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DESCRIPTION

TECHNICAL FIELD

[0001] This disclosure relates to methods of treating Prader-Willi Syndrome, as well as related
compositions.

BACKGROUND

[0002] Prader-Willi syndrome (PWS) is a genetic disorder that occurs in approximately one out
of every 16,000 births. This rare, complex and multisystem genetic disorder is caused by the
lack of expression of paternally inherited imprinted genes on chromosome 15q11-g13 that may
occur via one of three main mechanisms: paternal microdeletion, maternal uniparental disomy,
and imprinting defect.

[0003] The course and natural history of PWS has classically been described as consisting of
two distinct clinical stages, albeit current knowledge indicates these are more nuanced than
originally thought. The first stage occurs during the neonatal and early infancy period, and is
characterized by varying degrees of hypotonia, weak cry, poor suck reflex, feeding difficulties
(failure to thrive), developmental delay, temperature instability, and underdeveloped sex
organs (hypogonadism). Motor and language development delays are also notable during this
first stage. The neonatal symptoms typically improve by 9-25 months of age, along with
improved muscle tone, the child becomes more alert, and with more appropriate appetite.

[0004] The second stage of PWS (beginning ~2-4 years of age) is characterized by more rapid
weight gain, onset and escalation of hyperphagia, and continued growth and developmental
delays. In addition, as hyperphagia emerges, a separate and distinctly negative constellation of
maladaptive or problematic behaviors is observed. These maladaptive (problematic) behaviors
include temper tantrums, irritability, stubbornness, repetitive and compulsive behaviors, and
aggression. External food limits and supervision are needed. Otherwise, individuals with PWS
face the risk of life-threatening obesity. Once food-seeking behavior ensues, parents will
generally implement food security, reduced caloric intake, and constant supervision at meals
and around food access. Even with supervision, many persons with PWS are quite adept and
clever in obtaining food. Obesity as a life-threatening condition and the concurrent, and often
time severe maladaptive behavioral difficulties, are the central challenging issues for
individuals with the syndrome and their families.

SUMMARY

[0005] This disclosure is based on the unexpected discovery that selective oxytocin receptor
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agonists can be effective in treating Prader-Willi Syndrome.

[0006] In one aspect, this disclosure features a method of treating Prader-Willi Syndrome that
includes administering to a patient in need thereof an effective amount of a composition
comprising a selective oxytocin receptor agonist or a pharmaceutically acceptable salt thereof.

[0007] Other features, objects, and advantages will be apparent from the description and the
claims.

DETAILED DESCRIPTION

[0008] This disclosure generally relates to methods of treating Prader-Willi Syndrome that
includes administering to a patient in need thereof an effective amount of a composition
containing a selective oxytocin receptor agonist or a pharmaceutically acceptable salt thereof.
The term "selective oxytocin receptor agonist" refers to a compound that has a greater agonist
activity at a human oxytocin (hOT) receptor than at a human vasopressin receptor (e.g., a
human V2 (hV2) receptor) and has a greater selectivity compared to oxytocin. As mentioned
herein, agonist activity is expressed as EC5p, and selectivity is expressed as the ratio of ECgp

values (i.e., EC55 hV2/EC50 hOT). Oxytocin has a hV2/hOT selectivity ratio of 3 and carbetocin

has a hV2/hOT selectivity ratio of 244. See Table 2 in W02009/122285. In some embodiments,
the selective oxytocin receptor agonist has a hV2/hOT selectivity ratio of at least 50 (e.g., at
least 100, at least 200, at least 244, at least 300, at least 500, at least 1,000, at least 2,000, at
least 3,000, at least 5,000, at least 10,000, at least 20,000, or at least 30,000). The term "an
effective amount" refers to the amount of the composition that is required to confer a
therapeutic effect on the treated subject.

[0009] In some embodiments, the selective oxytocin receptor agonist can be a compound of

formula (I):
O

VIV/\/J\A-B-GIn-Asn\NH

X «

C-D-E-NH,

o (.
in which each of W and X, independently, is CH» and S, provided that W and X are not both

CHy; Aiis an amino acid selected from the group consisted of alanine substituted on the side
chain with a 5- or 6-membered heteroaromatic ring; tyrosine; and phenylalanine substituted on
the phenyl ring with halogen, C4_4 alkoxy, C1_4 alkylhydroxy, C4_4 alkyl or amino; B is an amino
acid selected from the group consisting of isoleucine; and glycine substituted on the a-carbon
with C4.g cycloalkyl; C is an amino acid selected from the group consisting of proline, optionally
substituted on the side chain (e.g., at the 4-position) with hydroxyl, C4.4 alkoxy, halogen or

azide, and proline having its side chain optionally interrupted by a heteroatom and which
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optionally interrupted side chain is optionally substituted with C4_4 alkyl (e.g., at the 4-position);

D is an amino acid selected from the group consisting of leucine; homoleucine; isoleucine; and
glycine substituted on the a-carbon with C4.¢ cycloalkyl; and E is an amino acid selected from

the group consisting of glycine and azaglycine.

[0010] The term "alkyl" refers to a saturated, linear or branched hydrocarbon moiety, such as -
CHs3 or -CH(CHa3)2. The term "cycloalkyl" refers to a saturated, cyclic hydrocarbon moiety, such

as cyclohexyl. A five-membered heteroaromatic ring system refers to a monocyclic aromatic
ring system having five ring atoms, wherein 1, 2, 3, or 4 ring atoms are independently selected
from N, O, and S. Such ring systems can be, for example, thienyl, furyl, imidazolyl, pyrrolyl,
pyrazolyl, thiazolyl, thiadiazolyl, or tetrazolyl. A six-membered heteroaromatic ring system
refers to a monocyclic aromatic ring system having six ring atoms, wherein 1, 2, 3, or 4 ring
atoms are independently selected from N, O, and S. Such ring systems can be, for example,
pyridyl, pyrazinyl, pyrimidinyl, or pyridazinyl.

[0011] Substituent moieties can be, for example, halogen (fluorine, chlorine, or bromine)
atoms, alkyl, cycloalkyl, hydroxy (OH), alkoxy (O-alkyl), alkylthio (-S-alkyl), alkylhydroxy (-alkyl-
OH), azide (-N3), amino (-NRR', wherein R and R' can be independently hydrogen or Cq4

alkyl), or 5- or 6-membered heteroaromatic ring systems.

[0012] In some embodiments, referring to formula (1), when C is 4-hydroxyproline, A can be
either phenylalanine substituted on the phenyl ring with halogen, or C4_4 alkylhydroxy. In some
embodiments, when C is 4-hydroxyproline and A is phenylalanine substituted on the phenyl
ring with halogen, either B or D can be glycine substituted on the a-carbon with C4.g cycloalkyl,

or D can be isoleucine.

[0013] In some embodiments, referring to formula (l), when A is phenylalanine substituted on
the phenyl ring with C4_4 alkyl or halogen, C can be proline or proline substituted on the side

chain with halogen.

[0014] In some embodiments, referring to formula (1), when A is phenylalanine substituted on
the phenyl ring with halogen, either B or D can be glycine substituted on the a-carbon with C4.¢g

cycloalkyl, or D can be isoleucine.

[0015] In some embodiments, A in formula (I) can be 4-halophenylalanine, for example, Cpa
(4-chlorophenylalanine); 4-bromophenylalanine. In some embodiments, A can be alanine
substituted on the side chain with a 5- or 6-membered heteroaromatic ring, for example, Ala(2-
Fur) (2-furylalanine); Ala(3-Fur) (3-furylalanine); 2-Thi (2-thienylalanine); 3-Thi (3-
thienylalanine); 2- or 3-pyrrolylalanine; 2-, 3- or 4-pyridylalanine; 2-, 4- or 5-imidazolylalanine;
2-, 4- or 5-thiazolylalanine; and 2- or 5-thiadiazolyl; or 5-tetrazolyl. In some embodiments, A
can be tyrosine or A can be phenylalanine substituted at the 4-position of the phenyl ring with
C1.4 alkoxy groups or with an amino group, for example, Tyr(Me) (4-methoxyphenylalanine); 4-

ethoxyphenylalanine; Aph (4-aminophenylalanine); or 4-N,N-dimethylaminophenylalanine. In
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some embodiments, A can be phenylalanine substituted at the 4-position on the phenyl ring
with Cq_4 alkylhydroxyl, C1_4 alkyl or halo, for example, Phe(4-Et) (4-ethylphenylalanine); 4-
methylphenylalanine; Phe(4-CH>OH) (4-hydroxymethylphenylalanine); 4-
hydroxyethylphenylalanine; Phe(Br) (4-bromophenylalanine); 4-chlorophenylalanine; or 4-
fluorophenylalanine.

[0016] In some embodiments, B in formula (I) can be isoleucine, or is glycine substituted with
Cy4.¢ cycloalkyl, such as Gly(cPe) (cyclopentylglycine), Gly(cBu) (cyclobutylglycine), or

cyclohexylglycine.

[0017] In some embodiments, C in formula (I) can be proline, optionally substituted at the 4-
position of the proline ring with hydroxy, C4_4 alkoxy, halo, or azido groups, for example, Hyp

(4-hydroxyproline); Hyp(Me) (4-methoxyproline); Pro(F) (4-fluoroproline); or Pro(N3) (4-
azidoproline). In some embodiments, C can be proline interrupted in the proline ring with a
heteroatom, and optionally substituted on the proline ring with C4_4 alkyl, for example, Thz (4-

thiaproline) or Dmt (5,5-dimethylthiaproline).

[0018] In some embodiments, D in formula (1) can be leucine, Hol (homoleucine), isoleucine,
and glycine substituted with C4.g cycloalkyl, such as Gly(cPe) (cyclopentylglycine), Gly(cBu)

(cyclobutylglycine), or cyclohexylglycine.
[0019] In some embodiments, E in formula (I) can be glycine or AzGly (azaglycine).

[0020] A subset of compounds of formula (II) are those in which W is CH5 and X is S. In such
embodiments, A can be phenylalanine substituted on the phenyl ring with C1_4 alkoxy (e.g.,
phenylalanine substituted at the 4-position on the phenyl ring with OCH3). An example of such
a compound of formula (l) is carbetocin, in which W is CHy, X is S, A is phenylalanine
substituted at the 4-position on the phenyl ring with OCH3, B is isoleucine, C is proline, D is

leucine, and E is glycine.

[0021] Certain exemplary compounds of formula (I) include:
o]

Hzc/\/,LTyr(Me)-lle-GIn-Asn\NH

4 & Thz-Leu-Gly-NH,

8]

carba-1-[Tyr(Me)*,Thz"1dOT

]

Hzc/\/u\'i'yr(Me)—lle-Gln-Asn\NH

1 \\\\( Pro-Gly{cPe)-Gly-NH,

o}

carba- 1-[Tyr(Me,Gly(ePe)¥dOT

~



[

H CMTyr(Me)-IIe-GIn-Asn\\NH

2

l \}%ﬂ/ Pro(4-Nas)-Leu-Gly-NH»

o

carba-1-| Tyr(Me)? Pro(d-Ny) [dOT

e}

Hzc;/\)k Tyr-lle-Gin-Asn_ |

l \Q¢\( Pro-Hol-Gly-NH;

O

carba-1-[Hol*|dOT

o}

HQC/\)LPheM—Et)-IIe-GIn—Asn\NH

{ \@K(Pro-Leu-Gly-NHQ

@)

carba-1-| Phe(d-Ht)*|dOT

o]

HzC/\/U\Phe(zl-CHzO H)-lle-Gln-Asn,,

\\J\(Hyp-Leu-Gly—NHz

o]

3

carba-1-[Phe(d-CH,OH)?, Hyp/|dOT

[#]
1
ch/\)\ Cpa-lle-GIn-Asn<

! \\\l\( Pro(4-F)-Leu-Gly-NH»

s}

carba-1-[Cpa” Pro(4-F) [¢OT

o

H c/\/LPhe(zL-Br)-lle-Gln-Asn\NH

2
gkn/Pro(ct-F)-Leu-GIy-NHg

[e]

carba-1-[Phe(d-Br), Pro(4-FY [dOT

o]

Hzc/\/kPheM-Et)-IIe-GIn-Asn\NH

\\\l\( Pro(4-F)-Leu-Gly-NH,

carba- |-[Phe(4-F1)? Pro(d-F) 1dOT

Q

Hﬁ/\/[kopa-Gly(cPe)—Gln—Asn\NH

l \@K‘/Hyp-Leu-Gly-NHz

o]

carba-1-[Cpa® Gly(cPe)® Hyp' JdOT
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[¢]

HoC Cpa-lle-GIn-Asn\r -

s\/Hyp-Gly(cPe)-Gly-NHz

o]

carba-1-[Cpa® Hyp” Gly(cPe)*1dOT

o]

g Cpa—lle—GIn—Asn\NH

Hzl \\\\‘/ Hyp-Gly(cPe)-Gly-NH»

]

carba-6-[Cpa? I Iyp”,Gly(cPe)®|dOT

HZC/\/W\ Cpa-lle-Gin-Asn.,
\\\KVK Hyp-Ile-Gly-NH»

O

carba-1-[Cpa® Hyp” 11e¥]dOT

w

o]

g Cpa—lle-GIn-Asn\NH

Hzl \\\ckn/ Hyp-lle-Gly-NH,

o]

carba-G[Cpa® Hyp' 1le¥]dOT

Lo}

MCpa-Gly(cPe)-Gln-Asn\NH

T
H,C & Hyp-Leu-Gly-NH;

carba-6-[Cpa®.Gly(cPe)’ Hyp 1dOT

o]

s Phe(4—CHZOH)—Ile—GIn—Asn_NH

Hzl \\\‘-g‘/ Hyp-Leu-Gly-NH»

o]

carba-6-| Phe(d-CHOH Y Hyp’ HOT

)

HQC/\\/U\ Tyr-lle-Gln-Asn~_

l & Pro-Leu-AzGly-NH>

carba-1-[ AzGly”]dOT

o]

H;,C/\/L Cpa-lle-Gln-Asn.

| \\\\-K”/Pro-Leu-AzGly-NHg
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carba-1-[Cpa* AzGly”]dOT

o]

Hzc/\/i\2—Thi-|le-GIn-Asn\NH

\\\kr( Pro-Leu-AzGly-NH,

carba-1-[2-Thi2 AzGIy*|dOT

O

s/\/u\ Tyr-le-Gln-Asn~_ |

H
1 \\\l\n/ Pro-Leu-AzGly-NH,

Q
[AzGly®dOT

&)

HQCM Cpa-Gly(cBu)-Gin-Asn_,
| l
e & YHyp-Leu-Gly-NHz

(o)

carba-1-[Cpa®, Gly(cBu Y, Hyp |dOT

o}

/\/U\Cpa-lle-Gln-Asn\NH

\\‘cl\(Pro-Leu-AzGly-N Ho

O

L) e ()

[Cpa®,AzGly’)dOT

o]

/\/J\ Tyr-lle-Gln-Asn—_

\\\l\'( Dmt-Leu-Gly-NH,

O

¢ s ]

[Dmt’]dOT

]

ch/\/kAph-lle-Gln-Asn\NH

!
\\\\l/ Hyp(Me)-Leu-Gly-NH-
o

carba-1-[Aph? Hyp(Mc)7|dOT

[0022] In some embodiments, the selective oxytocin receptor agonist is a compound of
formula (1):
Ri~
0 (CHy),

lle—GIn—Asn R,
SNH C(CHy), O
|

Iz

N
W\
X W

Y Leu—Gly-NH»

o
J0Mie
(9]

(1,
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inwhichnis0,1or2;pis0,1, 2,3, 4, 5o0r6; Ry is aryl optionally substituted with at least one
OH, F, CI, Br, alkyl, or O-alkyl substituent; Ry is R4, H, alkyl, cycloalkyl, aryl, a 5-membered
heteroaromatic ring system, or a 6-membered heteroaromatic ring system; Rz is H or a
covalent bond to Ry, when Ry is Ry, to form a ring structure; Ry is a Cq.g alkylene moiety

substituted with at least one O-alkyl, S-alkyl or OH substituent; each of W and X,
independently, is CH» and S, provided that W and X are not both CHy; alkyl is Cq_g straight or

C4.g branched chain alkyl and optionally has at least one hydroxyl substituent; aryl is
unsubstituted or substituted phenyl; and cycloalkyl is C4 g cycloalkyl and optionally has at least
one hydroxyl substituent.

[0023] Substituent moieties for the groups in formula (II) can be selected from fluorine (F),
chlorine (CI) and bromine (Br) atoms and alkyl, hydroxy (OH), alkoxy (O-alkyl) and alkylthio (S-
alkyl).

[0024] In some embodiments, when Rz in formula () is H, pis 1, Rsis H, nis 1 and Wand X
are both S, R4 is not 4-hydroxyphenyl. In some embodiments, when Rxis H, pis 0, Rz is H, nis
1 and W and X are both S, R4 is not 4-hydroxyphenyl. In some embodiments, a compound of
formula (1) is not [1-B-Mpa,7-Sar]OT or deamino[7-glycine]oxytocin.

[0025] Certain exemplary compounds of formula (Il) include:
OH

7\

O

NN

lle—GIn—Asn_

Irz

\\\\\\\\\

Leu—Gly-NH;

-

OH

/

lle—GlIn—Asn_

plelinte

.

Iz

\\\\\\\v

s W

Leu—Gly-NH,

lle—GIn—Asn_

-
<0

.

o

Leu—Gly-NH-
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AN

O
P
Leu—Gly-NH,

lle—GlIn—Asn_
NH

A\

<

\\\\\\\\4\

OH

lle—GIn—Asn_

\\\\\\\m

i
ale

=
T
=z

e

Leu—Gly-NH,

lle—GlIn—Asn_

Ik
(o

—Z
I
O=<_
e

\\\\‘\\\\

1)

Leu—Gly-NH;

lle—Gin—Asn_

-
<0

Z
T
O{
=z

(o

\\\\\\\\\

Leu—Gly-NH5

[0026] Other exemplary compounds of formulas (I) and (Il) have been described, e.g., in WO
2011/035330 and WO 2009/122285.

[0027] This disclosure also features pharmaceutical compositions containing a therapeutically
effective amount of at least one (e.g., two or more) of the selective oxytocin receptor agonists
described above (e.g., compounds of formulas (1) and (Il)) or a pharmaceutically acceptable
salt thereof as an active ingredient, as well as at least one pharmaceutically acceptable
adjuvant, diluent or carrier. Examples of pharmaceutically acceptable salts include acid
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addition salts, e.g. a salt formed by reaction with hydrohalogen acids (such as hydrochloric
acid), mineral acids (such as sulphuric acid, phosphoric acid and nitric acid), and aliphatic,
alicyclic, aromatic or heterocyclic sulphonic or carboxylic acids (such as formic acid, acetic
acid, propionic acid, succinic acid, glycolic acid, lactic acid, malic acid, tartaric acid, citric acid,
benzoic acid, ascorbic acid, maleic acid, hydroxymaleic acid, pyruvic acid, p-hydroxybenzoic
acid, embonic acid, methanesulphonic acid, ethanesulphonic acid, hydroxyethanesulphonic
acid, halobenzenesulphonic acid, trifluoroacetic acid, trifluoromethanesulphonic acid,
toluenesulphonic acid, and naphthalenesulphonic acid).

[0028] The compounds of formulas (I) and (Il) are either commercially available or can be
made by methods known in the art, such as those described in WO 2011/035330 and WO
2009/122285.

[0029] The pharmaceutical composition described herein can optionally include at least one
further additive selected from a disintegrating agent, binder, lubricant, flavouring agent,
preservative, colourant and any mixture thereof. Examples of such and other additives can be
found in "Handbook of Pharmaceutical Excipients"; Ed. AH. Kibbe, 3rd Ed., American
Pharmaceutical Association, USA and Pharmaceutical Press UK, 2000.

[0030] The pharmaceutical composition described herein can be adapted for oral, intravenous,
intramuscular, topical, intraperitoneal, nasal, buccal, intraocular, intra-aural, sublingual or
subcutaneous administration or for administration via the respiratory tract, e.g., in the form of
an aerosol or an air-suspended fine powder. In some embodiments, the composition can be in
the form of tablets, capsules, powders, microparticles, granules, syrups, suspensions,
solutions, transdermal patches or suppositories.

[0031] In some embodiments, the pharmaceutical composition described herein can contain a
selective oxytocin receptor agonist dissolved in an aqueous solution. For example, the
composition can include a sodium chloride aqueous solution (e.g., containing 0.9 wt% of
sodium chloride) to serve as a diluent.

[0032] In addition, this disclosure relates to use of a selective oxytocin receptor agonist as
outlined above for, or for the manufacture of a medicament for, treatment of Prader-Willi
Syndrome. Further, this disclosure relates to the use of a selective oxytocin receptor agonist as
outlined above in, or in the manufacture of, a medicament for the treatment of Prader-Willi
Syndrome.

[0033] The present disclosure further provides a composition comprising a selective oxytocin
receptor agonist or a pharmaceutically acceptable salt thereof for (or for use in) the treatment
of Prader-Willi Syndrome. The treatment of Prader-Willi Syndrome may be treatment to reduce
hyperphagia and/or treatment to reduce obsessive compulsive behaviour.

[0034] The selective oxytocin receptor agonist is a compound that has a greater agonist
activity at a human oxytocin (hOT) receptor than at a human vasopressin receptor (e.g., a
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human V2 (hV2) receptor) and has a greater selectivity compared to oxytocin. The agonist
activity and selectivity may be measured by the method set out in W02009/122285
(PCT/IB2009/005351). In this method, agonist activity of compounds on the hOT receptor is
determined in a transcriptional reporter gene assay by transiently transfecting a hOT receptor
expression DNA into a Chinese Hamster Ovary (CHO) cell line in concert with a reporter DNA
containing intracellular calcium responsive promoter elements regulating expression of firefly
luciferase. See Boss, V., Talpade, D.J., Murphy, T.J. J. Biol. Chem. 1996, May 3; 271(18),
10429-10432 for further guidance on this assay. Cells are exposed to serial dilutions of
compounds diluted 10-fold per dose for 5 hours, followed by lysis of cells, determination of
luciferase activity, and determination of compound efficacies and EC5g values through non-

linear regression. Oxytocin (OT) is used as an internal control in each experiment, and
compounds are tested in at least three independent experiments. To determine selectivity,
compounds are further tested in luciferase-based transcriptional reporter gene assays
expressing the human vasopressin (hV2) receptor. For further comparative purposes,
carbetocin is also used as a reference compound. The ECsg value given is the geometric mean
expressed in nanomol/l (nM). Selectivity values are given as ECsg ratios. Thus, agonist activity
is expressed as EC5p, and selectivity may be expressed as the ratio of EC5g values (i.e., ECgp
hV2/EC5g hOT). Oxytocin has a hV2/hOT selectivity ratio of 3 and carbetocin has a hvV2/hOT
selectivity ratio of 244 (See Table 2 in WO2009/122285).

[0035] In some examples, the selective oxytocin receptor agonist has a hV2/hOT selectivity
ratio of at least 50 (e.g., at least 100, at least 200, at least 244, at least 300, at least 500, at
least 1,000, at least 2,000, at least 3,000, at least 5,000, at least 10,000, at least 20,000, or at
least 30,000).

[0036] The selective oxytocin receptor agonist may be a compound of formula (I):
Q

\]V/\/J\A-B-Gln-Asn\NH

X N

C-D-E-NH,

o 0}
wherein

each of Wand X, independently, is CH, and S, provided that W and X are not both CHj;

Ais an amino acid selected from the group consisted of alanine substituted on the side chain
with a 5- or 6-membered heteroaromatic ring; tyrosine; and phenylalanine substituted on the
phenyl ring with halogen, C4_4 alkoxy, C4_4 alkylhydroxy, C4_4 alkyl or amino;

B is an amino acid selected from the group consisting of isoleucine; and glycine substituted on
the a-carbon with C4_g cycloalkyl;

C is an amino acid selected from the group consisting of proline, optionally substituted on the
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side chain with hydroxyl, Cq.4 alkoxy, halogen or azide, and proline having its side chain

optionally interrupted by a heteroatom and which optionally interrupted side chain is optionally
substituted with C1_4 alkyl;

D is an amino acid selected from the group consisting of leucine; homoleucine; isoleucine; and
glycine substituted on the a-carbon with C4.g cycloalkyl; and

E is an amino acid selected from the group consisting of glycine and azaglycine. In some
examples, W is CH» and X is S. In some examples, A is phenylalanine substituted on the

phenyl ring with C4_4 alkoxy. In some examples, Ais phenylalanine substituted at the 4-position

on the phenyl ring with OCH3. The compound of formula (I) may be carbetocin.

[0037] The selective oxytocin receptor agonist may be a compound of formula (l):
Ry

N
/\/ﬁ\ iy
lle—GIn—Asn R
w H/H]/ SNH O YCHp, O
i
[ o o N\/U\
X W I Leu—Gly-NH,
Q Rs (i

wherein
nis0, 1or2;

pis0,1,2,3,4,5o0r6;
R4 is aryl optionally substituted with at least one OH, F, CI, Br, alkyl, or O-alkyl substituent;

Rz is Ry, H, alkyl, cycloalkyl, aryl, a 5-membered heteroaromatic ring system, or a 6-membered

heteroaromatic ring system;

R is H or a covalent bond to Ry, when Rj is Ry, to form a ring structure;
R4 is a C4_g alkylene moiety substituted with at least one O-alkyl, S-alkyl or OH substituent;
each of Wand X, independently, is CH, and S, provided that W and X are not both CHj;

alkyl is Cq.g straight or C4.g branched chain alkyl and optionally has at least one hydroxyl

substituent;
aryl is unsubstituted or substituted phenyl; and

cycloalkyl is C4_g cycloalkyl and optionally has at least one hydroxyl substituent.
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[0038] The composition may be for use (in the treatment of Prader-Willi Syndrome) by
intranasal administration. The composition may be for administration three times a day, for
example wherein each administration delivers from about 1 mg to about 10 mg of the selective
oxytocin receptor agonist, and/or wherein each administration is performed before a meal.

[0039] The composition may be for use (in the treatment of Prader-Willi Syndrome) wherein
the treatment comprises administering a daily dose of from about 0.5 mg to about 30 mg of the
selective oxytocin receptor agonist.

[0040] The composition may be for use (in the treatment of Prader-Willi Syndrome) wherein
the treatment comprises administering a daily dose of from about 5.76 mg to about 28.8 mg of
the selective oxytocin receptor agonist.

[0041] The composition may be for use (in the treatment of Prader-Willi Syndrome) wherein
the treatment comprises administering a daily dose of from about 10 mg to about 28.8 mg of
the selective oxytocin receptor agonist.

[0042] The composition may be for use (in the treatment of Prader-Willi Syndrome) wherein
the treatment comprises administering a daily dose of about 28.8 mg of carbetocin.

[0043] The composition may be for use (in the treatment of Prader-Willi Syndrome) wherein
the composition comprises an aqueous solution and the selective oxytocin receptor agonist is
dissolved in the aqueous solution.

[0044] The composition may be for use (in the treatment of Prader-Willi Syndrome) wherein
the composition comprises a sodium chloride aqueous solution.

[0045] The composition may be for use (in the treatment of Prader-Willi Syndrome) wherein
the aqueous solution comprises about 0.9 wt% of sodium chloride.

[0046] The typical dosage of the selective oxytocin receptor agonists described herein can
vary within a wide range and will depend on various factors such as the individual needs of
each patient and the route of administration. Exemplary daily dosages can be at least about
0.5 mg (e.g., at least about 1 mg, at least about 5 mg, at least about 5.76 mg, at least about 10
mg, or at least about 15 mg) and/or at most about 30 mg (e.g., at most about 28.8 mg, at most
about 25 mg, at most about 20 mg, or at most about 15 mg) of a selective oxytocin receptor
agonist (e.g., carbetocin). The skilled person or physician may consider relevant variations to
this dosage range and practical implementations to accommodate the situation at hand.

[0047] In some embodiments, the pharmaceutical composition described herein can be
administered as an intranasal dosage form (e.g., a nasal spray). In such embodiments, the
composition can be administered in a single dose or divided dosages, for example, into 1, 2 or
3 sub-doses (e.g., puffs) delivered to one or both nostrils. For example, the composition can
be administered by delivering three puffs of a nasal spray into both nostrils such that each
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nostril receives a dose containing 1.6 mg of a selective oxytocin receptor agonist (e.g.,
carbetocin) in each puff. In such an example, each administration delivers a total of 9.6 mg of
the selective oxytocin receptor agonist to a patient. In some embodiments, each administration
of the composition can delivers at least about 1 mg (e.g., at least about 2 mg, at least about 3
mg, at least about 4 mg, or at least about 5 mg) and/or at most about 10 mg (e.g., at most
about 9 mg, at most about 8 mg, at most about 7 mg, or at most about 6 mg) of the selective
oxytocin receptor agonist to a patient.

[0048] In some embodiments, the pharmaceutical composition described herein can be
administered once daily. In some embodiments, the pharmaceutical composition can be
administered more than once daily (e.g., twice daily, three times daily, or four times daily).

[0049] In some embodiments, the pharmaceutical composition described herein can be
administered before a meal. In some embodiments, the pharmaceutical composition described
herein can be administered with or without food.

Example: Clinical trial of using carbetocin for treating patients diagnosed with PWS

METHODOLOGY

[0050] A prospective, double-blind, placebo-controlled, parallel trial in subjects with PWS
between 10 and 18 years of age with genetically confirmed diagnosis of PWS and a
documented nutritional Phase 3 based on the criteria described in Miller et al, 2011 (Am J Med
Genet A, 155A(5):1040-1049) was performed. The trial included a Screening Period, a 14-day
Treatment Period, and a Follow-Up Period. Subjects, along with their parent/caregiver, were
required to visit the investigational site 4 times over the course of the trial and participate in 2
phone call assessments. The trial schedule is listed below.

« Visit 1: Screening Period (Day -7 to Day 0)

¢ Visit 2: Baseline 1st day dosing on site (Day 1)
» Visit 3: 2nd day dosing on site (Day 2)

« Phone call assessment (Day 8+1)

» Visit 4. End-of-Treatment Visit (Day 15)

» Follow-up phone call (Day 19+3)

[0051] Following appropriate informed consent procedures, subjects underwent screening
evaluations to determine eligibility before randomization. After randomization, efficacy
measures and other assessments, including physical examination, vital signs, and collection of
blood samples for clinical laboratory and pharmacokinetic evaluation, were performed at
selected visits. Subjects were closely monitored for adverse events throughout the trial.
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[0052] Prior to first dosing at the investigational site, parents/caregivers were trained on the
proper use of the nasal spray device and procedures for investigational medicinal product
(IMP) home delivery. Parents/caregivers were instructed to administer 3 intranasal spray
pumps of blinded IMP per nostril 3 times daily before meals within the following intervals:

Morning dose: 06:00 a.m. - 09:00 a.m
Midday dose: 11:00 a.m. - 1:00 p.m.
Evening dose: 4:30 p.m. -6:00 p.m.

Initial IMP dosing at Visit 2 (Day 1) and Visit 3 (Day 2) took place under observation of the site
staff at the investigational site to ensure proper administration technique.

NUMBER OF SUBJECTS

[0053] 38 subjects, 10-18 years of age, with genetically confirmed diagnosis of PWS and
documented nutritional phase 3 PWS criteria (based on Miller et al, 2011), were randomized.
36 subjects completed the study.

SELECTED CRITERIA USED FOR INCLUSION / EXCLUSION

Inclusion Criteria:

[0054]

1. 1. Male or female 10-18 years of age (both inclusive).

2. 2. Genetically confirmed diagnosis of PWS.

3. 3. Nutritional Phase 3 PWS criteria based on Miller et al, 2011 (Am J Med Genet A,
155A(5):1040-1049).

4. 4. Hyperphagia in Prader-Willi Syndrome Questionnaire-Responsiveness (HPWSQ-R)
score greater than 13 at screening (Visit 1).

Exclusion Criteria:

[0055]

1. 1. Known genetic, hormonal, or chromosomal cause of cognitive impairment other than
PWS.
2. 2. Presence of currently active psychotic symptoms.
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3. 3. Presence of any cardiovascular disorders, epilepsy, frequent migraines or severe
asthma.

. 4. Previous diagnosis of autism spectrum disorder by a qualified healthcare provider.

. 5. Nasal or sinus surgery within 1 year of screening (Visit 1).

. 6. Chronic sinusitis - more than 3 episodes per year.

. 7. Other nasal diseases that may affect deposition of intranasal medication.

. 8. Serum sodium < 135 mmol/L at screening (Visit 1).

o0 ~N OO O A

MEDICINAL PRODUCTS

[0056] The IMPs used in this trial were carbetocin intranasal spray and placebo intranasal
spray.

[0057] The carbetocin intranasal spray was prepared by dissolving 160 mg carbetocin in a 5
ml 0.9% sterile sodium chloride solution. Specifically, the preweighed carbetocin powder was
reconstituted with the sodium chloride solution and subsequently transferred to a nasal spray
device. Each spray pump actuation delivered a 50 pL volume of solution containing 1.6 mg
carbetocin. Each dose consisted of 3 spray pump actuations in each nostril to deliver a total of
9.6 mg carbetocin. The daily dose of carbetocin was 28.8 mg.

[0058] The placebo intranasal spray was prepared by transfering a 0.9% sterile sodium
chloride solution to a nasal spray device. Each spray pump actuation delivered 50 pL volume
of the solution. Each dose consisted of 3 spray pump actuations in each nostril.

ENDPOINTS

Primary endpoint

[0059] The primary endpoint measured in this trial was change in the total score from Visit 2 to
Visit 4 in Hyperphagia in Prader-Willi Syndrome Questionnaire-Responsiveness (HPWSQ-R),
which was completed by the parent/caregiver.

Secondary endpoints

[0060] Secondary endpoints of this trial were:

1. 1. Clinical Global Impression-Improvement (CGl-I) after treatment at Visit 4.
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2. 2. Change from Visit 2 to Visit 4 for the following measurements:
o HPWSQ-R hyperphagia behavior, drive, and severity domain scores.
o Hyperphagia in Prader-Wili Syndrome Questionnaire-Responsiveness -
completed by the clinician (HPWSQ-R-C) total score.
o HPWSQ-R-C hyperphagia behavior, drive, and severity domain scores.
3. 3. Change from Visit 1 to Visit 4 for the following measurements:
o Children's Yale-Brown Obsessive Compulsive Scale (CY-BOCS) score.
o Food Domain of the Reiss Profile.
4. 4. Population PK/PD relationships for carbetocin.

Safety endpoints:

[0061] Safety endpoints of this trial were:

= Frequency, severity and seriousness of adverse events.

+ Clinically significant changes in vital signs.

» Clinically significant findings during physical and laboratory assessments (e.g., physical
examinations, including focused nasal examinations and nasal irritation).

STATISTICAL METHODS

[0062] The primary endpoint was analyzed using an analysis of covariance model with
treatment and site as fixed effects and HPWSQ-R total score at Visit 2 (baseline) as a
covariate. The last observation carried forward method was used to carry forward non-missing
values of HPWSQ-R total score during the phone call assessment (Day 8+1) to impute missing
values of HPWSQ-R total score at Visit 4. The treatment group difference in total score
between placebo and carbetocin was calculated by subtracting the mean change from baseline
in placebo from that in the carbetocin group. A borderline statistically significant difference at
the 10% significant level was achieved if the upper limit of the 90% 1-sided confidence interval
for the treatment difference was less than zero. The secondary endpoints were analyzed using
a similar model to that of the primary endpoint.

MEASUREMENTS USED IN THE TRIAL

Hyperphagia in Prader-Willi Syndrome Questionnaire -Responsiveness (HPWSQ-R)
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[0063] The HPWSQ-R used in this trial was adapted from the Hyperphagia in Prader-Willi
Syndrome Questionnaire (HPWSQ), an informant-based measure originally developed by
Elisabeth Dykens (Vanderbilt) as a comprehensive tool to examine the psychological,
developmental and neurobiological correlates of hyperphagia in PWS (Dykens et al., Obesity.
2007;15:1816-26). HPWSQ-R represented all 11 items from the original HPWSQ and was
structured to include a 1-week recall period. The HPWSQ-R was designed to be used for
repeated measures to evaluate the change in hyperphagia severity after intervention. The
HPWSQ-R was completed during Visits 1, 2, and 4 and on Day 8 of the trial by both the
parent/caregiver (HPWSQ-R) and the clinician (HPWSQ-R-C).

Clinical Global Impression (CGl)

[0064] CGI rating scales are commonly used measures of symptom severity, treatment
response and the efficacy of treatments in treatment studies of subjects with psychiatric,
neurological or behavioral disorders. CGl is an overall clinician-determined summary measure
that takes into account all available information including knowledge of the subject's history,
psychosocial circumstances, symptoms, behavior, and the impact of the symptoms on the
subject's ability to function. The CGl measures 3 components: 1) severity of illness, 2) global
improvement, and 3) efficacy index (comparison of subject's baseline condition with a ratio of
current therapeutic benefit to severity of side effects).

[0065] The CGI scale is a 7-point clinician rating of illness severity (CGI-S; 1 = normal, not at
all ill, 7 = among the most extremely ill patients), at the beginning of the trial and a 7-point
clinician rating of improvement of patient condition, during and at the end of the trial (CGI-I; 1 =
very much improved since baseline, 7 = very much worse from baseline). (Busner and Targum,
Psychiatry (Edgmont) 4:28-37. 2007). The CGI-S scale was completed during Visit 1, and the
CGlI-I scale was completed during Visit 4 and on Day 8 of the trial.

Children's Yale-Brown Obsessive Compulsive Scale (CY-BOCS)

[0066] The CY-BOCS is a clinician rated, semi-structured inventory of specific symptoms and
symptom severity in pediatric obsessive-compulsive disorder (OCD). It includes 2 primary
components: the Symptom Checklist and Severity Scale. The 10 severity items are summed to
produce an Obsessions Severity Score (5 items), Compulsions Severity Score (5 items), and
Total score (sum of all 10 severity items). CY-BOCS is well researched in psychometric studies
with reported treatment sensitivity. CY-BOCS is described in more detail, e.g., in Scahill, et al.,
J Am Acad Child Adolesc Psychiatry, 36:844-52, 1997.

[0067] The CY-BOCS was completed at Visits 1 and 4 and on Day 8 of the trial.

Food Domain of the Reiss Profile



DK/EP 3666258 T3

[0068] The food domain of the Reiss Profile consists of 7 questions that pertain to food
seeking behavior and is described, e.g., in Dykens et al., Am. J. Mental Retardation, 1999,
104(2):158-169. The Food Domain of the Reiss Profile was completed at Visits 1 and 4 and on

Day 8 of the trial.

RESULTS

[0069] The results of the above clinic trials are summarized in Table 1 below.
Table 1 Efficacy Summary

Score of Reiss
Profile

Day 8 (Least-Squares Mean jDay 15 (Least-Squares Mean
Change Carbetocin vs. Change Carbetocin vs.
Placebo/P-Value) Placebo /P-Value)
HPWSQ-R -5.2/0.0632 -6.7 1 0.0290
Behavior {-1.9/0.1153 -2.0/0.1172
Drive -2.1/0.0625 -1.6/0.1436
Severity {-1.1/0.0572 -1.5/0.0248
HPWSQ-R-C -10.2/0.0017 -10.5/0.0014
Behavior {-5.4/0.0017 -4.3/0.0068
Drive -3.4/0.0019 -2.6/0.0340
Severity §{-1.7 / 0.0061 -2.210.0014
Clinical Global -0.9/0.0162 -0.8/0.0233
Impression
CY-BOCS -2.7 10.0956 -6.2/0.0047
Food Domain -3.0/0.0184 -4.4/0.0132

*Negative values indicate improvement in results for patients treated with
carbetocin vs. placebo.

[0070] As shown in Table 1, patients treated with carbetocin exhibited statistically significant
improvement (P < 0.05) over placebo treated patients as demonstrated in the Day 15 results
for HPWSQ-R, HPWSQ-R-C, CGlI, CY-BOCS, and Food Domain Score of Reiss Profile.

[0071] Other embodiments are within the scope of the following claims.
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Patentkrav

1. Sammensatning, som omfatter carbetocin eller et
farmaceutisk acceptabelt salt deraf, til anvendelse til
behandling af Prader-Willis syndrom, hvilken behandling omfatter
intranasal administration af en daglig dosis pa fra 5,76 mg til

28,8 mg carbetocin eller et farmaceutisk acceptabelt salt deraf.

2. Sammensatning til anvendelse ifelge krav 1, hvor

sammensatningen administreres tre gange dagligt.

3. Sammensatning til anvendelse ifglge krav 1, hvor hver
administration leverer 10 mg carbetocin eller et farmaceutisk

acceptabelt salt deraf.

4, Sammensatning til anvendelse ifglge krav 2, hvor hver

administration udferes feor et maltid.

5. Sammensatning til anvendelse ifelge krav 1, hvor
behandlingen omfatter administrering af en daglig dosis af
carbetocin eller et farmaceutisk acceptabelt salt deraf pa fra
10 mg til 28,8 mg.

6. Sammensatning til anvendelse ifelge krav 1, hvor
behandlingen omfatter administrering af en daglig dosis pa 10 mg
carbetocin eller et farmaceutisk acceptabelt salt deraf eller
administrering af en daglig dosis pa 28,8 mg carbetocin eller

et farmaceutisk acceptabelt salt deraf.

7. Sammensatning til anvendelse ifelge krav 2, hvor
behandlingen omfatter administrering af en daglig dosis péa
28,8 mg carbetocin, og hvor sammensatningen administreres som

en intranasal spray.

8. Sammensatning til anvendelse ifelge krav 2, hvor
behandlingen omfatter administrering af en daglig dosis pa 10 mg
carbetocin eller et farmaceutisk aktivt salt deraf, og hvor

sammensatningen administreres som en intranasal spray.
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9. Sammensatning til anvendelse ifglge et hvilket som helst
af ovennavnte krav, hvor sammensatningen administreres som en

intranasal spray.

10. Sammensatning til anvendelse i1ifglge et hvilket som helst
af ovennavnte krav, hvor sammensatningen omfatter carbetocin
eller et farmaceutisk acceptabelt salt deraf oplest i en vandig

oplwsning.

11. Sammensatning til anvendelse i1ifglge et hvilket som helst
af ovennavnte krav, hvor sammensztningen omfatter en vandig

natriumchloridoplesning.

12. Sammensatning til anvendelse i1ifglge et hvilket som helst
af ovennavnte krav, hvor den vandige oplegsning omfatter

0,9 vegt-% natriumchlorid.

13. Sammensatning til anvendelse ifelge krav 1, hvor

sammensatningen er i form af et pulver.
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