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Description
Title of Invention: AGENT FOR TREATING MYOPIA,

PREVENTING MYOPIA AND/OR SUPPRESSING MYOPIA
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[0003]

PROGRESSION
Technical Field

The present invention relates to an agent for treating myopia, preventing myopia and/
or suppressing myopia progression. More specifically, the present invention relates to a
pharmaceutical composition for treating myopia, preventing myopia and/or sup-
pressing myopia progression, comprising
(+)-11-[2-[2-[(diethylamino)methyl]- 1 -piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3
-b][1,4]benzodiazepin-6-one (hereinafter also referred to as "AFDX0250") or a salt

thereof as an active ingredient.

Background Art

Myopia is one form of ametropia, which is a pathology that the eyesight blurs
because the parallel rays from far distance which enters eyes meets an image in front
of the retina. Myopia is considered to be caused by that the image when seeing at a
distance is focused not on the retina but in front of the retina in case that the refraction
of the cornea or the lens is too strong (refractive myopia) or that the image when
seeing at a distance is focused not on the retina but in front of the retina even though
the thickness of the lens is reduced in case that the axial length (the length between the
cornea and the retina) is extended and is too longer than normal (axial myopia). Also,
the onset of myopia at an early age and the rapid myopia progression may lead to high
myopia as an adult associated with visually disabling pathologic myopia.

In order to treat myopia, various treatments such as surgery, vision correction with
glasses or contact lenses, and treatment with a drug have been carried out. Recently,
the treatment with a drug, which is one of myopia treatments, has been actively
studied, and some drugs which may be used as an agent for treating myopia have been
reported. For example, Patent Literature 1 discloses that atropine (muscarinic an-
tagonist) is useful for the treatment of myopia, and Patent Literature 2 discloses that
tiotropium (muscarinic M,/M; receptor antagonist), which is used for the treatment of
chronic obstructive pulmonary disease (COPD), is effective for preventing myopia,
treating myopia and/or suppressing myopia progression. On the other hand, in the
treatment of myopia with muscarinic antagonists, there was a problem of significantly
reducing or completely preventing the side effects due to mydriatic action. When a
person causes mydriasis, the pupil is dilated and the symptom of glare is induced. The

symptom of glare due to the dilation of the pupil may affect the daily life of the person.
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Hence, the development of a novel agent for treating myopia, which can prevent the

side effects due to mydriatic action, has been strongly desired.
Patent Literature 3 discloses that

11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-b][
1,4]benzodiazepin-6-one (hereinafter also referred to as "AFDX0116" or "Otenzepad")
is useful for the treatment of glaucoma and/or ocular hypertension and that intraocular
pressure is decreased by intracameral injection. Also, it is disclosed that one example
of compounds for decreasing intraocular pressure includes AFDX0250 which is dex-
trorotatory (+)-enantiomer of AFDX0116.

Non-Patent Literature 1 discloses that a selective muscarinic M, receptor antagonist
suppresses myopia progression. Also, it is disclosed that one example of drugs for sup-
pressing myopia progression includes AFDX0116.

However, there is no disclosure that AFDX0250 can be used for treating myopia,
preventing myopia and/or suppressing myopia progression. In addition, it has not been
reported that ADFX 0250 can prevent the side effects due to mydriatic action.
Citation List

Patent Literature

[PL 1] JP 2018-021007

[PL 2] WO 2018/174179

[PL 3] WO 93/18772
Non-Patent Literature

[NPL 1] Dis Model Mech. 2013 Sep: 6(5): 1146-1158
Summary of Invention

Technical Problem

An object of the present invention is to find a novel compound useful for treating
myopia, preventing myopia, and/or suppressing myopia progression. In addition, the
object of the present invention is to find an agent for treating myopia which does not
substantially have mydriatic action and which is superior in safety and sense of use.
Solution to Problem

The present inventors have intensively studied to reach the aforementioned object,
and have focused on
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3
-b][1,4]benzodiazepin-6-one (AFDX0250) which has never been used in the study on
the treatment of myopia with
11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-b][
1,4]benzodiazepin-6-one (AFDX0116) which is selective muscarinic M, receptor an-

tagonist. The present inventors have found that AFDX0250 suppresses the axial length
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elongation and the refractive error in an animal model with the symptoms of myopia,
and thus is useful for treating myopia, preventing myopia and/or suppressing myopia
progression. In addition, the present inventors have found that AFDX0250 not only
inhibits mydriatic action produced by the use of muscarinic antagonists to the levels
that do not affect daily life but also has a higher margin of safety as compared to any
other muscarinic antagonists. Based upon the new findings, the present invention has
been completed.

Specifically, the present invention provides the following embodiments.

(1) A pharmaceutical composition for treating myopia, preventing myopia, and/or
suppressing myopia progression, comprising
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
-b][1,4]benzodiazepin-6-one or a salt thereof as an active ingredient, wherein the phar-
maceutical composition is substantially free of
(-)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-
b][1,4]benzodiazepin-6-one or a salt thereof.

(2) The pharmaceutical composition of the above (1) which is free of
(-)-11-[2-[2-[(diethylamino)methyl]- 1 -piperidinyl]acetyl]-5,1 1-dihydro-6H-pyrido[2,3-
b][1,4]benzodiazepin-6-one or a salt thereof.

(3) The pharmaceutical composition of the above (1) or (2) which does not sub-
stantially have mydriatic action.

(4) The pharmaceutical composition of any one of the above (1) to (3), wherein the
myopia is axial myopia, refractive myopia, pseudomyopia, pathological myopia,
simple myopia, extreme myopia, severe myopia, high myopia, moderate myopia, low
myopia, myopia complicated by glaucoma, myopia at the risk of the onset of
glaucoma, or myopia with high intraocular pressure.

(5) The pharmaceutical composition of any one of the above (1) to (4) for ocular
topical administration.

(6) The pharmaceutical composition of the above (5), wherein the ocular topical ad-
ministration is ophthalmic administration, administration by an ophthalmic ointment,
conjunctival sac administration, intravitreal administration, subconjunctival admin-
istration, sub-Tenon's administration, conjunctival sac injection, or application to the
eyelid.

(7) The pharmaceutical composition of any one of the above (1) to (6) which is in the
form of an eye drop, an eye gel, an ophthalmic ointment, or an injection.

(8) The pharmaceutical composition of any one of the above (1) to (7), wherein the
concentration of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
-b][1,4]benzodiazepin-6-one or a salt thereof is 0.0001 - 5% (w/v).



WO 2022/030489 PCT/JP2021/028770

(9) The pharmaceutical composition of any one of the above (1) to (7), wherein the
concentration of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
-b][1,4]benzodiazepin-6-one or a salt thereof is 0.001 - 1% (w/v).

(10) The pharmaceutical composition of any one of the above (1) to (7), wherein the
concentration of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
-b][1,4]benzodiazepin-6-one or a salt thereof is 0.001% (w/v) or more and less than
1% (wlv).

(11) The pharmaceutical composition of any one of the above (1) to (7), wherein the
concentration of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3
-b][1,4]benzodiazepin-6-one or a salt thereof is 0.002 - 0.5% (w/v).

(12) The pharmaceutical composition of any one of the above (1) to (7), wherein the
concentration of

(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,1 1-dihydro-6H-pyrido[2,3
-b][1,4]benzodiazepin-6-one or a salt thereof is 0.002 - 0.01% (w/v).

(13) The pharmaceutical composition of any one of the above (1) and (3) to (12),
wherein the concentration of

(-)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-
b][1,4]benzodiazepin-6-one or a salt thereof is less than 0.1% (w/v).

(14) The pharmaceutical composition of any one of the above (1) and (3) to (13),
wherein the concentration of

(-)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-
b][1,4]benzodiazepin-6-one or a salt thereof is 0.05 part by weight or less per part by
weight of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
-b][1,4]benzodiazepin-6-one or a salt thereof.

(15) A pharmaceutical composition for suppressing the axial length elongation,
comprising
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
-b][1,4]benzodiazepin-6-one or a salt thereof as an active ingredient, wherein the phar-
maceutical composition is substantially free of

(-)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-
b][1,4]benzodiazepin-6-one or a salt thereof.

(16) A pharmaceutical composition for suppressing the refractive error, comprising
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3

-b][1,4]benzodiazepin-6-one or a salt thereof as an active ingredient, wherein the phar-
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maceutical composition is substantially free of
(-)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-
b][1,4]benzodiazepin-6-one or a salt thereof.

(17) Use of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
-b][1,4]benzodiazepin-6-one or a salt thereof in the manufacture of an agent for
treating and/or preventing myopia.

(18) The use of the above (17), wherein the agent is substantially free of
(-)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-
b][1,4]benzodiazepin-6-one or a salt thereof.

(19) Use of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3
-b][1,4]benzodiazepin-6-one or a salt thereof in the manufacture of an agent for sup-
pressing myopia progression.

(20) The use of the above (19), wherein the agent is substantially free of
(-)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acethyl]-5,1 1-dihydro-6H-pyrido[2,
3-b][1,4]benzodiazepin-6-one or a salt thereof.

(21) A method of treating and/or preventing myopia, which comprises administering a
therapeutically effective amount of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3
-b][1,4]benzodiazepin-6-one or a salt thereof to a patient.

(22) A method of treating and/or preventing myopia, which comprises administering
an agent comprising a therapeutically effective amount of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3
-b][1,4]benzodiazepin-6-one or a salt thereof which is substantially free of
(-)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-
b][1,4]benzodiazepin-6-one or a salt thereof.

(23) A method of suppressing myopia progression, which comprises administering a
therapeutically effective of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
-b][1,4]benzodiazepin-6-one or a salt thereof to a patient.

(24) A method of suppressing myopia progression, which comprises administering an
agent comprising a therapeutically effective amount of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
-b][1,4]benzodiazepin-6-one or a salt thereof which is substantially free of
(-)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-
b][1,4]benzodiazepin-6-one or a salt thereof.

(25) A method of suppressing the axial length elongation, which comprises admin-
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istering a therapeutically effective amount of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3
-b][1,4]benzodiazepin-6-one or a salt thereof to a patient.

(26) A method of suppressing the axial length elongation, which comprises admin-
istering an agent comprising a therapeutically effective amount of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
-b][1,4]benzodiazepin-6-one or a salt thereof which is substantially free of
(-)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-
b][1,4]benzodiazepin-6-one or a salt thereof.

(27) A method of suppressing the refractive error, which comprises a therapeutically
effective amount of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
-b][1,4]benzodiazepin-6-one or a salt thereof to a patient.

(28) A method of suppressing the refractive error, which comprises administering an
agent comprising a therapeutically effective amount of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
-b][1,4]benzodiazepin-6-one or a salt thereof which is substantially free of
(-)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-
b][1,4]benzodiazepin-6-one or a salt thereof.

(29)

(+)-11-[2-[2-[(Diethylamino)methyl]- 1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,
3-b][1,4]benzodiazepin-6-one or a salt thereof for the use in treating and/or preventing
myopia.

(30)

(+)-11-[2-[2-[(Diethylamino)methyl]- 1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,
3-b][1,4]benzodiazepin-6-one or a salt thereof for the use in suppressing myopia pro-

gression.
Each feature of the above (1) to (30) can be optionally selected and combined two or

more.
Advantageous Effects of Invention

According to the present invention, the pharmaceutical composition comprising
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,1 1-dihydro-6H-pyrido[2,3
-b][1,4]benzodiazepin-6-one or a salt thereof as an active ingredient, which not only
produces effects for treating myopia, preventing myopia and/or suppressing myopia
progression but also prevents mydriatic action produced by the use of muscarinic an-
tagonists to the levels that do not affect daily life, can be provided. In addition,
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
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-b][1,4]benzodiazepin-6-one does not substantially have mydriatic action and has a
high margin of safety, and thus the pharmaceutical composition of the present
invention is expected to be used as an agent for treating myopia which is superior in
safety and sense of use.
Description of Embodiments

Hereinafter, the present invention is explained in detail.

As used herein,
"(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,1 1-dihydro-6H-pyrido[2,
3-b][1,4]benzodiazepin-6-one" or "AFDX0250" is a compound of the following
formula (CAS Registration No. 121029-35-4):
[Chem.1]

] N

/
N N

SAe

In the present invention,
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
-b][1,4]benzodiazepin-6-one may be in a salt form, and it is not particularly limited as
long as the salt is a pharmaceutically acceptable salt. Examples thereof include a salt
with an inorganic acid such as hydrochloric acid, hydrobromic acid, hydroiodic acid,
nitric acid, sulfuric acid and phosphoric acid; a salt with an organic acid such as acetic
acid, oxalic acid, fumaric acid, maleic acid, succinic acid, malic acid, citric acid,
tartaric acid, adipic acid, gluconic acid, glucoheptonic acid, glucuronic acid,
terephthalic acid, methanesulfonic acid, alanine, lactic acid, hippuric acid,
1,2-ethanedisulfonic acid, isethionic acid, lactobionic acid, oleic acid, gallic acid,
pamoic acid, polygalacturonic acid, stearic acid, tannic acid, trifluoromethanesulfonic
acid, benzenesulfonic acid, p-toluenesulfonic acid, lauryl sulfate, methyl sulfate, naph-
thalenesulfonic acid and sulfosalicylic acid; a salt with a metal such as sodium,



WO 2022/030489 PCT/JP2021/028770

[0016]

[0017]

[0018]

potassium, calcium and magnesium; a salt with an inorganic compound such as
ammonia; and a salt with an organic amine such as triethylamine and guanidine.

In the pharmaceutical composition of the present invention,
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
-b][1,4]benzodiazepin-6-one or a salt thereof may be in the form of a hydrate or a
solvate.

In the present invention,
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
-b][1.4]benzodiazepin-6-one or a salt thereof may be prepared according to a well-
known method in the organic chemistry field or may be also obtained as a com-
mercially available product. For example,
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3
-b][1,4]benzodiazepin-6-one can be prepared according to the step described in J. Med.
Chem., 32(8), 1718-24, 1989.

The concentration of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,1 1-dihydro-6H-pyrido[2,3
-b][1,4]benzodiazepin-6-one or a salt thereof in the pharmaceutical composition of the
present invention is not particularly limited, but it is preferably a concentration that the
axial length elongation and/or the refractive error is/are suppressed when topically ad-
ministering to the patient's eyes. The lower limit thereof is preferably 0.0001% (w/v),
more preferably 0.0003% (w/v), furthermore preferably 0.0005% (w/v), even more
preferably 0.001% (w/v), particularly 0.0013% (w/v), particularly more preferably
0.0015% (w/v), particularly furthermore preferably 0.0017% (w/v), and most
preferably 0.002% (w/v). In addition, the concentration is preferably a concentration
that the mydriatic action is not caused when topically administering to the patient's
eyes. Hence, the upper limit thereof is preferably 5% (w/v), more preferably 3% (w/v),
furthermore preferably 2% (w/v), even more preferably 1% (w/v), particularly
preferably 0.5% (w/v), particularly more preferably 0.1% (w/v), particularly fur-
thermore preferably 0.02% (w/v), particularly even more preferably 0.01% (w/v), and
most preferably 0.004% (w/v). Also, the upper limit thereof is preferably the same con-
centration as the minimum concentration that the mydriatic action is not caused when
topically administering to the patient's eyes, more preferably 1/2 of the minimum con-
centration, furthermore preferably 1/5 of the minimum concentration, even more
preferably 1/10 of the minimum concentration, particularly preferably 1/50 of the
minimum concentration, and most preferably 1/100 of the minimum concentration.
The range of the concentration that the axial length elongation and/or the refractive
error is/are suppressed when topically administering to the patient's eyes as well as the

concentration that the mydriatic action is not caused when topically administering to
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the patient's eyes is preferably 0.001 - 1% (w/v) or 0.001% (w/v) or more and less than
1% (w/v), more preferably 0.002 - 0.5% (w/v), furthermore preferably 0.002 - 0.1%
(w/v), even more preferably 0.002 - 0.02% (w/v), particularly preferably 0.002 - 0.01%
(w/v), particularly more preferably 0.0015 - 0.02% (w/v), particularly furthermore
preferably 0.0017 - 0.01% (w/v), and most preferably 0.002 - 0.004% (w/v). The con-
centration of the compound in an eye drop is, for example, preferably 0.0001 - 5%
(w/v), more preferably 0.0003 - 2% (w/v), furthermore preferably 0.0005 - 1% (w/v),
even more preferably 0.001 - 0.5% (w/v), particularly preferably 0.0013 - 0.1% (w/v),
particularly more preferably 0.0015 - 0.02% (w/v), particularly furthermore preferably
0.0017 - 0.01% (w/v), and most preferably 0.002 - 0.004% (w/v). The concentration of
the compound in an ophthalmic ointment is, for example, preferably 0.0001 - 5%
(w/w) and more preferably 0.001 - 3% (w/w).
As used herein, the term "% (w/v)" means the mass (g) of an object ingredient in 100
mL of the pharmaceutical composition of the present invention, and the term "%
(w/w)" means the mass (g) of an object ingredient in 100 g of the pharmaceutical com-
position of the present invention. When the pharmaceutical composition of the present
invention comprises a salt of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,1 1-dihydro-6H-pyrido[2,3
-b][1,4]benzodiazepin-6-one, the values may mean the concentration of the salt of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3
-b][1,4]benzodiazepin-6-one or the concentration of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3
-b][1,4]benzodiazepin-6-one. In addition, when the pharmaceutical composition of the
present invention comprises
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
-b][1,4]benzodiazepin-6-one or a salt thereof in the form of a hydrate or a solvate, the
values may mean the concentration of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
-b][1,4]benzodiazepin-6-one or a salt thereof in the form of a hydrate or a solvate or
the concentration of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
-b][1,4]benzodiazepin-6-one or a salt thereof. Hereinafter, the same shall apply to the
followings unless otherwise specified.

As used herein, the term "substantially free of
(-)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-
b][1,4]benzodiazepin-6-one or a salt thereof” means that the pharmaceutical com-
position comprises none of
(-)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-
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b][1,4]benzodiazepin-6-one or a salt thereof, that
(-)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-
b][1,4]benzodiazepin-6-one or a salt thereof is not detected by a commonly-used
method in pharmaceutical analysis such as liquid column chromatography by chiral
column (Detector: UV absorption photometer), that the pharmaceutical composition
comprises

(-)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-
b][1,4]benzodiazepin-6-one or a salt thereof in such a concentration that does not its
own effects and side effects by itself, or that the pharmaceutical composition
comprises

(-)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-
b][1,4]benzodiazepin-6-one in such a concentration that is inevitably mixed as an
impurity in manufacturing. For example, the concentration of
(-)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-
b][1,4]benzodiazepin-6-one or a salt thereof in the pharmaceutical composition is less
than 0.1% (w/v), preferably 0.05% (w/v) or less, more preferably 0.001% (w/v) or less,
furthermore preferably 0.0005% (w/v) or less, even more preferably 0.0001% (w/v) or
less, particularly preferably 0.00005% (w/v) or less and most preferably 0.00001%
(w/v) or less. Also, the concentration of

(-)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-
b][1,4]benzodiazepin-6-one or a salt thereof in the pharmaceutical composition is
preferably 0.05 part by weight or less, more preferably 0.03 part by weight or less, fur-
thermore preferably 0.02 part by weight or less, even more preferably 0.01 part by
weight, particularly preferably 0.005 part by weight, and most preferably 0.001 part by
weight per part by weight of

(+)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
-b][1,4]benzodiazepin-6-one or a salt thereof. The concentration of
(-)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-
b][1,4]benzodiazepin-6-one or a salt thereof in the pharmaceutical composition is
preferably as low as possible from the viewpoint of the effect, while the compound
may be inevitably mixed as an impurity in the manufacture of any manufacturing
methods. In view of such situation, it is found that the lower limit of the concentration
of

(-)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[2,3-
b][1,4]benzodiazepin-6-one or a salt thereof in the pharmaceutical composition is
0.000005% (w/v), preferably 0.000001% (w/v) based on the total pharmaceutical com-
position or is 0.0005 part by weight and preferably 0.0001 part by weight per part by
weight of
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[0020]

[0021]

[0022]

[0023]

(+)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
-b][1,4]benzodiazepin-6-one or a salt thereof in the pharmaceutical composition.

As used herein, the term "myopia” is defined as a refractive state of an uncorrected
eye where parallel rays meet the eye in front of the retina. The "myopia" used herein
includes all and every known classification and definition of myopia including, for
example, axial myopia, refractive myopia, pseudomyopia, pathological myopia, simple
myopia, extreme myopia, severe myopia, high myopia, moderate myopia, low myopia,
myopia complicated by glaucoma (particularly, juvenile glaucoma), myopia at the risk
of the onset of glaucoma, and myopia with high intraocular pressure, preferably axial
myopia, extreme myopia, severe myopia, high myopia, and myopia complicated by
glaucoma (particularly, juvenile glaucoma), and more preferably axial myopia.

As used herein, the term "treatment (treating)" means every treatment of myopia or
the associated symptoms, for example, treating or improving myopia, particularly axial
myopia and/or refractive myopia and alleviating or inhibiting symptoms associated
with myopia. The treatment also encompasses inhibiting recurrence of myopia.

As used herein, the term "prophylaxis (preventing)" means preventing the onset of
myopia, delaying the onset of myopia, or reducing the risk of the onset of myopia.

As used herein, the term "suppression of myopia progression (suppressing myopia
progression)"” means delaying the myopia progression (delay of myopia progression) or
reducing the myopia progression (reduction of myopia progression).

Also, the term "treating myopia, preventing myopia and/or suppressing myopia pro-
gression” used herein includes suppressing the axial length elongation and/or sup-
pressing the refractive error.

As used herein, the term "not substantially have mydriatic action” means that the
pharmaceutical composition does not have mydriatic action at the level that affects
daily life. The term includes that the pharmaceutical composition has no mydriatic
action. In addition, even if mydriatic action is found in any measuring ways, it is in-
terpreted as "not substantially have mydriatic action" when the treated patient does not
experience visual side effects of glare and pupil dilation which affect daily life.

The pharmaceutical composition of the present invention has a high margin of safety
and may have higher safety as compared to an agent for treating myopia comprising
other muscarinic receptor antagonist. As used herein, the term "margin of safety"
means the range between the minimum effective concentration for producing the
therapeutic effect of myopia and the maximum effective concentration for producing
the therapeutic effect without mydriatic action. The margin of safety of the present
invention is calculated according to maximum effective concentration/minimum
effective concentration, and is, for example, 10 or more, preferably 100 or more, more

preferably 150 or more, furthermore preferably 200 or more, and even more preferably
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[0024]

[0025]

[0026]

[0027]

[0028]

[0029]

[0030]

250 or more.

The pharmaceutical composition of the present invention can be widely used re-
gardless of the patient's age. In addition, the pharmaceutical composition can be used
for preventing myopia in schoolage children or in teenagers or adults with myopia pro-
gression, and/or suppressing myopia progression in schoolage children or in teenagers
or adults with myopia progression.

As used herein, the term "patient” means human and an animal such as dog, cat, and
house. Among them, the patient is preferably human.

As used herein, the term "therapeutically effective amount” means a concentration
for producing the therapeutic effect of myopia and the associated symptoms or a con-
centration for delaying the onset or progression of myopia, relative to untreated
subjects.

The pharmaceutical composition of the present invention may comprise a pharma-
ceutically acceptable active ingredient other than
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,1 1-dihydro-6H-pyrido[2,3
-b][1,4]benzodiazepin-6-one or a salt thereof unless otherwise noted.

The pharmaceutical composition of the present invention may be administered orally
or parenterally. Examples of the administration route include oral administration, in-
travenous administration, transdermal administration, and ocular topical administration
(e.g., ophthalmic administration, administration by an ophthalmic ointment, con-
junctival sac administration, intravitreal administration, subconjunctival admin-
istration, sub-Tenon's administration, conjunctival sac injection, application to the
eyelid).

The pharmaceutical composition of the present invention can be prepared with an
active ingredient and one or more pharmaceutically acceptable additives in a desired
dosage form such as an oral agent such as a tablet, a capsule, a granule, a powder, a
lozenge, a syrup, an emulsion and a suspension or a parenteral agent such as an eye
drop, an eye gel, an ophthalmic ointment, an injection, a suppository and a nasal agent
according to a commonly-used method in the art. The preferred dosage form of the
pharmaceutical composition of the present invention includes an eye drop, an eye gel,
an ophthalmic ointment and an injection.

When the pharmaceutical composition of the present invention is prepared as an eye
drop, the eye drop can be prepared by adding an active ingredient to a medium such as
purified water and a buffer and stirring, and then adjusting the pH of the mixture with a
pH adjuster.

Also, as appropriate, a commonly-used additive may be added into an eye drop.
Examples thereof include a tonicity agent, a buffering agent, a surfactant, a stabilizing

agent, a preservative, a solubilizing agent, or the like.
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[0031]

[0032]

[0033]

[0034]

[0035]

[0036]

When the pharmaceutical composition of the present invention is prepared as an eye
drop, the pH of the eye drop is not limited as long as the pH is in an acceptable range
for ophthalmic formulations.

When the pharmaceutical composition of the present invention is prepared as an
ophthalmic ointment, a commonly-used base material may be used therein. Examples
of the base material include white petrolatum, liquid paraffin, or the like.

The oral agent such as a tablet, a capsule, a granule and a powder can be prepared
with an additive such as an extending agent, a lubricant, a binder, a disintegrant, a
coating agent and a film coating agent, as appropriate. Examples of the extending
agent include lactose, crystalline cellulose, starch and vegetable oil, examples of the
lubricant include magnesium stearate and talc, examples of the binder include hydrox-
ypropylcellulose and polyvinylpyrrolidone, examples of the disintegrant include car-
boxymethylcellulose calcium and low substituted hydroxypropylcellulose, examples of
the coating agent include hydroxypropylmethylcellulose, macrogol
(polyethyleneglycol) and silicone resin, and examples of the film coating agent include
gelatin film.

The dose and administration of the pharmaceutical composition of the present
invention can be suitably changed depending on various conditions such as dosage
form, symptom, age and weight of a patient, age at the onset of myopia, and doctor's
discretion. For example, when the pharmaceutical composition of the present invention
is used for ocular topical administration as an eye drop, the dose and administration
thereof is not particularly limited as long as it is sufficient to exhibit a desired efficacy.
The eye drop can be administered at a dose of 1 drop to several drops a time, 1 to
several times daily (e.g., 1 to 4 times, 1 to 6 times, or 1 to 8§ times). Also, the eye drop
can be used with wearing contact lenses.

Examples

Hereinafter, the present invention is illustrated in Examples in order to make it easy
to understand the present invention. The present invention, however, is not intended to
be limited thereto by any means.

Example 1: Test on suppression of myopia progression (axial length elongation and
refractive error) in guinea pig myopia model (1)

According to the following procedures, the effect of AFDX0250 on the suppression
of myopia progression (the axial length elongation and the refractive error) was
evaluated.

(Preparation of sample)

AFDX0250 was dissolved in purified water with a buffering agent and a tonicity
agent to prepare 0.5% AFDX0250 solution. 1 mol/L sodium hydroxide reagent
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[0037]

[0038]

solution or dilute hydrochloric acid was added to the solution to adjust the pH thereof
to neutral. Also, a buffering agent and a tonicity agent were dissolved in purified water
to prepare a neutral vehicle. 9.8 mL of the vehicle was mixed with 0.2 mL of 0.5%
AFDX0250 solution and stirred to prepare 0.01% AFDX0250 solution. 3 mL, 4 mL
and 4.5 mL of the vehicles were mixed with 2 mL, 1 mL and 0.5 mL of 0.01%
AFDX0250 solutions, respectively, and stirred to prepare 0.004%, 0.002% and 0.001%
AFDX0250 solutions.

(Preparation of guinea pig myopia model)

A test tube with a diameter of 18 mm was cut off at the level of 10 mm from the
bottom, and the cut-off bottom part was glued to one side of Velcro tape (about 20 mm
square) with a hole of an appropriate diameter in the center with an adhesive agent to
prepare a lens (goggle). 3-week-old guinea pigs (Slc:Hartley) (n=30) were obtained,
and the prepared goggle was covered to the right eye of each guinea pig with an
adhesive agent to induce myopia to the guinea pigs. The left eye thereof without
goggle was used as control.

(Administration of sample)

The prepared guinea pig myopia models were randomly classified into 0.001%
AFDX0250 solution administration group, 0.002% AFDX0250 solution administration
group, 0.004% AFDX0250 solution administration group, 0.01% AFDX0250 solution
administration group and vehicle administration group (control group) (n=6 per group).
In the AFDX0250 solution administration groups, 10 pL of the AFDX0250 solution in
each concentration was topically administered to the right eye of each guinea pig once
daily for 14 days from the day when the right eye was covered with the goggle (day 0)
to day 13. In the control group, 10 pL of the vehicle was topically administered to the
right eye of each guinea pig once daily for 14 days from the day when the right eye
was covered with the goggle (day 0) to day 13. In the all groups, 10 pL of the vehicle
was topically administered to the left eye at the same frequency of administration as
that of each group daily for 14 days from day O to day 13. The guinea pigs were reared

under a normal rearing condition.



15

WO 2022/030489 PCT/JP2021/028770
[Table 1]
Treatment Administration Frequency of
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Tt 6 eye Tuts Topical once
| sosnmion g o— S0-ULION | agministration e
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group eye
20/ ) 2 9%
O.OVOL Yo right O.CO,_'\,Q
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: aye i : = e
solutio -+ 501 P . mce
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| Sorunion 6| °©ve solution ST Once
administration Tort administration
ie . .
grou - Vehicle
g p eve

[0039]

[0040]

[0041]

[0042]

(Evaluation method)

On day 14 from the myopia induction, the axial lengths of right and left eyeballs
were measured with an ultrasound axial length measurement device ECHOSCAN US-
500 (A-scan) (NIDEK CO., LTD.), and the refractions were measured with the auto re-
fractometer AR-1a (NIDEK CO., LTD.). The difference of axial lengths and the sup-
pression rate of the axial length elongation as well as the difference of refraction and
the suppression rate of the refractive error were calculated according to the following
formulae. The calculation was performed in Microsoft Excel.

(Formula)

Difference of axial lengths (mm) = Axial length of right eye (mm) - Axial length of
left eye (mm)

Suppression rate of axial length elongation (%) = (1-Difference of axial lengths in
AFDX0250 solution administration group / Difference of axial lengths in control
group) x 100

(Formula)

Difference of refraction (D) = Refraction of right eye (D) - Refraction of left eye (D)

Suppression rate of refractive error (%) = (1- Difference of refraction in AFDX0250
solution administration group / Difference of refraction in control group) x 100

(Test result)
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[0043]

[0044]

The average values of the difference of axial lengths and the difference of refraction in
the control group and in each AFDX0250 solution administration group are shown in
Table 2.

[Table 2]
Difference of | Difference of
axial lengths (mm) refraction (D)
vehicle administration | .20 -7.92
group
0.001% AFDX0250 solution | 0.17 -6.12
administration group
0.002% AFDX0250 solution | 0.09 -2.78
administration group
0.C004% AFDX0250 solution | 0.07 -2.39
administration group
0.01% AFDX0250 solution | 0.06 -3.63
administration group

The suppression rate of the axial length elongation and the suppression rate of the re-
fractive error in each AFDX0250 solution administration group are shown in Table 3.
The suppression rates were calculated using the values before rounding off to the

values in Table 2, respectively.

[Table 3]
Suppressicn rate | Suppression rate of
of axial length | refraction (%)
elongation (%)
0.001% AFDX0Z50 solution | 15.85 22.78
administration group
0.002% AFDX0250 solution | 55.46 64,95
administration group
0.004% AFDX0250 solution | 63.39 69.80
administration group
0.01% AFDX025C sclution | €8.58 54.19
administration group

Example 2: Test on suppression of myopia progression (axial length elongation and
refractive error) in guinea pig myopia model (2)

According to the following procedures, the effect of AFDX0250 on the suppression
of myopia progression (the axial length elongation and the refractive error) was
evaluated.

(Preparation of sample)

AFDX0250 was dissolved in purified water with a buffering agent and a tonicity
agent to prepare 0.5% AFDX0250 solution. 1 mol/L sodium hydroxide reagent
solution or dilute hydrochloric acid was added to the solution to adjust the pH thereof
to neutral. Also, a buffering agent and a tonicity agent were dissolved in purified water
to prepare a neutral vehicle. 4 mL and 4.8 mL of vehicles were mixed with 1 mL and
0.2 mL of 0.5% AFDX0250 solutions, respectively, and stirred to prepare 0.1% and
0.02% of AFDX0250 solutions. Also, 4 mL of the vehicle was mixed with 1 mL of
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0.02% AFDX0250 solution and stirred to prepare 0.004% AFDX0250 solution.
[0045]  (Preparation of guinea pig myopia model)

Guinea pig myopia models (n=30) were prepared according to similar method to that

of (Preparation of guinea pig myopia model) of Example 1.
[0046]  (Administration of sample)

The prepared guinea pig myopia models were randomly classified into 0.004%
AFDX0250 solution administration group, 0.02% AFDX0250 solution administration
group, 0.1% AFDX0250 solution administration group, 0.5% AFDX0250 solution ad-
ministration group and vehicle administration group (control group) (n=6 per group).
In the AFDX0250 solution administration groups, 10 uL. of the AFDX0250 solution in
each concentration was topically administered to the right eye of each guinea pig once
daily for 14 days from the day when the right eye was covered with the goggle (day 0)
to day 13. In the control group, 10 uL of the vehicle was topically administered to the
right eye of each guinea pig once daily for 14 days from day O to day 13. In the all
groups, 10 uL of the vehicle was topically administered to the left eye at the same
frequency of administration as that of each group daily for 14 days from day O to day

13. The guinea pigs were reared under a normal rearing condition.
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[Table 4]
Treatment Administration Frequency of
Test group n with Sanple route adminigstration
goggle (10 ul/eye) (/day)
right
vehicle + vehicle
- . . eye Topical
administration | © . .'p’”‘f ) Once
left administration
group - vehicle
eye
0.004% 0.004%
right
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eye . Topical
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administration
administration left
- vehicle
group eye
) , 0.02%
0.02% AFDX0250 right
+ AFDXO2E0
solution . eve L Topical .
L} solution L . Once
administration administration
left
group - vehicle
eye
) ‘ 0.1%
0.1% AFDX0O250 right
+ | AFDX0Z5E0
solution eye Topical
@ solution Onece
administration sdministration
left
grouvp - Vehicle
eye
) ) 0.5%
0.5% AFDX0250 right
+ AFDX0250
solation eye PR
& solution R ?cp-@a* ) Cnce
administration administration
left
group - Venhicle
eye

[0047] (Evaluation method)

The axial lengths and the refraction of right and left eyes were measured according to
similar method to that of (Evaluation method) of Example 1, and the difference of
axial lengths and the suppression rate of the axial length elongation as well as the
difference of refraction and the suppression rate of the refractive error were calculated
according to the formulae shown in Example 1. The calculation was performed in
Microsoft Excel.

[0048]  (Testresult)

The average values of the difference of axial lengths and the difference of refraction



19
WO 2022/030489 PCT/JP2021/028770

in the control group and in each AFDX0250 solution administration group are shown

in Table 5.
[Table 5]
Difference of | Difference of
axial lengths (mm) refraction (D)
vehicle administration | 0.20 -7.99
group
0.004% AFPDX(0250 solution | 0.07 -3.25
administration group
0.02% AFDX0250 sclution | 0.05 -2.52
administration group
0.1% AFDX0250 solution | 0.04 -2.05
administration group
0.5% AFDX025C sclution | 0.02 -2.03
administration group

[0049]  The suppression rate of the axial length elongation and the suppression rate of the re-
fractive error in each AFDX0250 solution administration group are shown in Table 6.
The suppression rates were calculated using the values before rounding off to the

values in Table 5, respectively.

[Table 6]
Suppressicon rate of | Suppression rate of
axial length | refractive error (%)
elongation (%)
0.004% AFDX0250 solution | 66.85 59.27
administration group
0.02% AFDX0250 solution | 74.16 68.43
acdministration group
G.1% AFDX0250 solution | 79.21 74.35
administration group
5.5% AFDX0250 solution | 88.48 74.64
administration group

[0050]  Asclearly exhibited in the results of Examples 1 and 2, AFDX0250 strongly
suppressed the axial length elongation and the refractive error. As a result, it was
shown that AFDX0250 was effective for treating myopia, preventing myopia and/or
suppressing myopia progression.

[0051] Comparative Example 1: Test on suppression of myopia progression (axial length
elongation and refractive error) in guinea pig myopia model (1)

According to the following procedures, the effect of AFDX0116 on the suppression
of myopia progression (the axial length elongation and the refractive error) was
evaluated.

(Preparation of sample)

AFDXO0116 was dissolved in purified water with a buffering agent and a tonicity
agent to prepare 0.5% AFDXO0116 solution. 1 mol/L sodium hydroxide reagent
solution or dilute hydrochloric acid was added to the solution to adjust the pH thereof

to neutral. Also, a buffering agent and a tonicity agent were dissolved in purified water
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[0052]

[0053]

to prepare a neutral vehicle. 4 mL and 4.8 mL of the vehicles were mixed with 1 mL
and 0.2 mL of 0.5% AFDX0116 solutions, respectively, and stirred to prepare 0.1%
and 0.02% of AFDX0116 solutions. Also, 4 mL of the vehicle was mixed with 1 mL of
0.02% AFDX0116 solution and stirred to prepare 0.004% AFDX(0116 solution.

(Preparation of myopia guinea pig model)

Guinea pig myopia models (n=30) were prepared according to similar method to that
of (Preparation of guinea pig myopia model) in Example 1.

(Administration of sample)

The prepared guinea pig myopia models were randomly classified into 0.004%
AFDXO0116 solution administration group, 0.02% AFDX0116 solution administration
group, 0.1% AFDXO0116 solution administration group, 0.5% AFDX0116 solution ad-
ministration group and vehicle administration group (control group) (n=6 per group).
In the AFDX0116 solution administration groups, 10 uL of the AFDX0116 solution in
each concentration was topically administered to the right eye of each guinea pig once
daily for 14 days from the day when the right eye was covered with the goggle (day 0)
to day 13. In the control group, 10 uL of the vehicle was topically administered to the
right eye of each guinea pig once daily for 14 days from day O to day 13. In the all
groups, 10 uL of the vehicle was topically administered to the left eye at the same
frequency of administration as that of each group daily for 14 days from day O to day

13. The guinea pigs were reared under a normal rearing condition.
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[Table 7]
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0.1% AFDX011le right 0.1%
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[0054]  (Evaluation method)

The axial lengths and the refraction of right and left eyes were measured according to
similar method to that of (Evaluation method) of Example 1, and the difference of
axial lengths and the suppression rate of the axial length elongation as well as the
difference of refraction and the suppression rate of the refractive error were calculated
according to the formulae shown in Example 1. The calculation was performed in
Microsoft Excel.

[0055]  (Test result)
The average values of the difference of axial lengths and the difference of refraction

in the control group and in each AFDX0116 solution administration group are shown
in Table 8.
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[Table 8]
Difference of | Difference of
axial iengths (mm) refraction (D)
vehicle administration | 0.24 -8.70
group
0.004% AFDX01i6 solution | 0.19 -4.74
administration group
0.02% AFDX0116 solution | 0.09 -2.17
administration group
0.1% AFDX(0116 solution | 0.09 -1.90
administration group
0.5% AFDXC116 solution | 0.03 -2.10
administration group

[0056]

[0057]

[0058]

The suppression rate of the axial length elongation and the suppression rate of the re-
fractive error in each AFDX(0116 solution administration group are shown in Table 9.
The suppression rates were calculated using the values before rounding off to the

values in Table §, respectively.

[Table 9]

Suppression rate of | Suppression rate of
axial tength | refractive error (%)

............................................................. LL8IONGAtIOn (%)

0.004% AFDX0116 solution | 21.14 45.54

administration group

0.02% AFDX0116¢ sclution | 62.95 75.10

administration group

0.1% AFDX0116 solution | 63.86 78.17

adniinistration group

0.5% ArDx0116 soclution | 87.73 75.86

administration group

Comparative Example 2: Test on suppression of myopia progression (axial length
elongation and refractive error) in guinea pig myopia model (2)

According to the following procedures, the effect of AFDX0116 on the suppression
of myopia progression (the axial length elongation and the refractive error) was
evaluated.

(Preparation of sample)

AFDXO0116 was dissolved in purified water with a buffering agent and a tonicity
agent to prepare 0.5% AFDXO0116 solution. 1 mol/L sodium hydroxide reagent
solution or dilute hydrochloric acid was added to the solution to adjust the pH thereof
to neutral. Also, a buffering agent and a tonicity agent were dissolved in purified water
to prepare a neutral vehicle. 4 mL and 4.8 mL of the vehicles were mixed with 1 mL
and 0.2 mL of 0.5% AFDXO0116 solutions, respectively, and stirred to prepare 0.1%
and 0.02% of AFDXO0116 solutions. Also, 2.5 mL and 4 mL of the vehicles were
mixed with 2.5 mL and 1 mL of 0.02% AFDXO0116 solutions, respectively, and stirred
to prepare 0.01% and 0.004% AFDXO0116 solutions.

(Preparation of guinea pig myopia model)
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Guinea pig myopia models (n=30) were prepared according to similar method to that
of (Preparation of guinea pig myopia model) in Example 1.
[0059] (Administration of sample)

The prepared guinea pig myopia models were randomly classified into 0.004%
AFDXO0116 solution administration group, 0.01% AFDX0116 solution administration
group, 0.02% AFDXO0116 solution administration group, 0.1% AFDX0116 solution
administration group and vehicle administration group (control group) (n=6 per group).
In the AFDX0116 solution administration groups, 10 uL. of the AFDX0116 solution in
each concentration was topically administered to the right eye of each guinea pig once
daily for 14 days from the day when the right eye was covered with the goggle (day 0)
to day 13. In the control group, 10 uL of the vehicle was topically administered to the
right eye of each guinea pig once daily for 14 days from day O to day 13. In the all
groups, 10 uL of the vehicle was topically administered to the left eye at the same
frequency of administration as that of each group daily for 14 days from day O to day

13. The guinea pigs were reared under a normal rearing condition.

[Table 10]
Treatment Administration Freguency of
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gogglie (10 pL/eye) (/cay)
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eye
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[0060] (Evaluation method)
The axial lengths and the refraction of right and left eyes were measured according to
similar method to that of (Evaluation Method) of Example 1, and the difference of

axial lengths and the suppression rate of the axial length elongation as well as the
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[0061]

[0062]

[0063]

[0064]

difference of refraction and the suppression rate of the refractive error were calculated
according to the formulae shown in Example 1. The calculation was performed in
Microsoft Excel.

(Test result)

The average values of the difference of axial lengths and the difference of refraction
in the control group and in each AFDX0116 solution administration group are shown
in Table 11.

[Table 11]
Difference of | Difference of
axial lengths (mm) refraction (D)
vehicle administration | 0.15 -7.32
group
0.004% AFDX0116 solution | 0.12 -£.59
administration group
0.01% AFDX0116 solution | 0.12 -3.61
adrministration group
0.02% Arpx0116 solution | 0.05 -2.52
administration group
0.1% AFDX01ie solution | 0.05 -2.42
adrministration group

The suppression rate of the axial length elongation and the suppression rate of the re-
fractive error in each AFDX0116 solution administration group are shown in Table 12.
The suppression rates were calculated using the values before rounding off to the
values in Table 11, respectively.

[Table 12]

Suppression rate of | Suppression rate of
axial length | refractive error (%)
elongatiocn (%)

0.004% AFDXQ11¢ solution | 22.52 9.96

administration group

0.01% AFDX0116 solution | 21.44 50.71

administration group

0.02% AFDX0116 solution | 69.73 65.61

administration group

0.1% AFDX0116 sclution | 68.65 66.87

administration group

As clearly exhibited in the results of Comparative Examples 1 and 2, AFDX0116
suppressed the axial length elongation and the refractive error. As a result, it was
demonstrated that the concentration of AFDX0116 showing the anti-myopic effect was
higher than that of AFDX0250.

Example 3: Evaluation of mydriatic action in AFDX0116 and AFDX0250 solutions

AFDX0116 and AFDX0250 solutions were repeatedly topically administered to one
eye of guinea pigs, respectively, to evaluate the effect of each solution on mydriasis.

(Preparation of sample)

1. Preparation of AFDX0116 solution
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AFDXO0116 was dissolved in purified water with a buffering agent and a tonicity agent
to prepare 2% AFDXO0116 solution. 1 mol/L sodium hydroxide reagent solution or
dilute hydrochloric acid was added to the solution to adjust the pH thereof to neutral.
Also, a buffering agent and a tonicity agent were dissolved in purified water to prepare
neutral vehicle. 2.5 mL and 3 mL of the vehicles were mixed with 2.5 mL and 1 mL of
2% AFDXO0116 solutions, respectively, and stirred to prepare 1% and 0.5% of
AFDX0116 solutions.

2. Preparation of AFDX0250 solution

AFDX0250 was dissolved in purified water with a buffering agent and a tonicity agent
to prepare 2% AFDX0250 solution. 1 mol/L sodium hydroxide reagent solution or
dilute hydrochloric acid was added to the solution to adjust the pH thereof to neutral.
Also, a buffering agent and a tonicity agent were dissolved in purified water to prepare
neutral vehicle. 2.5 mL and 3 mL of the vehicles were mixed with 2.5 mL and 1 mL of
2% AFDX0250 solutions, respectively, and stirred to prepare 1% and 0.5% of
AFDXO0116 solutions.

(Evaluation method)

Each of the prepared solutions was topically administered to the left eye of each
guinea pig (the left eyes of 3 guinea pigs for each solution) in a volume of 10 pL. once
daily for 5 days. The pupil diameter of each guinea pig was measured before the ad-
ministration on day 5 as well as 1, 2 and 4 hours after the administration to observe the
pupillary light reflex. The measured pupil diameters of each guinea pig at each mea-
surement time were averaged to obtain a value. The obtained value was defined as the
average pupil diameter. Among each average pupil diameter at each measurement

time, the longest diameter was defined as the maximum pupil diameter.

(Test result)
The result is shown in Table 13.
[Table 13]
Concentration Pupil diameter Maximum Measturement Decreased
before pupii time of pupillary
administration | diameter MaxXimun light reflex
(mm) (o) pupit (onset
diameter cases/
(1) evaluation
cases)
vehicle 0% 3.4 3.1 2 0/3
AFDX0116 0.5% 9 2.9 2 0/3
sciution
1% 2.3 2.8 2 0/3
2% 2.9 3.4 2 1/3
AFDX0250 0.5% 3.3 2.7 i C/3
solution iy 3.1 4.1 2 2/3
2% 3.5 3.5 2 i/3
As exhibited in Table 13, it was found that AFDX0116 increased the pupil diameter
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and decreased the pupillary light reflex in 2% solution administration group, and
AFDX0250 increased the pupil diameter and decreased the pupillary light reflex in 1%
solution administration group.

Comparative Example 3: Evaluation of mydriatic action in atropine solution

An atropine solution was repeatedly topically administered to one eye of a guinea pig
to evaluate the effect of the solution on mydriasis.

(Preparation of sample)

Atropine sulfate hydrate and glycerin were dissolved in water for injection to prepare
0.001%, 0.0003% and 0.0001% atropine solutions without adjusting the pH.

(Evaluation method)

Each of the prepared solutions was topically administered to the left eye of guinea
pigs (the left eyes of 3 guinea pigs for each solution) in a volume of 10 uL once daily
for 5 days. The pupil diameter of each guinea pig was measured before the admin-
istration on day 5 as well as 1, 2 and 4 hours after the administration to observe the
pupillary light reflex. The measured pupil diameters of each guinea pig at each mea-
surement time were averaged to obtain the average value. The obtained average value
was defined as the average pupil diameter. Among each average pupil diameter at each

measurement time, the longest diameter was defined as the maximum pupil diameter.

(Test result)
The result is shown in Table 14.
[Table 14]
Concentrationi Pupll diameter Maximumn Measurement Decreased
before pupil time of pupillary
administration | diameter maximum light refiex:
{ram) (mm) pupil {onset
diameter cases/
{h) evaluation
cases)
vehicle 0% 3.4 3.1 2 0/3
atropine 0.0001% 2.3 2.8 1, 4 0/3
solution 0.0003% 3.0 3.8 1 1/3
0.001% 2.6 4.9 1 3/3
As exhibited in Table 14, the increased pupil diameter and the decreased pupillary

light reflex were found in 0.001% and 0.0003% atropine solution administration
groups.
Industrial Applicability

The pharmaceutical composition of the present invention is effective for treating
myopia, preventing myopia and/or suppressing myopia progression because
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,1 1-dihydro-6H-pyrido[2,3
-b][1,4]benzodiazepin-6-one or a salt thereof suppresses the axial length elongation

and the refractive error. In addition,
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(+)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[ 2,3
-b][1,4]benzodiazepin-6-one does not substantially have mydriatic action and has a
higher margin of safety, and thus the pharmaceutical composition of the present
invention is expected to be used as an agent for treating myopia which is superior in

safety and sense of use.
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Claims

A pharmaceutical composition for treating myopia, preventing myopia
and/or suppressing myopia progression, comprising (+)-11-[2-[2-
[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro-6H-pyrido[
2,3-b][1,4]benzodiazepin-6-one or a salt thereof as an active ingredient,
wherein the pharmaceutical composition is substantially free of
(-)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acetyl]-5,11-dihydro
-6H-pyrido[2,3-b][1,4]benzodiazepin-6-one or a salt thereof.

The pharmaceutical composition of claim 1 which is free of
(-)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro
-6H-pyrido[2,3-b][1,4]benzodiazepin-6-one or a salt thereof.

The pharmaceutical composition of claim 1 or 2 which does not sub-
stantially have mydriatic action.

The pharmaceutical composition of any one of claims 1 to 3, wherein
the myopia is axial myopia, refractive myopia, pseudomyopia,
pathological myopia, simple myopia, extreme myopia, severe myopia,
high myopia, moderate myopia, low myopia, myopia complicated by
glaucoma, myopia at the risk of the onset of glaucoma, or myopia with
high intraocular pressure.

The pharmaceutical composition of any one of claims 1 to 4 for ocular
topical administration.

The pharmaceutical composition of claim 5, wherein the ocular topical
administration is ophthalmic administration, administration by an
ophthalmic ointment, conjunctival sac administration, intravitreal ad-
ministration, subconjunctival administration, sub-Tenon's admin-
istration, conjunctival sac injection, or application to the eyelid.

The pharmaceutical composition of any one of claims 1 to 6 which is in
the form of an eye drop, an eye gel, an ophthalmic ointment, or an
injection.

The pharmaceutical composition of any one of claims 1 to 7, wherein
the concentration of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro
-6H-pyrido[2,3-b][1,4]benzodiazepin-6-one or a salt thereof is 0.0001 -
5% (wiv).

The pharmaceutical composition of any one of claims 1 to 7, wherein
the concentration of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro
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-6H-pyrido[2,3-b][1,4]benzodiazepin-6-one or a salt thereof is 0.001 -
1% (wlv).

The pharmaceutical composition of any one of claims 1 to 7, wherein
the concentration of

(+)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acetyl]-5,1 1-dihydro
-6H-pyrido[2,3-b][1,4]benzodiazepin-6-one or a salt thereof is 0.001%
(w/v) or more and less than 1% (w/v).

The pharmaceutical composition of any one of claims 1 to 7, wherein
the concentration of

(+)-11-[2-[2-[(diethylamino)methyl]- 1 -piperidinyl]acetyl]-5,1 1-dihydro
-6H-pyrido[2,3-b][1,4]benzodiazepin-6-one or a salt thereof is 0.002 -
0.5% (w/v).

The pharmaceutical composition of any one of claims 1 to 7, wherein
the concentration of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro
-6H-pyrido[2,3-b][ 1,4]benzodiazepin-6-one or a salt thereof is 0.002 -
0.01% (wlv).

The pharmaceutical composition of any one of claims 1 and 3 to 12,
wherein the concentration of
(-)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro
-6H-pyrido[2,3-b][1,4]benzodiazepin-6-one or a salt thereof is less than
0.1% (w/v).

The pharmaceutical composition of any one of claims 1 and 3 to 13,
wherein the concentration of
(-)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro
-6H-pyrido[2,3-b][1,4]benzodiazepin-6-one or a salt thereof is 0.05 part
by weight or less per part by weight of
(+)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acetyl]-5,11-dihydro
-6H-pyrido[2,3-b][1,4]benzodiazepin-6-one or a salt thereof.

A pharmaceutical composition for suppressing the axial length
elongation, comprising

(+)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acetyl]-5,1 1-dihydro
-6H-pyrido[2,3-b][1,4]benzodiazepin-6-one or a salt thereof as an
active ingredient, wherein the pharmaceutical composition is sub-
stantially free of

(-)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acetyl]-5,11-dihydro
-6H-pyrido[2,3-b][1,4]benzodiazepin-6-one or a salt thereof.

A pharmaceutical composition for suppressing the refractive error,
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comprising
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro
-6H-pyrido[2,3-b][1,4]benzodiazepin-6-one or a salt thereof as an
active ingredient, wherein the pharmaceutical composition is sub-
stantially free of

(-)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acetyl]-5,11-dihydro
-6H-pyrido[2,3-b][1,4]benzodiazepin-6-one or a salt thereof.

Use of

(+)-11-[2-[2-[(diethylamino)methyl]- 1-piperidinyl]acetyl]-5,1 1-dihydro
-6H-pyrido[2,3-b][1,4]benzodiazepin-6-one or a salt thereof in the
manufacture of an agent for treating and/or preventing myopia.

The use of claim 17, wherein the agent is substantially free of
(-)-11-[2-[2-[(diethylamino)methyl]- 1 -piperidinyl]acetyl]-5,1 1-dihydro
-6H-pyrido[2,3-b][1,4]benzodiazepin-6-one or a salt thereof.

Use of
(+)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acetyl]-5,11-dihydro
-6H-pyrido[2,3-b][1,4]benzodiazepin-6-one or a salt thereof in the
manufacture of an agent for suppressing myopia progression.

The use of claim 19, wherein the agent is substantially free of
(-)-11-[2-[2-[(diethylamino)methyl]-1-piperidinyl]acethyl]-5,11-dihydr
0-6H-pyrido[2,3-b][ 1,4]benzodiazepin-6-one or a salt thereof.



