the antibody retains ADCC activity of at least about 90%, or at
least about 95%, after agitation for 120 minutes, or 8 freeze/thaw cycles, relative to the activity
of the same antibody prior to agitation or freeze/thaw, respectively.

[00044] In certain embodiments, an antibody within the formulation of any of the preceding
aspects has an attribute selected from the group consisting of: (i) the antibody retains
pseudovirus neutralization activity of at least about 90%, or at least about 95%, after storage at -
80°C for 12 months relative to the activity of the same antibody prior to storage; (ii) the antibody
retains pseudovirus neutralization activity of at least about 90%, or at least about 95%, after
storage at -30°C for 12 months relative to the activity of the same antibody prior to storage; (iii)
the antibody retains pseudovirus neutralization activity of at least about 90%, or at least about
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95%, after storage at -20°C for 3 months relative to the activity of the same antibody prior to
storage; (iv) the antibody retains pseudovirus neutralization activity of at least about 80%, or at
least about 85%, or at least about 90%, or at least about 95%, after storage at 5°C for 56 days
relative to the activity of the same antibody prior to storage; (v) the antibody retains pseudovirus
neutralization activity of at least about 80%, or at least about 85%, or at least about 90%, or at
least about 95%, after storage at 25°C/60% relative humidity (RH) for 28 days relative to the
activity of the same antibody prior to storage; (vi) the antibody retains pseudovirus neutralization
activity of at least about 80%, or at least about 85%, or at least about 90%, or at least about
95%, after storage at 40°C/75%RH for 28 days relative to the activity of the same antibody prior
to storage; (vii) the antibody retains pseudovirus neutralization activity of at least about 90%, or
at least about 95%, after agitation for 120 minutes, or 8 freeze/thaw cycles, relative to the
activity of the same antibody prior to agitation or freeze/thaw, respectively.

[00045] In certain embodiments of this aspect, a stable liquid formulation is provided,
comprising: (a) at least one antibody that binds specifically to EBOV, wherein the at least one
antibody comprises a heavy chain variable region/light chain variable region (HCVR/LCVR)
amino acid sequence pair selected from the group consisting of (i) SEQ ID NOs: 2/10, (ii) SEQ
ID NOs: 20/28, and (i) SEQ ID NOs: 38/46, and wherein the total antibody comprises 50
mg/mL = 7.5 mg/mL, (b) 10 mM + 2 mM histidine buffer, pH 6.0 £ 0.3, (¢) 0.1% £ 0.05% w/v
polysorbate 80, and (d) 10% % 2% w/v sucrose. In one embodiment according to this aspect, at
least 96% of the antibody is the native species after 36 months at 5°C. In one embodiment
according to this aspect, at least 97% of the antibody is the native species after 120 minutes
agitation. In one embodiment according to this aspect, at least 97% of the antibody is the native
species after 8 freeze thaw cycles. In some aspects, the pharmaceutical formulation consists of:
(a) 50 mg/mL £ 7.5 mg/mL total antibody, (b) 10 mM + 2 mM histidine buffer, (¢) 0.1% + 0.05%
w/v polysorbate 80, and (d) 10% % 2% w/v sucrose, in water at pH 6.0 £ 0.3.

[00046] In certain embodiments of this aspect, a stable liquid formulation is provided,
comprising: (a) at least two antibodies that bind specifically to EBOV, wherein the at least two
antibodies comprise a heavy chain variable region/light chain variable region (HCVR/LCVR)
amino acid sequence pair selected from the group consisting of (i) SEQ ID NOs: 2/10, (ii) SEQ
ID NOs: 20/28, and (iii) SEQ ID NOs: 38/46, and wherein the total antibody comprises 50
mg/mL £ 7.5 mg/mL, (b) 10 mM £ 2 mM histidine buffer, pH 6.0 £ 0.3, (c) 0.1% £ 0.05% w/v
polysorbate 80, and (d) 10% % 2% w/v sucrose. In one embodiment according to this aspect, at
least 96% of the antibody is the native species after 12 months at 5°C. In one embodiment
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according to this aspect, at least 97% of the antibody is the native species after 120 minutes
agitation. In one embodiment according to this aspect, at least 97% of the antibody is the native
species after 8 freeze thaw cycles. In some aspects, the pharmaceutical formulation consists of:
(@) 50 mg/mL £ 7.5 mg/mL total antibody, (b) 10 mM + 2 mM histidine buffer, (¢) 0.1% + 0.05%
w/v polysorbate 80, and (d) 10% % 2% w/v sucrose, in water at pH 6.0 £ 0.3.

[00047] In certain embodiments of this aspect, a stable liquid formulation is provided,
comprising: (a) a combination of three antibodies that bind specifically to EBOV, wherein the
three antibodies comprise a heavy chain variable region/light chain variable region
(HCVR/LCVR) amino acid sequence pair of (i) SEQ ID NOs: 2/10, (ii) SEQ ID NOs: 20/28, and
(i) SEQ ID NOs: 38/46, and wherein the total antibody comprises 50 mg/mL + 7.5 mg/mL, (b)
10 mM + 2 mM histidine buffer, pH 6.0 £ 0.3, (¢) 0.1% % 0.05% w/v polysorbate 80, and (d) 10%
+ 2% w/v sucrose. In one embodiment according to this aspect, at least 96% of the antibody is
the native species after 12 months at 5°C. In one embodiment according to this aspect, at least
97% of the antibody is the native species after 120 minutes agitation. In one embodiment
according to this aspect, at least 97% of the antibody is the native species after 8 freeze thaw
cycles. In some aspects, the pharmaceutical formulation consists of: (a) 50 mg/mL = 7.5 mg/mL
total antibody, (b) 10 mM £ 2 mM histidine buffer, (¢) 0.1% £ 0.05% w/v polysorbate 80, and (d)
10% * 2% w/v sucrose, in water at pH 6.0 +0.3.

[00048] In certain embodiments of this aspect, a stable liquid formulation is provided,
comprising: (a) at least one antibody that binds specifically to EBOV, wherein the at least one
antibody comprises a heavy chain variable region/light chain variable region (HCVR/LCVR)
amino acid sequence pair selected from the group consisting of (i) SEQ ID NOs: 2/10, (ii) SEQ
ID NOs: 20/28, and (iii) SEQ ID NOs: 38/46, and wherein the total antibody comprises 100
mg/mL = 15 mg/mL, (b) 10 mM £ 2 mM histidine buffer, pH 6.0 £ 0.3, (c) 0.1% £ 0.05% w/v
polysorbate 80, and (d) 10% % 2% w/v sucrose. In one embodiment according to this aspect, at
least 96% of the antibody is the native species after 12 months at 5°C. In one embodiment
according to this aspect, at least 97% of the antibody is the native species after 120 minutes
agitation. In one embodiment according to this aspect, at least 97% of the antibody is the native
species after 8 freeze thaw cycles. In some aspects, the pharmaceutical formulation consists of:
(a) 100 mg/mL + 15 mg/mL total antibody, (b) 10 mM + 2 mM histidine buffer, (¢) 0.1% % 0.05%
w/v polysorbate 80, and (d) 10% * 2% w/v sucrose, in water at pH 6.0 +£0.3.

[00049] In certain embodiments of this aspect, a stable liquid formulation is provided,
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comprising: (a) at least two antibodies that bind specifically to EBOV, wherein the at least two
antibodies comprise a heavy chain variable region/light chain variable region (HCVR/LCVR)
amino acid sequence pair selected from the group consisting of (i) SEQ ID NOs: 2/10, (ii) SEQ
ID NOs: 20/28, and (iii) SEQ ID NOs: 38/46, and wherein the total antibody comprises 100
mg/mL = 15 mg/mL, (b) 10 mM £ 2 mM histidine buffer, pH 6.0 £ 0.3, (c¢) 0.1% £ 0.05% w/v
polysorbate 80, and (d) 10% * 2% w/v sucrose. In one embodiment according to this aspect, at
least 96% of the antibody is the native species after 12 months at 5°C. In one embodiment
according to this aspect, at least 97% of the antibody is the native species after 120 minutes
agitation. In one embodiment according to this aspect, at least 97% of the antibody is the native
species after 8 freeze thaw cycles. In some aspects, the pharmaceutical formulation consists of:
(a) 100 mg/mL + 15 mg/mL total antibody, (b) 10 mM + 2 mM histidine buffer, (¢) 0.1% %= 0.05%
w/v polysorbate 80, and (d) 10% % 2% w/v sucrose, in water at pH 6.0 £ 0.3.

[00050] In certain embodiments of this aspect, a stable liquid formulation is provided,
comprising: (a) a combination of three antibodies that bind specifically to EBOV, wherein the
three antibodies comprise a heavy chain variable region/light chain variable region
(HCVR/LCVR) amino acid sequence pair of (i) SEQ ID NOs: 2/10, (ii) SEQ ID NOs: 20/28, and
(i) SEQ ID NOs: 38/46, and wherein the total antibody comprises 100 mg/mL £ 15 mg/mL, (b)
10 mM £ 2 mM histidine buffer, pH 6.0 £ 0.3, (¢) 0.1% % 0.05% w/v polysorbate 80, and (d) 10%
+ 2% w/v sucrose. In one embodiment according to this aspect, at least 96% of the antibody is
the native species after 12 months at 5°C. In one embodiment according to this aspect, at least
97% of the antibody is the native species after 120 minutes agitation. In one embodiment
according to this aspect, at least 97% of the antibody is the native species after 8 freeze thaw
cycles. In some aspects, the pharmaceutical formulation consists of: (a) 100 mg/mL £+ 15 mg/mL
total antibody, (b) 10 mM £ 2 mM histidine buffer, (¢) 0.1% + 0.05% w/v polysorbate 80, and (d)
10% =+ 2% w/v sucrose, in water at pH 6.0 +0.3.

[00051] In one embodiment, the stable liquid formulation comprises 50 mg/mL % 7.5 mg/mL
total antibody that specifically binds to EBOV and has a viscosity less than 3 ¢cP at 25°C. In one
embodiment, = 90% of the antibodies have a molecular weight of 146 kDa £ 5 kDa, for example,
144,804 Da, 145,905 Da, or 143,689 Da. In one embodiment, the pharmaceutical formulation
has a viscosity of less than 5 cP, less than 4 cP, or less than 3 ¢cP at 25°C. In one embodiment,
at least 90% of the antibody is the native species after 28 days at 45°C. In one embodiment, at
least 18% of the antibody is the main charge variant of the antibody after 28 days at 45°C. In
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one embodiment, at least 96% of the antibody is the native species after three months at 25°C.
In one embodiment, at least 30% of the antibody is the main charge variant of the antibody after
three months at 25°C. In one embodiment, at least 96% of the antibody is the native species
after 12 months at 5°C. In one embodiment, at least 34% of the antibody is the main charge
variant of the antibody after 12 months at 5°C. In one embodiment, at least 97% of the antibody
is the native species after 120 minutes agitation. In one embodiment, at least 35% of the
antibody is the main charge variant of the antibody after 120 minutes agitation. In one
embodiment, at least 97% of the antibody is the native species after 8 freeze thaw cycles. In
one embodiment, at least 35% of the antibody is the main charge variant of the antibody after 8
freeze thaw cycles.

[00052] In one embodiment, the stable liquid formulation comprises 100 mg/mL + 15 mg/mL
total antibody and has a viscosity less than 5 cP at 20°C. In one embodiment, = 90% of the
antibodies have a molecular weight of 145 kDa + 2 kDa, for example, 144,804 Da, 145,905 Da,
or 143,689 Da. In one embodiment, the pharmaceutical formulation has a viscosity of less than
6 cP or less than 5 ¢cP at 20°C. In one embodiment, at least 90% of the antibody is the native
species after 28 days at 45°C. In one embodiment, at least 18% of the antibody is the main
charge variant of the antibody after 28 days at 45°C. In one embodiment, at least 96% of the
antibody is the native species after three months at 25°C. In one embodiment, at least 30% of
the antibody is the main charge variant of the antibody after three months at 25°C. In one
embodiment, at least 96% of the antibody is the native species after 12 months at 5°C. In one
embodiment, at least 34% of the antibody is the main charge variant of the antibody after 12
months at 5°C. In one embodiment, at least 97% of the antibody is the native species after 120
minutes agitation. In one embodiment, at least 35% of the antibody is the main charge variant of
the antibody after 120 minutes agitation. In one embodiment, at least 97% of the antibody is the
native species after 8 freeze thaw cycles. In one embodiment, at least 35% of the antibody is
the main charge variant of the antibody after 8 freeze thaw cycles.

[00053] In certain embodiments of this aspect, a stable liquid formulation is provided,
comprising: (a) a combination of three antibodies that bind specifically to EBOV, wherein the
three antibodies comprise a heavy chain variable region/light chain variable region
(HCVR/LCVR) amino acid sequence pair of (i) SEQ ID NOs: 2/10, (ii) SEQ ID NOs: 20/28, and
(iii) SEQ 1D NOs: 38/46, and wherein the total antibody comprises 50 mg/mL = 7.5 mg/mL, (b)
10 mM £ 2 mM histidine buffer, pH 6.0 + 0.3, (¢) 0.1% % 0.05% w/v polysorbate 80, and (d) 10%

* 2% w/v sucrose. In one embodiment of this particular formulation, the viscosity is less than 3
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cPoise.

[00054] In certain embodiments of this aspect, a stable liquid formulation is provided,
comprising: (a) a combination of three antibodies that bind specifically to EBOV, wherein the
three antibodies comprise a heavy chain variable region/light chain variable region
(HCVR/LCVR) amino acid sequence pair of (i) SEQ ID NOs: 2/10, (i) SEQ ID NOs: 20/28, and
(i) SEQ 1D NOs: 38/46, and wherein the total antibody comprises 100 mg/mL £ 15 mg/mL, (b)
10 mM £ 2 mM histidine buffer, pH 6.0 £ 0.3, (¢) 0.1% + 0.05% w/v polysorbate 80, and (d) 10%
+ 2% w/v sucrose. In one embodiment of this particular formulation, the viscosity is less than 5
cPoise.

[00055] In one aspect, the present disclosure provides a stable liquid pharmaceutical
formulation, comprising: (a) from 5% £ 1% to 15% % 3% w/v sucrose, (b) from 5 mM = 1 mM to
20 mM = 4 mM histidine buffer, (¢) from 0.01% + 0.005% to 0.5% + 0.25% w/v polysorbate, and
(d) up to 100 mg/mL £ 15 mg/mL total anti-EBOV antibody, at pH 6.0 + 0.3. In another aspect, a
stable liquid pharmaceutical formulation is provided, comprising: (a) 10% + 2% w/v sucrose, (b)
10mM + 2mM histidine buffer, (c) 0.1% £ 0.05% w/v polysorbate, and (d) 50 mg/mL = 7.5
mg/mL total anti-EBOV antibody, at pH 6.0 £ 0.3. The anti-EBOV antibody, according to this
aspect, comprises a combination of three antibodies that bind specifically to EBOV, wherein the
three antibodies comprise a heavy chain variable region/light chain variable region
(HCVR/LCVR) amino acid sequence pair of (i) SEQ ID NOs: 2/10, (ii) SEQ ID NOs: 20/28, and
(iii) SEQ ID NOs: 38/46.

[00056] In one aspect, a stable liquid pharmaceutical formulation is provided, comprising: (a)
from 5% + 1% to 15% + 3% w/v sucrose, (b) from 5 mM £ 1 mM to 20 mM + 4 mM histidine
buffer, (c) from 0.01% + 0.005% to 0.5% + 0.25% w/v polysorbate, and (d) 100 mg/mL £ 15
mg/mL total anti-EBOV antibody, at pH 6.0 £ 0.3. In another aspect, a stable liquid
pharmaceutical formulation is provided, comprising: (a) 10% * 2% w/v sucrose, (b) 10mM +
2mM histidine buffer, (¢) 0.1% + 0.05% w/v polysorbate, and (d) 100 mg/mL + 15 mg/mL total
antibody, at pH 6.0 £ 0.3. The anti-EBOV antibody, according to this aspect, comprises a
combination of three antibodies that bind specifically to EBOV, wherein the three antibodies
comprise a heavy chain variable region/light chain variable region (HCVR/LCVR) amino acid
sequence pair of (i) SEQ ID NOs: 2/10, (i) SEQ ID NOs: 20/28, and (iii) SEQ ID NOs: 38/46.
[00057] In one embodiment, the stable liquid formulation comprises 150 mg/mL total anti-EBOV
antibody. In one embodiment, the stable liquid formulation comprises 100 mg/mL total anti-
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EBOV antibody. In one embodiment, the stable liquid formulation comprises 50 mg/mL total
anti-EBOV antibody. In one embodiment, the stable liquid formulation comprises 10 mM + 2 mM
histidine buffer. In one embodiment, the stable liquid formulation comprises 10% sucrose. In
one embodiment, the stable liquid formulation comprises 9% sucrose. In one embodiment, the
stable liquid formulation comprises 8% sucrose. In one embodiment, the stable liquid
formulation comprises 5% sucrose. In one embodiment, the stable liquid formulation comprises
0.1% polysorbate. In one embodiment, the stable liquid formulation comprises 0.2%
polysorbate. In one embodiment, the polysorbate is polysorbate 80 or polysorbate 20.

[00058] In one embodiment, the stable liquid formulation comprises 33.3 mg/mL antibody
comprising a heavy chain variable region/light chain variable region (HCVR/LCVR) amino acid
sequence pair of SEQ ID NOs: 2/10, 33.3 mg/mL antibody comprising an HCVR/LCVR amino
acid sequence pair of SEQ ID NOs: 20/28, and 33.3 mg/mL antibody comprising an
HCVR/LCVR amino acid sequence pair of SEQ ID NOs: 38/46, in an aqueous buffered solution,
pH 6.0, containing 10 mM L-histidine, 10% (w/v) sucrose, and 0.1% (w/v) polysorbate 80. In one
embodiment, the stable liquid formulation maintains ADCC potency of at least about 90%, or at
least about 95%, in an ADCC bioassay after storage at 5°C for 6 months, relative to the same
liquid formulation prior to storage at 5°C for 6 months. In one embodiment, the stable liquid
formulation maintains pseudovirus neutralization activity of at least about 95% after storage at
5°C for 6 months, relative to the same liquid formulation prior to storage at 5°C for 6 months. In
one embodiment, the stable liquid formulation maintains ADCC potency of at least about 80%,
or at least about 85%, in an ADCC bioassay after storage at 25°C/60% RH for 6 months,
relative to the same liquid formulation prior to storage at 25°C/60% RH for 6 months. In one
embodiment, the stable liquid formulation maintains pseudovirus neutralization activity of at
least about 95% after storage at 25°C/60% RH for 6 months, relative to the same liquid
formulation prior to storage at 25°C/60% RH for 6 months. In one embodiment, the stable liquid
formulation maintains pseudovirus neutralization activity of at least about 95% after storage at
40°C/75% RH for 6 months, relative to the same liquid formulation prior to storage at 40°C/75%
RH for 6 months. In one embodiment, the stable liquid formulation maintains ADCC potency of
at least about 95% in an ADCC bioassay after agitation for 120 minutes, relative to the same
liquid formulation prior to agitation for 120 minutes. In one embodiment, the stable liquid
formulation maintains ADCC potency of at least about 85% in an ADCC bioassay after 8
freeze/thaw cycles, relative to the same liquid formulation prior to 8 freeze/thaw cycles. In one

embodiment, the stable liquid formulation maintains pseudovirus neutralization activity of at
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least about 95% after agitation for 120 minutes, relative to the same liquid formulation prior to
agitation for 120 minutes. In one embodiment, the stable liquid formulation maintains
pseudovirus neutralization activity of at least about 95% after 8 freeze/thaw cycles, relative to
the same liquid formulation prior 8 freeze thaw cycles.

[00059] In one aspect, a stable liquid pharmaceutical formulation of any of the preceding
aspects is provided in a container. In one embodiment, the container is a vial. In one
embodiment, the container is a polycarbonate vial. In one embodiment, the container is a glass
vial. In one embodiment, the glass vial is a type 1 clear glass vial. In one embodiment, the glass
vial is a type 1 borosilicate glass vial with a fluorocarbon-coated butyl rubber stopper. In one
embodiment, the container is a microinfuser. In one embodiment, the container is a syringe. In
one embodiment, the container is a prefilled syringe. In one embodiment, the syringe comprises
low-tungsten glass. In one embodiment, the syringe comprises an autoinjector. In one
embodiment, the syringe comprises a fluorocarbon-coated plunger. In certain embodiments, the
syringe is a 1 mL or 2.25 mL long glass syringe containing less than about 500 parts per billion
of tungsten equipped with a 27-G needle, a fluorocarbon—coated butyl rubber stopper, and a
latex-free, non-cytotoxic rubber tip cap. In one embodiment, the syringe is a 1 mL long glass
syringe equipped with a 27-G thin wall needle, a FLUROTEC—coated 4023/50 rubber stopper,
and a FM 27 rubber tip cap. In one embodiment, the syringeisa 1 mL, 2mL, 3 mL,5mL or 10
mL plastic syringe fitted with a needle.

[00060] In one aspect, a kit comprising a stable pharmaceutical composition of any one of the
preceding aspects, a container, and instructions is provided. In one embodiment, the container
is a glass vial. In one embodiment, the container is a prefilled syringe. In one embodiment, the
container is an autoinjector. In one embodiment, the syringe is a 1 mL or 2.25mL long glass
syringe equipped with a 27-G thin wall needle, a FLUROTEC—coated 4023/50 rubber stopper,
and a FM 27 rubber tip cap. In one embodiment, the syringeisa 1 mL, 2 mL, 3 mL, 5mL or 10
mL plastic syringe fitted with a needle.

[00061] In certain embodiments, the present disclosure provides a prefilled syringe comprising
a stable liquid pharmaceutical formulation comprising: (i) from 5 £ 0.75 mg/ml to 250 + 37.5
mg/ml of at least one human antibody that specifically binds to EBOV; (ii) from 5 mM + 1 mM to
20 = 4 mM histidine buffer; (iii) from 0.05% * 0.025% to 0.3% * 0.15% (w/v) polysorbate 80; and
(iv) from 1% £ 0.2% to 10% £ 2% (w/v) sucrose, at a pH of 6.0 + 0.3, wherein the at least one
human anti-EBOV antibody is selected from the group consisting of a first antibody comprising
three heavy chain CDRs (HCDR1, HCDR2 and HCDRS3) and three light chain CDRs (LCDR1,
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LCDR2 and LCDR3) contained in the HCVR/LCVR amino acid sequence pair of (i) SEQ 1D
NOs: 2/10, a second antibody comprising three heavy chain CDRs (HCDR1, HCDR2 and
HCDRS3) and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in the
HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 20/28, and a third antibody
comprising three heavy chain CDRs (HCDR1, HCDR2 and HCDR3) and three light chain CDRs
(LCDR1, LCDR2 and LCDR3) contained in the HCVR/LCVR amino acid sequence pair of (iii)
SEQ ID NOs: 38/46. In some aspects, the formulation has an attribute selected from the group
consisting of: at least 90% of the antibody is the native species after 28 days at 45°C; at least
18% of the antibody is the main charge variant of the antibody after 28 days at 45°C; at least
96% of the antibody is the native species after three months at 25°C; at least 30% of the
antibody is the main charge variant of the antibody after three months at 25°C; at least 96% of
the antibody is the native species after 12 months at 5°C; at least 34% of the antibody is the
main charge variant of the antibody after 12 months at 5°C; at least 97% of the antibody is the
native species after 120 minutes agitation; at least 35% of the antibody is the main charge
variant of the antibody after 120 minutes agitation; at least 97% of the antibody is the native
species after 8 freeze thaw cycles; at least 35% of the antibody is the main charge variant of the
antibody after 8 freeze thaw cycles; over 90% of the antibodies have a molecular weight of 145
kDa + 2 kDa, for example for example, 144,804 Da, 145,905 Da, or 143,689 Da; and the
pharmaceutical formulation has a viscosity of less than 20 cP, less than 15 cP, less than 10 cP,
less than 5 cP, or less than 3 cP.

[00062] In certain embodiments the present disclosure provides a glass vial comprising a
stable liquid pharmaceutical formulation comprising: (a) 10% £ 2% w/v sucrose, (b) 10mM =
2mM histidine buffer, (¢) 0.1% + 0.05% w/v polysorbate, and (d) from 5 mg/mL + 0.75 mg/mL to
250 mg/mL * 37.5 total anti-EBOV antibody, at pH 6.0 + 0.3; wherein the at least one anti-
EBOV antibody is selected from the group consisting of: a first antibody comprising three heavy
chain CDRs (HCDR1, HCDR2 and HCDR3) and three light chain CDRs (LCDR1, LCDR2 and
LCDR3) contained in the HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 2/10, a
second antibody comprising three heavy chain CDRs (HCDR1, HCDR2 and HCDR3) and three
light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in the HCVR/LCVR amino acid
sequence pair of (i) SEQ ID NOs: 20/28, and a third antibody comprising three heavy chain
CDRs (HCDR1, HCDR2 and HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDRS3)
contained in the HCVR/LCVR amino acid sequence pair of (ii) SEQ ID NOs: 38/46. In some
aspects, the formulation has an attribute selected from the group consisting of: the formulation
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is stable to storage and stress in a glass vial; the formulation is stable to and compatible for use
in 1V delivery devices; the formulation is chemically and physically stable to dilution with
standard diluents known in the art (e.g., 0.9% sodium chloride or 5% dextrose or Lactated
Ringer’s); the formulation is stable to IV bags made of glass or polymer plastics (e.g., polyvinyl
chloride, phthalates, polyolefins or polypropylene); the formulation is compatible with standard
infusion pumps (e.g., peristaltic pump, fluid displacement pump); at least 90% of the antibody is
the native species after 28 days at 45°C; at least 18% of the antibody is the main charge variant
of the antibody after 28 days at 45°C; at least 96% of the antibody is the native species after
three months at 25°C; at least 30% of the antibody is the main charge variant of the antibody
after three months at 25°C; at least 96% of the antibody is the native species after 12 months at
5°C; at least 34% of the antibody is the main charge variant of the antibody after 12 months at
5°C; at least 97% of the antibody is the native species after 120 minutes agitation; at least 35%
of the antibody is the main charge variant of the antibody after 120 minutes agitation; at least
97% of the antibody is the native species after 8 freeze thaw cycles; at least 35% of the
antibody is the main charge variant of the antibody after 8 freeze thaw cycles; over 90% of the
antibodies have a molecular weight of 145 kDa + 2 kDa, for example, 144,804 Da, 145,905 Da,
or 143,689 Da; and the pharmaceutical formulation has a viscosity of less than 20 cP, less than
15 ¢cP, less than 10 ¢cP, less than 5 ¢P, or less than 3 ¢P. In some aspects, the formulation is
stable for shipping at temperatures of about 2°C to about 8°C. In some aspects, the formulation
is stable when stored at about 2°C to about 8°C. Stability studies have been performed to
support potential excursions from storage conditions. In some aspects, the formulation is stable
at room temperature for at least about 6 months. In some aspects, the formulation is physically
and chemically stable against agitation and freeze/thaw cycles. In some aspects, the antibodies
within the formulation maintain biological activity, e.g. ADCC activity or pseudovirus
neutralization activity, after exposure to temperatures up to 25°C, or up to 30°C, or after
agitation or freeze/thaw cycles.

[00063] Other embodiments will become apparent from a review of the ensuing detailed
description.

BRIEF DESCRIPTION OF FIGURES
[00064] Figure 1 shows an overlay of RP-UPLC chromatograms from H1H17203P,
H1H17139P, and H1H17161P.
[00065] Figure 2 shows an overlay of H1H17203P, H1H17139P, and H1H17161P SE-UPLC
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Chromatograms.
DETAILED DESCRIPTION

[00066] Therapeutic drugs such as biologics are typically formulated as individual drugs in
formulations providing stability of the therapeutic for long-term storage at cool temperatures.
Packaged biologics are treated with care, often maintained in lyophilized form just until prior to
use in order to minimize aggregation and damage to the large molecules. Lyophilized
formulations are typically more stable than liquid formulations. In addition, packaged biologics
are kept cool, if not frozen, during transport and storage.

[00067] Provided herein are stable pharmaceutical formulations comprising antibodies for the
treatment of Ebola virus (EBOV) infection or prophylactic treatment for EBOV exposure. These
formulations are stable liquid antibody formulations prepared to withstand rigorous transport and
storage while maintaining stability. The therapeutics are prepared in a manner to facilitate use in
remote areas where Ebola outbreaks occur such as Congo and Sudan. As such, the
formulations are in liquid form to avoid reconstitution steps required prior to using a drug in
lyophilized form, avoiding possible contamination of the drug product. The liquid pharmaceutical
formulations are stable even when transported long distances and subjected to stress, for
example, temperature cycles, extreme temperatures, agitation during transport, etc., conditions
a therapeutic would be exposed to in transit from a manufacturing facility to remote field clinics
where Ebola exposure has occurred and/or Ebola patients exist.

[00068] In some aspects, the stable liquid formulation comprises more than one antibody, e.g.
is a cocktail comprising, for example, two or three anti-EBOV antibodies. Stable antibody
cocktails formulations are difficult. Exposure of protein therapeutics in IV bags to ambient
temperature and visible light are short term, so those mild conditions typically do not induce
product degradation. However, during long term storage individual proteins typically undergo
some degradation processes including enhanced attractive intermolecular protein-protein
interactions, increased viscosity, and compromised structural integrity. Stress conditions present
during coformulation manufacturing, transport, storage, handling and patient administration can
affect what becomes a critical product liability: aggregation, deamidation, oxidation, etc. In
addition, coformulation conditions can lead to formation of heterogeneous aggregates. See
Svitel et al., BioProcess International, 2019; Patel et al, Journal of Pharmaceutical Sciences,
107: 3032-3046, 2018; and Mueller et al., Journal of Pharmacy and Pharmacology, 70: 666-674,
2018.

[00069] Before the present methods are described, it is to be understood that this invention is
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not limited to particular methods, and experimental conditions described, as such methods and
conditions may vary. It is also to be understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is not intended to be limiting, since the
scope of the present disclosure will be limited only by the appended claims.

[00070] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. As used herein, the term "about”, when used in reference to a particular recited
numerical value or range of values, means that the value may vary from the recited value by no
more than 1%. For example, as used herein, the expression "about 100" includes 99 and 101
and all values in between (e.g., 99.1, 99.2, 99.3, 99.4, etc.). Although any methods and
materials similar or equivalent to those described herein can be used in the practice or testing of
the present disclosure, preferred methods and materials are now described. All publications
mentioned herein are incorporated herein by reference in their entirety.

[00071] As used herein, the expression "pharmaceutical formulation” means a combination of
at least one active ingredient (e.g., a small molecule, macromolecule, compound, etc. which is
capable of exerting a biological effect in a human or non-human animal), and at least one
inactive ingredient which, when combined with the active ingredient or one or more additional
inactive ingredients, is suitable for therapeutic administration to a human or non-human animal.
The term "formulation”, as used herein, means "pharmaceutical formulation” unless specifically
indicated otherwise. The present disclosure provides pharmaceutical formulations comprising at
least one therapeutic polypeptide. According to certain embodiments of the present disclosure,
the therapeutic polypeptide is an antibody, or an antigen-binding fragment thereof, which binds
specifically to Ebola Virus (EBOV). More specifically, the present disclosure includes stable
pharmaceutical formulations that comprise: (i) one or more human antibodies that specifically
bind to EBOV (ii) a histidine buffer; (iii} an organic cosolvent that is a non-ionic surfactant; and
(iv) a stabilizer that is a carbohydrate. In one particular embodiment, the stable pharmaceutical
formulation comprises: (i) three human antibodies that specifically bind to EBOV (ii) a histidine
buffer; (iii) an organic cosolvent that is a non-ionic surfactant; and (iv) a stabilizer that is a
carbohydrate. Specific exemplary components and formulations included within the present
disclosure are described in detail below.

ANTIBODIES THAT BIND SPECIFICALLY TO EBOV
[00072] The pharmaceutical formulations of the present disclosure may comprise a human
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antibody, or an antigen-binding fragment thereof, that binds specifically to EBOV. As used
herein, the term "EBOV” means Ebola Virus. Antibodies to EBOV are described in, for example,
US Patent/Publication Nos. 10,501,526 10,081,670, 9,771,414, 6,630,144, 6,875,433,
7,335,356, and 8,513,391, and in WO 2016/123019, EP1539238, EP2350270, and EP8513391
[00073] The term "antibody", as used herein, is generally intended to refer to immunoglobulin
molecules comprising four polypeptide chains, two heavy (H) chains and two light (L) chains
inter-connected by disulfide bonds, as well as multimers thereof (e.g., IgM); however,
immunoglobulin molecules consisting of only heavy chains (i.e., lacking light chains) are also
encompassed within the definition of the term "antibody”. Each heavy chain comprises a heavy
chain variable region (abbreviated herein as HCVR or Vi) and a heavy chain constant region.
The heavy chain constant region comprises three domains, CH1, CH2 and CH3. Each light
chain comprises a light chain variable region (abbreviated herein as LCVR or V) and a light
chain constant region. The light chain constant region comprises one domain (CL1). The V4 and
VL regions can be further subdivided into regions of hypervariability, termed complementarity
determining regions (CDRs), interspersed with regions that are more conserved, termed
framework regions (FR). Each Vi and Vi is composed of three CDRs and four FRs, arranged
from amino-terminus to carboxy-terminus in the following order: FR1, CDR1, FR2, CDR2, FR3,
CDR3, FR4.

[00074] Unless specifically indicated otherwise, the term "antibody”, as used herein, shall be
understood to encompass complete antibody molecules as well as antigen-binding fragments
thereof. The term "antigen-binding portion" or "antigen-binding fragment” of an antibody (or
simply "antibody portion" or "antibody fragment"), as used herein, refers to one or more
fragments of an antibody that retain the ability to specifically bind to EBOV or an epitope
thereof.

[00075] An "isolated antibody", as used herein, is intended to refer to an antibody that is
substantially free of other antibodies having different antigenic specificities (e.g., an isolated
antibody that specifically binds EBOV is substantially free of antibodies that specifically bind
antigens other than EBOV).

[00076] The term "specifically binds”, or the like, means that an antibody or antigen-binding
fragment thereof forms a complex with an antigen that is relatively stable under physiologic
conditions. Specific binding can be characterized by a dissociation constant of at least about
1x10® M or greater. Methods for determining whether two molecules specifically bind are well

known in the art and include, for example, equilibrium dialysis, surface plasmon resonance, and
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the like. In the context of the present disclosure, multispecific (e.g., bispecific) antibodies that
bind to EBOV as well as one or more additional antigens are deemed to "specifically bind"
EBOV. Moreover, an isolated antibody may be substantially free of other cellular material or
chemicals.

[00077] Exemplary anti-EBOV antibodies that may be included in the pharmaceutical
formulations of the present disclosure are set forth in patent application publications US
2016/0215040, and WO 2016/123019, the disclosures of which are incorporated by reference in
their entirety. Of particular interest are the three antibodies H1H17203P, H1H17139P, and
H1H17161P disclosed therein and formulated independently or in any combination in a stable
pharmaceutical formulation.

[00078] According to certain embodiments of the present disclosure, the anti-EBOV antibody,
or antigen-binding fragment thereof, comprises a heavy chain complementarity determining
region (HCDR) 1 of SEQ ID NO: 4, an HCDR2 of SEQ ID NO: 6, and an HCDR3 of SEQ ID NO:
8. In certain embodiments, the anti-EBOV antibody, or antigen-binding fragment thereof,
comprises an HCVR of SEQ ID NO: 2.

[00079] According to certain embodiments of the present disclosure, the anti-EBOV antibody,
or antigen-binding fragment thereof, comprises a light chain complementarity determining region
(LCDR) 1 of SEQ ID NO: 12, an LCDR2 of SEQ ID NO: 14, and an LCDR3 of SEQ ID NO: 16.
In certain embodiments, the anti-EBOV antibody, or antigen-binding fragment thereof,
comprises an LCVR of SEQ ID NO: 10.

[00080] According to certain embodiments of the present disclosure, the anti-EBOV antibody,
or antigen-binding fragment thereof, comprises a HCVR having 90%, 95%, 98% or 99%
sequence identity to SEQ ID NO: 2.

[00081] According to certain embodiments of the present disclosure, the anti-EBOV antibody,
or antigen-binding fragment thereof, comprises a LCVR having 90%, 95%, 98% or 99%
sequence identity to SEQ ID NO: 10.

[00082] According to certain embodiments of the present disclosure, the anti-EBOV antibody,
or antigen-binding fragment thereof, comprises a HCVR comprising an amino acid sequence of
SEQ ID NO: 2 having no more than 5 amino acid substitutions.

[00083] According to certain embodiments of the present disclosure, the anti-EBOV antibody,
or antigen-binding fragment thereof, comprises a LCVR comprising an amino acid sequence of
SEQ ID NO: 10 having no more than 2 amino acid substitutions.

[00084] According to certain embodiments of the present disclosure, the anti-EBOV antibody,
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or antigen-binding fragment thereof, comprises a heavy chain complementarity determining
region (HCDR) 1 of SEQ ID NO: 22, an HCDR2 of SEQ ID NO: 24, and an HCDR3 of SEQ ID
NO: 26. In certain embodiments, the anti-EBOV antibody, or antigen-binding fragment thereof,
comprises an HCVR of SEQ ID NO: 20.

[00085] According to certain embodiments of the present disclosure, the anti-EBOV antibody,
or antigen-binding fragment thereof, comprises a light chain complementarity determining region
(LCDR)1 of SEQ ID NO: 30, an LCDR2 of SEQ ID NO: 32, and an LCDR3 of SEQ ID NO: 34. In
certain embodiments, the anti-EBOV antibody, or antigen-binding fragment thereof, comprises
an LCVR of SEQ ID NO: 28.

[00086] According to certain embodiments of the present disclosure, the anti-EBOV antibody,
or antigen-binding fragment thereof, comprises a HCVR having 90%, 95%, 98% or 99%
sequence identity to SEQ ID NO: 20.

[00087] According to certain embodiments of the present disclosure, the anti-EBOV antibody,
or antigen-binding fragment thereof, comprises a LCVR having 90%, 95%, 98% or 99%
sequence identity to SEQ ID NO: 28.

[00088] According to certain embodiments of the present disclosure, the anti-EBOV antibody,
or antigen-binding fragment thereof, comprises a HCVR comprising an amino acid sequence of
SEQ ID NO: 20 having no more than 5 amino acid substitutions.

[00089] According to certain embodiments of the present disclosure, the anti-EBOV antibody,
or antigen-binding fragment thereof, comprises a LCVR comprising an amino acid sequence of
SEQ ID NO: 28 having no more than 2 amino acid substitutions.

[00090] According to certain embodiments of the present disclosure, the anti-EBOV antibody,
or antigen-binding fragment thereof, comprises a heavy chain complementarity determining
region (HCDRY) 1 of SEQ ID NO: 40, an HCDR2 of SEQ ID NO: 42, and an HCDR3 of SEQ ID
NO: 44. In certain embodiments, the anti-EBOV antibody, or antigen-binding fragment thereof,
comprises an HCVR of SEQ ID NO: 38.

[00091] According to certain embodiments of the present disclosure, the anti-EBOV antibody,
or antigen-binding fragment thereof, comprises a light chain complementarity determining region
(LCDR)1 of SEQ ID NO: 48, an LCDR2 of SEQ ID NO: 50, and an LCDR3 of SEQ ID NO: 52. In
certain embodiments, the anti-EBOV antibody, or antigen-binding fragment thereof, comprises
an LCVR of SEQ ID NO: 46.

[00092] According to certain embodiments of the present disclosure, the anti-EBOV antibody,
or antigen-binding fragment thereof, comprises a HCVR having 90%, 95%, 98% or 99%

28



WO 2021/150829 PCT/US2021/014524

sequence identity to SEQ ID NO: 38.

[00093] According to certain embodiments of the present disclosure, the anti-EBOV antibody,
or antigen-binding fragment thereof, comprises a LCVR having 90%, 95%, 98% or 99%
sequence identity to SEQ ID NO: 46.

[00094] According to certain embodiments of the present disclosure, the anti-EBOV antibody,
or antigen-binding fragment thereof, comprises a HCVR comprising an amino acid sequence of
SEQ ID NO: 38 having no more than 5 amino acid substitutions.

[00095] According to certain embodiments of the present disclosure, the anti-EBOV antibody,
or antigen-binding fragment thereof, comprises a LCVR comprising an amino acid sequence of
SEQ ID NO: 46 having no more than 2 amino acid substitutions.

[00096] According to certain embodiments of the present disclosure, a stable liquid
pharmaceutical formulation comprises one or more of the anti-EBOV antibodies, or antigen-
binding fragments thereof, as described above.

[00097] Sequence identity may be measured by any method known in the art (e.g., GAP,
BESTFIT, and BLAST).

[00098] The present disclosure also includes stable liquid formulations comprising anti-EBOV
antibodies, wherein the anti-EBOV antibodies comprise variants of any of the HCVR, LCVR
and/or CDR amino acid sequences disclosed herein having one or more amino acid
substitutions, for example, conservative amino acid substitutions. lllustratively, the present
disclosure includes formulations comprising anti-EBOV antibodies having HCVR, LCVR and/or
CDR amino acid sequences with, e.g., 10 or fewer, 8 or fewer, 6 or fewer, 4 or fewer, etc. amino
acid substitutions, e.g. conservative amino acid substitutions, relative to any of the HCVR,
LCVR and/or CDR amino acid sequences disclosed herein.

[00099] In certain embodiments, the anti-EBOV antibody comprises a Fc region elected from
the group consisting of human IgG1, 1gG2, IgG3, and IgG4 isotypes.

[000100] According to certain embodiments of the present disclosure, the anti-EBOV, or
antigen-binding fragment thereof, comprises a heavy chain of SEQ ID NO: 17 and a light chain
of SEQ ID NO: 18.

[000101]  According to certain embodiments of the present disclosure, the anti-EBOV, or
antigen-binding fragment thereof, comprises a heavy chain of SEQ ID NO: 35 and a light chain
of SEQ ID NO: 36.

[000102] According to certain embodiments of the present disclosure, the anti-EBOV, or
antigen-binding fragment thereof, comprises a heavy chain of SEQ ID NO: 53 and a light chain
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of SEQ ID NO: 54.

[000103] Itis well known in the art that terminal cleavage of amino acids can occur during
production of antibodies (see, for example, Wang et a/ 2007, J. Pharma. Sci. 96: 1-26).
Accordingly, in certain embodiments, the anti-EBOV antibody comprises a heavy chain and a
light chain, wherein the heavy chain comprises the amino acid sequence of SEQ ID NO: 17,
wherein the heavy chain comprises the amino acid sequence of SEQ ID NO: 35, or wherein the
heavy chain comprises the amino acid sequence of SEQ ID NO: 53. In some aspects, the heavy
chain is missing the C-terminal lysine from the amino acid sequence of SEQ ID NO: 17. In some
aspects, the heavy chain is missing the C-terminal lysine from the amino acid sequence of SEQ
ID NO: 35. In some aspects, the heavy chain amino is missing the C-terminal lysine from the
amino acid sequence of SEQ ID NO: 53. In certain embodiments, formulations of the present
disclosure contain about 50%, about 60%, about 70%, about 80%, about 90%, about 95%,
about 98% or more of the anti-EBOV antibody wherein the C-terminal lysine is absent.

[000104] The amount of antibody, antibody combination, or antigen-binding fragment(s)
thereof, contained within the stable liquid pharmaceutical formulations of the present disclosure
may vary depending on the specific properties desired of the formulations, as well as the
particular circumstances and purposes for which the formulations are intended to be used. For
example, it may be necessary to ship formulations comprising one or more anti-EBOV
antibodies from the site of manufacture to remote areas of the world, e.g. Congo or other parts
of Africa, where the formulations may be exposed to agitation during transit and/or high
temperatures during transit or at point-of-care.

[000105] In certain embodiments, the pharmaceutical formulations are stable liquid
formulations that may contain 5+ 0.75 mg/mL to 250 + 37.5 mg/mL total antibody; 10+ 1.5
mg/mL to 240 + 36 mg/mL total antibody; 20 + 3.0 mg/mL to 230 + 34.5 mg/mL total antibody;
25+ 3.75 mg/mL to 240 £+ 36 mg/mL total antibody; 50 = 7.5 mg/mL to 230 + 34.5 mg/mL total
antibody; 60 = 9 mg/mL to 240 + 36 mg/mL total antibody; 70 = 10.5 mg/mL to 230 + 34.5
mg/mL total antibody; 80 £ 12 mg/mL to 220 + 33 mg/mL total antibody; 90 £ 13.5 mg/mL to 210
+ 31.5 mg/mL total antibody; 100 £ 15 mg/mL to 200 *+ 30 mg/mL total antibody; 110 £ 16.5
mg/mL to 190 £ 28.5 mg/mL total antibody; 120 £ 18 mg/mL to 180 + 27 mg/mL total antibody;
130 £ 19.5 mg/mL to 170 = 25.5 mg/mL total antibody; 140 = 21 mg/mL to 160 £ 24 mg/mL total
antibody; 150 £+ 22.5 mg/mL total antibody; or 175 + 26.25 mg/ml. For example, the formulations
of the present disclosure may comprise about 5 mg/mL; about 10 mg/mL; about 15 mg/mL;
about 20 mg/mL; about 25 mg/mL; about 30 mg/mL; about 35 mg/mL; about 40 mg/mL; about

30



WO 2021/150829 PCT/US2021/014524

45 mg/mL; about 50 mg/mL; about 55 mg/mL; about 60 mg/mL; about 65 mg/mL; about 70
mg/mL; about 75 mg/mL; about 80 mg/mL; about 85 mg/mL; about 90 mg/mL; about 95 mg/mL;
about 100 mg/mL; about 105 mg/mL; about 110 mg/mL; about 115 mg/mL; about 120 mg/mL;
about 125 mg/mL; about 130 mg/mL; about 135 mg/mL; about 140 mg/mL; about 145 mg/mL;
about 150 mg/mL; about 155 mg/mL; about 160 mg/mL; about 165 mg/mL; about 170 mg/mL;
about 175 mg/mL; about 180 mg/mL; about 185 mg/mL; about 190 mg/mL; about 195 mg/mL;
about 200 mg/mL; about 205 mg/mL; about 210 mg/mL; about 215 mg/mL; about 220 mg/mL;
about 225 mg/mL; about 230 mg/mL; about 235 mg/mL; about 240 mg/mL; about 245 mg/mL;
or about 250 mg/mL total antibody or antigen-binding fragment(s) thereof, that bind specifically
to EBOV.

EXCIPIENTS AND pH

[000106] The pharmaceutical formulations of the present disclosure comprise one or more
excipients. The term "excipient”, as used herein, means any non-therapeutic agent added to the
formulation to provide a desired consistency, viscosity or stabilizing effect.

[000107] In certain embodiments, the pharmaceutical formulation disclosed herein comprises
at least one organic cosolvent in a type and in an amount that stabilizes the EBOV antibody
under conditions of rough handling or agitation, such as, e.g., vortexing, orbital shaking and
shocking. In some embodiments, what is meant by “stabilizes” is the prevention of the formation
of aggregated antibody, for example, prevention of the formation of more than 0% aggregated
antibody, or more than 1% aggregated antibody, or more than 3% aggregated antibody of the
total amount of antibody (on a molar basis) over the course of rough handling. In some
embodiments, the cosolvent stabilizes the formulation to prevent the formation of 0% to 3%
aggregated antibody. In some embodiments, the cosolvent stabilizes the formulation to prevent
the formation of more than 0% aggregated antibody. In some embodiments, rough handling is
vortexing a solution containing the antibody and the organic cosolvent for about 60 minutes or
about 120 minutes.

[000108] In certain embodiments, the organic cosolvent is a non-ionic surfactant, such as an
alkyl poly(ethylene oxide). Specific non-ionic surfactants that can be included in the formulations
of the present disclosure include, e.g., polysorbates such as polysorbate 20, polysorbate 28,
polysorbate 40, polysorbate 60, polysorbate 65, polysorbate 80, polysorbate 81, and
polysorbate 85; poloxamers such as poloxamer 181, poloxamer 188, poloxamer 407; or
polyethylene glycol (PEG). Polysorbate 20 is also known as TWEEN 20, sorbitan monolaurate
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and polyoxyethylenesorbitan monolaurate. Poloxamer 188 is also known as PLURONIC F68.
[000109] The amount of non-ionic surfactant contained within the pharmaceutical
formulations of the present disclosure may vary depending on the specific properties desired of
the formulations, as well as the particular circumstances and purposes for which the
formulations are intended to be used. In certain embodiments, the formulations may contain
0.01% £ 0.005% to 0.5% + 0.25% surfactant. For example, the formulations of the present
disclosure may comprise about 0.005%; about 0.01%; about 0.02%; about 0.03%; about 0.04%;
about 0.05%; about 0.06%; about 0.07%; about 0.08%; about 0.09%; about 0.1%; about 0.11%;
about 0.12%; about 0.13%; about 0.14%; about 0.15%; about 0.16%; about 0.17%; about
0.18%; about 0.19%; about 0.20%; about 0.21%; about 0.22%; about 0.23%; about 0.24%;
about 0.25%; about 0.26%; about 0.27%; about 0.28%; about 0.29%; about 0.30%; about
0.35%; about 0.40%; about 0.45%; about 0.46%; about 0.47%; about 0.48%; about 0.49%;
about 0.50%; about 0.55%:; or about 0.575% polysorbate 20 or polysorbate 80.

[000110] The pharmaceutical formulations of the present disclosure may also comprise one
or more stabilizers in a type and in an amount that stabilizes the EBOV antibody under
conditions of thermal stress. In some embodiments, what is meant by “stabilizes” is maintaining
greater than about 91% of the antibody in a native conformation when the solution containing
the antibody and the thermal stabilizer is kept at about 45°C for at least about 28 days. In some
embodiments, what is meant by “stabilizes” is wherein less than about 6% of the antibody is
aggregated when the solution containing the antibody and the thermal stabilizer is kept at about
45°C for at least about 28 days. As used herein, “native” means the major form of the antibody
by size exclusion, which is generally an intact monomer of the antibody. The term “native” also
refers to non-aggregated and non-degraded form of the antibody.

[000111] In some embodiments, the thermal stabilizer is a polyol. In some embodiments, the
thermal stabilizer is an amino acid. In some aspects, the thermal stabilizer is a sugar such as
sucrose. The amount of stabilizer contained within the formulation can vary depending on the
specific circumstances and intended purposes for which the formulation is used. In certain
embodiments, the formulations may contain about 1% to about 15% sugar; about 2% to about
14% sugar; about 3% to about 13% sugar; about 4% to about 12% sugar; about 5% to about
12% sugar; about 6% to about 11% sugar; about 7% to about 10% sugar; about 8% to about
11% sugar; or about 9% to about 11% sugar. For example, the pharmaceutical formulations of
the present disclosure may comprise 4%+ 0.8%; 5% + 1%; 6% * 1.2%; 7% £ 1.4%; 8% *+ 1.6%;
9% * 1.8%; 10% £ 2%; 11% £ 2.2%; 12% + 2.4%; 13% % 2.6%:; or about 14% * 2.8% sugar
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(e.g., sucrose).

[000112] The pharmaceutical formulations of the present disclosure may also comprise a
buffer or buffer system, which serves to maintain a stable pH and to help stabilize the EBOV
antibody. The term “buffer” as used herein denotes a pharmaceutically acceptable buffer which
maintains a stable pH or resists changes in pH of the solution. In preferred embodiments, the
buffer comprises histidine. In the context of this disclosure, “histidine buffer” or “buffer
comprising histidine” is a buffer comprising the amino acid histidine. Examples of histidine
buffers include histidine chloride, histidine acetate, histidine phosphate, and histidine sulfate. In
one embodiment, the histidine buffer is prepared by dissolving L-histidine and L-histidine
hydrochloride (e.g. as monohydrate) in a defined amount and ratio. In one embodiment, the
histidine buffer is prepared by titrating L-histidine (free base, solid) with diluted hydrochloric
acid. The term “histidine” is used interchangeably with “histidine buffer” throughout this
disclosure. In some embodiments, what is meant by “stabilizes” is wherein less than 10% *
0.5% of the antibody is aggregated when the solution containing the antibody and the buffer is
kept at about 45°C for at least about 28 days. In some embodiments, what is meant by
“stabilizes” is wherein less than 5% + 0.5% or less than 4% =+ 0.5% of the antibody is
aggregated when the solution containing the antibody and the buffer is kept at about 25°C for up
to about three months. In some embodiments, what is meant by “stabilizes” is wherein less than
5% + 0.5% or less than 4% % 0.5% of the antibody is aggregated when the solution containing
the antibody and the buffer is kept at about 5°C for up to about 36 months. In some
embodiments, what is meant by “stabilizes” is wherein at least 90% * 0.5% or at least 94% +
0.5% of the antibody is in its native conformation as determined by size exclusion
chromatography when the solution containing the antibody and the buffer is kept at about 45°C
for at least about 28 days. In some embodiments, what is meant by “stabilizes” is wherein at
least 95% + 0.5% or at least 96% = 0.5% of the antibody is in its native conformation as
determined by size exclusion chromatography when the solution containing the antibody and
the buffer is kept at about 25°C for up to about 3 months. In some embodiments, what is meant
by “stabilizes” is wherein at least 95% + 0.5% or at least 96% + 0.5% of the antibody is in its
native conformation as determined by size exclusion chromatography when the solution
containing the antibody and the buffer is kept at about 5°C for up to about 12 months. By
“native” or “native conformation”, what is meant is the antibody fraction that is not aggregated or
degraded. This is generally determined by an assay that measures the relative size of the
antibody entity, such as a size exclusion chromatographic assay. The non-aggregated and non-
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degraded antibody elutes at a fraction that equates to the native antibody, and is generally the
main elution fraction. Aggregated antibody elutes at a fraction that indicates a size greater than
the native antibody. Degraded antibody elutes at a fraction that indicates a size less than the
native antibody.

[000113] In some embodiments, what is meant by “stabilizes” is wherein at least 18% * 0.5%
of the antibody is in its main charge form as determined by cation exchange chromatography
when the solution containing the antibody and the buffer is kept at about 45°C for at least about
28 days, or at least about a month. In some embodiments, what is meant by “stabilizes” is
wherein at least 30% + 0.5% or at least 35% * 0.5% of the antibody is in its main charge form
as determined by cation exchange chromatography when the solution containing the antibody
and the buffer is kept at about 25°C for up to about 3 months. In some embodiments, what is
meant by “stabilizes” is wherein at least 30% + 0.5% or at least 34% + 0.5% of the antibody is in
its main charge form as determined by cation exchange chromatography when the solution
containing the antibody and the buffer is kept at about 5°C for up to about 12 months. By “main
charge” or “main charge form”, what is meant is the fraction of antibody that elutes from an ion
exchange resin in the main peak, which is generally flanked by more “basic” peaks on one side
and more “acidic” peaks on the other side.

[000114] The pharmaceutical formulations of the present disclosure may have a pH of from
about 5.2 to about 6.4. For example, the formulations of the present disclosure may have a pH
of about 5.5; about 5.6; about 5.7; about 5.8; about 5.9; about 6.0; about 6.1; about 6.2; about
6.3; about 6.4; or about 6.5. In some embodiments, the pH is 6.0 £ 0.4; 6.0 £ 0.3; 6.0 £0.2; 6.0x
0.1; about 6.0; or 6.0.

[000115] In some embodiments, the buffer or buffer system comprises at least one buffer that
has a buffering range that overlaps fully or in part the range of pH 5.5 — 7.4. In certain
embodiments, the buffer comprises a histidine buffer. In certain embodiments, the histidine
buffer is present at a concentrationof 5mM £+ 1 mMto 15 mM 3 mM; 6 mM* 1.2 mMto 14
mMz28mM; 7mM+14mMto 1I3mMx2.6 mM; 8 mM+ 1.6 mMto 12 mM £ 2.4 mM; 9 mM
1.8 mMto 11 mM £ 2.2 mM; 10 mM £ 2 mM; or about 10 mM. In certain embodiments, the
buffer system comprises histidine at 10 mM = 2 mM, at a pH of 6.0 £ 0.3. In certain
embodiments, the histidine buffer comprises L-histidine and L-histidine monohydrochloride
monohydrate. In one embodiment, the histidine buffer comprises L-histidine at a concentration
of 4.8 mM % 0.96 mM. In one embodiment, the histidine buffer comprises L-histidine

monohydrochloride monohydrate at a concentration of 5.2 mM % 1.04 mM. In one embodiment,
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the histidine buffer comprises L-histidine at a concentration of 4.8 mM + 0.96 mM and L-
histidine monohydrochloride monohydrate at a concentration of 5.2 mM + 1.04 mM.

[000116] The pharmaceutical formulations of the present disclosure may also comprise one
or more excipients that serve to maintain a reduced viscosity or to lower the viscosity of
formulations containing a high concentration of anti-EBOV antibody drug substance (e.g.,
generally = 150 mg/ml of antibody). In certain embodiments, the viscosity modifier is an amino
acid such as proline or histidine.

[000117] During the antibody purification process it may be desired or necessary to exchange
one buffer for another to achieve appropriate excipient concentrations, antibody concentration,
pH, etc. Buffer exchange can be accomplished, e.g., by ultrafiltration/diafiltration (UF/DF) using,
e.g., a semi-permeable tangential flow filtration membrane. Use of such techniques, however,
has the potential to cause the Gibbs-Donnan effect [Bolton et al., 2011, Biotechnol. Prog.
27(1):140-152]. The buildup of positive charge on the product side of the membrane during
protein concentration is counterbalanced electrically by the preferential movement of positive
ions to the opposite side of the membrane. The potential consequence of this phenomenon is
that the final concentrations of certain components (e.g., histidine, etc.) may be lower than the
intended target concentrations of these components due to the electrostatic repulsion of
positively charged diafiltration buffer excipients to the positively charged antibody protein during
the UF/DF step. Thus, the present disclosure includes formulations in which the concentration
of, e.g., histidine vary from the recited amounts or ranges herein due to the Gibbs-Donnan
effect.

[000118] Volume exclusion describes the behavior of highly concentrated samples in which a
significant portion of the total volume of the solution is taken up by the solute, especially large
molecules such as proteins, excluding the cosolvent from this space. This then decreases the
total volume of cosolvent available for other solutes to be dissolved in, which may result in
unequal partition across the ultrafiltration membrane. Thus, the present disclosure includes
formulations in which the concentration of, e.g., histidine may vary from the recited amounts or
ranges herein due to the volume exclusion effect.

[000119] During the manufacture of the formulations of the present disclosure, variations in
the composition of the formulation may occur. These variations may include the concentration of
the active ingredient, the concentration of the excipients, and/or the pH of the formulation.
Because changes in any of these parameters could potentially impact the stability or potency of
the drug product, formulation robustness studies were conducted to assess whether variations
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in the composition, within the defined ranges, would impact the stability or potency of the
antibody. Accordingly, the present disclosure includes formulations comprising anti-EBOV
antibodies which are stable and retain potency with up to 50% variation in the excipient
concentration. For example, included herein are anti-EBOV antibody formulations, wherein
stability and potency of said formulations is unaffected by £ 10%, + 20%, £30%, * 40% or + 50%

variation in the concentration of antibody, sucrose, histidine buffer and/or polysorbate.

STABILITY AND VISCOSITY OF THE PHARMACEUTICAL FORMULATIONS

[000120] As illustrated in the examples below, the present inventors have made the surprising
discovery that stable liquid formulations comprising high concentrations of one or more anti-
EBOV antibody (e.g., about 50 mg/mL or about 100 mg/mL) can be obtained by formulating the
antibody with about 0.1% polysorbate 80, about 10% sucrose, and about 10 mM histidine buffer.
In some aspects, the stable liquid formulations comprise three anti-EBOV antibodies at total
antibody concentrations of 50 mg/mL or 100 mg/mL, 0.1% polysorbate 80, 10% sucrose, and
about 10 nM histidine buffer at a pH of about 6. Such formulations, even those containing three
different antibodies, are stable to stress during rough handling and to storage at temperatures
ranging from -80°C to 45°C, such as -30°C, -20°C, 5°C, 25°C, (shown herein) and have low
viscosity (have viscosity below 5¢cP).

[000121] The pharmaceutical formulations of the present disclosure typically exhibit high
levels of stability. The term "stable”, as used herein in reference to the pharmaceutical
formulations, means that the antibodies within the pharmaceutical formulations retain an
acceptable degree of chemical structure or biological function after storage under defined
conditions. A formulation may be stable even though the antibody contained therein does not
maintain 100% of its chemical structure or biological function after storage for a defined amount
of time. Under certain circumstances, maintenance of about 90%, about 95%, about 96%, about
97%, about 98% or about 99% of an antibody's structure or function after storage for a defined
amount of time may be regarded as "stable”.

[000122] Stability can be measured, inter alia, by determining the percentage of native
antibody that remains in the formulation after storage for a defined amount of time at a defined
temperature. The percentage of native antibody can be determined by, inter alia, size exclusion
chromatography (e.g., size exclusion ultra performance liquid chromatography [SE-UPLC]),
such that native means non-aggregated and non-degraded. An "acceptable degree of stability”,
as that phrase is used herein, means that at least 90% of the native form of the antibody can be
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detected in the formulation after storage for a defined amount of time at a given temperature. In
certain embodiments, at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
100% of the native form of the antibody can be detected in the formulation after storage for a
defined amount of time at a defined temperature. The defined amount of time after which
stability is measured can be at least 14 days, at least 28 days, at least 1 month, at least 2
months, at least 3 months, at least 4 months, at least 5 months, at least 6 months, at least 7
months, at least 8 months, at least 9 months, at least 10 months, at least 11 months, at least 12
months, at least 18 months, at least 24 months, or more. The defined temperature at which the
pharmaceutical formulation may be stored when assessing stability can be any temperature
from about -80°C to about 60°C, e.g., storage at about -80°C, about -30°C, about -20°C, about
0°C, about 42-8°C, about 5°C, about 252C, about 35°C, about 372C, about 40°C, or about 45°C.
For example, a pharmaceutical formulation may be deemed stable if after 28 days of storage at
40°C/75% humidity (RH), greater than about 95%, 96%, 97% or 98% of native antibody is
detected by SE-UPLC. A pharmaceutical formulation may be deemed stable if after 12 months
of storage at 5°C, greater than about 95%, 96%, 97% or 98% of native antibody is detected by
SE-UPLC. A pharmaceutical formulation may also be deemed stable if after 3 months of storage
at 25°C, greater than about 95%, 96%, 97% or 98% of native antibody is detected by SE-UPLC.
A pharmaceutical formulation may also be deemed stable if after 28 days of storage at 45°C,
greater than about 89%, 90%, 91%, 92%, 93%, 94%, 95% or 96% of native antibody is detected
by SE-UPLC. A pharmaceutical formulation may also be deemed stable if after 12 months of
storage at -20°C, greater than about 96%, 97%, or 98% of native antibody is detected by SE-
UPLC. A pharmaceutical formulation may also be deemed stable if after 12 months of storage at
-30°C, greater than about 96%, 97% or 98% of native antibody is detected by SE-UPLC. A
pharmaceutical formulation may also be deemed stable if after 12 months of storage at -80°C,
greater than about 96%, 97% or 98% of native antibody is detected by SE-UPLC.

[000123] Stability can be measured, inter alia, by determining the percentage of antibody that
forms in an aggregate within the formulation after storage for a defined amount of time at a
defined temperature, wherein stability is inversely proportional to the percent aggregate that is
formed. The percentage of aggregated antibody can be determined by, inter alia, size exclusion
chromatography (e.g., size exclusion ultra performance liquid chromatography [SE-UPLC]). An
"acceptable degree of stability”, as that phrase is used herein, means that at most 5% of the
antibody is in an aggregated form (also denoted as the high molecular weight — HMW — form)
detected in the formulation after storage for a defined amount of time at a given temperature. In
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certain embodiments an acceptable degree of stability means that at most about 5%, 4%, 3%,
2%, 1%, 0.5%, or 0.1% of the antibody can be detected in an aggregate in the formulation after
storage for a defined amount of time at a given temperature. The defined amount of time after
which stability is measured can be at least 2 weeks, at least 28 days, at least 1 month, at least 2
months, at least 3 months, at least 4 months, at least 5 months, at least 6 months, at least 7
months, at least 8 months, at least 9 months, at least 10 months, at least 11 months, at least 12
months, at least 18 months, at least 24 months, or more. The temperature at which the
pharmaceutical formulation may be stored when assessing stability can be any temperature
from about -80°C to about 45°C, e.g., storage at about -80°C, about -30°C, about -20°C, about
0°C, about 4°-8°C, about 5°C, about 25°C, about 35°C, about 37°C, about 40°C, or about 45°C.
For example, a pharmaceutical formulation may be deemed stable if after 12 months of storage
at 5°C, less than about 2%, 1%, 0.5%, or 0.1% of the antibody is detected in an aggregated
form. A pharmaceutical formulation may also be deemed stable if after three months of storage
at 25°C, less than about 4%, 3%, 2%, 1%, 0.5%, or 0.1% of the antibody is detected in an
aggregated form. A pharmaceutical formulation may also be deemed stable if after 28 days of
storage at 40°C/75%RH, less than about 4%, 3%, 2%, 1%, 0.5%, or 0.1% of the antibody is
detected in an aggregated form. A pharmaceutical formulation may also be deemed stable if
after 28 days of storage at 45°C, less than about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%,
or 0.5%, of the antibody is detected in an aggregated form. A pharmaceutical formulation may
also be deemed stable if after three months of storage at -20°C, -30°C, or -80°C less than about
3%, 2%, 1%, 0.5%, or 0.1% of the antibody is detected in an aggregated form.

[000124] Stability can be measured, inter alia, by determining the percentage of antibody that
migrates in a more acidic fraction during ion exchange (“acidic form”) than in the main fraction of
antibody (“main charge form”), wherein stability is inversely proportional to the fraction of
antibody in the acidic form. While not wishing to be bound by theory, deamidation of the
antibody may cause the antibody to become more negatively charged and thus more acidic
relative to the non-deamidated antibody (see, e.g., Robinson, N., Protein Deamidation, PNAS,
April 16, 2002, 99(8):5283-5288). The percentage of “acidified” antibody can be determined by,
inter alia, ion exchange chromatography (e.g., cation exchange ultra performance liquid
chromatography [CEX-UPLC]). An "acceptable degree of stability”, as that phrase is used
herein, means that at most 45% of the antibody is in a more acidic form detected in the
formulation after storage for a defined amount of time at a defined temperature. In certain
embodiments an acceptable degree of stability means that at most about 40%, 35%, 30%, 25%,
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20%, 15%, 10%, 5%, 4%, 3%, 2%, 1%, 0.5%, or 0.1% of the antibody can be detected in an
acidic form in the formulation after storage for a defined amount of time at a given temperature.
In one embodiment, an acceptable degree of stability means that less than 30%, 25%, 20%,
15%, 10%, 5%, 4%, 3%, 2%, 1%, 0.5%, or 0.1% of the antibody can be detected in an acidic
form in the formulation after storage for a defined amount of time at a given temperature. The
defined amount of time after which stability is measured can be at least 2 weeks, at least 28
days, at least 1 month, at least 2 months, at least 3 months, at least 4 months, at least 5
months, at least 6 months, at least 7 months, at least 8 months, at least 9 months, at least 10
months, at least 11 months, at least 12 months, at least 18 months, at least 24 months, or more.
The temperature at which the pharmaceutical formulation may be stored when assessing
stability can be any temperature from about -80°C to about 45°C, e.g., storage at about -80°C,
about -30°C, about -20°C, about 0°C, about 4°-8°C, about 5°C, about 25°C, or about 45°C. For
example, a pharmaceutical formulation may be deemed stable if after three months of storage
at -80°C, -30°C, or -20°C less than about 30%, 29%, 28%, 27%, 26%, 25%, 24%, 23%, 22%,
21%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%,
2%, 1%, 0.5% or 0.1% of the antibody is in a more acidic form. A pharmaceutical formulation
may also be deemed stable if after 12 months of storage at 5°C, less than about 32%, 31%,
30%, 29%, 28%, 27%, 26%, 25%, 24%, 23%, 22%, 21%, 20%, 19%, 18%, 17%, 16%, 15%,
14%, 13%, 12%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5% or 0.1% of the antibody is
in a more acidic form. A pharmaceutical formulation may also be deemed stable if after 3
months of storage at 25°C, less than about 43%, 42%, 41%, 40%, 39%, 38%, 37%, 36%, 35%,
34%, 33%, 32%, 31%, 30%, 29%, 28%, 27%, 26%, 25%, 24%, 23%, 22%, 21%, 20%, 19%,
18%, 17%, 16%, 15%, 14%, 13%, 12%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5% or
0.1% of the antibody is in a more acidic form. A pharmaceutical formulation may also be
deemed stable if after 28 days of storage at 45°C, less than about 49%, 48%, 47%, 46%, 45%,
44%, 43%, 42%, 41%, 40%, 39%, 38%, 37%, 36%, 35%, 34%, 33%, 32%, 31%, 30%, 29%,
28%, 27%, 26%, 25%, 24%, 23%, 22%, 21%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%,
12%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5% or 0.1% of the antibody can be
detected in a more acidic form.

[000125] Other methods may be used to assess the stability of the formulations of the present
disclosure such as, e.g., differential scanning calorimetry (DSC) to determine thermal stability,
controlled agitation to determine mechanical stability, and absorbance at about 350 nm or about
405 nm to determine solution turbidities. For example, a formulation of the present disclosure
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may be considered stable if, after 6 or more months of storage at about 5°C to about 25°C, the
change in ODuygs of the formulation is less than about 0.05 (e.g., 0.04, 0.03, 0.02, 0.01, or less)
from the ODyos of the formulation at time zero.

[000126] Measuring the biological activity or binding affinity of the antibody to its target may
also be used to assess stability. For example, a formulation of the present disclosure may be
regarded as stable if, after storage at e.g., 5°C, 25°C, 45°C, etc. for a defined amount of time
(e.g., 1 to 36 months), the anti-EBOV antibody contained within the formulation binds to EBOV
with an affinity that is at least 90%, 95%, or more of the binding affinity of the antibody prior to
said storage. Binding affinity may be determined by e.g., ELISA or surface plasmon resonance.
Biological activity may be determined by a EBOV activity assay, such as e.g., contacting a cell
infected with EBOV with the formulation comprising the anti-EBOV antibody. The binding of the
antibody to such a cell may be measured directly, such as e.g., via FACS analysis. Alternatively,
activity of antibody can be determined by a decrease in viral load in vitro or in vivo, or by an
increase in survival of a mammal infected with EBOV.

[000127] Additionally, measuring the relative potency of the antibody in an antibody-
dependent cellular cytotoxicity assay (ADCC assay) can be used to assess stability. For
example, a formulation of the present disclosure may be regarded as stable if, after storage at
e.g., - 80°C, -30°C, -20°C, 5°C, 25°C, 40°C, 45°C, efc. for a defined amount of time (e.g., 1 to 36
months), the anti-EBOV antibody contained within the formulation retains 90%, 95%, or more
relative ADCC potency compared to the antibody prior to storage.

[000128] Similarly, measuring the relative potency of the antibody in pseudovirus
neutralization assay can be used to assess stability. For example, a formulation of the present
disclosure may be regarded as stable if, after storage at e.g., - 80°C, -30°C, -20°C, 5°C, 25°C,
40°C, 45°C, etc. for a defined amount of time (e.g., 1 to 36 months), the anti-EBOV antibody
contained within the formulation retains 90%, 95%, or more relative pseudovirus neutralization
compared to the antibody prior to storage.

[000129] Additional methods for assessing the stability of an antibody in formulation are
demonstrated in the Examples presented below.

[000130] The liquid pharmaceutical formulations of the present disclosure may, in certain
embodiments, exhibit low to moderate levels of viscosity. "Viscosity" as used herein may be
"kinematic viscosity" or "absolute viscosity”. "Kinematic viscosity" is a measure of the resistive
flow of a fluid under the influence of gravity. When two fluids of equal volume are placed in
identical capillary viscometers and allowed to flow by gravity, a viscous fluid takes longer than a
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less viscous fluid to flow through the capillary. For example, if one fluid takes 200 seconds to
complete its flow and another fluid takes 400 seconds, the second fluid is twice as viscous as
the first on a kinematic viscosity scale. "Absolute viscosity", sometimes called dynamic or simple
viscosity, is the product of kinematic viscosity and fluid density (Absolute Viscosity = Kinematic
Viscosity x Density). The dimension of kinematic viscosity is LT where L is a length and T is a
time. Commonly, kinematic viscosity is expressed in centistokes (¢St). The Sl unit of kinematic
viscosity is mm?/s, which is 1 ¢St. Absolute viscosity is expressed in units of centipoise (cP).
The Sl unit of absolute viscosity is the milliPascal-second (mPa-s), where 1 ¢cP = 1 mPa-s.
[000131] As used herein, a low level of viscosity, in reference to a fluid formulation of the
present disclosure, will exhibit an absolute viscosity of less than about 20 cPoise (cP). For
example, a fluid formulation disclosed herein will be deemed to have "low viscosity”, if, when
measured using standard viscosity measurement techniques, the formulation exhibits an
absolute viscosity of about 20 cP, about 19 ¢cP, about 18 ¢cP, about 15 cP, about 12 ¢P, about
10 cP, about 9 cP, about 8 cP, or less. As used herein, a moderate level of viscosity, in
reference to a fluid formulation of the present disclosure, will exhibit an absolute viscosity of
between about 35 cP and about 20 cP. For example, a fluid formulation disclosed herein will be
deemed to have "moderate viscosity”, if when measured using standard viscosity measurement
techniques, the formulation exhibits an absolute viscosity of about 34 cP, about 33 cP, about 32
¢P, about 31 cP, about 30 cP, about 29 cP, about 28 cP, about 27 cP, about 26 cP, about 25
cP, about 24 cP, about 23 cP, about 22 cP, about 21 cP, about 20 cP, about 19 cP, 18 cP,
about 17 cP, about 16 cP, or about 15 cP. Formulations provided herein can have a low

viscosity, for example, a viscosity of about 2 cP.

EXEMPLARY FORMULATIONS

[000132] According to one aspect of the present disclosure, the pharmaceutical formulation is
a stable, low viscosity, generally physiologically isotonic liquid formulation, which comprises: (i)
a human antibody that specifically binds to EBOV (e.g., HIH17203P, H1H17139P, and/or
H1H17161P), at a concentration of up to 250 mg/mL £ 45 mg/mL; (ii) a histidine buffer system
that provides sufficient buffering at about pH 6.0 £ 0.3; (iii) an organic cosolvent, which protects
the structural integrity of the antibody; and (iv) a stabilizer that is a sugar.

[000133] According to one embodiment, the stable, liquid pharmaceutical formulation
comprises: (a) 10% £ 2% w/v sucrose, (b) 10mM £ 2mM histidine buffer, (¢) 0.1% % 0.05% w/v

polysorbate, and (d) 50 mg/mL £+ 7.5 mg/mL total anti-EBOV antibody, at pH 6.0 £ 0.3; wherein
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the antibody is a human IgG1 antibody that comprises three heavy chain CDRs (HCDR1,
HCDR2 and HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in
the HCVR/LCVR amino acid sequence pair of (i) SEQ 1D NOs: 2/10. In one embodiment, the
anti-EBOV antibody comprises an HCDR1 of SEQ ID NO: 4, an HCDR2 of SEQ ID NO: 6, an
HCDR3 of SEQ ID NO: 8, an LCDR1 of SEQ ID NO: 12, an LCDR2 of SEQ ID NO: 14, and an
LCDR3 of SEQ ID NO: 16.

[000134] According to one embodiment, the stable, liquid pharmaceutical formulation
comprises: (a) 10% 2% w/v sucrose, (b) 10mM + 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v
polysorbate, and (d) 50 mg/mL £ 7.5 mg/mL total anti-EBOV antibody, at pH 6.0 £ 0.3; wherein
the antibody is a human IgG1 antibody that comprises three heavy chain CDRs (HCDR1,
HCDR2 and HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in
the HCVR/LCVR amino acid sequence pair of (ii) SEQ ID NOs: 20/28. In one embodiment, the
anti-EBOV antibody comprises an HCDR1 of SEQ ID NO: 22, an HCDR2 of SEQ ID NO: 24, an
HCDR3 of SEQ ID NO: 26, an LCDR1 of SEQ ID NO: 30, an LCDR2 of SEQ ID NO: 32, and an
LCDR3 of SEQ ID NO: 34.

[000135] According to one embodiment, the stable, liquid pharmaceutical formulation
comprises: (a) 10% + 2% w/v sucrose, (b) 10mM + 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v
polysorbate, and (d) 50 mg/mL + 7.5 mg/mL total anti-EBOV antibody, at pH 6.0 £ 0.3; wherein
the antibody is a human IgG1 antibody that comprises three heavy chain CDRs (HCDR1,
HCDR2 and HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDRS3) contained in
the HCVR/LCVR amino acid sequence pair of (iii) SEQ ID NOs: 38/46. In one embodiment, the
anti-EBOV antibody comprises an HCDR1 of SEQ ID NO: 40, an HCDR2 of SEQ ID NO: 42, an
HCDR3 of SEQ ID NO: 44, an LCDR1 of SEQ ID NO: 48, an LCDR2 of SEQ ID NO: 50, and an
LCDR3 of SEQ ID NO: 52.

[000136] According to one embodiment, the stable, liquid pharmaceutical formulation
comprises: (a) 10% + 2% w/v sucrose, (b) 10mM + 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v
polysorbate, and (d) 50 mg/mL £ 7.5 mg/mL total anti-EBOV antibody, at pH 6.0 £ 0.3; wherein
a first antibody is a human IgG1 antibody that comprises three heavy chain CDRs (HCDR1,
HCDR2 and HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDRS3) contained in
the HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 2/10, and a second antibody is a
human IgG1 antibody that comprises three heavy chain CDRs (HCDR1, HCDR2 and HCDR3)
and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in the HCVR/LCVR amino
acid sequence pair of (i) SEQ ID NOs: 20/28. In one embodiment, the first anti-EBOV antibody
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comprises an HCDR1 of SEQ ID NO: 4, an HCDR2 of SEQ ID NO: 6, an HCDR3 of SEQ ID
NO: 8, an LCDR1 of SEQ ID NO: 12, an LCDR2 of SEQ ID NO: 14, and an LCDR3 of SEQ ID
NO: 16; and the second anti-EBOV antibody comprises an HCDR1 of SEQ ID NO: 22, an
HCDR2 of SEQ ID NO: 24, an HCDRS3 of SEQ ID NO: 26, an LCDR1 of SEQ ID NO: 30, an
LCDR2 of SEQ ID NO: 32, and an LCDR3 of SEQ ID NO: 34.

[000137] According to one embodiment, the stable, liquid pharmaceutical formulation
comprises: (a) 10% + 2% w/v sucrose, (b) 10mM + 2mM histidine buffer, (¢) 0.1% + 0.05% w/v
polysorbate, and (d) 50 mg/mL £ 7.5 mg/mL total anti-EBOV antibody, at pH 6.0 £ 0.3; wherein
a first antibody is a human IgG1 antibody that comprises three heavy chain CDRs (HCDR1,
HCDR2 and HCDRS3) and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in
the HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 2/10, and a second antibody is a
human IgG1 antibody that comprises three heavy chain CDRs (HCDR1, HCDR2 and HCDRS3)
and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in the HCVR/LCVR amino
acid sequence pair of (iii) SEQ ID NOs: 38/46. In one embodiment, the first anti-EBOV antibody
comprises an HCDR1 of SEQ ID NO: 4, an HCDR2 of SEQ ID NO: 6, an HCDR3 of SEQ ID
NO: 8, an LCDR1 of SEQ ID NO: 12, an LCDR2 of SEQ ID NO: 14, and an LCDR3 of SEQ ID
NO: 16; and the second anti-EBOV antibody comprises an HCDR1 of SEQ ID NO: 40, an
HCDR2 of SEQ ID NO: 42, an HCDRS3 of SEQ ID NO: 44, an LCDR1 of SEQ ID NO: 48, an
LCDR2 of SEQ ID NO: 50, and an LCDR3 of SEQ ID NO: 52.

[000138] According to one embodiment, the stable, liquid pharmaceutical formulation
comprises: (a) 10% + 2% w/v sucrose, (b) 10mM + 2mM histidine buffer, (¢) 0.1% + 0.05% w/v
polysorbate, and (d) 50 mg/mL + 7.5 mg/mL total anti-EBOV antibody, at pH 6.0 £ 0.3; wherein
a first antibody is a human IgG1 antibody that comprises three heavy chain CDRs (HCDR1,
HCDR2 and HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in
the HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 20/28, and a second antibody is
a human IgG1 antibody that comprises three heavy chain CDRs (HCDR1, HCDR2 and HCDR3)
and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in the HCVR/LCVR amino
acid sequence pair of (iii) SEQ ID NOs: 38/46. In one embodiment, the first anti-EBOV antibody
comprises an HCDR1 of SEQ ID NO: 22, an HCDR2 of SEQ ID NO: 24, an HCDR3 of SEQ ID
NO: 26, an LCDR1 of SEQ ID NO: 30, an LCDR2 of SEQ ID NO: 32, and an LCDR3 of SEQ ID
NO: 34; and the second anti-EBOV antibody comprises an HCDR1 of SEQ ID NO: 40, an
HCDR2 of SEQ ID NO: 42, an HCDRS3 of SEQ ID NO: 44, an LCDR1 of SEQ ID NO: 48, an
LCDR2 of SEQ ID NO: 50, and an LCDR3 of SEQ ID NO: 52.
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[000139] According to one embodiment, the stable, liquid pharmaceutical formulation
comprises: (a) 10% + 2% w/v sucrose, (b) 10mM + 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v
polysorbate, and (d) 50 mg/mL £ 7.5 mg/mL total anti-EBOV antibody, at pH 6.0 £ 0.3; wherein
a first antibody is a human IgG1 antibody that comprises three heavy chain CDRs (HCDR1,
HCDR2 and HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDRS3) contained in
the HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 2/10, a second antibody is a
human IgG1 antibody that comprises three heavy chain CDRs (HCDR1, HCDR2 and HCDRS3)
and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in the HCVR/LCVR amino
acid sequence pair of (i) SEQ ID NOs: 20/28, and a third antibody is a human IgG1 antibody
that comprises three heavy chain CDRs (HCDR1, HCDR2 and HCDR3) and three light chain
CDRs (LCDR1, LCDR2 and LCDR3) contained in the HCVR/LCVR amino acid sequence pair of
(iii) SEQ 1D NOs: 38/46. In one embodiment, the first anti-EBOV antibody comprises an HCDR1
of SEQ ID NO: 4, an HCDR2 of SEQ ID NO: 6, an HCDR3 of SEQ ID NO: 8, an LCDR1 of SEQ
ID NO: 12, an LCDR2 of SEQ ID NO: 14, and an LCDRS3 of SEQ ID NO: 16; the second anti-
EBOV antibody comprises an HCDR1 of SEQ ID NO: 22, an HCDR2 of SEQ ID NO: 24, an
HCDR3 of SEQ ID NO: 26, an LCDR1 of SEQ ID NO: 30, an LCDR2 of SEQ ID NO: 32, and an
LCDRS3 of SEQ ID NO: 34; and the third anti-EBOV antibody comprises an HCDR1 of SEQ ID
NO: 40, an HCDR2 of SEQ ID NO: 42, an HCDR3 of SEQ ID NO: 44, an LCDR1 of SEQ ID NO:
48, an LCDR2 of SEQ ID NO: 50, and an LCDRS3 of SEQ ID NO: 52.

[000140] According to one embodiment, the stable, liquid pharmaceutical formulation
comprises: (a) 10% + 2% w/v sucrose, (b) 10mM + 2mM histidine buffer, (¢) 0.1% + 0.05% w/v
polysorbate, and (d) 100 mg/mL + 15 mg/mL total anti-EBOV antibody, at pH 6.0 + 0.3; wherein
the antibody is a human IgG1 antibody that comprises three heavy chain CDRs (HCDR1,
HCDR2 and HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDRS3) contained in
the HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 2/10. In one embodiment, the
anti-EBOV antibody comprises an HCDR1 of SEQ ID NO: 4, an HCDR2 of SEQ ID NO: 6, an
HCDR3 of SEQ ID NO: 8, an LCDR1 of SEQ ID NO: 12, an LCDR2 of SEQ ID NO: 14, and an
LCDR3 of SEQ ID NO: 16.

[000141] According to one embodiment, the stable, liquid pharmaceutical formulation
comprises: (a) 10% + 2% w/v sucrose, (b) 10mM £ 2mM histidine buffer, (¢) 0.1% % 0.05% w/v
polysorbate, and (d) 100 mg/mL + 15 mg/mL total anti-EBOV antibody, at pH 6.0 £+ 0.3; wherein
the antibody is a human IgG1 antibody that comprises three heavy chain CDRs (HCDR1,
HCDR2 and HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in
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the HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 20/28. In one embodiment, the
anti-EBOV antibody comprises an HCDR1 of SEQ ID NO: 22, an HCDR2 of SEQ ID NO: 24, an
HCDR3 of SEQ ID NO: 26, an LCDR1 of SEQ ID NO: 30, an LCDR2 of SEQ ID NO: 32, and an
LCDR3 of SEQ ID NO: 34.

[000142] According to one embodiment, the stable, liquid pharmaceutical formulation
comprises: (a) 10% + 2% w/v sucrose, (b) 10mM £ 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v
polysorbate, and (d) 100 mg/mL £ 15 mg/mL total anti-EBOV antibody, at pH 6.0 £ 0.3; wherein
the antibody is a human IgG1 antibody that comprises three heavy chain CDRs (HCDR1,
HCDR2 and HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in
the HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 38/46. In one embodiment, the
anti-EBOV antibody comprises an HCDR1 of SEQ ID NO: 40, an HCDR2 of SEQ ID NO: 42, an
HCDR3 of SEQ ID NO: 44, an LCDR1 of SEQ ID NO: 48, an LCDR2 of SEQ ID NO: 50, and an
LCDR3 of SEQ ID NO: 52.

[000143] According to one embodiment, the stable, liquid pharmaceutical formulation
comprises: (a) 10% £ 2% w/v sucrose, (b) 10mM £ 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v
polysorbate, and (d) 100 mg/mL £ 15 mg/mL total anti-EBOV antibody, at pH 6.0 £ 0.3; wherein
a first antibody is a human IgG1 antibody that comprises three heavy chain CDRs (HCDR1,
HCDR2 and HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDRS3) contained in
the HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 2/10, and a second antibody is a
human IgG1 antibody that comprises three heavy chain CDRs (HCDR1, HCDR2 and HCDR3)
and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in the HCVR/LCVR amino
acid sequence pair of (i) SEQ ID NOs: 20/28. In one embodiment, the first anti-EBOV antibody
comprises an HCDR1 of SEQ ID NO: 4, an HCDR2 of SEQ ID NO: 6, an HCDR3 of SEQ ID
NO: 8, an LCDR1 of SEQ ID NO: 12, an LCDR2 of SEQ ID NO: 14, and an LCDR3 of SEQ ID
NO: 16; and the second anti-EBOV antibody comprises an HCDR1 of SEQ ID NO: 22, an
HCDR2 of SEQ ID NO: 24, an HCDRS3 of SEQ ID NO: 26, an LCDR1 of SEQ ID NO: 30, an
LCDR2 of SEQ ID NO: 32, and an LCDR3 of SEQ ID NO: 34.

[000144] According to one embodiment, the stable, liquid pharmaceutical formulation
comprises: (a) 10% £ 2% w/v sucrose, (b) 10mM £ 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v
polysorbate, and (d) 100 mg/mL £ 15 mg/mL total anti-EBOV antibody, at pH 6.0 £ 0.3; wherein
a first antibody is a human IgG1 antibody that comprises three heavy chain CDRs (HCDR1,
HCDR2 and HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDRS3) contained in
the HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 2/10, and a second antibody is a
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human IgG1 antibody that comprises three heavy chain CDRs (HCDR1, HCDR2 and HCDRS3)
and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in the HCVR/LCVR amino
acid sequence pair of (iii) SEQ ID NOs: 38/46. In one embodiment, the first anti-EBOV antibody
comprises an HCDR1 of SEQ ID NO: 4, an HCDR2 of SEQ ID NO: 6, an HCDR3 of SEQ ID
NO: 8, an LCDR1 of SEQ ID NO: 12, an LCDR2 of SEQ ID NO: 14, and an LCDR3 of SEQ ID
NO: 16; and the second anti-EBOV antibody comprises an HCDR1 of SEQ ID NO: 40, an
HCDR2 of SEQ ID NO: 42, an HCDRS3 of SEQ ID NO: 44, an LCDR1 of SEQ ID NO: 48, an
LCDR2 of SEQ ID NO: 50, and an LCDR3 of SEQ ID NO: 52.

[000145] According to one embodiment, the stable, liquid pharmaceutical formulation
comprises: (a) 10% + 2% w/v sucrose, (b) 10mM + 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v
polysorbate, and (d) 100 mg/mL + 15 mg/mL total anti-EBOV antibody, at pH 6.0 £ 0.3; wherein
a first antibody is a human IgG1 antibody that comprises three heavy chain CDRs (HCDR1,
HCDR2 and HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in
the HCVR/LCVR amino acid sequence pair of (ii) SEQ ID NOs: 20/28, and a second antibody is
a human IgG1 antibody that comprises three heavy chain CDRs (HCDR1, HCDR2 and HCDR3)
and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in the HCVR/LCVR amino
acid sequence pair of (iii) SEQ ID NOs: 38/46. In one embodiment, the first anti-EBOV antibody
comprises an HCDR1 of SEQ ID NO: 22, an HCDR2 of SEQ ID NO: 24, an HCDR3 of SEQ ID
NO: 26, an LCDR1 of SEQ ID NO: 30, an LCDR2 of SEQ ID NO: 32, and an LCDR3 of SEQ ID
NO: 34; and the second anti-EBOV antibody comprises an HCDR1 of SEQ ID NO: 40, an
HCDR2 of SEQ ID NO: 42, an HCDRS3 of SEQ ID NO: 44, an LCDR1 of SEQ ID NO: 48, an
LCDR2 of SEQ ID NO: 50, and an LCDR3 of SEQ ID NO: 52.

[000146] According to one embodiment, the stable, liquid pharmaceutical formulation
comprises: (a) 10% £ 2% w/v sucrose, (b) 10mM £ 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v
polysorbate, and (d) 100 mg/mL £ 15 mg/mL total anti-EBOV antibody, at pH 6.0 £ 0.3; wherein
a first antibody is a human IgG1 antibody that comprises three heavy chain CDRs (HCDR1,
HCDR2 and HCDR3) and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in
the HCVR/LCVR amino acid sequence pair of (i) SEQ ID NOs: 2/10, a second antibody is a
human IgG1 antibody that comprises three heavy chain CDRs (HCDR1, HCDR2 and HCDRS3)
and three light chain CDRs (LCDR1, LCDR2 and LCDR3) contained in the HCVR/LCVR amino
acid sequence pair of (i) SEQ ID NOs: 20/28, and a third antibody is a human IgG1 antibody
that comprises three heavy chain CDRs (HCDR1, HCDR2 and HCDR3) and three light chain
CDRs (LCDR1, LCDR2 and LCDR3) contained in the HCVR/LCVR amino acid sequence pair of
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(i) SEQ ID NOs: 38/46. In one embodiment, the first anti-EBOV antibody comprises an HCDR1
of SEQ ID NO: 4, an HCDR2 of SEQ ID NO: 6, an HCDR3 of SEQ ID NO: 8, an LCDR1 of SEQ
ID NO: 12, an LCDR2 of SEQ ID NO: 14, and an LCDR3 of SEQ ID NO: 16; the second anti-
EBOV antibody comprises an HCDR1 of SEQ ID NO: 22, an HCDR2 of SEQ ID NO: 24, an
HCDR3 of SEQ ID NO: 26, an LCDR1 of SEQ ID NO: 30, an LCDR2 of SEQ ID NO: 32, and an
LCDR3 of SEQ ID NO: 34; and the third anti-EBOV antibody comprises an HCDR1 of SEQ ID
NO: 40, an HCDR2 of SEQ ID NO: 42, an HCDR3 of SEQ ID NO: 44, an LCDR1 of SEQ ID NO:
48, an LCDR2 of SEQ ID NO: 50, and an LCDRS3 of SEQ ID NO: 52.

[000147] Additional non-limiting examples of pharmaceutical formulations encompassed by
the present disclosure are set forth elsewhere herein, including the working Examples
presented below.

CONTAINERS AND METHODS OF ADMINISTRATION

[000148] The pharmaceutical formulations of the present disclosure may be contained within
any container suitable for storage of medicines and other therapeutic compositions. For
example, the pharmaceutical formulations may be contained within a sealed and sterilized
plastic or glass container having a defined volume such as a vial, ampule, syringe, cartridge, or
bottle. Different types of vials can be used to contain the formulations of the present disclosure
including, e.g., clear and opaque (e.g., amber) glass or plastic vials. Likewise, any type of
syringe can be used to contain or administer the pharmaceutical formulations of the present
disclosure.

[000149] The pharmaceutical formulations of the present disclosure may be contained within
"normal tungsten” syringes or "low tungsten” syringes. As will be appreciated by persons of
ordinary skKill in the art, the process of making glass syringes generally involves the use of a hot
tungsten rod which functions to pierce the glass thereby creating a hole from which liquids can
be drawn and expelled from the syringe. This process results in the deposition of trace amounts
of tungsten on the interior surface of the syringe. Subsequent washing and other processing
steps can be used to reduce the amount of tungsten in the syringe. As used herein, the term
"normal tungsten" means that the syringe contains greater than or equal to 500 parts per billion
(ppb) of tungsten. The term "low tungsten” means that the syringe contains less than 500 ppb of
tungsten. For example, a low tungsten syringe, according to the present disclosure, can contain
less than about 490, 480, 470, 460, 450, 440, 430, 420, 410, 390, 350, 300, 250, 200, 150, 100,
90, 80, 70, 60, 50, 40, 30, 20, 10 or fewer ppb of tungsten.
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[000150] The rubber plungers used in syringes, and the rubber stoppers used to close the
openings of vials, may be coated to prevent contamination of the medicinal contents of the
syringe or vial, or to preserve their stability. Thus, pharmaceutical formulations of the present
disclosure, according to certain embodiments, may be contained within a syringe that comprises
a coated plunger, or within a vial that is sealed with a coated rubber stopper. For example, the
plunger or stopper may be coated with a fluorocarbon film. Examples of coated stoppers or
plungers suitable for use with vials and syringes containing the pharmaceutical formulations of
the present disclosure are mentioned in, e.g., U.S. Patent Nos. 4,997,423; 5,908,686;
6,286,699; 6,645,635; and 7,226,554, the contents of which are incorporated by reference
herein in their entireties. Particular exemplary coated rubber stoppers and plungers that can be
used in the context of the present disclosure are commercially available under the tradename
"FluroTec®”, available from West Pharmaceutical Services, Inc. (Lionville, PA). FluroTec® is an
example of a flurocarbon coating used to minimize or prevent drug product from adhering to the
rubber surfaces.

[000151] According to certain embodiments of the present disclosure, the pharmaceutical
formulations may be contained within a low tungsten syringe that comprises a fluorocarbon-
coated plunger.

[000152] The pharmaceutical formulations can be administered to a patient by parenteral
routes such as injection (e.g., subcutaneous, intravenous, intramuscular, intraperitoneal, etc.) or
percutaneous, mucosal, nasal, pulmonary or oral administration. Numerous reusable pen or
autoinjector delivery devices can be used to subcutaneously deliver the pharmaceutical
formulations of the present disclosure. Examples include, but are not limited to AUTOPEN™
(Owen Mumford, Inc., Woodstock, UK), DISETRONIC™ pen (Disetronic Medical Systems,
Bergdorf, Switzerland), HUMALOG MIX 75/25™ pen, HUMALOG™ pen, HUMALIN 70/30™
pen (Eli Lilly and Co., Indianapolis, IN), NOVOPEN™ |, Il and Ill (Novo Nordisk, Copenhagen,
Denmark), NOVOPEN JUNIOR™ (Novo Nordisk, Copenhagen, Denmark), BD™ pen (Becton
Dickinson, Franklin Lakes, NJ), OPTIPEN™, OPTIPEN PRO™, OPTIPEN STARLET™, and
OPTICLIK™ (sanofi-aventis, Frankfurt, Germany). Examples of disposable pen or autoinjector
delivery devices having applications in subcutaneous delivery of a pharmaceutical composition
of the present disclosure include, but are not limited to the SOLOSTAR™ pen (sanofi-aventis),
the FLEXPEN™ (Novo Nordisk), and the KWIKPEN™ (Eli Lilly), the SURECLICK™ Autoinjector
(Amgen, Thousand Oaks, CA), the PENLET™ (Haselmeier, Stuttgart, Germany), the EPIPEN
(Dey, L.P.), and the HUMIRA™ Pen (Abbott Labs, Abbott Park, IL).
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[000153] The use of a microinfusor to deliver the pharmaceutical formulations of the present
disclosure is also contemplated herein. As used herein, the term "microinfusor" means a
subcutaneous delivery device designed to slowly administer large volumes (e.g., up to about 2.5
mL or more) of a therapeutic formulation over a prolonged period of time (e.g., about 10, 15, 20,
25, 30 or more minutes). See, e.g., U.S. 6,629,949; US 6,659,982; and Meehan et al., J.
Controlled Release 46:107-116 (1996). Microinfusors are particularly useful for the delivery of
large doses of therapeutic proteins contained within high concentration (e.g., about 100, 125,
150, 175, 200 or more mg/mL) or viscous solutions.

[000154] In certain embodiments, the stable liquid pharmaceutical formulation of any of the
preceding aspects is contained in a sterile glass vial and is administered as an |V infusion.
Exemplary dosages include 30,000 mg, 25,000 mg, 20,000 mg, 15,000 mg, 13,500 mg, 12,500
mg, 10,000 mg, 7,500 mg, 5000 mg, 2500 mg, 1450 mg, 1000 mg, 725 mg, 600 mg, 500 mg,
250 mg, 200 mg, 150 mg, 100 mg, 75 mg, 50 mg, or 25 mg.

[000155] In one embodiment, the container is a 20 mL type 1 clear borosilicate glass vial. In
certain embodiments, the container is a 2 mL, 5mL or 10 mL type 1 borosilicate glass vial with a
chlorobutyl stopper, with a FluroTec® coating.

[000156] In one embodiment, the liquid pharmaceutical formulation of the present disclosure
comprising about 25 mg/mL, 50 mg/mL, 100 mg/mL, or 150 mg/mL anti-EBOV antibody is
administered intravenously and may be contained in a glass vial. In some embodiments, the
present disclosure provides a glass vial comprising a stable liquid formulation comprising 50
mg/mL, 100 mg/mL, or 150 mg/mL total anti-EBOV antibody, 10mM of histidine, at pH of about
6.0, 10% sucrose, and 0.1% polysorbate 80.

[000157] In some embodiments, each antibody is administered at 50 mg/kg of body weight. In
one embodiment, two antibodies are co-formulated such that the final formulation provides for
each antibody to be administered at 50 mg/kg of body weight. Accordingly, the final dose to be
administered to the patient is 100 mg/kg of body weight, with the two antibodies in the
formulation at a 1:1 ratio. In one embodiment, the co-formulated antibodies are delivered
intravenously over a time period of about 2 hours.

[000158] In some embodiments, three antibodies are co-formulated such that the final
formulation provides for each antibody to be administered at 50 mg/kg of body weight.
Accordingly, the final dose to be administered to the patient is 150 mg/kg of body weight, with
the three antibodies in the formulation at a 1:1:1 ratio. In one embodiment, the co-formulated
antibodies are delivered intravenously over a time period of about 2 hours.
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[000159] In some aspects, a patient weighing about 90 kg receiving 150 mg/kg dose would
get dose of about 13,500 mg dose. In some aspects, a patient weighing about 45 kg person
receiving 150 mg/kg would get dose of about 6,750 mg. In some aspects, a patient might
receive as much as 30,000 mg.

[000160] In certain embodiments, the three antibodies are prepared in a glass vial. In certain
embodiments, each vial may contain 725 mg of total antibody, i.e. three antibodies at a 1:1:1
ratio in a volume of 14.5 mL, giving a final antibody concentration of 50 mg/mL. This may be
administered intravenously to a patient in a time period of two hours.

[000161] In certain embodiments, the three antibodies are prepared in a glass vial. In certain
embodiments, each vial may contain 1450 mg of total antibody, i.e. three antibodies ata 1:1:1
ratio in a volume of 14.5 mL, giving a final antibody concentration of 100 mg/mL. This may be
administered intravenously to a patient in a time period of two hours.

[000162] In certain embodiments, the present disclosure provides an autoinjector comprising
any of the liquid formulations described herein. In some embodiments, the present disclosure
provides an autoinjector comprising a stable liquid formulation comprising about 50 mg/mL,
about 100 mg/mL, about 150 mg/mL or about 175 mg/mL total anti-EBOV antibody, about
10mM of histidine, at pH of about 6.0, about 10% sucrose, and about 0.1% polysorbate 80.
[000163] In certain embodiments, the present disclosure provides an autoinjector comprising
any of the liquid formulations described herein. In some embodiments, the present disclosure
provides an autoinjector comprising a stable liquid formulation comprising 50 mg/mL or 100
mg/mL total anti-EBOV antibody, 10mM of histidine, at pH of about 6.0, 10% sucrose, and 0.1%
polysorbate 80.

[000164] In certain embodiments, the present disclosure provides a prefilled syringe
comprising any of the liquid formulations described herein. In some embodiments, the present
disclosure provides a prefilled syringe comprising a stable liquid formulation comprising about
50 mg/mL, about 100 mg/mL, about 150 mg/mL or about 175 mg/mL anti-EBOV antibody, about
10mM of histidine, at pH of about 6.0, about 10% sucrose, and about 0.1% polysorbate 80. In
certain embodiments, the syringe is a 1 mL or 2.25 mL long glass syringe filled with a 27-gauge
thin wall needle, a fluorocarbon coated rubber plunger and a rubber needle shield.

[000165] In one embodiment, the liquid pharmaceutical formulation containing about 100
mg/mL £ 15 mg/mL total anti-EBOV antibody is administered in a volume of approximately up to
2 mL in a prefilled syringe. In certain embodiments, the syringe is a 1 mL or 2.25 mL long glass

syringe filled with a 27-gauge thin wall needle, a fluorocarbon coated rubber plunger and a
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rubber needle shield. In one embodiment, the syringe is an OMPI 1 mL long glass syringe fitted
with a 27-gauge needle, a FM27 rubber needle shield, and a FLUROTEC® coated 4023/50
rubber plunger.

[000166] In one embodiment, the liquid pharmaceutical formulation containing about 50
mg/mL £ 7.5 mg/mL anti-EBOV antibody is administered in a volume of approximately up to 2
mL in a prefilled syringe. In one embodiment, the syringe is a 1 mL or 2.25 mL long glass
syringe filled with a 27-gauge thin wall needle, a fluorocarbon coated rubber plunger and a
rubber needle shield. In one embodiment, the syringe is an OMPI 1 mL long glass syringe fitted
with a 27-gauge needle, a FM27 rubber needle shield, and a FLUROTEC® coated 4023/50
rubber plunger.

Compatibility

[000167] In one embodiment, the stable formulation is a liquid solution containing 50 mg/mL
total anti-EBOV antibody (e.g. 16.7 mg/mL each of H1H17203P, H1H17139P, and/or
H1H17161P; or about 25 mg/mL each of any two of H1H17203P, H1H17139P, and
H1H17161P) for IV administration. In some aspects, the IV admixture solution has compatibility
(including in-use stability) with diluents and materials used in the dosing system (IV bags, sets,
and filters), including 0.9% Sodium Chloride, 5% Dextrose or Lactate Ringer’s solution, PVC
(polyvinyl chloride) and polyethylene.

[000168] Exemplary dosages include 10 mg/kg, 30 mg/kg, 50 mg/kg, and 150 mg/kg. In-use
stability of the anti-EBOV formulation during IV delivery supports administration of the clinical
doses. The 0.9% Sodium Chloride PVC IV bags, containing the diluted antibodies, in some
embodiments, can be initially held for 24 hours at 5 °C, then incubated for at least 8 hours at 25
°C. After these incubations, each of the infusion sets can be connected to IV bags, primed with
the diluted DP and held for 1 hour at ambient room temperature. The diluted DP solutions can
be then pumped through the respective infusion sets at 25 mL/hr and 500 mL/hr. These infusion
sets contain the basic materials (PVC with DEHP, PVC with TOTM and polyethylene) that
comprise infusion sets used for 1V delivery of the antibody combination in clinical uses. The
infusion sets can contain a 0.2 uym polyethersulfone inline filter.

[000169] In some aspects, a 50 mg/mL anti-EBOV formulation comprising at least one anti-
EBOV antibody, diluted in 0.9% Sodium Chloride Injection to concentrations of either 2.2 mg/mL
or 23.7 mg/mL, is physically and chemically stable when tested under these conditions within
the proposed dose ranges and administration conditions. The anti-EBOV formulation can, in
some aspects, exhibit no meaningful change in quality attributes after dilution in 1V bags,
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storage in IV bag for 24 hours at 2 — 8°C and at least 8 hours at 25°C, infusion set hold for one
hour, or delivery with pumping rates between 25 mL/hour to 500 mL/hour.

[000170] In some aspects, the additional flexibility of using different diluents for dose
preparation of a co-formulated antibody formulation and to support temperature excursion
(higher than 25 °C) which may occur during IV administration is provided. When the anti-EBOV
antibodies are diluted with 0.9% Sodium Chloride, 5% Dextrose or Lactated Ringer's at 40 °C
the formulation continued to exhibit stability. The IV bags containing diluted antibodies can be
held initially for 24 hours at 5 °C; then incubated for at least 6 hours at 40 °C. After incubations,
each of the infusion sets can be connected to the IV bags, primed with the diluted antibodies
and held for 1 hour at ambient room temperature. The diluted antibody solutions can then be
pumped through the respective infusion sets.

[000171] In some aspects, a 50 mg/mL anti-EBOV antibody formulation comprising at least
one anti-EBOV antibody, diluted in 0.9% Sodium Chloride Injection, 5% Dextrose or lactated
ringer's to concentrations of either 1.6 mg/mL or 27.9 mg/mL can be physically and chemically
stable under the conditions tested within the proposed dose ranges and administration
conditions. The anti-EBOV formulation can, in some aspects, exhibit no meaningful change in
quality attributes after dilution in IV bags, storage in IV bag for 24 hours at 2 — 8 °C and at least
6 hours at 40 °C, infusion set hold for one hour.

[000172] The IV compatibility characteristics (including in-use stability) of the stable liquid
pharmaceutical formulations support the following conclusions pertaining to dose preparation
and IV administration (50 mg/mL):

* 0.9% Sodium Chloride Injection, 5% Dextrose Injection and Lactate Ringer’s IV
bags made of PVC are compatible with IV administration of the formulation
containing at least one anti-EBOV antibody;

e The anti-EBOV antibody formulation can be diluted to antibody concentrations
as low as 2.2 mg/mL and as high as 23.7 mg/mL in the PVC IV bags containing
IV diluent of 0.9% Sodium Chloride, 5% Dextrose or Lactated Ringer's for IV
administration;

¢ Diluted co-formulated antibodies prepared with 0.9% Sodium Chloride Injection
can be stored at room temperature up to 25°C for at least about 8 hours from
the time of preparation to the end of the infusion or at 2°C to 8°C for at least
about 24 hours from the time of preparation to the end of infusion;

¢ Diluted co-formulated antibodies prepared with 5% Dextrose or Lactate
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Ringer’s can be stored at room temperature up to 25°C for at least about 4
hours from the time of preparation to the end of the infusion or at 2°C to 8°C for
at least about 24 hours from the time of preparation to the end of infusion;

¢ Diluted co-formulated antibodies (2.2 mg/mL to 23.7 mg/mL) prepared with
0.9% Sodium Chloride, 5% Dextrose or Lactate Ringer’s solution is stable for 6
hours at 40 °C;

¢ Diluted co-formulated antibodies can be administered with an infusion set
composed of either PVC containing DEHP, PVC containing TOTM, or
polyethylene lined PVC;

¢ Diluted co-formulated antibodies are compatible with the use of an inline 0.2
pm polyethersulfone filter.

THERAPEUTIC USES OF THE PHARMACEUTICAL FORMULATIONS
[000173] The pharmaceutical formulations of the present disclosure are useful, inter alia, for
the treatment, prevention or amelioration of EBOV or any symptom related thereto.

EXAMPLES
[000174] The following examples are presented so as to provide those of ordinary skill in the
art with a complete disclosure and description of how to make and use the methods and
compositions disclosed herein, and are not intended to limit the scope of what the inventors
regard as their invention. Efforts have been made to ensure accuracy with respect to numbers
used (e.g., amounts, temperature, etc.) but some experimental errors and deviations should be
accounted for. Unless indicated otherwise, parts are parts by mole, molecular weight is average
molecular weight, temperature is in degrees Centigrade, and pressure is at or near atmospheric

pressure.

Example 1: Development of an Anti-EBOV Antibody Formulation
[000175] The goals of the formulation activities were to develop a formulation with the
following attributes:
¢ Aliquid formulation that is stable after being subjected to stress, for example
temperature cycles, extreme temperatures, agitation during transport, etc., conditions a
therapeutic would be exposed to in transit from a manufacturing facility to remote field
clinics where Ebola exposure has occurred and/or Ebola patients exist;
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¢ A liquid formulation with a concentration of the anti-EBOV antibody sufficient to deliver
a dose of 25 mg to 30,000 mg, for example about 7500 mg, about 5000 mg, about 3000
mg, about 2000 mg, about 1500 mg, 1000 mg, about 800 mg, about 750 mg, about 500
mg, about 250 mg, about 200 mg, about 150 mg, about 100 mg, about 75 mg, about 50
mg, or about 25 mg, by intravenous infusion;
¢ A near iso-osmolar formulation that is stable upon dilution with commonly used diluents,
e.g., 0.9% sodium chloride injection or 5% dextrose injection or Lactated Ringer’s
injection, for intravenous infusion;
¢ A formulation that is compatible with and stable in Type 1 clear glass vial and standard
serum stopper as packaging; and
¢ A sterile drug product (DP) solution that supports long-term stability;
o A formulation that minimizes antibody high molecular weight (HMW) species
when subjected to handling and thermal stresses;
o A formulation that minimizes changes in the relative distribution of antibody
charged species when subjected to thermal stress; and
o A formulation that maintains biological activity when subjected to rough transit
and thermal stress in extreme environments.
[000176] Throughout formulation development, three primary protein stress conditions
(representing extreme handling conditions which the antibody drug product could be subjected
to during handling, manufacturing, shipping, storing, and labeling) were employed to develop
and optimize the antibody formulations and to evaluate the effects of potential real-world
stresses on the stability of the drug product used in remote regions of the world. These stress
conditions included:
¢ Agitation (vortexing) of the protein solution at room temperature. Vortexing in
glass vials exceeds the agitation that occurs during the handling and
manufacturing of the protein.
¢ Incubating the protein solution at elevated temperature (37°C, 40°C or 45°C)
relative to the proposed DP storage condition (2°C-8°C).
¢ Subjecting the protein to multiple freeze thaw cycles. Since the protein will
undergo at least one freeze thaw cycle during the manufacture of DP, multiple
freeze thaw cycles simulate and exceed the actual stress the protein is expected
to experience.

[000177] There were several main goals of the initial formulation development work:
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1. Selection of buffer and pH for each of three anti-EBOV antibodies: The choice of buffer
and pH can have a large effect on the stability of proteins, hence deciding on the
optimal buffer species and pH is an important process. Studies are presented in these
sections that demonstrate the rationale for choice of the optimal buffer and pH for each
antibody.

2. Selection of surfactant or organic cosolvent for each of three anti-EBOV antibodies: A
surfactant or organic cosolvent, such as polysorbate, is typically required to prevent
precipitation or aggregation of proteins when agitated. Soluble protein may be
subjected to agitation when handled, filtered, mixed, manufactured, shipped, and
administered. The antibody drug substance in a simple buffered solution can become
visibly cloudy with excess agitation. Therefore, it was determined that stabilizing each of
the proteins to handling and agitation was important.

3. Identification/selection of stabilizing/tonicifying excipients: The addition of sugars, salts,
and amino acids were examined for their ability to improve the stability of each of the
three antibodies to thermal stress and to increase the shelf life of the drug product (DP).
The rationale for inclusion of these thermal stabilizers, as well as studies identifying the
optimal concentrations in the final formulation are presented herein.

4. Selection of antibody concentration: The effect of antibody concentration on the stability
of the drug product with the selected excipients was examined.

5. Co-formulating three anti-EBOV antibodies: The three anti-EBOV antibodies were co-
formulated into a liquid formulation at two concentrations, and buffer and pH were
selected for the combination, surfactant or organic cosolvent were selected, additional
excipients tested, and stabilizers were identified and selected.

[000178] Initial formulation development activities were conducted using 100 mg/mL of each
anti-EBOV antibody separately formulated, and involved screening organic cosolvents, thermal
stabilizers, and buffers in liquid formulations of each of the anti-EBOV antibodies to identify
excipients that are compatible with the protein and enhance its stability, while maintaining near
physiologic osmolality and low viscosity for intravenous and subcutaneous injection. Buffer
conditions were also examined to determine the optimal pH for maximum protein stability
(described in Example 6 herein).

[000179] Results from this initial formulation development work were used to develop an
initial formulation that was suitable for clinical studies.

[000180] With the knowledge gained from the initial formulation development, the late stage
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formulation development activities involved co-formulating the three antibodies at two
concentrations, confirming pH, surfactant concentration, and stabilizers to identify excipients
that enhance protein stability at both low and high protein concentrations and when exposed to
stress such as high temperatures and agitation (described in Examples 4-9).

[000181] Throughout formulation development, the formulations were assessed for stress and
storage stability. The methods used to assess stability in the formulation development studies
are described in Example 3 herein. Examples 4 through 9 describe the storage and stress
stability of the formulations.

[000182] Results generated from these studies were used to develop stable liquid
formulations suitable for clinical use, for intravenous (1V) administration. Such formulations
exhibited stability when exposed to thermal or agitational stress.

[000183] Other attributes of the formulations will be apparent from the description herein.

Anti-EBOV antibodies:

[000184] Anti-EBOV antibodies are described in US 2016/0215040, incorporated herein in its
entirety. The exemplary antibodies used in the Examples below are fully human anti-EBOV
antibodies H1H17203P (REGN3470; having an HCVR amino acid sequence of SEQ ID NO: 2
and an LCVR amino acid sequence of SEQ ID NO: 10), HIH17139P (REGN3471; having an
HCVR amino acid sequence of SEQ ID NO: 20 and an LCVR amino acid sequence of SEQ ID
NO: 28), and H1H17161P (REGN3479; having an HCVR amino acid sequence of SEQ ID NO:
38 and an LCVR amino acid sequence of SEQ ID NO: 46) comprising the sequences described
in detail above.

Example 2: Exemplary Formulations

[000185] In certain embodiments, the anti-EBOV antibodies are individually formulated or co-
formulated as an aqueous buffered formulation comprising: (a) from 5% + 1% to 15% + 3% w/v
sucrose, (b) from 5 mM = 1 mM to 20 mM £ 4 mM histidine buffer, (¢) from 0.01% £ 0.005% to
0.5% £ 0.25% w/v polysorbate, and (d) 50 mg/mL £ 7.5 mg/mL total anti-EBOV antibody, at pH
6.0 £ 0.3. In certain embodiments, the anti-EBOV antibodies are individually formulated or co-
formulated as an aqueous buffered formulation comprising: (a) 10% + 2% w/v sucrose, (b)
10mM + 2mM histidine buffer, (¢) 0.1% + 0.05% w/v polysorbate, and (d) 50 mg/mL £7.5
mg/mL total antibody, at pH 6.0 + 0.3. When co-formulated, the anti-EBOV antibodies are
present in a 1:1:1 ratio.
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[000186] In certain embodiments, the anti-EBOV antibodies are individually formulated or co-
formulated as an aqueous buffered formulation comprising: (a) from 5% + 1% to 15% + 3% w/v
sucrose, (b) from 5 mM = 1 mM to 20 mM £ 4 mM histidine buffer, (¢) from 0.01% % 0.005% to
0.5% £ 0.25% w/v polysorbate, and (d) 100 mg/mL £+ 15 mg/mL total antibody, at pH 6.0 £ 0.3.
In certain embodiments, the anti-EBOV antibodies are individually formulated or co-formulated
as an aqueous buffered formulation comprising: (a) 10% £ 2% w/v sucrose, (b) 10mM = 2mM
histidine buffer, (c) 0.1% % 0.05% w/v polysorbate, and (d) 100 mg/mL £ 15 mg/mL total
antibody, at pH 6.0 = 0.3. When co-formulated, the anti-EBOV antibodies are presentin a 1:1:1
ratio.
[000187] Exemplary formulations include:
¢ A stable liquid pharmaceutical formulation comprising: (a) 10% + 2% w/v sucrose, (b)
10mM £ 2mM histidine buffer, (¢) 0.1% + 0.05% w/v polysorbate, and (d) 50 mg/mL +
7.5 mg/mL H1H17203P anti-EBOV antibody, at pH 6.0 £ 0.3.
¢ A stable liquid pharmaceutical formulation comprising: (a) 10% + 2% w/v sucrose, (b)
10mM £ 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v polysorbate, and (d) 50 mg/mL £
7.5 mg/mL, H1H17139P anti-EBQOV antibody, at pH 6.0 £ 0.3.
¢ A stable liquid pharmaceutical formulation comprising: (a) 10% + 2% w/v sucrose, (b)
10mM £ 2mM histidine buffer, (¢) 0.1% + 0.05% w/v polysorbate, and (d) 50 mg/mL +
7.5 mg/mL H1H17161P anti-EBOV antibody, at pH 6.0 £ 0.3.
¢ A stable liquid pharmaceutical formulation comprising: (a) 10% + 2% w/v sucrose, (b)
10mM £ 2mM histidine buffer, (¢) 0.1% + 0.05% w/v polysorbate, and (d) 50 mg/mL +
7.5 mg/mL total HIH17203P and H1H17139P anti-EBOV antibody, at pH 6.0 £ 0.3.
¢ A stable liquid pharmaceutical formulation comprising: (a) 10% £ 2% w/v sucrose, (b)
10mM + 2mM histidine buffer, (¢) 0.1% + 0.05% w/v polysorbate, and (d) 50 mg/mL +
7.5 mg/mL total HIH17203P and H1H17161P anti-EBOV antibody, at pH 6.0 £ 0.3.
¢ A stable liquid pharmaceutical formulation comprising: (a) 10% + 2% w/v sucrose, (b)
10mM £ 2mM histidine buffer, (¢) 0.1% + 0.05% w/v polysorbate, and (d) 50 mg/mL +
7.5 mg/mL total HIH17139P and H1H17161P anti-EBOV antibody, at pH 6.0 £ 0.3.
¢ A stable liquid pharmaceutical formulation comprising: (a) 10% £ 2% w/v sucrose, (b)
10mM + 2mM histidine buffer, (¢) 0.1% + 0.05% w/v polysorbate, and (d) 50 mg/mL +
7.5 mg/mL total H1H17203P, H1H17139P, and H1H17161P anti-EBOV antibody, at
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pH 6.0 £ 0.3.

¢ A stable liquid pharmaceutical formulation comprising: (a) 10% + 2% w/v sucrose, (b)
10mM £ 2mM histidine buffer, (¢) 0.1% + 0.05% w/v polysorbate, and (d) 100 mg/mL
+ 10 mg/mL H1H17203P anti-EBOV antibody, at pH 6.0 £ 0.3.

¢ A stable liquid pharmaceutical formulation comprising: (a) 10% % 2% w/v sucrose, (b)
10mM + 2mM histidine buffer, (¢) 0.1% £ 0.05% w/v polysorbate, and (d) 100 mg/mL
+ 15 mg/mL, H1H17139P anti-EBOV antibody, at pH 6.0 £ 0.3.

¢ A stable liquid pharmaceutical formulation comprising: (a) 10% + 2% w/v sucrose, (b)
10mM £ 2mM histidine buffer, (¢) 0.1% + 0.05% w/v polysorbate, and (d) 100 mg/mL
+ 15 mg/mL H1H17161P anti-EBOV antibody, at pH 6.0 £ 0.3.

¢ A stable liquid pharmaceutical formulation comprising: (a) 10% % 2% w/v sucrose, (b)
10mM £ 2mM histidine buffer, (¢) 0.1% + 0.05% w/v polysorbate, and (d) 100 mg/mL
+ 15 mg/mL total HIH17203P and H1H17139P anti-EBOV antibody, at pH 6.0 £ 0.3.

¢ A stable liquid pharmaceutical formulation comprising: (a) 10% + 2% w/v sucrose, (b)
10mM £ 2mM histidine buffer, (¢) 0.1% + 0.05% w/v polysorbate, and (d) 100 mg/mL
+ 15 mg/mL total HIH17203P and H1H17161P anti-EBOV antibody, at pH 6.0 + 0.3.

¢ A stable liquid pharmaceutical formulation comprising: (a) 10% % 2% w/v sucrose, (b)
10mM £ 2mM histidine buffer, (¢) 0.1% + 0.05% w/v polysorbate, and (d) 100 mg/mL
+ 15 mg/mL total HIH17139P and H1H17161P anti-EBOV antibody, at pH 6.0 £ 0.3.

¢ A stable liquid pharmaceutical formulation comprising: (a) 10% £ 2% w/v sucrose, (b)
10mM + 2mM histidine buffer, (¢) 0.1% + 0.05% w/v polysorbate, and (d) 100 mg/mL
+ 15 mg/mL total HIH17203P, H1H17139P, and H1H17161P anti-EBOV antibody, at
pH 6.0 + 0.3.

Example 3: Methods Used to Assess Formulation Stability

[000188] The following assays were applied to assess formulation stability:

Color and appearance by visual inspection
pH

¢ Turbidity measured by increase in OD at 405nm, or by nephelometry

¢ Particulate matter analysis performed by microflow imaging (MFI) (reported as particle
counts obtained as is), and light obscuration (HIAC)
¢ Protein concentration by reverse phase-ultra performance liquid chromatography (RP-
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UPLC)
¢ Purity by size exclusion- ultra performance liquid chromatography (SE-UPLC), or by
reduced and non-reduced microchip capillary electrophoresis sodium dodecyl sulfate
(MCE-SDS) PAGE
e Charge variant analysis by cation exchange chromatography-ultra performance liquid
chromatography (CEX-UPLC), or by imaged capillary isoelectric focusing (iCIEF)
¢ Potency by bioassay: The relative potency of each sample is determined using a bioassay
and is defined as: (ICso reference sample/ICso sample)*100%. The measured potency of
storage stability samples must be within 50% to 150% of the measured potency of the
reference standard.
[000189] The physical stability of a formulation refers to properties such as color,
appearance, pH, turbidity, and protein concentration. The presence of visible particulates in
solution can be detected by visual inspection. A solution passes visual inspection if it is clear to
slightly opalescent, essentially free from visible particulates, and colorless to pale yellow. In
addition, turbidity, measured by OD at 405 nm, can also be used to detect particulates in
solution. An increase in OD at 405 nm may indicate the presence of particulates, an increase in
opalescence, or color change of the test articles. MFIl is used to measure subvisible particulates
that are = 2 um in size. The anti-EBOV antibody protein concentration is measured by a RP-
UPLC assay and reported as percent protein recovery relative to the starting material. In the
RP-UPLC assay, anti-EBOV antibody is eluted from the RP column as a single peak. The
protein concentration is determined from the antibody total peak area by comparing it with a
calibration curve generated using antibody standards. Percent of recovery is calculated based
on the measured protein concentration relative to the starting protein concentration.
[000190] Chemical stability refers to the formation of covalently modified forms (e.g. covalent
aggregates, cleavage products, or charge variant forms) and non-covalently modified forms
(e.g. non-covalent aggregates) of protein. Higher and lower molecular weight degradation
products can be separated from native antibody by SE-UPLC and MCE-SDS methods. The
percentage of degraded anti-EBOV antibody in the SE-UPLC and MCE-SDS methods is
calculated from the ratio of the area of all non-native peaks to the total area of all anti-EBOV
antibody peaks. Charge variant forms of anti-EBOV antibodies are resolved using CEX-UPLC
and iCIEF. In the CEX-UPLC method, peaks with retention times earlier than that of the main
peak are labeled as “acidic” peaks; the peaks with retention times later than that of the main

peak are labeled as “basic” peaks. In the iCIEF method, peaks that are focused to a pl lower
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than that of the main peak are labeled “acidic” peaks, whereas those focused to a pl higher than
that of the main peak are labeled “basic” peaks.

Example 4: Stability Studies for Aqueous Formulations of Anti-EBOV Antibodies
[000191] All studies outlined in this section in this Example refer to research stability studies
performed on H1H17203P Drug Product (DP), H1H17139P DP, and H1H17161P DP. Each DP
was formulated and filled separately to provide stability data under real time, accelerated, and
stress stability conditions. The Drug Substance (DS) lots used for these studies are
representative of the DS manufactured for clinical use.

Formulation Development

[000192] H1H17203P, H1H17139P and H1H17161P antibodies are formulated for delivery by
intravenous (IV) injection for a first-in-human study. The stability of individually formulated and
filled H1H17203P, H1H17139P, and H1H17161P drug products were assessed in the clinical
formulation; the analytical characterization results indicated that this formulation provided
adequate stability for H1H17203P, H1H17139P, and H1H17161P antibodies under all
conditions examined. The H1H17203P, H1H17139P, and H1H17161P antibody formulation
contains 10 mM histidine, pH 6.0, 0.1% (w/v) polysorbate 80, and 10% (w/v) sucrose.
Research Stability

[000193] All FDS (Formulated Drug Substance) and DP (Drug Product) studies outlined in
this section refer to research stability studies performed on individually formulated and filled
H1H17203P, H1H17139P, and H1H17161P antibodies, manufactured for developmental use.
Formal stability studies examining H1H17203P, H1H17139P, and H1H17161P antibodies
manufactured for clinical use are discussed below.

[000194] Stability studies have been initiated to determine the storage, accelerated, and
stress stability of individually formulated and filled research lots of 50 mg/mL H1H17203P DP,
50 mg/mL H1H17139P DP and 50 mg/mL H1H17161P DP. The DS lots used for these studies
are representative of the DS manufactured for clinical use. The DP was incubated under several
elevated temperature conditions, relative to storage temperature conditions. These accelerated
conditions were selected to simulate the conditions beyond which the DP may not be subjected
during manufacturing and handling and to elucidate the degradation pathways for H1H17203P
DP, H1H17139P DP and H1H17161P DP. An outline of the storage, accelerated and stress
stability conditions for the H1H17203P DP, H1H17139P DP, and H1H17161P DP are presented
in Table 1 and the analysis plans are presented in Table 2.
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Table 1: Research Stability Studies for HIH17203P DP, HIH17139P DP, and H1H17161P
DP

Storage Stability Container/Closure
Storage Temperature Length of Storage (months)

5°C 0,1,3,6,9, 12

Accelerated Stability

Incubation Condition Length of Incubation Type 1 borosilicate glass
25°C 0, 0.5, 1, and 3 months with FluroTec® coated
45°C 0, 7,14, and 28 days 4432/50 butyl rubber
Stress Stability stopper

Stress Duration of Stress

Agitation (vortex) 0, 60, and 120 minutes

Freeze/Thaw? 0, 4, and 8 cycles

aFrozen at -80°C and thawed at room temperature.

Table 2: Research Stability Studies Analysis Plan for H1H17203P DP, H1H17139P DP, and
H1H17161P DP

Assay Samples to be Analyzed
Color and Appearance All Samples
pH All Samples

Turbidity (Increase in OD at 405 nm) All Samples

% Protein Recovered by RP-UPLC All Samples

t=0, 6, 12, 24 and 36 months at 5°C;
3 months at 25°C; 28 days at 45°C
120 min Agitation, 8X Freeze/Thaw

% Purity by Non-Reduced and
Reduced MCE-SDS

% Purity by SE-UPLC All Samples

Charge Variant Analysis by CEX-UPLC | All Samples

t=0, 6, 12 at 5°C;
Charge Variant Analysis by iCIEF 3 months at 25°C; 28 days at 45°C
120 min Agitation, 8X Freeze/Thaw

t=0, 6, 12, 24 and 36 months at 5°C;
Particulate Matter Analysis by MFI 3 months at 25°C; 28 days at 45°C
120 min Agitation, 8X Freeze/Thaw
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Research Stability for 50 mg/mL H1H17203P DP

Research Storage Stability for 50 mg/mL H1H17203P DP

[000195] Three months of research stability data are shown for the 50 mg/mL H1H17203P
DP. The 50 mg/mL H1H17203P DP was physically and chemically stable when stored at 5°C
for 3 months (Table 3). No appreciable change in the physical or chemical stability was detected
in any of the monitored attributes.

Research Accelerated Stability for 50 mg/mL H1H17203P DP

[000196] Results from the analysis of the 50 mg/mL H1H17203P DP following incubation
under accelerated conditions are provided in Table 6. After H1H17203P DP was incubated for
28 days at 45°C, 2.1% and 1.6% increases in the relative amount of HMW and LMW species
(SE-UPLC), and 15.1% and 13.5% increases in the percentage of acidic charge variant species,
determined by CEX-UPLC and iCIEF, respectively, were observed. After HIH17203P DP was
incubated for 3 months at 25°C, a 0.3% increase in the amount of both HMW and LMW species
(SE-UPLC) and 2.9% and 3.0% increases in the percentage of acidic charge variant species,
determined by CEX-UPLC and iCIEF, respectively, were observed. The results from
accelerated stability testing demonstrated that an increase in the relative amount of HMW and
LMW species and the formation of acidic charge variants were the main degradation pathways
for 50 mg/mL H1H17203P DP.

Research Stress Stability for 50 mg/mL H1H17203P DP

[000197] Results from the research stress stability studies are presented in Table 9.
H1H17203P DP was physically and chemically stable when agitated (vortexed at ambient
temperature) for 120 minutes. No appreciable change in the physical or chemical stability was
detected in any of the monitored attributes. H1H17203P DP was physically and chemically
stable when subjected to 8 freeze/thaw cycles (freezing at -80°C and thawing at room
temperature). No appreciable change in the physical or chemical stability was detected in any of
the monitored attributes.

Research Stability for 50 mg/mL H1H17139P DP

Research Storage Stability for 50 mg/mL H1H17139P DP

[000198] Three months of research stability data are shown for the 50 mg/mL H1H17139P
DP. The 50 mg/mL H1H17139P DP was physically and chemically stable when stored at 5°C
for 3 months (Table 4). No appreciable change in the physical or chemical stability was detected
in any of the monitored attributes. The 50 mg/mL H1H17139P DP maintained potency over the
three-month assessment interval as determined by bicassay analysis.
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Research Accelerated Stability for 50 mg/mL H1H17139P DP

[000199] Results from the analysis of the 50 mg/mL H1H17139P DP following incubation
under accelerated conditions are provided in Table 7. After HIH17139P DP was incubated for
28 days at 45°C, 0.8% and 1.8% increases in the relative amount of HMW and LMW species
(SE-UPLC), and 13.8% and 12.9% increases in the percentage of acidic charge variant species,
determined by CEX-UPLC and iCIEF, respectively, were observed. After HIH17139P DP was
incubated for 3 months at 25°C, 0.4% and 0.5% increases in the amount of HMW and LMW
species (SE-UPLC) and 2.6% and 3.1% increases in the percentage of acidic charge variant
species, determined by CEX-UPLC and iCIEF, respectively, were observed. H1H17139P
maintained potency, as determined by bioassay analysis, after incubation under each of the
accelerated conditions. The results from accelerated stability testing demonstrated that an
increase in the relative amount of HMW and LMW species and the formation of acidic charge
variants were the main degradation pathways for 50 mg/mL H1H17139P DP.

Research Stress Stability for 50 mg/mL H1H17139P DP

[000200] Results from the research stress stability studies are presented in Table 10.
H1H17139P DP was physically and chemically stable when agitated (vortexed at ambient
temperature) for 120 minutes. No appreciable change in the physical or chemical stability was
detected in any of the monitored attributes. H1H17139P DP was physically and chemically
stable when subjected to 8 freeze/thaw cycles (freezing at -80°C and thawing at room
temperature). No appreciable change in the physical or chemical stability was detected in any of
the monitored attributes.

Research Stability for 50 mg/mL H1H17161P DP

Research Storage Stability for 50 mg/mL H1H17161P DP

[000201] Three months of research stability data are shown for 50 mg/mL H1H17161P DP.
The 50 mg/mL H1H17161P DP was physically and chemically stable when stored at 5°C for 3
months (Table 5). No appreciable change in the physical or chemical stability was detected in
any of the monitored attributes. The 50 mg/mL H1H17161P DP maintained potency over the
three-month assessment interval as determined by bioassay analysis.

Research Accelerated Stability for 50 mg/mL H1H17161P DP

[000202] Results from the analysis of 50 mg/mL H1H17161P DP following incubation under
accelerated conditions are provided in Table 8. After HIH17161P DP was incubated for 28 days
at 45°C, 1.0% and 1.8% increases in the relative amount of HMW and LMW species (SE-
UPLC), and 15.6% and 13.2% increases in the percentage of acidic charge variant species,
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determined by CEX-UPLC and iCIEF, respectively, were observed. After HIH17161P DP was
incubated for 3 months at 25°C, 0.7% and 0.5% increases in the amount of HMW and LMW
species (SE-UPLC) and 4.2% and 3.4% increases in the percentage of acidic charge variant
species, determined by CEX-UPLC and iCIEF, respectively, were observed. HIH17161P
maintained potency, as determined by bioassay analysis, after incubation under each of the
accelerated conditions. The results from accelerated stability testing demonstrated that an
increase in the relative amount of HMW and LMW species and the formation of acidic charge
variants were the main degradation pathways for 50 mg/mL H1H17161P DP.

Research Stress Stability for 50 mg/mL H1H17161P DP

[000203] Results from the research stress stability studies are presented in Table 11.
H1H17161P DP was physically and chemically stable when agitated (vortexed at ambient
temperature) for 120 minutes. No appreciable change in the physical or chemical stability was
detected in any of the monitored attributes. HIH17161P DP was physically and chemically
stable when subjected to 8 freeze/thaw cycles (freezing at -80°C and thawing at room
temperature). No appreciable change in the physical or chemical stability was detected in any of
the monitored attributes.

Research Stability Conclusions for HIH17203P DP, H1H17139P DP, and H1H17161P DP
[000204] The results from the DP storage, accelerated, and stress stability studies indicate
that H1H17203P DP, H1H17139P DP, and H1H17161P DP formulations can withstand limited
exposures to room temperature without compromising physical or chemical stability. In addition,
the results from H1H17203P, H1H17139P, and H1H17161P formulation studies indicate
H1H17203P DP, H1H17139P DP, and H1H17161P DP are stable when stored at 5°C for at
least 3 months. H1H17203P DP, H1H17139P DP, and H1H17161P DP should be stored at 2°C
to 8°C and exposure to temperatures greater than 8°C should be limited.
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Table 3: Research Stability of 50 mg/mL H1H17203P Drug Product Stored at 5°C

Stability Study Number

H1H17203-SS004

Source DS Lot Number

9018800002

Formulation Lot Number

L15-0397

Formulation

50 mg/mL H1H17203P, 10 mM histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0

Fill Volume

0.4 mL

Container/Closure

2 mL Type | borosilicate glass vial with West S2-F451 4432/50
GRY B2-40 stopper

Length of Storage (months)

Assay 0 1 3 6 9 12
Color and Appearance Pass Pass Pass Pass Pass Pass
Turbidity (Increase in OD at 405
0.00 0.00 0.00 0.00 0.00 0.00
nm)
pH 6.1 6.1 6.1 6.1 6.1 6.1
% Total HIH17203P Recovered
100 101 102 109 100 99
by RP-UPLC
Non-reduced;
100 NR NR NA NR NA
) % main peak
Purity by
Reduced;
MCE-SDS
% heavy + light 99.6 NR NR NA NR NA
chain
% HMW 0.6 0.6 0.7 0.8 0.8 0.9
Purity by i
% Native 98.3 98.5 98.4 98.2 97.9 97.7
SE-UPLC
% LMW 1.2 0.9 0.9 1.0 1.3 1.5
Charge o Amin:
Variant 7 Acidic 422 |422 41.2 415 41.8 419
Analysis by % Main 46.5 46.9 47.9 48.3 48.1 47.9
CEX-UPLC % Basic 11.3 10.9 10.9 10.2 10.1 10.2
Charge % Acidic 57.1 NR NR NA NR NA
Variant % Main 40.5 NR NR NA NR NA
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Stability Study Number

H1H17203-SS004

Source DS Lot Number

9018800002

Formulation Lot Number

L15-0397

Formulation

50 mg/mL H1H17203P, 10 mM histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0

Fill Volume

0.4 mL

Container/Closure

2 mL Type | borosilicate glass vial with West S2-F451 4432/50
GRY B2-40 stopper

Length of Storage (months)

Assay 0 1 3 6 9 12
Analysis by )

% Basic NR NR NA NR NA
iCIEF 2.4
Particulate 2-10 ym 25573 NR NR 9370 NR 1212
Analysis by 210 um 1267 NR NR 436 NR 24
MFI

, 225 um NR NR 28 NR 3

(particles/mL) 150
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Table 4: Research Stability of 50 mg/mL H1H17139P Drug Product Stored at 5°C

PCT/US2021/014524

Stability Study Number

H1H17139 -SS004

Source DS Lot Number

9019300002

Formulation Lot Number

L15-0396

Formulation

50 mg/mL H1H17139P, 10 mM histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0

Fill Volume

0.4 mL

Container/Closure

2 mL Type | borosilicate glass vial with West S2-F451 4432/50

GRY B2-40 stopper

Length of Storage (months)

Assay 0 1 3 6 9 12
Color and Appearance Pass Pass Pass Pass Pass Pass
Turbidity (Increase in OD at 405
0.00 0.00 0.00 0.00 0.00 0.00
nm)
pH 6.0 6.1 6.1 6.1 6.1 6.1
% Total HIH17139P Recovered
100 100 103 94 101 100
by RP-UPLC
Non-reduced;
100 NR NR NA NR NA
] % main peak
Purity by
Reduced;
MCE-SDS
% heavy + light 98.7 NR NR NA NR NA
chain
% HMW 0.6 0.6 0.7 0.8 0.9 0.9
Purity by _
% Native 98.4 98.4 98.3 98.2 97.8 97.5
SE-UPLC
% LMW 1.1 1.0 1.0 1.1 1.4 1.6
Charge % Acidic 42.9 42.8 42.8 43.6 42.9 43.5
Variant % Main 53.2 53.2 52.9 52.1 52.8 51.6
Analysis by
% Basic 4.9
CEX-UPLC 4.0 4.0 4.3 4.3 4.4
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Stability Study Number

H1H17139 -SS004

Source DS Lot Number

9019300002

Formulation Lot Number

L15-0396

Formulation

50 mg/mL H1H17139P, 10 mM histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0

Fill Volume

0.4 mL

Container/Closure

2 mL Type | borosilicate glass vial with West S2-F451 4432/50

GRY B2-40 stopper

Length of Storage (months)

Assay 0 1 3 6 9 12
Charge

9 % Acidic NR NR NA NR NA
Variant
Analysis by 49.4
iCIEF % Main 46.8 NR NR NA NR NA

% Basic 3.2 NR NR NA NR NA

Particulate 2-10 um 7332 NR NR 654 NR 1153
Analysis by =10 um 37 NR NR 15 NR 24
MFI

) =25 um NR NR 3 NR 3
(particles/mL) 3
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Table 5: Research Stability of 50 mg/mL H1H17161P Drug Product Stored at 5°C

Stability Study Number

H1H17161-SS004

Source DS Lot Number

9019800002

Formulation Lot Number

L15-0400

Formulation

50 mg/mL H1H17161P, 10 mM histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0

Fill Volume

0.4 mL

Container/Closure

2 mL Type | borosilicate glass vial with West S2-F451 4432/50
GRY B2-40 stopper

Length of Storage (months)

Assay
0 1 3 6 9 12
Color and Appearance Pass Pass Pass Pass Pass Pass
Turbidity (Increase in OD at 405 nm) | 0.00 0.00 0.00 0.00 0.00 0.00
pH 6.1 6.1 6.1 6.1 6.1 6.1
% Total HIH17161P Recovered by
100 99 106 106 104 106
RP-UPLC
Non-reduced;
100 NR NR NA NR NA
% main peak
Purity by
Reduced;
MCE-SDS
% heavy + light 98.4 NR NR NA NR NA
chain
% HMW 1.1 1.3 1.4 1.5 1.6 1.7
Purity by :
% Native 97.4 97.3 97.2 97.1 96.6 96.2
SE-UPLC
% LMW 1.5 1.5 1.4 1.4 1.8 2.0
Charge % Acidic 60.5 60.3 59.8 59.2 61.0 59.8
Variant % Main 35.7 35.7 35.1 36.4 35.6 34.8
Analysis by
% Basic 3.9 4.0 51 44 3.5 5.4
CEX-UPLC
Charge o
% Acidic 541 NR NR NA NR NA
Variant
Analysis b
navsIs Y o Main 427 NR NR NA NR NA
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Stability Study Number

H1H17161-SS004

Source DS Lot Number

9019800002

Formulation Lot Number

L15-0400

Formulation

50 mg/mL H1H17161P, 10 mM histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0

Fill Volume

0.4 mL

Container/Closure

2 mL Type | borosilicate glass vial with West S2-F451 4432/50
GRY B2-40 stopper

Length of Storage (months)

Assa

Y 0 1 3 12
iCIEF % Basic 3.2 NR NR NA NR NA
Particulate 2-10 pm 7526 NR NR 1274 NR 3066
Analysis by 210 um 39 NR NR 99 NR 148
MFI

, 225 um 7 NR NR 8 NR 22
(particles/mL)

Table 6: Research Stability of 50 mg/mL H1H17203P Drug Product — Effect of Accelerated

Conditions

Stability Study Number

H1H17203-S5004

Source DS Lot Number

9018800002

Formulation Lot Number

L15-0397

Formulation

50 mg/mL H1H17203P, 10 mM histidine, 10% (w/v) sucrose,

0.1% (w/v) polysorbate 80, pH 6.0

Fill Volume

0.4 mL

Container/Closure

2 mL Type | borosilicate glass vial with West S2-F451 4432/50

Storage Condition/Length of Storage

No

Storag | 25°C (months) 45°C (days)

e
Assay 0 05 |1 3 7 14 28
Color and Appearance Pass Pass Pass | Pass Pass Pass Pass
Turbidity (Increase in OD at 405 0.00 0.00 0.00 0.00 0.00 0.01 0.01
pH 6.1 6.0 6.1 6.1 6.1 6.1 6.1
% Total HIH17203P Recovered 100 100 101 102 99 99 101

. Non-reduced;

Purity by _ 100 NR NR 100 NR NR 98.2
MCE-SDS | % main peak
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Stability Study Number

H1H17203-SS004

Source DS Lot Number

9018800002

Formulation Lot Number

L15-0397

Formulation

50 mg/mL H1H17203P, 10 mM histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0

Fill Volume

0.4 mL

Container/Closure

2 mL Type | borosilicate glass vial with West S2-F451 4432/50

Storage Condition/Length of Storage

No
Storag | 25°C (months) 45°C (days)
e
Assay 0 05 |1 3 7 14 28
Reduced;
% heavy + light 99.6 NR NR 99.1 NR NR 98.4
chain
_ % HMW 0.6 0.7 0.8 0.9 1.4 1.8 2.7
eV [% Native 983 | 98.3 | 981 | 976 | 971 | 962 | 944
% LMW 1.2 1.0 1.1 1.5 1.5 2.0 2.8
% Acidic 42.2 423 | 43.0 451 46.2 50.3 57.3
Charge % Main 46.5 472 | 47.0 45.9 43.7 40.3 33.4
Variant
Analysis by % ;
CEX UPLO % Basic 11.3 10.5 | 10.0 9.0 10.1 9.4 9.3
% Acidic 57.1 NR NR 60.1 NR NR 70.6
% Main 40.5 NR NR 37.0 NR NR 26.3
Charge
Variant
Analysis by | o/ gagic 24 NR | NR 3.0 NR NR 3.1
iCIEF
Particulate
Anall\%iils by 2-10 um 25573 NR NR | 10568 NR NR 2677
(particles/
mL)
210 pm 1267 NR NR 989 NR NR 149
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Stability Study Number

H1H17203-SS004

Source DS Lot Number

9018800002

Formulation Lot Number

L15-0397

Formulation

50 mg/mL H1H17203P, 10 mM histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0

Fill Volume

0.4 mL

Container/Closure

2 mL Type | borosilicate glass vial with West S2-F451 4432/50

Assay

Storage Condition/Length of Storage

No

Storag | 25°C (months) 45°C (days)

e

0 0.5 1 3 7 14 28
=225 um 150 NR NR 187 NR NR 25

Table 7: Research Stability of 50 mg/mL H1H17139P Drug Product — Effect of Accelerated

Conditions

Stability Study Number

H1H17139-SS004

Source DS Lot Number

9019300002

Formulation Lot Number

L15-0396

Formulation

50 mg/mL H1H17139P, 10 mM histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0

Fill Volume

0.4 mL

Container/Closure

2 mL Type | borosilicate glass vial with West S2-F451 4432/50

Storage Condition/Length of Storage

No

Stora | 25°C (months) 45°C (days)

ge
Assay 0 0.5 1 3 7 14 28
Color and Appearance Pass | Pass Pass Pass Pass Pass Pass
Turbidity (Increase in OD at 405 nm) 0.00 |0.00 0.00 0.00 0.00 0.00 0.01
pH 6.0 6.0 6.1 6.1 6.1 6.1 6.0
% Total HIH17139P Recovered by 100 100 100 104 100 100 99
Purity by Non-reduced;

100 NR NR 99.5 NR NR 98.8

MCE-SDS % main peak
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Stability Study Number

H1H17139-SS004

Source DS Lot Number

9019300002

Formulation Lot Number

L15-0396

Formulation

50 mg/mL H1H17139P, 10 mM histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0

Fill Volume

0.4 mL

Container/Closure

2 mL Type | borosilicate glass vial with West S2-F451 4432/50

Storage Condition/Length of Storage

No
Stora | 25°C (months) 45°C (days)
ge
Assay 0 0.5 1 7 14 28
Reduced;
_ | 987 | NR NR 99.1 NR NR 98.4
% heavy + light chain
Purity by % HMW 06 | 07 0.8 1.0 0.9 1.1 14
% Native 984 | 981 | 980 | 974 | 976 | 968 | 957
SE-UPLC % LMW 1.1 1.2 1.2 16 15 21 29
Charge % Acidic 429 | 430 | 432 | 455 | 454 | 495 | 56.7
Variant % Main 532 | 528 | 524 | 496 | 499 | 456 | 385
Analysis by | o/ Bagic 40 | 43 4.4 4.9 4.8 5.0 4.8
CEX-UPLC
Charge % Acidic 494 | NR NR 52.5 NR NR 62.3
Variant % Main 468 | NR NR 43.0 NR NR 32.2
Analysis by | o/ Basic 3.2 NR NR 3.9 NR NR 4.8
iCIEF
_ 210 um 7332 | NR NR 1279 | NR NR | 4628
Particulate >10 pm 37 NR NR 65 NR NR 170
Analysis by
MF > 25 um 3 NR NR 6 NR NR 23
(particles/mL)
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Table 8: Research Stability of 50 mg/mL H1H17161P Drug Product — Effect of Accelerated

Conditions

Stability Study Number

H1H17161-SS004

Source DS Lot Number

9019800002

Formulation Lot Number

L15-0400

Formulation

50 mg/mL H1H17161P, 10 mM histidine, 10% (w/v) sucrose,

0.1% (w/v) polysorbate 80, pH 6.0

Fill Volume

0.4 mL

Container/Closure

2 mL Type | borosilicate glass vial with West S2-F451 4432/50

Storage Condition/Length of Storage

No
Stora | 25°C (months) 45°C (days)
ge
Assay 0 05 1 3 7 14 28
Color and Appearance Pass | Pass Pass Pass Pass Pass Pass
Turbidity (Increase in OD at 405 nm) 0.00 |0.00 0.00 0.00 0.00 0.00 0.00
pH 6.1 6.1 6.1 6.1 6.1 6.1 6.1
% Total HIH17161P R db
o 1o CCOVereddY 1400 | 105 |98 107 |99 96 99
RP-UPLC
Non-reduced;
) 100 NR NR 98.4 NR NR 96.1
Purity by % main peak
MCE-SDS Reduced;
] ) 98.4 NR NR 97.6 NR NR 97.8
% heavy + light chain
% HMW 1.1 1.4 1.6 1.8 1.5 1.7 2.1
Purity by % Native 97.4 |97.0 96.8 96.2 96.5 95.6 94.6
SE-UPLC % LMW 1.5 1.7 1.7 2.0 2.0 26 3.3
Charge % Acidic 60.5 61.0 61.7 64.7 64.7 69.1 76.1
. % Main 35.7 34.6 34.2 30.0 30.8 26.6 194
Variant
Analysis by | o/ Bagic 3.9 4.4 4.2 5.4 4.4 4.2 45
CEX-UPLC
Charge % Acidic 541 NR NR 57.5 NR NR 67.3
Variant % Main 42.7 NR NR 38.0 NR NR 26.9
Analysis by | o/ Basic 3.2 NR NR 4.4 NR NR 5.8
iCIEF
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Stability Study Number

H1H17161-SS004

Source DS Lot Number

9019800002

Formulation Lot Number

L15-0400

Formulation

50 mg/mL H1H17161P, 10 mM histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0

Fill Volume

0.4 mL

Container/Closure

2 mL Type | borosilicate glass vial with West S2-F451 4432/50

Storage Condition/Length of Storage

No

Stora | 25°C (months) 45°C (days)

ge
Assay 0 05 1 3 7 14 28
Particulate 210 pm 7526 | NR NR 468 NR NR | 2204
Analysis by
MFI =10 pm 39 NR NR 33 NR NR 98
(particles/mL) | =25 um 7 NR NR 5 NR NR 7

Table 9: Research Stability of 50 mg/mL H1H17203P Drug Product — Effect of Stress
Conditions

Stability Study Number

RG3470-SS004

Source DS Lot Number

9018800002

Formulation Lot Number

L15-0397

Formulation

50 mg/mL H1H17203P, 10 mM histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0

Fill Volume

0.4 mL

Container/Closure

2 mL Type | borosilicate glass vial with West S2-F451 4432/50

Stress Condition/Length of Stress

No Stress | Agitation (minutes) Freeze/Thaw (cycles)
Assay 0 60 120 4 8
Color and Appearance Pass Pass Pass Pass Pass
Turbidity (Increase in OD at 405 nm) | 0.00 0.00 0.00 0.00 0.00
pH 6.1 6.1 6.1 6.1 6.1

75




WO 2021/150829

PCT/US2021/014524

Stability Study Number

RG3470-SS004

Source DS Lot Number

9018800002

Formulation Lot Number

L15-0397

Formulation

50 mg/mL H1H17203P, 10 mM histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0

Fill Volume

0.4 mL

Container/Closure

2 mL Type | borosilicate glass vial with West S2-F451 4432/50

Stress Condition/Length of Stress

No Stress | Agitation (minutes) Freeze/Thaw (cycles)
Assay 0 60 120 4 8
% Total HIH17203P Recovered by
100 100 100 99 100
RP-UPLC
Non-reduced,;
) 100 NR 100 NR 100
% main peak
Purity b
Yy Reduced,;
MCE-SDS
% heavy + light | 99.6 NR 99.6 NR 99.2
chain
% Total HMW 0.6 0.5 0.5 0.6 0.6
Purity by i
% Total Native 98.3 98.3 98.3 98.3 98.3
SE-UPLC
% Total LMW 1.2 1.2 1.2 1.1 1.1
Charge Variant | % Acidic 42.2 42.3 42.3 42.3 424
Analysis by % Main 46.5 46.8 46.8 46.7 46.6
CEX-UPLC % Basic 11.3 11.0 11.0 11.0 11.0
Charge Variant | % Acidic 57.1 NR 57.5 NR 57.1
Analysis by % Main 40.5 NR 39.8 NR 40.5
iCIEF % Basic 2.4 NR 2.6 NR 2.3
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Table 10: Research Stability of 50 mg/mL H1H17139P Drug Product — Effect of Stress

Conditions

Stability Study Number

H1H17139-SS004

Source DS Lot Number

9019300002

Formulation Lot Number

L15-0396

Formulation

50 mg/mL H1H17139P, 10 mM histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0

Fill Volume

0.4 mL

Container/Closure

2 mL Type | borosilicate glass vial with West S2-F451 4432/50

Stress Condition/Length of Stress

No Stress | Agitation (minutes) Freeze/Thaw (cycles)
Assay 0 60 120 4 8
Color and Appearance Pass Pass Pass Pass Pass
Turbidity (Increase in OD at 405 nm) | 0.00 0.00 0.00 0.00 0.00
pH 6.0 6.1 6.0 6.0 6.1
% Total HIH17139P Recovered by
100 100 100 100 100
RP-UPLC
Non-reduced,;
100 NR 100 NR 100
% main peak
Purity by
Reduced;
MCE-SDS
% heavy + light | 98.7 NR 99.1 NR 99.3
chain
% Total HMW 0.6 0.5 0.5 0.6 0.6
Purity by i
% Total Native 98.4 98.4 98.4 98.4 98.4
SE-UPLC
% Total LMW 1.1 1.1 1.1 1.1 1.1
Charge Variant | % Acidic 42.9 42.9 42.9 43.1 42.9
Analysis by % Main 53.2 53.2 53.2 53.0 53.2
CEX-UPLC % Basic 4.0 3.9 3.9 4.0 3.9
Charge Variant | % Acidic 49.4 NR 49.8 NR 49.5
Analysis by % Main 46.8 NR 46.0 NR 46.5
iCIEF % Basic 3.2 NR 3.7 NR 3.5
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Research Stability of 50mg/mL H1H17161P Drug Product — Effect of Stress

Stability Study Number

H1H17161-SS004

Source H1H17161P DS Lot

9019800002

Formulation Lot Number

L15-0400

Formulation

50 mg/mL H1H17161P, 10 mM histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0

Fill Volume

0.4 mL

Container/Closure

2 mL Type | borosilicate glass vial with West S2-F451 4432/50

Stress Condition/Length of Stress

No Stress | Agitation (minutes) Freeze/Thaw (cycles)

Assay 0 60 120 4 8
Color and Appearance Pass Pass Pass Pass Pass
Turbidity (Increase in OD at 405 nm) | 0.00 0.00 0.00 0.00 0.00
pH 6.1 6.1 6.1 6.1 6.1
% Total HIH17161P Recovered by 100
RP-UPLC 100 101 99 98

Non-reduced;

100 NR 100 NR 100

% main peak
Purity by

Reduced;
MCE-SDS

% heavy + light | 98.4 NR 98.7 NR 97.9

chain

% Total HMW 1.1 1.0 1.1 1.1 1.1
Purity by

% Total Native 97.4 97.4 97.5 97.4 97.3
SE-UPLC

% Total LMW 1.5 1.5 1.5 1.5 1.5
Charge Variant | % Acidic 60.5 60.3 60.3 60.5 60.9
Analysis by % Main 35.7 35.9 35.8 35.6 35.2
CEX-UPLC % Basic 3.9 3.8 3.9 4.0 4.0
Charge Variant | % Acidic 54.1 NR 53.2 NR 54.4
Analysis by % Main 42.7 NR 42.6 NR 423
iCIEF % Basic 3.2 NR 4.3 NR 3.3
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Conclusions

[000205] H1H17203P, H1H17139P, and H1H17161P antibodies are manufactured as a liquid
DP for IV administration. The H1H17203P DP contains 50 mg/mL H1H17203P antibody
formulated in a solution containing 10 mM histidine, pH 6.0, 0.1% (w/v) polysorbate 80, and
10% (w/v) sucrose. The H1H17139P DP contains 50 mg/mL H1H17139P antibody formulated in
a solution containing 10 mM histidine, pH 6.0, 0.1% (w/v) polysorbate 80, and 10% (w/v)
sucrose. The H1H17161P DP contains 50 mg/mL H1H17161P antibody formulated in a solution
containing 10 mM histidine, pH 6.0, 0.1% (w/v) polysorbate 80, and 10% (w/v) sucrose.
[000206] Based on the results of the studies in this Example, 50 mg/mL H1H17203P DP, 50
mg/mL H1H17139P DP and 50 mg/mL H1H17161P DP are stable when stored at 2-8°C for at
least 12 months. In addition, the main degradation pathways identified under accelerated
conditions were formation of HMW and LMW species and acidic charge variants.

Example 5: Stability Studies for Aqueous Formulation Containing 50 mg/mL Anti-EBOV
Antibody Combination

[000207] Three anti-EBOV monoclonal antibodies, H1H17203P, H1H17139P, and
H1H17161P were formulated using 50 mg/mL total protein (16.7 mg/mL H1H17203P, 16.7
mg/mL H1H17139P, and 16.7 mg/mL H1H17161P), 10 mM histidine, pH 6.0, 0.1% (w/v)
polysorbate 80, and 10% (w/v) sucrose. Three anti-EBOV monoclonal antibodies were
formulated and combined into a single glass vial. Methods used to assess stability were
developed to provide, where possible information on each component antibody. However, many
of the analytical methods are incapable of providing information on each individual antibody.
When not able to individually provide results for each antibody, the analytical method provides
stability data for the total drug product.

[000208] The physical stability of a formulation refers to properties such as color,
appearance, pH, turbidity and protein concentration. The presence of visible particulates in
solution can be detected by visual inspection. A solution passes visual inspection if it is clear to
slightly opalescent, essentially free from visible particulates, and colorless to pale yellow.
Turbidity, measured by an increase in OD at 405 nm, can also be used to detect particulates in
solution. An increase in OD at 405 nm may indicate the presence of particulates, an increase in
opalescence, or color change of the test articles. MFl is used to measure subvisible particulates
that are 22 pm in size. Total protein concentration is measured by a RP-UPLC assay and
reported as percent protein recovery relative to the starting material.

[000209] In the RP-UPLC assay, H1H17203P, H1H17139P, and H1H17161P peaks cannot
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be resolved from each another following elution from the reversed-phase column (Figure 1). The
total protein concentration (H1H17203P, H1H17139P, and H1H17161P) is determined by
comparing the peak area to a calibration curve generated using a H1H17203P standard.
Because the extinction coefficient of H1H17203P, H1H17139P, and H1H17161P is 1.50, 1.57
and 1.36, respectively, the extinction coefficient of co-formulated H1H17203P, H1H17139P,
and H1H17161P (1:1:1) would be approximately 1.48 (the average of the three extinction
coefficients). Therefore, H1H17203P standard (extinction coefficient, 1.50) was chosen to
generate the standard curve to determine the total protein concentration in the co-formulated
formulation. Percent recovery is calculated based on the measured total protein concentration
relative to the starting concentration.

[000210] Chemical stability refers to the formation of covalently modified forms (e.g. covalent
aggregates, cleavage products or charge variant forms) and non-covalently modified forms
(e.g. non-covalent aggregates) of protein. Higher and lower molecular weight degradation
products can be separated from native molecular weight product using SE-UPLC and MCE-
SDS methods. The three-way antibody formulations were characterized for total purity (native
H1H17203P, H1H17139P, and H1H17161P) by SE-UPLC (i.e. molecular weight purity of
H1H17203P, H1H17139P, and H1H17161P were not determined individually) because
H1H17203P, H1H17139P, and H1H17161P native species cannot be resolved from each other
(Figure 2). Similarly, three-way antibody formulations will be characterized for total high
molecular weight (HMW) species (H1H17203P HMW, H1H17139P HMW, and H1H17161P
HMW) and total low molecular weight (LMW) species (H1H17203P LMW, H1H17139P LMW,
and H1H17161P LMW) because HMW or LMW species of HIH17203P, H1H17139P, and
H1H17161P cannot be resolved from each other (Figure 2). The percentage of total HMW
species or total LMW species in the 3-way formulation, determined using the SE-UPLC method,
is calculated from the ratio of the area of total HMW species or total LMW species to the total
area of all HIH17203P, H1H17139P, and H1H17161P peaks, respectively. Total purity,
determined by non-reduced MCE-SDS is calculated from the ratio of the HIH17203P,
H1H17139P, and H1H17161P main band intensity to the total intensity of all bands. Total purity,
determined by reduced MCE-SDS is calculated from the ratio of the sum of the H1H17203P,
H1H17139P, and H1H17161P heavy chain and light chain band intensities relative to the total
intensity of all bands.

[000211] The iCIEF method did not have sufficient resolution to separate all charge variant
forms of all three antibodies. Therefore, this analytical method was not used to assess changes
in the charge variant profile for the three-way formulation samples. Charge variant forms of
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H1H17203P, H1H17139P, and H1H17161P that are co-formulated were able to be resolved
using the CEX-UPLC method. For HIH17203P, H1H17139P, and H1H17161P, peaks with
retention times earlier than that of the main peak are labeled as “acidic” peaks; peaks with
retention times later than that of the main peak are labeled as “basic” peaks. The percentages
of acidic, main, and basic peaks are calculated by comparing the individual peak area to the
total peak areas of each antibody.

[000212] The Drug Product (DP) used for the storage, accelerated, and stress stability
studies was created by filling 0.4 mL of FDS in 2 mL Type 1 glass vials. The DP was incubated
under several elevated temperature conditions, relative to storage temperature conditions.
These accelerated conditions were selected to simulate the conditions to which the DP may be
subjected during manufacturing and handling in order to elucidate the degradation pathways for
co-formulated H1H17203P, H1H17139P, and H1H17161P DP. An outline of the storage,
accelerated, and stress stability conditions for the co-formulated DP are presented in Table 12
and the analysis plans are presented in Table 13.

Table 12: Research Stability Studies for H1H17203P, H1H17139P, and H1H17161P
Combination DP

Storage Stability Container/Closure

Storage Temperature
5°C 0,1,3,6,9,12, 18, 24, and 36
Accelerated Stability

Length of Storage (months)

Incubation Condition Length of Incubation Type 1 borosilicate glass

25°C

0, 0.5, 1, and 3 months

45°C

0, 7, 14, and 28 days

Stress Stability

Stress

Duration of Stress

Agitation (vortex)

0, 60, and 120 minutes

Freeze/Thaw?

0, 4, and 8 cycles

with FluroTec® coated
4432/50 butyl rubber
stopper

aFrozen at -30°C and thawed at room temperature.
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Table 13: Research Stability Studies, Analysis Plan for H1H17203P, H1H17139P, and

H1H17161P Combination DP

Assay

Samples to be Analyzed

H1H17161P Recovered by RP-UPLC

Color and Appearance All Samples
pH All Samples
Turbidity (Increase in OD at 405 nm) All Samples
% Total HIH17203P, H1H17139P,

All Samples

Total Purity (H1H17203P, H1H17139P,
H1H17161P) by Non-Reduced and
Reduced MCE-SDS

t=0, 6, 12, 24 and 36 months at 5°C;
6 months at 25°C; 28 days at 45°C
120 min Agitation, 8X Freeze/Thaw

Total (H1H17203P, HTH17139P,
H1H17161P) Purity by SE-UPLC

All Samples

Charge variant analysis by CEX-UPLC

All samples

Particulate Matter Analysis by MFI

t=0, 6, 12, 24 and 36 months at 5°C;
6 months at 25°C; 28 days at 45°C
120 min Agitation, 8X Freeze/Thaw

% H1H17203P, H1H17139P, and
H1H17161P Relative Potency by
Bioassay

t=0, 6, 12, 24 and 36 months at 5°C;
6 months at 25°C; 28 days at 45°C
120 min Agitation, 8X Freeze/Thaw

Research Storage Stability for Co-formulated H1H17203P, H1H17139P, and H1H17161P

DP (1:1:1, 50 mg/mL total protein)
[000213]

Three months of research storage stability data are shown for the co-formulated

H1H17203P, H1H17139P, and H1H17161P DP. Co-formulated H1H17203P, H1H17139P, and
H1H17161P DP was physically stable when stored at 5°C for 3 months. An increase of 0.2% in
total HMW species was observed by SE-UPLC when co-formulated H1H17203P, H1H17139P,
and H1H17161P DP (1:1:1, 50 mg/mL total protein) was stored at 5°C for 3 months, and an

increase of 0.6 in total HMW was observed by SE-UPLC after storage at 5°C for 18 months. No

appreciable change in the physical or chemical stability of the co-formulated H1H17203P,

H1H17139P, and H1H17161P DP (1:1:1, 50 mg/mL total protein) was detected in any of the
other monitored attributes. H1H17203P, H1H17139P, and H1H17161P maintained potency over
the 3 month assessment interval as determined by bicassay analysis. See Table 14.
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Research Accelerated Stability for Co-formulated H1H17203P, H1H17139P, and
H1H17161P DP (1:1:1, 50 mg/mL total protein)

[000214] Results from the analysis of the co-formulated H1H17203P, H1H17139P, and
H1H17161P DP following incubation under accelerated conditions are provided in 4. After
incubation for 28 days at 45°C, an increase of 1.3% in the relative amount of total HMW species
(SE-UPLC) was observed. After incubation for 28 days at 45°C, an increase of 14.7%, 14.4%
and 22.9% was observed in H1H17203P, H1H17139P, and H1H17161P acidic charge variant
species (CEX-UPLC), respectively. After incubation for 3 months at 25°C, an increase of 2.6%,
2.5% and 5.6% was observed in H1H17203P, H1H17139P, and H1H17161P acidic charge
variant species (CEX-UPLC), respectively. H1H17203P, H1H17139P, and H1H17161P
maintained potency, as determined by biocassay analysis, after incubation under the accelerated
conditions. The results from accelerated stability testing demonstrated that an increase in the
relative amounts of total HMW species, total LMW species, and the formation of acidic charge
variants for H1H17203P, H1H17139P, and H1H17161P were the main degradation pathways
for the co-formulated H1H17203P, H1H17139P, and H1H17161P DP (1:1:1, 50 mg/mL total
protein). See Table 15.

Research Stress Stability for Co-formulated H1H17203P, H1H17139P, and H1H17161P DP
(1:1:1, 50 mg/mL total protein)

[000215] Results from the co-formulated H1H17203P, H1H17139P, and H1H17161P DP
stress stability studies are provided in Table 16. Co-formulated H1H17203P, H1H17139P, and
H1H17161P DP was physically and chemically stable when agitated (vortexed at ambient
temperature) for 120 minutes or when subjected to 8 freeze/thaw cycles (freezing at -30°C and
thawing at room temperature). No appreciable change in the physical or chemical stability was
detected in any of the monitored attributes. H1H17203P, H1H17139P, and H1H17161P
maintained potency when the DP was agitated for 120 minutes or when subjected to 8
freeze/thaw cycles. See Table 16.

Research Stability Conclusions for Co-Formulated H1H17203-3471-3479 Drug Product
[000216] The results from storage, accelerated, and stress stability studies indicate that co-
formulated H1H17203P, H1H17139P, and H1H17161P DP will be stable during manufacture
(fill’finish and labeling operations). The H1H17203P, H1H17139P, and H1H17161P
Combination DP formulation can withstand short exposures to room temperature without
compromising physical or chemical stability. HIH17203P, H1H17139P, and H1H17161P
Combination DP will be stored at 2°C to 8°C and exposure to temperatures greater than 8°C will
be limited.
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The long-term storage of co-formulated H1H17203P, H1H17139P, and H1H17161P

DP at 2-8 °C was determined over 36 months (Table 14). Increases of 0.7% each in total HMW

species and total LMW species were observed following storage at 5°C for 36 months.

Changes of 1.1%, 1.2% and 7.3% in acidic species were observed for HIH17203P,
H1H17139P and H1H17161P, respectively. No significant change in potency was observed
over the 36-month duration of the study, indicating that the anti-EBOV formulation provided

acceptable long term storage stability under refrigerated conditions.
Table 14: Research Stability of H1H17203P, H1H17139P, and H1H17161P Combination

DP (1:1:1, 50 mg/mL total protein) Stored at 5°C

Stability Study Number

H1H17203P, H1H17139P, and H1H17161P-SS002

Lot Number

9018800002, 9019300002, 9019800002

Formulation Lot Number

L15-401

16.7 mg/mL H1H17203P, 16.7 mg/mL H1H17139P, 16.7 mg/mL

Formulation H1H17161P, 10 mM histidine, pH 6.0, 0.1% (w/v) polysorbate 80,
10% (w/v) sucrose
Fill Volume 0.4mL

Container/Closure

2 mL Type | borosilicate glass vial with West S2-F451 4432/50
GRY B2-40 stopper

Length of Storage (months)

Assay 0 1 3 6 9 12 18 24 36
Color and Appearance Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass | Pass
Turbidity (Increase in OD at 405 nm) 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.01 [ 0.01
pH 6.1 6.1 6.1 6.1 6.0 6.1 6.0 6.1 6.1
% Total
Protein H1H17203P, H1H17139P,
Recovered by | and H1H17161P 100 101 104 | 104 | 103 | 103 101 103 102
RP-UPLC
Non-reduced;
% (H1H17203P,
H1H17139P, and 100 NR NR | 99.6 | NR | 99.7 | NR | 99.7 | 100.0
H1H17161P) main
Total Purity by | Reduced;
MCE-SDS % (H1H17203P,
H1H17139P, and
H1H17161P) heavy chain 99.3 NR NR | 99.2 NR | 99.2 NR 99.1 98.9
+ % (H1H17203P,
H1H17139P, and
H1H17161P) light chain
. % Total HMW 0.7 0.8 0.9 1.1 1.1 1.2 1.3 1.3 1.4
Total Purity by -
SE-UPLC % Total Native 98.2 | 98.0 [ 98.0 | 978 | 976 | 972 | 973 | 96.9 | 96.8
% Total LMW 1.1 1.1 1.1 1.1 1.3 1.7 1.5 1.8 1.8
% Acidic 373 | 372 | 36.6 | 36.0 | 369 | 371 | 379 | 38.2 | 38.4
S;‘r?;ﬂtes by H1H17203P | % Main 413 | 413 | 41.8 | 42.8 [ 421 | 421 | 41.3 | 41.1 | 426
CEX-UPLC % Basic 215 [ 216 [ 216 | 21.2 | 211 | 20.7 | 20.8 | 20.7 | 19.0
% Acidic 43.2 | 431 [ 42.9 | 40.7 | 419 | 425 | 442 | 445 | 42.0
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Stability Study Number H1H17203P, H1H17139P, and H1H17161P-SS002
Lot Number 9018800002, 9019300002, 9019800002
Formulation Lot Number L15-401
16.7 mg/mL H1H17203P, 16.7 mg/mL H1H17139P, 16.7 mg/mL
Formulation H1H17161P, 10 mM histidine, pH 6.0, 0.1% (w/v) polysorbate 80,

10% (w/v) sucrose

Fill Volume 0.4 mL

2 mL Type | borosilicate glass vial with West S2-F451 4432/50

Container/Closure GRY B2-40 stopper

Length of Storage (months)

Assay 0 1 3 6 9 12 18 24 36

H1H17139P % Main 535 | 53.7 | 53.8 | 56.0 | 54.7 | 53.9 | 524 | 52.0 | 544

% Basic 3.2 3.2 3.3 3.4 3.4 3.6 3.5 3.5 3.6

% Acidic 50.3 | 505 | 48.3 | 505 | 52.4 | 50.9 | 54.3 | 55.2 | 57.6

H1H17161P % Main 446 | 444 [ 45.0 | 46.0 | 43.8 | 43.7 | 419 | 40.2 | 3841

% Basic 5.2 5.1 6.7 3.5 3.8 5.4 3.8 4.7 4.3

Particulate 2-10 um 16393 | NR [ NR | 7081 | NR | 1472 | 4337 | 4506 | 8719
Analysis by
MFI 10 um 55 NR | NR | 626 | NR | 35 | 359 | 951 | 1212

(particles/mL)
225 um 3 NR NR 120 NR 5 26 129 210

% Relative Virus Neutralization assay 107 NR 80 80 NR 69 NR 72 86

Potency
(Bioassay) ADCC assay 112 | NR | 105 | 126 | NR | 125 | NR | 111 | 116

NR, Not Required.

[000218] Results from the accelerated studies are provided below in Table 15. After
incubation for 3 months at 25°C, an increase of 0.6% in the relative amount of total HMW
species and total LMW species was observed. Increases in acidic charge variants of 2.6%,
2.5% and 5.6% were observed for H1H17203P, H1H17139P, and H1H17161P, respectively.
Co-formulated H1H17203P, H1H17139P, and H1H17161P DP maintained potency after
incubation under the accelerated conditions. After incubation for 28 days at 45°C, an increase of
1.3% in the relative amount of total HMW species was observed while the increase in total LMW
species was 1.9%.

[000219] The results from stress and accelerated stability studies of co-formulated
H1H17203P, H1H17139P, and H1H17161P DP demonstrated limited increases in the relative
amounts of total HMW species, total LMW species, and acidic charge variants for co-formulated
H1H17203P, H1H17139P, and H1H17161P DP similarly to those from the individual
formulations.
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Table 15: Research Stability of H1H17203P, H1H17139P, and H1H17161P Combination
DP (1:1:1, 50 mg/mL total protein) — Effect of Accelerated Conditions

Stability Study Number

H1H17203P, H1H17139P, and H1H17161P-SS002

Lot Number

9018800002, 9019300002, 9019800002

Formulation Lot Number

L15-401

16.7 mg/mL H1H17203P, 16.7 mg/mL H1H17139P, 16.7

Formulation mg/mL H1H17161P, 10 mM histidine, pH 6.0, 0.1% (w/v)
polysorbate 80, 10% (w/v) sucrose
Fill Volume 0.4 mL

Container/Closure

2 mL Type I borosilicate glass vial with West S2-F451

4432/50 GRY B2-40 stopper

Storage Condition/Length of Storage

No o o
Storage 25°C (months) 45°C (days)
Assay (] 0.5 1 3 7 14 28
Color and Appearance Pass Pass | Pass | Pass | Pass | Pass | Pass
Turbidity (Increase in OD at 405 nm) 0.00 0.00 0.01 0.00 | 0.00 | 0.01 0.01
pH 6.1 6.0 6.1 6.1 6.0 6.1 6.1
% Total Protein
Recovered by | {11111 7eaap 1/ 139F, and 100 100 | 101 | 104 | 99 | 98 | 101
RP-UPLC
Non-reduced;
% (H1H17203P, H1H17139P, and 100 NR NR 100 NR NR 98.5
H1H17161P) main
Total Purity by )
MCE-SDS Reduced;
% (H1H17203P, H1H17139P, and
H1H17161P heavy chain) + % 99.3 NR NR | 988 | NR NR | 98.0
(H1H17203P, H1H17139P, and
H1H17161P) light chain
. % Total HMW 0.7 1.0 1.1 1.3 1.1 1.4 2.0
Total Purity by N -
SE-UPLC % Total Native 98.2 97.7 97.6 | 97.0 | 97.2 | 96.5 | 95.0
% Total LMW 1.1 1.3 1.3 1.7 1.7 2.2 3.0
% Acidic 37.3 37.5 38.0 | 39.9 | 40.2 | 43.7 | 52.0
H1H17203P | % Main 41.3 41.6 41.5 40.4 39.2 36.4 | 31.7
% Basic 21.5 20.9 205 | 19.6 | 20.6 | 19.9 | 16.2
ch % Acidic 43.2 43.1 43.5 45.7 46.0 49.8 | 57.6
arge variants .
by CEX-UPLC H1H17139P | % Main 53.5 53.4 53.0 | 50.3 | 49.9 | 45.6 | 38.1
% Basic 3.2 3.5 3.5 4.0 4.0 4.6 4.4
% Acidic 50.3 51.7 532 | 559 [ 56.2 | 61.5 | 73.2
H1H17161P | % Main 44.6 43.1 42.3 37.0 38.9 33.2 | 221
% Basic 5.2 5.3 4.5 7.1 4.9 5.3 4.6
. 2-10 ym 16393 NR NR 1785 NR NR 1882
Particulate
Analysis by MFl | 210 pm 55 NR NR 200 NR NR 144
(particles/mL) 225um 3 NR NR 41 NR NR 33
Virus Neutralization assay 107 NR NR 86 NR NR 75
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Stability Study Number

H1H17203P, H1H17139P, and H1H17161P-SS002

Lot Number

9018800002, 9019300002, 9019800002

Formulation Lot Number

L15-401

16.7 mg/mL H1H17203P, 16.7 mg/mL H1H17139P, 16.7

Formulation mg/mL H1H17161P, 10 mM histidine, pH 6.0, 0.1% (w/v)
polysorbate 80, 10% (w/v) sucrose
Fill Volume 0.4 mL

Container/Closure

2 mL Type I borosilicate glass vial with West S2-F451
4432/50 GRY B2-40 stopper

Storage Condition/Length of Storage

No o o
Storage 25°C (months) 45°C (days)
Assay 0 0.5 1 3 7 14 28
% Relative
Potency by ADCC assay 112 NR NR 116 NR NR 123
Rinaceayv

NR, Not Required.

[000220] Results from the stress stability studies showed that co-formulated H1H17203P,
H1H17139P, and H1H17161P DP was physically and chemically stable when agitated (vortexed

at ambient room temperature) for 120 minutes or when subjected to eight freeze/thaw cycles

(Table 16). No appreciable change in the physical or chemical stability was detected in any of

the monitored attributes. Potency was maintained when the co-formulated H1H17203P,

H1H17139P, and H1H17161P DP was agitated or when subjected to freeze/thaw cycles.

Table 16: Research Stability of H1H17203P, H1H17139P, and H1H17161P Combination
DP (1:1:1, 50 mg/mL total protein) — Effect of Stress Conditions

Stability Study Number

H1H17203P, H1H17139P, and H1H17161P -SS002

Lot Number

9018800002, 9019300002, 9019800002

Formulation Lot Number

L15-401

16.7 mg/mL H1H17203P, 16.7 mg/mL H1H17139P, 16.7 mg/mL

Formulation H1H17161P, 10 mM histidine, pH 6.0, 0.1% (w/v) polysorbate 80, 10%
(w/v) sucrose
Fill Volume 0.4 mL

Container/Closure

2 mL Type | borosilicate glass vial with West S2-F451 4432/50 GRY

B2-40 stopper

Stress Condition/Length of Stress

No Stress Agitation (minutes) Freeze/Thaw (cycles)
Assay 0 60 120 4 8
Color and Appearance Pass Pass Pass Pass Pass
Turbidity (Increase in OD at 405 nm) 0.00 0.00 0.00 0.00 0.00
pH 6.1 6.0 6.0 6.1 6.1
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Stability Study Number H1H17203P, H1H17139P, and H1H17161P -SS002
Lot Number 9018800002, 9019300002, 9019800002
Formulation Lot Number L15-401
16.7 mg/mL H1H17203P, 16.7 mg/mL H1H17139P, 16.7 mg/mL
Formulation H1H17161P, 10 mM histidine, pH 6.0, 0.1% (w/v) polysorbate 80, 10%
(w/v) sucrose
Fill Volume 0.4mL
. 2 mL Type | borosilicate glass vial with West S2-F451 4432/50 GRY
Container/Closure B2-40 stopper
Stress Condition/Length of Stress
No Stress Agitation (minutes) Freeze/Thaw (cycles)
Assay 0 60 120 4 8
% Total Protein H1H17203P, H1H17139P,
Recovered by 100 100 100 101 101
RP-UPLC and H1H17161P
Non-reduced;
% Native (H1H17203P,
H1H17139P, and 100 NR 99.7 NR 100
H1H17161P)
Reduced;
Total Purity by % (H1H17203P,
MCE-SDS H1H17139P, and
H1H17161P heavy chain) + 99.3 NR 99.1 NR 8.8
% (H1H17203P,
H1H17139P, and
H1H17161P) light chain
% Total HMW 0.7 0.7 0.7 0.7 0.8
Total Purity by I tal Native 98.2 98.1 98.1 98.2 98.1
SE-UPLC ? : : . . :
% Total LMW 1.1 1.2 1.2 1.1 1.1
% Acidic 37.3 37.1 37.3 37.2 37.4
H1H17203P | o, Main 41.3 41.3 41.2 412 41.0
% Basic 21.5 21.6 21.5 21.6 21.6
% Acidic 43.2 43.1 43.4 43.3 43.5
Charge variants | H1H{7139P )
by CEX-UPLC % Main 53.5 53.6 53.5 53.4 53.3
% Basic 3.2 3.3 3.2 3.3 3.2
% Acidic 50.3 50.4 50.5 50.3 50.6
H1H17161P | o, Main 44.6 44.6 44.3 445 44.2
% Basic 5.2 5.0 5.2 5.2 5.2
% Relative Virus Neutralization assay 107 NR 116 NR 94
Potency
(Bioassay) ADCC assay 112 NR 87 NR 127

NR, Not Required
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Conclusions

[000221] Co-formulated H1H17203P, H1H17139P, and H1H17161P DP is manufactured as a
liquid DP for IV administration. The H1H17203P, H1H17139P, and H1H17161P DP can contain
16.7 mg/mL H1H17203P, 16.7 mg/mL H1H17139P and 16.7 mg/mL H1H17161P formulated in a
solution containing 10 mM histidine, pH 6.0, 0.1% (w/v) polysorbate 80, and 10% (w/v) sucrose.
Based on the results of the studies herein:

[000222] Co-formulated H1H17203P, H1H17139P, and H1H17161P DP is stable when stored at
2-8°C for at least 3 months.

[000223] The main degradation pathways identified under accelerated conditions were formation
of HMW and LMW species and acidic charge variants.

Example 6: Effect of Different Buffers and pH

[000224] The effect of buffer and pH on the thermal stability of the three anti-EBOV antibodies
was examined in liquid formulations by incubating 100 mg/mL total antibody at 45°C for 28 days in
a series of buffer systems at varying pH ranges. The following pH and buffer systems were studied:
citrate (pH 5.2, 6.0, 6.8) and histidine (pH 5.2, 6.0, 6.8). Based on results from SE-UPLC analysis,
maximum protein stability was observed when the antibodies were formulated at pH 6.0 in histidine
buffer (Tables 17-20 and 22-25). Presence of sub-visible particles was determined in the three-way
antibody formulation using micro fluid imaging (MFI) (Table 21).

Table 17: Effect of Buffer and pH on the Stability of 100 mg/mL H1H17203P Incubated at 45°C
for 28 Days — Visual, OD, pH, SE-UPLC, and RP-UPLC Results

_ oD @ A % % % Protein %

Buffer/pH | Days | Visual | 405 oD pH HMW | Native | LMW Conc. Recovery

nm (mg/mL)

t=0 |pass |0.085 |000 |54 |1.0 97.8 12 |318 100.0
oM L7 pass |0.084 |0.00 |54 |22 96.0 18 |323 101.7
Histidine |14 |pass |0.089 [000 |54 |32 942 |26 |[319 100.4
PH52 o1 |pass [0089 |000 [54 |49 922 |29 |[323 101.7
28 |pass [0.091 [001 [55 [6.0 906 |34 |[325 102.1
t=0 |pass |0.088 |000 [6.1 |13 97.6 11 | 333 100.0
omm L7 pass |0.087 |0.00 |61 |1.3 97.0 17 | 339 101.9
Histidine |14 |pass |0.090 [0.00 |61 |16 9.0 |23 |[333 100.2
PH6.0 21 [pass |0093 [001 |61 |22 953 |25 339 101.8
28 |pass [0094 [001 |61 [27 944 |30 340 102.1
jomM L t=0 [Pass [0.087 [0.00 |70 [17 97.1 12 |330 100.0
Histidine | 7 pass |0.088 |0.00 |70 [1.7 96.6 17 |337 102.0
pPH68 144 |pass [0089 |000 [70 |22 95.5 24 |33.0 100.0
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21 |pass [0092 |001 |70 |28 946 |26 333 100.9
28 |pass [0095 [001 |71 [34 934 |31 |[336 101.8
t=0 |pass |0.101 |0.00 |53 |16 97.2 12 |328 100.0
omM L7 pass |0.154 |0.05 |53 |162 |82.1 18 |334 101.6
Citrate |14 |pass |0.347 [025 |53 |30.1 677 |23 |[825 99.1
PHS2 121 |pass [1320 [122 |53 |[322 64.7 31 |233 71.0
28 |pass [2332 [223 [53 |NP NP NP | NP NP
t=0 |pass [0.102 [000 [6.1 |19 97.0 12 | 311 100.0
omM L7 pass |0.103 [0.00 |61 |3.0 95.3 17 [312 100.4
Citrate |14 |Pass |0.106 |000 |61 |4.4 934 |22 |[308 99.1
PHE.0 21 |pass [0.118 |0.02 |61 |63 91.3 24 |316 101.6
28 |pass [0.131 [0.03 |61 |77 89.4 |29 [317 101.9
t=0 |pass |0.103 [0.00 |68 |26 96.3 12 | 321 100.0
omM L7 pass |0.105 [0.00 |69 |33 95.0 17 | 321 100.0
Citrate |14 |Pass [0.109 |001 |68 |44 933 |23 |[31.9 99.5
PH68 [21 [pass [0.117 [001 [69 |58 91.7 25 |325 101.4
28 |pass [0.123 [0.02 |69 |7.1 900 |30 [327 102.1

10 mM citrate, pH 5.2, 28d samples were not run on UPLC instruments due to visual failures

Table 18: Effect of Buffer and pH on the Stability of 100 mg/mL H1H17139P Incubated at 45°C
for 28 Days — Visual, OD, pH, SE-UPLC and RP-UPLC Results

Buffer/pH | Days | Visual So%@ A H |7 7 7 cpertein %
utteripr | ays | Visua o op |P HMW | Native | LMW (n?g/cth) Recovery
t=0 |pass | 0085 |0.00 |54 |08 97.8 1.4 33.4 100.0
10mM 7 pass |0.083 |0.00 |54 |0.6 97.3 2.1 33.7 100.9
Histidine | 14 pass |0.085 |0.00 |54 |0.7 96.5 28 |338 101.0
PH52 1oy |pass [0085 |000 [54 |08 96.1 3.1 |338 101.1
28 pass |0.088 |0.00 |54 |09 95.4 37 |339 101.4
t=0 |pass |0.087 |0.00 |[6.1 |1.1 97.5 1.4 33.9 100.0
10mM 7 pass |0.085 |0.00 |6.1 |0.8 97.3 1.9 | 341 100.6
Histidine | 14 pass |0.088 |0.00 |6.1 |0.9 96.7 25 |343 101.0
PH6.0 | o pass |0.091 [0.00 [6.1 |1.0 96.3 27 |345 101.6
28 pass | 0.091 | 000 |62 |1.1 95.8 3.2 345 101.6
t=0 |pass |0.085 |0.00 [69 | 1.4 97.3 1.4 32.6 100.0
10mM 7 pass |0.085 |0.00 |6.9 | 1.1 96.9 20 |329 100.8
Histidine | 14 pass |0.088 |0.00 |6.9 |1.3 96.2 25 32.8 100.7
pH6.8 | o pass |0.090 [001 [7.0 |14 95.8 28 |329 101.0
28 pass | 0.091 [0.01 [70 |16 95.0 3.4 32.8 100.8
10mM t=0 | Pass |0.093 |[0.00 |53 |1.1 975 1.4 | 321 100.0
Citrate 7 pass |0.093 |0.00 |53 |1.2 96.7 22 | 325 101.2
PH5.2 144 |pass [0.095 |[000 |53 |14 955 |30 |325 101.0
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21 pass |0.097 |0.00 |52 |1.8 94.8 34 |324 100.7
28 pass |0.097 |0.00 |53 |2.1 93.9 4.1 325 101.1
t=0 |pPass |0.096 |0.00 |61 |1.6 97.1 1.4 31.2 100.0
10mM 7 pass |0.094 |0.00 |61 |15 96.5 1.9 |31.4 100.7
Citrate 14 pass |0.096 |0.00 |6.0 |1.8 95.7 25 | 31.1 99.9
PH6.0 21 [pass |0.097 |000 |61 |20 95.3 27 |313 100.4
28 pass | 0.098 [0.00 |61 |22 94.6 3.2 31.6 101.3
t=0 |pPass | 0099 |0.00 |68 |22 96.4 1.3 31.9 100.0
10mM 7 pass |0.097 |0.00 |68 |2.1 95.9 20 |322 100.7
Citrate 14 pass |0.099 |0.00 |68 |24 95.1 25 32.0 100.4
pPH68 21 |pass [0.102 |0.00 |68 |26 94.7 28 |319 100.0
28 pass | 0.101 | 0.00 |69 |28 93.9 33 322 100.9

Table 19: Effect of Buffer and pH on the Stability of 100 mg/mL H1H17161P Incubated at 45°C
for 28 Days - Visual, OD, pH, SE-UPLC, and RP-UPLC Results

. oD@ | 5 % % % gmtei” %
Buffer/pH | Days | Visual 951 op PH 1 imw | Native | LMw (n?g/cm) Recovery
t=z0 |pass |[0.104 [0.00 [53 [1.9 96.6 1.5 [ 31.1 100%
10mM 7 pass |0.100 [0.00 [54 [1.4 96.4 23 313 101%
Histidine | 14 pass |0.102 [000 |54 |14 95.7 29 |31.1 100%
pHS5.2 21 pass | 0.103 [000 |54 |15 95.3 3.2 31.2 100%
o8 pass | 0.108 | 000 |55 |15 947 38 |313 101%
t=z0 |pass |[0.107 [0.00 [6.1 |23 96.3 15 | 321 100%
10mM 7 pass |0.106 [0.00 |61 |17 96.3 2.1 32.6 102%
Histidine | 14 pass |0.112 [001 |61 |17 95.6 27 |321 100%
pH 6.0 21 pass | 0.106 [000 |62 |18 95.4 2.8 32.4 101%
o8 pass | 0.108 [ 000 |62 [1.9 949 33 |326 101%
t=0 |pass |0.106 [0.00 [7.0 |28 95.8 1.5 | 31.1 100%
10mM 7 pass |0.108 |[0.00 |[7.0 |22 95.7 2.1 314 101%
Histidine | 14 pass |0.109 [0.00 [7.0 |24 94.8 27 310 100%
pH 6.8 21 pass | 0.109 [000 |70 |26 945 2.9 31.4 101%
o8 pass |0.108 |[000 |71 |28 937 35 [314 101%
=0 |pass [0.112 [0.00 [52 |22 96.3 15 ]300 100%
10mM 7 pass |0.117 |[0.01 |52 [1.9 95.7 24 303 101%
Citrate 14 pass |0.111 [0.00 [52 |22 94.6 33 [302 101%
pH 5.2 o1 pass | 0110 [000 |53 |24 94.0 3.6 30.2 101%
28 pass | 0.110 [000 |52 |26 93.1 43 303 101%
t=0 |pass |0.120 [000 [6.0 |31 955 15 [316 100%
10mM 7 pass |0.122 |[0.00 [6.0 |28 95.1 2.1 31.9 101%
Citrate 14 pass |0.119 [0.00 [6.0 |3.1 94.3 26 |31.9 101%
pH 6.0 o1 pass | 0.118 [000 |[6.0 |33 93.9 2.8 32.0 101%
28 pass | 0.116 |[000 |60 |36 932 33 [319 101%
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10mM
Citrate
pH 6.8

PCT/US2021/014524
=0 pass |0.123 | 0.00 |6.8 |4.0 94.6 1.5 31.9 100%
7 pass |0.123 |0.00 |69 |3.8 94.1 2.1 32.3 102%
14 pass |0.125 |0.00 |68 |4.3 93.1 27 31.9 100%
21 pass |0.123 | 0.00 6.9 |46 92.5 29 32.2 101%
28 pass | 0.121 0.00 |69 |49 91.6 3.4 32.1 101%

Table 20: Effect of Buffer and pH on the Stability of 100 mg/mL Total H1H17203P,

H1H17139P, and H1H17161P Combination Incubated at 45°C for 28 Days — Visual, OD, pH,
SE-UPLC, and RP-UPLC Results

%D A o o o Protein o
Buffer/pH | Days | Visual | 405 | op | PH | faw | Native | Lw | €O | Recovery
nm (mg/mL)
t=0 |Pass [0.168 |[0.00 |55 | 1.3 97.3 14 |952 100%
10mM 7 pass | 0.168 |0.00 |55 | 2.3 95.7 2 94.1 99%
Histidine | 14 |pass |0.175 [0.01 |55 |3.2 94.0 28 [932 98%
pH 5.2 21 pass | 0.176 | 0.01 |55 | 4.2 92.9 29 947 99%
28 |pass |[0.181 | 0.01 |56 |48 91.9 34 |949 100%
t=0 |pass |[0.177 |0.00 | 6.2 | 1.7 97.0 14 |982 100%
10mM 7 pass | 0.177 |0.00 | 6.3 | 2.3 95.8 19 |969 99%
Histidine | 14 |pass |0.183 [0.01 | 6.2 | 2.9 94.6 25 [944 96%
pH 6.0 21 pass | 0.190 | 0.01 | 6.3 | 3.4 94. 26 |956 97%
28 |pass |[0.193 | 0.02 | 6.3 | 3.8 93.2 3 97.8 100%
t=0 |Pass [0.180 [0.00 | 7.1 | 2.1 96.4 16 | 959 100%
10mM 7 pass | 0.186 |0.01 | 7.2 | 3.3 94.8 19 |952 99%
Histidine | 14 |pass |0.194 [0.01 | 7.1 | 4.1 93.3 26 |926 97%
pH 6.8 21 pass | 0.196 |0.02 | 7.1 | 4.8 92.4 27 (929 97%
28 | pass [0.199 | 0.02 | 7.1 | 5.4 91.3 33 [957 100%
t=0 |Ppass [0.189 | 0.00 | 5.4 |17 96.9 13 | 947 100%
10mM 7 pass | 0.219 |[0.03 |54 | 7.6 90.4 2 94.2 99%
Citrate 14 |pass | 0362 |0.17 |54 | 14 83.3 27 | 91.1 96%
pH 5.2 21 fail 0.737 | 055 | 5.4 | 17.7 79.3 29 |929 98%
28 pass 1267 [1.08 |54 | NA NA NA NA NA
t=0 |pass [0.201 [0.00 | 6.2 |23 96.4 13 |933 100%
10mM 7 pass | 0.201 |0.00 | 6.2 | 3.6 94.6 19 | 93.0 100%
Citrate 14 |pass |0.208 [001 |62 |47 92.9 25 (928 99%
pH 6.0 21 pass | 0.220 | 0.02 |6.2 |57 91.8 25 |926 99%
28 |pass |0.226 |0.03 |62 |66 90.4 3 945 101%
t=0 |pass [0.212 |0.00 | 6.9 |3 95.7 13 | 96.1 100%
é?trr‘;':’é 7 pass | 0213 | 0.00 | 6.9 | 4.4 937 |19 |957 100%
PH 6.8 14 |pass | 0225 (001 |69 |56 91.8 26 [955 99%
21 pass | 0.224 |0.01 | 6.9 |65 90.9 26 |957 100%
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| 28

pass [0.234 | 002 |69 |74

| 895

|32

PCT/US2021/014524

| 96.4

100%

2-10 pm

22um

210pm

225 ym

Sample

Conc.(#/ml)

Conc.(#/ml)

Conc.(#/ml)

Conc.(#/ml)

10 mM Histidine
pH5.2
t=0

468

507

40

10 mM Histidine
pH 6.0
t=0

557

570

13

10 mM Histidine
pH 6.8
t=0

607

641

33

10 mM Citrate
pH5.2
t=0

973

1017

44

10 mM Citrate
pH 6.0
t=0

741

770

29

10 mM Citrate
pH 6.8
t=0

710

802

92

21

10 mM Histidine
pH5.2
t=28d at 45C

1380

1439

58

10 mM Histidine
pH 6.0
t=28d at 45C

1396

1463

67

10 mM Histidine
pH 6.8
t=28d at 45C

1959

2024

65

10 mM Citrate
pH 5.2
t=28d at 45C

50767

57378

6611

582

10 mM Citrate
pH 6.0
t=28d at 45C

1326

1359

33

10 mM Citrate
pH 6.8
t=28d at 45C

1508

1600

92

10

Table 21: MFI Results for Total HIH17203P, H1H17139P, and H1H17161P Combination Formulation

[000225] Based on results from CEX-UPLC analysis, maximum protein stability was observed
when the antibodies were formulated between pH 5.2 and 6.8 in histidine buffer or between pH 5.2
and 6.8 in acetate buffer. These analyses also revealed that aggregation (i.e. formation of HMW
species), fragmentation (i.e. formation of LMW species), and formation of charge variants were the
main degradation pathways. Histidine buffer was selected as the formulation buffer because it
provided the best overall level of protein stabilization with respect to formation of HMW and LMW

species and formation of charge variants. A pH of 6.0 was chosen for the formulation because
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formation of HMW species and charge variants, which are the major degradation pathways, were
minimized at this pH. Based on these results, 10 mM histidine buffer at pH 6.0 was chosen for the

anti-EBOV individual and combination formulations. See Tables 22-25.

Table 22: Effect of Buffer and pH on the Stability of 100 mg/mL H1H17203P Incubated at 45°C
for 28 Days — CEX-UPLC Results

Formulation | Stress | Days H1H17203P
H % Acidic | %Main | % Basic

0 34.7 52.2 13.1

H}gt?&:\r/]'e 45°C 7 37.1 45.8 17.1
oH 5.2 14 419 39.9 18.2
21 45.4 35.1 195

28 48.9 32.4 18.7

0 35.2 51.9 12.9

10mM 7 39.2 49.3 11.6
Histidine | 45°C | 14 45.0 44.4 10.6
pH 6.0 21 49.9 39.9 10.1
28 54.0 36.3 9.8

0 35.6 51.5 13.0

10mM 7 44.2 471 8.8
Histidine | 45°C | 14 53.3 40.1 6.7
pH 6.8 21 60.2 33.9 6.0
28 65.6 29.0 5.5

0 345 52.4 13.2

10mM 7 37.3 40.7 22.0
Citrate 45°C | 14 33.4 25.6 41.1
pH 5.2 21 47.7 27.3 25.1
28 NP NP NP

0 34.8 52.0 13.2

10mM 7 417 49.9 8.5
Citrate 45°C | 14 485 43.0 8.5
pH 6.0 21 53.7 375 8.8
28 58.1 33.2 8.7

0 34.8 51.6 13.6

10mM 7 44.0 485 75
Citrate 45°C | 14 52.3 41.0 6.7
pH 6.8 21 58.6 34.6 6.7
28 63.6 29.9 6.6

Citrate, pH 5.2, 28d samples were not run on UPLC instruments due to visual failures
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Table 23: Effect of Buffer and pH on the Stability of 100 mg/mL H1H17139P Incubated at 45°C
for 28 Days — CEX-UPLC Results

Formulation | Stress | Days H1H17139P
H % Acidic | %Main | % Basic

0 36.9 58.8 4.3

H}Sﬂmme v 40.8 53.3 5.9
oH 5.2 14 51.6 44.0 4.5
21 51.6 414 7.1

28 55.6 37.3 7.1

0 37.3 58.5 4.3

10mM 7 40.9 54.2 4.8
Histidine | 45°C | 14 48.6 46.3 5.1
pH 6.0 21 50.9 44.5 4.7
28 55.2 40.4 4.4

0 375 58.2 4.3

10mM 7 44.8 51.3 4.0
Histidine | 45°C | 14 51.2 418 7.0
pH 6.8 21 58.9 38.0 3.1
28 64.4 32.9 2.8

0 36.8 58.7 4.5

10mM 7 44.0 49.3 6.7
Citrate 45°C | 14 525 44.0 3.5
pHS.2 21 57.7 35.3 7.0
28 62.6 30.7 6.8

0 36.7 58.6 4.6

10mM 7 41.8 52.8 5.4
Citrate 45°C 14 46.2 49.0 4.8
pH 6.0 21 53.9 41.2 4.9
28 58.7 36.8 45

0 36.8 58.2 5.1

10mM 7 43.9 51.2 4.9
Citrate 45°C | 14 46.4 47.0 6.6
pH 6.8 21 57.7 38.1 4.1
28 63.0 33.3 3.7

Table 24: Effect of Buffer and pH on the Stability of 100 mg/mL H1H17161P Incubated at 45°C
for 28 Days — CEX-UPLC Results

Formulation | Stress | Days H1H17161P
10mM 45°C % Acidic | %Main | % Basic
Histidine 0 52.0 42.0 6.0
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pH 5.2 7 59.4 35.4 5.2
14 72.8 22.4 49

o1 73.0 217 5.3

o8 73.1 21.3 57

0 52.0 42.2 5.9

10mM 7 59.4 36.1 45
Histidine 45°C 14 721 23.7 4.2
pH 6.0 o9 75.7 20.1 4.2
o8 74.8 20.9 43

0 52.1 41.9 6.0

10mM 7 65.2 30.2 45
Histidine 45°C 14 78.5 17.5 4.0
pH 6.8 o4 83.2 13.1 3.7
og 84.6 11.8 3.7

0 51.7 42.4 5.9

10mM 7 69.2 25.5 5.3
Citrate 45°C 14 712 23.0 59
pH 5.2 21 81.4 13.4 52
28 78.7 15.5 5.8

0 515 423 6.1

10mM 7 58.8 35.9 5.3
Citrate 45°C 14 69.8 24.9 5.3
pH 6.0 21 78.6 16.4 5.0
o8 74.6 19.9 55

0 52.2 41.3 6.4

10mM 7 63.2 31.8 5.0
Citrate 45°C 14 74.5 19.8 5.7
pH 6.8 o4 85.3 9.7 5.0
o8 80.2 13.8 6.0

Table 25: Effect of Buffer and pH on the Stability of 100 mg/mL Total H1IH17203P,
H1H17139P, and H1H17161P Combination Incubated at 45°C for 28 Days — CEX-UPLC
Results

F°;i”;;"a’ Days H1H17139P H1H17203P H1H17161P
% % % % % % % % %
Acidic Main Basic | Acidic | Main | Basic | Acidic | Main | Basic
0 36.2 61.1 2.6 315 47.1 21.4 41.7 54.3 4.0
10mM

Histidine | 7 | 415 | 542 | 44 | 383 | 456 | 161 | 55.2 | 39.1 | 5.7

pH52 | 14 | 471 | 478 | 52 | 420 | 395 | 185 | 651 | 288 | 6.1
21 | 519 | 425 | 56 | 452 | 349 | 199 | 704 | 234 | 62
28 | 558 | 385 | 57 | 47.6 | 320 | 204 | 676 | 250 | 7.3
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0 366 | 608 | 26 | 319 | 468 | 21.2 | 440 | 514 | 45
10mM 7 415 | 547 | 37 | 388 | 472 | 140 | 565 | 38.7 | 48
Histidine | 14 467 | 492 | 41 | 430 | 417 | 153 | 693 | 258 | 4.9
pH 6.0 21 517 | 442 | 41 | 468 | 371 | 161 | 733 | 219 | 48
28 551 | 405 | 43 | 495 | 340 | 165 | 70.7 | 245 | 4.8
0 371 | 604 | 25 | 324 | 462 | 214 | 427 | 528 | 45
10mM 7 465 | 509 | 26 | 433 | 432 | 136 | 63.0 | 31.8 | 5.2
Histidine | 14 549 | 426 | 25 | 500 | 348 | 152 | 767 | 185 | 438
pH 6.8 21 617 | 360 | 23 | 578 | 300 | 122 | 89.1 | 73 | 36
28 659 | 319 | 22 | 572 | 253 | 174 | 832 | 125 | 44
0 362 | 61.0 | 28 | 319 | 474 | 207 | 429 | 526 | 4.6
10mM 7 438 | 517 | 45 | 401 | 438 | 16.1 | 559 | 379 | 6.2
Citrate 14 509 | 438 | 5.2 | 447 | 359 | 194 | 770 | 158 | 7.2
pH 5.2 21 57.1 | 375 55 | 540 | 340 | 12.0 | 828 | 118 | 5.4

28 | NA | NA | NA | NA | NA | NA | NA | NA | NA
0 | 364 | 609 | 26 | 371 | 546 | 83 | 530 | 433 | 37
10mM 7 | 420 | 542 | 38 | 394 | 469 | 13.8 | 543 | 400 | 5.7

Citrate 14 479 | 480 | 41 | 440 | 408 | 152 | 603 | 340 | 5.6
pH 6.0 21 532 | 423 | 45 | 521 | 386 | 93 | 815 | 140 | 45
28 577 | 386 | 37 | 508 | 313 | 179 | 69.1 | 249 | 6.0
0 372 | 600 | 28 | 374 | 533 | 93 | 528 | 420 | 5.3
10mM 7 443 | 529 | 28 | 418 | 454 | 12.8 | 578 | 362 | 6.0
Citrate 14 518 | 455 | 27 | 475 | 382 | 143 | 66.0 | 275 | 65
pH 6.8 21 580 | 395 | 25 | 545 | 338 | 11.7 | 78.7 | 166 | 4.7
28 626 | 350 | 24 | 554 | 284 | 163 | 76.1 | 176 | 6.2

Example 7: Selection of Stabilizer Under Stress Conditions

[000226] From Example 6, pH 6.0 and 10 mM L-histidine was identified as the optimal buffer
system for the individually formulated antibodies and the 100 mg/mL 3 way co-formulation.
Additional excipients such as thermal stabilizers, surfactants, and anti-oxidants were assessed in
this Example for effects on forced degradation and stability. Stabilizers such as sucrose,
surfactants, proline, or methionine are often added to antibody formulations to increase the thermal
stability of the protein in liquid formulations. Anti-EBOV antibodies formulated separately or in
combination in a liquid formulation exhibited improved stability under accelerated conditions when
formulated with 5% w/v sucrose and 0.1% w/v Polysorbate 80 or 0.1% Polysorbate 20 and show
comparable stability outcomes under vortex stress. (Tables 27-32). Table 26 provides the excipient
variables and the respective formulations for Tables 16-21. Base formulations contain 33.3mg/mL
Anti-EBOV Antibody 5% w/v Sucrose and 10mM Histidine.
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Table 26: Excipients Tested and Formulation Components

Formulations Buffer pH Additional Surfactant Surfactant Arginine, Proline, Methionine,
Sucrose %WV | PS20 %BWN PS80 %WN mM mM mM
F1 10 mM L-histidine pH 6.0 0.0% 0.00% 0.00% 0 0 0
F2 10 mM L-histidine pH 6.0 5.0% 0.10% 0.00% 0 0 20
F3 10 mM L-histidine pH 6.0 5.0% 0.00% 0.00% 0 0 0
F4 10 mM L-histidine pH 6.0 0.0% 0.00% 0.10% 0 0 20
F5 10 mM L-histidine pH 6.0 5.0% 0.10% 0.00% 100 0 0
F6 10 mM L-histidine pH 6.0 0.0% 0.10% 0.00% 100 0 20
F7 10 mM L-histidine pH 6.0 0.0% 0.00% 0.10% 100 0 0
F8 10 mM L-histidine pH 6.0 5.0% 0.00% 0.00% 100 0 20
F9 10 mM L-histidine pH 6.0 5.0% 0.00% 0.10% 0 200 0
F10 10 mM L-histidine pH 6.0 0.0% 0.10% 0.00% 0 200 0
F11 10 mM L-histidine pH 6.0 0.0% 0.00% 0.00% 0 200 20
F12 10 mM L-histidine pH 6.0 5.0% 0.00% 0.10% 0 200 20

Table 27: Effect of Excipients on the Stability of 33 mg/mL H1H17203P Antibody Incubated at
40°C for up to Two Months - Visual, OD, pH, SE-UPLC, RP-UPLC Concentration, CEX-UPLC

Formulation Sample Visual OD @405nm | pH | %HMW | %Natve | %LMW | Con,mg/mL | %Acidic | %Main | %Basic
t=0 0 0.087 6.1 1.0 98.1 0.9 349 3357 54.25 12.19
VTX 120 minutes 0 0.086 6.1 1.0 98.1 0.9 347 33.44 54.28 12.26
F/T 8 cycles 0 0.090 6.1 1.0 98.2 0.9 334 3347 545 12.03
F 40°C 8 days 0 0.087 6.2 0.9 97.9 1.3 334 35.36 53.43 11.22
40°C 14 days 0 0.088 6.0 0.9 97.6 1.5 333 373 51.88 10.81
40°C 28 days 0 0.092 6.1 1.0 971 1.9 338 4352 46.39 10.09
40°C 2 month 0 0.093 6.1 1.3 95.6 341 345 53.22 37.88 8.9
t=0 0 0.089 6.1 0.9 98.2 0.9 346 3356 5422 12.21
VTX 120 minutes 0 0.091 6.1 0.9 98.2 0.9 343 33.46 54.33 12.21
F/T 8 cycles 0 0.089 6.0 0.9 98.2 0.9 336 3349 54.43 12.08
F2 40°C 8 days 0 0.089 6.1 0.8 98.0 1.2 337 35.19 53.66 11.16
40°C 14 days 0 0.090 6.0 0.8 97.7 1.5 337 37.14 52.06 10.8
40°C 28 days 0 0.091 6.1 0.9 97.1 1.9 337 43.38 46.39 10.23
40°C 2 month 0 0.094 6.0 1.2 9.7 31 346 52.95 38.02 9.03
t=0 0 0.087 6.1 0.9 98.2 0.9 339 33.46 5456 11.97
VTX 120 minutes 0 0.086 6.1 1.0 98.1 0.9 338 33.38 5463 12
F3 F/T 8 cycles 0 0.091 6.0 0.9 98.2 0.9 33.0 3341 545 12.08
40°C 8 days 0 0.087 6.1 0.8 98.0 1.2 329 35.15 53.59 1.27
40°C 14 days 0 0.087 6.0 0.8 97.8 1.4 327 37.07 52.09 10.84
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40°C 28 days 0 0.089 6.1 0.9 97.2 1.9 331 43.25 46.52 10.22

40°C 2 month 0 0.092 6.1 1.2 95.8 3.1 34.0 52.67 38.19 9.14

t=0 0 0.088 6.1 0.9 98.2 0.9 336 3357 54.61 11.82

VTX 120 minutes 0 0.089 6.1 0.9 98.2 1.0 334 33.45 54.55 12.01

F/T 8 cycles 0 0.089 6.0 0.9 98.2 0.9 329 33.43 54.4 12.18

4 40°C 8 days 0 0.089 6.1 0.8 98.0 1.2 326 35.29 53.64 11.06
40°C 14 days 0 0.088 6.1 0.8 9r.7 15 326 37.35 52.02 10.63

40°C 28 days 0 0.090 6.1 0.9 97.1 1.9 331 43.71 46.4 9.88

40°C 2 month 0 0.094 6.1 1.2 95.7 3.1 34.4 53.4 37.85 8.76

t=0 0 0.098 6.1 0.9 98.2 0.9 333 33.23 54.61 12.16

VTX 120 minutes 0 0.098 6.1 0.9 98.2 0.9 33.4 33.01 54.87 1213

F/T 8 cycles 0 0.099 6.1 0.9 98.2 0.9 33.0 33.12 5453 12.36

P 40°C 8 days 0 0.098 6.1 0.8 98.0 1.2 329 335 54.31 12.21
40°C 14 days 0 0.098 6.1 0.9 976 15 33.0 34.66 53.21 1213

40°C 28 days 0 0.100 6.1 1.2 9.9 2.0 3341 40.01 48.03 11.95

40°C 2 month 0 0.101 6.1 1.8 95.1 3.1 34.2 48.34 41.07 10.59

t=0 0 0.098 6.1 0.9 98.2 0.9 326 33.21 54.7 12.08

VTX 120 minutes 0 0.098 6.1 0.8 98.2 0.9 325 33.15 5467 12.18

FIT 8 cycles 0 0.100 6.1 0.9 98.2 0.9 320 33.23 545 12.27

F6 40°C 8 days 0 0.099 6.1 0.9 97.9 1.2 318 3361 54.42 1197
40°C 14 days 0 0.097 6.1 1.0 97.6 1.5 320 3491 53.31 "7

40°C 28 days 0 0.099 6.1 13 96.8 2.0 321 40.39 48.17 11.45

40°C 2 month 0 0.100 6.1 2.0 95.0 3.1 331 48.96 41.05 9.99

t=0 0 0.099 6.1 0.9 98.1 1.0 331 333 54.63 12.07

VTX 120 minutes 0 0.102 6.1 0.9 98.2 1.0 333 33.13 54.53 12.33

F/T 8 cycles 0 0.100 6.1 0.9 98.2 1.0 33.0 33.27 54.49 12.23

F 40°C 8 days 0 0.099 6.1 0.9 97.9 1.3 331 33.64 54.23 12.13
40°C 14 days 0 0.098 6.1 0.9 976 15 32.7 35.05 52.89 12.06

40°C 28 days 0 0.100 6.1 1.2 96.9 1.9 329 40.34 48.1 11.57

40°C 2 month 0 0.103 6.1 1.8 95.1 3.1 339 48.94 40.76 10.29

t=0 0 0.097 6.1 0.9 98.2 0.9 34.4 33.36 54.61 12.03

VTX 120 minutes 0 0.101 6.1 1.0 98.1 0.9 34.0 33.09 5458 12.34

F/T 8 cycles 0 0.098 6.1 0.9 98.2 0.9 335 33.21 54.47 12.33

Fé 40°C 8 days 0 0.097 6.1 0.8 98.0 1.3 335 3352 54.38 121
40°C 14 days 0 0.098 6.1 0.8 97.8 15 333 34.92 53.05 12.06

40°C 28 days 0 0.100 6.1 0.9 972 20 33.4 40.11 48.22 11.67

40°C 2 month 0 0.102 6.1 1.2 9.8 31 345 4851 412 10.29

F9 t=0 0 0.089 6.1 0.9 98.2 0.9 34.6 336 54.38 12.01
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VTX 120 minutes 0 0.091 61 | 09 98.2 1.0 3438 3361 | 543 | 124
FIT 8 cycles 0 0.090 60 | 09 98.2 0.9 34.1 3364 | 5407 | 1229

40°C 8 days 0 0.090 61 | 07 98.1 12 340 3524 | 5374 | 1102

40°C 14 days 0 0.091 61 | 07 97.8 14 36 3747 | 5247 | 1067

40°C 28 days 0 0.091 61 | 08 97.3 19 340 4332 | %8 | 985

40°C 2 month 0 0.096 6.1 10 95.9 3.4 352 5279 | 3864 | 857

t=0 0 0.088 61 | 09 98.2 0.9 331 3347 | 5448 | 1205

VTX 120 minutes 0 0.092 61 | 09 98.2 0.9 33 3347 | 5422 | 1231

FIT 8 cycles 0 0.090 61 | 09 98.2 0.9 29 3364 | 5422 | 1214

F10 40°C 8 days 0 0.090 6.1 0.8 98.0 12 33.1 354 | 5371 | 1089
40°C 14 days 0 0.090 61 | 08 97.8 14 324 3737 | 5215 | 1047

40°C 28 days 0 0.090 61 | 09 97.1 20 329 4357 | 4676 | 965

40°C 2 month 0 0.093 6.1 12 95.7 3.4 342 5303 | 3864 | 833

t=0 0 0.087 61 | 09 98.2 0.9 33 3351 | 5453 | 1198

VTX 120 minutes 0 0.088 61 | 09 98.2 0.9 336 3348 | 5466 | 1187

FIT 8 cycles 0 0.088 61 | 09 98.2 0.9 27 3375 | 5416 | 1208

Fi1 40°C 8 days 0 0.088 61 | 07 98.1 12 324 3531 | 5379 | 109
40°C 14 days 0 0.090 61 | 07 97.9 14 26 374 | 5226 | 1034

40°C 28 days 0 0.090 61 | 08 97.3 20 26 4356 | 4689 | 956

40°C 2 month 0 0.094 61 | 09 96.0 3.4 340 5308 | 3874 | 816

t=0 1 0.087 61 | 09 98.2 10 35 3348 | 5438 | 12.14

VTX 120 minutes 1 0.088 61 | 09 98.2 0.9 336 3349 | 5456 | 1195

FIT 8 cycles 0 0.089 60 | 09 98.2 0.9 208 3372 | 5422 | 1206

Fi2 40°C 8 days 0 0.089 61 | 07 98.1 12 25 3529 | 5369 | 1102
40°C 14 days 0 0.090 61 | 07 97.9 14 27 3714 | 5224 | 1062

40°C 28 days 0 0.091 61 | 08 97.3 19 209 4338 | 468 | 913

40°C 2 month 0 0.095 61 | 09 96.0 3.4 34.1 5274 | 3878 | 847

Table 28: Effect of Excipients on the Stability of 33 mg/mL H1H17139P Antibody Incubated at
40°C for up to Two Months - Visual, OD, pH, SE-UPLC, RP-UPLC Concentration, CEX-UPLC

Formulation Sample Visual OD @ 405nm pH %HMW | %Native | %LMW | Con,mg/mL | %Acidic | %Main | %Basic
t=0 0 0.084 6.1 0.7 98.2 1.1 311 36.5 60.0 3.6
VTX 120 minutes 0 0.082 6.1 0.7 98.2 1.1 315 36.4 59.9 37
F/T 8 cycles 0 0.083 6.0 0.7 98.1 11 311 36.7 59.6 3.7
F 40°C 8 days 0 0.083 6.1 0.6 97.9 1.4 31.3 384 57.2 4.3
40°C 14 days 0 0.083 6.1 0.7 97.7 1.6 31.6 39.6 56.2 4.2
40°C 28 days 0 0.083 6.2 0.7 97.2 2.1 31.9 43.9 51.8 4.3
40°C 2 month 0 0.089 6.1 0.9 95.8 33 31.8 52.4 43.9 3.8
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=0 0 0.086 6.1 0.7 98.2 12 325 36.5 60.0 3.5
VTX 120 minutes 0 0.085 6.1 0.7 98.2 1.1 325 36.5 59.8 37
F/T 8 cycles 0 0.085 6.0 0.7 98.2 1.1 32.4 36.8 59.5 3.7
F2 40°C 8 days 0 0.086 6.1 0.6 98.0 1.4 323 385 57.2 4.3
40°C 14 days 0 0.086 6.0 0.6 97.8 1.6 324 39.5 56.3 4.2
40°C 28 days 0 0.086 6.1 0.6 97.2 2.2 32.7 43.8 51.9 4.3
40°C 2 month 0 0.092 6.0 0.7 96.0 33 329 52.3 44.0 37
t=0 0 0.085 6.1 0.7 98.1 1.1 324 36.4 60.0 3.6
VTX 120 minutes 0 0.086 6.1 0.7 98.2 11 327 36.4 59.9 37
FIT 8cycles 0 0.084 6.0 0.7 98.1 11 323 36.8 59.5 3.8
F 40°C 8 days 0 0.083 6.1 0.6 98.0 14 323 384 57.3 4.3
40°C 14 days 0 0.084 6.0 0.6 97.7 1.6 322 39.3 56.4 4.2
40°C 28 days 0 0.084 6.1 0.7 97.2 2.1 329 43.6 52.1 4.3
40°C 2 month 0 0.090 6.0 0.8 95.9 33 32.8 52.4 43.7 4.0
t=0 0 0.086 6.1 0.7 98.2 1.1 327 36.5 60.0 3.6
VTX 120 minutes 1 0.087 6.1 0.7 98.2 11 329 36.5 59.9 37
F/T 8cycles 0 0.088 6.0 0.7 98.2 1.1 32.8 36.8 59.4 3.8
F4 40°C 8 days 0 0.088 6.1 0.6 98.0 1.4 324 385 57.3 4.2
40°C 14 days 0 0.087 6.1 0.6 97.8 1.6 32.9 39.6 56.3 4.2
40°C 28 days 0 0.087 6.1 0.7 97.2 21 332 43.9 52.0 4.2
40°C 2 month 0 0.092 6.1 0.8 96.0 3.3 33.4 52.8 43.4 3.8
t=0 0 0.094 6.1 0.7 98.2 12 322 36.1 60.2 37
VTX 120 minutes 0 0.094 6.1 0.7 98.2 12 323 36.1 60.1 3.8
FIT 8 cycles 0 0.094 6.1 0.7 98.2 11 32.0 36.4 59.7 3.9
F 40°C 8 days 0 0.094 6.1 0.6 98.0 15 31.9 37.2 58.1 4.8
40°C 14 days 0 0.092 6.1 0.6 97.8 17 322 37.8 57.5 4.7
40°C 28 days 0 0.093 6.1 07 97.2 2.2 325 41.4 53.5 5.1
40°C 2 month 0 0.095 6.1 0.8 95.9 3.3 33.0 48.6 46.3 5.1
t=0 0 0.095 6.1 0.7 98.2 1.2 316 36.1 60.3 37
VTX 120 minutes 0 0.094 6.1 0.7 98.2 12 319 36.2 60.0 3.8
F/T 8cycles 0 0.096 6.1 0.7 98.2 1.2 315 36.3 59.8 3.9
Fo 40°C 8 days 0 0.096 6.1 0.6 98.0 15 31.6 373 58.1 4.6
40°C 14 days 0 0.095 6.1 0.6 97.8 1.7 31.8 38.2 57.3 4.5
40°C 28 days 0 0.093 6.1 0.6 97.2 2.2 32.0 41.7 53.4 4.9
40°C 2 month 0 0.097 6.1 0.7 96.0 33 326 49.4 46.0 4.7
t=0 0 0.095 6.1 0.7 98.1 1.2 321 36.1 60.3 37
F7 VTX 120 minutes 0 0.096 6.1 0.7 98.1 1.2 325 36.1 60.1 3.8
F/T 8 cycles 0 0.097 6.1 0.7 98.1 1.2 32.0 36.4 59.7 3.9
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40°C 8 days 0 0.098 61 | 06 98.0 1.5 325 373 | 580 | 47
40°C 14 days 0 0.095 61 | 06 97.7 16 323 379 | 574 | 47
40°C 28 days 0 0.096 61 | 07 97.2 21 326 416 | 53.4 5.0
40°C 2 month 0 0.096 61 | 08 95.8 34 33.1 491 | 461 49
t=0 0 0.093 61 | 07 98.2 11 327 %1 | 602 | 36
VTX 120 minutes 0 0.100 61 | 07 98.2 12 32,6 361 | 602 | 37
FIT 8 cycles 0 0.097 61 | 07 98.2 12 326 %4 | 597 | 39
Fé 40°C 8 days 0 0.098 61 | 06 98.0 1.5 326 372 | 582 | 47
40°C 14 days 0 0.095 61 | 06 97.8 17 329 381 | 573 | 46
40°C 28 days 0 0.101 61 | 06 97.3 21 33.0 414 | 536 5.0
40°C 2 month 0 0.096 61 | 06 96.1 33 33.4 489 | 462 | 49
t=0 0 0.086 61 | 07 98.1 1.2 329 365 | 599 | 36
VTX 120 minutes 0 0.087 61 | 07 98.2 12 328 366 | 597 | 37
FIT 8 cycles 0 0.087 61 | 07 98.2 11 327 %8 | 594 | 38
F 40°C 8 days 0 0.090 61 | 05 98.0 15 326 384 | 572 | 43
40°C 14 days 0 0.088 61 | 06 97.9 16 33.1 396 | 563 | 42
40°C 28 days 0 0.090 61 | 06 97.3 21 33.2 439 | 518 | 44
40°C 2 month 0 0.092 61 | 07 96.1 3.2 336 521 | 439 | 39
t=0 1 0.087 61 | 07 98.2 11 33.0 %5 | 599 | 36
VTX 120 minutes 0 0.089 61 | 07 98.2 11 33.5 3%6 | 597 | 37
FIT 8 cycles 0 0.088 61 | 07 98.2 11 33.1 %8 | 504 | 38
F10 40°C 8 days 0 0.090 61| 06 98.0 1.4 33.0 38.1 58.0 4.0
40°C 14 days 0 0.088 61 | 06 97.8 16 33. 397 | s6.1 4.2
40°C 28 days 0 0.090 61 | 06 97.3 21 33.6 441 | 517 | 42
40°C 2 month 0 0.093 61 | 07 96.0 33 34.2 526 | 437 | 38
t=0 0 0.084 61 | 07 98.2 11 318 %6 | 598 | 36
VTX 120 minutes 0 0.085 61 | 07 98.2 11 32.2 %6 | 597 | 37
FIT 8 cycles 0 0.085 61 | 07 98.2 11 319 %9 | 593 | 38
F1 40°C 8 days 0 0.088 61 | 05 98.1 14 316 382 | 578 | 40
40°C 14 days 0 0.085 61 | 05 97.9 16 32.0 396 | 53 | 41
40°C 28 days 0 0.088 61 | 06 97.3 21 323 441 | 518 | 41
40°C 2 month 0 0.093 61 | 06 96.1 33 327 525 | 438 | 37
t=0 0 0.086 61 | 07 98.2 12 33.1 %6 | 597 | 36
VTX 120 minutes 0 0.086 61 | 07 98.2 1.1 33.4 %7 | 596 | 37
FIT 8 cycles 0 0.089 61 | 07 98.2 12 33.0 370 | 592 | 38
F12 40°C 8 days 0 0.089 61 | 05 98.1 14 32.8 381 | 579 | 41
40°C 14 days 0 0.086 61 | 05 97.9 16 33.0 97 | s62 | 42
40°C 28 days 0 0.900 61 | 06 97.3 21 333 439 | 519 | 42
40°C 2 month 0 0.095 61 | 06 96.1 33 33.8 523 | 440 | 37
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Table 29: Effect of Excipients on the Stability of 33 mg/mL H1H17161P Antibody Incubated at
40°C for up to Two Months - Visual, OD, pH, SE-UPLC, RP-UPLC Concentration, CEX-UPLC

Formulation Sample Visual OD @ 405nm pH %HMW | %Native | %LMW | Con,mg/mL | %Acidic | %Main | %Basic
t=0 0 0.109 6.1 1.6 97.2 1.2 34 535 426 40
VTX 120 minutes 0 0.109 6.1 1.6 97.2 1.2 34 541 422 37
FIT 8 cycles 0 0.108 6.0 1.7 97.2 1.2 34 543 422 35
F1
40°C 8 days 0 0.105 6.0 1.4 97.1 15 34 57.4 38.8 39
40°C 14 days 0 0.107 6.0 1.4 96.9 1.7 34 59.6 36.4 39
40°C 28 days 0 0.109 6.1 1.6 96.1 23 34 635 312 53
40°C 2 month 0 0.112 6.2 1.7 95.0 33 33 743 224 33
t=0 0 0.111 6.1 16 97.2 1.2 3 531 430 40
VTX 120 minutes 0 0.100 6.1 1.6 97.2 13 33 537 428 35
FIT 8 cycles 0 0.112 6.0 1.6 97.2 1.2 34 535 429 36
F2
40°C 8 days 0 0.106 6.0 1.3 97.2 15 34 555 405 40
40°C 14 days 0 0.110 6.0 13 97.0 1.7 34 575 384 41
40°C 28 days 0 0.110 6.1 1.4 96.3 23 34 59.9 34.7 55
40°C 2 month 0 0.114 6.1 15 95.2 33 3 69.7 265 38
t=0 0 0.110 6.1 1.6 97.2 1.2 34 535 427 39
VTX 120 minutes 0 0.109 6.1 1.8 96.9 1.3 3 54.0 423 37
FIT 8 cycles 0 0.109 6.0 1.6 97.1 1.2 34 54.3 423 34
F3
40°C 8 days 0 0.105 6.0 1.3 97.1 15 34 57.2 39.0 38
40°C 14 days 0 0.107 6.0 1.4 96.9 1.7 34 59.8 36.2 41
40°C 28 days 0 0.109 6.1 15 96.2 23 34 63.2 317 52
40°C 2 month 0 0.111 6.1 1.6 95.1 33 33 740 229 3.1
t=0 0 0.110 6.1 1.6 97.2 13 34 533 433 34
VTX 120 minutes 0 0.109 6.1 1.6 97.1 1.3 34 535 429 37
FIT 8 cycles 0 0.113 6.1 1.6 97.2 1.2 34 539 425 36
F4
40°C 8 days 0 0.106 6.0 1.3 97.2 15 34 555 40.6 39
40°C 14 days 0 0.113 6.0 1.4 96.9 1.7 34 57.8 38.2 40
40°C 28 days 0 0.110 6.1 1.4 96.3 23 34 60.0 348 53
40°C 2 month 0 0.114 6.1 16 95.1 34 33 70.2 26.4 34
t=0 0 0.121 6.1 1.6 97.2 1.2 33 536 430 35
VTX 120 minutes 0 0.122 6.1 1.6 97.1 1.3 34 539 424 37
FIT 8 cycles 0 0.124 6.1 16 97.2 1.2 34 543 419 38
F5
40°C 8 days 0 0.114 6.1 1.4 97.1 16 34 56.0 39.8 42
40°C 14 days 0 0.118 6.1 15 96.8 18 34 59.0 36.6 45
40°C 28 days 0 0.116 6.2 15 96.1 24 34 61.9 325 56
40°C 2 month 0 0.117 6.1 1.7 95.0 34 33 726 239 35

103



WO 2021/150829 PCT/US2021/014524
t=0 0 0121 6.1 16 972 12 3 530 431 38
VTX 120 minutes 0 0.121 6.1 16 97.1 13 3 53.1 431 38
FIT 8 cycles 0 0123 6.1 16 972 12 3 533 428 39
F6 40°C 8 days 0 0117 6.1 14 97.1 16 34 538 419 43
40°C 14 days 0 0.121 6.1 14 9%.8 18 3 562 392 46
40°C 28 days 0 0118 6.2 15 96.1 24 33 57.1 368 6.1
40°C 2 month 0 0.119 6.1 16 95.0 34 3 66.1 300 39
t=0 0 0.121 6.1 16 97.1 13 34 537 426 37
VTX 120 minutes 0 0.122 6.1 16 97.0 14 34 539 423 39
FIT 8 cycles 0 0.123 6.1 16 972 12 34 54.1 422 37
Fr 40°C 8 days 0 0.115 6.1 15 97.0 16 34 563 395 42
40°C 14 days 0 0.120 6.1 15 96.7 18 34 59.1 364 46
40°C 28 days 0 0.117 6.2 16 96.0 2.4 34 632 311 57
40°C 2 month 0 0.119 6.1 17 949 34 3 737 25 39
t=0 0 0.120 6.1 16 972 12 3 533 432 35
VTX 120 minutes 0 0.120 6.1 25 96.1 13 3 53.1 431 38
FIT 8 cycles 0 0.121 6.1 16 972 12 34 529 431 40
Fé 40°C 8 days 0 0117 6.1 14 97.1 15 34 5338 419 43
40°C 14 days 0 0.119 6.1 14 9.8 18 34 55.8 395 47
40°C 28 days 0 0.115 6.2 15 9.2 23 34 566 375 6.0
40°C 2 month 0 0117 6.1 15 95.1 34 3 65.4 304 43
t=0 0 0.112 6.1 16 972 13 3 539 425 36
VTX 120 minutes 0 0.112 6.1 16 972 13 3 542 422 36
FIT 8 cycles 0 0.114 6.1 16 972 12 34 54.4 420 36
F 40°C 8 days 0 0.107 6.1 12 973 15 34 57.1 39.1 38
40°C 14 days 0 0.114 6.0 13 97.0 18 34 599 360 44
40°C 28 days 0 0.110 6.2 13 9.4 23 34 630 315 56
40°C 2 month 0 0.114 6.1 14 952 34 3 735 231 34
t=0 0 0.113 6.1 16 972 12 3 542 428 34
VX120 minutes | 0.112 0.000 FOG | 16 972 12 3 543 423 35
FIT 8 cycles 0.114 0.001 FDG | 16 972 12 3 545 £20 36
F10 40°C 8 days 0 0.112 6.1 13 972 16 34 57.1 39.1 37
40°C 14 days 0 0.111 6.1 13 97.0 17 3 599 360 44
40°C 28 days 0 0.111 6.2 14 9.3 24 34 629 317 54
40°C 2 month 0 0.115 6.1 15 952 34 3 730 237 33
t=0 0 0.110 6.1 16 972 13 3 536 431 34
11 VTX 120 minutes 0 0.112 6.1 17 97.1 12 3 536 428 36
FIT 8 cycles 0 0.111 6.1 16 973 12 34 536 428 36
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40°C 8 days 0 0.107 6.1 1.2 97.2 15 34 556 406 38
40°C 14 days 0 0.112 6.1 1.3 97.0 1.7 34 579 380 41
40°C 28 days 0 0.114 6.1 1.3 96.4 2.3 34 59.7 349 54
40°C 2 month 0 0.118 6.1 1.4 95.3 33 33 69.5 271 35

t=0 0 0.114 6.1 1.6 971 13 34 538 428 34

VTX 120 minutes 0 0.114 6.1 15 97.2 13 34 538 426 36

FIT 8 cycles 0 0.113 6.1 1.6 97.2 1.2 34 538 427 36

F12 40°C 8 days 0 0.109 6.1 1.2 97.3 15 34 555 40.7 338
40°C 14 days 0 0.113 6.0 1.2 97.0 1.7 34 579 379 42

40°C 28 days 0 0.113 6.1 1.3 96.4 24 34 60.0 344 57

40°C 2 month 0 0.120 6.1 1.4 953 33 33 69.4 268 38

Table 30: Effect of Excipients on the Stability of 100 mg/mL H1H17203P, H1H17139P, and
H1H17161P Antibodies (ratio at 1:1:1) Incubated at 40°C for up to Two Months - Visual, OD,
pH, SE-UPLC, RP-UPLC Concentration

. . oD @ . Con,
Formulation Sample Visual 4050m AOD pH | %HMW | %Native | % LMW mg/mL
t=0 0 0.178 0.00 6.1 1.24 97.70 1.06 99
.120 0 0.175 0.00 6.1 1.76 96.83 1.41 100
minutes
8 cycles 0 0.176 0.00 6.1 1.95 96.41 1.64 99
40°C8 0 0.176 0.00 6.1 2.29 95.56 2.16 98
days
40°C 14 o |o0179] 000 | 61 | 2091 9382 | 327 99
days
40°C 28 0 0.189 0.01 6.1 4.01 91.58 4.41 103
days
Fl1 40°C2 0 0.191 0.01 6.1 1.32 97.63 1.04 98
month
40°C 3 o | 0203 | 002 | 63| 125 | 9768 | 107 99
months
Light
Stress 0 0.177 0.00 6.1 1.43 97.19 1.39 98
Control
Light
Stress 0 0.178 0.00 6.1 5.56 93.21 1.24 99
Mild
Light
Stress 0 0.286 0.11 6.1 21.67 76.26 2.07 98
Extreme
t=0 0 0.177 0.00 6.1 1.15 97.79 1.06 97
.120 0 0.179 0.00 6.1 1.52 97.08 1.41 98
minutes
B 8 cycles 0 0.177 0.00 6.1 1.68 96.67 1.65 97
40°C 8 0 0.175 0.00 6.1 1.96 95.88 2.16 97
days
40°C 14 o |o10 | 000 | 61 | 247 | 9424 | 330 97
days
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40°C 28 0 0.185 0.01 6.1 3.33 92.34 4.33 102
days
40°C2 0 0.193 0.02 6.1 1.14 97.81 1.04 97
month
40°C3 0 0.203 0.03 6.2 1.17 97.76 1.08 97
months
t=0 0 0.173 0.00 6.1 1.21 97.71 1.08 97
.120 0 0.174 0.00 6.1 1.64 96.97 1.40 101
minutes
8 cycles 0 0.181 0.01 6.1 1.81 96.57 1.63 98
40°C 8 0 0.171 0.00 6.1 2.11 95.74 2.15 97
days
3 40C 14 0 0178 | 000 | 6.1 2.65 94.13 3.23 97
days
40°C 28 0 0.185 0.01 6.1 3.37 92.40 4.23 102
days
40°C 2 0 0.188 0.02 6.1 1.30 97.62 1.08 97
month
40°C 3 0 0.203 0.03 6.3 1.22 97.70 1.08 100
months
t=0 0 0.180 0.00 6.1 1.18 97.75 1.08 97
.120 0 0.182 0.00 6.1 1.57 97.04 1.38 97
minutes
8 cycles 0 0.178 0.00 6.1 1.76 96.62 1.62 97
40°C8 0 0.172 0.00 6.1 2.09 95.76 2.15 98
days
40°C 14 0 0.179 0.00 6.1 2.68 94.07 3.24 99
days
40°C 28 0 0.187 0.01 6.1 3.48 92.26 4.26 104
days
40°C2
F4 month 0 0.194 0.01 6.1 1.17 97.77 1.07 99
40°C 3 0 0.205 0.02 6.3 1.19 97.73 1.08 98
months
Light
Stress 0 0.178 0.00 6.1 1.27 97.47 1.26 98
Control
Light
Stress 0 0.178 0.00 6.1 4.60 94.18 1.22 98
Mild
Light
Stress 0 0.233 0.05 6.1 17.01 81.07 1.92 97
Extreme
t=0 0 0.194 0.00 6.1 1.12 97.78 1.10 96
.120 0 0.196 0.00 6.1 1.30 97.26 1.44 96
minutes
8 cycles 0 0.198 0.00 6.1 1.43 96.89 1.68 96
5 40°C 8 0 0.187 0.00 6.1 1.65 96.14 2.22 98
days
40°C 14 0 0.190 0.00 6.1 2.07 94.59 3.34 97
days
40°C 28 0 0.195 0.00 6.1 2.88 92.77 4.35 102
days
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40°C 2 0 0.198 0.00 6.1 1.11 97.79 1.10 96
month
40°C3 0 0.204 0.01 6.3 1.13 97.78 1.10 97
months

t=0 0 0.197 0.00 6.1 1.10 97.82 1.07 96
120 o |o0197 ] 000 | 62 | 131 97.25 1.4 9%
minutes
8 cycles 0 0.200 0.00 6.1 1.44 96.86 1.70 96
40°C8 0 0.191 0.00 6.1 1.69 96.09 2.22 96
days
ko 40°C 14 0 0.195 0.00 6.1 2.28 94.37 3.35 96
days
40°C 28 0 0.200 0.00 6.2 3.02 92.66 4.32 102
days
40°C2 0 0.199 0.00 6.1 1.10 97.78 1.13 96
month
40°C 3 0 0.208 0.01 6.3 1.12 97.77 1.11 96
months
t=0 0 0.198 0 6.13 1.13 97.82 1.05 95
.120 0 0.196 0 6.14 1.38 97.19 1.43 97
minutes
8 cycles 0 0.209 0.011 6.13 1.53 96.79 1.69 96
40C8 0 0.189 0 6.09 1.75 96.04 2.22 98
days
40°C 14 0 0.1917 0 6.08 2.26 94.41 3.34 97
days
40°C 28 0 0.1973 0 6.15 3.38 92.08 4.54 104
days
F7 40°C 2 0 0.1994 | 0.0014 | 6.15 1.14 97.79 1.08 97
month
40°C 3 0 0.2086 | 0.0106 | 6.28 1.14 97.76 1.09 97
months
Light
Stress 0 0.1977 0 6.12 1.15 97.56 1.28 98
Control
Light
Stress 0 0.2001 | 0.0021 | 6.11 4.87 93.85 1.28 98
Mild
Light
Stress 0 0.287 0.089 6.11 17.14 80.69 2.17 97
Extreme
t=0 0 0.191 0.00 6.1 1.10 97.84 1.06 97
.120 0 0.192 0.00 6.1 1.24 97.33 1.44 96
minutes
8 cycles 0 0.195 0.00 6.1 1.32 97.00 1.67 96
40°C 8 0 0.184 0.00 6.1 1.49 96.29 2.22 97
F8 days
40°C 14 0 0.189 0.00 6.1 1.85 94.82 3.32 97
days
40°C 28 0 0.198 0.01 6.2 2.35 93.33 4.32 102
days
40°C2 0 0.194 0.00 6.2 1.26 97.69 1.06 97
month
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40°C 3 0 0.204 0.01 6.3 1.11 97.79 1.10 101
months

t=0 0 0.177 0 6.11 1.15 97.77 1.09 97
.120 0 0.18 0.003 6.11 1.38 97.25 1.38 97
minutes
8 cycles 0 0.181 0.004 6.1 1.51 96.87 1.63 96
40°C 8 0 0.177 0 6.08 1.71 96.12 2.17 97
days
40dacysl4 0 0.1813 | 0.0043 | 6.08 2.09 94.63 3.28 97
40°C 28 0 0.187 0.01 6.13 2.63 93.08 4.29 103
days

F9 40°C2 0 0.1914 | 0.0144 | 6.11 1.12 97.84 1.03 97
month
40°C3 0 0.1987 | 0.0217 | 6.23 1.15 97.78 1.08 98
months

Light
Stress 0 0.1776 | 0.0006 | 6.12 1.19 97.56 1.26 99
Control
Light
Stress 0 0.1777 | 0.0007 | 6.12 4.15 94.59 1.26 98
Mild
Light
Stress 0 0.2888 | 0.1118 | 6.11 15.33 82.28 2.39 99
Extreme
t=0 0 0.18 0 6.11 1.17 97.77 1.07 96
.120 0 0.179 0 6.12 1.45 97.13 1.41 96
minutes
8 cycles 0 0.184 0.004 6.1 1.59 96.76 1.65 96
40C8 0 0.177 0 6.08 1.83 95.99 2.19 97
days

F10 40d£]:4 0 0.1812 | 0.0012 | 6.09 2.28 94.43 3.30 96
40de§7528 0 0.1892 | 0.0092 | 6.143 2.95 92.76 4.28 102
40°C 2 0 0.1873 | 0.0073 | 6.11 1.15 97.81 1.04 96
month
40°C 3 0 0.1982 | 0.0182 | 6.23 1.17 97.76 1.07 97
months

t=0 0 0.177 0 6.12 1.13 97.79 1.08 100
.120 0 0.178 0.001 6.12 1.34 97.25 1.40 97
minutes
8 cycles 0 0.18 0.003 6.1 1.46 96.90 1.65 97
40°C 8 0 0.177 0 6.09 1.67 96.16 2.18 96
days

Fll 40d:;:4 0 |0.1807 | 0.0037 | 6.08 | 2.02 94.66 331 97
4-0daCYSZ8 0 0.1897 | 0.0127 | 6.14 2.48 93.26 4.26 102
40°C2 0 0.1886 | 0.0116 | 6.13 1.20 97.75 1.04 97
month
40°C3 0 0.1934 | 0.0164 | 6.24 1.15 97.80 1.06 101
months

F12 t=0 0 0.178 0 6.1 1.13 97.78 1.10 99
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.120 0 0.178 0 6.11 1.30 97.30 1.40 96
minutes
8 cycles 0 0.181 0.003 6.09 1.40 96.96 1.64 97
40°C8 0 0.176 0 6.07 1.59 96.25 2.16 98
days
4055814 0o |o01815|00035 | 607 | 192 | 9482 | 326 97
40daC3]828 0 0.1895 | 0.0115 6.1 2.35 93.42 4.24 102
40°C 2 0 0.1955 | 0.0175 | 6.11 1.10 97.86 1.04 97
month
40°C 3 0 0.2008 | 0.0228 | 6.22 1.12 97.78 1.10 98
months
Light
Stress 0 0.1786 | 0.0006 | 6.12 1.13 97.60 1.26 99
Control
Light
Stress 0 0.179 0.001 6.11 3.37 95.38 1.26 98
Mild
Light
Stress 0 0.241 0.063 6.12 11.99 85.85 2.16 99
Extreme

Table 31: Effect of Excipients on the Stability of 100 mg/mL H1H17203P, H1H17139P, and
H1H17161P Antibodies (at ratio 1:1:1) Incubated at 40°C for up to Two Months - CEX-UPLC

Formulation | Sample H1H17139P H1H17203P H1H17161P
N\ NN\ %Acidie | %Main | % Basic | % Acidic | %Main | %Basic | %Acidc | %Main | %Basic
=0 %1 | 612 | 27 319 | 476 | 206 M2 | 209 89
120 mindtes | 3.0 | 613 | 27 38 | 478 | 204 409 | 495 97
8cycles %2 | 611 | 27 318 | 477 | 205 203 | 498 98
s 40°C8days | 382 | 586 | 33 | 339 | 468 | 193 61 | 441 99
40°C14deys | 399 | 566 | 35 | 359 | 453 | 188 84 | 22 9.4
40°C28days | 448 | 513 | 39 96 | 411 19.3 568 | 37.0 62
4°C2month | 545 | 420 | 35 | 467 | 326 | 207 685 | 27.6 38
40°C3months | 622 | 328 | 50 542 | 270 18.8 783 | 16.9 48
=0 %2 | 611 | 27 317 | 478 | 205 206 | 502 9.1
120minites | 360 | 614 | 26 316 | 481 203 4“2 | 512 76
8cycles %3 | 611 | 27 318 | 478 | 204 96 | 496 107
40°C8days | 381 | 586 | 33 | 336 | 469 19.4 02 | %7 14
72 40°C14days | 398 | 567 | 35 | 354 | 456 19.0 49 | 451 100
40°C28days | 449 | 511 | 40 93 | 412 195 567 | 38 6.4
4°C2month | 542 | 423 | 35 | 464 | 326 | 213 629 | 37 44
40°C3months | 615 | 339 | 47 545 | 283 | 172 713 | 235 52
=0 %1 | 612 | 27 37 | 478 | 205 M4 | 502 8.4
. 120 mindtes | 3.0 | 614 | 26 316 | 481 203 M2 | 504 8.4
8 cycles %2 | 612 | 26 38 | 478 | 204 203 | 496 100
40°C8days | 381 | 587 | 33 | 336 | 469 19.4 48 | 455 96
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40°C 14 days 396 56.8 36 354 456 19.0 474 425 10.1

40°C 28 days 445 515 4.0 393 412 19.5 56.6 373 6.1

40°C 2 month 539 425 36 46.1 326 213 67.8 278 45

40°C 3 months 61.6 349 35 545 283 17.2 778 177 4.4

t=0 36.2 61.1 2.7 319 478 203 405 50.7 8.8

120 minutes 359 61.5 2.6 317 482 20.1 40.2 515 83

8 cycles 36.2 61.1 2.7 318 479 203 39.2 50.8 10.0

- 40°C 8 days 38.1 58.6 34 338 471 19.1 426 47.8 9.6

40°C 14 days 40.0 56.6 35 357 459 18.4 449 456 9.6

40°C 28 days 45.1 511 38 40.0 411 18.9 53.0 40.4 6.6

40°C 2 month 54.6 421 34 473 327 200 63.9 322 39

40°C 3 months 61.5 34.0 46 54.7 284 16.9 726 23.0 4.4

t=0 359 61.4 2.7 315 48.0 205 415 50.7 79

120 minutes 3bB.7 61.8 25 312 485 202 416 50.1 83

8 cycles 359 61.5 2.7 314 48.1 205 403 50.1 9.6

- 40°C 8 days 36.8 59.8 33 324 48.0 19.6 452 46.5 83

40°C 14 days 38.4 577 38 34.0 46.4 19.6 46.6 421 113

40°C 28 days 42.4 533 43 371 430 19.9 55.9 375 6.5

40°C 2 month 50.5 457 38 437 36.0 203 68.8 273 39

40°C 3 months 5.9 382 49 51.0 323 16.7 76.8 179 54

t=0 36.0 61.2 2.8 317 478 205 403 50.2 9.6

120 minutes 36.2 60.9 29 316 478 206 39.1 50.5 10.4

8 cycles 358 61.4 2.8 315 48.0 204 39.2 505 10.3

40°C 8 days 37.0 59.6 34 327 479 19.4 417 48.4 9.9

e 40°C 14 days 38.8 575 38 343 46.7 19.0 43.0 457 13

40°C 28 days 427 532 41 376 432 19.1 50.3 4238 6.9

40°C 2 month 51.2 451 37 447 36.1 19.2 60.1 354 45

40°C 3 months 97.5 378 47 521 325 15.5 68.3 26.4 5.4

t=0 36.0 61.2 2.8 316 478 205 41.0 49.4 9.6

120 minutes 36.1 61.2 2.8 316 478 207 40.0 50.2 9.9

8 cycles 359 61.3 2.7 315 48.1 204 40.1 49.6 10.3

- 40°C 8 days 37.1 594 35 328 476 19.5 449 448 10.3

40°C 14 days 388 57.4 38 343 46.5 19.2 472 4238 10.1

40°C 28 days 428 53.0 4.1 375 430 19.5 56.3 373 6.4

40°C 2 month 51.2 451 37 448 36.2 19.0 69.5 271 34
e3monios |

t=0 358 61.5 2.7 315 48.0 205 405 515 8.0

120 minutes 36.0 61.2 2.7 316 479 206 395 50.9 9.7

- 8 cycles 357 61.8 25 313 487 19.9 40.2 49.9 10.0

40°C 8 days 36.9 59.6 35 327 476 19.7 415 48.0 10.5

40°C 14 days 38.7 575 39 343 465 19.2 432 457 111

40°C 28 days 426 533 42 374 431 19.5 50.4 429 6.7
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40°C 2 month 50.8 455 37 443 36.0 19.7 60.1 357 4.2
40°C 3 months 57.8 373 49 521 321 15.9 68.8 258 5.4
t=0 36.2 61.1 2.7 319 478 202 413 497 9.0
120 minutes 36.4 60.9 2.7 319 477 205 40.0 50.2 9.9
8 cycles 36.1 61.3 2.7 318 479 203 392 51.0 9.9
40°C 8 days 379 58.8 33 336 473 19.1 449 458 93
" 40°C 14 days 40.0 56.3 37 357 455 18.8 46.8 422 11.0
40°C 28 days 447 513 4.0 395 415 19.0 56.3 379 5.8
40°C 2 month 53.8 426 36 46.2 333 205 67.7 289 33
40°C 3 months 60.8 344 49 543 292 16.5 76.9 18.2 49
t=0 36.0 61.5 25 319 477 204 411 50.5 8.4
120 minutes 36.4 60.9 2.7 319 478 203 40.1 50.8 9.1
8 cycles 36.2 61.2 2.6 318 48.0 202 39.1 511 9.8
£10 40°C 8 days 37.9 58.8 33 338 472 18.9 44.8 46.0 9.2
40°C 14 days 40.2 56.4 35 358 456 18.7 46.3 420 11.6
40°C 28 days 449 511 39 39.7 47 18.6 56.9 375 56
40°C 2 month 94.2 424 34 46.6 332 202 67.5 292 33
40°C 3 months 60.9 346 45 539 29.0 171 75.8 19.5 47
t=0 36.0 61.5 25 317 48.4 200 410 518 7.2
120 minutes 36.4 60.9 2.7 318 478 204 399 50.5 9.6
8 cycles 36.2 61.2 2.6 317 48.1 202 38.9 50.8 10.3
40°C 8 days 379 58.8 33 338 473 18.9 424 475 10.1
i 40°C 14 days 40.2 56.4 35 357 458 18.5 442 44.8 10.9
40°C 28 days 449 511 39 39.8 4.7 185 525 416 59
40°C 2 month 54.2 424 34 45,0 321 229 59.7 36.2 4.1
40°C 3 months 60.9 346 45 545 294 16.1 72.0 243 37
t=0 36.1 61.3 2.6 319 48.1 200 40.8 515 7.7
120 minutes 36.1 61.2 2.7 318 478 204 395 495 11.0
8 cycles 36.1 61.2 2.7 318 479 203 384 50.8 10.8
F1 40°C 8 days 38.2 58.4 34 338 473 19.0 426 47.0 10.3
40°C 14 days 40.0 56.4 36 356 459 185 441 454 10.4
40°C 28 days 447 513 40 396 47 18.7 524 a7 59
40°C 2 month 53.9 426 35 442 320 238 58.9 36.6 46
40°C 3 months 60.2 351 47 53.2 294 17.4 713 251 35

Table 32: Effect of Excipients on the Stability of 100 mg/mL H1H17203P, H1H17139P, and
H1H17161P Antibodies (at ratio 1:1:1) Incubated at 40°C for up to Two Months — MFI Results
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F3 4112 4201 90 6
F4 1459 1509 50 10
F5 649 695 46 8
F6 831 929 98 27
F7 1136 1249 113 13
F8 2311 2414 102 13
F9 632 655 23 0
F10 990 1028 38

F11 1845 1931 86

F12 678 722 44 4
F1 4778 4995 217 31
F2 2461 2544 83 8
F3 3003 3064 61 0
F4 2497 2553 56 6
F5 1744 1771 27 0
F6 4427 4540 113 8
F7 Mk 2734 2797 63 13
F8 3874 4066 192 21
F9 1697 1730 33

F10 1876 1926 50

F11 2464 2530 67 6
F12 1104 1154 50 8
F1 6406 6657 250 42
F2 2011 2074 63 6
F3 2572 2616 44 17
F4 2864 2960 9% 25
F5 1354 1396 42 2
F6 4141 4379 238 23
F7 i 3905 3982 77 4
F8 3377 3471 94 4
F9 1965 1996 31 2
F10 1746 1792 46 2
F11 5040 5134 94 6
F12 1304 1323 19 2

Example 8: Selection of Organic Cosolvent Against Agitation Stress

[000227] Stabilizers such as surfactants and organic cosolvents are often added to the antibody

formulations to protect the protein from agitation-induced aggregation. The effect of organic

cosolvents and surfactants on the agitation stress stability and thermal stability of 33.3 mg/mL

individual anti-EBOV antibody, and 100 mg/mL of the three antibody co-formulated cocktail (ratio at
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1:1:1) were examined in liquid formulations. The previous example identified Polysorbate 80 as a
critical excipient component. The present Example evaluates different Polysorbate 80 by % w/v
under agitation stress induced by orbital shaking at 250 rpm for 48 hours. See Tables 33-40. Base
formulations contain 33.3. mg/mL single antibody (or 100 mg/mL total antibody in co-formulation),
10 mM histidine, pH 6.0, 5% w/v sucrose, with 0.04% to 0.2% Polysorbate 80 as shown.
Formulations containing no surfactant are less stable under agitation stress in comparison to
formulation with = 0.04% w/v PS80. In addition, there are no significant differences in the MFI and
SE-UPLC results among formulations containing = 0.04% w/v Polysorbate 80.

Table 33: Effect of Polysorbate 80 on Agitation Stress in Formulation Containing H1H17203P
Anti-EBOV - Visual, OD, pH, %HMW, %Native, %LMW, and PS80 %w/v Concentration

Base e o
Formulation Stress Visual 405 pH %HMW %Native Y%LMW '
+ nm mg/mL
0.04% wiv t=0 0 0.087 6.1 13 97.7 10 339
PS80 08 igﬂrrpm 0 0.088 6.0 12 97.8 10 345
0.08% wiv t=0 0 0.087 6.0 1.3 97.7 1.0 33.8
PS80 08 250 rpm 0 0.087 6.0 12 978 10 3438
aghr
0.12% wiv t=0 0 0.086 6.0 19 97.0 1.1 33.4
PS80 08 igﬂrrpm 0 0.086 6.0 18 97.2 11 338
0.20% wiv 0 0 0.087 6.0 13 97.6 11 333
PS80 08 250 rpm 0 0.087 6.0 12 978 11 342
aghr
0.00% wiv t=0 0 0.086 6.0 2.4 96.7 10 325
PS80 08 igﬂrrpm 2 0.365 6.0 55.2 441 07 26

Table 34: Effect of Polysorbate 80 on Agitation Stress in Formulation Containing H1H17139P
Anti-EBOV - Visual, OD, pH, %HMW, %Native, %LMW, and PS80 %w/v Concentration

Base 0 o
Formulation Stress Visual 405 pH %HMW %Native Y%LMW y

+ nm mg/mL
Ty 2:8 0 0.084 60 09 978 12 324
PS80 ot 0 0083 60 08 97.9 12 326
0.08% wiv t=0 0 0083 60 09 978 12 324
PS80 OB 250 0 0082 60 08 97.9 12 325
0.12% wiv — 2:(0) 0 0.084 6.0 0.9 97.8 12 325
PS80 ot 0 0083 60 08 97.9 12 328
t=0 0 0.084 60 09 978 13 327
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020%wi | OB 250 pm
PS80 pro 0 0.082 6.0 08 979 13 29
0.00% wiv — ;;g 0 0.090 6.0 1.6 97.3 11 323
PS80 48hr”°m 0 0.086 6.0 33 95.6 11 320

Table 35: Effect of Polysorbate 80 on Agitation Stress in Formulation Containing HIH17161P
Anti-EBOV - Visual, OD, pH, %HMW, %Native, %LMW, and PS80 %w/v Concentration

Base na -
Formulation Stress Visual 405 pH %HMW %Native %LMW ’
+ nm mg/mL
0.04% wiv 0 0 0.114 6.0 19 9.8 13 3
PS80 OB 250 rpm 0 0.111 6.1 18 9.9 13 3
aghr
0.08% wiv t=0 0 0.112 6.0 19 9.8 13 3
PS80 08 250 rpm 0 0111 6.1 18 97.0 13 33
a8hr
0.12% wiv 0 0 0.110 6.0 19 9.8 13 3
PS80 OB 250 rpm 0 0.110 60 18 97.0 13 34
A8hr
0.20% wiv 0 0 0.106 6.0 19 9.8 13 3
PS80 08 250 rpm 0 0111 6.1 18 9.9 13 33
a8hr
0.00% wiv 0 0 0.111 6.0 19 9.9 12 3
PS80 o8 igﬁ;"m 0 0.112 6.0 107 88.2 14 3

Table 36: Effect of Polysorbate 80 on Agitation Stress in Formulation Containing
H1H17203P, H1H17139P, and H1H17161P Anti-EBOV - Visual, OD, pH, %HMW, %Native,
%LMW, and PS80 %w/v concentration

Formulation Stress Visual | OD @ 405nm | pH | %HMW | %Native | %LMW | Con, mg/mL | PS 80 %wh
y t=0 0 o182 61| 16 | 973 | 12 98 0058
OB 250 rpm 48hr | 0 0188 |61] 16 | 973 | 11 %8 0.059
" 0 0 0180 61| 16 | 973 | 11 97 0095
OB 250 rpm 48hr | 0 0180 |61] 16 | 973 | 11 %8 0.095
s 0 0 0175 |61 ] 18 | 971 1.1 93 0.13
OB 250 rpm 48hr | 0 o176 |61 17 | 972 | 11 93 0.129
o 0 0 0179 |61] 16 | 973 | 11 o7 0.207
OB 250 rpm 48hr | 0 o182 61| 16 | 973 | 11 o7 0.207
" =0 0 0191 |61] 21 | 99 | 11 9 N\
OB 250 rpm 48hr | 0 0178 |60 88 | %2 [ 10 98 NI

Table 37: Effect of Polysorbate 80 on Agitation Stress in Formulation Containing H1H17203P

Anti-EBOV - MFI Results

Base Stress 10-300 pm 25-300 pm
Formulation + (#mL) (#mL)
t=0 405.12 10.44
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o | 0mon | son | am
00;3;/08(\)1\/ i OB 2:8 pm Zijj 341 1382
48hr : .
OIESO%VN o8 2:8 Pm 1218510.9612 :Z:Z
48hr : :
022;/;3(\)“/ i OB 2:8 pm Z:z 182:53
48hr : :
0.00% wiv t=0 389.9 22,94
PS80 OB 250 rpm 1524.14 12997
48hr

Table 38: Effect of Polysorbate 80 on Agitation Stress in Formulation Containing H1H17139P
Anti-EBOV - MFI Results

Base Stress 10-300 um 25-300 uym
Formulation + (#mL) (#mL)
0.04% wiv t=0 1675.63 37.61

B 0
PS80 OB 250 rpm
48hr 421.82 18.79
0.08% wiv t=0 208.82 10.44
B (]
PS80 OB 250 rpm
Ashr 355 12.53
0.12% wiv t=0 402.82 64.70
. (]
PS80 08 250 rpm 1002.87 2298
48hr
0.20% wiv t=0 421.82 18.79
. (]
PS80 OB 250 rpm
4shr 1423.56 10.45
0.00% wiv t=0 98 8.34
PS80 08 250 rpm 369.24 6.26
48hr

Table 39: Effect of Polysorbate 80 on Agitation Stress in Formulation Containing H1H17161P
Anti-EBOV — MFI Results

Base Stress 10-300 pm 25-300 pym
Formulation + (#mL) (#/mL)
0.04% wiv 0 17 0
PS80 OB 250 rpm 9 0
48hr
0.08% wiv — 2:8 6 0
PS80 pm
48hr % 4
0.12% wiv 0 8 4
PS80 OB 250 rpm 17 8
48hr
t=0 33 4
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0.20% wiv OB 250 rpm 10 9
PS80 48hr

0.00% whv F0 15 2

PS80 OB 250 rpm 8 4
48hr

Table 40: Effect of Polysorbate 80 on Agitation Stress in Formulation Containing
H1H17203P, H1H17139P, and H1H17161P Anti-EBOV — MFI Results

Base Stress 10-300 um 25-300 pm
Formulation + (#mL) (#/mL)
0.04% wiv = 2:8 21 6
PS80 em
48hr 15 0
0.08% wiv 0 8 0
48hr
0.12% wiv = ;8 % 2
PS80 em
48hr 15 0
0.20% wiv &0 8 0
48hr
0,
o z :
OB 250 rpm
48hr % 6
e anti- antibodies were unstable when agitated by orbital shaking a rpm in
[000228] Th ti-EBOV antibod table wh tated by orbital shak t 250

the absence of an organic cosolvent or surfactant. After agitation by orbital shaking at 250 rpm in
the absence of cosolvent or surfactant, the solution became cloudy, exhibited a substantial increase
in turbidity, and had an increase in aggregates as determined by SE-UPLC, as well as loss in
protein recovery by RP-UPLC. In contrast, 0.1% polysorbate 80 protected the antibodies from
agitation-induced instability.

Example 9: Selection of Stabilizer Concentration
[000229]
could be used to develop a drug product formulation supporting 33.3 mg/mL individual anti-EBOV

The goal of the present Example was to identify the levels of stabilizing component that

antibody, and 100 mg/mL of the three antibody co-formulated cocktail (ratio at 1:1:1). 10% sucrose
was selected in the initial formulation, and tested at varying amounts to assess any change in
antibody stability: 5%, 10%, 15%, and 20%. Base formulations contained 100 mg/mL antibody, 10
mM histidine at pH 6.0, and 0.1% polysorbate 80.

[000230]

concentration formulation development. For the high concentration formulation development,

Sucrose was chosen as the thermal stabilizer for anti-EBOV antibodies during the low
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different concentrations of sucrose were evaluated on the stability of the antibodies at 100 mg/mL
concentrations at 25°C for 0 to 6 months and at 40°C for 0 to 3 months. The formation of HMW
species decreased with increasing sucrose concentrations when the formulations were incubated at
40°C for 28 days.

[000231] This study demonstrated that the protein stability is comparable for the formulation
containing 10% w/v sucrose as compared to formulations containing 15% or 20% sucrose, and as
such, no additional sucrose was needed beyond 10% w/v. See Tables 41-48.

Table 41: Accelerated Stability of High Concentration (100 mg/mL) H1H17203P Anti-EBOV
Antibody with Thermal Stabilizers - Visual, OD, and pH

Base
. . oD @
Formﬁlatlon Stress | Visual 405nm pH
t=0 0 0.085 6.0
25°C
0.5m 0 0.084 6.0
25°C 0 0.085 | 6.1
im
25°C
3m 0 0.082 6.1
25°C
5% sucrose 6m 0 0.091 6.1
40°C
7d 0 0.085 6.0
40°C
14d 0 0.086 6.0
40°C
21d 0 0.086 6.1
40°C
84 0 0.087 6.1
t=0 0 0.085 6.0
25°C
0.5m 0 0.084 6.0
25°C
im 0 0.085 6.1
25°C 0 0.084 | 6.0
o 3m
10% 259G
sucrose 6m 0 0.093 6.0
40°C
7d 0 0.086 6.0
40°C
144 0 0.085 6.0
40°C
21d 0 0.086 6.0
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40°C
A 0 0.088 | 6.1
=0 0 0.086 | 60
25°C
Py 0 0.084 | 6.0
25°C
o 0 0.084 | 6.0
25°C
. 0 0.083 | 6.0
15% 2gr'nc 0 0.090 | 6.0
sucrose 20°C
o 0 0.086 | 6.0
40°C
o 0 0.086 | 6.0
40°C
g 0 0.087 | 6.0
40°C
D 0 0.086 | 6.0
=0 0 0086 | 59
25°C
s 0 0.087 | 59
25°C
o 0 0.084 | 6.0
25°C
o 0 0.095 | 60
20% 2§-c 0 0.089 | 6.0
sucrose 40TC
o 0 0.086 | 6.0
40°C
g 0 0.085 | 6.0
40°C
A 0 0.085 | 6.0
40°C
o 0 0.086 | 6.0

Table 42: Accelerated Stability of High Concentration (100 mg/mL) H1H17203P Anti-EBOV
Antibody with Thermal Stabilizers - SE-UPLC, RP-UPLC and CEX-UPLC Results

u 0 %Monomer | %LMW mg/mL CE_X_ CEX CEX_
+ %HMW %Acidic | %Main %Basic
=0 2.4 9.6 1.0 2.9 337 53.4 12.9
3550 2.1 96.9 1.1 3.4 33.9 53.7 12.4
.om
5% sUCrose | o5ec 1m | 2.1 96.8 12 P07 35.0 52.8 12.2
25°C3m | 2.4 96.3 16 206 386 50.9 105
25°C6m | 2.2 95.7 2.1 328 4229 471 9.9

118



WO 2021/150829 PCT/US2021/014524

a0c7d | 20 9.7 13 323 %3 | 523 125
0,
4104§ 20 9.5 15 324 375 | 507 18
4201? 21 9.1 18 325 400 | 487 13
40°C
. 22 958 20 328 09 | 462 109
=0 24 9.6 10 331 37 | 533 130
LSRN Y 9.9 11 327 339 | 536 125
0.5m
25°C1m | 20 9.8 12 33.0 B0 | 527 123
25°C3m | 2.1 9.3 16 328 384 | 508 108
10% 25°C6m | 22 957 22 331 07 | 473 101
sucrose | 4°c7d | 20 9.8 12 325 35 1 52.3 126
0,
4104;3 20 9%.5 15 327 376 | 506 19
0,
4201;3 21 9.2 18 328 398 | 487 15
20°C
o 21 95.9 20 329 06 | 463 1.2
=0 24 9.7 10 331 37 | 533 130
2°C 1 9 9.9 11 330 339 | 535 126
0.5m
25°C1m | 20 9.8 12 326 348 | 527 125
25°C3m | 2.1 9.4 16 328 382 | 509 109
15% 25°C6m | 2.1 9538 22 328 04 | 471 104
sucrose | 40°c7d | 20 9.8 12 329 B1 | 524 126
0,
4104do 20 9.5 15 324 373 | 506 122
0,
4201;3 20 9.2 18 326 95 | 488 17
40°C
o 21 9.0 19 328 03 | 463 14
=0 24 9.6 10 33.0 37 | 534 129
25°C
20 9.9 11 325 339 | 536 125
0.5m
25°C1m | 20 9.8 12 328 348 | 527 125
25°C3m | 20 9.4 16 327 379 | 508 13
20% 25°C6m | 2.1 958 21 331 Mo | 475 107
sucrose | 40°c7d | 20 9.8 12 324 349 | 525 126
4104;3 19 9.6 15 325 373 | 506 122
4201dC 20 9.3 17 327 39.1 49.0 119
40°C
o 20 9.0 19 328 Mo | 64 17

119



WO 2021/150829 PCT/US2021/014524

Table 43: Accelerated Stability of High Concentration (100 mg/mL) H1H17139P Anti-EBOV
Antibody with Thermal Stabilizers - Visual, OD, and pH

Base
Formulation | Stress Visual %gn(?n pH
+
t=0 0 0.083 6.0
gssg 0 0.083 6.0
25°C 1m 0 0.083 6.0
25°C 3m 0 0.086 6.0
5% sucrose | o500 gm 0 0.085 60
40°C 7d 0 0.084 6.0
40°C 14d 0 0.084 6.0
40°C 21d 0 0.084 6.0
40°C 28d 0 0.082 6.1
t=0 0 0.083 6.0
355:“2 0 0.082 6.0
25°C 1m 0 0.081 6.1
10% 25°C 3m 0 0.087 6.0
sucrose 25°C 6m 0 0.084 6.0
40°C 7d 0 0.083 6.0
40°C 14d 0 0.084 6.0
40°C 21d 0 0.084 6.0
40°C 28d 0 0.083 6.0
t=0 0 0.083 6.0
55;2 0 0.082 6.0
25°C 1m 0 0.080 6.0
15% 25°C 3m 0 0.085 6.0
sucrose 25°C 6m 0 0.084 6.0
40°C7d 0 0.084 6.0
40°C 14d 0 0.082 6.0
40°C 21d 0 0.083 6.0
40°C 28d 0 0.082 6.0
t=0 0 0.083 59
gssg 0 0.083 59
25°C 1m 0 0.082 6.0
20% 25°C 3m 0 0.085 6.0
SUCTOSe I 506 6m 0 0.084 6.0
40°C 7d 0 0.085 6.0
40°C 14d 0 0.083 59
40°C 21d 0 0.085 6.0
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| |4cc2sd | 0 | o082 | 60 |

Table 44: Accelerated Stability of High Concentration (100 mg/mL) H1H17139P Anti-EBOV
Antibody with Thermal Stabilizers - SE-UPLC, RP-UPLC and CEX-UPLC Results

Base SE-
. SE-UPLC | SE-UPLC | RP-UPLC,
Formulation | Stress 0UPLC %Monomer | %LMW mghmL CE_X_ CEX CEX_
+ %HMW %Acidic |  %Main %Basic
=0 16 972 11 321 B9 | 596 45
25°C
14 97.4 13 323 B8 | 597 46
0.5m
25°C1m | 13 973 13 325 371 56.2 47
25°C3m | 14 9.9 17 324 399 | 552 49
25°C6m | 14 9.3 23 324 530 | 518 51
5% sucrose
20°c7d | 13 974 14 322 370 | 561 49
4104;3 13 97 1 16 323 390 | 560 50
4201dC 13 9.9 19 325 208 | 541 51
40°C
o 13 9.7 21 324 539 | 510 52
=0 16 972 12 323 %7 | 598 45
25°C
“ 13 97.4 12 325 B7 | 597 46
om
25°Cim | 13 974 13 326 371 56.1 48
25°C3m | 14 9.9 18 328 95 | 556 49
10% 25°C6m | 14 9.4 23 328 27 | 522 52
sucrose | 40°c7d | 13 974 14 324 %8 | 584 49
20°C
o 13 97 1 16 326 388 | 561 51
4201°§ 12 9.9 19 328 406 | 542 52
40°C
o 13 9.7 21 326 538 | 510 53
=0 16 972 11 323 %7 | 598 45
g‘rgo 13 975 12 324 %7 | 597 46
om
25°Cim | 13 974 13 326 370 | 582 48
25°C3m | 13 9.9 18 328 396 | 553 51
15% 25°C6m | 14 9.4 23 326 05 | 523 53
sucrose | 40°C7d | 13 974 14 324 %66 | 585 49
0,
4°C |y g 97 1 16 325 87 | 562 5.1
14d
4201°§ 12 9.9 19 328 05 | 542 53
40°C
o 13 9.7 21 327 833 | 512 55
=0 16 97.2 12 326 B8 | 597 45
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2°C | g 975 12 327 B6 | 597 47
0.5m
25°C1m | 13 974 13 32.9 %67 | 585 48
25°C3m | 13 9.9 18 331 94 | 5556 51
. 25°C6m | 13 9.4 23 331 04 | 523 54
° 0,
clerone 4?1 oC° C?d 13 974 14 327 %66 | 584 50
e 13 97 1 16 329 84 | 564 53
4201°§ 13 9.9 19 330 202 | 543 55
40°C
o 13 9.7 20 330 09 | 515 56

Table 45: Accelerated Stability of High Concentration (100 mg/mL) HIH17161P Anti-EBOV
Antibody with Thermal Stabilizers - Visual, OD, and pH

Base
Formulation | Stress Visual 4%%%] pH
+

t=0 0 0.114 6.0
SSSan 0 0.113 6.0
25°C 1m 0 0.112 6.1
25°C 3m 0 0.109 6.0
5% sucrose | osec gm 0 0.110 o1
40°C 7d 0 0.110 6.1
40°C 14d 0 0.112 6.0
40°C 21d 0 0.115 6.0
40°C 28d 0 0.111 6.1
t=0 0 0.116 6.0
355?] 0 0.113 6.0
25°C 1m 0 0.114 6.0
10% 25°C 3m 0 0.111 6.0
sucrose 25°C 6m 0 0.110 6.1
40°C 7d 0 0.113 6.1
40°C 14d 0 0.114 6.0
40°C 21d 0 0.112 6.0
40°C 28d 0 0.114 6.0
t=0 0 0.114 6.0
2°C 0 0.113 6.0

15% 0.5m
sucrose 25°C 1m 0 0.113 6.0
25°C 3m 0 0.1 6.0
25°C 6m 0 0.113 6.1
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40°C 7d 0 0.110 6.1

40°C 14d 0 0.110 6.0

40°C 21d 0 0.112 6.0

40°C 28d 0 0.113 6.0

t=0 0 0.113 6.0

355‘}(;3] 0 0.113 6.0

25°C 1m 0 0.113 6.0

20% 25°C 3m 0 0.109 6.0
sucrose 25°C 6m 0 0.113 6.0
40°C 7d 0 0.109 6.0

40°C 14d 0 0.114 6.0

40°C 21d 0 0.112 6.0

40°C 28d 0 0.112 6.0

Table 46: Accelerated Stability of High Concentration (100 mg/mL) HIH17161P Anti-EBOV
Antibody with Thermal Stabilizers - SE-UPLC, RP-UPLC and CEX-UPLC Results

Forriislaetion Stress USPEL-C SE-UPLC | SE-UPLC | RP-UPLC, CEX CEX CEX
o %Monomer %LMW mg/mL - ) }
+ YHMW %Acidic |  %Main %Basic
t=0 19 96.9 1.3 33 53.9 M3 48
40°C7d | 14 97.2 15 3 565 39.0 45
40°C
14d 14 %.9 17 3 59.1 36.4 45
40°C
21d 15 9.5 20 34 615 39 47
5% sucrose 40°C
o oy 15 96.2 23 34 643 01 56
25°C
o5m | !° 972 13 33 557 | 405 38
25°C1m | 15 97.1 15 34 558 36 57
25°C3m | 1.6 9.6 19 3 62.1 33 26
25°C6m | 1.7 95.9 24 3 696 2%.9 35
t=0 1.9 96.9 1.3 33 53.9 M6 46
40°C7d | 13 97.2 15 34 563 39.0 47
4°C )y y 9.9 17 3
14d : : : 589 36.4 47
40°C
21d 15 %.6 20 34 615 | 338 47
10% 40°C
sucrose 284 15 %.3 22 34 643 | 309 48
25°C
0.5m 14 9.3 13 34 540 M6 44
25°C1m | 15 971 15 34 56.0 %3 57
25°C3m | 15 9.6 19 34 623 350 27
25°Cém | 1.6 96.0 24 34 694 97 4 39
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=0 19 9.9 12 33 516 | 417 38
20°C7d | 13 972 15 33 565 | 396 39

A°C 1y 97.0 17 33
14d 591 | 36 43
P | 1 %56 20 34 614 | 35 5.1

15% 40°C

sucrose 28d 14 %3 23 34 642 | 05 53
oo | 14 973 13 3 546 | 405 49
25°C1m | 14 971 15 3 557 | 387 56
25°C3am | 15 9.7 19 34 619 | 33 28
25°Cem | 15 9.0 24 34 690 | 276 34
=0 19 9.9 13 33 544 | 420 36
40°C7d | 13 972 15 33 563 | 388 49

4001y 97.0 17 33
14d 590 | 363 47

:
Y | 1 %.7 20 34 614 | 338 48
20% 40°C

sucrose 28d 14 %4 22 34 641 | 306 53
omm | 14 973 13 3 542 | 415 43
25°C1m | 14 971 15 34 557 | 384 59
25°C3m | 15 %7 19 34 616 | 364 23
25°C6m | 15 %.1 25 34 689 | 276 36

Table 47: Accelerated Stability of High Concentration H1H17203P, H1H17139P, and
H1H17161P Anti-EBOV Antibodies with Thermal Stabilizers - Visual, OD, pH, SE-UPLC, and
RP-UPLC

Base . oD@ . . , Con,

Formi lation Stress Visual 405nm pH %HMW %Native %L MW mgimL

t=0 0 0.182 6.0 2.08 96.9 1.03 96

25°C 0.5m 0 0.183 6.1 29 96.66 1.14 98

25°C 1m 0 0.187 6.1 234 96.39 1.26 96

25°C 3m 0 0.177 6.1 265 95.6 175 95

25°C 6m 0 0.184 6.1 295 94.84 22 94

5% sucrose | 40°C 7d 0 0.179 6.1 229 96.39 1.31 98

40°C 14d 0 0.182 6.1 251 95.96 1.54 98

40°C 21d 0 0.191 6.1 268 95.45 1.87 95

40°C 28d 0 0.191 6.1 283 95.11 2.06 96

40°C 2m 0 0.193 6.1 356 93.35 3.09 96

40°C 3m 0 0.205 6.1 422 91.61 417 93

10% t=0 0 0.175 6.0 2.06 96.89 1.04 97

sucrose | 25°C 0.5m 0 0.180 6.0 2.14 96.71 1.15 99
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25°C 1m 0 0.195 6.1 296 96.44 1.29 96
25°C 3m 0 0.177 6.1 256 95.68 1.76 95
25°C 6m 0 0.182 6.1 284 94.93 222 95
40°C7d 0 0.180 6.1 223 96.44 133 97
40°C 14d 0 0.184 6.0 242 96.04 155 98
40°C 21d 0 0.187 6.1 257 9557 1.85 96
40°C 28d 0 0.187 6.1 269 95.26 2.05 96
40°C 2m 0 0.194 6.1 3.29 93.66 3.05 97
40°C 3m 0 0.208 6.1 393 91.89 418 95
t=0 0 0.175 6.0 2.06 96.9 1.04 96
25°C 0.5m 0 0.177 6.0 211 96.73 1.16 98
25°C 1m 0 0.178 6.1 2922 96.52 1.26 96
25°C 3m 0 0.179 6.1 249 95.78 173 96
\ 25°C 6m 0 0.179 6.1 272 95.09 219 95
% [ acTd 0 0.181 6.1 217 %5 132 98
40°C 14d 0 0.179 6.0 234 96.13 154 99
40°C 21d 0 0.183 6.1 248 95.72 1.81 95
40°C 28d 0 0.189 6.1 261 95.33 206 96
40°C 2m 0 0.194 6.1 312 93.85 3.03 96
40°C 3m 0 0.201 6.1 371 9213 4.15 95
t=0 0 0.178 6.0 2.05 96.91 1.03 96
25°C 0.5m 0 0.174 6.0 207 96.78 114 99
25°C 1m 0 0.178 6.1 29 96.51 1.31 96
25°C 3m 0 0.181 6.0 242 95.81 177 95
0% 25°C 6m 0 0.175 6.1 264 95.13 292 95
sucroose 40°C7d 0 0.184 6.1 215 9653 133 98
40°C 14d 0 0.178 6.0 298 96.18 154 99
40°C 21d 0 0.185 6.1 242 95.71 1.87 96
40°C 28d 0 0.192 6.1 253 95.41 206 96
40°C 2m 0 0.192 6.0 3.02 93.93 3.05 96
40°C 2m 0 0.199 6.1 351 9237 413 95

Table 48: Accelerated Stability of High Concentration (100 mg/mL) H1H17203P, H1H17139P,
and H1H17161P Anti-EBOV Antibodies with Thermal Stabilizers - CEX-UPLC Results

H1H17139P H1H17203P H1H17161P
Formulation Stress % % %
% Acidic | %Main | Basic | % Acidic | %Main | Basic | % Acidic | %Main | Basic

t=0 357 61.4 2.9 31.1 46.4 | 225 46.1 488 5.1

40°C 37.0 59.5 35 325 45.6 21.9 50.4 443 53

5% sucrose 40°C 39.1 57.1 38 347 441 213 53.8 411 5.1
40°C 41.2 55.0 38 36.7 43.0 20.4 54.8 39.0 6.2

40°C 437 52.2 4.1 38.7 41.1 20.2 56.7 36.2 7.1
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40°C 53.2 42.5 43 46.1 317 | 222 71.2 244 4.4

40°C 60.6 35.0 44 53.6 283 | 181 79.8 16.2 4.0

25°C 35.7 61.2 32 31.3 464 | 22.3 480 46.5 55

25°C 36.3 60.4 3.3 31.8 468 | 21.3 46.7 46.7 6.5

25°C 39.3 57.6 3.1 353 453 | 194 56.9 404 26

25°C 43.8 52.5 38 39.3 421 18.5 63.3 32.3 4.4

t=0 359 61.2 29 31.1 464 | 225 46.1 48.8 5.1

40°C 36.9 59.5 36 325 455 | 220 50.2 44.0 58

40°C 38.9 57.2 39 34.5 441 215 536 41.3 5.1

40°C 411 54.9 40 36.6 430 | 204 54.1 38.6 7.3

40°C 43.4 524 42 38.6 413 | 201 56.8 357 7.5

10% sucrose 40°C 52.7 42.9 44 458 324 | 218 71.0 246 4.5
40°C 5.5 36.5 41 52.9 284 | 186 81.0 16.3 3.8

25°C 35.6 61.2 32 31.3 463 | 224 480 46.6 54

25°C 36.2 60.3 35 31.7 469 | 213 46.5 46.5 7.0

25°C 39.1 57.7 3.2 35.1 451 19.8 56.7 40.2 3.1

25°C 44.0 52.3 37 39.2 418 | 191 62.6 327 47

t=0 359 61.2 29 31.1 465 | 224 46.0 487 54

40°C 36.7 59.5 38 325 456 | 219 50.5 439 5.6

40°C 38.7 57.4 3.9 34.5 441 214 53.1 412 5.6

40°C 40.9 54.9 41 36.4 429 | 207 534 38.9 7.7

40°C 43.1 52.7 42 38.4 415 | 201 57.1 36.0 6.9

15% sucrose 40°C 52.4 43.0 46 455 328 | 218 70.1 249 4.9
40°C 59.4 36.3 44 54.2 294 | 164 81.2 16.5 3.2

25°C 35.6 61.2 3.2 31.3 465 | 222 47.9 46.7 5.4

25°C 36.2 60.5 3.3 31.7 470 | 213 467 46.6 6.7

25°C 39.0 57.7 3.3 35.0 449 | 20.1 56.1 39.6 43

25°C 435 52.7 38 38.6 418 | 196 62.2 334 4.4

t=0 359 61.2 29 31.1 462 | 227 46.1 489 5.0

40°C 36.7 59.6 36 32.4 451 22.5 50.1 445 54

40°C 38.6 57.4 40 34.2 439 | 219 53.5 41.1 5.4

40°C 40.6 55.2 42 36.2 430 | 208 535 389 7.6

40°C 42.9 52.7 44 37.8 413 | 209 57.0 36.7 6.3

20% sucrose 40°C 51.7 43.6 47 44.8 325 | 227 66.4 27.4 6.2
40°C 58.8 36.8 45 55.3 30.7 | 140 79.7 14.4 5.8

25°C 35.6 61.2 3.2 31.3 464 | 223 47.9 46.7 55

25°C 357 60.9 34 31.6 468 | 216 46.6 458 7.7

25°C 38.6 58.1 3.3 347 454 | 200 56.9 40.6 25

25°C 431 53.0 39 38.4 420 | 197 61.7 33.3 5.1

Example 10: Formulated Drug Substance (FDS) Research Stability Studies (12 months) for

Individually Formulated H1H17203P C2P1 FDS, H1H17139P C2P1 FDS, and H1H17161P C2P1
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Research and clinical FDS are manufactured using comparable processes, and the

methods used to assess the stability of research material are similar to the methods used to assess

the stability of material intended for clinical studies. Consequently, the results obtained from the

research stability studies can be used to assess the stability of material intended for clinical studies.

[000233]

The present long-term storage stability study evaluated H1H17203P C2P1 FDS,

H1H17139P C2P1 FDS, and H1H17161P C2P1 FDS stability through 12 months of storage
at -80 °C and -30 °C. H1H17203P C2P1 FDS, H1H17139P C2P1 FDS, and H1H17161P C2P1
FDS are stable for at least 12 months when stored at -80 °C and -30 °C.

[000234]

The long-term, ongoing stability studies continue for the duration of the stability

protocol, as presented in Table 49. Samples were analyzed following the analysis plan outlined in

Table 50. The analysis plan, preliminary acceptance criteria, and sampling plan are provided in

Table 50.
Table 49: Summary of Formulated Drug Substance Stability Studies for H1H17203P,
H1H17139P, and H1H17161P
Studyv No Study Container Storage Study Available
y No- Type Closure Conditions Duration Data
-80 °C 84 months 12 months
-30 °C 84 months 12 months
5 mL gamma- -20 °C 3 months 3 months
irradiated >
H1H17203P polycarbonate 5°C 56 days 56 days
Research : ;
-SS018 vial with 25 °C/60% RH 28 days 28 days
silicone lined
closure 40 °C/75% RH 28 days 28 days
Agitation 120 minutes 120 minutes
Freeze/Thaw 8 cycles 8 cycles
-80 °C 84 months 12 months
-30 °C 84 months 12 months
5 mL gamma- -20 °C 3 months 3 months
irradiated =0 6 6 g
° ays ays
H1-g1sz)11?39|3 Research polypa}rbc_atrljlate y y
Vialwit 25 °C/60% RH 28 days 28 days
silicone lined
closure 40 °C/75% RH 28 days 28 days
Agitation 120 minutes 120 minutes
Freeze/Thaw 8 cycles 8 cycles
Research -80 °C 84 months 12 months
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Study No Study Container Storage Study Available
y No- Type Closure Conditions Duration Data
-30 °C 84 months 12 months
-20 °C 3 months 3 months
5 mL gamma-
irradiated 5°C 56 days 56 days
H1H17161P polycarbonate o 5
55018 vial with 25 °C/60% RH 28 days 28 days
silicone lined 40 °C/75% RH 28 days 28 days
closure o . .
Agitation 120 minutes 120 minutes
Freeze/Thaw 8 cycles 8 cycles

RH, relative humidity
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Table 50: Analysis Plan and Preliminary Acceptance Criteria for HIH17203P,
H1H17139P, H1H17161P Formulated Drug Substance Research Stability
Studies
Assay Preliminary Acceptance Criteria Research Samples to be

Analyzed

Physical form /

Liquid essentially free from visible

All samples

Condition particulates
Clarity Not more turbid than Reference All samples

Suspension IV
Color Not more intensely colored than All samoles

Reference Solution BY2 P
pH 5.8106.2 All samples
Total Protein
Content (A280) 90 to 110 mg/mL N/A
Total Protein
Content (RP- 90 to 110 mg/mL All samples
UPLC)

t=0, 6, 12, 24, 36, 48, 60, 72

Potency: and 84 months at -80 °C, and -

Pseudovirus
Neutralization

50% to 150% of reference standard

30 °C,
3 months (-20°C), 56 days (5

Assay °C), 28 days (25 °C/60% RH),
and 28 days (40 °C/75% RH)
t=0, 6, 12, 24, 36, 48, 60, 72
and 84 months at -80 °C, and -
Potency: 30 °C,
50% to 150% of ref tandard
ADCC assay © ot reference standard | 5 months (-20°C), 56 days (5

°C), 28 days (25 °C/60% RH),
and 28 days (40 °C/75% RH)

Purity by Reduced
MCE

a. HC peak + LC peak = 80% total

t=0, 6, 12, 24, 36, 48, 60, 72
and 84 months at -80 °C, and -
30 °C,

a. % Purit eak area
b. % NGH)EZ E < 15% NGHC 3 months (-20°C), 56 days (5
' T ) °C), 28 days (25 °C/60% RH}),
C. % LMW ¢. £ 10% LMW species and 28 days (40 °C/75% RH)
Buri N t=0, 6, 12, 24, 36, 48, 60, 72
urity by Non- and 84 months at -80 °C, and -
reduced MCE a. MP + PGMP 2 80% total peak 30 °C
a. % Purity area ’
o . 3 months (-20°C), 56 days (5
b. % LMW b. < 15% LMW species o
c. % HMW c. N/A QC), 28 days (25 °C/60% RH),

and 28 days (40 °C/75% RH)
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Assay Preliminary Acceptance Criteria Research Samples to be
Analyzed
Purity by SE-UPLC
a. % Main Peak a. = 90% total peak area
Purity b. < 5% LMW species All samples
b. % LMW c. £ 7% HMW species
c. % HMW
Charge Variant
Gg?_léSIS Oy CEX- 1 4 <e5% Region 1
b. = 35% Region 2 All samples

a. % Region 1
b. % Region 2 C. < 20% Region 3

C. % Region 3
Aszgo, absorbance at 280 nm; CEX, cation-exchange chromatography; SE-UPLC, size-exclusion ultra
performance liquid chromatography; HMW, high molecular weight; HC, heavy chain; LC, light chain;
LMW, low molecular weight; MCE, microchip capillary electrophoresis; NGHC, non-glycosylated heavy chain

Formulated Drug Substance Stability Study Results

Long-term Storage Research Stability Study Results of H1H17203P FDS

[000235] In the research stability studies, C2P1 FDS was found to be physically and chemically
stable when stored at -80 °C and -30 °C (Table 51 and Table 52, respectively). No appreciable
change in the physical or chemical stability was detected in any of the monitored attributes.
Research stability studies examining C2P1 FDS under the long-term storage conditions will
continue through 84 months.

Accelerated Stability Study Results of HIH17203P FDS

[000236] The research stability studies indicated that C2P1 FDS was physically and chemically
stable when stored at -20 °C for 3 months and 5 °C for 56 days (Table 53 and Table 54). No
appreciable change in the physical or chemical stability was detected in any of the monitored
attributes. Following storage at 25 °C/60% RH (Table 54) for 28 days, a minor increase of 0.3% in
HMW species was observed by SE-UPLC for H1H17203P. No meaningful change was observed in
other monitored attributes following incubation at 25 °C/60% RH for 28 days. Research studies
examining C2P1 FDS under the accelerated storage condition of -20 °C, 5°C and 25 °C/60% RH

are complete.

Stress Stability Study Results of H1H17203P FDS

[000237] Research stability study results from the analysis of C2P1 FDS under stress conditions
of 40 °C/75% RH are provided in Table 55. Increase of 1.2% in HMW and 0.4% in LMW species
were observed by SE-UPLC; and increases of 11.1% in Region 1 were observed by CEX-UPLC.
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No meaningful change in other monitored attributes was observed. The C2P1 FDS maintained
potency following incubation at 40 °C/75% RH for 28 days. Research studies examining C2P1 FDS
under the stress storage condition of 40 °C/75% RH are complete.

[000238] Research stability results from the analysis of C2P1 FDS following agitation and
freeze/thaw conditions are provided in Table 56. C2P1 FDS was physically and chemically stable
when agitated (vortexed at ambient temperature) for 120 minutes or when subjected to 8
freeze/thaw cycles (freezing at -30 °C and thawing at room temperature). No appreciable change in
the physical or chemical stability of HIH17203P was observed in any of the monitored attributes.
Research studies examining C2P1 FDS under agitation and freeze/thaw conditions are complete.

Long-term Storage Research Stability Study Results of HIH17139P FDS

[000239] In the research stability studies, C2P1 FDS was found to be physically and chemically
stable when stored at -80 °C and -30 °C (Table 57 and Table 58). No appreciable change in the
physical or chemical stability was detected in any of the monitored attributes. Research stability
studies examining C2P1 FDS under the long-term storage conditions will continue through 84

months.

Accelerated Stability Study Results of HIH17139P FDS

[000240] The research stability studies indicated that C2P1 FDS was physically and chemically
stable when stored at -20 °C for 3 months and 5 °C for 56 days (Table 59 and Table 60). No
appreciable change in the physical or chemical stability was detected in any of the monitored
attributes. Following storage at 25 °C/60% RH (Table 60) for 28 days, a minor increase of 0.3% in
HMW species was observed by SE-UPLC. No meaningful change was observed in other monitored
attributes following incubation at 25 °C/60% RH for 28 days. Research studies examining C2P1
FDS under the accelerated storage condition of -20 °C, 5°C and 25 °C/60% RH are complete.

Stress Stability Study Results of HIH17139P FDS

[000241] Research stability study results from the analysis of C2P1 FDS under stress conditions
of 40 °C/75% RH are provided in Table 61. An increase of 0.9% in HMW species and 0.4% in LMW
species were observed by SE-UPLC; and an increase of 11.1% in Region 1 and decrease of 12.9%
in Region 2 was observed by CEX-UPLC. No meaningful change in other monitored attributes was
observed. The C2P1 FDS maintained potency following incubation at 40 °C/75% RH for 28 days.
Research studies examining C2P1 FDS under the stress storage condition of 40 °C/75% RH are
complete.

[000242] Research stability results from the analysis of C2P1 FDS following agitation and
freeze/thaw conditions are provided in Table 62. C2P1 FDS was physically and chemically stable
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when agitated (vortexed at ambient temperature) for 120 minutes or when subjected to 8
freeze/thaw cycles (freezing at -30 °C and thawing at room temperature). No appreciable change in
the physical or chemical stability of HIH17139P was observed in any of the monitored attributes.

Research studies examining C2P1 FDS under agitation and freeze/thaw conditions are complete.

Long-term Storage Research Stability Study Results of HIH17161P FDS

[000243] In the research stability studies, C2P1 FDS was found to be physically and chemically
stable when stored at -80 °C and -30 °C (Table 63 and Table 64). No appreciable change in the
physical or chemical stability was detected in any of the monitored attributes. Research stability
studies examining C2P1 FDS under the long-term storage conditions will continue through 84
months.

Accelerated Stability Study Results of HIH17161P FDS

[000244] The research stability studies indicated that C2P1 FDS was physically and chemically
stable when stored at -20 °C for 3 months and 5 °C for 56 days (Table 65 and Table 66). No
appreciable change in the physical or chemical stability was detected in any of the monitored
attributes. Following storage at 25 °C/60% RH (Table 66) for 28 days, a minor increase of 0.4% in
HMW species was observed by SE-UPLC. No meaningful change was observed in other monitored
attributes following incubation at 25 °C/60% RH for 28 days. Research studies examining C2P1
FDS under the accelerated storage condition of -20 °C, 5°C, and 25 °C/60% RH are complete.

Stress Stability Study Results of HIH17161P FDS

[000245] Research stability study results from the analysis of C2P1 FDS under stress conditions
of 40 °C/75% RH are provided in Table 67. An increase of 1.0% in HMW species and 0.4% in LMW
species were observed by SE-UPLC; and an increase of 14.4% in Region 1 was observed by CEX-
UPLC. No meaningful change in other monitored attributes was observed. The C2P1 FDS
maintained potency following incubation at 40 °C/75% RH for 28 days. Research studies examining
C2P1 FDS under the stress storage condition of 40 °C/75% RH are complete.

[000246] Research stability results from the analysis of C2P1 FDS following agitation and
freeze/thaw conditions are provided in Table 68. C2P1 FDS was physically and chemically stable
when agitated (vortexed at ambient temperature) for 120 minutes or when subjected to 8
freeze/thaw cycles (freezing at -30 °C and thawing at room temperature). No appreciable change in
the physical or chemical stability of HIH17161P was observed in any of the monitored attributes.
Research studies examining C2P1 FDS under agitation and freeze/thaw conditions are complete.

Stability Conclusions
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[000247] H1H17203P C2P1 FDS, H1H17139P C2P1 FDS, and H1H17161P C2P1 FDS can
each withstand short exposures to refrigeration, room temperature, and agitation stress, and can be
frozen and thawed without compromising either the physical or chemical stability of the protein.
These results indicate that the H1H17203P C2P1 FDS, H1H17139P C2P1 FDS, and H1H17161P
C2P1 FDS are stable during the manufacture of the three-way combination drug product (DP).
Exposure of HIH17203P C2P1 FDS, H1H17139P C2P1 FDS, and H1H17161P C2P1 FDS to
temperatures above room temperature should be avoided.

Recommended Storage Conditions
[000248] The recommended long-term storage temperature for H{H17203P C2P1 FDS,
H1H17139P C2P1 FDS, and H1H17161P C2P1 FDS is -30 °C.
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Table 51: Research Stability of 100 mg/mL H1H17203P C2P1 Formulated Drug Substance
Stored at -80 °C
. 100 mg/mL H1H17203P, 10 mM L-histidine, 10% (w/v) sucrose,
Formulation 0.1% (w/v) polysorbate 80, pH 6.0
Container/Closure 5 mL gamma-irradiated polycarbonate vial with HDPE closure
Length of Storage at -80 °C (months)
Assay
0 1 3 6 9 12
Physical form / Condition LEFVP LEFVP LEFVP LEFVP LEFVP LEFVP
Clarity <6NTU | <6NTU <6NTU <6NTU <6NTU <6NTU
Color <BY4 <BY4 <BY4 <BY4 <BvY4 <BY4
pH 6.0 6.0 6.0 6.1 6.0 6.0
Total Protein Content by RP-
UPLC (mg/mL) 98.7 99.7 98.7 98.1 99.0 99.2
Non-reduced Purity 95.9 NR NR 95.9 NR 95.7
MCE (%) LMW 36 NR NR 35 NR 4.0
Purity 91.1 NR NR 92.0 NR 92.1
?,/e)duced MCE 'NGHC 7.2 NR NR 7.0 NR 7.2
o
LMW 0.4 NR NR 0.2 NR 0.2
Main 99.1 99.1 99.1 99.1 99.1 99.1
UPLG (%) 0.1 0.1 0.1 0.1 0.1 0.1
HMW 0.8 0.8 0.8 0.8 0.8 0.8
[ 4.7 4.7 4. 4. 4.7 4.7
Charge Variant Region 1 3 3 34.5 34.5 3 3
Analysis by Region 2 53.5 53.5 53.7 53.6 54.0 54.0
CEX-UPLC (%) Region 3 1.8 1.8 11.8 11.9 113 113
Pseudovirus
Relative Neutralization 90 NR NR 96 NR 104
Potency (%) Assay
ADCC assay 80 NR NR 118 NR 91

CEX, cation exchange; FDS, formulated drug substance; HDPE, high-density polyethylene; HMW, high
molecular weight; LEFVP, liquid essentially free from visible particulates; LMW, low molecular weight;

MCE, microchip capillary electrophoresis; NGHC, Non-glycosylated Heavy Chain; NR, not required per
protocol; RP, reversed-phase; SE, size exclusion; UPLC, ultra performance liquid chromatography; ADCC,
Antibody-Dependent Cellular Cytotoxicity;
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Table 52: Research Stability of 100 mg/mL H1H17203P C2P1 Formulated Drug Substance
Stored at -30 °C

. 100 mg/mL H1H17203P, 10 mM L-histidine, 10% (w/v) sucrose,
Formulation 0.1% (w/v) polysorbate 80, pH 6.0
Container/Closure 5 mL gamma-irradiated polycarbonate vial with HDPE closure
Length of Storage at -30 °C (months)
Assay
0 1 3 6 9 12
Physical form / Condition LEFVP LEFVP LEFVP LEFVP LEFVP LEFVP
Clarity <6NTU <6NTU <6NTU <6NTU <6NTU <6NTU
Color <BY4 <BY4 <BY4 <BVY4 <BY4 <BY4
pH 6.0 6.0 6.0 6.1 6.0 6.0
Total Protein Content by RP-
UPLC (mg/mL) 98.7 99.2 98.0 98.3 99.0 99.6
Non-reduced | Purity 95.9 NR NR 96.0 NR 95.6
MCE (%) LMW 36 NR NR 35 NR 4.1
Purity 91.1 NR NR 91.1 NR 92.2
?,/e)duced MCE 'NGHC 7.2 NR NR 7.3 NR 7.0
o
LMW 0.4 NR NR 0.4 NR 0.2
Main 99.1 99.1 99.1 99.1 99.1 99.1
Purity by SE- 1| \wy 0.1 0.1 0.1 0.1 0.1 0.1
UPLC (%) i i i ' ' i
HMW 0.8 0.8 0.8 0.8 0.8 0.8
[ 4.7 4. 4. 4. 4.7 4.7
Charge Variant Region 1 3 34.8 34.5 345 3 3
Analysis by Region 2 53.5 53.5 53.7 53.5 53.9 54.0
CEX-UPLC (%) Region 3 1.8 1.8 1.8 12.0 11.4 11.3
Pseudovirus
. Neutralizatio 90 NR NR 90 NR 106
Relative n Assay
Potency (%)
ADCC 80 NR NR 101 NR 84
assay

CEX, cation exchange; FDS, formulated drug substance; FDG, Formulation Development Group; HDPE,
high-density polyethylene; HMW, high molecular weight; LEFVP, liquid essentially free from visible
particulates; LMW, low molecular weight; MCE, microchip capillary electrophoresis; NGHC, Non-glycosylated
Heavy Chain; NR, not required per protocol; OD, optical density; RP, reversed-phase; SE, size-exclusion;
UPLC, ultra performance liquid chromatography; ADCC, Antibody-dependent cellular cytotoxicity
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Table 53: Research Stability of 100 mg/mL H1H17203P C2P1 Formulated Drug Substance
— Effect of Accelerated Conditions at -20 °C

Formulation 100 mg/mL H1H17203P, 10 mM L-histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0
Container/Closure 5 mL gamma-irradiated polycarbonate vial with HDPE closure
Length of Storage at -20 °C (months)
Assay
0 1 2 3
Physical form / Condition LEFVP LEFVP LEFVP LEFVP
Clarity <6 NTU <6 NTU <6 NTU <6NTU
Color <BY4 <BY4 <BY4 <BY4
pH 6.0 6.0 6.0 6.0
Total Protein Content by RP-
UPLC (mg/mL) 98.7 99.8 98.2 99.0
Non- Purity 95.9 NR NR 95.9
reduced
MCE (%) LMW 3.6 NR NR 3.4
Reduced Purity 91.1 NR NR 91.9
MCE (%) NGHC 7.2 NR NR 6.9
LMW 0.4 NR NR 0.4
Purity by Main 99.1 99.1 99.1 99.1
%E'UPLC LMW 0.1 0.1 0.1 0.1
(%)
HMW 0.8 0.8 0.8 0.8
CEX-UPLC | Region 1 34.7 34.7 34.5 34.5
0,
(%) Region 2 53.5 53.5 53.8 53.6
Region 3 11.8 11.8 1.7 11.9
Relative Pseudovirus
Potency (%) | Neutralization 90 NR NR 92
Assay
ADCC assay 80 NR NR 102

CEX, cation exchange; FDS, formulated drug substance; FDG, Formulation Development Group; HDPE,
high-density polyethylene; HMW, high molecular weight; LEFVP, liquid essentially free from visible
particulates; LMW, low molecular weight; MCE, microchip capillary electrophoresis; NGHC, Non-glycosylated
Heavy Chain; NR, not required per protocol; OD, optical density; RP, reversed-phase; SE, size exclusion;
UPLC, ultra performance liquid chromatography; ADCC, Antibody-Dependent Cellular Cytotoxicity;
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Table 54: Research Stability of 100 mg/mL H1H17203P C2P1 Formulated Drug Substance
— Effect of Accelerated Conditions

Formulation 100 mg/mL H1H17203P, 10 mM L-histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0
Container/Closure 5 mL gamma-irradiated polycarbonate vial with HDPE closure
5°C Storage (days) 25°C/60%RH Storage (days)
Assay =0 14 28 56 7 14 28
Physical form / Condition LEFVP | LEFVP | LEFVP | LEFVP | LEFVP | LEFVP | LEFVP
Clarity <6NTU | <6NTU | <6NTU | <6NTU | <6NTU | <6NTU | <6NTU
Color <BY4 <BY4 <BY4 | <Bv4 <BY4 <BVY4 <BY4
pH 6.0 6.0 6.0 6.0 6.0 6.0 6.0
L‘;}E&ﬁ;ﬁgomem by RP- 987 | 982 | 1000 | 990 | 996 | 980 | 1009
Non-reduced Purity 95.9 NR NR 95.5 NR NR 95.5
MCE (%) LMW 3.6 NR NR 35 NR NR 38
Reduced MCE Purity 91.1 NR NR 92.2 NR NR 91.6
(%) NGHC 7.2 NR NR 7.0 NR NR 71
LMW 0.4 NR NR 0.1 NR NR 0.5
Purity by SE- Main 99.1 99.1 99.0 99.0 99.0 98.9 98.8
UPLC (%) LMW 0.1 0.1 0.1 0.1 0.1 0.1 0.2
HMW 0.8 0.8 0.8 0.9 0.9 0.9 1.1
CEX-UPLC (%) | Region 1 34.7 34.7 347 | 344 34.6 34.9 35.5
Region 2 53.5 53.6 53.6 53.9 53.8 53.8 53.7
Region 3 11.8 11.7 11.7 11.7 11.6 11.3 10.9
Pseudovirus
Relative Neutralization 90 NR NR 87 NR NR 86
Potency (%) Assay
ADCC assay 80 NR NR 142 NR NR 98

CEX, cation exchange; FDS, formulated drug substance; FDG, Formulation Development Group; HDPE,
high-density polyethylene; HMW, high molecular weight; LEFVP, liquid essentially free from visible
particulates; LMW, low molecular weight; MCE, microchip capillary electrophoresis; NGHC, Non-glycosylated
Heavy Chain; NR, not required per protocol; OD, optical density; RP, reversed-phase; SE, size-exclusion;
UPLC, ultra performance liquid chromatography; ADCC, Antibody-dependent cellular cytotoxicity
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Table 55: Research Stability of 100 mg/mL H1H17203P C2P1 Formulated Drug Substance
— Effects of Stress Conditions

Formulation 100 mg/mL H1H17203P, 10 mM L-histidine, 10% (w/v)
sucrose, 0.1% (w/v) polysorbate 80, pH 6.0
Container/Closure 5 mL gamma-irradiated polycarbonate vial with HDPE
closure
40°C/75%RH Storage (days)
Assay t=0
7 14 28
Physical form / Condition LEFVP LEFVP LEFVP LEFVP
Clarity <6NTU <6 NTU <6NTU <6 NTU
Color <BY4 <BY4 <BY4 <BY4
pH 6.0 6.0 6.0 6.0
Total Protein Content by RP-UPLC 98.7 100.8 99.2 1023
(mg/mL)
Non- Purity 95.9 NR NR 93.6
reduced
MCE (%) LMW 3.6 NR NR 5.6
Reduced Purity 9141 NR NR 91.5
0,
MCE %) 'Nare 7.2 NR NR 6.9
LMW 0.4 NR NR 0.4
Purity by Main 99.1 98.8 98.4 97.5
SE-UPLC
(%) LMW 0.1 02 0.3 0.5
HMW 0.8 1.0 1.4 2.0
CEX- Region 1 34.7 36.0 39.5 45.8
UPLC (%) Region 2 53.5 52.7 49.8 43.8
Region 3 11.8 11.3 10.7 10.4
Relative | Pseudovirus 90 NR NR 85
Potency Neutralization Assay
(%) ADCC assay 80 NR NR 103

CEX, cation exchange; FDS, formulated drug substance; FDG, Formulation Development Group; HDPE,
high-density polyethylene; HMW, high molecular weight; LEFVP, liquid essentially free from visible
particulates; LMW, low molecular weight; MCE, microchip capillary electrophoresis; NGHC, Non-glycosylated
Heavy Chain; NR, not required per protocol; OD, optical density; RP, reversed-phase; SE, size-exclusion;
UPLC, ultra performance liquid chromatography; ADCC, Antibody-dependent cellular cytotoxicity
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Table 56: Research Stability of 100 mg/mL H1H17203P C2P1 Formulation Drug
Substance - Effect of Agitation, and Freezing and Thawing

Formulation 100 mg/mL H1H17203P, 10 mM L-histidine, 10% (w/v)
sucrose, 0.1% (w/v) polysorbate 80, pH 6.0
Container/Closure 5 mL gamma-irradiated polycarbonate vial with HDPE
closure
Agitation (minutes) Freeze/Thaw (cycles)
Assay t=0
60 120 4 8
Physical form / Condition LEFVP LEFVP LEFVP LEFVP LEFVP
Clarity <6 NTU <6 NTU <6 NTU <6 NTU <6 NTU
Color <BY4 <BY4 <BY4 <BY4 <BY4
pH 6.0 6.0 6.0 6.0 6.0
Total Protein Content by RP-UPLC 08.7 100.2 100.3 99.7 100.2
(mg/mL)
Non-reduced MCE | Purity 95.9 NR 96.2 NR 95.9
(%) LMW 3.6 NR 34 NR 3.5
Reduced MCE Purity 91.1 NR 91.5 NR 91.4
(%) NGHC 7.2 NR 7.3 NR 7.0
LMW 0.4 NR 0.2 NR 0.3
Purity by SE- Main 99.1 99.1 99.1 99.1 99.1
PLC (¢
UPLC (%) LMW 0.1 0.1 0.1 0.1 0.1
HMW 0.8 0.8 0.8 0.8 0.8
CEX-UPLC (%) Region 1 34.7 34.8 34.7 34.8 34.8
Region 2 53.5 53.5 53.6 53.5 53.5
Region 3 11.8 11.8 11.7 11.8 11.7
Pseudovirus
Re|ative Potency Neutralization 90 NR 89 NR 86
(%) Assay
ADCC assay 80 NR 109 NR 96

CEX, cation exchange; FDS, formulated drug substance; FDG, Formulation Development Group; HDPE,
high-density polyethylene; HMW, high molecular weight; LEFVP, liquid essentially free from visible
particulates; LMW, low molecular weight; MCE, microchip capillary electrophoresis; NGHC, Non-glycosylated
Heavy Chain; NR, not required per protocol; OD, optical density; RP, reversed-phase; SE, size-exclusion;
UPLC, ultra performance liquid chromatography; ADCC, Antibody-dependent cellular cytotoxicity
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Table 57: Research Stability of 100 mg/mL H1H17139P C2P1 Formulated Drug Substance
Stored at -80 °C

Formulation 100 mg/mL H1H17139P, 10 mM L-histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0
Container/Closure 5 mL gamma-irradiated polycarbonate vial with HDPE closure
Length of Storage at -80 °C (months)
Assay
0 1 3 6 9 12
Physical form / Condition LEFVP LEFVP LEFVP LEFVP LEFVP LEFVP
Clarity <6 NTU <6NTU <6NTU <6NTU <6NTU | <6NTU
Color <BY4 <BY4 <BY4 <BY4 <BVY4 <BvY4
pH 6.0 6.0 6.1 6.0 6.0 6.0
Total Protein Content by RP-
UPLC (mg/mL) 94.4 93.8 96.8 95.3 97.0 96.8
Non-reduced | Purity 95.0 NR NR 95.2 NR 94.9
MCE (%) LMW 4.8 NR NR 47 NR 4.8
Purity 95.6 NR NR 95.7 NR 95.7
?,/e)duced MCE 'NGHc 3.4 NR NR 3.4 NR 3.5
o
LMW 0.2 NR NR 0.2 NR 0.1
Main 99.3 99.4 99.3 99.3 99.4 99.3
Purity by SE- |} \yy 0.1 0.0 0.1 0.1 0.1 0.1
UPLC (%) - . ' i ' '
HMW 0.6 0.6 0.6 0.6 0.6 0.6
Charge Region 1 34.3 34.2 34.2 32.9 32.8 34.1
Variant Region 2 62.1 62.2 62.2 64.0 64.0 62.2
Analysis by egion . : ) ) . i
g/E)X'UPLC Region 3 3.6 3.6 3.6 3.1 3.1 3.6
Relative
1
Potency (%) ADCC assay 92 NR NR 99 NR 9

CEX, cation exchange; FDS, formulated drug substance; FDG, Formulation Development Group; HDPE,
high-density polyethylene; HMW, high molecular weight; LEFVP, liquid essentially free from visible
particulates; LMW, low molecular weight; MCE, microchip capillary electrophoresis; NGHC, Non-glycosylated
Heavy Chain; NR, not required per protocol; OD, optical density; RP, reversed-phase; SE, size-exclusion;
UPLC, ultra performance liquid chromatography; ADCC, Antibody-dependent cellular cytotoxicity
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Table 58: Research Stability of 100 mg/mL H1H17139P C2P1 Formulated Drug Substance
Stored at -30 °C

Formulation ;I)eﬂbrr}gv//rc)Lpl-;‘:;-IsL 7r:a 35:,8 L (’) I;1|1_IM6!E)-histidine, 10% (w/v) sucrose,
Container/Closure 5 mL gamma-irradiated polycarbonate vial with HDPE closure
Length of Storage at -30 °C (months)
Assay
0 1 3 6 9 12
Physical form / Condition LEFVP LEFVP LEFVP LEFVP LEFVP LEFVP
Clarity <6NTU | <6NTU | <6NTU | <6NTU | <6NTU | <6NTU
Color <BVY4 <BY4 <BVY4 <BY4 <BY4 <BVY4
pH 6.0 6.0 6.1 6.0 6.0 6.0
L‘;}E&ﬁg‘mgome”t by RP- 94.4 94.2 96.4 95.9 96.2 97.4
Non-reduced Purity 95.0 NR NR 94.7 NR 94.9
MCE (%) LMW 48 NR NR 5.0 NR 49
Purity 95.6 NR NR 95.8 NR 96.0
?,Z)duced MCE |'NnGHC 3.4 NR NR 3.3 NR 3.3
LMW 0.2 NR NR 0.2 NR 0.1
Main 99.3 99.3 99.3 99.3 99.3 99.3
ELF‘,rli_té ?;O)SE' LMW 0.1 0.1 0.1 0.1 0.1 0.1
HMW 0.6 0.6 0.6 0.6 0.6 0.6
Charge Variant Region 1 34.3 34.2 34.2 33.1 32.8 34.2
Analysis by Region 2 62.1 62.2 62.2 63.9 64.1 62.1
CEX-UPLC (%) Region 3 3.6 3.6 3.6 3.0 3.1 3.8
Eg{:ﬂ‘éﬁ () | ADCC assay 92 NR NR 79 NR 94

CEX, cation exchange; FDS, formulated drug substance; FDG, Formulation Development Group; HDPE,
high-density polyethylene; HMW, high molecular weight; LEFVP, liquid essentially free from visible
particulates; LMW, low molecular weight; MCE, microchip capillary electrophoresis; NGHC, Non-glycosylated
Heavy Chain; NR, not required per protocol; OD, optical density; RP, reversed-phase; SE, size-exclusion;
UPLC, ultra performance liquid chromatography; ADCC, Antibody-dependent cellular cytotoxicity

Table 59: Research Stability of 100 mg/mL H1H17139P C2P1 Formulated Drug Substance
— Effect of Accelerated Conditions at -20 °C

Formulation 100 mg/mL H1H17139P, 10 mM L-histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0
Container/Closure 5 mL gamma-irradiated polycarbonate vial with HDPE closure
Length of Storage at -20 °C (months)
Assay
0 1 2 3
Physical form / Condition LEFVP LEFVP LEFVP LEFVP
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Formulation 100 mg/mL H1H17139P, 10 mM L-histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0
Container/Closure 5 mL gamma-irradiated polycarbonate vial with HDPE closure
Length of Storage at -20 °C (months)
Assay
0 1 2 3
Clarity <6 NTU <6NTU <6 NTU <6NTU
Color <BY4 <BvY4 <BY4 <BY4
pH 6.0 6.0 6.0 6.1
Total Protein Content by RP-
UPLC (mg/mL) 94.4 94.7 94.4 96.8
Non- Purity 95.0 NR NR 95.1
reduced
MCE (%) LMW 4.8 NR NR 4.8
HMW 0.2 NR NR 0.2
Reduced Purity 95.6 NR NR 95.7
MCE (%) 'Nahe 3.4 NR NR 3.4
LMW 0.2 NR NR 0.1
Purity by Main 99.3 99.3 99.3 99.3
SOE'UPLC LMW 0.1 0.1 0.1 0.1
(%)
HMW 0.6 0.6 0.6 0.6
CEX- Region 1 34.3 34.2 34.3 34.2
UPLC (%) Region 2 62.1 62.2 62.1 62.2
Region 3 3.6 3.6 3.6 3.6
Relative
Potency ADCC Assay 92 NR NR 107
(%)

CEX, cation exchange; FDS, formulated drug substance; FDG, Formulation Development Group; HDPE,
high-density polyethylene; HMW, high molecular weight; LEFVP, liquid essentially free from visible
particulates; LMW, low molecular weight; MCE, microchip capillary electrophoresis; NGHC, Non-glycosylated
Heavy Chain; NR, not required per protocol; OD, optical density; RP, reversed-phase; SE, size exclusion;
UPLC, ultra performance liquid chromatography; ADCC, Antibody-Dependent Cellular Cytotoxicity
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Table 60: Research Stability of 100 mg/mL H1H17139P C2P1 Formulated Drug Substance
— Effect of Accelerated Conditions

Formulation 100 mg/mL H1H17139P, 10 mM L-histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0
Container/Closure 5 mL gamma-irradiated polycarbonate vial with HDPE closure
5°C Storage (days) 25°C/60%RH Storage (days)
Assay t=0 14 28 56 7 14 28
Physical form / Condition LEFVP | LEFVP | LEFVP LEFVP LEFVP LEFVP LEFVP
Clarity <6NTU | <6NTU | <6NTU | <6NTU | <6NTU | <6NTU | <6NTU
Color <BY4 <BY4 <BY4 <BY4 <BY4 <BY4 <BVY4
pH 6.0 5.9 6.1 6.0 6.1 6.0 6.0
;‘;}?L'ngr_%e(i;;ﬁ’nnﬁfnt by 944 | o942 | 947 99.5 93.7 94.7 94.9
Non-reduced | Purity 95.0 NR NR 94.9 NR NR 94.8
MCE (%) LMW 4.8 NR NR 4.8 NR NR 5.1
Reduced Purity 95.6 NR NR 95.9 NR NR 95.7
MCE (%) NGHC 3.4 NR NR 3.2 NR NR 3.4
LMW 0.2 NR NR 0.1 NR NR 0.2
Purity by SE- | Main 99.3 99.3 99.3 99.2 99.2 99.1 99.0
UPLC (%) LMW 0.1 0.1 0.1 0.1 0.1 0.1 0.1
HMW 0.6 0.6 0.7 0.7 0.7 0.8 0.9
CEX-UPLC Region 1 34.3 34.1 34.1 34.1 33.9 34.2 34.7
(%) Region 2 62.1 62.2 62.2 62.2 62.2 61.7 61.1
Region 3 3.6 3.7 3.7 3.8 3.9 4.1 4.3
?gt'ztr:‘é?/ ) ﬁstig 92 NR NR 113 NR NR 100

CEX, cation exchange; FDS, formulated drug substance; FDG, Formulation Development Group; HDPE,
high-density polyethylene; HMW, high molecular weight; LEFVP, liquid essentially free from visible
particulates; LMW, low molecular weight; MCE, microchip capillary electrophoresis; NGHC, Non-glycosylated
Heavy Chain; NR, not required per protocol; OD, optical density; RP, reversed-phase; SE, size-exclusion;
UPLC, ultra performance liquid chromatography; ADCC, Antibody-dependent cellular cytotoxicity
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Table 61: Research Stability of 100 mg/mL H1H17139P C2P1 Formulated Drug Substance
— Effects of Stress Conditions

Formulation 100 mg/mL H1H17139P, 10 mM L-histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0
Container/Closure 5 mL gamma-irradiated polycarbonate vial with HDPE closure
Length of storage at 40 °C/75%RH (days)
Assay T=0
7 14 28
Physical form / Condition LEFVP LEFVP LEFVP LEFVP
Clarity <6NTU <6 NTU <6NTU <6NTU
Color <BY4 <BY4 <BY4 <BY4
pH 6.0 6.0 6.0 6.0
Lgfgiﬁgmgomem by RP- 94.4 95.3 95.4 96.7
Non-reduced Purity 95.0 NR NR 92.3
MCE (%) LMW 4.8 NR NR 6.8
Reduced MCE | Purity 95.6 NR NR 94.7
(%) NGHC 3.4 NR NR 3.4
LMW 0.2 NR NR 0.7
Purity by SE- Main 99.3 98.8 98.5 98.0
UPLC (%) LMW 0.1 02 0.3 0.5
HMW 0.6 1.0 1.2 1.5
CEX-UPLC (%) | Region 1 34.3 36.3 39.3 45.4
Region 2 62.1 59.0 55.6 49.2
Region 3 3.6 4.7 5.1 55
?c‘?t'iflli (%) ﬁgsc;(; 92 NR NR o7

CEX, cation exchange; FDS, formulated drug substance; FDG, Formulation Development Group; HDPE,
high-density polyethylene; HMW, high molecular weight; LEFVP, liquid essentially free from visible
particulates; LMW, low molecular weight; MCE, microchip capillary electrophoresis; NGHC, Non-glycosylated
Heavy Chain; NR, not required per protocol; OD, optical density; RP, reversed-phase; SE, size-exclusion;
UPLC, ultra performance liquid chromatography; ADCC, Antibody-dependent cellular cytotoxicity
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Table 62: Research Stability of 100 mg/mL H1H17139P C2P1 Formulation Drug
Substance - Effect of Agitation and Freezing and Thawing

Formulation 100 mg/mL H1H17139P, 10 mM L-histidine, 10% (w/v) sucrose, 0.1%
(w/v) polysorbate 80, pH 6.0
Container/Closure 5 mL gamma-irradiated polycarbonate vial with HDPE closure
Agitation (minutes) Freeze/Thaw (cycles)
Assay 1=0 60 120 4 8
Physical form / LEFVP LEFVP LEFVP LEFVP LEFVP
Condition
Clarity <6NTU <6NTU <6 NTU <6 NTU <6 NTU
Color <BY4 <BY4 <BY4 <BY4 <BY4
pH 6.0 6.0 6.0 6.0 6.0
gﬁﬁ';f{f’;fg ?n?g};”l_t) 94.4 94.0 94.4 94.4 94.9
Non- Purity 95.0 NR 95.0 NR 94.9
ﬁgléc?oi) LMW 4.8 NR 4.9 NR 4.8
Reduced Purity 95.6 NR 95.9 NR 95.8
MCE (%) 'NaHe 3.4 NR 3.3 NR 3.2
LMW 0.2 NR 0.1 NR 0.2
Purity by Main 99.3 99.3 99.3 99.3 99.4
(SOE)'UPLC LMW 0.1 0.1 0.1 0.1 0.1
HMW 0.6 0.6 0.6 0.6 0.6
CEX-UPLC | Region 1 34.3 34.3 34.2 341 34.3
(%) Region 2 62.1 62.1 62.2 62.2 62.1
Region 3 3.6 3.6 3.7 3.7 3.6
ggtlzr’:\(l:(; QDCC 92 NR 120 NR 92
(%) ssay

CEX, cation exchange; FDS, formulated drug substance; FDG, Formulation Development Group; HDPE,
high-density polyethylene; HMW, high molecular weight; LEFVP, liquid essentially free from visible
particulates; LMW, low molecular weight; MCE, microchip capillary electrophoresis; NGHC, Non-glycosylated
Heavy Chain; NR, not required per protocol; OD, optical density; RP, reversed-phase; SE, size exclusion;
UPLC, ultra performance liquid chromatography; ADCC, Antibody-dependent cellular cytotoxicity
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Table 63: Research Stability of 100 mg/mL H1H17161P C2P1 Formulated Drug
Substance Stored at -80 °C
. 100 mg/mL H1H17161P, 10 mM L-histidine, 10% (w/v) sucrose,
Formulation 0.1% (w/v) polysorbate 80, pH 6.0
Container/Closure 5 mL gamma-irradiated polycarbonate vial with HDPE closure
Length of Storage at -80 °C (months)
Assay
0 1 3 6 9 12
Physical form / Condition LEFVP LEFVP LEFVP LEFVP LEFVP LEFVP
Clarity <6NTU <6 NTU <6 NTU <6 NTU <6NTU <6NTU
Color <BY3 <BY3 <BY3 <BY3 <BY3 <BY3
pH 6.0 6.0 6.1 6.0 6.0 6.0
Total Protein Content by
RP-UPLC (mg/mL) 95.8 95.8 95.8 97.0 99.1 97.3
Non- Purity 95.7 NR NR 95.7 NR 95.6
reduced
MCE (%) LMW 3.9 NR NR 3.9 NR 3.9
Purity 96.0 NR NR 96.2 NR 96.2
Reduced
MCE (%) NGHC 3.5 NR NR 3.3 NR 3.5
LMW 0.0 NR NR 0.0 NR 0.0
) Main 98.8 98.8 98.8 98.7 98.5 98.8
Purity by
SE-UPLC LMW 0.1 0.2 0.1 0.2 0.3 0.1
%
(%) HMW 1.1 1.1 1.1 1.1 1.2 1.1
Charge Region 1 48.2 47.9 47.7 47.7 48.2 48.7
Variant .
Analysis Region 2 45.2 45.5 46.1 46.9 45.3 45.3
by CEX- .
UPLC (%) Region 3 6.7 6.6 6.2 54 6.6 6.1
Relative Pseudovirus
Potency Neutralization 110 NR NR 137 NR 112
(%) assay

CEX, cation exchange; FDS, formulated drug substance; FDG, Formulation Development Group; HDPE,
high-density polyethylene; HMW, high molecular weight; LEFVP, liquid essentially free from visible
particulates; LMW, low molecular weight; MCE, microchip capillary electrophoresis; NGHC, Non-glycosylated
Heavy Chain; NR, not required per protocol; OD, optical density; RP, reversed-phase; SE, size-exclusion;
UPLC, ultra performance liquid chromatography
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Table 64: Research Stability of 100 mg/mL H1H17161P C2P1 Formulated Drug Substance
Stored at -30 °C

. 100 mg/mL H1H17161P, 10 mM L-histidine, 10% (w/v) sucrose,
Formulation 0.1% (w/v) polysorbate 80, pH 6.0
Container/Closure 5 mL gamma-irradiated polycarbonate vial with HDPE closure
Length of Storage at -30 °C (months)
Assay
0 1 3 6 9 12
Physical form / Condition LEFVP LEFVP LEFVP LEFVP LEFVP LEFVP
Clarity <6NTU <6NTU <6NTU <6NTU <6NTU <6NTU
Color <BY3 <BY3 <BY3 <BY3 <BY3 <BY3
pH 6.0 6.0 6.1 6.0 6.0 6.0
Total Protein Content by RP-
UPLC (mg/mL) 95.8 95.8 95.8 96.8 994 97.5
Non- Purity 95.7 NR NR 95.7 NR 95.7
reduced
MCE (%) LMW 3.9 NR NR 3.9 NR 3.9
Purity 96.0 NR NR 96.1 NR 96.2
Reduced
MCE (%) NGHC 3.5 NR NR 3.4 NR 3.3
LMW 0.0 NR NR 0.0 NR 0.0
) Main 98.8 98.8 98.8 98.7 98.5 98.8
Purity by
SE-UPLC LMW 0.1 0.1 0.1 0.2 0.2 0.2
%
(%) HMW 1.1 1.1 1.1 1.1 1.2 1.1
Charge Region 1 48.2 48.0 47.7 47.6 48.3 48.9
Variant .
Analysis Region 2 45.2 45.4 46.2 471 451 45.1
BVPE?((;/O) Region 3 6.7 6.6 6.2 5.3 6.6 6.0
Relative Pseudovirus
Potency Neutralization 110 NR NR 132 NR 106
(%) Assay

CEX, cation exchange; FDS, formulated drug substance; FDG, Formulation Development Group; HDPE,
high-density polyethylene; HMW, high molecular weight; LEFVP, liquid essentially free from visible
particulates; LMW, low molecular weight; MCE, microchip capillary electrophoresis; NGHC, Non-glycosylated
Heavy Chain; NR, not required per protocol; OD, optical density; RP, reversed-phase; SE, size-exclusion;
UPLC, ultra performance liquid chromatography
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Table 65: Research Stability of 100 mg/mL H1H17161P C2P1 Formulated Drug Substance
— Effect of Accelerated Conditions at -20 °C

Formulation 100 mg/mL H1H17161P, 10 mM L-histidine, 10% (w/v)
sucrose, 0.1% (w/v) polysorbate 80, pH 6.0
Container/Closure 5 mL gamma-irradiated polycarbonate vial with HDPE
closure
Length of Storage at -20 °C (months)
Assay
0 1 2 3

Physical form / Condition LEFVP LEFVP LEFVP LEFVP
Clarity <6 NTU <6 NTU <6NTU <6 NTU
Color <BY3 <BY3 <BVY3 <BY3
pH 6.0 6.0 6.0 6.1
Total Protein Content by RP-UPLC 95.8 963 95.9 95.6
(mg/mL)
Non- Purity 95.7 NR NR 95.6
reduced
MCE (%) LMW 3.9 NR NR 3.9
Reduced Purity 96.0 NR NR 95.9
MCE (%) NGHC 35 NR NR 3.7

LMW 0.0 NR NR 0.0
Purity by Main 98.8 98.8 98.7 98.8
SOE'UPLC LMW 0.1 0.1 0.2 0.1
(%)

HMW 1.1 1.1 1.1 1.1
CEX-UPLC Region 1 48.2 47.8 47.7 47.8
0,
(%) Region 2 45.2 455 46.1 46.0

Region 3 6.6 6.7 6.2 6.2
Relative Pseudovirus
Potency (%) | Neutralization 110 NR NR 126

Assay

CEX, cation exchange; FDS, formulated drug substance; FDG, Formulation Development Group; HDPE,
high-density polyethylene; HMW, high molecular weight; LEFVP, liquid essentially free from visible
particulates; LMW, low molecular weight; MCE, microchip capillary electrophoresis; NGHC, Non-glycosylated
Heavy Chain; NR, not required per protocol; OD, optical density; RP, reversed-phase; SE, size-exclusion;
UPLC, ultra performance liquid chromatography
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Table 66: Research Stability of 100 mg/mL H1H17161P C2P1 Formulated Drug Substance
— Effect of Accelerated Conditions

Formulation 100 mg/mL H1H17161P, 10 mM L-histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0
Container/Closure 5 mL gamma-irradiated polycarbonate vial with HDPE closure
5°C Storage (days) 25°C/60%RH Storage (days)
Assay =0 14 28 56 7 14 28
Physical form / Condition LEFVP LEFVP | LEFVP | LEFVP | LEFVP | LEFVP | LEFVP
Clarity <6NTU | <6NTU | <6NTU | <6NTU | <6NTU | <6NTU | <6NTU
Color <BY3 <BY3 <BY3 <BY3 <BY3 <BY3 <BY3
pH 6.0 6.0 6.0 6.0 6.0 6.0 6.0
L‘;}E&ﬁ;ﬁgomem by RP- 1 958 972 | 971 | 969 | 951 | e72 | 967
Non- Purity 95.7 NR NR 95.5 NR NR 95.1
Riglécgi) LMW 3.9 NR NR 3.9 NR NR 4.0
Reduced Purity 96.0 NR NR 96.1 NR NR 95.7
MCE (%) NGHC 3.5 NR NR 3.4 NR NR 3.5
LMW 0.0 NR NR 0.0 NR NR 0.1
Purity by Main 98.8 98.8 98.7 98.5 98.6 98.5 98.3
?,/E)_UPLC LMW 0.1 0.1 0.2 0.2 0.2 0.2 0.2
HMW 1.1 1.1 1.2 1.3 1.2 1.4 1.5
CEX-UPLC Region 1 48.2 48.1 48.4 48.0 49.0 49.3 50.1
(%) Region 2 452 453 44.9 45.6 443 43.6 428
Region 3 6.6 6.7 6.8 6.4 6.6 7.0 7.1
Relative Pseudqvirgs
Potency (%) E:g;rallzahon 110 NR NR 108 NR NR 111
y

CEX, cation exchange; FDS, formulated drug substance; FDG, Formulation Development Group; HDPE,
high-density polyethylene; HMW, high molecular weight; LEFVP, liquid essentially free from visible
particulates; LMW, low molecular weight; MCE, microchip capillary electrophoresis; NGHC, Non-glycosylated
Heavy Chain; NR, not required per protocol; OD, optical density; RP, reversed-phase; SE, size-exclusion;
UPLC, ultra performance liquid chromatography

Table 67: Research Stability of 100 mg/mL H1H17161P C2P1 Formulated Drug Substance
— Effects of Stress Conditions

Formulation 100 mg/mL H1H17161P, 10 mM L-histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0
Container/Closure 5 mL gamma-irradiated polycarbonate vial with HDPE closure
Length of storage at 40 °C/75%RH (days)
Assay T=0
7 14 28
Physical form / Condition LEFVP LEFVP LEFVP LEFVP
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Formulation

100 mg/mL H1H17161P, 10 mM L-histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0

Container/Closure

5 mL gamma-irradiated polycarbonate vial with HDPE closure

Assay T-0 Lengt7h of storage at1 :0 °C/75%RH ;:ays)
Clarity <6 NTU <6NTU <6 NTU <6 NTU
Color <BY3 <BY3 <BY3 <BY3
pH 6.0 6.0 6.0 6.0
L‘;}E&'ggﬁgomem by RP- 95.8 97.0 96.4 97.4
Non-reduced Purity 95.7 NR NR 93.0
MCE (%) LMW 3.9 NR NR 5.7
Reduced MCE | Purity 96.0 NR NR 95.0
(%) NGHC 35 NR NR 35

LMW 0.0 NR NR 0.4
Purity by SE- Main 98.8 98.2 97.9 97.4
UPLC (%) LMW 0.1 0.2 03 05

HMW 1.1 1.5 1.8 2.1
CEX-UPLC Region 1 48.2 52.1 56.2 62.6
(%) Region 2 45.2 40.5 36.4 30.3

Region 3 6.6 74 7.4 7.1
Relative rF\)JZ?JLtJr(:\cI)iZZ?ign 110 NR NR 114
Potency (%) Assay

CEX, cation exchange; FDS, formulated drug substance; FDG, Formulation Development Group; HDPE,
high-density polyethylene; HMW, high molecular weight; LEFVP, liquid essentially free from visible

particulates; LMW, low molecular weight; MCE, microchip capillary electrophoresis; NGHC, Non-glycosylated
Heavy Chain; NR, not required per protocol; OD, optical density; RP, reversed-phase; SE, size-exclusion;

UPLC, ultra performance liquid chromatography
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Table 68: Research Stability of 100 mg/mL H1H17161P C2P1 Formulation Drug

Substance - Effect of Agitation, and Freezing and Thawing

Formulation 100 mg/mL H1H17161P, 10 mM L-histidine, 10% (w/v) sucrose,
0.1% (w/v) polysorbate 80, pH 6.0
Container/Closure 5 mL gamma-irradiated polycarbonate vial with HDPE closure
Agitation (minutes) Freeze/Thaw (cycles)
Assay t=0 60 120 4 8
Physical form / Condition 0 0 0 0 0
Clarity <6 NTU <6 NTU <6NTU <6 NTU <6NTU
Color <BY3 <BY3 <BY3 <BY3 <BY3
pH 6.0 6.0 6.0 6.0 5.9
L‘;}E&ﬁ;ﬁgomem by RP- 95.8 965 94.0 96.2 96.2
Non-reduced | Purity 95.7 NR 95.8 NR 95.7
MCE (%) LMW 3.9 NR 3.8 NR 38
Reduced Purity 96.0 NR 96.2 NR 96.1
MCE (%) NGHC 35 NR 3.4 NR 3.4
LMW 0.0 NR 0.0 NR 0.0
Purity by SE- | Main 98.8 98.8 98.8 98.8 98.8
UPLC (%) LMW 0.1 0.2 0.2 0.1 0.1
HMW 1.1 1.1 1.1 1.1 1.1
CEX-UPLC Region 1 48.2 48.7 48.6 48.6 48.6
(%) Region 2 45.2 44.9 44.9 44.9 44.8
Region 3 6.6 6.5 6.5 6.6 6.6
Eg’tlzﬂ‘és ) EZiLtjgcl)i\ggizn 110 NR 114 NR 115
ssay

CEX, cation exchange; FDS, formulated drug substance; FDG, Formulation Development Group; HDPE,
high-density polyethylene; HMW, high molecular weight; LEFVP, liquid essentially free from visible
particulates; LMW, low molecular weight; MCE, microchip capillary electrophoresis; NGHC, Non-glycosylated
Heavy Chain; NR, not required per protocol; RP, reversed-phase; SE, size-exclusion; UPLC, ultra
performance liquid chromatography

Example 11: Formulated Drug Substance Research Stability Studies for Co-Formulated
H1H17203P, H1H17139P, and H1H17161P C2P1 DP

[000249]
accelerated, and stress conditions for the Combination C2P1 DP manufactured for research and

Research stability studies were performed to evaluate the long-term storage,

developmental use. Six months of research stability data are available at the long-term storage

condition of 5 °C, 6 months at the accelerated condition of 25 °C/60% RH. Studies examining the

stress conditions of 3 months at 40 °C/75% RH, agitation, and freezing and thawing are complete.
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[000250]
analysis plan, preliminary acceptance criteria, and sampling plan for the stability samples are

Table 69 describes all stability studies examining the Combination C2P1 DP. The

provided in Table 70.

The stability studies will continue for the entire duration of the stability protocol as presented in

PCT/US2021/014524

Table 69. Samples were analyzed following the analysis plan outlined in Table 70.

Table 69: Summary of Combination Drug Product Stability Studies

Study Concentration | Container Closure | Storage Study Available Data

Type (mg/mL) Conditions Duration

Research 100 20 mL USP/EP 5°C 84 months 6 months
glass vial with 25°C/60% RH | 12 months 6 months
FluroTec-coated
butyl stopper and 40 °C/75% RH 3 months 3 months

Flip-Off seal

Agitation

120 minutes

120 minutes

Freezing and
Thawing

8 cycles

8 cycles

DP, drug product; USP, United States Pharmacopeia; EP, European Pharmacopoeia; RH, relative humidity

Table 70: Analysis Plan for Drug Product Research Stability Studies

Assay Research Samples to be Analyzed
Physical form / Condition All samples
Clarity All samples
Color All samples
pH All samples
Total Protein Content (RP-UPLC) All samples

Purity by Reduced MCE
% Purit T=0,6, 12,24, 36, 48, 60, 72 and 84 months at 5 °C;

;' ; N‘gﬁfc 3 and 6 months at 25 °C/60% RH; 1 and 3 months at 40 °C/75% RH
- Agitation and Freeze/Thaw samples

c. % LMW

Purity by Non-reduced MCE

a. % Purit T=0,6, 12, 24, 36, 48, 60, 72 and 84 months at 5 °C;

b. (; LM\; 3 and 6 months at 25 °C/60% RH; 1 and 3 months at 40 °C/75% RH
e Agitation and Freeze/Thaw samples

c. % HMW

Purity by SE-UPLC
a. % Main peak purity
b. % LMW

c. % HMW

All samples
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Assay Research Samples to be Analyzed
Charge Variant Analysis by CEX-UPLC
. % Region 1c
. % Region 2¢

. %Main Peak HIH17203P
. %Main Peak HIH17139P
f. %Main Peak HIH17161P

a
b
c. % Region 3¢ All samples
d
e

T=0,6, 12,24, 36, 48, 60, 72 and 84 months at 5 °C;

Potency: ADCC Assay 3 and 6 months at 25 °C/60% RH; 1 and 3 months at 40 °C/75% RH
Agitation and Freeze/Thaw samples

T=0,6, 12,24, 36, 48, 60, 72 and 84 months at 5 °C;

Potency: Pseudovirus Neutralization Assay | 3 and 6 months at 25 °C/60% RH; 1 and 3 months at 40 °C/75% RH
Agitation and Freeze/Thaw samples

T=0,6, 12, 24, 36, 48, 60, 72 and 84 months at 5 °C;

Particulate Matter (light obscuration) 3 and 6 months at 25 °C/60% RH; 1 and 3 months at 40 °C/75% RH
Agitation and Freeze/Thaw samples

T=0,6, 12, 24, 36, 48, 60, 72 and 84 months at 5 °C;

3 and 6 months at 25 °C/60% RH; 1 and 3 months at 40 °C/75% RH
Agitation and Freeze/Thaw samples

T=0,6, 12, 24, 36, 48, 60, 72 and 84 months at 5 °C;

Polysorbate 80 3 and 6 months at 25 °C/60% RH; 1 and 3 months at 40 °C/75% RH
Agitation and Freeze/Thaw samples

Acso, absorbance at 280 nm; CEX, cation-exchange chromatography; EU, endotoxin units; HC, heavy chain;
HMW, high molecular weight; LC, light chain; LMW, low molecular weight; MCE, microchip capillary
electrophoresis; MFI, Micro-Flow Imaging™; N/A, Not applicable; NGHC, non-glycosylated heavy chain; Ph.
Eur., European Pharmacopeia; RH, relative humidity; SE-UPLC, size-exclusion ultra high-performance liquid
chromatography; USP, United States Pharmacopeia

Particulate Matter (MFI)
2pum<x <10 um

Long-term Stability Study Results

[000251] In the research long-term stability study, the Combination DP was physically and
chemically stable when stored at 5 °C throughout the assessment period (Table 71). No
appreciable change in the physical or chemical stability was detected in any of the monitored
attributes after 6 months at 5 °C. The research stability study examining DP under the long-term
storage condition will continue through 84 months.

Accelerated Stability Study Results

[000252] Research stability study results from the analysis of DP under accelerated condition of
25°C /60% RH are provided in Table 72. Throughout the 6 month assessment period, increases of
0.9% in HMW species and 0.3% in LMW were observed by SE-UPLC. Reduction of 2.0%, 3.1%,
and 5.1% in main peaks corresponding to the H1H17203P, H1H17139P and H1H17161P,
respectively, were observed by CEX-UPLC. The DP maintained potency following incubation at
25°C/ 60% RH for 6 months. Sub-visible particle level as determined by HIAC was within the
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acceptance criteria. No meaningful change in other monitored attributes was observed. Research
studies examining DP under the accelerated storage condition of 25 °C/60% RH are complete.

Stress Stability Study Results

[000253] Research stability study results from the analysis of DP under stress conditions of 40
°C/75% RH are provided in Table 72. Throughout the 3 month assessment period, increases of
3.0% in HMW and 1.3% in LMW were observed by SE-UPLC; reductions in purity of 3.8% or 7.8%
and increases in LMW species of 1.8% or 6.4% were observed by reduced or non-reduced MCE,
respectively; and reduction of 9.3%, 11.5%, and 11.4% in main peaks corresponding to the
H1H17203P, H1H17139P and H1H17161P, respectively, were observed by CEX-UPLC. The DP
maintained potency as determined by the pseudovirus neutralization assay. The DP maintained
potency following the incubation at 40°C/75% RH for 28 days but showed reduced potency after
incubation for 3 months as determined by the ADCC assay. Sub-visible particle level as determined
by HIAC was within the acceptance criteria. No meaningful change in other monitored attributes
was observed. Research studies examining DP under the stress storage condition of 40 °C/75%
RH are complete.

[000254] Research stability results from the analysis of DP following agitation and freeze/thaw
conditions are provided in Table 73. DP was physically and chemically stable when agitated
(vortexed at ambient temperature) for 120 minutes or when subjected to 4 freeze/thaw cycles
(freezing at -30 °C and thawing at room temperature). No meaningful change in the physical or
chemical stability of the DP was observed in any of the monitored attributes. Research studies
examining DP under agitation and freeze/thaw conditions are complete.

Stability Conclusions
[000255] The recommended storage for the Combination DP is 2°C to 8 °C. Data from DP
stability studies demonstrate that the product will remain stable when stored at 2 °C to 8 °C.

Table 71: Research Stability of H1H17203P- H1H17139P-H1H17161P Co-Formulated Drug
Product 100 mg/mL, Stored at 5 °C
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33.3 mg/mL H1H17203P, 33.3 mg/mL H1H17139P, and 33.3 mg/mL
Formulation H1H17161P recombinant proteins, in an aqueous buffered solution, pH
6.0, containing 10 mM L-histidine, 10% (w/v) sucrose, and 0.1% (w/v)
polysorbate 80
Container Closure 20 mL USP/Ph. Eur. Type 1 borosilicate glass vial; 20 mm FluroTec®-
coated butyl single-vent stopper; 20 mm Flip-Off ® seal
Storage Condition 5°C
Length of Storage (months)
Assay
T=0 1 3 6
Physical form / Condition LEFVP LEFVP LEFVP LEFVP
Clarity <6 NTU <6 NTU <6 NTU <6 NTU
Color <BY4 <BY4 <BY4 <BY4
pH 6.0 6.0 6.0 6.0
Total Protein Content by RP-UPLC (mg/mL) 98.5 98.4 97.3 96.6
Polysorbate 80 (%w/v) 0.09 NR NR 0.09
% Relative Potency by | ADCC 89 NR NR 95
Bioassay Pseudovirus
Neutralization 105 NR NR 120
Purity 94.4 NR NR 94.7
Reduced MCE (%) NGHC 4.7 NR NR 4.5
LMW 0.1 NR NR 0.2
Non-reduced MCE Purity 95.4 NR NR 95.6
(%) LMW 4.1 NR NR 4.0
Main 99.1 99.0 98.8 98.8
SE-UPLC (%) LMW 0.1 0.1 0.1 0.1
HMW 0.9 0.9 1.2 1.1
Region 1C 10.9 10.8 11.0 11.5
Region 2C 13.3 13.2 13.3 13.5
Charge Variant Region 3C 18.4 18.4 18.0 18.6
Analysis by CEX- -
UPLC (%) HI1H17203P Main 19.3 19.4 19.4 19.2
H1H17139P Main 21.1 21.2 21.1 20.9
H1H17161P Main 17.0 16.9 17.2 16.4
Particulate Matter > 10pum 39 NR NR 5
(light obscuration) B
(particles/container) 2 25um 15 NR NR 0
Particulate Matter
(MFT) (particles/mL) 2to 10 ym 195 NR NR 90

HMW, high molecular weight; LEFVP, liquid essentially free from visible particulates; LMW, low molecular
weight; MCE, microchip capillary electrophoresis; MFI, Micro-Flow Imaging™; NGHC, non-glycosylated
heavy chain; SE, Size-exclusion; UPLC, Ultra-high pressure liquid chromatography; CEX, Cation exchange
chromatography; RP, reversed-phase; ADCC, Antibody-dependent cellular cytotoxicity; NR, Not required
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Table 72: Research Stability of HIH17203P-H1H17139P-H1H17161P Co-Formulated Drug
Product 100 mg/mL, Stored at 25 °C/60%RH and 40 °C/75% RH

Formulation 33.3 mg/mL H1H17203P, 33.3 mg/mL H1H17139P, and 33.3 mg/mL H1H17161P
recombinant proteins, in an aqueous buffered solution, pH 6.0, containing 10 mM L-
histidine, 10% (w/v) sucrose, and 0.1% (w/v) polysorbate 80
Container 20 mL USP/Ph. Eur. Type 1 borosilicate glass vial; 20 mm FluroTec®-coated butyl single-
Closure vent stopper; 20 mm Flip-Off © seal
Assay 25 °C/60% RH Storage (months) 40 °C/75% RH Storage (months)
T=0
0.5 1 3 6 0.25 0.5 1 3
Physical form / Condition LEFV LEFV | LEFV | LEFV | LEFV | LEFV | LEF
LEFVP P LEFVP P P P P P VP
Clarity <6 <6 <6 <6 <6 <6 <6 <6 <6
NTU NTU NTU NTU NTU NTU NTU NTU NTU
Color < < <
<BY4 | <BY4 <BY4 | <BY4 | <BY4 BY4 BY4 <BY4 BY4
pH 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0

Total Protein Content by RP-

98.5 98.7 98.2 96.9 96.1 | 982 | 983 | 98.8 | 96.8

UPLC (mg/mL)
Polysorbate 80 (%ow/v) 0.09 NR NR 0.09 0.09 NR NR 0.09 0.09
% Relative ADCC 89 | NR | NR | 93 82 | NR | NR | 83 | 45
Potency by )
Bioassay Pseudovirus
Neutralizatio | 105 | NR | NR | 112 | 124 | NR | NR | 101 | 99
n
Reduced MCE | Purity 944 | NR | NR | 932 | 937 | NR | NR | 937 | 90.6
(%) NGHC 47 | NR | NR | 44 | 46 | Nk | NR | 46 | 52
LMW 01 | NR | NR | 03 | 07 | NR | NR | 05 | 19
Non-reduced Purity 95.4 NR NR 94.2 93.4 NR NR 93.1 87.6
MCE (%)
LMW 41 | NR | NR | 49 | 55 | NR | NR | 60 | 105
SE-UPLC (%) | Main 99.1 | 989 | 987 | 982 | 97.8 | 986 | 983 | 97.7 | 947
LMW 01 | o1 02 | 03 | 04 [ 02 ] 03| 05 | 14
HMW 0.9 11 12 | 16 | 18 | 13| 14| 18 | 39
Charge Variant Region 1C 10.9 10.8 11.0 12.2 14.1 11.7 | 12.6 147 | 209
Analysis by .
CEX.UPLE (%) | Region 2C 133 | 133 | 137 | 151 | 168 | 145 | 157 | 181 | 25.0
Region 3C 184 | 186 | 190 | 198 | 220 | 196 | 207 | 231 | 289
HIHI7203P 1 193 | 195 | 194 | 187 | 173 | 188 | 180 | 159 | 100
Main
HIHIZISOP o) 1) 212 | 209 | 196 | 180 | 200 | 190 | 165 | 96
Main
HIHIZIOWP |00 | 165 | 160 | 147 | 119 | 154 | 141 | 117 | 56
Main
> 10um 39 | NR | NR 10 10 | NR | Nr [ 131 | 12
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Formulation 33.3 mg/mL H1H17203P, 33.3 mg/mL H1H17139P, and 33.3 mg/mL H1H17161P
recombinant proteins, in an aqueous buffered solution, pH 6.0, containing 10 mM L-
histidine, 10% (w/v) sucrose, and 0.1% (w/v) polysorbate 80
Container 20 mL USP/Ph. Eur. Type 1 borosilicate glass vial; 20 mm FluroTec®-coated butyl single-
Closure vent stopper; 20 mm Flip-Off © seal
Assay 25 °C/60% RH Storage (months) 40 °C/75% RH Storage (months)
T=0
0.5 1 3 6 0.25 0.5 1 3
Particulate Matter
(light
obscuration) >25um 15 NR NR 0 0 NR NR 0 5
(particles
/container)
Particulate Matter
(MFI) 2 to 10 um 195 NR NR 450 275 NR NR 637 409
(particles/mL)

HMW, high molecular weight; LEFVP, liquid essentially free from visible particulates; LMW, low molecular weight;
MCE, microchip capillary electrophoresis; MFI, Micro-Flow Imaging™; NGHC, non-glycosylated heavy chain; SE,
Size-exclusion; UPLC, Ultra-high pressure liquid chromatography; CEX, Cation exchange chromatography; ADCC,
Antibody-dependent cellular cytotoxicity; NR, Not required

Table 73: Research Stability of HIH17203P-H1H17139P-H1H17161P Co-Formulated Drug
Product - Effect of Agitation, and Freezing and Thawing

Formulation 33.3 mg/mL H1H17203P, 33.3 mg/mL H1H17139P, and 33.3 mg/mL
H1H17161P recombinant proteins, in an aqueous buffered solution, pH 6.0,
containing 10 mM L-histidine, 10% (w/v) sucrose, and 0.1% (w/v)
polysorbate 80
Container/Closure 20 mL USP/Ph. Eur. Type 1 borosilicate glass vial; 20 mm FluroTec®-coated
butyl single-vent stopper; 20 mm Flip-Off © seal
Agitation (minutes) Freezing/Thawing (cycles)
Assay T=0
60 120 4 8
Physical form / Condition LEFVP LEFVP LEFVP LEFVP LEFVP
Clarity <6NTU <6 NTU <6 NTU <6NTU <6NTU
Color <BY4 <BY4 <BY4 <BY4 <BY4
pH 6.0 6.0 6.0 6.0 6.0
Total Protein Content by RP-
UPLC (mg/mL) 98.5 98.4 98.6 98.8 97.6
Polysorbate 80 (%ow/v) 0.09 NR 0.09 0.09 0.09
% Relative ADCC 89 NR 102 85 87
Potency by Pseudovi
Bioassay seudovirus 105 NR 119 123 119
Neutralization
Reduced MCE | Purity 94.4 NR 94.9 95.0 94.5
%
(%) NGHC 47 NR 43 42 47
LMW 0.1 NR 0.2 0.2 0.1
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Formulation 33.3 mg/mL H1H17203P, 33.3 mg/mL H1H17139P, and 33.3 mg/mL
H1H17161P recombinant proteins, in an aqueous buffered solution, pH 6.0,
containing 10 mM L-histidine, 10% (w/v) sucrose, and 0.1% (w/v)
polysorbate 80
Container/Closure 20 mL USP/Ph. Eur. Type 1 borosilicate glass vial; 20 mm FluroTec®-coated
butyl single-vent stopper; 20 mm Flip-Off © seal
Agitation (minutes) Freezing/Thawing (cycles)
Assay T=0
60 120 4 8
Non-reduced Purity 95.4 NR 95.4 95.4 95.4
MCE (%) LMW 4.1 NR 42 4.2 4.2
Purity by SE- Main 99.1 99.1 99.1 99.1 99.0
PL
UPLC (%) LMW 0.1 0.1 0.1 0.1 0.1
HMW 0.9 0.9 0.9 0.9 0.9
Charge Variant | Region 1C 10.9 10.8 10.9 109 104
Analysis by
CEX-UPLC (%) | Region 2C 13.3 13.2 13.2 13.3 13.3
Region 3C 18.4 18.4 18.4 18.5 18.4
HIH17203P 193 19.4 19.4 19.4 19.4
Main
HIHI7139P 21.1 212 212 212 213
Main
HIHI7161P 17.0 16.9 17.0 16.7 172
Main
Particulate > 10um 39 NR 102 39 53
Matter (light
obscuration) Z 25pm
(particles 15 NR 5 0 0
/container)
Particulate
Matter (MFI) 2to 10 pm 195 NR 372 534 494
(particles/mL)

HMW, high molecular weight; LEFVP, liquid essentially free from visible particulates; LMW, low molecular weight;
MCE, microchip capillary electrophoresis; MFI, Micro-Flow Imaging™; NGHC, non-glycosylated heavy chain; SE,
Size-exclusion; UPLC, Ultra-high pressure liquid chromatography; CEX, Cation exchange chromatography; ADCC,
Antibody-dependent cellular cytotoxicity; NR, Not required

Antibody Sequences

[000256] Table 74 sets forth the amino acid sequence identifiers of the heavy and light chain
variable regions and CDRs of selected anti-Ebola virus antibodies. Table 75 provides sequence
identifiers for full length heavy and light chain amino acid sequences.
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SEQ ID NOs:
Antibody | y~ye | HCDR1 | HCDR2 | HCDR3 | LCVR | LCDR1 | LCDR2 | LCDR3
Designation
H1H17203P 2 4 6 8 10 12 14 16
HIH17139P | 20 22 24 26 28 30 32 34
HIH17161P | 38 40 42 44 46 48 50 52

Table 75: Sequence Identifiers for Full Length Heavy and Light Chain Sequences

SEQ ID NOs:
Antibody Full length Full length
Designation Heavy Chain Light Chain
Amino Acid Amino Acid
H1H17203P 17 18
H1H17139P 35 36
H1H17161P 53 54

[000257]

The present disclosure is not to be limited in scope by the specific embodiments

described herein. Indeed, various modifications of the invention in addition to those described

herein will become apparent to those skilled in the art from the foregoing description and the

accompanying figures. Such modifications are intended to fall within the scope of the appended

claims.
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