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[ABSTRACT |

The present 1nvention pertains to a composition for
treating joint diliseases and a kit including the same, and the
purpose of the present 1nvention 1s to provide a composition for
treating joint diseases which can be used in patients with joint
diseases, and a kit which includes the same. Specifically
provided 1s a composition for treating joint diseases that
obtains higher efficacy than prior preparations by means of a
composition for treating joint diseases which includes a
modified hyaluronic acid having a group derived from an anti-
inflammatory compound or a pharmaceutically acceptable salt of

the modified hyaluronic acid, and which is targeted at patients

with human joint diseases who have a BMI of 25 kg/m? or higher.
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| DESCRIPTION]

L]

COMPOSITION FOR TREATING JOINT DISEASES AND KIT INCLUDING SAM

[Technical Field]
10001 ] The present 1nventlion relates to a composition for

treating joint disease, and to a kit contalning the composition.

[Background Art]

| —

0002 ] As soclety contilnues to age, osteocarthritis
(hereinafter, also referred to as "OA"), a dysfunction due to
joint paln and joln degeneration, becomes one of the most common
joilint disease worldwide, and 1s one of the principal causes of
physical i1mpalrment that 1nterferes with daily living 1in the
elderly. Moreover, rheumatold arthritis (hereinafter, also

referred to as "RA") has been also known as a form of

polyarthritis accompanied by joint swelling and pain. In the
case of RA, 1f the disease progress over a long period of time,
degeneration or deformation of cartilages and bones may also

occur as cartilages and bones are destroyed, restricting the
range of joint movement and otherwise causing physical
lmpalrment that interferes with daily living.

[ 0003] AT present, preparations using hyaluronic acid and
1ts derivatives are used as drugs for joint disease including
Ostecarthritis and rheumatoid arthritis. Hyaluronic acid

preparations are normally formulated as injections, and

administered directly to the affected joints such as knee and
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shoulder jJolnts with the aim of suppressing paln and 1mproving
dysfunction due to joint disease through the lubricating action,
1mpact absorbing action and cartilage metabolism improving
action of hyaluronic acid. Commercial hyaluronic acaid

preparations 1nclude those containing purified sodium

hyaluronate as an active 1ngredient (such as ARTZ® and

SUVENYL®). With these preparations, three to five continuous

administrations at a rate of one per week are considered

necessary.

Preparations containing crosslinked hyaluronan as an active

1ingredient include those (such as SYNVISC®) requiring three

continuous admilinilistrations at a rate of one per week, as well as

single-administration preparations (such as SYNVISC-ONE®, GEL-

ONE® and MONOVISC®) with which treatment is completed in a

single administration.

10004 ] Meanwhille, sterolds and non-steroidal anti-
inflammatory compounds has been known as immediate—-acting drugs,
and has been also used for treatment aimed at alleviating Jjoint
pain caused by OA and RA and the like. For example,
triamcinolone acetonide is a steroid that is used to treat joint
disease including rheumatoid arthritis. Triamcinolone acetonide

1s commercially available as a drug for intra-articular cavity

lnjection, and treatment requires administration every one to
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two weeks. In the case of non-steroidal anti-inflammatory
compounds, ointments and orally administered agents containing
diclofenac sodium as an active ingredient has been known for

example.

[0005] Mixtures or conjugates of hyaluronic acid or 1ts
derivatives with steroids or non-steroidal anti-inflammatory

compounds has been also known as active 1ngredients. For

example, a mixture (CINGAL®) of crosslinked hyaluronic acid and

triamcinolone hexacetonide has been formulated as a drug for
single administration. Some compounds containing hyaluronic
acid or 1ts derivatives linked to steroids or non-steroidal

anti-inflammatory compounds has been also known. For example,

Patent Literature 1 and Patent Literature 2 describe derivatives

containing anti-inflammatory compounds introduced into

hyaluronic acid vilia spacers. These are aimed at achileving both

1mmediate pain relief and long-term pain relief through
functional 1mprovement. However, adequate methods for treating
OA and RA have not yet been established or provided.

[Citation List]

| Patent Literature]

10006 ]

Patent Literature 1: WO 2005/066214
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Patent Literature 2: Japanese Patent Application Publication No.

2016-150029

[Summary of Invention]

[0007] It 1s an object of the present 1nvention to provide a
highly effective composition for treating human joint disease
patients.

(0008 ] After exhaustive research into the above problems,
the i1nventors have completed the present invention after
discovering unexpectedly that a composition for treating joint
disease contalning a modified hvaluronic acid or a
pharmaceutically acceptable salt thereof having a group derived
from an anti-inflammatory compound has an especially excellent
improvement effect when administered to a particular patient

group among patients with jJoint diseases, and that the above

problems could be solved with this composition for treating

joint disease. More specifically, the problems have been solved

by using a group of joint disease patients with a body mass

index (hereunder called "BMI" in this Description) of at least
25 kg/m¢ as the target patient group for administration.

[0009] One aspect of the 1nvention relates to a composition
for treating joint disease, containing a modified hyaluronic
acid or a pharmaceutically acceptable salt thereof having a

group derived from an anti-inflammatory compound, for treating a

human joint disease patient with a specified BMI. Another
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aspect of the present i1nvention relates to a method for treating

human joint disease, including a step of adminilistering this

composition for treating joint disease into a joint of a patient

requiring 1t and having a specified BMI. A specified BMI here

means a BMI of at least 25 kg/m? for example. Yet another aspect
of the present 1nvention relates to a kit containing the
composition for treating joint disease. This kit includes, for
example as one constilituent element, a syringe including the
composition packed in a syringe barrel.

More particularly, the present invention relates to [1l] to
O] below.

(1] A composition for treating joint disease, containing
a modified hyaluronic acid or a pharmaceutically acceptable salt
thereof having a group derived from a steroidal or non-steroidal

anti-inflammatory compound, for treating a human joint disease

patient having a BMI of at least 25 kg/m?.

[ 2] A kit contalning a syringe containing the composition
according to [1] above packed in a syringe barrel.
[0010] [3] A composition for use in a method for treating

joint disease of human joint disease patients, containing a

modified hyaluronic acid or a pharmaceutically acceptable salt

thereof having a group derived from a steroidal or non-steroidal

anti-inflammatory compound, wherein the method is applied to a

numan joint disease patient having a BMI of at least 25 kg/m?.
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[0O011] [ 4] The use of a modifilied hyaluronic acid or a
pharmaceutically acceptable salt thereof having a group derived
from a steroidal or non-steroidal anti-inflammatory compound 1n
the manufacture of a composition for treating joint dilisease,

whereln the composition 1s for treatling joint disease 1n a human

joint disease patient having a BMI of at least 25 kg/m-<.

[0012] [ 5] A method for treating human joint disease,
including a step of administering a composition containing a
modified hyaluronic acid or a pharmaceutically acceptable salt

thereof having a group derived from a steroidal or non-steroidal

anti-inflammatory compound to a joint of a patient, wherein the

patient 1s a jolnt disease patient having a BMI of at least 25

Kg/me.

[Description of Embodiments]

[0013] Embodiments of the present invention are explained

below with examples.

One aspect of the present invention relates to a
composition for treating joint disease, containing a modified
hyaluronic acid or a pharmaceutically acceptable salt thereof
having a group derived from a steroidal or non-steroidal anti-

inflammatory compound, for treating human joint disease patient

with a BMI of at least 25 kg/m?2.

Another aspect of the present invention relates to a method

for treating joint disease, including the administration of an
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effective dose of a modified hyaluronic acid or a
pharmaceutically acceptable salt thereof having a group derived

from a steroidal or non-steroidal anti-inflammatory compound to

a human joint disease patient having a BMI of at least 25 kg/m-Z.
Another aspect of the present 1nvention relates to a
composition for use 1n a method for treating a human jolnt
disease patient, wherein the composition contains a modified
hyaluronic acld or a pharmaceutically acceptable salt thereof

having a group derived from a steroidal or non-steroidal anti-

inflammatory compound, and the joint disease patient has a BMI
of at least 25 kg/m?.

Yet another aspect of the present invention relates to the
use of a modified hyaluronic acid or a pharmaceutically
acceptable salt thereof having a group derived from a steroidal
or non-steroldal anti-inflammatory compound in the manufacture

of composition for treating a human joint disease patient,

whereln the joint disease patient has a BMI of at least 25 kg/m?2.
(0014 ] With the present invention, particular improvement in
medicinal effects can be achieved in a particular patient group
among the human jolnt disease patients by using a composition
for treating joint disease containing a modified hyaluronic acid
O0r a pharmaceutically acceptable salt thereof having a group

derived from an anti-inflammatory compound. More particularly,

excellent 1mprovement effects can be achieved with the
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composition for treating jolint disease 1n a group of joint

disease patilents with BMIs of at least 25 kg/m?. The present
1nvention provides a method for treating human joint disease
patients that i1is more effective than conventional treatment
methods, as well as a composition and kit and the like for use
1n this treatment method.

As should be obvious to those skilled 1in the art, preferred

properties and features of one aspect of the present invention
can pbe applied to other aspects of the invention.

[0015] In this Description, a "hyaluronic acid or a
pharmaceutically acceptable salt thereof" may be called simply a
"hyaluronic acid molecule”. Similarly, a "hyaluronic acid or a
pharmaceutically acceptable salt thereof having a group derived
from a steroidal or non-steroidal anti-inflammatory compound "
may be called simply a "modified hyaluronic acid molecule".

In this Description, examples of "pharmaceutically
acceptable salts" include, but are not limited to, metal salts
such as sodium, potassium, calcium, magnesium and barium salts:
ammonlium salts; amine salts such as methylamine, diethylamine,
ethylenediamine, cyclohexylamine and ethanolamine salts:
inorganic acid salts such as hydrochlorate, sulfate, hydrogen
sulfate, nitrate, phosphate, hydrobromide and hydroiodide salts;
and organic acid salts such as acetate, phthalate, fumarate,

maleate, oxalate, succinate, methanesulfonate, p-
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toluenesulfonate, tartrate, bitartrate and malate salts and the
like.

[0016] In this Description, a "jolnt disease" 1s a disease
of a joint such as a knee joint, shoulder joint, neck joint, hip
jolint, splnal joint, temporomandibular joint, finger 7joint,
elbow joint, wrist joint, ankle joint or the like. More
speclfic examples of joint diseases include osteocarthritis,
rheumatoid arthritis, articular cartilage injury, osteonecrosis
of the knee, femoral necrosis, shoulder arthritis, bacterial
‘arthritis, viral arthritis, neuropathic joint disease and the
like. The composition for treating joint disease of the
invention 1s preferably used for ostecarthritis or rheumatoid
arthritis, and more preferably for ostecarthritis. Furthermore,
the composition for treating joint disease of the invention is
preferably used to treat joint disease of the knee joint. More
preferably, the composition for treating joint disease of the
invention 1s used for osteoarthritis of the knee.

[0017] In this Description, "treating" ("treat",
"treatment") may refer either to treatment for the disease
1tself (for example, treatment to cure or ameliorate organic
lesions of a disease), or treatment for various symptoms (for
example, lowered ADL due to joint problems such as pain,

stiffness and joint function, which may be evaluated, for

F

example, based on difficulty in activities of daily living
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represented by ability to climb stairs or getting 1n or out of
an automobile). Furthermore, treatment includes not only
complete cures, but also 1mprovement 1n some or all symptoms of
the disease, as well as prevention and suppression of disease
progression (including maintenance and reducing the speed of
disease progression). Prevention here 1ncludes for example

preventing the occurrence of symptoms of joint disease such as

joint dysfunction, pain and/or stiffness when such sy&ptoms are

not present even though organic lesions are found 1n the joilnts.

In cases 1n which no organic lesions are found but symptoms of
joint disease such as joint dysfunction, pain and/or stiffness

are present, prevention also 1ncludes preventing the occurrence

Oof such organic lesions or suppressing the development of those

symptoms that are not yet apparent. The composition for
Creating joint disease of the invention is preferably used to
lmprove, cure, or suppress the progress of symptoms of joint
disease, and more preferably to improve or cure such symptoms.
in one empodiment, 1t can be used favorably to improve, cure or
suppress the progress of joint pain, or to improve joint

function.

10018} In this Description, an "effective dose" means an
amount of a component consistent with a rational risk/benefit
analysis, and sufficient to obtain the desired response without

excessive harmful side-effects (such as toxicity, 1lrritation or

10
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allergic response). This "effective dose"™ may vary depending on
such factors as the symptoms, body type, age, sex and the like

of the patient receiving administration. However, a person

skilled in the art does not require individual testing for each
1ndividual combilination of these factors, and the effective dose
1n other cases can be determined based on common technical
knowledge and the results of one or more test examples (for
example, the examples described below).

[0019] The hyaluronic acid molecule may be a

glycosaminoglycan having a base skeleton composed of N-acetyl-D-

glucosamine (1,3)-B linked to D-glucuronic acid to form

disaccharide units (constituent disaccharide units) that are

linked to each other by repeated (1,4)-P bonds, and is not

particularly limited as to structure as long as it 1is a

glycosaminoglycan having such a basic skeleton. Moreover, the

hyaluronlc acid molecule may be obtained by any method, such as
a purlfied product of animal or microbial origin or a chemically
synthesized product or the like, and one obtained by any of
these methods may be used. The hyaluronic acid molecule in this
Description may also have a network structure including units of

the basic skeleton attached to each other via crosslinking

groups. bkxamples of hyaluronic acid molecules having such
network structures include the compounds described in WO 2008-

069348 and WO 2011-018902. A person skilled in the art can

11
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obtaln or prepare these compounds appropriately according to the

descriptions of these publications and technical common

knowledge 1n the field. Moreover, the entire contents of these

publications are 1ncorporated by reference 1n this Description.
In one embodiment, the hyaluronic acid molecule may be one that
does not have a network structure introduced between units of

the basic skeleton by a crosslinking reaction. Moreover, the

nyaluronic acid molecule may also be a derivatized molecule

having a reducing end or one 1in which some of the hydroxyl
groups 1n the molecule have been acetylated, as long as this

does not detract from the objects and effects of the present

invention.

10020 ] The weight-average molecular weight of the hyaluronic

acld molecule or modified hyaluronic acid molecule 1is not

particularly limited, but may be not less than 10,000 and not
more than 5,000,000, or preferably not less than 500,000 and not
more than 3,000,000, or more preferably not less than 600,000
and not more than 3,000,000, or yet more preferably not less

than 000,000 and not more than 1,200,000. In this Description,

the "weight-average molecular weight" is a value measured by the

intrinsic viscosity method.

(0021 ] Although the hyaluronic acid molecule and modified
hyaluronic acid molecule used in the invention need not be in

the form of salts, they may be in the form of pharmaceutically

12
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acceptable salts. Examples of pharmaceutically acceptable salts

of the hvyaluronic acid molecule and modified hyaluronic acid

molecule 1nclude metal salts such as sodium salts, potassium

salts, magnesium salts and calcium salts, and ammonium salts and
the like. From the standpoint of greater affinity with living
organisms, the hyaluronic acid salt and modified hyalurohic acid
salt used are preferably pharmaceutically acceptable alkalil
metal salts (such as sodium or potassium salts), and sodium
salts are especially desirable.

[0022] The modified hyaluronic acid molecule can be obtained
by bonding an anti-inflammatory compound to a hyaluronic acid

molecule with or without an intervening spacer. The modified

hyaluronic acid molecule may have one kind of anti-inflammatory

compound or two or more anti-inflammatory compounds bonded
thereto.

[0023] The mode of bonding between the hyaluronic acid
molecule and the anti-inflammatory compound is not particularly
limited as long as 1t does not detract from the desired

treatment effects for joint disease in this case, and may be

covalent bonding for example. For example, the hyaluronic acid
molecule and anti-inflammatory compound may be bonded directly

by a bonding mode involving amide bond, ether bonds or the like.
When the hyaluronic acid molecule and anti-inflammatory compound

are bonded via an intervening spacer, the mode of bonding

13
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between the hyaluronic molecule and the spacer may be by amide
bond, ether bond, ester bond, thiocester bond or sulfide bond for
example, whille the mode of bonding between the spacer and the

anti-i1nflammatory compound may be by amide bond, ether bond,

ester bond, thioester bond or sulfide bond for example.

In a preferred embodiment, the anti-inflammatory compound

1s bonded to the hyaluronic acid molecule via a spacer 1n the

modified hyaluronic acid molecule. By selecting a functional
group for the spacer that matches a functional group of the
anti-inflammatory compound, 1t 1s possible to i1ntroduce the
anti-1nflammatory compound 1nto the hyaluronic acid molecule by

the desired bonding mode.

From the standpoint of biodegradability, a preferred
embodiment provides a modified hyaluronic acid molecule 1n which
a group derived from the anti-inflammatory compound 1s
covalently bonded to a hyaluronic acild skeleton via a spacer

represented by Formula (1) below. In this Description, a

"hyaluronic acid skeleton" is the structural part of the

modiflied hyaluronic acid molecule that derives from a hyaluronic

acld molecule.

10024 ]

[CL1]

14
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[0025] In Formula (1), R! is a hydrogen atom or alkyl group
having carbon number of not less than 1 and not more than 3; and
R< 1s an optionally substituted linear alkylene group having
carbon number of not less than 1 and not more than 12. R! 1s
preferably a hydrogen atom. R¢ is preferably an optionally
substituted linear alkylene group having carbon number of not
less than 1 and not more than 4, and more preferably an
unsubstituted linear alkylene group having carbon number of not
less than 1 and not more than 2. For purposes of sustaining the

medicinal effects, R? 1s still more preferably an ethylene group,

and 1t 1s especially desirable for R! to be a hydrogen atom and

R an ethylene group.

Exampies of substituents of R? include aryl groups having
carbon number of not less than 6 and not more than 20, alkoxy
groups having carbon number of not less than 1 and not more than
11, acyl groups having carbon number of not less than 1 and not
more than 11, carboxyl groups, and halogen atoms (such as
fluorine, chlorine, bromine and iodine atoms) and the like.

From the standpoint of biodegradability, a more preferred

embodlment provides a modified hyaluronic acid molecule
contailning a constituent disaccharide unit represented by

Formula (Z2) below.
1 0026]

[ C2]

15
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| (2)

[0027] Rl and R4 1in Formula (2) are defined as in Formula
(1), and the definitions of Formula (1) may be applied
appropriately. In Formula (2), X represents a group derived
from an anti-inflammatory compound.

[0028] To achieve a balance between the effective

concentration of the anti-inflammatory compound and the

solubillity 1n an agqueous composition, a preferred embodiment
provides a modified hyaluronic acid molecule in which the
proportion of constituent units represented by Formula (2)
(corresponding to the introduction rate described below) as a
percentage of the total constituent disaccharide units making up
the modified hyaluronic acid is not less than 0.1 mol% and not
more than 80 mol%. The proportion of constituent units

represented by Formula (2) as a percentage to the total

constituent disaccharide units constituting the modified
hyaluronic acid is more preferably not less than 5 mol% and not

more than 50 mol%, or still more preferably not less than 10

mols and not more than 30 mol%, or yet more preferably not less

than 15 mol% and not more than 30 mol%. The proportion of

constituent units represented by Formula (2) can be adjusted by

16
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varyilng the condensing agent, condensing aid, reaction
equlvalent of the spacer molecule and reaction equivalent of the
antl-inflammatory compound and the like 1n the reaction step
that 1Introduces the anti-inflammatory compound into the
hyaluronic acid molecule. O0Of the constituent disaccharide units
1n the modified hyaluronic acid molecule, a glucuronic acid
derived unit 1in a constituent disaccharide unit other than the
constituent disaccharide unit represented by Formula (2) above

may have elther a carboxyl group or a carboxylic acid salt

group, but preferably has an alkali metal salt (for example

sodium or potassium salt) group.

[0029] For the compound used as a spacer (spacer compound),
a compound having at least one functional group that binds to
the hyaluronic acid molecule and at least one functional group
that binds to the anti-inflammatory compound may be selected

appropriately according to the mode of bonding between the

hyaluronic acid molecule and the anti-inflammatory compound.

For example, when introducing a spacer by forming an amide
bond with a carboxyl group of the hvaluronic acid molecule, a
spacer compound having an amino group may be selected. When

introducing a spacer by forming an ester bond with a carboxyl

group of the hyaluronic molecule, a spacer compound having a
hydroxyl group may be selected. When introducing a spacer by

forming an ester bond with a hydroxyl group of the hyaluronic

17
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acid molecule, a spacer compound having a carboxyl group may be

selected. For the standpoint of ease of i1ntroduction into the
hyaluronic acid molecule and stability in vivo, a preferred
embodiment 1s a spacer compound having an amino group.
Similarly, when introducing a spacer by forming an ester
pond with a carboxyl group of the anti-inflammatory compound, a
spacer compound having a hydroxyl group may be selected. When
introducling a spacer by forming an amide bond with a carboxyl
group of the anti-inflammatory compound, a spacer compound
naving an amino group may be selected. When introducing a
spacer by forming an ester bond with a hydroxyl group of the
anti-inflammatory compound, a spacer compound having a carboxyl
group may be selected. When 1ntroducing a spacer by forming a
thioester bond with a mercapto group of the anti-inflammatory
compound, a spacer compound having a carboxyl group may be
selected. From the standpoint of release of the anti-

inflammatory compound by biodegradation, the mode of bonding

between the spacer and the anti-inflammatory compound is
preferably ester bonding or thicester bonding, and more
preferably ester bonding.

As discussed above, the spacer compound may be selected
appropriately according to the functional groups of the
hyaluronic acid molecule and anti-inflammatory compound, and

examples include diaminocalkanes having carbon number of not less

18
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than 2 and not more than 18, optionally substituted aminoalkyl
alcohols having carbon number of not less than 2 and not more
than 12, and amino acids and the like. An amlno acid may be a

natural or non-natural amino acid, without any particular
limitations, and examples include glycine, PB-alanine and y-

aminobutyric acid.
100301 Using a spacer compound (polyvalent spacer compound)

having multiple functional groups capable of forming bonds with

antl-inflammatory compounds, it is possible to bond multiple

anti-inflammatory compounds to a single spacer. It 1s thus
possible to iIntroduce multiple anti-inflammatory compounds into
a silngle functional group (such as a single carboxyl group) of a
hyaluronic acid molecule. When using a polyvalent spacer
compound, 1t 1s also possible to introduce more anti-
inflammatory compounds by reacting only some of the hydrophilic
groups such as carboxyl groups and hydroxyl groups of the

hyaluronic acid molecule with the polyvalent spacer compound.
This means that a polyvalent spacer compound is advantageous

from the standpoint of water solubility when the composition for

treating joint disease 1s made into an aqueous composition.

Examples of such polyvalent spacer compounds include 2-
aminopropane-1,3~diol, serine, threonine, 2-amino-1,5-
pentanediol, 3-amino-1,2-propanediol,

tris (hydroxymethyl)aminomethane, and derivatives of these and

19
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the like.

[0031] As the method for i1ntroducing the spacer and anti-

inflammatory compound into the hyaluronic acid molecule, the

anti-inflammatory compound may be introduced into a hyaluronic
acid molecule having an i1ntroduced spacer, or the hyaluronic
acld molecule may be reacted with an anti-inflammatory compound
having an 1ntroduced spacer.

The methods of bonding the anti-inflammatory compound,
hyaluronic acid molecule and spacer compound are not
particularly limited. For example, any method commonly used in
such bonding reactions may be used as long as it is a method
capable of forming ester bond, amide bond and thiocester bond and
the like, and the reaction conditions can be determined and
selected appropriately by a person skilled in the art.

The bonding reaction between the hyvaluronic acid molecule
and the spacer compound or spacer-bonded anti-inflammatory

compound can pbe achleved using either a carboxyl group or a

hydroxyl group of the hyaluronic acid molecule, but can be more
easily achieved using the carboxyl group due to the greater
reactivity of the functional group. Methods for achieving such

ponding 1include for example methods using water-soluble

condensing agents such as water-soluble carbodiimides (for

example, l-ethyl-3-(3-dimethylaminopropyl)-carbodiimide

hydrochloride (EDCI-HC1l) or l-ethyl-3-(3-

20
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dimethylaminopropyl)carbodiimide methionodide), methods using

these condensing agents together with condensing aids such as N-

hydroxysuccinimide (HOSu) and N-hydroxybenzotriazole (HOBt), and
active ester methods, acid anhydride methods and the like.

Bonding between the hyaluronic acid molecule and the spacer

compound or spacer-bound anti-inflammatory compound 1s

preferably ester bond or amide bond, and more preferably amide
bond.

[0032] The introduction rate of the anti-inflammatory
compound 1n the modified hyaluronic acid molecule (in this
Description, the "introduction rate of the anti-inflammatory
compound 1n the modified hyaluronic acid molecule”" 1s sometimes
called simply the "introduction rate"™) 1is preferably not less

than 0.1 mol% and not more than 80 mol%, or more preferably not

less than 5 mol% and not more than 50 mol%, or still more

preferably not less than 10 mol% and not more than 30 mol%, or
especlally not less than 15 mol% and not more than 30 mol% in
order to achieve a balance between the effective concentration

of the anti-inflammatory compound and the solubility in an

agqueous composition.

The "introduction rate" in this Description is a value

Calculated by Calculation Formula 1 below, and can be determined

by absorbance measurement for example. More specifically, it

can be obtained by entering the number of moles of constituent
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disaccharide units of the modified hyaluronic acid molecule as
calculated by the carbazole absorbance method and the number of
moles 0of the anti-inflammatory compound as calculated from a
calibration curve prepared in advance based on the
characteristic absorbance values of each anti-inflammatory
compound 1into the following Calculation Formula 1. The
introduction rate can be adjusted by varying the condensing
agent, condensing aild, reaction equivalent of the spacer
molecule and reaction equivalent of the anti-inflammatory
compound and the like 1in the reaction step of introducing the
anti-inflammatory compound into the hyaluronic acid molecule.
[0033]

[ Math. 1]

Calculation Formula 1:

Introduction rate (mol%) = (Number of groups derived from anti-
inflammatory compound/number of constituent disaccharide units)

x 100

10034 ] In one empodiment, alkall treatment is performed
after the reaction that introduces the anti-inflammatory
compound 1nto the hyaluronic acid molecule via the spacer. The

fluidity of a composition containing the modified hyaluronic

aclid molecule and the solubility of the modified hyaluronic acid
molecule in an aqueous solvent can sometimes be lmproved 1in this

way. This alkali treatment is not particularly limited as long
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as 1t 1s treatment to make the reaction solution more alkaline
after the i1ntroduction reaction. A specific example 1s a method
of adding elther an organilic base or an inorganic base to the
solution, and considering subsequent treatment and the like it
1s preferably to add an inorganic base. In particular, a weak
base such as sodium hydrogen carbonate or sodium carbonate is
deslrable because 1t i1s less likely to affect the hyaluronic
acid molecule and anti-inflammatory compound. The pH conditions
of this alkalil treatment may be not less than 7.2 and not more
than 11, or preferably not less than 7.5 and not more than 10
for example. The treatment time for alkalil treatment is also
not particularly limited, but may be not less than 2 hours and
not more than 12 hours for example, or preferably not less than
2 and not more than 6 hours. As a specific example, an anti-
inflammatory compound derivative with an introduced spacer can
pe first reacted with a hyaluronic acid molecule, after which a

weak alkali such as sodium hydrogen carbonate is added to the

reaction solution and stirred for several hours to treat the
solution, which is then neutralized and post-treated by ethanol

sedimentation, drying and the like to obtain the target modified

hyaluronic acid molecule.

10035] A conventional known steroidal compound or non-
steroidal compound having anti-inflammatory action may be used

as the "anti-inflammatory compound" in the present Description.
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Specific examples of steroidal anti-inflammatory compounds
1nclude hydrocortisone, cortlisone acetate ester, dexamethasone,
dexamethasone palmitate ester, betamethasone, triamcinolone,
triamcinolone acetonilide, prednisolone, methyl prednisolone,
paramethasone acetate ester, halopredone acetate, prednisolone
farnesylate, tetracosactilide acetate and the like.

In this Description, examples of non-steroidal anti-
inflammatory compounds (hereunder also called "NSAIDs" in the
Description) include arylacetic acid compounds (such as
indomethacin, sulindac, tolmetin, diclofenac, etodolac,
acemetacin, proglumetacin, amfenac, felbinac, nabumetone,
mofezolac, alclofenac and pharmaceutically acceptable salts of
these compounds and the like), oxicam compounds (such as
piroxicam, lornoxicam, meloxicam, ampiroxicam, tenoxicam and
pharmaceutically acceptable salts of these compounds and the
like), propionic acid compounds (such as ibuprofen, naproxen,

ketoprofen, fenoprofen, flurbiprofen, tiaprofenic acid,

oxaprozin, zaltoprofen, loxoprofen, fenbufen, aluminoprofen,
pranoprofen, and pharmaceutically acceptable salts of these
compounds and the like), fenamic acid compounds (such as
mefenamic acid, flufenamic acid, meclofenamic acid, tolfenamic
acid, floctafenine, and pharmaceutically acceptable salts of
these compounds and the like), coxib compounds (such as

celecoxlb and the like), salicylic acid compounds (such as
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aspirin, salicylic acid, salsalate, diflunisal, and
pharmaceutically acceptable salts of these compounds and the
1l1ke), acetaminophen, tiaramide, eplrizole, emorfazone,
tinoridine, tolmetin, diflunisal floctafenine, disease-modifying

antl-rheumatic drugs (DMARDs) (such as actarit,

salazosulfapyridine, bucillamine, leflunomide, penilicillamine,
auranofin, mizoribine, lobenzarit, tacrolimus, methotrexate,

infliximab, etanercept, adalimumab, golimumab, certolizumab and

tocilizumab) and the 1like.

To facilitate 1ntroduction of the anti-inflammatory
compound 1nto the hyaluronic acid molecule, a compound having a

carboxyl group or carboxylic acid salt group in the side chain,

such as 1ndomethacin, sulindac, tolmetin, diclofenac, etodolac,

acematacin, amfenac, felbinac, mofezolac, alclofenac, ibuprofen,
naproxen, Kketoprofen, fenoprofen, flurbiprofen, tiaprofenic
acid, oxaprozin, zaltoprofen, loxoprofen, fenbufen,

aluminoprofen, pranoprofen, mefenamic acid, flufenamic acid,

meclofenamic acid, tolfenamic acid, aspirin, salicylic acid,

salsalate, diflunisal, actarit, salazosulfapyridine, bucillamine
Oor a pharmaceutically acceptable salt of these compounds, 1is
preferred out of the anti-inflammatory compounds given as

examples above.

From the standpoint of its pharmacological effects, the

anti-inflammatory compound is preferably an arylacetic acid
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compound such as those gilven as examples above, and diclofenac
or 1ts pharmaceutically acceptable salt 1s more preferred.

In a preferred embodiment, a compound having the molecular
skeleton represented by Formula (3) below 1s used as the anti-

inflammatory compound.

(0036]
[C3]
QY
~
7
O
NH
(3)

[0037] In Formula (3), Y 1s a hydrogen atom, sodium atom or

potassium atom.

In a more preferred embodiment, a compound represented by

Formula (3') below 1is used as the anti-inflammatory compound.

1 0038]

1 C4 ]
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R (3" )
[0039] ~ In Formula (3'), R? 1s selected from a group
consisting of the straight or branched chain alkyl groups having
carbon number of not less than 1 and not more than 6, straight
or branched chain alkoxy groups having carbon number of not less
than 1 and not more than © and a hydrogen atom. In one
embodiment, R’ 1s attached at the 5-position when a carboxymethyl
group 1s at position 1 and -NH- 1s at position 2 on the benzene
ring to which R? 1s attached. R4, R° and R® are each
1ndependently selected from a group consisting of the straight
or branched chain alkyl groups having carbon number of not less
than 1 and not more than 6, straight or branched chain alkoxy
groups having carbon number of not less than 1 and not more than
o, a hydroxyl group, the halogen atoms (for example, fluorine,
chlorine, bromine and iodine atoms) and a hydrogen atom. R7 and
R® are each independently selected from a group consisting of the

straight or branched chain alkyl groups having carbon number of
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not less than 1 and not more than 6, straight or branched chain

alkoxy groups having carbon number of not less than 1 and not

more than 6, a trifluoromethyl group, and the halogen atoms.
However, at least one of R’ and R® is a halogen atom. In Formula
(3'), Y 1s defined as 1in Formula (3). A more preferred example
of the anti-inflammatory compound above is diclofenac, in which
RJ, R*, R°> and R® are hydrogen atoms, R7 and R® are chlorine
atoms, and Y 1s a hydrogen atom.

An example of the compound represented by Formula (3')
above 1s a compound described in WO 99/11605. The content
described 1n this publication is incorporated by reference in
this Description.

(0040 ] In one embodiment, the composition for treating joint
disease of the present invention contains the modified
hyaluronic acid molecule in the amount of not less than 0.01 wt$
and not more than 80 wt% of the composition. In another
embodiment, the composition for treating joint disease of the
present 1invention contains the modified hyaluronic acid molecule
in the amount of not less than 0.1 wt$% and not more than 10 wt%.
(0041 ] The composition for treating Jjoint disease of the
invention may contain a pharmaceutically acceptable carrier in
addition to the modified hyaluronic acid mentioned above.
Preferred examples of this pharmaceutically acceptable carrier

include aqueous solvents such as water for 1njection, phosphate-
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puffered saltine (PBS), physiological saline and Ringer's
solution. In one embodiment, the composition for treating joint
disease 1is prepared by mixing this physiologically acceptable
carrier with the modified hyaluronic acid molecule. Additives
such as buffers may also be added to the composition as
necessary. Moreover, the composition for treating joint disease

may also be treated by dust removal, disinfection, sterilization

or the like with a filter or the like after the components are
mixed.

(0042 ] In one embodiment, the composition for treating joint
disease of the invention is used by administration into a joint
at a ftrequency of once per period of 4 weeks or more. From the
standpoint of the medicinal effects, the composition for
Lreating joint disease of the invention is preferably
administered once per period of not less than 4 weeks and not
more than 52 weeks, or more preferably once per period of not

less than 4 weeks and not more than 12 weeks, or still more

preferably once per period of not less than 4 weeks and not more

than 8 weeks, or most preferably once in a period of four weeks

to less than eight weeks.
In one embodiment, the composition for treating joint
disease of the invention is administered to a joint at a

frequency of once about every four weeks.
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The number of administrations of the composition for
treating jolnt disease of the invention 1s determined
approprliately according to the condition of the patient's joint
dlisease, but may be at least one, or preferably at least two, or
more pretferably at least three administrations.

In a preferred embodiment, the treatment period with the
composition for treating jolnt disease of the invention extends
from the start of administration until the patient no longer has
subjective symptoms, and the number of administrations during
thlis treatment period is at least one. In a more preferred
embodliment, the number of administrations of the composition for
treating jolnt disease i1s not less than 2 and not more than 13,
or more preferably not less than 3 and not more than 10.
"Subjective symptoms" here mean for example subjective symptoms
associlated with pain or physical function (joint function).

Subjective symptoms can be evaluated for example using the

WOMAC® A and C described in the examples.
In a case of multiple dose administration, individual
dosing interval of the composition for treating joint disease of

the present 1nvention may be the same or different. However,

the joint disease treatment process may include a dosing

interval of less than four weeks. Preferably, each dosing
interval 1s four weeks or more. 1In a preferred embodiment, the

composition for treating joint disease of the present 1nvention
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1s administered at predetermined i1ntervals of four weeks or

more.
(0043 ] In one embodiment, from the perspective of medicinal
effect, preferably not less than 5 mg and not more thanlO0 mg,
or more preferably not less than 10 mg and not more thanb50 mg,
or still more preferably not less than 20 mg and not more than4d0
mg, or most preferably about 30 mg of the modified hyaluronic
aclid molecule 1s administered 1n one administration. One aspect
of the 1nvention provides a composition for treating joint
disease that 1s used for such administration.

In one embodiment, from the perspective of medicinal
effect, a composition for treating joint disease contalning the
anti-inflammatory compound 1in the amount of preferably not less
than 0.1 mg and not more than20 mg, or more preferably not less
than 0.5 mg and not more thanl0O mg, or still more preferably
more than not less than 1 mg and not more thanb mg is

administered per administration. One aspect of the present
invention provides a composition for treating joint disease that

1s used for such administration.

When the composition for treating jolnt disease of the
present 1nvention 1s an aqueous composition containing an
aqueous solvent such as those given as examples above,
preferably not less than 0.5 mL and not more thanlQO mL, or more

preferably not less than 2 mL and not more than4d mL of the
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aqueous composition 1s administered per administration from the
standpoint of convenience of treatment.

In a preferred embodiment, not less than 10 mg and not more
thans0 mg of the modified hyaluronic acid molecule per
administration 1s administered at least twice at a frequency of
once every four weeks to less than eight weeks. One aspect of
the 1nvention provides a composition for treating joint disease
that 1s used for such administration.

In another preferred embodiment, not less than 20 mg and

not more than 40 mg of the modified hyaluronic acid molecule per
administration 1s administered at least three times at a
frequency of once every four weeks to less than eight weeks.
One aspect of the 1nvention provides a composition for treating
jolnt disease that is used for such administration.

(0044 ] The mode of administration of the composition for
treating joint disease of the invention is not particularly
limited, and examples include intraarticular injection,
intravenous injection, intramuscular injection, subcutaneous
injection, transdermal injection and the like. The composition
for treating joint disease of the invention may be administered

Py any oral or non-oral administration route, but is preferably

administered by intraarticular injection.
[0045] The dosage form of the composition for treating joint

disease of the invention is not particularly limited, and it may
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be formulated as an 1njection, cCcream, olntment, solid
preparation for external use, lotion, spray, gel, patch or any
other dosage form according to the administration route. Of
these, the dosage form of the composition for treating joint
disease of the invention 1s preferably an injection. In one
empbodliment, the composition for treating joint disease of the
1nvention 1s administered into a joint as an injection. These
formulations can be manufactured by ordinary methods.

(004 0] The composition for treating joint disease of the
1nvention 1s intended for humans (human patients). From the
perspective of the medicinal effects, the composition for
treating joint disease of the invention is preferably

administered to a joint disease patient having pain for at least

12 weeks (that 1s, the pain duration period is at least 12
weeks). In other words, in one embodiment of the invention the
target 1s a jJoint disease patient having pain continuously for

at least 12 weeks. "A joint disease patient having pain for at

least 12 weeks" here means a patient who has had subjective

symptoms of paln 1n the part affected by the joint disease to be

treated continuously for 12 weeks or more before the start of

administration of the composition for treating joint disease of

the 1nvention.

From a similar perspective, the composition for treating

joint disease of the invention is more preferably administered
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to a jolint disease patient having pain for at least 26 weeks
(about half a year). That 1s, one embodiment of the 1invention
1s targeted at a jolnt disease patlent having paln that has
persisted for 26 weeks or more. "A joint dilsease patient having
paln for at least 26 weeks" here means a patient who has had
subjective symptoms of palin continuously for 26 weeks or more in
the part affected by the joint disease to be treated before the
start of administration of the composition for treating joint
disease of the invention.

Although the joint disease treatment of the invention is
not restricted 1n terms of mechanism, the composition 1is
expected to be especially effective 1n patients with long pain
duration periods due to the synergistic effect of the anti-
inflammatory compound and the hyaluronic acid molecule.

(0047 ] The composition for treating joint disease of the
invention 1is administered to a joint disease patient having a

BMI (patient weight (kg)/(patient height (m))2) of at least 25

kg/ms. A BMI of at least 25 kg/m? is a benchmark for obesity

according to the 2011 obesity criteria of the Japan Society for
the Study of Obesity, and an association with increased

occurrence of complications (such as glucose intolerance, lipid
abnormalities, high blood pressure, etc.) has been indicated.
As shown 1n detaill in the examples below, dramatic

improvement effects from the composition for treating joilnt
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disease of the i1nvention have been confirmed 1n a group of

patients with BMIs of at least 25 kg/m?¢ out of the joint disease

patients. Even assuming that the burden on the jolnts 1ncreases

(Joint disease becomes more likely) as the BMI increases or in
other words as obesity progresses, thilis dramatic improvement
effect 1s unexpected considering that a good response from

treatment was obtained with the composition for treating joint

disease 1n a group of patients with BMIs within the specified
range. The mechanism for this dramatic iImprovement 1is unknown,
put 1t 1s speculated that the synergistic effect of the anti-
inflammatory compound and hyaluronic acid may be particularly
effective 1n jolint disease patients in whom the burden on the
joints 1s severe due to obesity. This mechanism is only a
speculation, and the joint disease treatment of the invention is
not restricted as to the mechanism of action.

More preferably, the composition for treating joint disease

of the invention 1s administered to a joint disease patient

having a BMI of less than 35 kg/m?. That 1s, one embodiment of

the 1nvention 1s targeted at joint disease patients with BMIs of

not less than 25 kg/m® to less than 35 kg/m?. This BMI is a

value measured within four weeks of the start of administration
of the composition for treating joint disease of the invention,

and preferably a value measured within two weeks of the start of
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administration of the composition for treating joint disease of
the i1nvention.

One embodiment provides a syringe contalning the
composition for treating joint disease of the invention packed
1n a syringe barrel. One embodiment can also provide a kit
contalning a syringe contalning the composition for treating
joint disease of the 1nvention packed in a syringe barrel. This
syringe 1s equilpped with a plunger or the like for ejecting the
drug, so that the composition for treating joint disease of the
invention can be ejected. In one embodiment, the composition
for treating jolint disease packed in the syringe can be provided

1n a sterile state. In one embodiment, the syringe barrel 1is

filled 1n advance with a single dose of the composition for
Lreating joint disease. The kit may also be a kit containing a
solution of the modified hyaluronic acid molecule dissolved in
phosphate-buffered saline, physiological saline or water for
injection and packed in a syringe barrel, together with a
medical syringe sealed with a slidable drug ejection plunger. A
commonly used plunger may be used as the plunger for drug
injection, which is formed from an elastic material such as

rubber or synthetic rubber and inserted slidably in tight

contact with the syringe. The kit may also contain a plunger

rod for pushing down on the plunger to eject the drug, as wel.

as an instruction manual, package insert or the like.
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(0048 ] <Embodiments>

Examples of pretferred embodiments of the i1nvention are
given below.

(1] A composition for treating a human joilnt disease,
wherein the composition comprilising a modified hyaluronic acid or
a pharmaceutically acceptable salt thereof having a group
derived from a steroidal or non-steroidal anti-inflammatory

compound, which 1s administered for the joint disease patient

having a BMI of at least 25 kg/m?.

[ 2] The composition according to [1] above, wherein the

joint disease patient having a BMI of less than 35 kg/m?.
[ 3] The composition according to [1] or [2] above, which
1s administered for the joint disease patient having duration of

pain for 26 weeks or more.

[ 4] The composition according to any one of [1] to [3]
above, which 1s an injection.

[ O] The composition according to any one of [1] to [4]
above, wherein the group derived from an anti-inflammatory
compound 1s bonded to a hyaluronic acid or a pharmaceutically
acceptable salt thereof via a spacer in the modified hyaluronic

acid or a pharmaceutically acceptable salt thereof.

[ 0] The composition according to [5] above, wherein the

mode of bonding between the hyaluronic acid or a

pharmaceutically acceptable salt thereof and the spacer 1S
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selected from the group consisting of amide bond, ether bond,
ester bond, thloester bond and sulfide bond.

[ 7] The compositilon according to [5] or [6] above, herein
the mode of bonding between the spacer and the group derived
from an anti-inflammatory compound is selected from the group
consisting of amide bond, ether bond, ester bond, thiocester bond
and sulfide bond.

[ 8] The composition according to any one of [1] to [7]
above, wherein the group derived from an anti-inflammatory
compound 1s covalently bonded to a hyaluronic acid skeleton via a

spacer having a structure of the following Formula (1):

10049]
[CO]
~“NR'=R*~0~-
(1)
0050 ] 1n Formula (1), R! is a hydrogen atom or an alkyl

group having carbon number of 1 to 3; and R? is an optionally

substituted linear alkylene group having carbon number of 1 to

12.

[ 9] The composition according to [8] above, wherein R! is

a hydrogen atom and R? is an ethylene group.

[10] The composition according to any one of [1] to [8]

above, wherein the modified hyaluronic acid or a
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pharmaceutically acceptable salt thereof contalns a structural
unit of the following Formula (2):

(0051 ]

(CO]

NHCOCHS OH (2)

[0052] in Formula (2), R! 1s a hydrogen atom or a alkyl

group having carbon number of 1 to 3; R? is an optionally
substituted linear alkylene group having carbon number of 1 to

1Z2; and X 1s the group derived from an anti-inflammatory

compound.

(11] The composition according to [10] above, wherein R!
1s a hydrogen atom and R? is an ethylene group.

|12] The composition according to [10] or [11] above,
wherein the percent ratio of the number of structural units of
the Formula (2) to the total number of constituent disaccharide
units constituting the modified hyaluronic acid or a

pharmaceutically acceptable salt thereof is not less than 0.1

mols and not more than 80 mol%.

[13] The composition according to any one of [1] to [12]

above, wherein a dose of not less than 5 mg and more than 100 mg
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by weight of the modified hyaluronic acid or a pharmaceutically
acceptable salt thereof 1s used 1n a single admilinistration.

|14] The composition according to any one of [1] to [13]
apbove, wherein a dose of not less than 0.1 mg and not more than
20 mg by weight of the anti-inflammatory compound is
administered 1n a single administration.

[15)] The composition according to any one of [1] to [14]
above, wherein the joint disease is osteocarthritis.

[16] The composition according to any one of [1] to [15]
apove, wherein the treatment consists in improving, curing or
suppressing the progress of symptoms.

|17] The composition according to [16] above, wherein the
Creatment consists 1n 1mproving, curing or suppressing the
progress of joint paln, or improving joint function.

[18] The composition according to any one of [1] to [17]
apbove, further containing a pharmaceutically acceptable carrier.

119] The composition according to any one of [1] to [18]
above, wherein the steroidal or non-steroidal anti-inflammatory

compound 1s diclofenac or a pharmaceutically acceptable salt

thereof.

120] The composition according to any one of [1] to [ 19]
apove, wherein the group derived from a steroidal or non-
steroidal anti-inflammatory compound is bonded to hyaluronic

acld or a pharmaceutically acceptable salt thereof having a
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weight-average molecular weight of not less than 10,000 and not
more than 5,000,000 in the modified hyaluronic acid or a
pharmaceutically acceptable salt thereof.

(21) A kit containing a syringe comprising the composition
according to any one of [1] to [20] packed 1n a syringe barrel.
(0053 ] [22] A composition for use in a method for treating
Jjoint disease of human joint disease patients, contalning a
modified hyaluronic acid or a pharmaceutically acceptable salt

thereof having a group derived from a steroidal or non-steroidal

anti-inflammatory compound, wherein the method 1s applied to a

human joint disease patient having a BMI of at least 25 kg/m*.

(23] The composition accordlng to [22] above, wherein the
jolint dilisease patient to which the method 1s applied baving a

BMI of less than 35 kg/m-.

[24] The composition according to [22] or [Z23] above,

whereln the method 1s applied to a human joint disease patient

having duration of pain for 26 weeks or more.

125] The compositlon according to any one of [22] to [24]

above, wherein the method 1s performed by injection.
[20] The composition according to any one of [22] to [25]

above, wherein the modified hyaluronic acid or a

pharmaceutically acceptable salt thereof includes the group

derived from an anti-inflammatory compound bonded to hyaluronic

acid or a pharmaceutically acceptable salt thereof via a spacer.
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[27] The composition according to [26] above, wherein the
mode of bonding between the hyaluronic acid or a
pharmaceutically acceptable salt thereof and the spacer 1s
selected from the group consisting of amide bond, ether bond,
ester bond, thioester bond and sulfide bond.

(28] The composition according to [26] or [27] above,
whereiln the mode of bonding between the spacer and the group
derived from an anti-inflammatory compound 1s selected from the
group consisting of amide bond, ether bond, ester bond,
thiocester bond and sulfide bond.

129] The composition according to any one of [2Z2] to [28]

apbove, wherein the group derived from an anti-inflammatory

compound 1s covalently bonded to the hyaluronic acid skeleton

via a spacer having a structure of the following Formula (1):

(0054 ]

[C 7]

- NR'—-R*=0O~
(1)

[0055] 1n Formula (1), R! is a hydrogen atom or a alky:

group having carbon number of 1 to 3; and R? is an optionally

substituted linear alkylene group having carbon number of 1 to

12.

130]  The composition according to [29] above, wherein Rl

1s a hydrogen atom and R? is an ethylene group.
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[ 31] The composition according to any one of [22] to [29],
wherein the modifiled hyaluronic acid or a pharmaceutically
acceptable salt thereof contains a structural unit of the

following Formula (2):

[0056]
[C3]
I
CH,OH C-NR'-R?-0-X
OH
NHCOCH, OH (2)
[0057] 1n Formula (2), R! is a hydrogen atom or a alkyl

group having carbon number of 1 to 3; R? is an optionally
substituted linear alkylene group having carbon number of 1 to
12; and X 1s a group derived from an anti-inflammatory compound.

| 32] The composition according to [31] above, wherein R!
1s a hydrogen atom and R? is an ethylene group.

[33] The composition according to [31] or [32] above,
wherein the percent ratio of the number of structural units of
the Formula (2) to the total number of constituent disaccharide

units constituting the modified hyaluronic acid or a

pharmaceutically acceptable salt thereof is not less than 0.1

mol3 and not more than 80 mol%.
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[34] The composition according to any one of {22] to [33]
above, whereilin the method includes administering a dose of not
less than 5 mg and not more than 100 mg by weight of the
modified hyaluronic acid or a pharmaceutically acceptable salt
thereof 1n a single administration.

[35] The composition according to any one of [22] to [34]
above, wherein the method 1ncludes administering a dose of not
less than 0.1 mg and not more than 20 mg by weight of the anti-
inflammatory compound 1n a single administration.

[30] The composition according to any one of [22] to [35]
apove, wherein the joint disease 1s osteocarthritis.

137} The composition according to any one of [22] to [36]
above, wherein the treatment consists 1n improving, curing or
suppressing the progress of symptoms.

[38] The composition according to [37] above, wherein the
treatment consists 1n 1mproving, curlng or suppressing the
progress of joint pain, or improving joint function.

1 39] The composition according to any one of [22] to [38]
above, further containing a pharmaceutically acceptable carrier.

140} The composition according to any of [22] to [39]
above, wherein the steroidal or non-steroidal anti-inflammatory

compound 1s diclofenac or a pharmaceutically acceptable salt

thereof.
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[41] The composition according to any one of [22] to [40]

above, wherein the group derived from a steroidal or non-

sterolidal anti-inflammatory compound 1s bonded to hyaluronic
acid or a pharmaceutically acceptable salt thereof having a
welght-average molecular weight of 10,000 to 5,000,000 1n the

modified hyaluronic acid or a pharmaceutically acceptable salt

thereof.

(0058 ] [(42] The use of a modified hyaluronic acid or a

pharmaceutically acceptable salt thereof having a group derived

from a steroidal or non-steroidal anti-inflammatory compound in

the manufacture of a composition for treating joint disease,

whereln the composition is for treating joint disease in a human

joint disease patient with a BMI of at least 25 kg/m?.
[43] The use according to [42] above, wherein the

composition 1s for treating joint disease in a human joint

disease patient with a BMI of less than 35 kg/m?2.

[0059] 144] A method for treating human joint disease,
including a step of administering a composition containing a
modified hyaluronic acid or a pharmaceutically acceptable salt
thereof having a group derived from a steroidal or non-steroidal

anti-inflammatory compound to a joint of a patient, wherein the

patient is a joint disease patient having a BMI of at least 25

kKg/m-.
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[45] The method according to [44] above, wherein the

patient having a BMI of less than 35 kg/m-2.

[46] The method according to [44] or [45] above, wherein

the administration is performed by 1njection.

Examples

(00601 Preferred embodiments of the invention are explained
1n detail below with reference to examples, but the scope of the
present 1nventlon 1s 1n no way limited to these examples.

10061] Unless otherwise specified, operations and

measurements of physical properties and the like were performed

under conditions of room temperature (not less than 20 C and not

more than 25 C), not less than 40% and not more than 50% RH.

[0062] <Synthesis examples>

Sodium hyaluronate with introduced aminoethanol-diclofenac
(test substance) was synthesized by the methods described 1n the
examples of WO 2005/066214 (weight average molecular weight of
hyaluronic acid: 800,000, introduction rate: 18 mol$%).

More specifically, this was synthesized by the following
procedures.

2.155 g (10.5 mmol) of 2-bromoethvylamine hydrobromide was
dissolved in 20 mL of dichloromethane, 1.463 mL (10.5 mmol) of
triethylamine was added under ice cooling, and 5 mL of a

dichloromethane solution of 2.299 g (10.5 mmol) of di-tert-

putyl-dicarbonate (Boc:0) was further added and stirred in. This
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was stirred for 90 minutes at room temperature, ethyl acetate
was added, and the mixture was separately washed successively
with 5 wt% aqueous citric acid solution, water, and saturated

saline. After dehydration with sodium sulfate, the solvent was

distilled off under reduced pressure to obtain Boc-aminoethyl

bromide.

o mL of a dimethylformamide (DMF) solution of 2.287 g (10.2

mmol) of the Boc-aminoethyl bromide obtained above was ice
cooled, 6 mL of a DMF solution of 3.255 g (10.2 mmol) of
diclofenac sodium was added, and the mixture was stirred

overnight at room temperature. This was stirred for 11 hours at

o0 C, and then stirred overnight at room temperature. Ethyl

acetate was added, and the mixture was separately washed
successively with 5 wt% sodium hydrogen carbonate agueous

solution, water, and saturated saline. After dehydration with

sodium sulfate, the ethyl acetate was distilled off under

reduced pressure. The residue was purified by silica gel column

chromatography (toluene:ethyl acetate = 20:1 (v/v), 0.5 vol%

triethylamine) to obtain Boc-aminoethanol-diclofenac.

2.108 g (4.80 mmol) of the Boc-aminoethanol-diclofenac
obtained above was dissolved in 5 mlL of dichloromethane, 20 mL
of 4 M hydrochloric acid/ethyl acetate was added under ice
cooling, and the mixture was stirred for 2.5 hours. This was
precipitated by addition of diethyl ether and hexane, and the

4]



CA 030b1663 2015-07-25

preclpitate was vacuum dried. Aminoethanol-diclofenac

hyvdrochloride was obtalned 1n this way, and the structure was
identified by 1H-NMR:

‘H-NMR (500 MHz, CDClz) o (ppm) = 3.18 (2H, t, NH2CH2CH:0-),
3.94 (2H, s, Ph-CH;-CO), 4.37 (2H, t, NH,CHzCH0-), 6.47-7.31 (8H,

m, Aromatic H, NH).

500 mg (1.25 mmol/disaccharide units) of hyaluronic acid
with a weight-average molecular weight of 800,000 was dissolved
in 56.3 mL water/56.3 mL dioxane, 0.5 mL of hydroxysuccinimide

(1 mmol)/water, 0.5 mL of water-soluble carbodiimide

hydrochloride (WSCI-HC1l) (0.5 mmol)/water, and the aminoethanol-

diclofenac hydrochloride (0.5 mmol)/ (water:dioxane 1:1 (v/v),
5 mlL) obtained above were added, and the mixture was stirred

during a whole day and night. 7.5 mL of a 5 wt% sodium hydrogen

carbonate solution was added to the reaction solution, which was

then stirred for about 4 hours. 215 uL of a 50% (v/v) aqueous

acetic acid solution were added to neutralize the reaction

solution, after which 2.5 g of sodium chloride was added and

stirred in. 400 ml of ethanol was added to precipitate the

solution, and the precipitate was washed twice with an 85% (v/V)
aqueous ethanol solution, twice with ethanol and twice with
diethyl ether, and vacuum dried overnight at room temperature to

obtain sodium hyaluronate with introduced aminoethanol-
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diclofenac (test substance). The diclofenac introduction rate
as measured with a spectrophotometer was 18 mol%.

(00063 ] <Test procedures>

The effectiveness of the 1investigatilional drug (test drug
(composition for treating jolnt disease of invention) or
placebo) when administered 3 times at four-week intervals 1in the
Knee joint cavities of human knee osteocarthritis patients was
1nvestigated by a multi-center collaborative, randomized,
placebo-controlled, double-blind, parallel-group comparison

trial. The test drug and placebo were as follows:

Test drug: 3 mL of aqueous solution for injection

contalning 30 mg of test substance (3.6 mg as diclofenac);

Placebo: 3 mL of aqueous solution for injection

contalning no test substance.

The total amount (3 mL) of the test drug or placebo was
administered (1njected) into the knee joint cavities of the
affected knees of the target patients on week 0, week 4 and week
8 for a total of three injections.

The target patients were determined based on the following
inclusion criteria 1 to 9 and exclusion criteria 1 to 23.

[0064] (Inclusion criteria)

Patients fulfilling all of the inclusion criteria 1 to 9

below were targeted.
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1. Patients diagnosed with knee OA according to the

criteria of the American College of Rheumatology on the

screening examlnation date (performed within two weeks before

the 1nitial administration date).

2. Patients having pain due to OA in the target knee

pbeglnning 12 weeks or more before the consent date.

3. Patients with a Kellgren and Lawrence (KL) grade of 2
or 3 1n standing frontal X-ray image findings on the screening
examlnation date. However, i1f X-ray images taken within 6
months before the beginning of screening are available, these

1mages may be used as a substitute for images taken on the

screenling examilnation date.

- KL grade 2: Mild OA. Micro-osteophyte formation,
sometimes accompanlied by narrowing of the joint space, bone

hardening or bone cyst formation

- KL grade 3: Moderate OA. Osteophytes and moderate

narrowing of the joint space.

4, Patlents aged not less than 40 and not more than 75

on the consent date.

5. Patlents having an average value of 5 WOMAC® A (pain)

scores and a o0-foot walk test pain score of not less than 50 mm
and not more than 90 mm in the target knee on the screening

examination date and initial administration date.
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o . Patients having an average value of 5 WOMAC® A (pain)

scores and a 50-foot walk test pain score of not more than 30 mm

1n the non-target knee on the screening examination date and

1nitial adminlistration date.

7. Patlents capable of walking without walking implement
(cane, etc.) or assistance.
3 . Patients able to discontinue the test drug and drug

therapy other than acetaminophen in the target knee between the
screening 1lnitiation date and the end of observation (use of
acetaminophen 1s also prohibited beginning two days before

hospital visit dates including screening)

9. Patients who have given written consent for

participation in the trial based on free will after receiving

sufficient explanation in writing and understanding its content.

(0065 (Exclusion criteria)

Patients meeting any of the exclusion criteria 1 to 23
below were excluded from the trial.

1. Patients 1n whom the target knee clearly has
secondary OA due to other conditions such as injury.

2. Patients having pain other than the target disease in
the lower body that could affect the evaluation, or patients

having OA of the lower body other than the knee (ankle OA, hip

joint OA, etc.) on the screening examination date or initial

administration date.
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3. Patients having inflammatory disease, 1nfection or
the like of the target knee joint on the screening examination

date or i1nitial administration date, or patients who suffered

from such a disease for a period falling within 1 year before
the consent date.

4, Patients who have a skin disease or 1nfection of the
administration site on the screening examination date or initial
administration date, and who are therefore at risk of infection
from the 1injection.

5. Patients who have undergone surgical treatment or

other 1nvasive treatment (arthroscopy, joint washing, etc.) of
the affected knee within one year before the initial screening

date.

0. Patients who have taken the following drugs within

seven days before the initial screening date. However, except

for diclofenac and opioid analgesics, in the case of external

preparations (other than suppositories) this applies only to
those used on the lower limb on the same side as the target

knee.

- NSAIDs (may be used in combination with low-dose asplrin

to prevent thrombosis)
~ Corticosteroid preparations
- Opio1id painkillers

- Peripheral neuropathic pain remedies

52



CA 030b1663 2015-07-25

- Local anesthetic of the target knee

- Chondroitin sulfate injection

- Anticonvulsants, antidepressants, anxiety drugs and

Oriental medicines used for purposes of pain relief

7. Patients who have recelved 1ntraarticular

administration of crosslinked sodium hyaluronate preparations
(such as SYNVISC®) in the affected knee within six months before

the 1nitial screening date, or patients who have received

intraarticular administration of sodium hyaluronate preparations

(such as ARTZ® and SUVENYL®) in the affected knee within three

months before screening.

3. Patients who have taken the following drugs within 28
days before the start of screening. However, in the case of
external preparations (other than suppositories) this applies
only to those used on the lower limb on the same side as the

Carget knee.

- Triamcinolone acetonide

- Methylprednisolone acetic acid ester

- Oxaprozin

- Amplroxlcam

- Plroxicam

9. Patlents who have undergone block therapy (neural

pilock, epidural block, facet joint block, etc.) within 28 days

pefore the initial screening date.
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10. Patients who have taken chondroiltin sulfate
(pharmaceutical products only) 1internally for relief of joint
paln within 28 days before the 1nitial screening date (patients
who have been using 1t continuously since 29 days or more before
the 1nitial screening date may continue taking 1t during the
trial).

11. Patients who have undergone physical therapy
(exerclse therapy, physical therapy, orthosis therapy) for
treatment of the target knee OA within 28 days before the
1nitial screening date (patients who have undergone such therapy
continuously since 29 days or more before the initial screening

date may continue 1t during the trial)

12. Patients with BMIs of 35.0 kg/m? or more on the
screenling examlnation date (or a date close to the initial
adminlstration date in the case of multiple measurements)

13. Women who are pregnant or nursing, or who are shown

to be possibly pregnant as the result of a pregnancy test [a
pregnancy test 1s performed on any woman who could be pregnant;
testing 1s not required for any woman who could not be pregnant,

such as those who have undergone a hysterectomy or bilateral

tubal ligation or who appear to have gone through menopause (two

months or more since last menstrual period)].
14. Patients who have not agreed to appropriate birth

control between the consent date and the end of observation
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15. Patients suffering from or with a history of aspirin
asthma (asthma attacks i1nduced by NSAIDs or the like)

16. Patients having a history of hypersensitivity to
sodium hyaluronate, diclofenac sodium or acetaminophen

17. Patients with a history of (within five years of
consent date) or complications of malignant tumors. However,
those who have been judged to be cured by surgical treatment or
local therapy may participate.

18. Patients having any of the followling symptoms or
conditions which may affect the results of the trial:

- Patients having severe heart disease, liver disease,
Kidney dilisease, blood disease or immunodeficiency

- Patients having systemic joint disease such as rheumatoid
arthritis or gout

- Patients having systemic chronic pain disorders such as
fibromyalgia

- Patients having peripheral neuropathy due to diabetes or

the like

19. Patients having a history or complications of drug

addiction or alcoholism
20. Patients who fall into any of the following

categories 1in clinical examination on the screening examination

date:
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- Patients with AST or ALT levels at least 2.5 times the

maximum reference value of the measuring institution

— Patients with serum creatinine at least 1.5 times the

maximum reference value of the measuring i1nstitution

- Patlients who test positive for hepatitis C antibodies or

Hepatitis B surface antigen.
21. Patients who have participated 1n trials of the test

substance 1n the past

22 . Patlents who have participated 1n trials of other
drugs or medical equipment within 16 weeks before the consent
date

23. Other patients whom the i1investigative physician or
clinical trial physician has judged to be unsuitable for
participation 1in the trial.
[00606] The target patients for administration were
determined based on inclusion criteria 1 to 9 and exclusion

criteria 1 to 23 above.

A total of 1/0 patients who were found to meet the
inclusion criteria and exclusion criteria were separated
randomly i1nto a test drug administration group (87 subjects) and

a placebo administration group (89 subjects).

| Table 1] below shows the results of a breakdown of each

patient group using a BMI of 25 kg/m? and pain duration periods

(DP) of 26 weeks as threshold values.
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The numbers of patients in Table 1 below correspond to

patient numbers at the start of testing.

(0067 ] Effectiveness was evaluated by the followiling

evaluation methods at the time of the 1nitial administration and
at evaluation points 1, 2, 4, 6, 8, 10 and 12 weeks after the

1nitial administration.

<Evaluation methods>

“ffectlveness was evaluated using the WOMAC® evaluation

(The Journal of Rheumatology 1988; 15:12, p. 1833-1840)

developed by Dr. Nicholas Bellamy. The WOMAC® evaluation has

pbeen established as a method for evaluating osteocarthritis (The
Journal of Rheumatology 2000; 27:11, p. 2635-2641).

The patient response method used the VAS (Visual Analog
Scale). With the VAS, the degree of a patient's own feelings in
response to each question 1s indilicated by the patient on a 100
mm line, and the degree is evaluated according to the position

on the line. Position is represented as length from the left

end of the scale. For example, a patient is asked the same
question about pain in evaluations before and after
administration, and the patient responds by indicating a
position (degree) on the scale. Numerical values for
improvement are then obtained based on the difference between

the length indicated by the patient before administration
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(baselline) and the length 1ndicated by the patient during each

evaluation after adminilistration.
10068 ] <Results>

The 1mprovement effects were quantified based on the
difference between the length indicated by the patient before
adminlstration (baseline) and the length indicated by the

patient at the time of each evaluation after administration.

The analysis results for questions about pain (WOMAC® A:

evaluates i1intensity of pain during walking, etc.) are shown in

Table 1 below. In the table, the lower the value of the change

difference below 0, the greater the improvement effect.

10069]

| Table 1]
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(00701 As shown above, 1t was found that chronic
ostecarthritis could be improved dramatically 1n comparison with
the placebo group by administering the composition for treating
jolnt disease of the invention (test drug) (change difference: -

7.0).

In the test drug group, a certain degree of improvement in

osteoarthritls was seen even in patients with BMIs of less than

25 kg/m? (change difference: -2.1).

However, 1n patients with BMIs of at least 25 kg/m? in the
test drug group there was an especially dramatic improvement

effect 1n osteocarthritis in comparison with the placebo group

(change difference: -13.4). Even compared with the results for

the test drug group as a whole, a greater improvement effect was

seen 1n the test drug group consisting of patients with BMIs of

at least 25 kg/m-=.

Of the patients with BMIs of at least 25 kg/m?, an

extremely great improvement effect in osteocarthritis in the test
group 1n comparison with the placebo group was seen in those

with pain duration periods of at least 26 weeks.

These analysis results were for paln (WOMAC® A), but a
simlilar improvement tendency was observed in a physical function

evaluation (WOMAC® C: evaluated based on difficulty with

activities of daily living such as climbing stairs and getting

1n and out of automobiles) .
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(00711 <Conclusions>

The composition for treating joint disease of the i1nvention
exhibited a significant i1mprovement effect against joint disease
of human joint disease patients. A particularly dramatic
improvement effect was found 1n human joint disease patients
with BMIs of at least 25 kg/m¢, and particularly in patients with
BMIs of not less than 25 kg/m? and less than 35 kg/m?. An
extremely great i1mprovement effect was seen 1in patients with

long pain duration periods of at least DP 26 weeks before the

1nitial administration and with BMIs of at least 25 kg/m-Z.
[0072] The present 1nvention was described in detail using

specific examples and various embodiments, but a person skilled

1n the art can easily understand that many modifications and
applications of the embodiments described in this Description
are possible as long as they do not deviate from the spirit and
scope of the 1nvention.

The priority claim for this application i1s based on
Japanese Patent Application No. 2017-49204 submitted to the
Japanese Patent Office on March 14, 2017 and on Japanese Patent
Application No. 2017-132510 submitted to the Japanese Patent
Office on July 6, 2017, and the entire contents of those

applications are incorporated by reference into this

application.

[ Industrial Applicability]
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[0073] The present invention 1s 1ndustrially applicable 1in
the pharmaceutical i1ndustry and the like because 1t provides a
composlition for treating joint disease having a significant
effect against jolnt disease 1n human joint disease patilents,
together with a method for using this composition for treating

jolnt disease to treat human joint disease.
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| CLAIMS |
[Claim 1]

A composition for treating a human joint disease, the
composition comprising a modified hyaluronic acid or a
pharmaceutically acceptable salt thereof having a group of a

steroidal or non-steroidal anti-inflammatory compound, for use

1n a joint disease patient with a BMI of at least 25 kg/m-°.
[Clailm 2]

The composition according to Claim 1, wherein the joint

disease patient having a BMI of less than 35 kg/m2.
(Claim 3]

The composition according to Claim 1 or 2, which is
administered for the joint disease patient having duration of
pain for 26 weeks or more.

[ Claim 4]

The composition according to any one of Claims 1 to 3,

whereln the composition is an injection.
[Claim 5]

The composition according to any one of Claims 1 to 4,
wherein the group of an anti-inflammatory compound is bonded to
a hyaluronic acid or a pharmaceutically acceptable salt thereof
vVia a spacer in the modified hyaluronic acid or a

pharmaceutically acceptable salt thereof.

[Claim 6]
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The composition according to Claim 5, wherein the mode of
bonding between the hvaluronic acid or a pharmaceutically
acceptable salt thereof and the spacer 1s selected from the
group consisting of amide bond, ether bond, ester bond,
thiocester bond and sulfide bond.

[Claim 7]

The composition according to Claim 5 or 6, wherein the mode
of bonding between the spacer and the group of an anti-
inflammatory compound is selected from the group consisting of
amide bond, ether bond, ester bond, thiocoester bond and sulfide
bond.

(Claim 8]

The composition according to any of Claims 1 to 7, wherein
the group of an anti-inflammatory compound is covalently bonded
to a hyaluronic acid skeleton via a spacer having a structure of
the following Formula (1):

[C1]

~NR'=R*= 0= _
(1)

in Formula (1), R! is a hydrogen atom or a alkyl group

having carbon number of 1 to 3; and R? is an optionally

substituted linear alkylene group having carbon number of 1 to

12.

[Claim 9]
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The composition according to Claim 8, wherein R' 1s a
hydrogen atom and R4 1s an ethylene group.
[Claim 10]

The composition according to any one of Claims 1 to 8,
wherein the modified hyaluronic acid or a pharmaceutically
acceptable salt thereof contains a structural unit of the

following Formula (2):

[ CZ]

(2)

in Formula (2), R! is a hydrogen atom or a alkyl group
having carbon number of 1 to 3; R? is an optionally substituted
linear alkylene group having carbon number of 1 to 12; and X is

the group derived from an anti-inflammatory compound.

[Claim 11]

The composition according to Claim 10, wherein R! is a

hydrogen atom and R? is an ethylene group.

(Claim 12]

The composition according to Claim 10 or 11, wherein the
percent ratio of the number of structural units of the Formula

(Z) to the total number of constituent disaccharide units
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constituting the modified hyaluronic acid or a pharmaceutically
acceptable salt thereof 1s not less than 0.1 mol% and not more
than 80 mol%.
[Claim 13]

The composition according to any one of Claims 1 to 12,

wherein a dose of not less than 5 mg and not more than 100 mg by

welght of the modified hyaluronic acid or a pharmaceutically

acceptable salt thereof 1s administered in a single
adminilistration.

[Claim 14]

The composition according to any one of Claims 1 to 13,
wherelin a dose of not less than 0.1 mg and not more than 20 mg
by weight of the anti-inflammatory compound is administered in a
single administration.

[Clalm 15]

The composition according to any one of Claims 1 to 14,

wherein the joint disease 1s osteocarthritis.

[Clalm 16]

The composition according to any one of Claims 1 to 15,

wherelin the treatment consists in improving, curing, suppressing
the progress of symptoms.

[Claim 17]
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The composition according to Claim 16, wherein the
treatment consists 1n improving, curing or suppressing the
progress of jolint pain, or 1mproving joint function.

[Claim 18]

The composition according to any one of Claims 1 to 17,
further comprising a pharmaceutically acceptable carrier.
[Claim 19]

The composition according to any one of Claims 1 to 18,

wherein the steroidal or non-steroidal anti-inflammatory

compound 1s diclofenac or a pharmaceutically acceptable salt

thereof.
[Claim 20]

A ki1t containing a syringe comprising the composition
according to any one of Claims 1 to 19 packed in a syringe

barrel.
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