10

15

20

25

DESCRIPTION

PREPARATION INCLUDING VACCINE ADJUVANT

TECHNICAL FIELD
[0001]

The  present invention relates to an emulsion
composition of a compound useful for a vaccine adjuvant and

a lyophilized formulation of the composition.

BACKGROUND ART
[0002]

A subunit vaccine that uses a part of components of a
pathogen as an antigen can be produced by technique such as
chemical synthesis and genetic recombination technology, and
is more advantageous than a vaccine that uses a pathogen
itself in terms of 1its safety and producing processes.
Whereas, a subunit vaccine tends to have a lower
immunostimulatory activity  than a live vaccine or
inactivated vaccine that uses a pathogen itself. 1In view of
this, a preventive or therapeutic method has been studied to
use an adjuvant in combination with a vaccine antigen in
order to reinforce the immunogenicity of an epitope and
enhance the immunostimulatory activity of a vaccine.

[0003]
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Adjuvants having a TLR7 agonist activity have been
reported recently, including (4E,8E,12E,16E,20E)-N~-{2~[{4-
[ (2-amino-4-{[(3S)-1-hydroxyhexan-3-yl]amino}-6-
methylpyrimidin-5-yl)methyllbenzyl} (methyl)amino]ethyl}-
4,8,12,17,21,25~-hexamethylhexacosa-4,8,12,16,20,24-
hexaenamide (hereinafter, referred to as "Compound A")

(Patent Literature 1).

Compound A has a good vaccine-adjuvant activity, but it
is desired to formulate it into a pharmaceutical formulation
such as an emulsion for the purpose of administration to a
mammal as a vaccine adijuvant. Generally, it is known that
an antioxidant derived from ascorbates is used to improve
the preservation stability of an emulsion formulation. It
has not beenrknown, nowever, that an antioxidant derived

from ascorbate derivatives can stabilize the particle size

distribution.

[0004]

Patent Literature 1 WO 2017/061532
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SUMMARY OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0005] |
The present invention provides a formulated composition
useful as a vaccine adjuvant with good preservation stability

and immunostimulatory activity.

MEANS OF SOLVING THE PROBLEMS
[0006]

Compound A has six unsaturated bonds derived from a
squalene-type structure 1in 1its molecule. In studies of
formulation of Compound A, it has become evident that when
Compound A 1is formulated into a common lyophilized
formulation of an emulsion formulation that uses squalene as
an o0il ingredient, the intramolecular unsaturated bonds of
Compound A are oxidized, resulting in the reduction of
contents of Compound A. The inventor has extensively studied
to find out a feasible pharmaceutical formulation comprising
a vaccine adjuvant with a high preservation stability, and
then has found that the stability to oxidation of Compound
A is improved by the use of squalane as an oil ingredient in
the preparation of an emulsion composition comprising
Compound A. It has also been found that addition of an

antioxidant of ascorbate derivatives allows for the
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provision of a pharmaceutical formulation with a’ good
preservation stability, in particular not only the stability
to oxidation of Compound A itself but also the stability of
particle size distribution, and the present invention has
been achieved.
[00C7]

Specifically, a summary of the present invention is as
follows.
Item 1

A lyophilized formulation of an emulsion comprising:
i) (4E,8E,12E,16E,20E)-N-{2-[{4~-[(2-amino-4-{[(38)-1-
hydroxyhexan-3-yl]lamino}-6-methylpyrimidin-5-
yl)methyllbenzyl} (methyl)aminolethyl}-4,8,12,17,21,25-
hexamethylhexacosa-4,8,12,16,20,24-hexaenamide (hereinafter
referred to as "Compound A"), or a pharmaceutically
acceptable salt thereof;
ii) squalane;
iii) an antioxidant A selected from the group consisting of

an ascorbate ester (e.g., L-ascorbic stearate, ascorbyl

o8]

palmitate, etc.), an inorganic salt of ascorbic acid (e.g.,
potassium ascorbate, sodium ascorbate, calcium ascorbate,
etc.), and ascorbic acid; and

iv) an excipient A selected from the group consisting of a
non-reducing sugar and a sugar alcohol, provided that

mannitol is excluded.
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[(0008]

Item 2

The formulation according to Item 1, further comprising
v) a hydrophilic surfactant and vi) a lipophilic surfactant.
[0009]
Item 3

The formulation according to Item 1 or 2, wherein the
emulsion is an oil-in-water emulsion.
[0010]
ITtem 4

The formulation according to Item 2 or 3, wherein the
hydrophilic surfactant 1is polyoxyethylene sorbitan fatty
acid esters (e.g., Polysorbate 20, Polysorbate 40,
Polysorbate 60, Polysorbate 65, Polysorbate 80, etc.);
polyoxyethylene hydrogenated castor oils (e.qg.,
polyoxyethylene hydrogenated castor oil 10, polyoxyethylene
hydrogenated castor oil 20, polyoxyethylene hydrogenated
castor oil 40, polyoxyethylene hydrogenated castor oil 50,

polyoxyethylene hydrogenated castor oil 60, etc.); or

polyoxyethylene polyoxypropylene glycols (e.g.,
polyoxyethylene (42) polyoxypropylene (67) glycol,
polyoxyethylene (54) polyoxypropylene (39) glycol,
polyoxyethylene (105) polyoxypropylene (5) glycol,
polyoxyethylene (124) polyoxypropylene (39) | glycol,

polyoxyethylene (160) polyoxypropylene (30) glycol,
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polyoxyethylene (196) polyoxypropylene (67) glycol,

polyoxyethylene (200) polyoxypropylene (70) glycol, etc.).

The formulation according to Item 2 or 3, wherein the
hydrophilic surfactant is Polysorbate 20, Polysorbate 40,
Polysorbate 80, polyoxyethylene hydrogenated castor oil 60,
or polyoxyethylene (160) polyoxypropylene (30) glycol.
[0012]

Item 6

The formulation according to Ttem 2 or 3, wherein the
hydrophilic surfactant is Polysorbate 20, Polysorbate 40, or
Polysorbate 80.

[0013]
Item 7

The formulation according to any one of Items 2 to 6,
wherein the lipophilic surfactant is sorbitan fatty acid
esters (e.qg., sorbitan fatty acid ester, sorbitan
monolaurate, sorbitan monopalmitate, sorbitan monostearate,
sorbitan tristearate, sorbitan monooleate, sorbitan
sesquioleate, sorbitan trioleate, medium-chain triglyceride,
etc.); glycerin fatty acid esters (e.g., glycerin fatty acid
ester, glyceryl monostearate, glyceryl monomyristate,
glyceryl monooleate, glyceryl triisooctanoate, etc.);

sucrose fatty acid esters (e.g., sucrose fatty acid ester,
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sucrose stearate, sucrose palmitate, etc.); or propylene
glycol fatty acid esters (e.g., propylene glycol fatty acid
ester, propylene glycol monostearate, etc.).
[0014]
Item 8

The formulation according to any one of Items 2 to 6,
wherein the lipophilic surfactant 1is sorbitan fatty acid
ester, sorbitan monooleate, sorbitan sesqguioleate, or
sorbitan trioleate.
[0015]
Item 9

The formulation according to any one of Items 2 to 6,
wherein the lipophilic surfactant is sorbitan trioleate.
[001l6]
Item 10

The formulation according to any one of Items 1 to 9,
further comprising an antioxidant B selected from the group
consisting of tocopherol (e.g., a-tocopherol, B-tocopherol,
y-tocopherol, &-tocopherol, etc.); tocopherol acetate; and
butyl hydroxyanisole.

[0017]

The formulation according to Item 10, wherein the
antioxidant B 1s tocopherol selected from the group

consisting of o-tocopherol, B-tocopherol, y-tocopherol, and
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d-tocopherol.
[C018]
Item 12

The formulation according to Item 10, wherein the
anticxidant B 1s «a-tocopherol.
[0019]
Item 13

The formulation according to any one of Items 1 to 12,
wheréin the antioxidant A is ascorbyl palmitate, potassium
ascorbate, sodium ascorbate, or ascorbic acid.
[0020]
Item 14

The formulation according to any one of Items 1 to 12,
wherein the antioxidant A is sodium ascorbate or potassium
ascorbate.
[0021]
Item 15

The formulation according to any one of Items 1 to 14,
wherein the excipient A 1is a non-reducing sugar (e.g.,
sucrose, and trehalose); or a sugar alcohol (e.g., sorbitol,
erythritol, xylitol, maltitol, and lactitol).
[0022]
Item 16

The formulation according to any one of Items 1 to 14,

wherein the excipient A is sucrose, trehalose, sorbitol, or
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xylitol.
[0023]
Item 17
The formulation according to any one of Items 1 to 14,
wherein the excipient A is sucrose or trehalose.
[0024]
Item 18
The formulation according to any one of Items 1 to 17,
wherein the blending amount of squalane is 50 to 500 times
the weight of Compound A.
[0025]
Item 19

The formulation according to any one of Items 1 to 17,
wherein the blending amount of squalane is 100 to 400 times
the weight of Compound A.

[0026]
Item 20

The formulation according to any one of Items 1 to 17,
wherein the blending amount of squalane is 200 to 300 times
the weight of Compound A.

[0027]
Item 21

The formulation according to any one of Items 2 to 20,

wherein the blending amount of the hydrophilic surfactant is

0.5 to 250 times the weight of Compound A.
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[0028]
Item 22

The formulation according to any one of Items 2 to 20,
wherein the blending amount of the hydrophilic surfactant is
5 to 100 times the weight of Compound A.
[0029]
Item 23

The formulation according to any one of Items 2 to 20,
wherein the blending amount of the hydrophilic surfactant is
10 to 50 times the weight of Compound A.
[0030]
Item 24

The formulation according to any one of Items 2 to 21,
wherein the blending amount of the lipophilic surfactant is
0.5 to 250 times the weight of Compound A.
[0031]
Item 25

The formulation according to any one of Items 2 to 22,
wherein the blending amount of the lipophilic surfactant is
5 to 100 times the weight of Cémpound A.
[0032]
Item 26

The formulation according to any one of Items 2 to 23,
wherein the blending amount of the lipophilic surfactant is

10 to 50 times the weight of Compound A.
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[0033]
Item 27

The formulation according to any one of Items 1 to 26,
wherein the blending amount of the antioxidant A is 0.5 to
500 times the weight of Compound A in terms of the weight of
sodium ascorbate.
[0034]
Item 28

The formulation according to any one of Items 1 to 26,
wherein the blending amount of the antioxidant A is 2.5 to
250 times the weight of Compound A in terms of the weight of
sodium ascorbate.
[0035]
Item 29

The formulation according to any one of Items 1 to 26,
wherein the blending amount of the antioxidant A is 5 to 100
times the weight of Compound A in terms of the weight of
sodium ascorbate.
[003¢]
ITtem 30

The formulation according to any one of Items 1 to 29,
wherein the blending amount of the excipient A is 50 to 1000
times the weight of Compound A.
[0037]

Item 31



The formulation according to any one of Items 1

to 29,
wherein the blending amount of the excipient A is 100 to 750
times the weight of Compound A.
[0038]
5 Item 32
The formulation according to any one of Items 1 to 29,
wherein the blending amount of the excipient A is 200 to 625
times the weight of Compound A.
[0039]
10 tem 33
The formulation according to any one of Items 10 to 32,
wherein the blending amount of the antioxidant B is 5 to 250
times the weight of Compound A.
[0040]
15 Item 34
The formulation according to any one of Items 10 to 32,

wherein the blending amount of the antioxidant B is 12.5 to

125 times the weight of Compound A.

[0041]
20 Item 35

The formulation according to any one of Items 10 to 32,

wherein the blending amount of

f the antioxidant B is 25 to 50

times the weight of Compound A.

[0042]

25 Item 36
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The formulation according to any one of Items 1 to 35,
wherein the weight of Compound A is 0.0001 to 0.65 times the
weight obtained by excluding Compound A from the lyophilized
formulation.

[0043]
Item 37

The formulation according to any one of Items lrto 35,
wherein the weight of Compound A is 0.0002 to 0.35 times the
welght obtained by excluding Compound A from the lyophilized
formulation.

[0044]
Item 38

The formulation according to any one of Items 1 to 35,
wherein the weight of Compound A is 0.0005 to 0.065 times
the weight obtained by excluding Compound A from the
lyophilized formulation.

[0045]
Item 39

The formulation according to any one of Items 1 to 38,
wherein both Dsg values of particle sizes of an emulsion
immediately after preparation and an emulsion reconstituted
after 6-month storage at 25°C as the lyophilized formulation
are 1000 nm or less.

[0046]

Item 40
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The formulation according to any one of Items 1 to 39,
wherein an increased amount in the area percentage values of
an impurity UK-1.02 after 6-month storage at 5°C as the
lyophilized formulation is 5.0% or less.

[0047]
Item 41

The formulation according to any one of Items 1 to 39,
wherein an increased amount in the area percentage values of
an impurity UK-1.02 after o6-month storage at 5°C as the
lyophilized formulation is 1.0% or less.

[0048]
Item 42

A vaccine adjuvant comprising the formulation according
to any one of Items 1 to 41.

[0049]
Item 43

A vaccine comprising the formulation according to any
cne of Items 1 to 41 and an antigen.
[0050]

Item 44

The vaccine according to Item 43, wherein the antigen
is derived from a pathogen.
[0051]

Item 45

A kit comprising the formulation according to any one
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of Items 1 to 41 and an antigen.
[0052]
Item 46

A lyophilized formulation of an emulsion comprising:
i) (4E,8E, 12E, 16E,20E) -N-{2-[{4-[(2-amino-4-{[(38) -1~
hydroxyhexan-3-yl]amino}-6-methylpyrimidin-5-
yl)methyllbenzyl} (methyl)amino]ethyl}-4,8,12,17,21,25-
hexamethylhexacosa-4,8,12,16,20,24-hexaenamide, or a
pharmaceutically acceptable salt thereof;
ii) squalane;
iii’”) tocopherol (e.g., «a-tocopherol, p-tocopherol, vy-
tocopherol, &-tocopherol, etc.); and
iv) an excipient A selected from the group consisting of a
non-reducing sugar and a sugar alcohol, provided that
mannitol is excluded.
[0053]
Item 47

The formulation according to Item 4g, further
comprising:
V) a hydrophilic surfactant selected from Polysorbate 20,
Polysorbate 40, or Polysorbate 80; and
vi) a lipophilic surfactant selected from sorbitan fatty
acid ester, sorbitan monooleate, sorbitan sesqguioleate, or
sorbitan trioleate.

[0054]
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Ttem 48

An emulsion comprising:
i) (4E,8E,12E,16E,20E)-N-{2-[{4~-[ (2-amino-4-{[(38)-1-
hyaroxyhexan—B—yl]amino}—6—methylpyrimidin—5—
yvl)methyllbenzyl} (methyl)aminolethyl}-4,8,12,17,21,25-
hexamethylhexacosa-4,8,12,16,20,24-hexaenamide, or a
pharmaceutically acceptable salt thereof;
ii) sqgqualane;
iii) an antioxidant A selected from the group consisting of
an ascorbate ester (e.g., L-ascorbic stearate, ascorbyl
palmitate, etc.), an inorganic salt of ascorbic acid (e.g.,
potassium ascorbate, sodium ascorbate, calcium ascorbate,
etc.), and ascorbic acid; and
iv) an excipient A selected from the group consisting of a
non-reducing sugar and a sugar alcochol, provided that

mannitol is excluded.

The emulsion according to Item 48, further comprising
v) a hydrophilic surfactant and vi) a lipophilic surfactant.
[0056]
Item 50

The emulsion according to Item 48 or 49, further

comprising an antioxidant B selected <from the group

consisting of tocopherol (e.g., oa-tocopherol, (-tocopherol,
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y-tocopherol, J&-tocopherocl, etc.); tocopherol acetate; and
butyl hydroxyanisole.
[0057]
Item 51

An emulsion comprising:
i) (4E,8E,12E,16E,20E)-N-{2-[{4~-[(2~amino-4-{[(3S8)-1-
hydroxyhexan-3-yllamino}-6-methylpyrimidin-5-
yl)methyllbenzyl} (methyl)aminolethyl}-4,8,12,17,21,25-
hexamethylhexacosa-4,8,12,16,20,24-hexaenamide, or a
pharmaceutically acceptable salt thereof;
ii) squalane;
iii’") tocopherol (e.g., o-tocopherol, p-tocopherol, vy-
tocopherol, Jd-tocopherol, etc.); and
iv) an excipient A selected from the group consisting of a
non-reducing sugar and a sugar alcohol, provided that

mannitol is excluded.

EFFECT OF THE INVENTION
[0058]

The present invention can enhance an antigen-specific
immune reaction, resulting in the provision of a vaccine

adjuvant formulation with high preservation stability.

DESCRIPTION OF EMBODIMENTS

[0059]
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The formulation of the present invention 1is a
lyophilized formulation of an emulsion comprising Compound
A, squalane, an antioxidant A of ascorbates, and an excipient
A. The present invention includes an emulsion formulation
before lyophilization and an emulsion formulation after
reconstitution of a lyophilized formulation.

Compound A comprised as an active ingredient in the
formulation of the present invention may be a free form or
a pharmaceutically acceptable acid addition salt or base
addition salt thereof. Exemplary acid addition salts include
acid addition salts with inorganic or organic acids such as
hydrochloric acid, hydrobromic acid, sulfuric acid,
trifluorocacetic acid, citric acid, and maleic acid.
Exemplary base addition salts include alkali metal salts
such as a sodium salt and a potassium salt, alkaline-earth
metal salts such as a calcium salt, and an ammonium salt.
Compound A or a pharmaceutically acceptable salt thereof in
the present invention may also exist in the form of a hydrate
or a solvate, and these forms are also encompassed 1in
Compound A or a pharmaceutically acceptable salt thereof in
the present invention. Details and production processes of
these forms are described in Patent Literature 1, and
Compound A or a pharmaceutically acceptable salt thereof may
be prepared according to, for example, methods described in

Patent Literature 1.
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In the formulation of the present invention, the content
of Compound A is described in terms of the content of a free
form of Compound A. When Compound A is used as a
pharmaceutically acceptable salt thereof, the content of
Compound A is converted to the weight obtained by adding the
welight of the salt to the weight of Compound A.

[0060]

The term "emulsion" in the present invention means an
oil-in-water emulsion or a water-in-oil emulsion, and is
preferably an oil-in-water emulsion. The ratio (by weight)
of an o0il composition to an aqueous solution ranges
preferably from 1:99 to 15:85, more preferably from 2:98 to
10:90, further preferably from 3:97 to 9:91, further more
preferably from 4:396 to 7:93. Compound A exists in a state
cof being dissolved in an o0il composition in an emulsion
formulation of the present invention.

The term "lyophilized formulation" 1in the present
invention means a formulation obtained by removing water
from an emulsion formulation of the present invention under
a lyophilization condition. Reconstitution of a lyophilized
formulation with sterile water for injection in the weight
of 2 to 20 times the weight of the lyophilized formulation
can give an emulsion formulation.

[0061]

An exemplary hydrophilic surfactant wused Therein
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includes polyoxyethylene sorbitan fatty acid esters (e.g.,
Polysorbate 20, Polysorbate 40, Polysorbate 60, Polysorbate
65, Polysorbate 80, etc.); polyoxyethylene hydrogenated
castor oils (e.g., polyoxyethylene hydrogenated castor oil
10, polyoxyethylene hydrogenated castor oil 20,
polyoxyethylene hydrogenated castor oil 40, polyoxyethylene
hydrogenated castor oil 050, polyoxyethylene hydrogenated
castor oil 60, etc.); and polyoxyethylene polyoxypropylene
glycols (e.g., polyoxyethylene (42) polyoxypropylene (67)

-

glycol, polyoxyethylene (54) polyoxypropylene (39) glycol,

polyoxyethylene (105) polyoxypropylene (5) glycol,
polyoxyethylene (124) polyoxypropylene (39) glycol,
polyoxyethylene (160) polyoxypropylene (30) glycol,
polyoxyethylene (196) polyoxypropylene (67) glycol,

polyoxyethylene (200) polyoxypropylene (70) glycol, etc.),
and a preferable hydrophilic surfactant is Polysorbate 20,
Polysorbate 40, Polysorbate 80, polyoxyethylene hydrogenated
castor oil 60, or polyoxyethylene (160) polyoxypropylene
(30) glycol, further preferably Polysorbate 20, Polysorbate
40, or Polysorbate 80, particularly preferably Polysorbate

80.

I

The content o a hydrophilic surfactant 1in the
formulation of the present invention ranges from 0.5 to 250

times, preferably from 5 to 100 times, further preferably

from 10 to 50 times, the weight of Compound A.
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[0062]

An exemplary lipophilic surfactant used herein includes
sorbitan fatty acid esters (e.g., sorbitan fatty acid ester,
sorbitan monolaurate, sorbitan monopalmitate, sorbitan
monostearate, sorbitan tristearate, sorbitan monooleate,
sorbitan sesquioleate, sorbitan trioleate, medium-chain
triglyceride, etc.); glycerin fatty acid esters (e.g.,
glycerin fatty acid ester, glyceryl monostearate, glyceryl
monomyristate, glyceryl monooleate, glyceryl triiscoctanoate,
etc.); sucrose fatty acid esters (e.g., sucrose fatty acid
ester, sucrose stearate, sucrose palmitate, etc.); and
propylene glycol fatty acid esters (e.g., propylene glycol
fatty acid ester, propylene glycol monostearate, etc.), and
a preferable lipophilic surfactant is sorbitan fatty acid
ester, sorbitan monooleate, sorbitan sesquioleate, or
sorbitan trioleate, further preferably sorbitan trioleate.

The blending amount of a lipophilic surfactant in the
formulation of the present invention ranges from 0.5 to 250
times, preferably from 5 to 100 times, further preferably
from 10 to 50 times, the weight of Compound A.

[0063]

As an oil ingredient in the formulation of the present
invention, squalane is used. In the study of pharmaceutical
formulations, the stability to oxidation of Compound A is

improved when squalane 1s used instead of squalene which is
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commonly used as an oil ingredient in an emulsion formulation.
Squalane is, therefore, preferable for an oil ingredient in
the pharmaceutical formulation herein. The blending amount
of sgualane ranges from 50 to 500 times, preferably from 100
to 400 times, further preferably from 200 to 300 times, the

weight of Compound A.

(0064

fo—

An exemplary antioxidant A used herein includes
ascorbate esters (e.g., L-ascorbic stearate, ascorbyl
palmitate, etc.); inorganic salts of ascorbic acid (e.g.,
potassium ascorbate, sodium ascorbate, calcium ascorbate,
etc.); and ascorbic acid, and a preferable antioxidant A is
ascorbyl palmitate, potassium ascorbate, sodium ascorbate,
or ascorbic acid, further preferably sodium ascorbate or
potassium ascorbate.

The content of an antioxidant A in the formulation of
the present invention i1s defined in terms of the weight of
sodium ascorbate. Specifically, the content obtained by
conversion of the weight of ascorbic acid of an ascorbate
derivative, an antioxidant A, into the weight of sodium

ascorba

-

e ranges from 0.5 to 500 times, preferably from 2.5
to 250 times, further preferably from 5 to 100 times, the
weight of Compound A.

[0065]

An exemplary excipient A used herein includes non-
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reducing sugars and sugar alcohols, provided that mannitol
is excluded. It is preferably non-reducing sugars (e.qg.,

sucrose, trehalose; and sugar alcohols (e.g., sorbitol,

erythritol, xylitol, maltitol, nd lactitol), further
preferably sucrose, trehalose, sorbitol, or xylitol, further
more preferably sucrose or trehalose, particularly

preferably sucrose.

The content of an excipient A in the formulation of the
present invention ranges from 50 to 1000 times, preferably
from 100 to 750 times, further preferably from 200 to 625
times, the weight of Compound A.

[0066]

An exemplary antioxidant B used herein includes
tocopherol (e.g., a-tocopherol, B-tocopherol, y-tocopherol,
d-tocopherol, etc.); tocopherol acetate; and butyl
hydroxyanisole, and a preferable antioxidant B is o~
tocopherol, (-tocopherol, vy-tocopherol, or ©&-tocopherol,
further preferably a-tocopherol.

The content of an antioxidant B in the formulation of
the present invention ranges from 5 to 250 times, preferably
from 12.5 to 125 times, further preferably from 20 to 50
times, further more preferably from 25 to 50 times, the
weight of Compound A.

[0067]

A lyophilized formulation of the present invention may
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be prepared by filling an emulsion to a vial, followed by
lyophilization with a 1lyophilizer under conventional
preparation conditions. A preparation condition herein
includes, but not limited thereto, a condition wherein an
emulsion is frozen at around -40°C in a lyophilizer, followed
by depressurization of the inside of the lyophilizer under
vacuum with the temperature inside being to -20°C, and dried
for around 10 to 80 hours; after the temperature inside being
further to 25°C, the emulsion is further dried for around 10
to 30 hours.

[0068]

One embodiment of the formulation of the present
invention ‘includes a lyophilized formulation of an emulsion
comprising:

i) (4E,8E,12E,16E,20E)-N-{2-[{4-[(2-amino-4-{[(3S)-1-
hydroxyhexan-3-yl]lamino}-6-methylpyrimidin-5-
yl)methyl}benzyl}(methyl)amino]ethyl}—4,8,12,17,21,25—

hexamethylhexacosa-4,8,12,16,20,24~-hexaenamide (hereinafter,

Il

eferred to as "Compound A"), or a pharmaceutically
acceptable salt thereof;

ii) squalane;

iii) an antioxidant A selected from the group consisting of
an ascorbate ester (e.g., L-ascorbic stearate, ascorbyl
palmitate, etc.), an inorganic salt of ascorbic acid (e.qg.,

potassium ascorbate, sodium ascorbate, calcium ascorbate,
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etc.), and ascorbic acid;
iv) an excipient A selected from the group consisting of a
non-reducing sugar and a sugar alcohol, provided that

mannitol 1s excluded;

V) a hydrophilic surfactant; and
vi) a lipophilic surfactant.
[0069]

Another embodiment of the formulation of the present
invention includes a lyophilized formulation of an emulsion,
comprising:

i) (4E,8E,12E,16E,20E)-N-{2-[{4-[(2-amino-4-{[(38)-1-
hydroxyhexan-3-yllamino}-6-methylpyrimidin-5-
vl)methyl]benzyl} (methyl)amino]ethyl}-4,8,12,17,21,25-
hexamethylhexacosa-4,8,12,16,20,24-hexaenamide (hereinafter,
referred to as "Compound A"), or a pharmaceutically
acceptable salt thereof;

ii) squalane;

1ii) an antioxidant A selected from the group consisting of
an ascorbate ester (e.g., L-ascorbic stearate, ascorbyl
palmitate, etc.), an inorganic salt of ascorbic acid (e.g.,
potassium ascorbate, sodium ascorbate, calcium ascorbate,
etc.), and ascorbic acid;

iv) an excipient A selected from the group consisting of a
non-reducing sugar and a sugar alcohol, provided that

mannitol 1s excluded;
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) a hydrophilic surfactant such as polyoxyethylene
sorbitan fatty acid esters (e.g., Polysorbate 20,
Polysorbate 40, Polysorbate 60, Polysorbate 65, Polysorbate
80, etc.); polyoxyethylene hydrogenated castor oils (e.g.,
polyoxyethylene hydrogenated castor oil 10, polyoxyethylene
hydrogenated castor oil 20, polyoxyethylene hydrogenated
castor oil 40, polyoxyethylene hydrogenated castor oil 50,

polyoxyethylene hydrogenated castor oil 60, etc.); and

polyoxyethylene polyoxypropylene glycols (e.g.,
polyoxyethylene (42) polyoxypropylene (67) glycol,
polyoxyethylene (54) polyoxypropylene (39) glycol,
polyoxyethylene (105) polyoxypropylene (5) glycol,
polyoxyethylene (124) polyoxypropylene (39) glycol,
polyoxyethylene (160) polyoxypropylene (30) glycol,
polyoxyethylene (196) polyoxypropylene (67) glycol,

polyoxyethylene (200) polyoxypropylene (70) glycol, etc.);

vi) a lipophilic surfactant such as sorbitan fatty acid
esters (e.qg., sorbitan fatty acid ester, sorbitan
monolaurate, sorbitan monopalmitate, sorbitan monostearate,
sorbitan tristearate, sorbitan monooleate, sorbitan
sesquioleate, sorbitan trioleate, medium-chain triglyceride,
etc.); glycerin fatty acid esters (e.g., glycerin fatty acid
ester, glyceryl monostearate, glyceryl monomyristate,
glyceryl monooleate, glyceryl triisooctanoate, etc.);

sucrose fatty acid esters (e.g., sucrose fatty aclid ester,
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sucrose stearate, sucrose palmitate, etc.); and propylene
glycol fatty acid esters (e.g., propylene glycol fatty acid
ester, propylene glycol monostearate, etc.); and
iii’) an antioxidant B selected from the group
consisting of tocopherol (e.g., o-tocopherol, B-tocopherol,
y-tocopherol, J&-tocopherol, etc.), tocopherol acetate, and
butyl hydroxyanisole.
[0070]

Still another embodiment of the formulation of the
present invention includes a lyophilized formulation that
does not comprise the antioxidant A of 1iii) but comprises

iii”) tocopherol (e.g., o-tocopherol, @-tocopherol, vy-

. tocopherol, O&-tocopherol, etc.) as an antioxidant. The

tocopherol is preferably a-tocopherol.

‘The content of tocopherol in the formulation ranges
from 5 to 250 times, preferably from 12.5 to 125 times,
further preferably from 20 to 50 times, further more

referably from 25 to 50 times, the weight of Compound A.

The formulation may further comprise an additiocnal
antioxidant such as sodium thiosulfate and butyl
hydroxyanisole.

[0071]

The weight of Compound A in the formulation of the

present 1inventicn ranges from 0.0001 to 0.65 times,

preferably from 0.0002 to 0.35 times, further preferably
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from 0.0005 to 0.065 times, the weight obtained from
excluding Compound A from the lyophilized formulation.
[0072]

Regarding the Doy value of particle size of oil droplets
in the formulation of the present invention, the Dgp value
of particle size of an emulsion during preparation 1is 1000

nm or less, preferably 300 nm or less. The Dgo value of

et

particle size of o0il droplets of an emulsion reconstituted
after storage as the lyophilized formulation 1is preferably
1000 nm or less for the Dgg value of particle size of oil
droplets of an emulsion reconstituted after 6-month storage
at 5°C or 25°C.

[0073]

The Dgo value of particle size of o0il droplets in the
formulation of the present invention is one of representative
values showing the particle size distribution of oil droplet
particles comprised in an emulsion, and means a 90% particle
size based on the scattering intensity. The Dso value of
particle size is generally calculated by measurement with an
analyzer such as a dynamic light-scattering particle size
analyzer, a laser diffraction particle size analyzer, and a
particle size analyzer by image processing technique. The
Dso value of particle size herein means the value measured

with a dynamic light-scattering particle size analyzer:

Zetaéizer Nano ZS (Malvern).



29

[0074]
In the formulation of the present invention, an impurity
UK-1.02 1is one of typical impurities detected in the
assessment o©f related substances with a high-performance
5 ligquid chromatograph. It means an impurity that is detected
at 1.02-fold the elution time of Compound A in spectroscopic
measurement Dby reversed-phase high performance 1liquid
chromatography under a Z220-nm wavelength with a Phenyl-Hexyl
column (Waters, Xselect CSH Phenyl-Hexyl XP Column, 4.6 mm
10 x 75 mm, 2.5 pm, Model No.: 186006134) injected with an
amount corresponding to 0.4 to 2 ug of Compound A and eluted
with pure water, acetonitrile, methanol, and trifluorcacetic
acid. Details of the measurement condition are as follows.
Mobile phase A: 0.1% trifluorocacetic acid aqueous solution
15 Mobile phase B: acetonitrile/methanol mixed solution (8:2)
comprising 0.06% trifluoroacetic acid

Delivery condition:

Time (min.) Mobile phase A:Mobile phase B
0.0 to 0.5 6:4

0.5 to 50.5 6:4 to 1:9

50.5 to 65.0 1:9

65.0 to 65.1 1:9 to 6:4

75.0 6:4

Flow rate: 0.5 mL/min.
20 Column temperature: a certain temperature around 40°C
[0075]

In terms o©of the preservation stability of the
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formulation of the present invention, the area percentage
value of the dimpurity UK-1.02 increases 5.0% or less,
preferably 1.0% or less, of the value at the start of the
storage after 6-month storage of a lyophilized formulation
of the present invention at 5°C. The area percentage values

are compared in an actual measured value.

A formulation of the present invention is stored in its
lyophilized form after an oil-in-water emulsion prepared 1is
emulsified, followed by aseptic filtration with a sterile
filter and lyophilization. In the aseptic filtration, it is
preferable that the Dso value of particle size of the
emulsion is 1000 nm or less in terms of avoidance of clogging
and efficient filtration.

[0077]

A formulation of the present invention may comprise an
additional additive as long as the particle size of the
emulsion deces not <change Dbetween Dbefore and after
reconstitution. The formulation may be administered by
mixing with a formulation comprising a vaccine antigen when
administered as long as the particle size of the emulsion
does not change between and after reconstitution. The way
of mixing and the mixing ratio of the formulation of the
present invention and a vaccine antigen are not limited; for

example, a reconstituted emulsion formulation may be mixed
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with an equal volume of a formulation comprising a vaccine
antigen by inversion of a vial.
[0078]

The vaccine antigen administered in a mixture with the
formulation of thé present invention includes, but not
limited thereto, for example, an antigen protein, an antigen
peptide (partial peptide) derived from the antigen protein,
and a complex thereof with a carrier. Examples of the
vaccine antigen include 1) tumor antigen proteins or tumor
antigen peptides for cancer immunotherapy, and 2) active
ingredients of vaccines for prevention of infection. The
carrier refers to a substance that chemically and/or
physically combines an antigen protein or antigen peptide,
and for example, includes proteins and lipids.

[0079]

formulation of the present invention may be provided
as a kit comprising a lyophilized formulation comprising
Compound A and a vaccine antigen.
[0080]

A  formulation of the present invention may be
reconstituted with 2 to 20-fold of sterile water for
injection by weight of a 1lyophilized formulation upon
administration, and may be administered in a mixture with a
formulation comprising a vaccine antigen. A dosage amount

cf the formulation of the resent invention er each
P
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administration ranges from 1 ng to 250 mg, preferably from
1 ng to 50 mg, calculated as the weight of Compound A. The
fregquency of administration varies depending on the kind of
a vaccine antigen to be co-administered or the age of a
subject to be administered, but may be a single
administration or may include one or more of additional
administrations.

[0081]

According to the present invention, the preservation

stability was shown by the Test examples as below.

EXAMPLES
[0082]

The present invention 1s illustrated by Examples,
Reference examples, Ccmparative examples, and Test examples

as below, but is not limited thereto.

[0083]

"Squalane (Wako Pure Chemical Corporation)", "Squalane
(Kishimoto Special Liver 0il Co., Ltd.)", or "Sgualane
(Maruha Nichiro Corporation)" was used for squalane;
"Squalene (Wako Pure Chemical Corporation)”, "Squalene
(Kishimoto Special Liver 0il Co., Ltd.)", or "Squalene
(Maruha Nichiro Corporation)" was used for squalene; "Sodium
ascorbate (Wako Pure Chemical Corporation)" or "Sodium L-

ascorbate (Kyowa Pharma Chemical Co., Ltd.)" was used for
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sodium ascorbate; "oa-Tocopherol (Mitsubishi Chemical Foods)"
or "all-rac-o-Tocopherol EMPROVE (registered trademark)
ESSENTIAL Ph Eur, BP, USP, E 307 (Merck)" was used for o-
tocopherol; "Span 85 (Sigma-Aldrich, Inc.)", "RHEODOL SP-
030V (Kao Corporation)", or "Span 85 (CRODA)" was used for
sorbitan trioleate; "PS80 (GS) (NOF Corporation)",
"Polysorbate 80 (HXZ2) (NOF Corporation)", "Tween 80 (Merck)"
or "Tween 80 HP-LQ-(HM) (CRODA)" was used for Polysorbate
80; "Sucrose (Nacalai Tesque)" or "Sucrose low 1in endotoxins
suitable for use as excipient EMPROVE (registered trademark)
exp Ph Eur, BP, JP, NF (Merck)" was used for sucrose; "Otsuka
distilled water (Otsuka Pharmaceutical Factory, Inc.)" was
used for sterile water for injection; and ascorbyl palmitate,
butyl hydroxyanisole, and sodium thiosulfate from Wako Pure
Chemical Corporation were used.
[0084]
[Preparation of lyophilized compositions]
[Examples 1 to 16, Comparative examples 1 to 3]

Compound A was dissolved in oil ingredients (Examples
1 to 9, and 15: sqgualane, sorbitan trioleate, and o-
tocopherol; Examples 10 to 13: sgualane and sorbitan
tricleate; Example 14: squalane, sorbitan trioleate, «o-
tocophercl, and ascorbyl palmitate; Example 16: squalane,
sorbitan trioleate, a-tocopherol, and butyl hydroxyanisole;

Comparative examples 1 tc 3: squalene, sorbitan trioleate,
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and «a-tocopherol), resulting in the compositions in Tables
1 to 4. Aqueous ingredients (Examples 1 to 3, 14, and 16:
sucrose and Polysorbate 80; Examples 4 to 13: sucrose,
Polysorbate 80, and sodium ascorbate; Example 15: sucrose,
Polysorbate 80, and sodium thiosulfate) was dissolved in
sterile water for injection, resulting in the compositions
in Tables 1 to 4, and then thereto was added each of the
above-mentioned oil compositions. The mixture was premixed,
and emulsified to Dbe dispersed with a high-pressure
emulsification dispersion device. The mixture was filtered
through a 0.2-um-sterilizing filter, and then filled in glass
vials in 1 mL each, followed by lyophilization. Each vial
was backfilled with nitrogen gas to ordinary pressure, and
then the vials were sealed with rubber stoppers to give
lyophilized compositions, Examples 1 to 16 and Comparative

examples 1 to 3.

rable 1
Example 3 ie | Example | Example | Example | Exan Exampl
Ingredients Example | Example | Exampl xampl bie ?pl Example | Ex TpLe
1 2 3 4 5 6 7
Compound A B 1 1 1 1 1 1
squalane 225 200 237.5 225 225 225 225
a-tocophercl 25 50 i2.5 25 25 25 25
sodium . _ _ . R
0 C 0 2.5 5 10 20
ascorbate
ascorbyl A 0 0
e 0 0 0 0 0 0 0
palmitate
sorbitan ~e - e - -
T 25 25 25 25 25 25 25
trioleate
Polysorbate e - - . - ~
- 5 5 25 25 25 25
50 25 2 25 2 Z 2
sucrose 500 500 500 500 500 500 500
Note) Each value refers to a weight ratio of each ingredient toc 1 welght
part oI Compound A
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Table 2

Ingredients Example | Example Ex§mple Ex§@ple Zxa@Ple Eximple Eximple

- 8 9 10 11 12 13 14
Compound A 1 1 1 1 1 1
squalane 225 225 250 250 250 250 225
a-tocopherol 25 25 0 0 ¢ 25
sodium 40 60 10 20 40 6 0
ascorbate
ascorbyl 0 O 0 § o 0 0.5
palmitate
sorbitan 25 25 25 25 25 25 25
trioleate
Polysocrbate 25 25 25 23 25 25 25
g0
sucrose 500 500 500 500 500 500 500
Note} Each value refers to a weight ratic of each ingredient to weight
part of Compound A.
Table 3

Ingredients Example 15 Example 16
Compound A 1 1
squalane 225 225
a-tocopherol 25 25
sodium ascorbate 0
sodium thiosulfate 5

butyl

hydroxyanisole ° .25
sorbitan trioleate 25 25
Polysorbate 80 25 25
sucrose 500 500
Note) Each value refers to a weight ratio of
each ingredient to 1 weight part of Compound A.

Table 4

Tharedients Compara:;Ye Comparative | Comparative

T exampie 1 example 2 example 3

Compound A 1 1 1
squalene 237.5 225 200
squalane 0 C G
a~tocopherol 12.5 25 50
sodium ascorbate G 0 0
sorbitan trioleate 25 25 25
Polysorkbate 80 25 25 25
sucrose 5C0 5C0 500
Note) Each value refers to a weight ratio of each ingredient
to 1 weight part of Compcund A
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[0085]
[Test example 1] Measurement of particle sizes during the
preparation process
In the preparation prccess of a lyophilized composition,
5 the particle size distribution of oil droplet particles
comprised in an emulsion after emulsification and before
lyphilization was measured in the following manner.
An emulsion was diluted 10 times with sterile water for
injection, and the 90% particle size (Dso) Dbased on the
10 scattering intensity was measured with a dynamic light-
scattering particle size analyzer (Zetasizer Nano ZS). Dgo
(nm) of Examples 1 to 16 and Comparative examples 1 to 3 are

shown in Table 5.

Table 5
Example | Example | Example | Example | Example | Example | Example | Example
1 2 3 4 5 6 7 3
Dag 294 276 274 273 287 293 270 250
(nm)
Example | Example | Example | Example | Example | Example | Example | Example
9 10 11 iz 13 14 5 16
Dw‘\ 259 280 288 279 266 289 290 2395
(nm)
Ccmpara | Compara | Compara
tive tive tive
example | example | example
1 2 3
o 280 309 273
(I )
15 [008¢6]
[Test example 2] Stability assessment (1)

The particle size distributions of the Ilyophilized

compositions as prepared were measured 1in the following
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manner before and after 6-month storage 1in a constant
temperature incubator at 5°C and 25°C.

Each wvial of 1lyophilized compositions prepared in
Examples 1 to 16 and Comparative examples 1 to 3 was
reconstituted by addition of 1 mL each of sterile water for
injection, and then 100 pL of a drug sclution after the
reconstitution was taken with a micropipette. The taken
drug solution was mixed with 900 pL of sterile water for
injection, and then the 90% particle size (Dso) based on the
scattering intensity was measured with &a dynamic 1light-
scattering particle size analyzer (Zetasizer Nano ZS). Dgo
(nm) of Exampleskl to 16 and Comparative examples 1 to 3

before and after the storage are shown in Table 6.

Table 6
Example | Example | Example | Example | Example | Example | Example | Exampl
1 2 3 4 5 [ 7 8
Initi B o - _
al 655 915 738 594 586 624 594 565
1
5°C cen cqs P -
oM 298 618 553 575 580 752 558 529
25°C 4n fen - 235 64 s n -
M 3300 1810 45650 772 2995 946 606 502
Example | Example | Example | Example | Example | Example | Example | Example
9 10 11 12 13 14 15 16
Initi - ~ - - o= P - -
21 564 662 021 562 554 565 698 654
s°¢C ) - - - -
M 600 610 601 508 544 508 583 376
25°C = 3
s 937 594 551 4388 477 505 837 11350
joh
Compara | Compara | Compara
tivs tive tive
example | example | example
1 2 3
A 675 552 1020
QL
5°C
gM 579 631 825
25°C - A
oM 5880 969 10490
L
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According to the test results, the formulations of
Examples 4 to 14 comprising an antioxidant of ascorbates
showed few changes in the particle size distribution after

onth storage in a constant temperature incubator at 5°C

o
=

and 25°C compared to the initial wvalue, and these
formulations are considered to have high stability in the
particle size distribution.
[0087]
[Test example 3] Stability assessment (2)

For a lyophilized composition as prepared, the amount

£

of an impurity (i.e., the area percentage value of Uk-1.02)
was measured 1in the following manner before and after 6-
month storage in a constant temperature incubator at 5°C.
The impurity was spectroscopically detected by
reversed-phase high performance liquid chromatography under
a 220-nm wavelength with a Phenyl-Hexyl column (Waters,
Xselect CSH Phenyl-Hexyl XP Column, 4.6 mm x 75 mm, 2.5 um,
Model No.: 186006134) injected with an amount corresponding
to 0.4 to 2 ug of Compound A and eluted with pure water,
acetonitrile, methanol, and trifluorocacetic acid. Details
of the measurement condition are as follows.
Mobile phase A: 0.1% trifluorocacetic acid aqueous solution
Mobile phase B: acetonitrile/methanol mixed solution (8:2)
comprising 0.06% trifluocroacetic acid

Flution condition:
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Time (min) Mobile phase A:Mobile phase B
0.0 to 0.5 6:4
0.5 to 50.5 6:4 to 1:9
50.5 to 65.0 1:9
65.0 to 65.1 1:9 to 6:4
75.0 6:4
Flow rate: 0.5 mL/min
Column temperature: constant temperature around 40°C

The area percentage value of a peak of an impurity (Uk-
1.02) detected at a 1.02-fold elution time of Compound A was
calculated in the following equation with the peak area and
elution time measured herein.

Area percentage value (%) of Uk-1.02 = Peak area of Uk-
1.02/Total peak area of related substances and Compound A x
100

The area percentage values (%) of peaks of impurities
(Uk-1.02) in Examples 1 to 16 and Comparative examples 1 to

3 before and after storage are shown in Table 7.
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Table 7
Example | Example | Example | Example | Example | Example | Example | Example
1 2 3 4 5 6 7 3
Initi N 1 -~ A A R
-1 1.3 0.9 <0.1 0.9 0.8 0.9 0.8 <0.1
(=3
3°C
9 - . ~ -
- 2.4 2.4 4.6 1.0 0.9 0.9 0.8 0.6
oM
Example | Example | Example | Example | Example | Example | Example | Example
9 10 11 12 13 14 15 16
Init1 B 4
aj 0.6 <0.1 <G.1 <0.1 <0.1 0.7 1.7 1.4
5ZC
- .5 0.3 0.3 0.4 c.4 0.8 3.7 2.8
oMl
Compara | Compara | Compara
tive tive tive
example | example | example
1 2 3
Initi
. 1.0 0.8 1.1
e
5°C - ,
oM 27.1 9.4 7.7

According to the test results, the formulations of
Examples 4 to 14 comprising an antioxidant of ascorbates
showed low values of an impurity (area percentage value of
Uk-1.02) after o-month storage in a constant temperature
incubator at 5°C, and these formulations are considered to
have high preservation stability. In a comparison of the
formulations of Examples 1 to 3 comprising squalane for an
0il ingredient with the formulations of Comparative examples
1 to 3 comprising squalene for an o0il ingredient, the
formulations comprising squalane as an oil ingredient showed
a lower value of an impurity (area percentage value of Uk-
1.02) than the other formulations, and squalane is considered
to contribute to the stability in the antioxidative action
of Compound A and the formulations comprising squalane are

considered to have high preservation stability.
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INDUSTRIAL APPLICABILITY

[0088]

According to these Examples, Reference examples,
Comparative examples, and Test examples, the formulation of
the present invention has high preservation stability, and

is used for a vaccine adjuvant formulation.
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LAIMS
1. A lyophilized formulation of an emulsion comprising:
i) (4E,8E, 12E,16E,20E)-N-{2-[{4-[(2-amino-4-{[(3S)-1-

hydroxyhexan-3~-yllamino}-6-methylpyrimidin-5-
yl)methyl]benzyl}(methyl)amino]ethyl}—4,8,12,17,21,25—
hexamethylhexacosa-4,8,12,16,20,24-hexaenamide (hereinafter
referred to as "Compound A"), or a pharmaceutically
acceptable salt thereof;

ii) squalane;

iii) an antioxidant A selected from the group consisting of
an ascorbate ester (e.g., L-ascorbic stearate, ascorbyl
palmitate, etc.), an inorganic salt of ascorbic acid (e.g.,
potassium ascorbate, sodium ascorbate, calcium ascorbate,
etc.), and ascorbic acid; and

iv) an excipient A selected from the group consisting of a
non-reducing sugar and a sugar alcohol, provided that

mannitol 1s excluded.

2. The formulation according to claim 1, further
comprising v) a hydrophilic surfactant and vi) a lipophilic

surfactant.

3. The formulation according to claim 1 or 2, wherein the

emulsion is an oil-in-water emulsion.
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4. The formulation according to claim 2 or 3, wherein the
hydrophilic surfactant is polyoxyethylene sorbitan fatty
acid esters (e.g., Polysorbate 20, Polysorbate 40,
Polysorbate 60, Polysorbate 65, Polysorbate 80, etc.);
polyoxyethylene hydrogenated castor oils (e.qg.,
polyoxyethylene hydrogenated castor oii 10, polyoxyethylene
hydrogenated castor oil 20, polyoxyethylene hydrogenated
castor oil 40, polyoxyethylene hydrogenated castor oil 50,

polyoxyethylene hydrogenated castor oil 60, etc.); or

polyoxyethylene polyoxypropylene glycols (e.g.,
polyoxyethylene (42) polyoxypropylene (67) glycol,
polyoxyethylene (54) polyoxypropylene (39) glycol,
polyoxyethylene (105) polyoxypropylene (5) glycol,
polyoxyethylene (124) polyoxypropylene (39) glycol,
polyoxyethylene (160) polyoxypropylene (30) glycol,
polyoxyethylene (196) polyoxypropylene (67) glycol,

polyoxyethylene (200) polyoxypropylene (70) glycol, etc.).

5. The formulation according to claim 2 or 3, wherein the
hydrophilic surfactant is Polysorbate 20, Polysorbate 40,
Polysorbate 80, polyoxyethylene hydrogenated castor oil 60,

or polyoxyethylene (160) polyoxypropylene (30) glycol.

6. The formulation according to claim 2 or 3, wherein the
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hydrophilic surfactant is Polysorbate 20, Polysorbate 40, or

Polysorbate 80.

7. The formulation according to any one of claims 2 to 6,
wherein the lipophilic surfactant is sorbitan fatty acid
esters (e.g., sorbitan fatty acid ester, sorbitan
monolaurate, sorbitan monopalmitate, sorbitan monostearate,
sorbitan tristearate, sorbitan monooleate, sorbitan
sesquioleate, sorbitan trioleate, medium-chain triglyceride,
etc.); glycerin fatty acid esters (e.g., glycerin fatty acid
ester, glyceryl monostearate, glyceryl monomyristate,
glyceryl monooleate, glyceryl triisooctanoate, etc.);
sucrose fatty acid esters (e.g., sucrose fatty acid ester,
sucrose stearate, sucrose palmitate, etc.); or propylene
glycol fatty acid esters (e.g., propylene glycol fatty acid

ester, propylene glycol monostearate, etc.).

8. The formulation according to any one of claims 2 to 6,
wherein the lipophilic surfactant is sorbitan fatty acid
ester, sorbitan monooleate, sorbitan sesguioleate, or

sorbitan trioleate.

9. The formulation according to any one of claims 2 to 6,

wherein the lipophilic surfactant is sorbitan trioleate.
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10. The formulation according to any one of claims 1 to 9,
further comprising an antioxidant B selected from the group
consisting of tocopherol (e.g., o-tocopherol, B-tocopherol,
y-tocopherol, &-tocopherol, etc.); tocopherol acetate; and

butyl hydroxyanisole.

11. The formulation according to claim 10, wherein the
antioxidant B is tocopherol selected from the group
consisting of a-tocopherol, p-tocophercl, y-tocopherol, and

d-tocopherol.

12. The formulation according to claim 10, wherein the

antioxidant B i1s a-tocopherol.

13. The formulation according to any one of claims 1 to 12,
wherein the antioxidant A is ascorbyl palmitate, potassium

ascorbate, sodium ascorbate, or ascorbic acid.

14. The formulation according to any one of claims 1 to 12,
wherein the antioxidant A is sodium ascorbate or potassium

ascorbate.

15. The formulation according to any one of claims 1 to 14,
wherein the excipient A 1s a non-reducing sugar (e.g.,

sucrose, and trehalose); or a sugar alcohol (e.g., sorbitol,



10

25

46

erythritol, xylitol, maltitol, and lactitol).

16. The formulation according to any one of claims 1 to 14,
wherein the excipient A is sucrose, trehalose, sorbitol, or

xylitol.

17. The formulation according to any one of claims 1 to 14,

wherein the excipient A is sucrose or trehalose.

18. The formulation according to any one of claims 1 to 17,
wherein the blending amount of squalane 1is 50 to 500 times

he weight of Compound A.

19. The formulation according to any one of claims 1 to 17,
wherein the blending amount of squalane is 100 to 400 times

the weight of Compound A.

20. The formulation according to any one of claims 1 to 17,
wherein the blending amount of squalane is 200 to 300 times

the weight of Compound A.

21. The formulation according to any one of claims 2 to 20,
wherein the blending amount of the hydrophilic surfactant is

0.5 to 250 times the weight of Compound A.
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22. The formulation according to any one of claims 2 to 20,
wherein the blending amount of the hydrophilic surfactant is

5 to 100 times the weight of Compound A.

‘23. The formulation according to any one of claims 2 to 20,

wherein the blending amount of the hydrophilic surfactant is

10 to 50 times the weight of Compound A.

24, The formulation according to any one of claims 2 to 21,
wherein the blending amount of the lipophilic surfactant is

0.5 to 250 times the weight of Compound A.

25. The formulation according to any one of claims 2 to 22,
wherein the blending amount of the lipophilic surfactant is

5 to 100 times the weight of Compound A.

26. The formulation according to any one of claims 2 to 23,
wherein the blending amount of the lipophilic surfactant is
10 to 50 times the weight of Compound A.

27. The formulation according to any one of claims 1 to 26,
wherein the blending amount of the antioxidant A is 0.5 to
500 times the weight of Compound A in terms of the weight of

sodium ascorbate.
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28. The formulation according to any one of claims 1 to 26,
wherein the blending amount of the antioxidant A is 2.5 to
250 times the weight of Compound A in terms of the weight of

sodium ascorbate.

29. The formulation according to any one of claims 1 to 26,
wherein the blending amount of the antioxidant A is 5 to 100
times the weight of Compound A in terms of the weight of

sodium ascorbate.

30. The formulation according to any one of claims 1 to 29,
wherein the blending amount of the excipient A is 50 to 1000

times the weight of Compound A.

31. The formulation according to any one of claims 1 to 29,
wherein the blending amount of the excipient A is 100 to 750

times the weight of Compound A.
32. The formulation according to any one of claims 1 to 29,
wherein the blending amount of the excipient A is 200 to 625

times the weight of Compound A.

33. The formulation according to any one of claims 10 to

h

32, wherein the blending amount of the antioxidant B is 5 to

250 times the weight of Compound A.
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34. The formulation according to any one of claims 10 to
32, wherein the blending amount of the antioxidant B is 12.5

to 125 times the weight of Compound A.

35. The formulation according to any one of claims 10 to
32, wherein the Dblending amount of the antioxidant B is 25

to 50 times the weight of Compound A.

36. The formulation according to any one of claims 1 to 35,
wherein the weight of Compound A is 0.0001 to 0.65 times the
welight obtained by excluding Compound A from the lyophilized

formulation.

37. The formulation according to any one of claims 1 to 35,
wherein the weight of Compound A is 0.0002 to 0.35 times the
welght obtained by excluding Compound A from the lyophilized

formulation.

38. The formulation according to any one of claims 1 to 35,
wherein the weight of Compound A is 0.0005 to 0.065 times
the weight obtained by excluding Compound A from the

lyophilized formulation.

39. The formulation according to any one of claims 1 to 38,
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wherein both Dgg values of particle sizes of an emulsion
immediately after preparation and an emulsion reconstituted
after 6-month storage at 25°C as the lyophilized formulation

are 1000 nm or less.

40. The formulation according to any one of claims 1 to 39,
wherein an increased amount in the area percentage values of
an impurity UK-1.02 after 6-month storage at 5°C as the

lyophilized formulation is 5.0% or less.

41. The formulation according to any one of claims 1 to 39,
wherein an increased amount in the area percentage values of
an impurity UK-1.02 after 6-month storage at 5°C as the

lyophilized formulation is 1.0% or less.

42. A vaccine adjuvant comprising the formulation according

to any one of claims 1 to 41.

43, A vaccine comprising the formulation according to any

one of claims 1 to 41 and an antigen.

44. The vaccine according to claim 43, wherein the antigen

is derived from a pathogen.

45, A kit comprising the formulation according to any one
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of claims 1 to 41 and an antigen.





