Atty. Dkt. No. 096593-001000US-0955615

METHODS FOR TREATING SUBJECTS WITH PRADER-WILLI SYNDROME OR
SMITH-MAGENIS SYNDROME

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. serial number 60/668,912, filed April 6, 2005,
U.S. serial number 62/080,150, filed November 14, 2014, U.S. serial number 62/138,245, filed
March 25, 2015, U.S. serial number 62/170,035, filed June 2, 2015,and U.S. serial number
62/221,359, filed September 21, 2015, each of which is incorporated herein in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to pharmaceutical formulations of potassium ATP
(Katp) channel openers and their use for treatment of various diseases and conditions such as

Prader-Willi Syndrome (PWS), Smith—-Magenis syndrome (SMS), and the like.

BACKGROUND OF THE INVENTION
[0003] The following description of the background of the invention is provided simply as an
aid in understanding the invention and is not admitted to describe or constitute prior art to the

invention.

[0004] ATP-sensitive potassium (Katp) channels play important roles in a variety of tissues
by coupling cellular metabolism to electrical activity. The Karp channel has been identified as
an octameric complex of two unrelated proteins, which assemble in a 4:4 stoichiometry. The
first is a pore forming subunit, Kir6.x, which forms an inwardly rectifying K™ channel; the
second is an ABC (ATP binding cassette) transporter, also known as the sulfonylurea receptor
(SURx) (Babenko, ¢t al., Annu. Rev. Physiol., 60:667-687 (1998)). The Kir6.x pore forming
subunit is common for many types of Katp channels, and has two putative transmembrane
domains (identified as TM1 and TM2), which are linked by a pore loop (HS5). The subunit that
comprises the SUR receptor includes multiple membrane-spanning domains and two nucleotide-

binding folds.

[0005] According to their tissue localization, Katp channels exist in different isoforms or
subspecies resulting from the assembly of the SUR and Kir subunits in multiple combinations.
The combination of the SUR1 with the Kir6.2 subunits (SUR1/Kir6.2) typically forms the
adipocyte and pancreatic B-cell type Kartp channels, whereas the SUR2A/Kir6.2 and the
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SUR2B/Kir6.2 or Kir6.1 combinations typically form the cardiac type and the smooth muscle
type Karp channels, respectively (Babenko, et al., Annu. Rev. Physiol., 60:667-687 (1998)).
There is also evidence that the channel may include Kir2.x subunits. This class of potassium
channels are inhibited by intracellular ATP and activated by intracellular nucleoside
diphosphates. Such Karp channels link the metabolic status of the cells to the plasma membrane
potential and in this way play a key role in regulating cellular activity. In most excitatory cells,
Kartp channels are closed under normal physiological conditions and open when the tissue is
metabolically compromised (e.g. when the (ATP:ADP) ratio falls). This promotes K+ efflux and
cell hyperpolarization, thereby preventing voltage-operated Ca2+ channels (VOCs) from
opening. (Prog Res Research, (2001) 31:77-80).

[0006] Potassium channel openers (PCOs or KCOs) (also referred to as channel activators or
channel agonists), are a structurally diverse group of compounds with no apparent common
pharmacophore linking their ability to antagonize the inhibition of Katp channels by intracellular
nucleotides. Diazoxide is a PCO that stimulates Karp channels in pancreatic B-cells (see Trube,
et al., Pfluegers Arch kEur J Physiol, 407, 493-99 (1986)). Pinacidil and chromakalim are PCOs
that activate sarcolemmal potassium channels (see Escande, et al., Biochem Biophys Res
Commun, 154, 620-625 (1988); Babenko, et al., J Biol Chem, 275(2), 717-720 (2000)).
Responsiveness to diazoxide has been shown to reside in the 6™ through 11™ predicted
transmembrane domains (TMD6-11) and the first nucleotide-binding fold (NBF1) of the SURI

subunit.

[0007] Diazoxide, which is a nondiuretic benzothiadiazine derivative having the formula 7-
chloro-3-methyl-2H-1,2,4-benzothiadiazine 1.1-dioxide (empirical formula CsH7CIN,O,S), is
commercialized in three distinct formulations to treat two different disease indications: 1)
hypertensive emergencies and 2) hyperinsulinemic hypoglycemic conditions. Hypertensive
emergencies are treated with Hyperstat IV, an aqueous formulation of diazoxide for intravenous
use, adjusted to pH 11.6 with sodium hydroxide. Hyperstat IV is administered as a bolus dose
into a peripheral vein to treat malignant hypertension or sulfonylurea overdose. In this use,
diazoxide acts to open potassium channels in vascular smooth muscle, stabilizing the membrane

potential at the resting level, and preventing vascular smooth muscle contraction.
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[0008] Hyperinsulinemic hypoglycemic conditions are treated with Proglycem, an oral
pharmaceutical version of diazoxide useful for administration to infants, children and adults. It
is available as a chocolate mint flavored oral suspension, which includes 7.25% alcohol, sorbitol,
chocolate cream flavor, propylene glycol, magnesium aluminum silicate, carboxymethylcellulose
sodium, mint flavor, sodium benzoate, methylparaben, hydrochloric acid to adjust the pH,
poloxamer 188, propylparaben and water. Diazoxide is also available as a capsule with 50 or

100 mg of diazoxide including lactose and magnesium stearate.

[0009] Several experimental formulations of diazoxide have been tested in humans and
animals. These include an oral solution tested in pharmacodynamic and pharmacokinetic studies
and a tablet formulation under development as an anti-hypertensive, but never commercialized
(see Calesnick, et al., J. Pharm. Sci. 54:1277-1280 (1965); Reddy, et al., AAPS Pharm Sci Tech
4(4):1-98, 9 (2003); US Patent 6,361,795).

[0010] Current oral formulations of diazoxide are labeled for dosing two or three times per
day at 8 or 12 hour intervals. Most patients receiving diazoxide are dosed three times per day.
Commercial and experimental formulations of diazoxide are characterized by rapid drug release

following ingestion with completion of release in approximately 2 hours.

[0011] Current oral formulations of diazoxide in therapeutic use result in a range of adverse
side effects including dyspepsia, nausea, diarrhea, fluid retention, edema, reduced rates of
excretion of sodium, chloride, and uric acid, hyperglycemia, vomiting, abdominal pain, ileus,
tachycardia, palpitations, and headache (see current packaging insert for the Proglycem). Oral
treatment with diazoxide is used in individuals experiencing serious disease where failing to treat
results in significant morbidity and mortality. The adverse side effects from oral administration
are tolerated because the benefits of treatment are substantial. The adverse side effects profile of
oral diazoxide limit the utility of the drug in treating obese patients at doses within the labeled

range of 3 to 8 mg/kg per day.

[0012] The effect of diazoxide in animal models of diabetes and obesity (e.g. obese and lean
Zucker rats) has been reported. See e.g. Alemzadeh et al. (Endocrinology 133:705-712 (1993),
Alemzadeh et al. (Metabolism 45:334-341 (1996)), Alemzadeh et al. (Endocrinology 140:3197-
3202 (1999)), Stanridge et al. (FASEB J 14:455-460 (2000)), Alemzadeh et al. (Med Sci Monit
10(3): BR53-60 (2004)), Alemzadeh and Tushaus (Erndocrinology 145(12):3476-3484 (2004)),
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Aizawa et al. (J of Pharma Exp Ther 275(1): 194-199 (1995)), and Surwit et al. (Endocrinology
141:3630-3637 (2000)).

[0013] The effect of diazoxide in humans with obesity or diabetes has been reported. See
e.g., Wigand and Blackard (Diabetes 28(4):287-291 (1979); evaluation of diazoxide on insulin
receptors), Ratzmann et al. (Int J Obesity 7(5):453-458 (1983); glucose tolerance and insulin
sensitivity in moderately obese patients), Marugo et al. (Boll Spec It Biol Sper 53:1860-1866
(1977); moderate dose diazoxide treatment on weight loss in obese patients), Alemzadeh et al. (J
Clin Endocr Metab 83:1911-1915 (1998); low dose diazoxide treatment on weight loss in obese
hyperinsulinemic patients), Guldstrand et al. (Diabetes and Metabolism 28:448-456 (2002);
diazoxide in obese type II diabetic patients), Ortqvist et al. (Diabetes Care 27(9):2191-2197
(2004); beta-cell function measured by circulating C-peptide in children at clinical onset of type
1 diabetes), Bjork et al. (Diabetes Care 21(3):427-430 (1998); effect of diazoxide on residual
insulin secretion in adult type I diabetes patients), and Qvigstad et al., (Diabetic Medicine 21:73-
76 (2004)).

[0014] U.S. Patent No. 5,284,845 describes a method for normalizing blood glucose and
insulin levels in an individual exhibiting normal fasting blood glucose and insulin levels and
exhibiting in an oral glucose tolerance test, elevated glucose levels and at least one insulin level
abnormality selected from the group consisting of a delayed insulin peak, an exaggerated insulin
peak and a secondary elevated insulin peak. According to this reference, the method includes
administering diazoxide in an amount from about 0.4 to about 0.8 mg/kg body weight before

cach meal in an amount effective to normalize the blood glucose and insulin levels.

[0015] U.S. Patent No. 6,197,765 describes administration of diazoxide as a treatment for
syndrome-X, and resulting complications, that include hyperlipidemia, hypertension, central
obesity, hyperinsulinemia and impaired glucose intolerance. According to this reference,
diazoxide interferes with pancreatic islet function by ablating endogenous insulin secretion
resulting in a state of insulin deficiency and high blood glucose levels equivalent to that of
diabetic patients that depend on exogenous insulin administration for normalization of their

blood glucose levels.

[0016] U.S. Patent No. 2,986,573 describes diazoxide and alkali metal salts for the treatment
of hypertension.
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[0017] U.S. Patent no. 5,629,045 describes diazoxide for topical ophthalmic administration.

[0018] WO 98/10786 describes use of diazoxide in the treatment of X-syndrome including

obesity associated therewith.

[0019] U.S. Patent publication no. 2003/0035106 describes diazoxide-containing compounds

for reducing the consumption of fat-containing foods.

[0020] U.S. Patent publication no. 2004/0204472 describes the use of a Cox-2 inhibitor plus

diazoxide in the treatment of obesity.

[0021] U.S. Patent publication no. 2002/0035106 describes the use of Katp channel openers

including diazoxide and metal salts for reducing the consumption of fat containing food.

SUMMARY OF THE INVENTION
[0022] Provided herein are pharmaceutical formulations of Ksrp channel openers and their
use (optionally in combination with growth hormone) for treatment of various diseases and
conditions, including Prader-Willi Syndrome (PWS), Smith—Magenis syndrome (SMS), and the
like. Such formulations are characterized as being bioavailable. A Katp channel opener as used
herein has any one or more of the following properties: (1) opening SUR1/Kir6.2 potassium
channels; (2) binding to the SUR1 subunit of Ka1p channels; and (3) inhibiting glucose induced
release of insulin following administration of the compound irn vivo. Preferably, Karp channel
openers are Katp channel openers with all three properties. Katp channel openers as defined

above preferably have the structure of compounds of Formulas I-VII as set forth below.

[0023] In accordance with one aspect of the present invention, it has been discovered that
one or more Karp channel opener(s) (optionally in combination with growth hormone) is
effective for the treatment of a subject having Prader-Willi Syndrome (PWS), Smith—Magenis
syndrome (SMS), and the like, and is especially effective for increasing the lean body mass of
such subjects. Therefore, in one aspect of the present invention, there are provided methods of
increasing the lean body mass of a subject having Prader-Willi Syndrome (PWS), Smith—
Magenis syndrome (SMS), and the like, said method comprising administering to said subject for
at least 4 weeks an effective amount of a Kap channel opener (optionally in combination with

growth hormone).
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[0024] In some embodiments, the lean body mass of said subject is increased by at least 1%.
In some embodiments, the lean body mass of said subject is increased by at least 2%. In some
embodiments, the lean body mass of said subject is increased by at least 3%. In some
embodiments, the lean body mass of said subject is increased by at least 4%. In some

embodiments, the lean body mass of said subject is increased by at least 5%.

[0025] In addition to increasing the lean body mass of a subject, in some embodiments,
invention methods also reduce the hyperphagia of a subject. In some embodiments, the
hyperphagia of said subject is reduced by at least 10%. In some embodiments, the hyperphagia
of said subject is reduced by at least 20%. In some embodiments, the hyperphagia of said
subject is reduced by at least 30%.

[0026] In addition to increasing the lean body mass of a subject, in some embodiments,
invention methods also reduce the body fat of a subject. In some embodiments, the body fat of
said subject is reduced by at least 1%. In some embodiments, the body fat of said subject is
reduced by at least 3%. In some embodiments, the body fat of said subject is reduced by at least

5%.

[0027] In another aspect, the present invention provides a method of increasing the lean body
mass of a subject having Prader-Willi Syndrome (PWS), Smith—-Magenis syndrome (SMS), and
the like, wherein said subject is already being treated by administration thereto of growth
hormone, said method comprising co-administering to said subject an effective amount of a Karp

channel opener in addition to said growth hormone.

[0028] In yet another aspect, the present invention provides a method of increasing the lean
body mass of a subject having Prader-Willi Syndrome (PWS), Smith—Magenis syndrome (SMS),
and the like, wherein said subject is already being treated by administration thereto of an
effective amount of a Katp channel opener, said method comprising co-administering to said

subject an effective amount of growth hormone in addition to said Katp channel opener.

[0029] Karp channel openers defined by Formula I are as follows:

6
APOTEX_EX1022 PGR2026-00034 Page 6

67917714v.1



Atty. Dkt. No. 096593-001000US-0955615

R'Ib

+R1a
X B|A

// \\

Formula I

wherein:

R' and R'®, when present, are independently selected from the group consisting of
hydrogen, lower alkyl, substituted lower alkyl, cycloalkyl, substituted cycloalkyl,
amino, and substituted amino;

R* and R*®, when present, are independently selected from the group consisting of
hydrogen, and lower alkyl;

Xisa 1,2 or 3 atom chain, wherein each atom is independently selected from carbon,
sulfur or nitrogen, and each atom is optionally substituted with halogen, hydroxyl,
lower alkyl, substituted lower alkyl, lower alkoxy, cycloalkyl, substituted
cycloalkyl, substituted lower alkoxy, amino, or substituted amino;

wherein rings A and B are each independently saturated, monounsaturated,
polyunsaturated or aromatic;

and all bioequivalents including salts, prodrugs and isomers thereof.

[0030] In particular embodiments, compounds of Formula I may include a double bond
between either positions 1 and 2 or positions 2 and 3 of Ring A. When a double bond is present
between positions 1 and 2 of Ring A, R* is absent and one of R' and R'” are absent. When a
double bond is present between positions 2 and 3 of Ring A, R*" is absent and one of R' and R
are absent. In a preferred embodiment, R™ and R' are not amino. In another preferred

embodiment, Ring B does not include any heteroatoms.

[0031] Kartp channel openers defined by Formula II being a subgenera of Formula I are as
follows:
N._R'
N
X'B] A\Nr
//S\\/ RZa
(OO
7
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Formula I1

wherein:

R1 is selected from the group consisting of hydrogen, lower alkyl, substituted lower

alkyl, cycloalkyl, substituted cycloalkyl, amino, and substituted amino;

R24 ig sclected from the group consisting of hydrogen, and lower alkyl;

Xisa 1,2 or 3 atom chain, wherein each atom is independently selected from carbon,
sulfur or nitrogen, and each atom is optionally substituted with halogen, hydroxyl,
lower alkyl, substituted lower alkyl, lower alkoxy, cycloalkyl, substituted
cycloalkyl, substituted lower alkoxy, amino, or substituted amino;

wherein ring B is saturated, monounsaturated, polyunsaturated or aromatic;

and all bioequivalents including salts, prodrugs and isomers thereof.

[0032] In particular embodiments of Formula II, X is C(Ra)C(Rb), wherein R2 and RD are
independently selected from the group consisting of hydrogen, halogen, lower alkyl, substituted
lower alkyl, cycloalkyl, substituted cycloalkyl, lower alkoxy, substituted lower alkoxy, amino,
sulfonylamino, aminosulfonyl, sulfonyl, and the like. In further embodiments, R & and RD are
independently selected from the group consisting of hydroxyl, substituted oxy, substituted thiol,
alkylthio, substituted alkylthio, sulfinyl, sulfonyl, substituted sulfinyl, substituted sulfonyl,
substituted sulfonylamino, substituted amino, substituted amine, alkylsulfinyl, alkylsulfonyl,
alkylsulfonylamino, and the like. In a preferred embodiment, R' is not amino. In another

preferred embodiment, Ring B does not include any heteroatoms.

[0033] Kartp channel openers defined by Formula III being a subgenera of Formula I are as

follows:

/7 \

R2b
|
N_ _R!
/
X Bl A\|Nr
S/
ole)
Formula III

wherein:
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R1 is selected from the group consisting of hydrogen, lower alkyl, substituted lower

alkyl, cycloalkyl, substituted cycloalkyl, amino, and substituted amino;

R2b s selected from the group consisting of hydrogen, and lower alkyl;

Xisa 1,2 or 3 atom chain, wherein each atom is independently selected from carbon,
sulfur or nitrogen, and each atom is optionally substituted with halogen, hydroxyl,
lower alkyl, substituted lower alkyl, lower alkoxy, cycloalkyl, substituted
cycloalkyl, substituted lower alkoxy, amino, or substituted amino;

wherein ring B is saturated, monounsaturated, polyunsaturated or aromatic;

and all bioequivalents including salts, prodrugs and isomers thereof.

[0034] In particular embodiments of Formula III, X is C(Ra)C(Rb), wherein R and Rb are
independently selected from the group consisting of hydrogen, halogen, lower alkyl, substituted

lower alkyl, cycloalkyl, substituted cycloalkyl, lower alkoxy, substituted lower alkoxy, amino,

sulfonylamino, aminosulfonyl, sulfonyl, and the like. In further embodiments, R@ and RD are
independently selected from the group consisting of hydroxyl, substituted oxy, substituted thiol,
alkylthio, substituted alkylthio, sulfinyl, sulfonyl, substituted sulfinyl, substituted sulfonyl,
substituted sulfonylamino, substituted amino, substituted amine, alkylsulfinyl, alkylsulfonyl,
alkylsulfonylamino, and the like. In a preferred embodiment, R' is not amino. In another

preferred embodiment, Ring B does not include any heteroatoms.

[0035] Kartp channel openers defined by Formula IV being a subgenera of Formula I are as
follows:
3 1
L
R4 s? N. R2a
/7 \
O
Formula IV

wherein:

R1 is selected from the group consisting of hydrogen, lower alkyl, substituted lower

alkyl, cycloalkyl, amino, and substituted lower amino;
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R24 ig selected from the group consisting of hydrogen, lower alkyl, and substituted lower
alkyl;
R3 is selected from the group consisting of hydrogen, halogen, lower alkyl, substituted

lower alkyl, amino, and substituted amino;

R4 is selected from the group consisting of hydrogen, halogen, lower alkyl, substituted
lower alkyl, amino, and substituted amino;

and all bioequivalents including salts, prodrugs and isomers thereof.

[0036] In particular embodiments of Formula IV, Rl is a lower alkyl (preferably ethyl or

methyl); R22 jg hydrogen; and R3 and R# are cach independently halogen.

[0037] In a preferred embodiment of Formula IV, R! is not amino.

[0038] In another embodiment of Formula IV, R1 is methyl; R22 jg hydrogen; R3 is selected

from the group consisting of hydrogen, halogen, lower alkyl, substituted lower alkyl, amino,

substituted amino, cycloalkyl, and substituted cycloalkyl; and R4 is chlorine.

[0039] Kartp channel openers defined by Formula V being a subgenera of Formula I are as
follows:
R2b
RS N\lrw
O
Formula V
wherein:

R1 is selected from the group consisting of hydrogen, lower alkyl, substituted lower

alkyl, cycloalkyl, amino, and substituted lower amino;

R2b s selected from the group consisting of hydrogen, lower alkyl, and substituted lower
alkyl;

R3 is selected from the group consisting of hydrogen, halogen, lower alkyl, substituted

lower alkyl, amino, and substituted amino;
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R4 is selected from the group consisting of hydrogen, halogen, lower alkyl, substituted
lower alkyl, amino, and substituted amino;

and all bioequivalents including salts, prodrugs and isomers thereof.

[0040] In particular embodiments of Formula V, Rl is a lower alkyl (preferably ethyl or

methyl); R2b g hydrogen; and R3 and R4 are cach independently halogen.

[0041] In a preferred embodiment of Formula V, R! is not amino.

[0042] In another embodiment of Formula V, R1 is methyl; R2b jg hydrogen; R3 is selected

from the group consisting of hydrogen, halogen, lower alkyl, substituted lower alkyl, amino,

substituted amino, cycloalkyl, and substituted cycloalkyl; and R4 is chlorine.

[0043] Kartp channel openers defined by Formula VI are as follows:
RR_N._R!
T
R6 //S\\/ ‘RZa
Formula VI
wherein:

R1 is selected from the group consisting of hydrogen, lower alkyl, substituted lower

alkyl, cycloalkyl, substituted cycloalkyl, amino, and substituted lower amino, or
RI can cooperate with RS or RO to form an additional ring;

R24 i3 selected from the group consisting of hydrogen, lower alkyl, and substituted lower
alkyl;

RS is selected from the group consisting of hydrogen, halogen, hydroxyl, lower alkyl,

substituted lower alkyl, amino, substituted amino, sulfonyl, aminosulfonyl, and
sulfonylamino, or RS can cooperate with R1 or RO to form an additional ring;

RO is selected from the group consisting of hydrogen, halogen, lower alkyl, substituted

lower alkyl, amino, substituted amino, sulfonyl, aminosulfonyl, and

sulfonylamino, or RO can cooperate with R1 or R to form an additional ring;
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wherein the ring formed by the cooperation of Rl and RS, or Rl and RO, or RS and RO is
saturated, monounsaturated, polyunsaturated or aromatic;

wherein the ring formed by the cooperation of Rl and RS, or Rl and RO, or RS and RO is
optionally substituted with halogen, hydroxyl, lower alkyl, substituted lower
alkyl, amino, substituted amino, sulfonyl, aminosulfonyl, or sulfonylamino;

and all bioequivalents including salts, prodrugs and isomers thereof.

[0044] In a preferred embodiment, R! is not an amino substituent.

[0045] In another embodiment of Formula VI, RS and RO combine to form a 6 membered
ring. In another embodiment, R and R® combine to form a 6 membered ring wherein at least

one nitrogen is present. Preferably, the ring formed by RS and RO does not include any

heteroatoms.
[0046] Karp channel openers defined by Formula VII are as follows:
R2b
|
R _N_ _R!
Y
R 78Y
O
Formula VII
wherein:

R1 is selected from the group consisting of hydrogen, lower alkyl, substituted lower

alkyl, cycloalkyl, substituted cycloalkyl, amino, and substituted lower amino, or
R1 can cooperate with RS or RO to form an additional ring;

R2b s selected from the group consisting of hydrogen, lower alkyl, and substituted lower
alkyl;

R? is selected from the group consisting of hydrogen, halogen, hydroxyl, lower alkyl,

substituted lower alkyl, amino, substituted amino, sulfonyl, aminosulfonyl, and

sulfonylamino, or RS can cooperate with R1 or RO to form an additional ring;
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RO is selected from the group consisting of hydrogen, halogen, lower alkyl, substituted

lower alkyl, amino, substituted amino, sulfonyl, aminosulfonyl, and
sulfonylamino, or R® can cooperate with R1 or R to form an additional ring;

wherein the ring formed by the cooperation of Rl and RS, or RI and R®, or R3 and RO is

saturated, monounsaturated, polyunsaturated or aromatic;

wherein the ring formed by the cooperation of R1 and RS, or RI and RO, or RS and RO is
optionally substituted with halogen, hydroxyl, lower alkyl, substituted lower
alkyl, amino, substituted amino, sulfonyl, aminosulfonyl, or sulfonylamino;

and all bioequivalents including salts, prodrugs and isomers thereof.

[0047] In a preferred embodiment, R! is not an amino substituent.

[0048] In another embodiment of Formula VI, RS and RO combine to form a 6 membered
ring. In another embodiment, RS and R6 combine to form a 6 membered ring wherein at least

one nitrogen is present. Preferably, the ring formed by RS and RO does not include any

heteroatoms.

[0049] Unless otherwise indicated, reference in this application to Katp channel openers
should be understood to refer to Kapp channel opener(s) having one or more and preferably all
three of the following properties: (1) opening SUR1/Kir6.2 potassium channels; (2) binding to
the SUR1 subunit of Ksrp channels; and (3) inhibiting glucose induced release of insulin
following administration of the compound in vivo. Such Karp channel openers preferably have
the structure of any of the compounds of Formulae I-VII, or more preferably Formulae I-VII
where R' is not amino and also where ring B or its equivalent does not include any heteroatoms,
or more preferably, any of the compounds of Formulae 11 or 111, or more preferably, any of the
compounds of Formulae II or IIT where R is not amino and also where ring B or its equivalent
does not include any heteroatoms, or more preferably, the structure is diazoxide. Structural
variants or bioequivalents of the compounds of any of Formulae I-VII such as derivatives, salts,
prodrugs or isomers are also contemplated. Other Karp channel openers that are contemplated

for use herein include BPDZ62, BPDZ 73, NN414, BPDZ 154.
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[0050] In vitro analysis of glucose induced release of insulin via Katp channel openers can be
determined using rat islets as provided by De Tullio, et al., J. Med. Chem., 46:3342-3353 (2003)
or by using human islets as provided by Bjorklund, et al., Diabetes, 49:1840-1848 (2000).

[0051] Provided herein are formulations, such as controlled release pharmaceutical
formulations, of Katp channel openers and bioquivalents thereof. In one embodiment, the
controlled release formulations are formulated for oral administration. Such formulations
contain in a single administration dosage between 10 and 100 mg, between 25 and 100 mg,
between 100 and 200 mg, between 200 and 300 mg, between 300 and 500 mg or between 500
and 2000 mg of the Katp channel openers. In certain embodiments, the dosage of the Karp
channel openers contained in a formulation may be determined based on the weight of the patient
for which it is to be administered, i.e., the formulation may contain in a single administration
dosage between 0.1-20 mg of the Karp channel opener per kg of the patient’s body weight, or
between 0.1-0.5 mg of the Katp channel opener per kg of the patient’s body weight; or between
0.5-1 mg of the Katp channel opener per kg of the patient’s body weight; or between 1-2 mg of
the Karp channel opener per kg of the patient’s body weight, or between 2-5 mg of the Karp
channel opener per kg of the patient’s body weight, or between 5-10 mg of the Kap channel
opener per kg of the patient’s body weight, or between 10-15 mg of the Karp channel opener per
kg of the patient’s body weight, or between 15-20 mg of the Karp channel opener per kg of the
patient’s body weight.

[0052] Also provided herein are controlled release pharmaceutical formulations containing
Katp channel openers obtained by at least one of the following: (a) particle size reduction
involving comminution, spray drying, or other micronising techniques, (b) use of a
pharmaceutical salt of the Katp channel opener, (¢) use of an ion exchange resin, (d) use of
inclusion complexes, for example cyclodextrin, (¢) compaction of the Karp channel opener with
a solubilizing agent including a low viscosity hypromellose, low viscosity metylcellulose or
similarly functioning excipient or combinations thereof, (f) associating the Katp channel opener
with a salt prior to formulation, (g) use of a solid dispersion of the K4rp channel opener, (h) use
of a self emulsifying system, (i) addition of one or more surfactants to the formulation, (j) use of

nanoparticles, or (k) combinations of these approaches.
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[0053] Further provided herein are controlled release pharmaceutical formulations containing
Katp channel openers which include at least one component that substantially inhibits release of
the Karp channel activator from the formulation until after gastric transit. As used herein,
“substantially inhibits” means less than 15% release, more preferably at least less than 10%
release, or more preferably at least less than 5% release of the drug from the formulation during
gastric transport. Release can be measured in a standard USP based in-vitro gastric dissolution

assay in a calibrated dissolution apparatus (see, for example, U.S. Pharmacopeia, Chapter 711
(2005)).

[0054] Also provided are oral pharmaceutical formulations of Katp channel openers which
include at least one component that substantially inhibits release of the Katp channel opener
from the formulation until after gastric transit. Substantial inhibition of drug release during
gastric transit is achieved by inclusion of a component in the formulation selected from the group
consisting of: (a) a pH sensitive polymer or co-polymer applied as a compression coating on a
tablet, (b) a pH sensitive polymer or co-polymer applied as a thin film on a tablet, (c) a pH
sensitive polymer or co-polymer applied as a thin film to an encapsulation system, (d) a pH
sensitive polymer or co-polymer applied to encapsulated microparticles, (¢) a non-aqueous-
soluble polymer or co-polymer applied as a compression coating on a tablet, (f) a non-aqueous-
soluble polymer or co-polymer applied as a thin film on a tablet, (g) a non-aqueous soluble
polymer applied as a thin film to an encapsulation system, (h) a non-aqueous soluble polymer
applied to microparticles, (i) incorporation of the formulation in an osmotic pump system, (j) use
of systems controlled by ion exchange resins, and (k) combinations of these approaches, wherein

the pH sensitive polymer or co-polymer is resistant to degradation under acid conditions.

[0055] Also provided herein are controlled release pharmaceutical formulations of Katp
channel openers, wherein the formulation includes at least one component that contributes to
sustained release of a Katp channel opener over a period of 2-4 hours following administration,
or over a period of 4-8 hours following administration, or over a period of more than 8-24 hours
following administration. These formulations are characterized in having one of the following
components: (a) a pH sensitive polymeric coating, (b) a hydrogel coating, (c) a film coating that
controls the rate of diffusion of the drug from a coated matrix, (d) an erodable matrix that

controls rate of drug release, (¢) polymer coated pellets, granules or microparticles of drug which

15
APOTEX_EX1022_PGR2026-00034 Page 15

67917714v.1



Atty. Dkt. No. 096593-001000US-0955615

can be further encapsulated or compressed into a tablet, (f) an osmotic pump system containing
the drug, (g) a compression coated tablet form of the drug, or (h) combinations of these

approaches.

[0056] As used herein, an erodable matrix is the core of a tablet formulation that, upon
exposure to an aqueous environment, begins a process of disintegration which facilitates the
release of drug from the matrix. The rate of release of drug from the tablet is controlled both by

the solubility of the drug and the rate of disintegration of the matrix.

[0057] The above formulations may further comprise one or more additional
pharmaceutically active agents (other than Katp channel openers) useful for the treatment of a
condition selected from the group consisting of obesity, prediabetes, diabetes, hypertension,
depression, elevated cholesterol, fluid retention, other obesity associated comorbidities, ischemic

and reperfusion injury, epilepsy, schizophrenia, mania, or other psychotic diseases.

[0058] Further provided is a controlled release pharmaceutical formulation of a Katp channel
opener wherein administration to an obese, overweight or obesity prone individual results in at
least one of the following: (a) inhibition of fasting insulin secretion (b) inhibition of stimulated
insulin secretion, (c¢) elevation of energy expenditure, (d) elevation of beta oxidation of fat, (¢)

inhibition of hyperphagia for about 24 hours, or (f) increase in lean body mass.

[0059] Additionally provided is a controlled release pharmaceutical formulation of a Katp
channel opener wherein administration to an obese, overweight or obesity prone individual
results in at least one of the following: (a) inhibition of fasting insulin secretion (b) inhibition of
glucose stimulated insulin secretion, (c¢) elevation of energy expenditure, (d) elevation of beta
oxidation of fat, (¢) inhibition of hyperphagia for about 18 hours, or (f) increase in lean body

mass.

[0060] Still further provided is a controlled release pharmaceutical formulation of a Katp
channel opener which upon administration to an obese, overweight or obesity prone individual
results in at least one of the following: (a) inhibition of fasting insulin secretion (b) inhibition of

glucose stimulated insulin secretion, (c¢) elevation of energy expenditure, (d) elevation of beta
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oxidation of fat, (¢) inhibition of hyperphagia for about 24 hours, or (f) increase in lean body

mass.

[0061] Additionally provided is a controlled release pharmaceutical formulation of a Katp
channel opener that upon administration to an obese, overweight or obesity prone individual
results in at least one of the following: (a) inhibition of fasting insulin secretion (b) inhibition of
glucose stimulated insulin secretion, (c¢) elevation of energy expenditure, (d) elevation of beta
oxidation of fat, (¢) inhibition of hyperphagia for about 18 hours, or (f) increase in lean body

mass.

[0062] Provided herein is a method of treating hypoglycemia, the method comprising orally
administering a controlled release formulation of a Kapp channel opener, optionally in

combination with growth hormone.

[0063] Further provided herein is a method of treating obesity associated co-morbidities in
an obese, overweight or obesity prone individual, the method comprising administering a
therapeutically effective amount of a solid oral dosage form of a Katp channel opener, or
controlled release pharmaceutical formulation of a Katp channel opener, optionally in
combination with growth hormone. In a preferred embodiment, administration is no more than

two times per 24 hours, or once per 24 hours.

[0064] Yet further provided herein is a method of achieving weight loss in an obese
overweight, or obesity prone individual, the method comprising administering a therapeutically
effective amount of a solid oral dosage form of a Karp channel opener or controlled release
pharmaceutical formulation of a Karp channel opener, optionally in combination with growth
hormone. In a preferred embodiment, administration is no more than two times per 24 hours, or
once per 24 hours. The daily dosage administered is preferably between 50 and 180 mg. In
certain embodiments, the obese individual has a body mass index greater than 30 kg/m’, or
greater than 35 kg/m”, or greater than 40 kg/m?, or greater than 50 kg/m?, or greater than 60

kg/m” at the time the method commences.
[0065] Also provided is a method of maintaining a weight loss in an obese overweight, or

obesity prone individual, the method comprising administering a therapeutically effective
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amount of a solid oral dosage form of a Katp channel opener or controlled release
pharmaceutical formulation of a Karp channel opener, optionally in combination with growth
hormone. It is preferable to maintain weight in an obese individual once some weight loss has
occurred when the alternative is to regain weight. In a preferred embodiment, administration is

no more than two times per 24 hours, or once per 24 hours.

[0066] Further provided is a method of elevating energy expenditure in an overweight, obese
or obesity prone individual, the method comprising administering an effective amount of a solid
oral dosage form of a Katp channel opener or controlled release pharmaceutical formulation of a
Kartp channel opener, optionally in combination with growth hormone. In a preferred
embodiment, administration is no more than two times per 24 hours, or once per 24 hours. In
certain embodiments, the individual has a body mass index greater than 20 kg/m?, or greater than
25 kg/m’, or greater than 30 kg/m’, or greater than 35 kg/m?, or greater than 40 kg/m”, or greater

than 50 kg/m?, or greater than 60 kg/m” at the time the method commences.

[0067] Additionally provided is a method of elevating beta oxidation of fat in an overweight,
obese or obesity prone individual, the method comprising administering an effective amount of a
solid oral dosage form of a Katp channel opener or controlled release pharmaceutical
formulation of a Karp channel opener, optionally in combination with growth hormone. In a
preferred embodiment, administration is no more than two times per 24 hours, or once per 24
hours. In certain embodiments, the individual has a body mass index greater than 20 kg/m?, or
greater than 25 kg/m”, or greater than 30 kg/m?, or greater than 35 kg/m?, or greater than 40

kg/m?, or greater than 50 kg/m” or greater than 60 kg/m” at the time the method commences.

[0068] Yet further provided is a method of reducing visceral fat in an overweight, obese or
obesity prone individual, the method comprising administering an effective amount of a solid
oral dosage form of a Katp channel opener or controlled release pharmaceutical formulation of a
Kartp channel opener, optionally in combination with growth hormone. In a preferred

embodiment, administration is no more than two times per 24 hours, or once per 24 hours.

[0069] Still further provided is a method of delaying or preventing the transition to diabetes
of a prediabetic individual comprising administering an effective amount of a Katp channel

opener or controlled release pharmaceutical formulation of a Katp channel opener, optionally in
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combination with growth hormone. In a preferred embodiment, administration is no more than

two times per 24 hours, or once per 24 hours.

[0070] Additionally provided is a method of restoring normal glucose tolerance in a
prediabetic individual comprising administering an effective amount of a Katp channel opener or
controlled release pharmaceutical formulation of a Katp channel opener, optionally in
combination with growth hormone. In a preferred embodiment, administration is no more than

two times per 24 hours, or once per 24 hours.

[0071] Further provided is a method of restoring normal glucose tolerance in a diabetic
individual comprising administering an effective amount of a Karp channel opener or controlled
release pharmaceutical formulation of a Karp channel opener, optionally in combination with
growth hormone. In a preferred embodiment, administration is no more than two times per 24

hours, or once per 24 hours.

[0072] Still further provided is a method of delaying or preventing progression of diabetes in
an individual comprising administering an effective amount of a K4 1p channel opener or
controlled release pharmaceutical formulation of a Katp channel opener, optionally in
combination with growth hormone. In a preferred embodiment, administration is no more than

two times per 24 hours, or once per 24 hours.

[0073] Also provided is a method to prevent or treat weight gain, impaired glucose tolerance
or dyslipidemia associated with the use of anti-psychotics to treat patients comprising the co-
administration of an effective amount of a Katp channel opener or controlled release
pharmaceutical formulation of a Karp channel opener, optionally in combination with growth
hormone. In a preferred embodiment, administration is no more than two times per 24 hours, or

once per 24 hours.

[0074] Further provided is a method to increase lean body mass in a Prader-Willi Syndrome
patient, in a Smith—Magenis syndrome patient, in a Froelich’s Syndrome patient, in a Cohen
Syndrome patient, in a Summit Syndrome patient, in an Alstrom Syndrome patient, in a Borjeson
Syndrome patient or in a Bardet-Biedl Syndrome patient comprising the administration of an

effective amount of a Katp channel opener (optionally in combination with growth hormone) or a
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controlled release pharmaceutical formulation of a Katp channel opener (optionally in
combination with growth hormone). In a preferred embodiment, administration is no more than

two times per 24 hours, or once per 24 hours.

[0075] Still further provided is a method to treat obesity or elevated triglycerides in a patient
suffering hyperlipoproteinemia type 1, type 11, type Il or type IV comprising administering an
effective amount of a K, 1p channel opener or controlled release pharmaceutical formulation of a
Kartp channel opener, optionally in combination with growth hormone. In a preferred

embodiment, administration is no more than two times per 24 hours, or once per 24 hours.

[0076] Also provided is a method of reducing the incidence of adverse effects from
administration of a Kap channel opener in the treatment of diseases of a subject achieved by any
of the following: (a) use of a dosage form that on administration reduces Cpax relative to the
current Proglycem oral suspension or capsule products in order to reduce the incidence of
adverse side effects that are associated with peak drug levels, (b) use of a dosage form that
delays release until gastric transit is complete in order to reduce the incidence of adverse side
effects that are associated with the release of drug in the stomach, (c) initiating dosing at
subtherapeutic levels and in a stepwise manner increasing dose daily until the therapeutic dose is
achieved wherein the number of steps is 2 to 10 to reduce the incidence of adverse side effects
that occur transiently at the initiation of treatment, (d) use of the lowest effective dose to achieve
the desired therapeutic effect in order to reduce the incidence of adverse side effects that are dose
dependent, or (¢) optimizing the timing of administration of dose within the day and relative to

meals.

[0077] Further provided is a method of preventing weight gain, dyslipidemia or impaired
glucose tolerance in a subject treated with an anti-psychotic drug, the method comprising
administering a pharmaceutical formulation of a Karp channel opener, optionally in combination

with growth hormone.

[0078] Yet further provided is a method of treating weight gain, dyslipidemia or impaired
glucose tolerance in a subject treated with an anti-psychotic drug, the method comprising
administering a pharmaceutical formulation of a Karp channel opener, optionally in combination

with growth hormone.
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[0079] Also provided is a method of treating diseases characterized by obesity, hyperphagia,
dyslipidemia, or decreased energy expenditure including (a) Prader Willi Syndrome, (b)
Froelich’s syndrome, (¢) Cohen syndrome, (d) Summit Syndrome, (¢) Alstrom, Syndrome, (f)
Borjesen Syndrome, (g) Bardet-Biedl Syndrome, (h) hyperlipoproteinemia type I, II, III, and IV,
or (i) Smith—-Magenis syndrome (SMS), said method comprising administering a pharmaceutical

formulation of a Ksrp channel opener, optionally in combination with growth hormone.

[0080] Further provided is a pharmaceutical formulation of a Katp channel opener further
comprising a pharmaceutically active agent other than the Katp channel opener. In this
formulation, the other pharmaceutically active agent is an agent useful for the treatment of a
condition selected from the group consisting of obesity, prediabetes, diabetes, hypertension,
depression, elevated cholesterol, fluid retention, or other obesity associated comorbidities,

ischemic and reperfusion injury, epilepsy, schizophrenia, mania, and other psychotic condition.

[0081] The formulations containing Katp channel openers described herein provide for
improved compliance, efficacy and safety, and for co-formulations with other agents. Included
are co-formulations of Karp channel openers with one or more additional pharmaceutically
active agents that have complementary or similar activities or targets. Other pharmaceutical
active agents that can be combined with Katp channel openers to treat obesity or to maintain
weight loss in an obesity prone individual include, but are not limited to: sibutramine, orlistat,
phentermine, rimonabant, a diuretic, an antiepileptic, or other pharmaceutical active whose
therapeutic utility includes weight loss. It is preferable to maintain weight in an obese individual
once some weight loss has occurred when the alternative is to regain weight. Other
pharmaceutically active agents that may be combined with Katp channel openers to treat type 11
diabetes, or prediabetes include acarbose, miglitol, metformin, repaglinide, nateglinide,
rosiglitizone, proglitizone, ramipril, metaglidasen, or any other pharmaceutical active that
improves insulin sensitivity or glucose utilization or glycemic control where the mode of action
is not enhanced insulin secretion. Other pharmaceutical active agents that can be combined with
Katp channel openers to treat obesity associated co-morbidities include a drug active used to
lower cholesterol, a drug active used to lower blood pressure, an anti-inflammatory drug that is
not a cox-2 inhibitor, a drug that is an antidepressant, a drug used to treat urinary incontinence,

or other drug routinely used to treat disease conditions the incidence of which is elevated in
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overweight or obese patients as compared to normal weight individuals including, but not limited
to, drugs to treat atherosclerosis, osteoarthritis, disc herniation, degeneration of knees and hips,
breast, endometrium, cervical, colon, leukemia and prostate cancers, hyperlipidemia,
asthma/reactive airway disease, gallstones, GERD, obstructive sleep apnea, obesity
hypoventilation syndrome, recurrent ventral hernias, menstrual irregularity, infertility, and the

like.

[0082] In the present context, the term “therapeutically effective” or "effective amount”
indicates that the materials or amount of material is effective to prevent, alleviate, or ameliorate
one or more symptoms of a disease or medical condition, and/or to prolong the survival of the

subject being treated.

[0083] The term “pharmaceutically acceptable” indicates that the identified material does not
have properties that would cause a reasonably prudent medical practitioner to avoid
administration of the material to a patient, taking into consideration the disease or conditions to
be treated and the respective route of administration. For example, it is commonly required that

such a material be essentially sterile, e.g., for injectibles.

[0084] As used herein, the term “composition” refers to a formulation suitable for
administration to an intended animal subject for therapeutic purposes; exemplary formulations
contain at least one pharmaceutically active compound and at least one pharmaceutically

acceptable carrier or excipient. Other terms as used herein are defined below.

[0085] Adipocyte: An animal connective tissue cell specialized for the synthesis and storage

of fat.

[0086] Agonist: A chemical compound that has affinity for and stimulates physiological
activity at cell receptors normally stimulated by naturally occurring substances, triggering a
biochemical response. An agonist of a receptor can also be considered an activator of the

receptor.
[0087] About: is used herein to mean in quantitative terms plus or minus 10%.

[0088] Adipose tissue: Tissue comprised principally of adipocytes.
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[0089] Adolescent: A person between 10 and 19 years of age.

[0090] Adiponectin: A protein hormone produced and secreted exclusively by adipocytes
that regulates the metabolism of lipids and glucose. Adiponectin influences the body's response
to insulin. Adiponectin also has anti-inflammatory effects on the cells lining the walls of blood

vessels.

[0091] Amelioration of the symptoms of a particular disorder by administration of a
particular pharmaceutical composition: refers to any lessening, whether permanent or

temporary, lasting or transient that can be attributed to or associated with administration of the

composition.
[0092] Analog: a compound that resembles another in structure but differs by at least one
atom.

[0093] Antagonist: A substance that tends to nullify the action of another, as a drug that

binds to a cell receptor without eliciting a biological response.

[0094] Atherosclerotic Plaque: A buildup of cholesterol and fatty material within a blood

vessel due to the effects of atherosclerosis

[0095] Bariatric Surgery: a range of surgical procedures which are designed to aid in the

management or treatment of obesity and allied diseases.

[0096] Beta cell rest: Temporarily placing beta cells in a condition in which there is reduced

metabolic stress due to suppressed secretion of insulin.

[0097] Bilaminate: A component of a pharmaceutical dosage form that consists of the

lamination of two distinct materials.

[0098] Bioavailability: Refers to the amount or extent of therapeutically active substance
that is released from the drug product and becomes available in the body at the intended site of
drug action. The amount or extent of drug released can be established by the pharmacokinetic-
parameters, such as the area under the blood or plasma drug concentration-time curve (AUC) and

the peak blood or plasma concentration (C ax) of the drug.
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[0099] Bioequivalent: Two formulations of the same active substance are bioequivalent
when there is no significant difference in the rate and extent to which the active substance
becomes available at the site of drug action when administered at the same molar dose under
similar conditions. "Formulation" in this definition may include the free base of the active
substance or different salts of the active substance. Bioequivalence may be demonstrated
through several in vivo and in vitro methods. These methods, in descending order of preference,
include pharmacokinetic, pharmacodynamic, clinical and in vitro studies. In particular,
bioequivalence is demonstrated using pharmacokinetic measures such as the area under the blood
or plasma drug concentration-time curve (AUC) and the peak blood or plasma concentration

(Cmax) of the drug, using statistical criteria.

[00100] Cannabinoid Receptor: Receptors in the endocannabinoid (EC) system associated
with the intake of food and tobacco dependency. Blocking the cannabinoid receptor may reduce

dependence on tobacco and the craving for food.

[00101] Combination: refers to any association between or among two or more items. The
combination can be two or more separate items, such as two compositions or two collections. It
can be a mixture thereof, such as a single mixture of the two or more items, or any variation

thereof.

[00102] Composition: refers to any mixture. It can be a solution, a suspension, liquid,

powder, a paste, aqueous, non-aqueous or any combination thereof.

[00103] Compression tablet: Tablet formed by the exertion of pressure to a volume of tablet

matrix in a die.

[00104] Compression coated tablet: A tablet formed by the addition of a coating by

compression to a compressed core containing the pharmaceutical active.

[00105] Derivative: a chemical substance derived from another substance by modification or

substitution.

[00106] Daily dosage: the total amount of a drug taken in a 24 hour period whether taken as a

single dose or taken in multiple doses.
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[00107] Diazoxide: 7-chloro-3-methyl-2-H-1,2,4-benzothiadiazine 1,1 dioxide with the
empirical formula CgH;CIN,O,S and a molecular weight of 230.7.

[00108] Encapsulation system: a structural feature that contains drug within such as a
pharmaceutical capsule. A gel into which drug is incorporated also is considered an

encapsulation system.

[00109] Equivalent amount: an amount of a derivative of a drug that in assays or upon
administration to a subject produces an equal effect to a defined amount of the non-derivatized

drug.

[00110]  Fatty acid synthase: The central enzyme of a multienzyme complex that catalyses the

formation of palmitate from acetylcoenzyme A, malonylcoenzyme A, and NADPH.

[00111]  Gastric Lipase: An enzyme secreted into the gastrointestinal tract that catalyzes the

hydrolysis of dictary triglycerides.

[00112]  Glidant: An inactive component of a pharmaceutical formulation that prevents

caking of the matrix during processing steps.

[00113]  Growth hormone: also known as somatotropin or somatropin, is a peptide hormone
that stimulates growth, cell reproduction and regeneration in humans and other animals. It is a
type of mitogen which is specific only to certain kinds of cells. Growth hormone is a 191-amino
acid, single-chain polypeptide that is synthesized, stored, and secreted by somatotropic cells
within the lateral wings of the anterior pituitary gland. GH is a stress hormone that raises the

concentration of glucose and free fatty acids. It also stimulates production of IGF-1.

[00114]  Hyperinsulemia: Excessively high blood insulin levels, which is differentiated from
hyperinsulinism, excessive secretion of insulin by the pancreatic islets. Hyperinsulinemia may

be the result of a variety of conditions, such as obesity and pregnancy.
[00115]  Hyperinsulinism: Excessive secretion of insulin by the pancreatic islets.

[00116] Hyperlipidemia: A general term for elevated concentrations of any or all of the lipids

in the plasma, such as cholesterol, triglycerides and lipoproteins.
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[00117]  Hyperphagia: Ingestion of a greater than optimal quantity of food.

[00118]  Ingredient of a pharmaceutical composition: refers to one or more materials used in
the manufacture of a pharmaceutical composition. Ingredient can refer to an active ingredient
(an agent) or to other materials in the compositions. Ingredients can include water and other

solvents, salts, buffers, surfactants, water, non-aqueous solvents, and flavorings.

[00119] IGF-1, also called somatomedin C, is a protein that in humans is encoded by the
IGFI gene. IGF-1 is a hormone similar in molecular structure to insulin. It plays an important
role in childhood growth and continues to have anabolic effects in adults. IGF-1 consists of 70
amino acids in a single chain with three intramolecular disulfide bridges, and has a molecular

weight of 7,649 daltons.

[00120] Insulin resistance: A condition in which the tissues of the body are diminished in

their response to insulin.

[00121]  Ischemic injury: injury to tissue that results from a low oxygen state usually due to

obstruction of the arterial blood supply or inadequate blood flow leading to hypoxia in the tissue.

[00122] Ketoacidosis: Acidosis accompanied by the accumulation of ketone bodies (ketosis)

in the body tissue and fluids, as in diabetic acidosis.

[00123]  Kit: refers to a packaged combination. A packaged combination can optionally

include a label or labels, instructions and/or reagents for use with the combination.

[00124] Kir: Pore forming subunit of the Karp channel. Also known as the inwardly
rectifying subunit of the Katp channel. Typically existing as Kir6.x and infrequently as Kir2.x

subspecies.

[00125] K atp channel: An ATP sensitive potassium ion channel across the cell membrane
formed by the association of 4 copies of a sulfonylurea receptor and 4 copies of a pore forming

subunit Kir. Agonizing the channel can lead to membrane hyperpolarization.
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[00126] Lean body mass: Lean Body Mass is a component of body composition, calculated
by subtracting body fat weight from total body weight: total body weight is lean plus fat. In

equations:
Lean Body Mass equals Body Weight minus Body Fat (LBM = BW — BF)
Lean Body Mass plus Body Fat equals Body Weight (LBM + BF = BW)

The percentage of total body mass that is lean is usually not quoted — it would typically be 60—
90%. Instead, the body fat percentage, which is the complement, is computed, and is typically
10-40%. The Lean body mass (LBM) has been described as an index superior to total body
weight for prescribing proper levels of medications and for assessing metabolic disorders, as

body fat is less relevant for metabolism.

[00127]  Leptin: Product (16 kD) of the ob (obesity) locus. It is found in plasma of mammals

and exerts a hormonal action, which reduces food uptake and increases energy expenditure.

[00128]  Lipogenesis: The generation of new lipids, primarily triacylglycerides. It is

dependent on the action of multiple distinct enzymes and transport molecules.
[00129] Lipolysis: The breakdown of fat by the coordinated action of multiple enzymes.

[00130] Lipoprotein lipase: An enzyme of the hydrolase class that catalyses the reaction of
triacyglycerol and water to yield diacylglyerol and a fatty acid anion. The enzyme hydrolyses
triacylglycerols in chylomicrons, very-low-density lipoproteins, low-density lipoproteins, and

diacylglycerols.

[00131]  Lubricant: An inactive component of a pharmaceutical formulation that provides for

the flow of materials in various processing steps, particularly tableting.

[00132]  Microparticle: A small particulate formed in the process of developing

pharmaceutical formulations that may be coated prior to producing the final dosage from.

[00133]  Obesity: An increase in body weight beyond the limitation of skeletal and physical
requirement, as the result of an excessive accumulation of fat in the body. Formally defined as

having a body mass index greater than 30 kg/m®.
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[00134]  Obesity Prone: Individuals who because of genetic predisposition or prior history of

obesity are at above average risk of becoming obese.

[00135]  Obesity related co-morbidities: any disease or condition of animals or humans that
are increased incidence in obese or overweight individuals. Examples of such conditions include

hypertension, prediabetes, type 2 diabetes, osteoarthritis and cardiovascular conditions.

[00136] Osmotically controlled release: A pharmaceutical dosage form in which the release
of the active drug is principally achieved by the hydration of a swellable component of the

formulation.

[00137]  Overweight: an individual whose weight is above that which is ideal for their height
but who fails to meet the criteria for classification as obese. In humans using Body Mass Index

(kg/m?) an overweight individual has a BMI between 25 and 30.

[00138]  Oxidation of Fat: A series of reactions involving acyl-coenzyme A compounds,
whereby these undergo beta oxidation and thioclastic cleavage, with the formation of acetyl-

coenzyme A; the major pathway of fatty acid catabolism in living tissue.

[00139]  Pharmaceutical composition: refers a composition that contains an agent and one or
more other ingredients that is formulated for administration to a subject. An agent refers to an
active ingredient of a pharmaceutical composition. Typically active ingredients are active for
treatment of a disease or condition. For example, agents that can be included in pharmaceutical
compositions include agents for treating obesity or diabetes. The pharmaceutically active agent

can be referred to as “a pharmaceutical active.”

[00140]  Pharmaceutical effect: refers to an effect observed upon administration of an agent

intended for treatment of a disease or disorder or for amelioration of the symptoms thereof.
[00141]  Pharmacodynamic: An effect mediated by drug action.

[00142]  Pharmacokinetic: Relating to the absorption, distribution, metabolism and elimination

of the drug in the body.
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[00143]  Polymorph: A compound that shares the same chemistry but a different crystal

structure.

[00144]  Prader—Willi syndrore (PWS): A complex neurobehavioral/metabolic disorder
which is due to the absence of normally active, paternally expressed genes from the chromosome
15q1t-g13 region. PWS is an imprinted condition with 70—75% of the cases due to a de novo
deletion in the paternally inherited chromosome 15 11-q13 region, 20--30% from maternal
uniparental disomy 15 (UPD), and the remaining 2-5% from cither microdeletions or
eptmutations of the imprinting center (L.¢., imprinting defects) (Bittel and Butler, Expert Rev

Mol Med 7(14):1-20 (2005); Cassidy and Driscoll, Eur J Hum Genet 17(1):3-13(20093).

[00145] The clinical manifestations of the condition begin in utero with diminished fetal
activity (Miller Am J Med Genet A 155A(5):1-10 (2011)). Low lean body mass and hypotonia
are universal in PWS and present throughout life (Brambilla Am J Clin Nutr 65(5):1369-1374
(1997), Lloret-lineras Int J Obes 37:1198-1203 (2013)). Mental retardation occurs to varying
degrees with the average 1Q being 70 (PWSUSA). PWS patients present with a range of
behavioral complications including autistic-spectrum-disorder-like behaviors, compulsive
behaviors, self-injurious behaviors, and aggressive, threatening and destructive behaviors. About
80% of PWS patients are growth hormone deficient {Goldstone, Trends Endocrinol Metab
15:12-120 (20804); Davies et al., Front Neuroendocrinol 29:413-427 (200R); Cassidy and
Driscoll, 2009, supra). Nearly all PWS patients are hypogonadal, requiring sex hormone
supplementation {Goldstone, 2004, supra; Davies et al., 2008, supra; Cassidy and Driscoll, 2009,
supra}). These patients have hypothalamic insufficiency/dysfunction (Goldstone Am J Clin Nutr
75(3):468-475 (2002)).

[00146] The accumulation of excess body fat may begin about age 2 and can continue into
adulthood (Miller 2011, supra). The vast majority of body fat in PWS is subcutaneous
(Brambilla 1997, supra; Sode-Carlson, Growth hormone and IGF research 20:179-184 (2010),
Bedogni J Endocrinol Invest DOI 10.1007/s40618-015-0266-y (2015)). Obesity is not universal
in PWS, unlike the universality of low lean body mass and hypotonia. For example, Sode-
Carlson et al. (2010), supra, evaluated 46 adult PWS patients, 25 women and 21 men. The

average BMI in these adult PWS patients was 27.2 kg/m”. Thus, on average, these patients were
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overweight rather than obese, suggesting that more than half are not, in fact, obese by the best
metric. Similarly, Brambilla et al. Nutr Metab Cardiovasc Dis 21(4):269-276 (2011) studied a
population of 109 children with PWS. They found that 54% were not classified as obese by the
best metric. Thus, both in adults and in children with PWS, obesity is not only not universal, but
may, in fact, occur in less than half of the population. Subcutancous fat makes up a greater
percentage of total fat in PWS than it does in obese controls at all ages (Sode-Carlson 2010,

supra).

[00147]  Hyperphagia with the associated problematic food related behaviors begins on
average about age 8 (Miller 2011, supra). These patients sense they are starving when they are
not. Upon the onset of hyperphagia, PWS patients will eat any food in the line of sight, get up at
night to eat, dig through the trash for food, steal food, consume frozen food, pet food, spoiled
food and even consume non-food items (Miller 2011, supra). They will become angry or throw
tantrums if denied food. At this stage and thereafter throughout life, access to food is strictly
limited, with cabinets and refrigerators being locked. To limit food related anxiety, meal times

and meal composition are strictly regimented.

[00148]  The mortality rate for PWS patients is three times that of the general population at all
ages (Cassidy Genet Med 14(1):10-26 (2012)), with the average age at death being about 29
years (PWSUSA mortality database, n=488). In contrast, being obese, but not morbidly obese
has little impact on life expectancy (Anon (2011) National Research Council Panel on
Understanding Divergent Trends in Longevity in High-Income Countries; Crimmons, EM,

Preston, SH, Cohen, B, editors. National Academies Press).

[00149]  Prader-Willi patients expend less energy and are more sedentary than either the
general population, obese controls or patients with similar intellectual disabilities. Butler et al.
Am J Med Gent A 143A(5):449-459 (2007)) compared the energy expenditure and total work of
a group of 48 PWS patients with a group of 24 obese controls. Compared to the controls, PWS
patients had significantly decreased total energy expenditure (-20%), resting energy expenditure
(-16%) and mechanical work (-35%). After adjusting for group differences in lean body mass,

the difference remained significant for mechanical work.
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[00150] In a study by van Mil et al., Int J Obes Relat Metab Disord 24(4):429-434 (2000), the
authors measured basal metabolic rate (BMR), average daily metabolic rate (ADMR), activity
induced energy expenditure (AEE), and ADMR/BMR (PAL) in a group of PWS patients and
matched controls. ADMR, AEE and PAL were significantly lower (P < 0.01) in the PWS group
compared with the control group -28.2%, -58.2%, and -14.2%, respectively).

[00151]  D3e Lind van Wijngaarden et al,, J Clin Endocrinol Metab 95(4):1758-1766 {20318}
evaluated cardiovascular and metabolic risk factors in children with PWS. They showed that
63% of infants and 73% of pre-pubertal children with PWS have at least one cardiovascular risk
factor, defined as dyslipidenua or hypertension. Thus, the cardiometabolic risk in PWS is

elevated even in younger children.
[00152]  Preadipocyte: A progenitor cell to adipocytes.

[00153]  Prediabetic: A condition that precedes diagnosis of type 11 diabetes. Type Il diabetes

is a form of diabetes mellitus which is characterized by insulin insensitivity or resistance.

[00154]  Prodrug: refers to a compound which, when metabolized, yields the desired active
compound. Typically, the prodrug is inactive, or less active than the active compound, but may
provide advantageous handling, administration, or metabolic properties. For example, some
prodrugs are esters of the active compound; during metabolysis, the ester group is cleaved to
yield the active drug. Also, some prodrugs are activated enzymatically to yield the active

compound, or a compound which, upon further chemical reaction, yields the active compound.

[00155]  Prolonged Administration (prolonged basis): Administration of a pharmaceutically
acceptable formulation of a drug for 7 or more days. Typically, prolonged administration is for
at least two weeks, preferably at least one month, and even more preferably at least two months

(i.c. at least 8 weeks).

[00156]  Quick dissolving formulation: a pharmaceutical formulation which upon oral
administration may release substantially all of the drug active from the formulation within 10

minutes.
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[00157] Release formulation (sustained), (or “sustained release formulation”): A formulation
of pharmaceutical product that, upon administration to animals, provides for release of the active
pharmaceutical over an extended period of time than provided by formulations of the same
pharmaceutical active that result in rapid uptake. Similar terms are extended-release, prolonged-
release, and slow-release. In all cases, the preparation, by definition, has a reduced rate of

release of active substance.

[00158] Release formulation (delayed), (or “delayed release formulation™): Delayed-release
products are modified-release, but are not extended-release. They involve the release of discrete
amount(s) of drug some time after drug administration, e.g. enteric-coated products, and exhibit

a lag time during which little or no absorption occurs.

[00159]  Release formulation (controlled), (or “controlled release formulation™): A
formulation of pharmaceutical product that may include both delay of release of pharmaceutical

active upon administration and control of release in the manner described for sustained release.

[00160] Salt: the neutral, basic or acid compound formed by the union of an acid or an acid

radical and a base or basic radical.

[00161] Smith—Magenis syndrome (SMS; OMIM #182290, *607642): A complex, generally
sporadic, genetic disorder caused by haploinsufficiency of the retinoic acid induced 1 (RAII)
gene. caused by either a 17p11.2 deletion encompassing the retinoic acid-induced 1 (RAI1) gene

or a mutation of RAI1.(see, for example, Burns et al., in Human Molecular Genetics, 2010, Vol.

19, No. 20, pp. 4026-4042).

[00162] Smith—Magenis syndrome is characterized by a clinically recognizable phenotype that
includes physical, developmental, neurological, and behavioral features. Short stature (<5th
percentile) was observed in ~67% of young patients. Short stature resolves over time with most
individuals reaching the 10-25th percentile by adulthood (see, for example, Burns et al. supra).
A majority of children with SMS also have significant early-onset obesity (see, for example,
European Journal of Human Genetics (2008) 16, 412-421). Obesity in teens and adults is

common, typically with broad chests and truncal obesity. RAI1 haploinsufficiency represents a
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single-gene model of obesity with hyperphagia, abnormal fat distribution and altered

hypothalamic gene expression associated with satiety, food intake, behavior and obesity.

[00163] Hearing loss is variable and is often associated with chronic ear infections.
Ophthalmologic features are present in >60% of SMS patients and include myopia, iris
anomalies, strabismus, microcornea, and, rarely, retinal detachment (often resulting from violent

behaviors).

[00164]  Prenatal history of SMS is notable for significantly decreased fetal movement in 50%
of pregnancies. Early infancy is complicated by feeding difficulties leading to failure to thrive,
marked oral sensory motor dysfunction with poor suckling reflex, gastroesophageal reflux, and

hypotonia.

[00165] Most SMS individuals have mild-to-moderate mental retardation. 1Q decreases as the
child ages, ultimately placing the individual in the mild mental retardation range by adulthood.
Delayed speech with or without hearing loss occurs in 96% of SMS patients. In addition,
delayed fine/gross motor skills, problems with sensory integration, and poor adaptive function
are seen. Other neurological features include pes cavus or pes planus, an abnormal ‘festinating’
gait, balance problems, and a decreased sensitivity to pain, which is often observed in association

with self-injury in this disorder.

[00166]  Sleep disturbance has been reported in 75-100% of SMS cases. Infants typically
experience hypersomnolence during the first year of life. Sleep disturbances in older children
include difficulties falling asleep, diminished REM sleep, reduced 24-h and night sleep,
fragmented and shortened sleep cycles with frequent nocturnal and early-morning awakenings,

and excessive daytime sleepiness.

[00167]  Behavioral issues are one of the unique characteristic features of SMS. Maladaptive
behaviors are a cause of major concern and include frequent outbursts/temper tantrums, attention
secking, aggression, disobedience, distraction, and self-injurious behaviors. Self-injurious
behaviors include head banging, skin picking, wrist biting, onychotillomania and
polyembolokoilamania. The behavioral phenotype of SMS escalates with age, typically with the

onset of puberty. Age, degree of developmental delay, severity of any associated systemic
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disorder, and degree of sleep disturbance have a strong influence on maladaptive behaviors.
Individuals also have a lack of respect for personal space during a conversation and are

emotionally volatile.

[00168]  SMS patients share many characteristics in common with PWS patients. These
include: (1) diminished fetal activity; (2) hypotonia; (3) feeding difficulties in early infancy; (4)
short stature: (5) early onset obesity which may include hyperphagia; (6) developmental delays;
(7) mental retardation; (8) temper outbursts; (9) aggressive behavior; (10) self-injurious
behavior; (11) hypersomnolence in infancy and similar sleep disturbances in older children and
adults; (12) frequent ear infections; (13) scoliosis; and (14) strabismus. While the underlying
genetic basis for these disorders is quite distinct, the presentation and natural history of the

disease is very similar.

[00169]  Solid oral dosage form: pharmaceutical formulations designed for oral administration

including capsules and tablets.
[00170] Subject: refers to animals, including mammals, such as human beings.

[00171]  Sulfonylurea receptor: A component of the Karp channel responsible for interaction

with sulfonylurea, other K orp channel antagonists, diazoxide and other K orp channel agonists.

[00172]  Tablet: Pharmaceutical dosage form that is produced by forming a volume of a matrix
containing pharmaceutical active and excipients into a size and shape suitable for oral

administration.
[00173] Thermogenesis: The physiological process of heat production in the body.

[00174]  Threshold Concentration: The minimum circulating concentration of a drug required
to exert a specific metabolic, physiological or compositional change in the body of a treated

human or animal.

[00175]  Treatment: means any manner in which the symptoms of a condition, disorder or

disease or other indication, are ameliorated or otherwise beneficially altered.
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[00176]  Triglyceride: Storage fats of animal and human adipose tissue principally consisting

of glycerol esters of saturated fatty acids.

[00177] Typel diabetes: A chronic condition in which the pancreas makes little or no insulin

because the beta cells have been destroyed.

[00178]  Uncoupling protein: A family of proteins that allow oxidation in mitochondria to

proceed without the usual concomitant phosphorylation to produce ATP.

[00179]  Visceral fat: Human adipose tissues principally found below the subcutancous fat

and muscle layer in the body.

BRIEF DESCRIPTION OF THE FIGURES
[00180]  Figure 1 summarizes the change in hyperphagia score for all subjects who

participated in clinical study PC025.

[00181]  Figure 2 summarizes the percent change in lean body mass for all subjects who

participated in clinical study PC025.

[00182]  Figure 3 summarizes the percent change in body fat mass for all subjects who

participated in clinical study PC025.

[00183]  Figure 4 summarizes the percent change of the lean body mass/fat mass ratio for all

subjects who participated in clinical study PC025.

DETAILED DESCRIPTION OF THE INVENTION
[00184] Provided herein are pharmaceutical formulations of particular K,1p channel openers
that when administered to subjects achieve novel pharmacodynamic, pharmacokinetic,
therapeutic, physiological, and metabolic outcomes. Also provided are pharmaceutical
formulations, methods of administration and dosing of particular Ksrp channel openers ,
optionally in combination with growth hormone, that achieve therapeutic outcomes while

reducing the incidence of adverse effects.

[00185] In particular, pharmaceutical formulations formulated for oral administration exhibit

advantageous properties including: facilitating consistency of absorption, pharmacokinetic and
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pharmacodynamic responses across treated patients, contributing to patient compliance and
improving the safety profile of the product, such as by reducing the frequency of serious adverse
effects. Method of treatment of metabolic and other diseases of humans and animals by

administering the formulations are also provided.

[00186] Compounds of formulas II and III, formulas IV and V, and formulas VI and VII, such
as for example, diazoxide (shown below) can be proton tautomers. Proton tautomers are isomers
that differ from each other only in the location of a hydrogen atom and a double bond. The
hydrogen atom and double bond switch locations between a carbon atom and a heteroatom, such
as for example N. Thus, when the nitrogen substituent is hydrogen, the two isomeric chemical

structures may be used interchangeably.

H

N
U — OOy
S,NH S,N

1\ 7\

[00187]  The particular Kap channel openers that can be used in the invention formulations
include any of those within formulae I to VII. Exemplary such compounds include diazoxide,
BPDZ62, BPDZ 73, NN414 and BPDZ 154 (sce, for example, Schou, et al., Bioorg. Med.
Chem., 13, 141-155 (2005)). Compound BPDZ 154 also is an effective Kap channel activator
in patients with hyperinsulinism and in patients with pancreatic insulinoma. The synthesis of
BPDZ compound is provided in Cosgrove, et al., J. Clin. Endocrinol. Metab., 87, 4860-4868
(2002).

[00188]  Analogs of diazoxide include 3-isopropylamino-7-methoxy-4H-1,2,4,-
benzothiadiazine 1,1-dioxide, which is a selective Kir6.2/SUR1 channel opener (see Dabrowski,
et al., Diabetes, 51, 1896-1906 (2002)). 2-alkyl substituted diazoxides are included (see, for
example, Ouedraogo, et al., Biol. Chem., 383, 1759-1768 (2002)); these channel openers show
decreased activity in the inhibition of insulin release and increased activity in vascular smooth
muscle tissue. Furthermore, 2-alkyl substituted diazoxides generally do not function as

traditional potassium channel activators, but instead show potential as Ca*" blockers.
p p
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[00189] Other diazoxide analogs are described in Schou, et al., Bioorg. Med. Chem., 13, 141-
155 (2005), and are shown below.

R', R? and R® are:

a) H, Cl, NHCH(CH3),

b) CF3, H, NHCH(CHj3)»

c) H, Cl, NHCH,CH,CH(CH3),

d) H, Cl, NH-cyclobutyl
[00190] Diazoxide analogs having different alkyl substituents at the 3 position of the molecule
(identified as R* shown below) are described in Bertolino, et al., Receptors and Channels, 1, 267-

278 (1993).

IZA\

R} R°and R are:  i)nCsHys, H, ClI

a)H, H, CH, j) nCsHy, CI, H
b)H, H, CI k) nC4Hg, CI, H
¢) CHa, CI H ) nCgH¢4, CIL H
d) CH,CI, H, Cl m) nC7Hys, Cl, H
&) NH,, H. H n) nCzH,, C, Cl
f) CHyCH,Cl, H, ¢ ©) NCate, €I, CI

p) NCgH,4, C, Cl
g) nC4Ho, H, Cl ) nC,Hys, Cl, CI
h) nCsH44, H, Cl NH, Cl,H

[00191]  Karp channel activity of formulae I — VII and related compounds can be measured by
membrane potential studies as described in Schou, et al., Bioorg. Med. Chem., 13, 141-155
(2005) and Dabrowski, et al., Diabetes, 51, 1896-1906 (2002).

[00192] Measurement of the inhibition of glucose-stimulated insulin release from BTC6 cells
is described in Schou, et al., Bioorg. Med. Chem., 13, 141-155 (2005). The ability of particular
Katp channel openers to inhibit release of insulin from incubated rat pancreatic islets can be

performed as described by Ouedraogo, et al., Biol. Chem., 383, 1759-1768 (2002).

[00193]  Activation of recombinant Katp channels by Katp channel openers can be examined
by monitoring macroscopic currents of inside-out membrane patches from Xenopus oocytes

coexpressing Kir6.2 and either SUR1, SUR2A or SUR2B. SUR expressing membranes can be
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prepared by known methods. See, for example, Dabrowski, et al., Diabetes, 51, 1896-1906
(2002).

[00194] Binding experiments can be used to determine the ability of Katp channel openers to
bind SUR1, SUR2A and SUR2B. See, for example, Schwanstecher, et al., EMBO J., 17, 5529-
5535 (1998).

[00195]  Preparation of SUR1 and SUR2A chimeras, as described by Babenko et al., allows

for comparison of pharmacologic profiles (i.c. sulfonyl sensitivity and responsiveness to
diazoxide or other potassium channel openers) of the SUR1/Kir6.2 and SUR2A/Kir6.2

potassium channels. See Babenko, et al., J. Biol. Chem., 275(2), 717-720 (2000). The cloning of
a sulfonylurea receptor and an inwardly rectifying K' channel is described by Isomoto, et al., /.

Biol. Chem., 271 (40), 24321-24324 (1996); D’hahan, et al., PNAS, 96(21), 12162-12167 (1999).

[00196]  Differences between the human SUR1 and human SUR2 genes are described and
shown in Aguilar-Bryan, et al., Physiological Review, 78(1), 227-245 (1998).

[00197] “Halo” and “halogen” refer to all halogens, that is, chloro (Cl), fluoro (F), bromo
(Br), or iodo (I).

[00198] “Hydroxyl” and "hydroxy" refer to the group -OH.

[00199]  “Substituted oxy” refers to the group -OR’, where R is alkyl, substituted alkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, aralkyl, substituted aralkyl, cycloalkyl,
substituted cycloalkyl, heterocyclyl, or substituted heterocyclyl.

[00200]  “Substituted thiol” refers to the group -SR, where R is alkyl, substituted alkyl, acyl,
substituted acyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, aralkyl, substituted
aralkyl, cycloalkyl, substituted cycloalkyl, heterocyclyl, or substituted heterocyclyl.

[00201]  “Alkyl” refers to an alkane-derived radical containing from 1 to 10, preferably 1 to 6,
carbon atoms. Alkyl includes straight chain alkyl, branched alkyl and cycloalkyl, such as
methyl, ethyl, propyl, isopropyl, butyl, t-butyl, and the like. Straight chain or branched alkyl
groups contain from 1-10, preferably 1 to 6, more preferably 1-4, yet more preferably 1-2,

carbon atoms. The alkyl group is attached at any available point to produce a stable compound.
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[00202] A "substituted alkyl" is an alkyl group independently substituted with 1 or more, ¢.g.,
1, 2, or 3, groups or substituents such as halo, hydroxy, optionally substituted alkoxy, optionally
substituted alkylthio, alkylsulfinyl, alkylsulfonyl, optionally substituted amino, optionally
substituted amido, amidino, urea optionally substituted with alkyl, aminosulfonyl optionally N-
mono- or N,N-di-substituted with alkyl, alkylsulfonylamino, carboxyl, heterocycle, substituted
heterocycle, nitro, cyano, thiol, sulfonylamino or the like attached at any available point to
produce a stable compound. In particular, "fluro substituted" refers to substitution by 1 or more,
e.g., 1,2, or 3 fluorine atoms. "Optionally fluro substituted" means that substitution, if present,

1s fluoro.
[00203]  “Lower alkyl” refers to an alkyl group having 1-6 carbon atoms.

[00204] A "substituted lower alkyl" is a lower alkyl which is substituted with 1 or more, e¢.g.,
1, 2, or 3, groups or substituents as defined above, attached at any available point to produce a

stable compound.

[00205] "Cycloalkyl" refers to saturated or unsaturated, non-aromatic monocyclic, bicyclic or
tricyclic carbon ring systems of 3-8, more preferably 3-6, ring members per ring, such as
cyclopropyl, cyclopentyl, cyclohexyl, adamantyl, and the like. "Cycloalkylene" is a divalent
cycloalkyl.

[00206]  “Alkoxy” denotes the group -OR', where R is lower alkyl.
[00207]  “Substituted alkoxy” denotes the group -OR", where R' is substituted lower alkyl.
[00208]  “Alkylthio” or “thioalkoxy” refers to the group -S-R, where R is lower alkyl.

[00209]  “Substituted alkylthio” or “substituted thioalkoxy” refers to the group -S-R, where R

is substituted lower alkyl.
[00210]  “Sulfinyl” denotes the group -S(O)-.

[00211]  “Sulfonyl” denotes the group -S(O);-.
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[00212]  “Substituted sulfinyl” denotes the group -S(O)-R, where R is lower alkyl, substituted
lower alkyl, cycloalkyl, substituted cycloalkyl, cycloalkylalkyl, substituted cycloalkylalkyl,
heterocyclyl, substituted heterocyclyl, heterocyclylalkyl, substituted hetereocyclylalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, heteroaralkyl, substituted heteroaralkyl,
aralkyl or substituted aralkyl.

[00213]  “Substituted sulfonyl” denotes the group -S(O),-R, where R is lower alkyl,
substituted lower alkyl, cycloalkyl, substituted cycloalkyl, cycloalkylalkyl, substituted
cycloalkylalkyl, heterocyclyl, substituted heterocyclyl, heterocyclylalkyl, substituted
hetereocyclylalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, heteroaralkyl,
substituted heteroaralkyl, aralkyl or substituted aralkyl.

[00214]  “Sulfonylamino” denotes the group -NRS(O),- where R is hydrogen or lower alkyl.

[00215]  “Substituted sulfonylamino” denotes the group -NR*S(0),-R®, where R* is hydrogen
or lower alkyl and R® is lower alkyl, substituted lower alkyl, cycloalkyl, substituted cycloalkyl,
heterocyclyl, substituted heterocyclyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
heteroaralkyl, substituted heteroaralkyl, aralkyl or substituted aralkyl.

[00216] “Amino” or "amine" denotes the group -NH,. A "divalent amine" denotes the group
—NH-. A "substituted divalent amine" denotes the group —NR- wherein R is lower alkyl,
substituted lower alkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, acyl, substituted

acyl, sulfonyl or substituted sulfonyl.

[00217]  “Substituted amino” or "substituted amine" denotes the group -NR'R’, wherein R’ and
R’ are independently hydrogen, lower alkyl, substituted lower alkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, acyl, substituted acyl, sulfonyl, substituted sulfonyl, or
cycloalkyl provided, however, that at least one of R' and R is not hydrogen. R'R’in combination

with the nitrogen may form an optionally substituted heterocyclic or heteroaryl ring.
[00218]  “Alkylsulfinyl” denotes the group -S(O)RP, wherein R is optionally substituted alkyl.

[00219]  “Alkylsulfonyl” denotes the group -S(O),R”, wherein RP is optionally substituted
alkyl.
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[00220]  ““Alkylsulfonylamino” denotes the group -NRIS(0O),RP, wherein R? is optionally
substituted alkyl, and R% is hydrogen or lower alkyl.

[00221]  Pharmaceutical formulations containing Karp channel openers include the free base
of the drug or a salt of the drug. Such salts may have one or more of the following
characteristics: (1) stablity in solution during synthesis and formulation, (2) stability in a solid
state, (3) compatibility with excipients used in the manufacture of tablet formulations, (4)
quantitatively yield the Karp channel opener upon exposure to simulated or actual gastric and
duodenal conditions, (5) release Karp channel opener from sufficiently small particles that are
readily dissolved and absorbed, (6) provide, when incorporated into a pharmaceutical
formulation, for absorption of greater than 80% of the administered dose, (7) present no elevated
toxicological risk as compared to the free base of the Karp channel opener, (8) can be formulated
into acceptable pharmaceutical formulations to treat obesity and other diseases of humans, (9)
are acceptable to the FDA as the basis of a drug product, (10) can be recrystallized to improve
purity, (11) can be used to form co-crystals of two or more salts of the Karp channel opener, (12)
have limited hygroscopicity to improve stability, or (13) synthetic and crystallization conditions
under which the salt is formed can be varied resulting in different crystal structures (polymorphs)

can be controlled in the synthesis of the salt.

[00222] Karp channel openers can be formulated as pharmaceutically acceptable salts.
Pharmaceutically acceptable salts are non-toxic salts in the amounts and concentrations at which
they are administered. The preparation of such salts can facilitate the pharmacological use by
altering the physical characteristics of a compound without preventing it from exerting its
physiological effect. Useful alterations in physical properties include lowering the melting point
to facilitate transmucosal administration and increasing the solubility to facilitate administering

lower effective doses of the drug.

[00223] Pharmaceutically acceptable salts include acid addition salts such as those containing
sulfate, chloride, hydrochloride, fumarate, maleate, phosphate, sulfamate, acetate, citrate, lactate,
tartrate, methanesulfonate, ethanesulfonate, benzenesulfonate, p-toluenesulfonate,
cyclohexylsulfamate and quinate. Pharmaceutically acceptable salts can be obtained from acids

such as hydrochloric acid, maleic acid, sulfuric acid, phosphoric acid, sulfamic acid, acetic acid,

41
APOTEX_EX1022 PGR2026-00034 Page 41

67917714v.1



Atty. Dkt. No. 096593-001000US-0955615

citric acid, lactic acid, tartaric acid, malonic acid, methanesulfonic acid, ethanesulfonic acid,
benzenesulfonic acid, p-toluenesulfonic acid, cyclohexylsulfamic acid, fumaric acid, and quinic

acid.

[00224]  Pharmaceutically acceptable salts also include basic addition salts such as those
containing benzathine, chloroprocaine, choline, diethanolamine, ethylenediamine, meglumine,
procaine, aluminum, calcium, lithium, magnesium, potassium, sodium, ammonium, alkylamine,
and zinc, when acidic functional groups, such as carboxylic acid or phenol are present. For

example, see Remington's Pharmaceutical Sciences, 19" ed., Mack Publishing Co., Easton, PA,

Vol. 2, p. 1457, 1995. Such salts can be prepared using the appropriate corresponding bases.

[00225]  Pharmaceutically acceptable salts can be prepared, for example, by dissolving the
free-base form of a compound in a suitable solvent, such as an aqueous or aqueous-alcohol in
solution containing the appropriate acid and then isolated by evaporating the solution. In another

example, a salt is prepared by reacting the free base and acid in an organic solvent.

[00226]  The pharmaceutically acceptable salt of the different compounds may be present as a
complex. Examples of complexes include 8-chlorotheophylline complex (analogous to, e.g.,
dimenhydrinate: diphenhydramine 8-chlorotheophylline (1:1) complex; Dramamine) and various

cyclodextrin inclusion complexes.

[00227] Salts of Katp channel openers, and particular salts of diazoxide, may include, but are
not limited to acetate, acetonide, acetyl, adipate, aspartate, besylate, biacetate, bitartrate,
bromide, butoxide, butyrate, calcium, camsylate, caproate, carbonate, citrate, cyprionate,
decaroate, diacetate, dimegulumine, dinitrate, dipotassium, dipropionate, disodium, disulfide,
edisylate, enanthate, estolate, etabonate, ethylsuccinate, fumarate, furoate, gluceptate,gluconate,
hexacetonide, hippurate, hyclate, hydrobromide, hydrochloride, isethionate, lactobionate, malate,
maleate, meglumine, methylbromide, methylsulfate, metrizoate, nafate, napsylate, nitrate, oleate,
palmitate, pamoate, phenpropionate, phosphate, pivalate, polistirex, polygalacturonate,
probutate, propionate, saccharate, sodium glycinate, sodium phosphate, podium succinate, state,
succinate, sulfate, sulfonate, sulfosalicylate, tartrate, tebutate, terephalate, terephthalate, tosylate,

triflutate, trihydrate, trisilicate, tromethamine, valerate, xinafolate, or the like.
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[00228] Formulations provided herein exhibit some or all the following characteristics: (1)
they are stable at ambient temperatures for a minimum of one year; (2) they provide for ease of
oral administration; (3) they facilitate patient compliance with dosing; (4) upon administration,
they consistently facilitate high levels of absorption of the pharmaceutical active; (5) upon once
or twice daily oral administration they allow release of the Katp channel opener over a sustained
time frame such that the circulating concentration of the Katp channel opener or its metabolically
active metabolites does not fall below a therapeutically effective concentration; (6) they achieve
these results independent of the pH of the gastrointestinal tract of treated individuals, and (7)

they delay release until gastric transit is complete or nearly complete.

[00229]  Formulations designed for oral administration can be provided, for example, as
capsules or tablets. Capsule or tablet formulations include a number of distinguishing
components. One is a component to improve absorption of the Katp channel opener. Another
sustains release of the drug over more than 2 hours. A third delays substantial release of the drug

until gastric transit is completed.

[00230]  The formulations disclosed herein exhibit improved solubility and absorption of the
Katp channel opener compared to previous formulations of these drugs. These advantageous
properties are achieved by any one or more of the following approaches: (1) reducing particle
size of the formulation by comminution, spray drying, or other micronising techniques, (2) using
a pharmacecutical salt of the Karp channel opener, (3) using an ion exchange resin in the
formulation, (4) using inclusion complexes, for example using a cyclodextrin, (5) compaction of
the Karp channel opener with a solubilizing agent including low viscosity hypromellose, low
viscosity metylcellulose or similarly functioning excipient and combinations thereof, (6)
associating the K,1p channel opener with a salt prior to formulation, (7) using a solid dispersion
of the Katp channel opener, (8) using a self emulsifying system, (9) adding one or more
surfactants to the formulation, (10) using nanoparticles in the formulation, or (11) combinations
of these approaches. Preferably, when the Karp channel opener is a salt of diazoxide, the salt is

not a sodium salt.

[00231]  Release of Katp channel opener over a sustained period of time (2-24 hours) is

achieved by the use of one or more approaches including, but not limited to: (1) the use of pH
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sensitive polymeric coatings, (2) the use of a hydrogel, (3) the use of a film coating that controls
the rate of diffusion of the drug from a coated matrix, (4) the use of an erodable matrix that
controls rate of drug release, (5) the use of polymer coated pellets, granules, or microparticles
which can be further encapsulated or compressed into a tablet, (6) the use of an osmotic pump

system, or (7) the use of a compression coated tablet, or (8) combinations of these approaches.

[00232] Delay of release of Karp channel openers from the formulation until gastric transit is
complete is achieved in the formulations provided herein by any of several mechanisms. A pH
sensitive polymer or co-polymer is used which when applied around the drug matrix functions as
an effective barrier to release of active at pH 3.0 or lower and is unstable at pH 5.5 and above.
This provides for control of release of the active compound in the stomach but rapidly allows
release once the dosage form has passed into the small intestine. An alternative to a pH sensitive
polymer or co-polymer is a polymer or co-polymer that is non-aqueous-soluble. The extent of
resistance to release in the gastric environment can be controlled by coating with a blend of the
non-aqueous-soluble and a aqueous soluble polymer. In this approach neither of the blended
polymers or co-polymers are pH sensitive. One example of a pH sensitive co-polymer is the
Eudragit methacrylic co-polymers, including Eudragit 1.100, S100 or L100-55 solids, L30 D-55
or FS 30D dispersions, or the L12,5 or S12,5 organic solutions.

[00233]  Polymers that delay release can be applied to a tablet either by spray coating (as a thin
film) or by compression coating. If a capsule is used, then the polymer(s) may be applied over
the surface of the capsule or applied to microparticles of the drug, which may then be
encapsulated such as in a capsule or gel. If the capsule is coated, then it will resist disintegration
until after gastric transit. If microparticles are coated, then the capsule may disintegrate in the
stomach but little to no drug will be released until after the free microparticles complete gastric
transit. Finally, an osmotic pump system that uses e.g., a swellable hydrogel can be used to
delay drug release in the stomach. The swellable hydrogel takes up moisture after
administration. Swelling of the gel results in displacement of the drug from the system for
absorption. The timing and rate of release of the drug depend on the gel used, and the rate at
which moisture reaches the gel, which can be controlled by the size of the opening in the system
through which fluid enters. See Drug Delivery Technologies online article Dong et al. “L-
OROS®™ SOFTCAP™ for Controlled Release of Non-Aqueous Liquid Formulations.”
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[00234]  Accordingly, delay of release of Katp channel openers from the invention
formulations until after gastric transit is complete is achieved in the formulations provided herein
by any of several mechanisms, including, but not limited to: (a) a pH sensitive polymer or co-
polymer applied as a compression coating on a tablet; (b) a pH sensitive polymer or co-polymer
applied as a thin film on a tablet; (c) a pH sensitive polymer or co-polymer applied as a thin film
to an encapsulation system; (d) a pH sensitive polymer or co-polymer applied to encapsulated
microparticles, (¢) a non-aqueous-soluble polymer or co-polymer applied as a compression
coating on a tablet; (f) a non-aqueous-soluble polymer or co-polymer applied as a thin film on a
tablet; (g) a non-aqueous soluble polymer applied as a thin film to an encapsulation system; (h) a
non-aqueous soluble polymer applied to microparticles; (i) incorporation of the formulation in an
osmotic pump system, or (j) use of systems controlled by ion exchange resins, or (k)
combinations of these approaches, wherein the pH sensitive polymeror co-polymer is resistant to

degradation under acid conditions.

[00235]  Formulations are provided that are designed for administration once daily (per 24
hours). These can contain between 25 and 500 mg of Karp channel openers. Formulations
intended for administration twice daily (per 24 hours) are also provided. These can contain

between 25 and 250 mg of Katp channel openers.

[00236]  The formulations provided herein exhibit improved safety of the administered drug
product. This improvement in safety occurs by at least two mechanisms. First, delay of release
of active drug until gastric transit is complete can reduce the incidence of a range of
gastrointestinal adverse side effects including nausea, vomiting, dyspepsia, abdominal pain,
diarrhea and ileus. Second, by sustaining release of the active drug over 2 or more hours to as
long as 24 hours, peak drug levels are reduced relative to the peak drug levels observed for the
same administered dose using any oral formulation that does not have sustained or controlled
release. This reduction in peak drug levels can contribute to reductions in adverse effects that
are partially or completely determined by peak drug levels. These adverse effects include: fluid
retention with the associated reduced rates of excretion of sodium, chloride and uric acid, edema,
hyperglycemia and the associated potential for progression to ketoacidosis, cataracts and non-

ketotic hyperosmolar coma, headaches, tachycardia and palpitations.
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[00237]  Also provided herein are controlled release formulations of Karp channel openers,

which have one feature from each of A-D as shown in Table 1.

Table 1: Controlled Release Formulation Characteristics and Properties

A. Unit Form:  Tablet or Capsule

B. Dosage/unit: 10-100 mg
100-200 mg
200-300 mg
300-500 mg
500-2000mg

C. Dosing Once daily (24 hours)
Twice daily (24 hours)
D. Release time: 2-4 hrs
4-8 hrs
8-24 hours

[00238]  For example, a controlled release composition can be a tablet containing 25-100 mg
of a Karp channel opener, such tablet administered once daily to achieve a controlled release time
of 2-4 hours. All of these formulations can further include the feature of substantially delaying

pharmaceutical active release until after gastric transit is complete.

[00239] In addition, any of the above formulations from Table 1 can include at least one

feature that improves the solubility or absorption of the Katp channel opener.

[00240]  The controlled release formulations provided herein comprise the active compound
(e.g., Karp channel opener, optionally in combination with growth hormone) and a matrix which
comprises a gelling agent that swells upon contact with aqueous fluid. The active compound(s)
entrapped within the gel is(are) slowly released into the body upon dissolution of the gel. The
active compound(s) can be evenly dispersed within the matrix or can be present as pockets of

drug in the matrix. For example, the drug can be formulated into small granules which are
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dispersed within the matrix. In addition, the granules of drug also can include a matrix, thus,

providing a primary and a secondary matrix as described in U.S. Pat. No. 4,880,830 to Rhodes.

[00241]  The gelling agent preferably is a polymeric material, which can include, for example,
any pharmaceutically acceptable water soluble or water insoluble slow releasing polymer such as
xantham gum, gelatin, cellulose ethers, gum arabic, locust bean gum, guar gum, carboxyvinyl
polymer, agar, acacia gum, tragacanth, veegum, sodium alginate or alginic acid,
polyvinylpyrrolidone, polyvinyl alcohol, or film forming polymers such as methyl cellulose
(MC), carboxymethyl cellulose (CMC), hydroxypropyl methylcellulose, hyroxypropyl methyl
cellulose (HPMC), hydroxypropyl cellulose (HPC), hydroxyethyl cellulose (HEC),
ethylcellulose (EC), acrylic resins or mixtures of the above (see ¢.g., U.S. Pat. No. 5,415,871).

[00242]  The gelling agent of the matrix also can be a heterodisperse gum comprising a
heteropolysaccharide component and a homopolysaccharide component which produces a fast-
forming and rigid gel as described in U.S. Pat. No. 5,399,359. The matrix also can include a
crosslinking agent such as monovalent or multivalent metal cations to further add rigidity and
decrease dissolution of the matrix, thus further slowing release of drug. The amount of

crosslinking agent to add can be determined using methods routine to the ordinary skilled artisan.

[00243]  The matrix of the controlled release composition also can include one or more
pharmaceutically acceptable excipients recognized by those skilled in the art, i.e. formulation
excipients. Such excipients include, for example, binders: polyvinylpyrrolidone, gelatin, starch
paste, microcrystalline cellulose; diluents (or fillers): starch, sucrose, dextrose, lactose, fructose,
xylitol, sorbitol, sodium chloride, dextrins, calcium phosphate, calcium sulphate; and lubricants:
stearic acid, magnesium stearate, calcium stearate, Precirol ™ and flow aids for example talc or

colloidal silicon dioxide.

[00244]  The matrix of the controlled release composition can further include a hydrophobic
material which slows the hydration of the gelling agent without disrupting the hydrophilic nature
of the matrix, as described in U.S. Pat. No. 5,399,359. The hydrophobic polymer can include,
for example, alkylcellulose such as ethylcellulose, other hydrophobic cellulosic materials,
polymers or co-polymers derived from acrylic or methacrylic acid esters, co-polymers of acrylic

and methacrylic acid esters, zein, waxes, shellac, hydrogenated vegetable oils, waxes and waxy
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substances such as carnauba wax, spermaceti wax, candellila wax, cocoa butter, cetosteryl
alcohol, beeswax, ceresin, paraffin, myristyl alcohol, stearyl alcohol, cetylalcohol and stearic
acid. and any other pharmaceutically acceptable hydrophobic material known to those skilled in

the art.

[00245]  The amount of hydrophobic material incorporated into the controlled release
composition is that which is effective to slow the hydration of the gelling agent without
disrupting the hydrophilic matrix formed upon exposure to an environmental fluid. In certain
preferred embodiments, the hydrophobic material is included in the matrix in an amount from
about 1 to about 20 percent by weight and replaces a corresponding amount of the formulation
excipient. A solvent for the hydrophobic material may be an aqueous or organic solvent, or

mixtures thereof.

[00246]  Examples of commercially available alkylcelluloses are Aquacoat ® (aqueous
dispersion of ethylcellulose available from FMC) and Surelease ® (aqueous dispersion of
cthylcellulose available from Colorcon). Examples of commercially available acrylic polymers
suitable for use as the hydrophobic material include Eudragit ® RS and RL (co-polymers of
acrylic and methacrylic acid esters having a low content (e.g., 1:20 or 1:40) of quaternary

ammonium compounds).

[00247]  The controlled release composition also can be coated to retard access of liquids to
the active compound and/or retard release of the active compound through the film-coating. The
film-coating can provide characteristics of gastroresistance and enterosolubility by resisting rapid
dissolution of the composition in the digestive tract. The film-coating generally represents about
5-15% by weight of the controlled release composition. Preferably, the core by weight
represents about 90% of the composition with the remaining 10% provided by the coating. Such
coating can be a film-coating as is well known in the art and include gels, waxes, fats,

emulsifiers, combination of fats and emulsifiers, polymers, starch, and the like.

[00248] Polymers and co-polymers are useful as thin film coatings. Solution coatings and
dispersion coatings can be used to coat the active compound, either alone or combined with a
matrix. The coating is preferably applied to the drug or drug and matrix combination as a solid

core of material as is well known in the art.

48
APOTEX_EX1022_PGR2026-00034 Page 48

67917714v.1



Atty. Dkt. No. 096593-001000US-0955615

[00249] A solution for coating can include polymers in both organic solvent and aqueous
solvent systems, and typically further including one or more compounds that act as a plasticizer.
Polymers useful for coating compositions include, for example, methylcellulose (Methocel ® A;
Dow Chemical Co.), hydroxypropylmethylcellulose with a molecular weight between 1,000 and
4,000,000 (Methocel ® E; Dow Chemical Co. or Pharmacoat ®; Shin Etsu), hydroxypropyl
cellulose with a molecular weight between 2,000 and 2,000,000, ethyl cellulose, cellulose
acetate, cellulose triacetate, cellulose acetate butyrate, cellulose acetate phthalate, cellulose
acetate trimellitate (Eastman Kodak), carboxymethylethyl cellulose (Duodcel ®), hydroxypropyl
methylcellulose phthalate, ethylcellulose, methylcellulose and, in general, cellulosic derivatives,
olymethacrylic acid-methacrylic acid co-polymer (Type A 1:1 Eudragit L100; Type B 1:2
Eudragit S100; and Type C 1:1 Eudragit L100-55, aqueous dispersion 30% solids, Eudragit
L30D), poly(meth)acryl ester: poly(ethyl acrylate, methyl methacrylate 2:1), Eudragit NE30D
aqueous dispersion 30% solids, polyaminomethacrylate Eudragit E100,
poly(trimethylammonioethyl methacrylate chloride)ammoniomethacrylate co-polymer, Eudragit
RL30D and Eudragit RS30D, carboxyvinyl polymers, polyvinylalcohols, glucans scleroglucans,

mannans, and xanthans.

[00250]  Aqueous polymeric dispersions include Eudragit L30D and RS/RL30D, and NE30D,
Aquacoat brand ethyl cellulose, Surelease brand ethyl cellulose, EC brand N-10F ethyl cellulose,
Aquateric brand cellulose acetate phthalate, Coateric brand Poly(vinyl acetate phthalate), and
Aqacoat brand hydroxypropyl methylcellulose acetate succinate. Most of these dispersions are

latex, pseudolatex powder or micronized powder mediums.

[00251] A plasticizing agent may be included in the coating to improve the elasticity and the
stability of the polymer film and to prevent changes in the polymer permeability over prolonged
storage. Such changes may affect the drug release rate. Suitable conventional plasticizing
agents include, for example, diethyl phthalate, glycerol triacetate, acetylated monoglycerides,
acetyltributylcitrate, acetyltriethyl citrate, castor oil, citric acid esters, dibutyl phthalate, dibutyl
sebacate, diethyloxalate, diethyl malate, diethylfumarate, diethylphthalate, diethylsuccinate,
diethylmalonate, dicthyltartarate, dimethylphthalate, glycerin, glycerol, glyceryl triacetate,
glyceryltributyrate, mineral oil and lanolin alcohols, petrolatum and lanolin alcohols, phthalic

acid esters, polyethylene glycols, propylene glycol, rape oil, sesame oil, triacetin, tributyl citrate,
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tricthyl citrate, and triethyl acetyl citrate, or a mixture of any two or more of the foregoing.
Plasticizers which can be used for aqueous coatings include, for example, propylene glycol,

polyethylene glycol (PEG 400), triacetin, polysorbate 80, tricthyl citrate, and diethyl d-tartrate.

[00252] A coating solution comprising a mixture of hydroxypropylmethylcellulose and
aqueous ethylcellulose (e.g. Aquacoat brand) as the polymer and dibutyl sebacate as plasticizer
can be used for coating microparticles. (Aquacoat is an aqueous polymeric dispersion of
cthylcellulose and contains sodium lauryl sulfate and cetyl alcohol). Preferably, the plasticizer

represents about 1-2% of the composition.

[00253]  In addition to the polymers, the coating layer can include an excipient to assist in
formulation of the coating solution. Such excipients may include a lubricant or a wetting agent.
Suitable lubricants as excipients for the film coating include, for example, talc, calcium stearate,
colloidal silicon dioxide, glycerin, magnesium stearate, mineral oil, polyethylene glycol, and zinc
stearate, aluminum stearate or a mixture of any two or more of the foregoing. Suitable wetting
agents include, for example, sodium lauryl sulfate, acacia, benzalkonium chloride, cetomacrogol
emulsifying wax, cetostearyl alcohol, cetyl alcohol, cholesterol, diethanolamine, docusate
sodium, sodium stearate, emulsifying wax, glyceryl monostearate, hydroxypropyl cellulose,
lanolin alcohols, lecithin, mineral oil, onoethanolamine, poloxamer, polyoxyethylene alkyl
ethers, polyoxyethylene castor oil derivatives, polyoxyethylene sorbitan fatty acid esters,
polyoxyethylene stearates, propylene glycol alginate, sorbitan esters, stearyl alcohol and

triecthanolamine, or a mixture of any two or more of the foregoing.

[00254]  The specified tablet or capsule formulations of Table 1 may include co-formulation
with an obesity treating drug (in addition to the Katp channel opener). Obesity treating drugs
that may be used include, but are not limited to, sibutramine hydrochloride (5-30 mg/unit),
orlistat (50-360 mg/unit), phentermine hydrochloride or resin complex (15 to 40 mg/unit),
zonisamide (100 to 600 mg/unit) topiramate (64 to 400 mg/unit), naltrexone hydrochloride (50 to
600 mg/unit), rimonabant (5 to 20 mg/unit), ADP356 (5 to 25 mg/unit), ATL962 (20 to 400
mg/unit), or AOD9604 (1 to 10 mg/unit). These formulations are preferably used once daily.
For a twice daily dosing, the amount of Ka1p channel opener is one half the amount included in

the once daily formulation and the coformulated obesity treating drug is half of the amount
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specified. Alternative obesity treating drugs may include: selective serotonin 2¢ receptor
agonists, dopamine antagonists, cannabinoid-1 receptor antagonists, leptin analogues, leptin
transport and/or leptin receptor promoters, neuropeptide Y and agouti-related peptide
antagonists, proopiomelanocortin and cocaine and amphetamine regulated transcript promoters,
melanocyte-stimulating hormone analogues, melanocortin-4 receptor agonists, and agents that
affect insulin metabolism/activity, which include protein-tyrosine phosphatase-1B inhibitors,
peroxisome proliferator activated receptor- receptor antagonists, short-acting bromocriptine
(ergoset), somatostatin agonists (octreotide), and adiponectin, gastrointestinal-neural pathway
agents, including those that increase cholecystokinin activity, increase glucagon-like peptide-1
activity (extendin 4, liraglutide, dipeptidyl peptidase IV inhibitors), and increase protein YY3-36
activity and those that decrease ghrelin activity, as well as amylin analogues, agents that may
increase resting metabolic rate (“selective” -3 stimulators/agonist, uncoupling protein
homologues, and thyroid receptor agonists), melanin concentrating hormone antagonists,
phytostanol analogues, amylase inhibitors, growth hormone fragments, synthetic analogues of
dehydroepiandrosterone sulfate, antagonists of adipocyte 11Bhydroxysteroid dehydrogenase type
1 activity, corticotropin releasing hormone agonists, inhibitors of fatty acid synthesis,
carboxypeptidase inhibitors, indanones/indanols, aminosterols, and other gastrointestinal lipase

inhibitors.

[00255]  The specified tablet or capsule formulations of Table 1 may include co-formulation
with a diabetes treating drug (in addition to the Kap channel opener). Diabetes treating drugs
that may be used include, but are not limited to acarbose (50 to 300 mg/unit), miglitol (25 to 300
mg/unit), metformin hydrochloride (300 to 2000 mg/unit), repaglinide (1-16 mg/unit),
nateglinide (200 to 400 mg/unit), rosiglitizone (5 to 50 mg/unit), metaglidasen (100 to 400
mg/unit) or any drug that improves insulin sensitivity, or improves glucose utilization and
uptake. These formulations are preferably used once daily. For a twice daily dosing, the amount
of the the Karp channel opener is half the amount included in the once daily formulation and the

co-formulated diabetes treating drug is half of the amount specified.

[00256]  The specified tablet or capsule formulations of Table 1 may include co-formulation
with a cholesterol lowering drug. Cholesterol lowering drugs that may be used include, but are

not limited to pravastatin or simvastatin or atorvastatin or fluvastatin or rosuvastatin or lovastatin
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(all at 10 to 80 mg/unit). These formulations are preferably used once daily. For a twice daily
dosing, the amount of Ka1p channel opener is preferably 25 to 200 mg/unit and the coformulated

cholesterol lowering drug is half of the amount specified.

[00257]  The specified tablet or capsule formulations of Table 1 may include co-formulation
with a depression treating drug. Depression treating drugs that may be used include, but are not
limited to citalopram hydrobromide (10 to 80 mg/unit), escitalopram hydrobromide (5 to 40
mg/unit), fluvoxamine maleate (25 to 300 mg/unit), paroxetine hydrochloride (12.5 to 75
mg/unit), fluoxetine hydrochloride (30 to 100 mg/unit), setraline hydrochloride (25 to 200
mg/unit), amitriptyline hydrochloride (10 to 200 mg/unit), desipramine hydrochloride (10 to 300
mg/unit), nortriptyline hydrochloride (10 to 150 mg/unit), duloxetine hydrochloride (20 to 210
mg/unit), venlafaxine hydrochloride (37.5 to 150 mg/unit), phenelzine sulfate (10 to 30 mg/unit),
bupropion hydrochloride (200 to 400 mg/unit), or mirtazapine (7.5 to 90 mg/unit). These
formulations are preferably used once daily. For a twice daily dosing, the amount of Katp
channel opener is preferably half the amount included in the once daily formulation and the

coformulated depression treating drug is half of the amount specified.

[00258]  The specified tablet or capsule formulations of Table 1 may include co-formulation
with a hypertension treating drug. Hypertension treating drugs that may be used include, but are
not limited to enalapril maleate (2.5 to 40 mg/unit), captopril (2.5 to 150 mg/unit), lisinopril (10
to 40 mg/unit), benzaepril hydrochloride (10 to 80 mg/unit), quinapril hydrochloride (10 to 80
mg/unit), peridopril erbumine (4 to 8 mg/unit), ramipril (1.25 to 20 mg/unit), trandolapril (1 to 8
mg/unit), fosinopril sodium (10 to 80 mg/unit), moexipril hydrochloride (5 to 20 mg/unit),
losartan potassium (25 to 200 mg/unit), irbesartan (75 to 600 mg/unit), valsartan (40 to 600
mg/unit), candesartan cilexetil (4 to 64 mg/unit), olmesartan medoxamil (5 to 80 mg/unit),
telmisartan (20 to 160 mg/unit), eprosartan mesylate (75 to 600 mg/unit), atenolol (25 to 200
mg/unit), propranolol hydrochloride (10 to 180 mg/unit), metoprolol tartrate, succinate or
fumarate (all at 25 to 400 mg/unit), nadolol (20 to 160 mg/unit), betaxolol hydrochloride (10 to
40 mg/unit), acebutolol hydrochloride (200 to 800 mg/unit), pindolol (5 to 20 mg/unit),
bisoprolol fumarate (5 to 20 mg/unit), nifedipine (15 to 100 mg/unit), felodipine (2.5 to 20
mg/unit), amlodipine besylate (2.5 to 20 mg/unit), nicardipine (10 to 40 mg/unit), nisoldipine (10
to 80 mg/unit), terazosin hydrochloride (1 to 20 mg/unit), doxasoxin mesylate (4 to 16 mg/unit),
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prazosin hydrochloride (2.5 to 10 mg/unit), or alfuzosin hydrochloride (10 to 20 mg/unit). These
formulations are preferably used once daily. For a twice daily dosing, the amount of Krp
channel opener is preferably half the amount included in the once daily formulation and the

coformulated hypertension treating drug is half of the amount specified.

[00259]  The specified tablet or capsule formulations of Table 1 may include co-formulation
with a diuretic to treat edema. Diuretics that may be used include, but are not limited to
amiloride hydrochloride (1 to 10 mg/unit), spironolactone (10 to 100 mg/unit), triamterene (25 to
200 mg/unit), bumetanide (0.5 to 4 mg/unit), furosemide (10 to 160 mg/unit), ethacrynic acid or
ethacrynate sodium (all at 10 to 50 mg/unit), tosemide (5 to 100 mg/unit), chlorthalidone (10 to
200 mg/unit), indapamide (1 to 5 mg/unit), hydrochlorothiazide (10 to 100 mg/unit),
chlorothiazide (50 to 500 mg/unit), bendroflumethiazide (5 to 25 mg/unit), hydroflumethiazide
(10 to 50 mg/unit), mythyclothiazide (1 to 5 mg/unit), or polythiazide (1 to 10 mg/unit). These
formulations are preferably used once daily. For a twice daily dosing, the amount of Katp
channel opener is preferably half the amount included in the once daily formulation and the

coformulated diuretic is half of the amount specified.

[00260] The specified tablet or capsule formulations of Table 1 may include co-formulation
with a drug to treat inflammation or pain. Drugs for treating inflammation or pain that may be
used include, but are not limited to aspirin (100 to 1000 mg/unit), tramadol hydrochloride (25 to
150 mg/unit), gabapentin (100 to 800 mg/unit), acetominophen (100 to 1000 mg/unit),
carbamazepine (100 to 400 mg/unit), ibuprofen (100 to 1600 mg/unit), ketoprofen (12 to 200
mg/unit), fenprofen sodium (100 to 600 mg/unit), flurbiprofen sodium or flurbiprofen (both at 50
to 200 mg/unit), or combinations of any of these with a steroid or aspirin. These formulations
are preferably used once daily. For a twice daily dosing, the amount of Ka1p channel opener is
preferably half the amount included in the once daily formulation and the coformulated diuretic

is half of the amount specified.

[00261]  The specified tablet or capsule formulations of Table 1 may include co-formulation
with a drug to treat obesity associated comorbidities include those specified above for treating
diabetes, cholesterol, depression, hypertension and edema, or drugs to treat atherosclerosis,

osteoarthritis, disc herniation, degeneration of knees and hips, breast, endometrial, cervical,
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colon, leukemia and prostate cancers, hyperlipidemia, asthma/reactive airway discase, gallstones,
GERD, obstructive sleep apnea, obesity hypoventilation syndrome, recurrent ventral hernias,

menstrual irregularity and infertility.

[00262]  The specified tablet or capsule formulations of Table 1 may include co-formulation
with an anti-psychotic drug the combination used to treat the psychotic condition and to treat or
prevent weight gain, dyslipidemia or impaired glucose tolerance in the treated individual. Drugs
for treating various psychotic conditions that may be used include, but are not limited to, lithitum
or a salt thereof (250 to 2500 mg/unit), carbamazepine or a salt thereof (50 to 1200 mg/unit),
valproate, valproic acid, or divalproex (125 to 2500 mg/unit), lamotrigine (12.5 to 200 mg/unit),
olanzapine (5 to 20 mg/unit), clozapine (12.5 to 450 mg/unit), or risperidone (0.25 to 4 mg/unit).
These coformulations are preferably intended for once per day administration. For a twice daily
dosing, the amount of Katp channel opener is preferably half the amount included in the once

daily formulation and the coformulated anti-psychotic is half of the amount specified.

[00263]  The specified tablet or capsule formulations of Table 1 may include co-formulation
with a drug to treat or prevent ischemic or reperfusion injury. Drugs for treating or preventing
ischemic or reperfusion injury that may be used include, but are not limited to: low molecular
weight heparins (dalteparin, enoxaparin, nadroparin, tinzaparin or danaparoid), ancrd,
pentoxifylline, nimodipine, flunarizine, ebselen, tirilazad, clomethiazole, an AMPA agonist
(GYKI 52466, NBQX, YM90K, zonampanel, orMPQX), SYM 2081, selfotel, Cerestat, CP-
101,606, dextrophan, dextromethorphan, MK-801, NPS 1502, remacemide, ACEA 1021,
GV150526, eliprodil ifenprodil, lubeluzole, naloxone, nalfemene citicoline, acetyl-l-carnitine,
nifedipine, resveratrol, a nitrone derivative, clopidogrel, dabigatram, prasugrel, troxoprodil,

AGY-94806, or KAI-9803.

[00264] Provided are formulations administered once or twice daily to an obese or overweight
subject continuously to result in a circulating concentration of Katp channel opener sufficient to
induce weight loss. Weight loss occurs by the preferential loss of body fat. Additional weight

loss can occur when the formulation 1s administered in combination with a reduced calorie diet.
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[00265]  Provided are formulations of Katp channel openers administered as a single dose to
an obese, overweight or obesity-prone subject that result in the inhibition of fasting or glucose

stimulated insulin secretion for about 24 hours or for about 18 hours.

[00266]  Provided are formulations of Katp channel openers administered as a single dose to
an obese, overweight or obesity-prone subject that result in the elevation of energy expenditure

for about 24 hours or for about 18 hours.

[00267]  Provided are formulations of Katp channel openers administered as a single dose to
an obese, overweight or obesity-prone subject that result in the elevation of beta oxidation of fat

for about 24 hours or for about 18 hours.

[00268] Provided are formulations of K1p channel openers administered as a single dose to
an obese, overweight or obesity-prone hyperphagic subject that result in the inhibition of

hyperphagia for about 24 hours or for about 18 hours.

[00269] Provided are formulations administered once or twice daily (per 24 hours) to a subject
continuously result in a circulating concentration of Kap channel opener sufficient to induce
either beta-cell rest or improved insulin sensitivity or both. Such beta-cell rest and
improvements in insulin sensitivity can contribute to effective treatment of type I diabetes, type
IT diabetes and prediabetes. Such beta-cell rest and improvements in insulin sensitivity can
contribute to effective restoration of normal glucose tolerance in type II diabetic and prediabetic

subjects.

[00270]  The various pharmaceutical Karp channel opener formulations have a variety of
applications, including, but not limited to: (1) treatment of obesity; (2) prevention of weight gain
in individuals who are predisposed to obesity; (3) treatment of hyperinsulemia or
hyperinsulinism; (4) treatment of hypoglycemia; (5) treatment of hyperlipidemia, (6) treatment
of type II diabetes, (7) preservation of pancreatic function in type I diabetics; (8) treatment of
metabolic syndrome (or syndrome X); (9) prevention of the transition from prediabetes to
diabetes, (10) correction of the defects in insulin secretion and insulin sensitivity contributing to
prediabetes and type II diabetes, (11) treatment of polycystic ovary syndrome, (12) prevention of

ischemic or reperfusion injury, (13) treat weight gain, dyslipidemia, or impairment of glucose
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tolerance in subjects treated with antipsychotics drugs, (14) prevent weight gain, dyslipidemia, or
impairment of glucose tolerance in subjects treated with antipsychotics drugs and (15) treatment
of any disease where hyperlipidemia, hyperinsulemia, hyperinsulinism, hyperlipidemia,
hyperphagia or obesity are contributing factors to the severity or progression of the discase,
including but not limited to, Prader-Willi Syndrome, Smith—Magenis syndrome, Froelich’s
syndrome, Cohen syndrome, Summit Syndrome, Alstrom, Syndrome, Borjesen Syndrome,

Bardet-Biedl Syndrome, hyperlipoproteinemia type 1, 11, II1, and IV, and the like.

[00271]  In one embodiment, a Katp channel opener is administered to an overweight or obese
individual as a solid oral dosage once per 24 hours, optionally in combination with growth
hormone, to induce weight loss. In further embodiments, the individual (a) is not a type 1
diabetic, (b) is not a type Il diabetic, (c) is not experiencing chronic, recurrent or drug-induced
hypoglycemia, (d) does not have metabolic syndrome, or (e) is not experiencing malignant

hypertension.

[00272]  In one embodiment, a Karp channel opener is administered to an overweight or obese
individual as a solid oral dosage twice per 24 hours, optionally in combination with growth
hormone, to induce weight loss. This treatment can be the sole treatment to induce weight loss.
In further embodiments, the overweight or obese individual (a) does not have an insulin secreting
tumor, (b) is not suffering from Poly Cystic Ovary Syndrome, (¢) is not a type I diabetic, (d) is
not a type Il diabetic, (¢) does not have metabolic syndrome, (f) is not experiencing chronic
recurrent or drug-induced hypoglycemia, (g) has not been treated for schizophrenia with
haloperidol, or (h) is not experiencing malignant hypertension. In further embodiments, the
overweight or obese adolescent (a) has not been diagnosed as being type I or type Il diabetic, (b)
is not experiencing chronic, recurrent or drug-induced hypoglycemia, or (¢) has not been

diagnosed as having metabolic syndrome.

[00273] In another embodiment, a Katp channel opener is administered to an overweight or
obese individual as a solid oral dosage form three times per 24 hours, optionally in combination
with growth hormone, to induce weight loss. This treatment can be the sole treatment to induce
weight loss. In further embodiments, the overweight or obese individual (a) does not have an

insulin-secreting tumor, (b) is not suffering from Poly Cystic Ovary Syndrome, (c) is not a type 1
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diabetic, (d) is not a type II diabetic, (¢) does not have metabolic syndrome, or (f) is not

experiencing chronic, recurrent or drug-induced hypoglycemia.

[00274]  In another embodiment, a Karp channel opener is administered to an overweight or
obese adolescent as a solid oral dosage form three times per 24 hours, optionally in combination
with growth hormone, to induce weight loss. This treatment can be the sole treatment to induce
weight loss. In further embodiments, the overweight or obese adolescent is (a) is a type 1 or type
IT diabetic, (b) is not experiencing chronic, recurrent or drug-induced hypoglycemia or (c) does

not have metabolic syndrome.

[00275] In another embodiment, a Katp channel opener is administered as a solid oral dosage
form three times per 24 hours, optionally in combination with growth hormone, to induce weight
loss to an overweight or obese adult who (a) is not simultancously receiving glucagon injections,
triiodothyroxin or furosemide, (b) is not being treated for schizophrenia with haloperidol, or (¢)

18 not experiencing malignant hypertension.

[00276] In another embodiment, a Karp channel opener is administered to an overweight or
obese individual as a solid oral dosage form four times per 24 hours, optionally in combination

with growth hormone, to induce weight loss.

[00277] In another embodiment, a Katp channel opener is administered to an overweight or
obese individual as a solid oral dosage form administered from one, two, three or four times per
24 hours, optionally in combination with growth hormone, to induce weight loss at a daily dose
of 50 to 275 mg. In a further embodiment, the overweight or obese individual individual (a) is
not type I diabetic, (b) is not type 1l diabetic, (c) is not suffering chronic, recurrent or drug-

induced hypoglycemia, or (d) does not have metabolic syndrome.

[00278] In another embodiment, a Karp channel opener is administered to an overweight or
obese individual as a solid oral dosage form administered from one, two, three or four times per
24 hours, optionally in combination with growth hormone, to induce weight loss at a daily dose
of 130 to 275 mg. In a further embodiment, the overweight or obese individual (a) is not type I
diabetic, (b) is not type 1I diabetic, (c) is not suffering chronic, recurrent or drug-induced

hypoglycemia, or (d) does not have metabolic syndrome.
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[00279] In another embodiment, a Katp channel opener is administered to an overweight or
obesity prone individual as a solid oral dosage form one, two, three or four times per 24 hours,
optionally in combination with growth hormone, to maintain a weight loss, as it is preferable to
maintain weight in an obese individual once some weight loss has occurred when the alternative
is to regain weight. In a further embodiment, the administered daily dose of the Kap channel

opener is 50 to 275 mg.

[00280] In other embodiments, a Katp channel opener is administered as a solid oral dosage
form to an overweight, obese, or obesity prone individual, optionally in combination with growth
hormone, to (a) elevate energy expenditure, (b) clevate beta oxidation of fat, or (c) reduce

circulating triglyceride concentrations.

[00281] In other embodiments, a solid oral dosage of a Katp channel opener is administered
on a prolonged basis to an individual in need thereof to induce the loss of 25%, 50%, or 75% of

initial body fat.

[00282] In another embodiment, a solid oral dosage of a Karp channel opener is administered
on a prolonged basis to an individual in need thereof, optionally in combination with growth
hormone, to induce (a) the preferential loss of body fat or (b) the preferential loss of visceral

body fat.

[00283] In additional embodiments, a solid oral dosage of a Karp channel opener is
administered on a prolonged basis one, two or three times per 24 hours at daily doses of 50 to
275 mg to an individual, optionally in combination with growth hormone, to (a) induce the loss
of 25%, 50% or 75% of initial body fat, (b) induce the preferential loss of body fat, or (¢) induce

the preferential loss of visceral fat.

[00284] In another embodiment, a solid oral dosage of a Karp channel opener is administered
to an individual, optionally in combination with growth hormone, to induce the preferential loss

of body fat and to induce reduction in circulating triglycerides.

[00285] In another embodiment, a solid oral dosage of a Karp channel opener is co-

administered with growth hormone.
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[00286] In yet another embodiment, a solid oral dosage of a Katp channel opener is co-
administered with growth hormone and optionally one or more of sibutramine, orlistat,
rimonabant, an appetite suppressant, an anti-depressant, an anti-epileptic, a diuretic that is not
furosemide, a drug that induces weight loss by a mechanism that is distinct from a Katp channel
opener, a drug that induces weight loss by a mechanism that is distinct from a Karp channel
opener but is not metformin, furosemide or triiodothyroxin, or a drug that lowers blood pressure,
to induce weight loss and/or treat obesity associated comorbidities in an overweight, obese, or
obesity prone individual. In further embodiments, the overweight, obese, or obesity prone
individual (a) is a type I diabetic, (b) is not a type II diabetic, (¢) is not suffering from chronic,

recurrent or drug-induced hypoglycemia, or (d) does not have metabolic syndrome.

[00287] In another embodiment a solid oral dosage of a Karp channel opener is co-
administered with growth hormone and optionally one or more of an anti-depressant, a drug that
lowers blood pressure, a drug that lowers cholesterol, a drug that raises HDL, an anti-
inflammatory that is not a Cox-2 inhibitor, a drug that lowers circulating triglycerides, to an
overweight, obese, or obesity prone individual to induce weight loss and/or treat obesity
associated comorbidities. In further embodiments, the overweight, obese, or obesity prone
individual (a) is not a type I diabetic, (b) is not a type II diabetic, (c) is not suffering from

chronic, recurrent or drug-induced hypoglycemia, or (d) does not have metabolic syndrome.

[00288] In another embodiment, a solid oral dosage of a Kap channel opener is co-
administered with growth hormone and optionally one or more of a drug that lowers blood
pressure, a drug that lowers cholesterol, a drug that raises HDL, an anti-inflammatory that is not
a Cox-2 inhibitor, a drug that lowers circulating triglycerides, to maintain weight and/or treat
obesity associated comorbidities in an overweight, obese, or obesity prone individual, as it is
preferable to maintain weight in an obese individual once some weight loss has occurred when
the alternative is to regain weight. In further embodiments, the overweight, obese, or obesity
prone individual (a) is not a type I diabetic, (b) is not a type II diabetic, (c) is not suffering from

chronic, recurrent or drug-induced hypoglycemia, or (d) does not have metabolic syndrome.

[00289] In additional embodiments, a tablet formulation of a Katp channel opener is used to

administer a therapeutically effective dose of a Katp channel opener to an obese, overweight or
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obesity prone individual in need thereof to treat obesity, to (a) provide beta cell rest, (b) treat

type I or type 1I diabetes, or (c) prevent the occurrence of diabetes.

[00290] In additional embodiments, a solid oral dosage form or tablet formulation of a Katp
channel opener is co-administered with growth hormone and optionally one or more of
Phentermine or a derivative thereof to an obese adult or adolescent to induce weight loss and/or
treat obesity and obesity-associated co-morbidities. In further embodiments, a solid oral dosage
form or tablet formulation of a Katp channel opener is co-administered with Phentermine or a
derivative, optionally in combination with growth hormone, thereof to an obese adult or

adolescent to treat metabolic syndrome in a patient in need thereof.

[00291] In further embodiments, a pharmaceutically acceptable formulation of a Karp channel
opener at doses of 50 to 275 mg/day is co-administered with growth hormone and optionally one
or more of Phentermine or a derivative thereof at daily doses of 15 to 37.5 mg to an overweight
or obese individual to induce weight loss, to treat metabolic syndrome, or to induce weight loss
and treat obesity-associated co-morbidities. In another embodiment, a tablet formulation is co-
administered with growth hormone and optionally one or more of Phentermine or a derivative

thereof to treat metabolic syndrome in a patient.

[00292]  In another embodiment, a quick dissolving formulation of a Kartp channel opener,
optionally in combination with growth hormone, is used to provide a therapeutically effective

dose to a patient in need thereof.

[00293]  In further embodiments, a Karp channel opener is administered, optionally in
combination with growth hormone, once per 24 hours at doses of 125 mg to 275 mg to an
overweight or obese individual who is not type II diabetic and is not being treated for nighttime

hypoglycemia.

[00294]  In further embodiments, a Katp channel opener is formulated as a tablet or capsule for
oral administration. The tablet or capsule may be co-formulated with metformin. In another
embodiment, a Katp channel opener is formulated as an oral suspension, and the oral suspension

may be further encapsulated in another embodiment.
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[00295] In another embodiment, a pharmaceutical salt of a Katp channel opener is formulated
as a tablet or capsule for oral administration, or as an oral suspension or as an oral solution, or as
an oral solution that is encapsulated. If the opener is diazoxide, the salt, is preferably not a

sodium salt.

[00296] In another embodiment a Katp channel opener is co-formulated with
hydrochlorothiazide, chlorothiazide, cyclothiazide, benzthiazide, metyclothiazide,
bendroflumethiazide, hydroflumethiazide, trichlormethiazide, or polythiazide in a

pharmaceutical formulation suitable for oral administration.

[00297] Upon administration of the formulations provided herein to humans or animals, some
or all of the following effects are observed: (1) the production of lipoprotein lipase by
adipocytes is reduced; (2) enhanced lipolysis by adipocytes; (3) expression of fatty acid synthase
by adipocytes is reduced; (4) glyceraldehydes phosphate dehydrogenase activity of adipocytes is
reduced; (5) little or no new triglycerides are synthesized and stored by adipocytes; (6) enhanced
expression of B; Adrenergic Receptor (B3AR) an improvement in the adrenergic function in
adipocytes; (7) reduced glucose stimulated secretion of insulin by pancreatic B-cells; (8)
decreased insulinemia; (9) enhanced blood glucose levels; (10) increased expression of
Uncoupling Protein 1 in adipocytes; (11) enhanced thermogenesis in white and brown adipose
tissue; (12) reduction of plasma triglyceride concentration; (13) decrease in circulating leptin
concentrations; (14) up-regulation of insulin receptors; (15) enhanced glucose uptake; (16)
reduced adipocyte hyperplasia; (17) reduced adipocyte hypertrophy; (18) reduced rates of
conversion of preadipocytes to adipocytes; (19) reduced rates of hyperphagia, (20) increased
protection of CNS, cardiac and other tissues from ischemic or reperfusion injury, (21) improved
insulin sensitivity, (22) elevated CSF insulin concentrations, (23) elevated circulating
adiponectin concentrations, (25) reduced circulating triglyceride concentrations, (26)

enhancement of beta-cell rest, and/or (27) increase in lean body mass.

[00298]  Threshold concentrations of the current invention include those circulating
concentrations of Kap channel openers, optionally in combination with growth hormone,
resulting from the administration of the drug as an i.v. formulation, an immediate release oral

formulation, a controlled release formulation, a transdermal formulation, or an intranasal
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formulation to an overweight or obese individual which results in (1) measurable suppression of
fasting insulin levels, (2) suppression of fasting insulin levels by at least 20% from the baseline
measurement in the same individual prior to treatment with a Katp channel openers, (3)
suppression of fasting insulin levels by at least 30% from the baseline measurement in the same
individual prior to treatment with Katp channel openers, (4) suppression of fasting insulin levels
by at least 40% from the baseline measurement in the same individual prior to treatment with a
Kartp channel openers, (5) suppression of fasting insulin levels by at least 50% from the baseline
measurement in the same individual prior to treatment with Katp channel openers, (6)
suppression of fasting insulin levels by at least 60% from the baseline measurement in the same
individual prior to treatment with Katp channel openers, (7) suppression of fasting insulin levels
by at least 70% from the baseline measurement in the same individual prior to treatment with
Kartp channel openers, (8) suppression of fasting insulin levels by at least 80% from the baseline
measurement in the same individual prior to treatment with Kap channel openers, (9) loss of
weight, (10) elevation of resting energy expenditure, or (11) elevation of the oxidation of fat or

fatty acids.

[00299]  Threshold effects of the current invention include those circulating concentrations of
Kartp channel openers resulting from the administration of an i.v. formulation of the drug, or an
immediate release oral formulation of the drug, or a controlled release formulation of the drug, or
a sustained release formulation, or a transdermal formulation, or an intranasal formulation of the
drug to an obesity prone individual which result in (1) the loss of weight, and (2) the

maintenance of weight.

[00300] Threshold effects of the current invention include those circulating concentrations of
Katp channel openers resulting from the administration of an i.v. formulation of the drug, or an
immediate release oral formulation of the drug, or a controlled release formulation of the drug, or
a sustained release formulation, or a transdermal formulation, or an intranasal formulation of the

drug to a prediabetic individual which result in prevention of the transition to diabetes.

[00301]  Threshold effects of the current invention include those circulating concentrations of
Kartp channel openers resulting from the administration of an i.v. formulation of the drug, or an

immediate release oral formulation of the drug, or a controlled release formulation of the drug, or
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a sustained release formulation, or a transdermal formulation, or an intranasal formulation of the

drug to a individual with type 1 diabetes which result in beta cell rest.

[00302] The mode of action by which weight is maintained or lost resulting from the
prolonged administration of Karp channel openers to overweight, obese or obesity prone
individuals as provided herein includes, but is not limited to one or more of (1) enhanced energy
expenditure, (2) enhanced oxidation of fat and fatty acids, (3) the enhancement of lipolysis in
adipose tissue, (4) enhanced glucose uptake by tissues, enhanced insulin sensitivity, (5)
improved beta adrenergic response, and (6) increase in lean body mass. The mode of action by
which weight is maintained or lost resulting from the prolonged administration of Katp channel
openers to obese or obesity prone individuals as provided herein may also include the

suppression of appetite.

[00303] Prolonged administration of pharmaceutical formulations of Katp channel openers to
overweight or obese humans or animals, optionally in combination with growth hormone, results
in substantial and sustained weight loss including some or all of the following effects: (1)
preferential loss of body fat; (2) loss of greater than 25% of initial body fat mass; (3) loss of
greater than 50% of initial body fat mass; (4) loss of greater than 75% of initial body fat mass;
(5) significant increase in resting energy expenditure; (6) increase in the oxidation of fat and
fatty acids; (7) reduction in blood pressure; (8) production of lipoprotein lipase by adipocytes is
reduced; (9) enhanced lipolysis by adipocytes; (10) expression of fatty acid synthase by
adipocytes is reduced; (11) glyceraldehydes phosphate dehydrogenase activity of adipocytes is
reduced; (12) little or no new triglycerides are synthesized and stored by adipocytes; (13)
enhanced expression of 3 Adrenergic Receptor (B3AR) and an improvement in the adrenergic
function in adipocytes; (14) reduced glucose stimulated secretion of insulin by pancreatic B-
cells; (15) decreased insulinemia; (16) enhanced blood glucose levels; (17) increased expression
of Uncoupling Protein 1 in adipocytes; (18) enhanced thermogenesis in white and brown adipose
tissue; (19) reduction of plasma triglyceride concentration; (20) decrease in circulating leptin
concentrations; (21) up-regulation of insulin receptors; (22) enhanced glucose uptake; (23)
reduced adipocyte hyperplasia; (24) reduced adipocyte hypertrophy; (25) reduced rates of
conversion of preadipocytes to adipocytes; (26) reduced rates of hyperphagia; (27) the sequential

loss first of the metabolically most active adipose tissue (visceral), followed by the loss of less
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metabolically active adipose tissue, (28) elevation of circulating adiponectin concentrations, (29)
elevation of cerebrospinal fluid insulin levels, (30) enhanced islet insulin mRNA and insulin

content, (31) enhanced metabolic efficiency of insulin, or (32) increase in lean body mass.

[00304] Prolonged administration of formulations of Katp channel openers, optionally in
combination with growth hormone, to obesity prone humans or animals, including individuals
who have undergone various types of bariatric surgery, results in sustained maintenance of
weight including some or all of the following effects: (1) increased resting energy expenditure;
(2) increase in the oxidation of fat and fatty acids; (3) reduction in blood pressure; (4)
production of lipoprotein lipase by adipocytes is reduced; (5) enhanced lipolysis by adipocytes;
(6) expression of fatty acid synthase by adipocytes is reduced; (7) glyceraldehyde phosphate
dehydrogenase activity of adipocytes is reduced; (8) little or no new triglycerides are synthesized
and stored by adipocytes; (9) enhanced expression of B3 Adrenergic Receptor (3:AR) and
improvement in the adrenergic function in adipocytes; (10) reduced glucose stimulated secretion
of insulin by pancreatic B-cells; (11) decreased insulinemia; (12) enhanced blood glucose levels;
(13) increased expression of Uncoupling Protein 1 in adipocytes; (14) enhanced thermogenesis in
white and brown adipose tissue; (15) reduction of plasma triglyceride concentration; (16)
decreased circulating leptin concentration; (17) up-regulation of insulin receptors; (18) enhanced
glucose uptake; (19) reduced adipocyte hyperplasia; (20) reduced adipocyte hypertrophy; (21)
reduced rates of conversion of preadipocytes to adipocytes; and (22) reduced rates of
hyperphagia, (23) elevated circulating adiponectin concentration, (24) elevated cerebrospinal
fluid insulin levels, (25) enhanced islet insulin mRNA and insulin content, or (26) enhanced

metabolic efficiency of insulin.

[00305] Immediate or prolonged administration of formulations of Katp channel openers,
optionally in combination with growth hormone, to prediabetic or type I diabetic humans or
animals results in the prevention of beta cell failure, improved glycemic control, and prevention
of the transition from prediabetes to diabetes including some or all of the following effects: (1)
increase in resting energy expenditure; (2) increase in the oxidation of fat and fatty acids; (3)
reduction in blood pressure; (4) production of lipoprotein lipase by adipocytes is reduced; (5)
enhanced lipolysis by adipocytes; (6) expression of fatty acid synthase by adipocytes is reduced;
(7) glyceraldehyde phosphate dehydrogenase activity of adipocytes is reduced; (8) little or no
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new triglycerides are synthesized and stored by adipocytes; (9) enhanced expression of B;
Adrenergic Receptor (B;AR) and an improvement in the adrenergic function in adipocytes; (10)
reduced glucose stimulated secretion of insulin by pancreatic B-cells; (11) decreased
insulinemia; (12) enhanced blood glucose levels; (13) increased expression of Uncoupling
Protein 1 in adipocytes; (14) enhanced thermogenesis in white and brown adipose tissue; (15)
reduction of plasma triglyceride concentration; (16) decreased circulating leptin concentrations;
(17) up-regulation of insulin receptors; (18) enhanced glucose uptake; (19) reduced adipocyte
hyperplasia; (20) reduced adipocyte hypertrophy; (21) reduced rates of conversion of
preadipocytes to adipocytes; (22) reduced rates of hyperphagia, (23) elevated circulating
adiponectin concentrations, (24) elevated cerebrospinal fluid insulin levels, (25) enhanced islet

insulin mRNA and insulin content, or (26) enhanced metabolic efficiency of insulin.

[00306] Immediate or prolonged administration of formulations of Katp channel openers,
optionally in combination with growth hormone, to humans or animals that are at risk for
myocardial infarct, or stroke or undergoing a surgical procedure that restores blood flow to heart
or brain results in improved therapeutic outcomes post-surgically, or following the occurrence of
myocardial infarct or stroke by improving the survival of tissue after blood flow is restored,

reduced stunning of tissue, and altering the nature of the inflammatory responses.

[00307] Pharmaceutical formulations as provided herein are designed to be used in the
treatment of obesity, hyperlipidemia, hypertension, weight maintenance, type I diabetes,
prediabetes, type Il diabetes, or any condition where weight loss, reduction in circulating
triglycerides or beta cell rest contributes to therapeutic outcomes provide for a range of critical
changes in pharmacodynamic and pharmacokinetic responses to administered doses of Karp
channel openers, optionally in combination with growth hormone, which changes include one or
more of the following: (1) extending the pharmacodynamic effect of an administered dose to
greater than 24 hours as measured by the suppression of insulin secretion, (2) providing for
substantial uptake of the active pharmaceutical ingredient in the small intestine, (3) providing for
substantial uptake of the active pharmaceutical ingredient in the large intestine, (4) result in
lowered Cmax versus current oral suspension or capsule products for the same administered dose
of active pharmaceutical ingredient, (5) provide for circulating concentrations of unbound active

pharmaceutical ingredient above threshold concentrations for 24 or more hours from a single
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administered dose, and (6) provide for more consistent drug absorption by treated individuals as

compared to existing capsule formulations.

[00308] Pharmaceutical co-formulations of the current invention designed to treat a range of
conditions in humans and animals include the combination of Ksrp channel openers with growth
hormone and optionally one or more of: (1) a diuretic, (2) a drug that lowers blood pressure, (3)
a drug that suppresses appetite, (4) a cannabinoid receptor antagonist, (5) a drug that suppresses
that action of gastric lipases, (6) any drug that is used to induce weight loss, (7) a drug that
lowers cholesterol, (8) a drug that lowers LDL bound cholesterol, (9) a drug that improves
insulin sensitivity, (10) a drug that improves glucose utilization or uptake, (11) a drug that
reduces incidence of atherosclerotic plaque, (12) a drug that reduces inflammation, (13) a drug

that is antidepressant, (14) a drug that is an anti-epileptic, or (15) a drug that is an anti-psychotic.

[00309] Treatment of humans or animals of the current invention using pharmaceutical
formulations of Katp channel openers, optionally in combination with growth hormone, result in
reduced incidence of adverse side effects including but not limited to edema, fluid retention,
reduced rates of excretion of sodium, chloride, and uric acid, hyperglycemia, ketoacidosis,
nausea, vomiting, dyspepsia, ileus and headaches. These reductions in frequency of adverse side
effects are achieved by: (1) initiating dosing of individuals at subtherapeutic doses and in a step
wise manner increasing the dose daily until the therapeutic dose is achieved where the number of
days over which the step up in dose is effected is 2 to 10, (2) use of the lowest effective dose to
achieve the desired therapeutic effect, (3) use of a pharmaceutical formulation that delays release
of active until gastric transit is complete, (4) use of a pharmaceutical formulation that delays
release of active until gastric transit is complete, (5) use of a pharmaceutical formulation that
results in lower circulating peak drug levels as compared to an immediate release oral suspension
or capsule formulation for the same administered dose, and (6) optimizing the timing of

administration of dose within the day and relative to meals.

[00310]  Treatment of patients suffering from Prader-Willi Syndrome, Smith—Magenis
syndrome, Froelich’s syndrome, Cohen syndrome, Summit Syndrome, Alstrom, Syndrome,
Borjesen Syndrome, Bardet-Biedl Syndrome, and hyperlipoproteinemia type I, II, 111, and IV

with the current invention using pharmaceutical formulations of Kartp channel openers,
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optionally in combination with growth hormone, result in some or all of the following
therapeutic outcomes: (1) weight loss, (2) reduced rates of weight gain, (3) inhibition of
hyperphagia, (4) reduced incidence of impaired glucose tolerance, prediabetes or diabetes, (5)
reduced incidence of congestive heart failure, (6) reduced hypertension, and (7) reduced rates of

all cause mortality.

[00311]  Treatment of prediabetic subjects with the current invention using pharmaceutical
formulations of Katp channel openers, optionally in combination with growth hormone, result in
some or all of the following therapeutic outcomes: (1) weight loss, (2) restoration of normal
glucose tolerance, (3) delayed rates of progression to diabetes, (4) reduced hypertension, and (5)

reduced rates of all cause mortality.

[00312]  Treatment of diabetic subjects with the current invention using pharmaceutical
formulations of Katp channel openers, optionally in combination with growth hormone, result in
some or all of the following therapeutic outcomes: (1) weight loss, (2) restoration of normal
glucose tolerance, (3) delayed rates of progression of diabetes, (4) improvements in glucose

tolerance, (5) reduced hypertension, and (6) reduced rates of all cause mortality.

[00313] Co-administration of drugs with formulations of Ksrp channel openers in the
treatment of diseases of overweight, obese or obesity prone human and animal subjects involves
the co-administration of a pharmaceutically acceptable formulation of Kap channel openers with
an acceptable formulation of growth hormone and optionally one or more of: (1) Sibutramine,
(2) orlistat, (3) Rimonabant, (4) a drug that is an appetite suppressant, (5) any drug used to
induce weight loss in an obese or overweight individual, (6) a non-thiazide diuretic, (7) a drug
that lowers cholesterol, (8) a drug that raises HDL cholesterol, (9) a drug that lowers LDL
cholesterol, (10) a drug that lowers blood pressure, (11) a drug that is an anti-depressant, (12) a
drug that improves insulin sensitivity, (13) a drug that improves glucose utilization and uptake
(14) a drug that is an anti-epileptic, (15) a drug that is an anti-inflammatory, or (16) a drug that

lowers circulating triglycerides.

[00314] Co-administration of drugs with formulations of Karp channel openers in the
treatment or prevention of weight gain, dyslipidemia, or impaired glucose tolerance in subjects

treated with antipsychotics drugs involve the co-administration of a pharmaceutically acceptable
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formulation of Katp channel openers with growth hormone and optionally one or more of an
acceptable formulation of: lithium, carbamazepine, valproic acid and divalproex, and
lamotrigine, antidepressants generally classified as monoamine oxidase inhibitors including
isocarboxazid, phenelzine sulfate and tranylcypromine sulfate, tricyclic antidepressants including
doxepin, clomipramine, amitriptyline, maproiline, desipromine, nortryptyline, desipramine,
doxepin, trimipramine, imipramine and protryptyline, tetracyclic antidepressants including
mianserin, mirtazapine, maprotiline, oxaprotline, delequamine, levoprotline, triflucarbine,
setiptiline, lortalaline, azipramine, aptazapine maleate and pirlindole, and major tranquilizers and
atypical antipsychotics including paloproxidol, perphenazine, thioridazine, risperidone,

clozapine, olanzapine and chlorpromazine.

[00315]  In one embodiment, a Katp channel opener, optionally in combination with growth
hormone, is administered to an overweight or obese individual as an oral suspension, or an
immediate release capsule or tablet or a controlled release formulation or a transdermal
formulation or an intranasal formulation to reach and maintain the threshold concentration
required to measurably reduce fasting insulin levels for a prolonged period. Preferably the Katp
channel opener formulation reduces fasting insulin levels by at least 20%, more preferably by at
least 30%, more preferably by at least by 40%, more preferably by at least 50%, more preferably
by at least by 60% more preferably by at least by 70%, and more preferably by at least 80%.
Fasting insulin levels are commonly measured using the glucose tolerance test (OGTT). After an
overnight fast, a patient ingests a known amount of glucose. Initial glucose levels are determined
by measuring pre-test glucose levels in blood and urine. Blood insulin levels are measured by a
blood is draw every hour after the glucose is consumed for up to three hours. In a fasting
glucose assay individuals with plasma glucose values greater than 200 mg/dl at 2 hours post-

glucose load indicate an impaired glucose tolerance.

[00316] In another embodiment, a Katp channel opener, optionally in combination with
growth hormone, is administered to an overweight or obese individual as an oral suspension, or
an immediate release capsule or tablet or a controlled release formulation or a transdermal
formulation or an intranasal formulation to reach and maintain the threshold concentration

required to induce weight loss for a prolonged period.
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[00317]  In another embodiment, a Katp channel opener, optionally in combination with
growth hormone, is administered to an overweight or obese individual as an oral suspension, or
an immediate release capsule or tablet or a controlled release formulation or a transdermal
formulation or an intranasal formulation to reach and maintain the threshold concentration

required to elevate resting energy expenditure for a prolonged period.

[00318] In another embodiment, a Katp channel opener, optionally in combination with
growth hormone, is administered to an overweight or obese individual as an oral suspension, or
an immediate release capsule or tablet or a controlled release formulation or a transdermal
formulation or an intranasal formulation to reach and maintain the threshold concentration

required to elevate fat and fatty acid oxidation for a prolonged period.

[00319]  In another embodiment, a Katp channel opener, optionally in combination with
growth hormone, is administered to an obesity prone individual as an oral suspension, or an
immediate release capsule or tablet or a controlled release formulation or a transdermal
formulation or an intranasal formulation to reach and maintain the threshold concentration

required to induce weight loss for a prolonged period.

[00320] In another embodiment, a Katp channel opener, optionally in combination with
growth hormone, is administered to an obesity prone individual as an oral suspension, or an
immediate release capsule or tablet or a controlled release formulation or a transdermal
formulation or an intranasal formulation to reach and maintain the threshold concentration

required to maintain weight for a prolonged period.

[00321]  In another embodiment, a Katp channel opener, optionally in combination with
growth hormone, is administered to an overweight or obese individual as an oral suspension, or
an immediate release capsule or tablet or a controlled release formulation or a transdermal
formulation or an intranasal formulation to reach and maintain a drug concentration above the

threshold concentration required to induce weight loss for a prolonged period.

[00322]  In another embodiment, a Katp channel opener, optionally in combination with
growth hormone, is administered to an overweight or obese individual as an oral suspension, or

an immediate release capsule or tablet or a controlled release formulation or a transdermal
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formulation or an intranasal formulation for a prolonged period of time to reduce body fat by

more than 25%, more preferably by at least 50%, and more preferably by at least 75%.

[00323]  In another embodiment, a Katp channel opener, optionally in combination with
growth hormone, is administered to an overweight or obese individual as an oral suspension, or
an immediate release capsule or tablet or a controlled release formulation or a transdermal
formulation or an intranasal formulation for a prolonged period of time to preferentially reduce

visceral fat deposits.

[00324]  In another embodiment, a Katp channel opener, optionally in combination with
growth hormone, is administered to an overweight or obese individual as an oral suspension, or
an immediate release capsule or tablet or a controlled release formulation or a transdermal
formulation or an intranasal formulation for a prolonged period of time to reduce visceral fat

depots and other fat deposits.

[00325]  In another embodiment, a Katp channel opener, optionally in combination with
growth hormone, is administered to a normoinsulemic overweight or obese individual as an oral
suspension, or an immediate release capsule or tablet or a controlled release formulation or a
transdermal formulation or an intranasal formulation to reach and maintain a drug concentration

above the threshold concentration required to induce weight loss for a prolonged period.

[00326] In another embodiment, a Katp channel opener, optionally in combination with
growth hormone, is administered to a prediabetic individual as an oral suspension, or an
immediate release capsule or tablet or a controlled release formulation or a transdermal
formulation or an intranasal formulation to reach and maintain a drug concentration above the

threshold concentration required to prevent the transition to diabetes for a prolonged period.

[00327] In another embodiment, a Katp channel opener, optionally in combination with
growth hormone, is administered to a type 1 diabetic individual as an oral suspension, or an
immediate release capsule or tablet or a controlled release formulation or a transdermal
formulation or an intranasal formulation to reach and maintain a drug concentration above the

threshold concentration required to induce beta cell rest for a prolonged period.
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[00328]  In another embodiment, a single dose of a pharmaceutically acceptable formulation of
a Karp channel opener, optionally in combination with growth hormone, is administered to an
individual in need thereof that results in circulating concentration of active drug sufficient to

diminish the secretion of insulin for 24 or more hours.

[00329] In another embodiment, a pharmaceutically acceptable formulation of a Karp channel
opener, optionally in combination with growth hormone, is administered over a prolonged basis
to an individual in need thereof no more than once per 24 hours that results in circulating

concentration of active drug sufficient to diminish the secretion of insulin on a continuous basis.

[00330] In another embodiment, a single dose of a pharmaceutically acceptable formulation of
a Karp channel opener, optionally in combination with growth hormone, is administered to an
individual in need thereof that results in circulating concentration of active drug sufficient to

clevate non-esterified fatty acids in circulation for 24 or more hours.

[00331] In another embodiment, a pharmaceutically acceptable formulation of a Karp channel
opener, optionally in combination with growth hormone, is administered over a prolonged basis
to an individual in need thereof no more than once per 24 hours that results in circulating
concentration of active drug sufficient to elevate non-esterified fatty acids in circulation on a

continuous basis.

[00332]  In another embodiment, a single dose of a pharmaceutically acceptable formulation of
a Karp channel opener, optionally in combination with growth hormone, is administered to an
individual in need thereof that results in circulating concentration of active drug sufficient to

treat hypoglycemia in circulation for 24 or more hours.

[00333] In another embodiment, a pharmaceutically acceptable formulation of a Katp channel
opener, optionally in combination with growth hormone, is administered over a prolonged basis
to an individual in need thereof no more than once per 24 hours that results in circulating

concentration of active drug sufficient to treat hypoglycemia on a continuous basis.

[00334] In another embodiment, a pharmaceutically acceptable formulation of a Karp channel

opener, optionally in combination with growth hormone, is administered over a prolonged basis
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to an individual in need thereof no more than once per 24 hours that results in circulating

concentration of active drug sufficient to induce weight loss on a continuous basis.

[00335] In another embodiment, a pharmaceutically acceptable formulation of a Karp channel
opener, optionally in combination with growth hormone, is administered over a prolonged basis
to an individual in need thereof no more than once per 24 hours that results in circulating
concentration of active drug sufficient to maintain weight on a continuous basis, as it is
preferable to maintain weight in an obese individual once some weight loss has occurred when

the alternative is to regain weight.

[00336] In another embodiment, a pharmaceutically acceptable formulation of a Karp channel
opener, optionally in combination with growth hormone, is administered over a prolonged basis
to an individual in need thereof no more than once per 24 hours that results in circulating
concentration of active drug sufficient to reduce circulating triglyceride levels on a continuous

basis.

[00337]  In another embodiment, a single dose of a pharmaceutically acceptable formulation of
a Karp channel opener, optionally in combination with growth hormone, is administered to an
individual in need thereof that results in circulating concentration of active drug sufficient to

reduce or prevent ischemic or reperfusion injury in circulation for 24 or more hours.

[00338] In another embodiment, a pharmaceutically acceptable formulation of a Kstp channel
opener, optionally in combination with growth hormone, is administered over a prolonged basis
to an individual in need thereof no more than once per 24 hours that results in circulating
concentration of active drug sufficient reduce or prevent ischemic or reperfusion injury on a

continuous basis.

[00339] In another embodiment, the adverse effects of frequent treatment with a Katp channel
opener, optionally in combination with growth hormone, is reduced using a pharmaceutically
acceptable formulation of diazoxide or its derivatives that is administered to an individual in
need thereof on a daily basis in which the first dose is known to be subtherapeutic and daily dose

is subsequently increased stepwise until the therapeutic dose is reached.
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[00340] In another embodiment, the adverse effects of frequent treatment with a Kap channel
opener, optionally in combination with growth hormone, is reduced using a pharmaceutically
acceptable formulation of a Katp channel opener that is administered to an individual in need
thereof on a daily basis in which the active ingredient is not released from the formulation until

gastric transit is complete.

[00341] In another embodiment, the adverse effects of frequent treatment with a Katp channel
opener, optionally in combination with growth hormone, is reduced using a pharmaceutically
acceptable formulation of a Katp channel opener that is administered to an individual in need
thereof on a daily basis in which the active ingredient is not released from the formulation until

gastric transit is complete.

[00342] In another embodiment, the adverse effects of frequent treatment with a Kap channel
opener, optionally in combination with growth hormone, is reduced using a pharmaceutically
acceptable formulation of a Katp channel opener, optionally in combination with growth
hormone, that is administered to an individual in need thereof on a daily basis in which the
maximum circulating concentration of active ingredient is lower than what would be realized by

the administration of the same dose using an oral suspension or capsule formulation.

[00343] In another embodiment, the adverse effects of frequent treatment with a Kap channel
opener, optionally in combination with growth hormone, is reduced using a pharmaceutically
acceptable formulation of a Karp channel opener, optionally in combination with growth
hormone, that is administered to an individual in need thercof on a daily basis in which the first
dose is known to be subtherapeutic and daily dose is subsequently increased stepwise until the
therapeutic dose is reached, the active ingredient is not released from the formulation until
gastric transit is complete and in which the maximum circulating concentration of active
ingredient is lower than what would be realized by the administration of the same dose using an

oral suspension or capsule formulation.

[00344] In another embodiment, the adverse effects of frequent treatment with a Katp
channel opener, optionally in combination with growth hormone, is reduced using a
pharmaceutically acceptable formulation of a Karp channel opener, optionally in combination

with growth hormone, that is administered to an overweight or obese individual in need thereof
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on a daily basis in which the first dose is known to be subtherapeutic and daily dose is
subsequently increased stepwise until the therapeutic dose is reached, the active ingredient is not
released from the formulation until gastric transit is complete, in which the maximum circulating
concentration of active ingredient is lower than what would be realized by the administration of
the same dose using an oral suspension or capsule formulation, and in which the maximum dose

is less than 2.5 mg/kg/day.

[00345] In another embodiment, the adverse effects of frequent treatment with a Kap channel
opener, optionally in combination with growth hormone, is reduced using a pharmaceutically
acceptable formulation of a Katp channel opener, optionally in combination with growth
hormone, that is administered to an overweight or obese individual in need thereof on a daily
basis in which the first dose is known to be subtherapeutic and daily dose is subsequently
increased stepwise until the therapeutic dose is reached, the active ingredient is not released from
the formulation until gastric transit is complete, in which the maximum circulating concentration
of active ingredient is lower than what would be realized by the administration of the same dose
using an oral suspension or capsule formulation, and in which the maximum dose is less than

1.75 mg/kg/day.

[00346]  In another embodiment, the treatment of an overweight or obese individual is
optimized for weight loss by administration of a pharmaceutically acceptable formulation of a
Katp channel opener, optionally in combination with growth hormone, once per 24 hours in
which the release of the active ingredient from the formulation has been modified to provide near

zero order release for at least 12 hours.

[00347]  In another embodiment, the treatment of an overweight or obese individual is
optimized for weight loss by administration of a pharmaceutically acceptable formulation of a
Katp channel opener, optionally in combination with growth hormone, once per 24 hours in
which the release of the active ingredient from the formulation has been modified to provide near

zero order release for at least 18 hours.

[00348]  In another embodiment, the treatment of an overweight or obese individual is
optimized for weight loss by administration of a pharmaceutically acceptable formulation of a

Kartp channel opener, optionally in combination with growth hormone, once per 24 hours in
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which the release of the active ingredient from the formulation has been modified to provide a

rising drug concentration in circulation for at least 12 hours.

[00349] In another embodiment, the treatment of an overweight or obese individual is
optimized for weight loss by administration of a pharmaceutically acceptable formulation of a
Kartp channel opener, optionally in combination with growth hormone, once per 24 hours in
which the release of the active ingredient from the formulation has been modified to provide a

rising drug concentration in circulation for at least 18 hours.

[00350] In another embodiment, the treatment of an overweight or obese individual is
optimized for weight loss by administration of a pharmaceutically acceptable formulation of a
Katp channel opener, optionally in combination with growth hormone, once per 24 hours in
which the release of the active ingredient from the formulation has been modified to match the

pattern of basal insulin secretion.

[00351] In another embodiment, the frequency of adverse effects upon treatment with a Katp
channel opener is reduced using a pharmaceutically acceptable formulation of a Katp channel
opener, optionally in combination with growth hormone, that is administered to an obesity prone
individual in need thereof on a daily basis in which the first dose is known to be subtherapeutic
and daily dose is subsequently increased stepwise until the therapeutic dose is reached, the active
ingredient is not released from the formulation until gastric transit is complete, in which the
maximum circulating concentration of active ingredient is lower than what would be realized by
the administration of the same dose using an oral suspension or capsule formulation, and in

which the maximum dose is less than 2.5 mg/kg/day.

[00352] In another embodiment, the frequency of adverse effects upon treatment with a Katp
channel opener, optionally in combination with growth hormone, is reduced using a
pharmaceutically acceptable formulation of a Karp channel opener, optionally in combination
with growth hormone, that is administered to an obesity prone individual in need thereof on a
daily basis in which the first dose is known to be subtherapeutic and daily dose is subsequently
increased stepwise until the therapeutic dose is reached, the active ingredient is not released from
the formulation until gastric transit is complete, in which the maximum circulating concentration

of active ingredient is lower than what would be realized by the administration of the same dose
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using an oral suspension or capsule formulation, and in which the maximum dose is less than

1.75 mg/kg/day.

[00353]  In another embodiment, the treatment of an obesity prone individual is optimized for
weight maintenance by administration of a pharmaceutically acceptable formulation of a Karp
channel opener, optionally in combination with growth hormone, once per 24 hours in which the
release of the active ingredient from the formulation has been modified to provide near zero

order release for at least 12 hours.

[00354] In another embodiment, the treatment of an obesity prone individual is optimized for
weight maintenance by administration of a pharmaceutically acceptable formulation of a Karp
channel opener, optionally in combination with growth hormone, once per 24 hours in which the
release of the active ingredient from the formulation has been modified to provide near zero

order release for at least 18 hours.

[00355]  In another embodiment, the treatment of an obesity prone individual is optimized for
weight maintenance by administration of a pharmaceutically acceptable formulation of a Karp
channel opener, optionally in combination with growth hormone, once per 24 hours in which the
release of the active ingredient from the formulation has been modified to provide a rising drug

concentration in circulation for at least 12 hours.

[00356] In another embodiment, the treatment of an obesity prone individual is optimized for
weight maintenance by administration of a pharmaceutically acceptable formulation of a Karp
channel opener, optionally in combination with growth hormone, once per 24 hours in which the
release of the active ingredient from the formulation has been modified to provide a rising drug

concentration in circulation for at least 18 hours.

[00357]  In another embodiment, the treatment of an obesity prone individual is optimized for
weight maintenance by administration of a pharmaceutically acceptable formulation of a Katp
channel opener, optionally in combination with growth hormone, once per 24 hours in which the
release of the active ingredient from the formulation has been modified to match the pattern of

basal insulin secretion.
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[00358] In another embodiment, a pharmaceutically acceptable formulation of a Karp channel
opener, optionally in combination with growth hormone, is co-administered with sibutramine to

an overweight or obese individual to induce weight loss.

[00359] In another embodiment, a pharmaceutically acceptable formulation of a Karp channel
opener, optionally in combination with growth hormone, is co-administered with orlistat to an

overweight or obese individual to induce weight loss.

[00360] In another embodiment, a pharmaceutically acceptable formulation of a Karp channel
opener, optionally in combination with growth hormone, is co-administered with rimonabant to

an overweight or obese individual to induce weight loss.

[00361] In another embodiment, a pharmaceutically acceptable formulation of a Kstp channel
opener, optionally in combination with growth hormone, is co-administered with an appetite

suppressant to an overweight or obese individual to induce weight loss.

[00362] In another embodiment, a pharmaceutically acceptable formulation of a Karp channel
opener, optionally in combination with growth hormone, is co-administered with an anti-

depressant to an overweight or obese individual to induce weight loss.

[00363] In another embodiment, a pharmaceutically acceptable formulation of a Karp channel
opener, optionally in combination with growth hormone, is co-administered with anti-epileptic to

an overweight or obese individual to induce weight loss.

[00364] In another embodiment, a pharmaceutically acceptable formulation of a Kstp channel
opener, optionally in combination with growth hormone, is co-administered with a non-thiazide

diuretic to an overweight or obese individual to induce weight loss.

[00365] In another embodiment, a pharmaceutically acceptable formulation of a Karp channel
opener, optionally in combination with growth hormone, is co-administered with a drug that
induces weight loss by a mechanism that is distinct from diazoxide to an overweight or obese

individual to induce weight loss.

[00366] In another embodiment, a pharmaceutically acceptable formulation of a Karp channel

opener, optionally in combination with growth hormone, is co-administered with a drug that
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lowers blood pressure to an overweight, obesity prone or obese individual to induce weight loss

and treat obesity associated comorbidities.

[00367] In another embodiment, a pharmaceutically acceptable formulation of a Karp channel
opener, optionally in combination with growth hormone, is co-administered with a drug that
lowers cholesterol to an overweight, obesity prone or obese individual to induce weight loss and

treat obesity associated comorbidities.

[00368] In another embodiment, a pharmaceutically acceptable formulation of a Karp channel
opener, optionally in combination with growth hormone, is co-administered with a drug that
raises HDL associated cholesterol to an overweight, obesity prone or obese individual to induce

weight loss and treat obesity associated comorbidities.

[00369] In another embodiment, a pharmaceutically acceptable formulation of a Karp channel
opener, optionally in combination with growth hormone, is co-administered with a drug that
improves insulin sensitivity to an overweight, obesity prone or obese individual to induce weight

loss and treat obesity associated comorbidities.

[00370] In another embodiment, a pharmaceutically acceptable formulation of a Karp channel
opener, optionally in combination with growth hormone, is co-administered with an anti-
inflammatory to an overweight, obesity prone or obese individual to induce weight loss and treat

obesity associated comorbidities.

[00371] In another embodiment, a pharmaceutically acceptable formulation of a Kstp channel
opener, optionally in combination with growth hormone, is co-administered with a drug that
lowers circulating triglycerides to an overweight, obesity prone or obese individual to induce

weight loss and treat obesity associated comorbidities.

[00372] In another embodiment, Karp channel openers, optionally in combination with growth
hormone, are co-formulated with sibutramine in a pharmaceutically acceptable formulation that
is administered to an overweight, obesity prone or obese individual to induce weight loss and

treat obesity-associated co-morbidities.
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[00373]  In another embodiment, Karp channel openers, optionally in combination with growth
hormone, are co-formulated with orlistat or other active that suppresses the action of gastric
lipases in a pharmaceutically acceptable formulation that is administered to an overweight,
obesity prone or obese individual to induce weight loss and treat obesity-associated co-

morbidities.

[00374]  In another embodiment, Karp channel openers, optionally in combination with growth
hormone, are co-formulated with a non-thiazide diuretic in a pharmaceutically acceptable
formulation that is administered to an overweight, obesity prone or obese individual to induce

weight loss and treat obesity-associated co-morbidities.

[00375]  In another embodiment, Karp channel openers, optionally in combination with growth
hormone, are co-formulated with an appetite suppressant in a pharmaceutically acceptable
formulation that is administered to an overweight, obesity prone or obese individual to induce

weight loss and treat obesity-associated co-morbidities.

[00376]  In another embodiment, Karp channel openers, optionally in combination with growth
hormone, are co-formulated with a cannabinoid receptor antagonist in a pharmaceutically
acceptable formulation that is administered to an overweight, obesity prone or obese individual

to induce weight loss and treat obesity-associated co-morbidities.

[00377]  In another embodiment, Karp channel openers, optionally in combination with growth
hormone, are co-formulated with an anti-cholesteremic active in a pharmaceutically acceptable
formulation that is administered to an overweight, obesity prone or obese individual to induce

weight loss and treat obesity-associated co-morbidities.

[00378]  In another embodiment, Karp channel openers, optionally in combination with growth
hormone, are co-formulated with an antihypertensive active in a pharmaceutically acceptable
formulation that is administered to an overweight, obesity prone or obese individual to induce

weight loss and treat obesity-associated co-morbidities

[00379]  In another embodiment, Karp channel openers, optionally in combination with growth

hormone, are co-formulated with an insulin sensitizing active in a pharmaceutically acceptable
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formulation that is administered to an overweight, obesity prone or obese individual to induce

weight loss and treat obesity-associated co-morbidities.

[00380] In another embodiment, Karp channel openers, optionally in combination with growth
hormone, are co-formulated with an anti-inflammatory active in a pharmaceutically acceptable
formulation that is administered to an overweight, obesity prone or obese individual to induce

weight loss and treat obesity-associated co-morbidities.

[00381]  In another embodiment, Karp channel openers, optionally in combination with growth
hormone, are co-formulated with an anti-depressant active in a pharmaceutically acceptable
formulation that is administered to an overweight, obesity prone or obese individual to induce

weight loss and treat obesity-associated co-morbidities.

[00382]  In another embodiment, Karp channel openers, optionally in combination with growth
hormone, are co-formulated with an anti-epileptic active in a pharmaceutically acceptable
formulation that is administered to an overweight, obesity prone or obese individual to induce

weight loss and treat obesity-associated co-morbidities.

[00383]  In another embodiment, Karp channel openers, optionally in combination with growth
hormone, are co-formulated with an active that reduces the incidence of atherosclerotic plaque in
a pharmaceutically acceptable formulation that is administered to an overweight, obesity prone

or obese individual to induce weight loss and treat obesity-associated co-morbidities.

[00384]  In another embodiment, Karp channel openers, optionally in combination with growth
hormone, are co-formulated with an active that lowers circulating concentrations of triglycerides
in a pharmaceutically acceptable formulation that is administered to an overweight, obesity

prone or obese individual to induce weight loss and treat obesity-associated co-morbidities.

[00385]  The reduction of circulating triglycerides in an overweight, obese or obesity prone
individual is achieved by the administration of an effective amount of a solid oral dosage form of

a Katp channel opener, optionally in combination with growth hormone.

[00386] A solid oral dosage form of Katp channel opener can be used to administer a

therapeutically effective dose of Karp channel opener to an overweight or obesity prone
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individual in need thereof to maintain weight, as it is preferable to maintain weight in an obese

individual once some weight loss has occurred when the alternative is to regain weight.

[00387] A method of inducing loss of greater than 25% of initial body fat in an overweight or
obese individual can be achieved by the prolonged administration of a solid oral dosage form of

a Katp channel opener, optionally in combination with growth hormone.

[00388] A method of inducing loss of greater than 50% of initial body fat in an overweight or
obese individual can be achieved by the prolonged administration of a solid oral dosage form of

a Katp channel opener, optionally in combination with growth hormone.

[00389] A method of inducing loss of greater than 75% of initial body fat in an overweight or
obese individual can be achieved by the prolonged administration of a solid oral dosage form of

a Katp channel opener, optionally in combination with growth hormone.

[00390] A method of inducing preferential loss of visceral fat in an overweight or obese
individual can be achieved by the prolonged administration of a solid oral dosage form of a Katp

channel opener, optionally in combination with growth hormone.

[00391] A method of inducing loss of body fat and reductions in circulating triglycerides in an
overweight or obese individual can be achieved by the prolonged administration of a solid oral

dosage form of a Karp channel opener, optionally in combination with growth hormone.

[00392]  The invention will now be described with reference to the following non-limiting
examples.

EXAMPLES

Example 1: Potassium ATP channel activator containing formulations

1. Compressed Tablet Formulations

[00393] Diazoxide or a derivative thereof at about 15-30% by weight is mixed with
hydroxypropyl methylcellulose at about 55-80% by weight, ethylcellulose at about 3-10 wt/vol

% and magnesium stearate (as lubricant) and talc (as glidant) each at less than 3% by weight.
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The mixture is used to produce a compressed tablet as described in Reddy et al., A4PS Pharm
Sci Tech 4(4):1-9 (2003). The tablet may be coated with a thin film as discussed below for

microparticles.

[00394] A tablet containing 100 mg of diazoxide or a derivative thereof will also contain
approximately 400 mg of hydroxypropyl cellulose and 10 mg of ethylcellulose. A tablet
containing 50 mg of diazoxide or a derivative thereof will also contain approximately 200 mg of
hydroxypropyl cellulose and 5 mg of ethylcellulose. A tablet containing 25 mg of diazoxide or a
derivative thereof will also contain approximately 100 mg of hydroxypropyl cellulose and 2.5

mg of ethylcellulose.

2. Encapsulated Coated Microparticle Formulation of Diazoxide

[00395]  Diazoxide or a derivative thereof is encapsulated into microparticles in accordance
with well known methods (see, e.g. U.S. Patent No. 6,022,562). Microparticles of between 100
and 500 microns in diameter containing diazoxide or derivative, alone or in combination with
one or more suitable excipient, is formed with the assistance of a granulator and then sieved to
separate microparticles having the appropriate size. Micriparticles are coated with a thin film by
spray drying using commercial instrumentation (e.g. Uniglatt Spray Coating Machine). The thin
film comprises ethylcellulose, cellulose acetate, polyvinylpyrrolidone and/or polyacrylamide.
The coating solution for the thin film may include a plasticizer which may be castor oil, diethyl
phthalate, triethyl citrate and salicylic acid. The coating solution may also include a lubricating
agent which may be magnesium stearate, sodium oleate, or polyoxyethylenated sorbitan laurate.
The coating solution may further include an excipient such as talc, colloidal silica or of a mixture

of the two added at 1.5 to 3% by weight to prevent caking of the film coated particles.

3. Formulation of a tableted form of diazoxide or a derivative for controlled release

[00396]  Prior to mixing, both the active ingredient and hydroxypropyl methylcellulose (Dow
Methocel K4M P) are passed through an ASTM 80 mesh sieve. A mixture is formed from 1 part
diazoxide or a derivative thereof to 4 parts hydroxypropyl methylcellulose. After thorough
mixing, a sufficient volume of an ethanolic solution of ethylcellulose as a granulating agent is
added slowly. The quantity of ethylcellulose per tablet in the final formulation is about 1/10th

part. The mass resulting from mixing the granulating agent is sieved through 22/44 mesh.
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Resulting granules are dried at 40° C for 12 hours and thereafter kept in a desiccator for 12 hours
at room temperature. Once dry the granules retained on 44 mesh are mixed with 15% fines
(granules that passed through 44 mesh). Talc and magnesium stearate are added as glidant and
lubricant at 2% of weight each. A colorant is also added. The tablets are compressed using a

single punch tablet compression machine.

4. Formulation of a compression tableted form of diazoxide or a derivative thereof

that provides for controlled release

[00397] Diazoxide or a derivative thereof at 20-40% weight is mixed with 30% weight
hydroxypropyl methylcellulose (Dow Methocel K100LV P) and 20-40% weight impalpable
lactose. The mixture is granulated with the addition of water. The granulated mixture is wet
milled and then dried 12 hours at 110° C. The dried mixture is dry milled. Following milling,
25% weight ethylcellulose resin is added (Dow Ethocel 10FP or Ethocel 100FP) followed by
0.5% weight magnesium stearate. A colorant is also added. The tablets are compressed using a
single punch tablet compression machine (Dasbach, et al, Poster at AAPS Annual Meeting Nov

10-14 (2002)).

5. Formulation of a compression coated tableted form of diazoxide or a derivative

thereof that provides for controlled release.

[00398]  The core tablet is formulated by mixing either 100 mg of diazoxide or a derivative
thereof with 10 mg of ethylcellulose (Dow Ethocel 10FP), or by mixing 75 mg of diazoxide or a
derivative thereof with 25 mg lactose and 10 mg of ethylcellulose (Dow Ethocel 10FP), or by
mixing 50 mg of diazoxide or a derivative thereof with 50 mg of lactose and 10 mg of
cthylcellulose (Dow Ethocel 10FP). The core tablets are formed on an automated press with
concave tooling. The compression coating consisting of 400 mg of ethylene oxide (Union
Carbide POLYOX WSR Coagulant) is applied and compressed to 3000 psi (Dasbach, et al.,
Poster at AAPS Annual Meeting Oct 26-30 (2003)).

6. A controlled release dosage form of diazoxide or a derivative thereof using an
osmotically controlled release system

[00399] Diazoxide or a derivative thereof is formulated as an osmotically regulated release

system. In general, two components, and expandable hydrogel that drives release of the active
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drug is assembled with diazoxide or a derivative thereof into a semipermeable bilaminate shell.
Upon assembly a hole is drilled in the shell to facilitate release of active upon hydration of the

hydrogel.

[00400] A dosage form adapted, designed and shaped as an osmotic delivery system is
manufactured as follows: first, a diazoxide or a derivative thereof composition is provided by
blending together into a homogenecous blend of polyethylene oxide, of diazoxide or a derivative
thereof and hydroxypropyl methylcellulose. Then, a volume of denatured anhydrous ethanol
weighing 70% of the dry mass is added slowly with continuous mixing over 5 minutes. The
freshly prepared wet granulation is screened through a 20 mesh screen through a 20 mesh screen,
dried at room temperature for 16 hours, and again screened through a 20 mesh screen. Finally,

the screened granulation is mixed with 0.5% weight of magnesium stearate for 5 minutes.

[00401] A hydrogel composition is prepared as follows: first, 69% weight of polyethylene
oxide weight, 25% weight of sodium chloride and 1% weight ferric oxide separately are screened
through a 40 mesh screen. Then, all the screened ingredients are mixed with 5% weight of
hydroxypropyl methylcellulose to produce a homogeneous blend. Next, a volume of denatured
anhydrous alcohol equal to 50% of the dry mass is added slowly to the blend with continuous
mixing for 5 minutes. The freshly prepared wet granulation is passed through a 20 mesh screen,
allowed to dry at room temperature for 16 hours, and again passed through a 20 mesh screen.
The screened granulation is mixed with 0.5% weight of magnesium stearate 5 minutes (see U.S.

Patent No. 6,361,795 by Kuczynski, et al.).

[00402] The diazoxide or a derivative thereof composition and the hydrogel composition are
compressed into bilaminate tablets. First the diazoxide or a derivative thereof composition is
added and tamped, then, the hydrogel composition is added and the laminae are pressed under a

pressure head of 2 tons into a contacting laminated arrangement.

[00403]  The bilaminate arrangements are coated with a semipermeable wall (i.e. thin film).
The wall forming composition comprises 93% cellulose acetate having a 39.8% acetyl content,
and 7% polyethylene glycol. The wall forming composition is sprayed onto and around the

bilaminate.
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[00404]  Finally an exit passageway is drilled through the semipermeable wall to connect the
diazoxide or a derivative thereof drug lamina with the exterior of the dosage system. The residual
solvent is removed by drying at 50° C and 50% humidity. Next, the osmotic systems are dried at
50° C to remove excess moisture (see U.S. Patent No. 6,361,795 by Kuczynski, et al.).

7. Preparation of a salt of diazoxide

[00405] A hydrochloride salt of diazoxide is prepared by dissolving one mole of diazoxide
(230.7 g) in 500 ml of Et,0. Dry HCl is passed into the solution until the weight of the container
is increased by 36g. During the addition of the HCI, the HCI salt of diazoxide precipitates as a
powder. The salt is filtered off and washed with dry Et,O.

Example 2: In vivo Obesity Testing

1. Obesity animal model

[00406] Formulations of diazoxide or derivatives prepared as described herein can be tested
for efficacy in an animal model of obesity as described by Surwit et al. (Endocrinology
141:3630-3637 (2000)). Briefly, 4-week-old B6 male mice are housed 5/cage in a temperature-
controlled (22°C) room with a 12-h light, 12-h dark cycle. The high fat (HF) and low fat (LF)
experimental diets contain 58% and 11% of calories from fat, respectively. A group of mice are
fed the HF diet for the first 4 weeks of the study; the remaining 15 mice are fed the LF diet. The
mice assigned to the LF diet are maintained on this diet throughout the study as a reference
group of lean control mice. At week 4, all HF-fed mice a reassigned to 2 groups of mice. The
first group remains on the HF diet throughout the study as the obese control group. The
remaining 3 groups of mice are fed the HF diet and administered the controlled release
formulation of diazoxide or derivative at about 150 mg of active per kg per day as a single dose
administered by oral gavage. Animals are weighed weekly, and food consumption is measured
per cage twice weekly until the diets are changed at week 4, whereupon body weight and food
intake are determined daily. The feed efficiency (grams of body weight gained per Cal
consumed) is calculated on a per cage basis. Samples for analysis of insulin, glucose, and leptin
are collected on day 24 (4 days before the diets are changed), on day 32 (4 days after the
change), and biweekly thereafter. In all cases food is removed 8 h before samples are collected.

Glucose is analyzed by the glucose oxidase method. Insulin and leptin concentrations are
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determined by double antibody RIA. The insulin assay is based on a rat standard, and the leptin
assay uses a mouse standard. At the termination of the study, a postprandial plasma sample is
collected and analyzed for triglyceride and nonesterified fatty acid concentrations. After 4 weeks
of drug treatment, a subset of 10 animals from each group is killed. The epididymal white
adipose tissue (EWAT), retroperitoneal (RP) fat, interscapular brown adipose tissue (IBAT) fat
pads, and gastrocnemius muscle are removed, trimmed, and weighed. The percent body fat is
estimated from the weight of the epididymal fat pad. A subset of five animals from each group
is injected ip with 0.5 g/kg glucose. At 30 min postinjection, a plasma sample is collected and

analyzed for glucose content by the glucose oxidase method.

2. Treatment of obesity in humans

[00407] Formulations of diazoxide or derivatives prepared as described herein can be tested
for efficacy in obese humans. The study is conducted as described by Alemzadeh (Alemzadeh,
et al., J Clin Endocr Metab 83:1911-1915 (1998)). Subjects consist of moderate-to-morbidly
obese adults with a body mass index (BMI) greater than or equal to 30 kg/m®. Each subject
undergoes a complete physical examination at the initial evaluation, body weight being measured

on a standard electronic scale and body composition by DEXA.

[00408]  Before the initiation of the study, all subjects are placed on a hypocaloric diet for a
lead-in period of 1 week. This is designed to exclude individuals who are unlikely to be
compliant and to ensure stable body weight before treatment. Up to 50 patients are tested at each
dosage of drug. Daily dosage is set at 100, 200, and 300 mg/day. The daily dose is divided into
2 doses for administration. The dose is administered as either one, two or three 50 mg capsules
or tablets at each time of administration. Individual patients are dosed daily for up to 12 months.

Patients are reviewed weekly, weighed, and asked about any side effects or concurrent illnesses.

[00409] Twenty-four-hour dietary recall is obtained from each patient. The dietary recalls are
analyzed using a standard computer software program. All patients are placed on a hypocaloric

diet and encouraged to participate in regular exercise.

[00410] Before commencing, and after completion of the study, the following laboratory tests
are obtained: blood pressure fasting plasma glucose, insulin, cholesterol, triglycerides, free fatty

acids (FFA), and glycohemoglobin and measures of rate of appearance and oxidation of plasma
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derived fatty acids. Additionally, routine chemistry profiles and fasting plasma glucose are
obtained weekly to identify those subjects with evidence of glucose intolerance and/or electrolyte

abnormalities. Glucose is analyzed in plasma, by the glucose oxidase method.

[00411]  Insulin concentration is determined by RIA using a double-antibody kit. Cholesterol
and triglycerides concentrations are measured by an enzymatic method. Plama FFA is
determined by an enzymatic colorimetric method. SI was assessed by an iv glucose tolerance
test (IVGTT) using the modified minimal model. After an overnight fast, a glucose bolus (300
mg/kg) was administered iv, followed (20 min later) by a bolus of insulin. Blood for
determination of glucose and insulin is obtained from a contra lateral vein at -30, -15, 0, 2, 3, 4,
5,6,8,10, 19, 22, 25, 30, 40, 50, 70, 100, 140, and 180 min. SI and glucose effectiveness (SG)
are calculated using Bergman’s modified minimal-model computer program before and after the
completion of the study. Acute insulin response to glucose is determined over the first 19 min of
the IVGTT, and the glucose disappearance rate (Kg) is determined from 8-19 min of the IVGTT.
Body composition is measured by bioelectrical impedance before and at the completion of the
study. Resting energy expenditure (REE) is measured by indirect calorimetry after an overnight
12-h fast, with subjects lying supine for a period of 30 min. Urine is collected over the
corresponding 24 h, for measurement of total nitrogen and determination of substrate use, before

and after the study.

3. Treatment of obesity in humans by coadministering diazoxide and phentermine

[00412]  Evaluation of a prolonged co-administration of solid oral dosage form of diazoxide or
a derivative thereof and phentermine in obese humans with a moderate-to-morbidly and a body
mass index (BMI) greater than or equal to 30 kg/m®. Each subject undergoes a complete physical
examination at the initial evaluation, body weight being measured on a standard electronic scale

and body composition by DEXA.

[00413]  Before the initiation of the study, all subjects are placed on a hypocaloric diet for a
lead-in period of 1 week. This is designed to exclude individuals who are unlikely to be
compliant and to ensure stable body weight before treatment. Up to 100 patients are tested.
Daily dosage of diazoxide is set at 200 mg. The daily dose is divided into 2 doses for

administration. The dose is administered as either a 100 mg capsule or a 100 mg tablet at each
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time of administration. Individual patients are dosed daily for up to 12 months. Phentermine is
administered as a single daily dose of 15 mg. Patients are reviewed every two weeks, weighed,

and asked about any side effects or concurrent illnesses.

[00414]  All patients are continued on a hypocaloric diet and encouraged to participate in
regular exercise. Before commencing, and after completion of the study, laboratory tests as

described in the example above are obtained.

4. Prevention of diabetes in prediabetic humans

[00415]  The example describes use of diazoxide in a prediabetic individual to prevent the
occurrence of diabetes. Individuals included in the study all have elevated risk of developing
diabetes as measured by one of two methods. In a fasting glucose assay they have plasma
glucose values between 100 and 125 mg/dl indicating impaired fasting glucose, or in an oral
glucose tolerance test they have plasma glucose values between 140 and 199 mg/dl at 2 hours
post-glucose load indicating they have impaired glucose tolerance. Treatment is initiated in any
individual meeting either criteria. Treated individuals receive either 200 mg diazoxide per day
as a 100 mg capsule or tablet twice per day or as two 100 mg capsules or tablets once per day.
Placebo treated individuals receive either one placebo capsule or tablet twice per day or two

placebo capsules or tablets once per day.

[00416]  Treatment is continued for one year with OGTT or fasting glucose measured

monthly.

5. A sustained release coformulation of diazoxide HCI and metformin HCI use to treat

diabetic patients

[00417] A sustained release co-formulation of diazoxide HCI and metformin HCI is produced
by forming a compressed tablet matrix that includes 750 mg of metformin HCI and 100 mg of
diazoxide HCI. These active ingredients are blended with sodium carboxymethyl cellulose
(about 5% (w/w)), hypromellose (about 25% (w/w), and magnesium stearate (<2% (w/w)). The
compressed tablet is further coated with a combination of ethylcellulose (80% (w/w)) and methyl

cellulose (20% (w/w)) as a thin film to control rate of hydration and drug release.
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[00418]  Type Il diabetic patients are treated with the oral dosage form by administration of
two tablets once per day or one tablet every 12 hours. Treatment of the patient with the drug is
continued until one of two therapeutic endpoints is reached, or for so long as the patient derives
therapeutic benefit from administration. The two therapeutic endpoints that would serve as the
basis for the decision to cease treatment include the patient reaching a Body Mass Index (BMI
(kg/m?)) between 18 and 25 or the re-establishment of normal glucose tolerance in the absence of
treatment. The patient is monitored periodically for (a) glucose tolerance using an oral glucose
tolerance test, (b) glycemic control using a standard blood glucose assay, (¢) weight gain or loss,
(d) progression of diabetic complications, and (¢) adverse effects associated with the use of these

active ingredients.

6. Prevention or treatment of weight gain in a patient treated with olanzapine

[00419]  Pharmacotherapy for schizophrenia is initiated for a patient meeting DSM III-R
criteria for schizophrenia. The patient is administered 10 mg of olanzapine (Zyprexa, Lilly) once
per day. Adjunctive therapy to the patient for schizophrenia includes 250 mg equivalent of
valproic acid as divalproex sodium (Depakote, Abbott Labs). Weight gain, dyslipidemia and
impaired glucose tolerance, and metabolic syndrome are high frequency adverse events in
patients treated with this combination of anti-psychotics. Weight gain, dyslipidemia, impaired
glucose tolerance or metabolic syndrome are treated by the co-administration of a therapeutically
effective dose of a Karp channel opener. The patient is treated with administration of 200
mg/day of diazoxide as a once daily tablet formulation. Diazoxide administration continues until
the weight gain, dyslipidemia, impaired glucose tolerance or metabolic syndrome is corrected or
until treatment of the patient with olanzapine is discontinued. Dyslipidemia is detected by
measuring circulating concentrations of total, HDL, and LDL cholesterol, triglycerides and non-
esterified fatty acids. Impaired glucose tolerance is detected through the use of oral or IV
glucose tolerance tests. Metabolic syndrome is detected by measuring its key risk factors
including central obesity, dyslipidemia, impaired glucose tolerance, and circulating

concentrations of key proinflammatory cytokines.

Example 3: Clinical Study in Obese Pediatric and Adult PWS Patients
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[00420] A single-center, open-label, single-arm clinical study (PC025) with a double-blind,
placebo-controlled, randomized withdrawal extension has been carried out. Patients were
initiated on a DCCR dose of about 1.5 mg/kg (maximum starting dose of 145 mg) and were
titrated every 14 days to about 2.4 mg/kg, 3.3 mg/kg, and 4.2 mg/kg (maximum dose of 507.5
mg). These DCCR doses are equivalent to diazoxide doses of 1.03, 1.66, 2.28, and 2.9 mg/kg,
respectively. Patients were up-titrated at each visit at the discretion of the investigator. Any
patient who showed an increase in resting energy expenditure and/or a reduction in hyperphagia
from Baseline through Day 27 or Day 55 was designated a Responder and eligible to be
randomized in the double-blind phase. Everyone who completed the open-label phase was a
Responder and was randomized in and completed the double-blind phase. During the double-
blind, placebo-controlled, randomized withdrawal phase, Responders were randomized in a 1:1
ratio either to continue on active treatment at the dose they were treated with on Day 55 or to the
placebo equivalent of that dose for an additional 4 weeks (29 days). Non-responders continued
open label treatment with DCCR at the dose they were treated with on Day 55 for an additional
29 days. A total of 12 patients were enrolled in the study.

Schematic
Screening ; Double-Blind, :
(28 Days)* - " Placebo-Controlled, -
. Open Label Treatment Period . Randomized
(69 days) ; Withdrawal
Extension
(29 days)
Day -28 to Baseline
Day -1 Day 0 Day 13 | Day27 | Day4l | Day55 | Day 69 Day 97
Day 55 Pl
24 33 42 5.1 Day 55 dose or Placebo
1.5 mg/kg me/k mo/k me/k mo/k Equivalent for Responders and
gxe g8 gxe g8 Day 55 dose for Non-Responders

*All screening procedures must be completed by Day -14

Inclusion Criteria: Basic requirements
e Ability to follow verbal and written instructions with or without assistance from
caregiver
e Informed consent form signed by the subject or their legal guardian
e Completed the screening process between 2 and 4 weeks prior to Baseline Visit

General demographic characteristics
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e Male and female patients 10 to 22 years of age, inclusive at the time of dosing

e Genetically confirmed Prader-Willi syndrome

e BMI exceeds the 95" percentile of the age specific BMI value on the CDC BMI charts
or percent body fat > 35% (The body fat criteria will only be used if there were a
measurement made within 12 months of the Screening Visit, and the patient has not
lost weight since the measurement. Under all other circumstances, the BMI criteria
will apply.)

e Generally healthy as documented by the medical history, physical examination, vital
sign assessments, 12-lead electrocardiogram (ECQ), and clinical laboratory
assessments

Specific laboratory test results

e fasting glucose < 126 mg/dL

e HbAIc<6.5%

Endpoints and Statistical Analysis

[00421]  Every endpoint is measured in two timeframes: (1) during the open label treatment
phase as change (or percent change) from Baseline to Day 69; and (2) during the double-blind,
placebo-controlled, randomized withdrawal phase as change (or percent change) from Day 69 to

Day 97.

[00422]  Endpoints measured during the open label treatment phase were analyzed by paired t-
test while those measured during the double-blind, placebo-controlled treatment phase are

subjected to ANOVA and paired t-tests.

[00423]  Efficacy endpoints include: hyperphagia (measured using parent/caregiver responses
on a modified Dykens hyperphagia questionnaire — converted to a numeric score between 0 and
34); weight; body fat (measured by DEXA); lean body mass (measured by DEXA); resting
energy expenditure (measured by indirect calorimetry); respiratory quotient (measured by
indirect calorimetry); waist circumference; BMI; ghrelin; leptin; triglycerides; total cholesterol;
HDL cholesterol; non-HDL cholesterol and LDL cholesterol. Additional information was
collected in a behavioral questionnaire. Tables 2 and 3 summarize the visits at which each

efficacy parameter was measured.
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Table 2. Time points for assessment of efficacy parameters during open-label phase

End of Open
) ) Visit | Visit | Visit | Visit
Parameter Screening | Baseline label
3 4 5 6
treatment

Hyperphagia + + + + + + +
Body fat Either at screening or +
Lean body mass baseline +
Weight + + + + + + +
REE & RQ + + + +
Waist

+ + + + + + +
circumference
Ghrelin, leptin + +
Lipids + +
Behavioral

+ +

questionnaire

Table 3. Time points for assessment of efficacy parameters during double-blind treatment

Day 69 End of Open Day 97 End of double
Parameter Screening Baseline label treatment blind treatment
Hyperphagia + + + +
Body fat +
Lean body
mass Either at screening or baseline +
Weight + + + +
REE & RQ + + +
Waist
circumference + + + +
Ghrelin, leptin + +
Lipids + + +
Behavioral
questionnaire + +

Patients in the Study

[00424]  Demographic information and relevant medical history for each patient are shown in
Table 4. Eleven of the thirteen subjects enrolled in clinical study PC025 completed the open-
label phase. All were identified as Responders and were, therefore, randomized in the double-
blind phase of the study. All subjects randomized in the double-blind phase of the study
completed the phase.
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Baseline characteristics of patients enrolled in the study are provided in Table 5.

Table 4. Demographic information and relevant medical history for patients enrolled in

PCO025
PWS Age at GH

Patient | Sex | Age | sub-type | diagnosis | trt* | Relevant medical history

BN-OL M | 116 | Deletion 4wk No acanthosis nigricans, obesity @ 3 yr, asthma,
undescended testes, fatty liver, sleep apnea
cerebral palsy, obesity @ 2 yr, type 2 diabetes,

CP-02 M | 16.5 | Deletion 3 wk Yes | gynecomastia, undescended testicle, sleep apnea, asthma
@ 1yr

T1.03 M | 186 | Deletion 6wk No obesity @ 3 yr with hyperphagia, psychiatric illness @ 2
yr, undescended testicle, osteopenia

AC-04 F 17.0 | Deletion 15 yr No scoliosis, short stature, osteopenia

MR-05 F 17.8 | Deletion 5.7 yr No scoliosis, strabismus, amenorrhea

SD.06 o | 167 | Deletion 3 yr Ves morbid obesity @ 6 yr, sleep apnea, scoliosis,
pulmonary hypertension, undescended testes, strabismus

AS.08 M | 119 | Deletion 10 wk Ves hyperphagia @ 3 yr, dyslipidemia, opthalmoplegia,
osteopenia, scoliosis

SP-09 F | 21.6 | Deletion 6 wk No | scoliosis, sleep apnea, osteopenia, amenorrhea

DD-10 M | 125 UPD 16 wk Yes | osteopenia

SM-11 F 15.4 | Deletion 1wk Yes | psychiatric disease, osteopenia, scoliosis

AD-13 F | 14.7 | Deletion 4 wk No | obesity @ 5 yr, osteopenia

JG-15 M | 14.4 | Deletion 2 wk Yes | obesity @ 5 yr

NT-16 M | 19.3 | Deletion 2wk No | Scoliosis, strabismus, sleep apnea
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Table 5. Baseline characteristics of subjects who were randomized in the double-blind

phase of clinical study PCO025.

Weight Height Percent Hyperphagia REE
Subject  (kg)  (cm) body fat BMI score %RDA RQ
CP-02 97.2 166 52.0 353 18.5 83% 0.86
AC-04 56.9 151 46.8 25.0 7 84% 0.78
MR-05 113.1 145 59.1 53.8 20.5 83% 0.87
SD-06 133.6 145 53.5 51.5 3 102% 0.84
AS-08 60.9 140 534 31.0 25.5 86% 1.03
SP-09 106.8 148 60.7 48.8 10.5 84% 0.72
DD-10 70.8 155 493 29.5 32 101% 0.97
SM-11 62.2 140 48.8 31.7 8 97% 0.81
AD-13 103.5 149 56.6 46.6 10 94% 0.85
JG-15 106.3 161 53.7 41.0 16 71% 0.79
NT-16 80.8 177 36.4 25.7 14 100% 0.78
Average 904 152.5 51.8 38.2 14.95 89.6% 0.85

Dosing

[00426]  One subject, a treated type 2 diabetic, finished the open-label treatment period on a
dose of 1.5 mg/kg. Of the remaining 10 subjects, 1 finished the open-label treatment period at a
dose of 2.4 mg/kg, and 3 at 3.3 mg/kg. The last 6 subjects enrolled in the study finished the
open-label treatment phase at a dose 4.2 mg/kg.

Changes in Body Composition, Waist Circumference and Weight

[00427]  Body fat and lean body mass were measured by DEXA at baseline and again at the
end of the open label treatment. Since DEXA was not run on Day 97, the only body composition
measurements made on the subjects randomized in the double-blind phase occurred in the period
from Baseline to Day 69. The body composition changes are outlined in Table 6. Changes in
body composition by DEXA were evaluated separately for subjects who were growth hormone

treated and growth hormone naive. These results are shown in Table 6.

[00428]  Weight by DEXA was calculated as the sum of body fat and lean body mass. The

ratio of lean body mass to body fat was also calculated.
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Table 6.
Changes in body composition by DEXA from Baseline through Day 69

All subjects randomized in the double blind phase
Parameter n | Percent Change p-value
Body fat 11 -3.8% 0.011
Lean body mass 11 5.41% 0.001
Lean body mass/fat mass ratio | 11 9.82% 0.002
Weight 11 0.67% 0.150

Growth hormone treated subjects
Parameter n | Percent Change p-value
Body fat 6 -3.31% 0.056
Lean body mass 6 5.50% 0.005
Lean body mass/fat mass ratio | 6 9.37% 0.014
Weight 6 0.90% 0.189
Growth hormone naive subjects
Parameter n | Percent Change p-value
Body fat 5 -4.34% 0.083
Lean body mass 5 5.30% 0.055
Lean body mass/fat mass ratio | 5 10.36% 0.043
Weight 5 0.39% 0.301

[00429]  Treatment with DCCR for 10 weeks had a highly significant and clinically relevant
impact on body composition including reductions in body fat, increases in lean body mass and a
very marked increase in lean body mass to body fat ratio. Because these patients had almost
equal lean body mass and fat mass at Baseline, parallel increases in lean body mass and
reductions in body fat result in almost no net change in weight. In general, the changes in body
composition were of similar magnitude in both growth hormone treated and growth hormone

naive subjects.

[00430] The changes in body composition were dose dependent. Those subjects who
completed the open-label treatment phase at a dose of 4.2 mg/kg experienced a 6.3% decrease in
fat mass, a 9.2% increase in lean body mass and a 16.6% increase in the lean body mass to fat

mass ratio.

[00431]  Three subjects in the study showed greater than 10% increase in lean body mass.
Every subject showed an increase in lean body mass/fat mass ratio. More than half of the
subjects in the study showed a > 10% increase in the lean body mass/fat mass ratio, and one

showed more than a 20% increase.
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[00432]  Figures 1-4 summarize the percent change in body fat, lean body mass and lean body

mass/fat mass ratio from Baseline through Day 69.

[00433]  Weight and waist circumference were measured during the physical exam at each
visit. This data can be used to evaluate the change from Baseline through Day 69 for all subjects
randomized in the double-blind phase, by arm for the period from Day 69 through Day 97 and in
those who continued on DCCR in the double-blind phase from Baseline through Day 97. The
results from the period covering Baseline through Day 69 are summarized in Table 7. The
results from the period covering Day 69 through Day 97 are shown in Table 8. The results for
subjects who continued on DCCR in the double blind phase from baseline through Day 97 are

shown in Table 9.

Table 7. Changes in weight and waist circumference from Baseline through Day 69

Parameter n Change/Percent p-value
change

Weight 11 0.53% 0.317

Waist circumference 11 -3.5cm 0.003

Table 8. Changes in weight and waist circumference from Day 69 through Day 97

Change/Percent p-value
Parameter Arm n change comparing arms
Weight DCCR 5 -1.7% 0.723
Weight Placebo | 6 -1.1% ]
Waist circumference DCCR 5 -2.9 cm 0.047
Waist circumference | Placebo | 5 0.25 cm ]

Table 9. Changes in weight and waist circumference from Baseline through Day 97 for

those treated with DCCR in the double-blind phase

Parameter n Change p-value
Through Day 97
Weight 5 0.4% 0.828
Waist 5 -3.7em 0.039
circumference
[00434]  Interestingly, the change in weight from Baseline through day 69 by DEXA and by

the standard weight measurement produces almost identical results (an increase of 0.67% by

DEXA and 0.53% by the standard approach). In contrast to the lack of change in weight, there
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was a statistically significant reduction in waist circumference through Day 69 in all subjects
randomized in the double-blind phase; through Day 97 for those who continued on DCCR. The
comparison of change in waist circumference between arms between Day 69 and Day 97, during
which the placebo treated patients showed an incremental increase in waist circumference, while
those who continued on DCCR, showed a notable reduction. The reduction in waist
circumference is consistent with the explanation that DCCR treated subjects are losing visceral

fat.

Changes in Hyperphagia

[00435]  The hyperphagia questionnaire was administered at all visits. This data can be used
to evaluate the change from Baseline through Day 69 for all subjects randomized in the double-
blind phase, by arm for the period from Day 69 through Day 97 and in those who continued on
DCCR in the double-blind phase from Baseline through Day 97. The results from the period
covering Baseline through Day 69 are summarized in Table 10. The results from the period
covering Day 69 through Day 97 are shown in Table 11. The results for subjects who continued

on DCCR in the double blind phase from baseline through Day 97 are shown in Table 12.

Table 10. Changes in hyperphagia from Baseline through Day 69

Parameter n Percent change p-value
Hyperphagia 11 -31.6% 0.003

Table 11. Changes in hyperphagia from Day 69 through Day 97

p-value comparing
Parameter Arm n Change arms
Hyperphagia DCCR 5 2.0 0.389
Hyperphagia Placebo | 6 0.33 ]

Table 12. Changes in hyperphagia from Baseline through Day 97 for those treated with
DCCR in the double-blind phase

Parameter n Percent change p-value
through Day 97
Hyperphagia 5 -29.2% 0.006
97
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[00436]  There was a statistically significant reduction in hyperphagia in all subjects
randomized in the double-blind phase from Baseline through Day 69 and in those who continued

on DCCR through the double-blind phase from Baseline through Day 97.

[00437] DCCR treated patients at the end of 97 days of treatment showed an improvement in
hyperphagia of 29.2% while those that were treated with DCCR for 69 days followed by 28 days
of placebo treatment showed only a 13.9% improvement in hyperphagia on Day 97. Thus, at the
end of the double-blind phase, DCCR treated patients showed more than twice the improvement
in hyperphagia as did those who were randomized to placebo in the double-blind phase. Once
patients discontinue from DCCR treatment, given the long half-life of DCCR (28-32 hours) it
takes about 7-10 days to completely clear from circulation. Verbatim statements were obtained
from parents of subjects in the study suggesting that they had seen their children’s food related
behavior deteriorate only in the last couple of weeks of the study, suggesting a longer double-
blind phase might have resulted in further separation of the arms. In general, the magnitude of
impact on how upset subjects became when denied food, how easy it was to get them to think
about something else if once denied food, and the impact on the frequency of stealing food,
digging through the trash for food and bargaining for food were of equivalent or greater
magnitude as the overall impact on the hyperphagia score. DCCR appeared to have lesser
impact on how sneaky or quick subjects were with respect to food and on how often they got up

at night to seek food.

[00438] Improvements in hyperphagia were observed in subjects with baseline hyperphagia
ranging from 29 (-45%) to less than 5 (-33%) on a 0 to 34 point scale.

[00439]  About 25% of the subjects ended the open-label phase with very low levels of
hyperphagia (2 or 3 on a 0 to 34 scale). These subjects tended to be able to lose more body fat
than the average. Two such subjects, both females, one growth hormone treated and one growth

hormone naive, lost more than 10% of their initial body fat mass through 10 weeks.

[00440]  Figure 1 shows the change in hyperphagia from Baseline through Day 69.
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Changes in Lipids

[00441] A lipid panel was evaluated at Baseline, and again on Day 69 and Day 97. This data
can be used to evaluate the change from Baseline through Day 69 for all subjects randomized in
the double-blind phase, by arm for the period from Day 69 through Day 97 and in those who
continued on DCCR in the double-blind phase from Baseline through Day 97. The results from
the period covering Baseline through Day 69 are summarized in Table 13. The results for
subjects who continued on DCCR in the double blind phase from baseline through Day 97 are

shown in Table 14.

Table 13. Changes in Lipids from Baseline through Day 69

Parameter n Percent change p-value
Total cholesterol 8 -4.0% 0.044
Triglycerides 7 -21.0% 0.084
HDL-C 8 10.8% 0.244
LDL-C 8 -7.0% 0.030
Non-HDL-C 8 -6.5% 0.019

Table 14. Median Percent Change in lipids from Baseline through Day 97 for those treated
with DCCR in the double-blind phase

Parameter Median Percent change from
Baseline through Day 97

Total Cholesterol -11.0%

Triglycerides -41.8%

HDL-C 25.2%

LDL-C -7.9%

Non-HDL-C -13.4%

[00442]  Consistent with previous studies involving DCCR, treatment of subjects randomized
in the double-blind phase with DCCR from Baseline through Day 69 resulted in a number of
statistically significant changes in lipids including reductions in total cholesterol, LDL
cholesterol and non-HDL cholesterol. Even though the impact on triglycerides was of larger
magnitude, it did not reach significance because of the smaller n and greater variability in the
population. In general, greater reductions in triglycerides were seen in those with significant
elevations in triglycerides at Baseline. A similar pattern was observed in those who were treated

with DCCR through the end of the double-blind treatment. The decreases in total cholesterol,
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triglycerides, LDL-C and non-HDL-C were all larger in those who were treated with DCCR

longer.

Changes in Leptin and Ghrelin
[00443]  Leptin and ghrelin were measured at Baseline and again on Day 69. The results from

Baseline through Day 69 for leptin and ghrelin are provided in Table 15.

Table 15. Leptin and ghrelin changes from Baseline through Day 69

Parameter n Percent change p-value
Leptin 6 -22.0% 0.061
Ghrelin 6 -15.0% 0.052

[00444]  Further evidence for loss of body fat comes from the analysis of leptin, the results of
which are consistent with the DEXA data and the data on waist circumference. Although not

quite reaching statistical significance, leptin is down more than 20% from Baseline.

[00445]  While ghrelin may or may not contribute substantially to hyperphagia in PWS,

reductions in ghrelin are beneficial in PWS patients.

Behavioral Changes
[00446] A questionnaire, adapted from the PWS natural history study, was used to document
the presence or absence of 23 PWS-associated behaviors at Baseline and again on Day 69.
These behaviors generally fell into 4 categories:

(1) aggressive, threatening and destructive behaviors;

(2) self-injurious behaviors;

(3) compulsive behaviors; and

(4) other behaviors.
The questionnaire was administered at Baseline and again on Day 69. Discontinuation rates for

aggressive, threatening, destructive behaviors and for all other behaviors are shown in Table 16.

Table 16. Discontinuation rates for various classes of behavior in clinical study PC025

Behaviors Discontinuation rate p-value
Aggressive, threatening, destructive -62.5% 0.01
All other PWS associated behaviors -29.8% ]
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[00447]  The impact on aggressive, threatening and destructive behaviors was independent of

an impact on hyperphagia.

Changes in Resting Energy Expenditure and Respiratory quotient
[00448]  The measurements for resting energy expenditure and respiratory quotient were quite
variable from visit to visit. Despite the variability, resting energy expenditure and respiratory

quotient appeared to be unchanged from Baseline through Day 69.

Changes in Insulin Sensitivity

[00449] Treatment with DCCR in other clinical studies was associated with improvements in
insulin resistance as measured by changes in homeostatic model assessment of insulin resistance
(HOMA-IR). Improvements in insulin sensitivity are well documented in the literature on
diazoxide. The subjects enrolled in the double-blind phase of this study were quite insulin
sensitive at Baseline, which is typical of PWS patients in this age range. Consistent with prior
DCCR clinical studies and the historic diazoxide literature, treatment with DCCR for 10 weeks
resulted in an improvement in HOMA-IR from 2.61+1.85 at Baseline to 1.46+1.36 on Day 69.
The difference did not reach statistical significance (p=0.095).

Example 4: Clinical Studies with Smith—Magenis syndrome Patients

[00450] In a first example, a Smith-Magenis syndrome patient is treated with an oral
suspension of diazoxide. The initial dose is approximately 1 mg/kg administered in divided
doses. After the patient has been stably treated with 1 mg/kg for a period of 1 to 2 weeks, the
dose is titrated to about 1.5 mg/kg. After the patient had been stably treated with 1.5 mg/kg for a
period of 1 to 2 weeks, the dose is titrated to about 2.0 mg/kg. This process of increasing the
dose by about 0.5 mg/kg at each titration step and the duration of treatment at each step of 1 to 2
weeks is continued until the patient displays an adequate response to treatment, or a maximal
dose of 5 mg/kg is reached. Potential responses to treatment could include loss of body fat,
reduction in hypotonia, an increase in the lean body mass to fat mass ratio, reduction in
hyperphagia, reduction in waist circumference, loss of weight, reduction in temper outbursts and
aggressive behavior, and improvements in cardiovascular risk factors. Treatment with the drug

is chronic and may continue for life.
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[00451]  In a second example, a Smith-Magenis syndrome patient is treated with a controlled
release tablet formulation of diazoxide choline. The initial dose is approximately 1.5 mg/kg
administered once daily. After the patient has been stably treated with 1.5 mg/kg for a period of
1 to 2 weeks, the dose is titrated to about 2.1 mg/kg. After the patient has been stably treated
with 2.1 mg/kg for a period of 1 to 2 weeks, the dose is titrated to about 2.7 mg/kg. This process
of increasing the dose by about 0.6 mg/kg at each titration step and the duration of treatment at
cach step of 1 to 2 weeks is continued until the patient displays an adequate response to
treatment, or a maximal dose of 5 mg/kg is reached. Potential responses to treatment could
include loss of body fat, reduction in hypotonia, an increase in the lean body mass to fat mass
ratio, reduction in hyperphagia, reduction in waist circumference, loss of weight, reduction in
temper outbursts and aggressive behavior and improvements in cardiovascular risk factors.

Treatment with the drug is chronic and may continue for life.

[00452]  In a third example, a Smith-Magenis syndrome patient is treated with a controlled
release tablet formulation of diazoxide choline. The initial dose is approximately 1.5 mg/kg
administered once daily. After the patient has been stably treated with 1.5 mg/kg for a period of
1 to 2 weeks, the dose is titrated to about 2.2 mg/kg. After the patient has been stably treated
with 2.2 mg/kg for a period of 1 to 2 weeks, the dose is titrated to about 2.9 mg/kg. This process
of increasing the dose by about 0.7 mg/kg at each titration step and the duration of treatment at
cach step of 1 to 2 weeks is continued until the patient displays an adequate response to
treatment or a maximal dose of 5 mg/kg is reached. In parallel, the patient may also be treated
with beloranib. Potential responses to treatment could include loss of body fat, reduction in
hypotonia, an increase in the lean body mass to fat mass ratio, reduction in hyperphagia,
reduction in waist circumference, loss of weight, reduction in temper outbursts and aggressive
behavior and improvements in cardiovascular risk factors. Treatment with the drug is chronic

and may continue for life.

[00453]  In a fourth example, a Smith-Magenis syndrome patient is treated with a controlled
release tablet formulation of diazoxide choline. The initial dose is approximately 1.5 mg/kg
administered once daily. After the patient has been stably treated with 1.5 mg/kg for a period of
1 to 2 weeks, the dose is titrated to about 2.3 mg/kg. After the patient has been stably treated
with 2.3 mg/kg for a period of 1 to 2 weeks, the dose is titrated to about 3.0 mg/kg. This process
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of increasing the dose by about 0.8 mg/kg at each titration step and the duration of treatment at
cach step of 1 to 2 weeks is continued until the patient displays an adequate response to
treatment, or a maximal dose of 5 mg/kg is reached. In parallel, the patient may also be treated
with an unacylated ghrelin analog. Potential responses to treatment could include loss of body
fat, reduction in hypotonia, an increase in the lean body mass to fat mass ratio, reductions in
hyperphagia, reductions in waist circumference, loss of weight, reductions in temper outbursts
and aggressive behavior and improvements in cardiovascular risk factors. Treatment with the

drug would be chronic and may continue for life.

[00454]  In a fifth example, a Smith-Magenis syndrome patient is treated with a controlled
release tablet formulation of diazoxide choline. The initial dose is approximately 1.5 mg/kg
administered once daily. After the patient had been stably treated with 1.5 mg/kg for a period of
1 to 2 weeks, the dose would be titrated to about 2.4 mg/kg. After the patient has been stably
treated with 2.4 mg/kg for a period of 1 to 2 weeks, the dose is titrated to about 3.3 mg/kg. This
process of increasing the dose by about 0.9 mg/kg at each titration step and the duration of
treatment at cach step of 1 to 2 weeks is continued until the patient displays an adequate response
to treatment, or a maximal dose of 5 mg/kg was reached. In parallel, the patient may also be
treated with an MC4 agonist. Potential responses to treatment could include loss of body fat,
reduction in hypotonia, an increase in the lean body mass to fat mass ratio, reductions in
hyperphagia, reductions in waist circumference, loss of weight, reductions in temper outbursts
and aggressive behavior and improvements in cardiovascular risk factors. Treatment with the

drug would be chronic and may continue for life.

[00455]  In a sixth example, a Smith-Magenis syndrome patient is treated with a controlled
release tablet formulation of diazoxide choline. The initial dose is approximately 1.5 mg/kg
administered once daily. After the patient had been stably treated with 1.5 mg/kg for a period of
1 to 2 weeks, the dose is titrated to about 2.5 mg/kg. After the patient has been stably treated
with 2.5 mg/kg for a period of 1 to 2 weeks, the dose is titrated to about 3.5 mg/kg. This process
of increasing the dose by about 1.0 mg/kg at each titration step and the duration of treatment at
cach step of 1 to 2 weeks is continued until the patient displays an adequate response to
treatment, or a maximal dose of 5 mg/kg was reached. In parallel, the patient may also be treated

with an MC4 agonist. Potential responses to treatment could include loss of body fat, reduction
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in hypotonia, an increase in the lean body mass to fat mass ratio, reductions in hyperphagia,
reductions in waist circumference, loss of weight, reductions in temper outbursts and aggressive
behavior and improvements in cardiovascular risk factors. Treatment with the drug would be

chronic and may continue for life.

[00456] All patents and other references cited in the specification are indicative of the level of
skill of those skilled in the art to which the invention pertains, and are incorporated by reference
in their entireties, including any tables and figures, to the same extent as if each reference had

been incorporated by reference in its entirety individually.

[00457]  One skilled in the art would readily appreciate that the present invention is well
adapted to obtain the ends and advantages mentioned, as well as those inherent therein. The
methods, variances, and compositions described herein as presently representative of preferred
embodiments are exemplary and are not intended as limitations on the scope. Changes therein
and other uses will occur to those skilled in the art, which are encompassed within the spirit of

the invention, are defined by the scope of the claims.

[00458]  Definitions provided herein are not intended to be limiting from the meaning

commonly understood by one of skill in the art unless indicated otherwise.

[00459]  The inventions illustratively described herein may suitably be practiced in the
absence of any element or elements, limitation or limitations, not specifically disclosed herein.
Thus, for example, the terms “comprising”, “including,” containing”, etc. shall be read
expansively and without limitation. Additionally, the terms and expressions employed herein
have been used as terms of description and not of limitation, and there is no intention in the use
of such terms and expressions of excluding any equivalents of the features shown and described
or portions thereof, but it is recognized that various modifications are possible within the scope
of the invention claimed. Thus, it should be understood that although the present invention has
been specifically disclosed by preferred embodiments and optional features, modification and
variation of the inventions embodied therein herein disclosed may be resorted to by those skilled

in the art, and that such modifications and variations are considered to be within the scope of this

invention.
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[00460]  The invention has been described broadly and generically herein. Each of the
narrower species and subgeneric groupings falling within the generic disclosure also form part of
the invention. This includes the generic description of the invention with a proviso or negative
limitation removing any subject matter from the genus, regardless of whether or not the excised

material is specifically recited herein.

[00461] Other embodiments are within the following claims. In addition, where features or
aspects of the invention are described in terms of Markush groups, those skilled in the art will
recognize that the invention is also thereby described in terms of any individual member or

subgroup of members of the Markush group.
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THAT WHICH IS CLAIMED IS:

1. A method of treating a subject having Prader-Willi Syndrome (PWS) or Smith—
Magenis syndrome (SMS), said method comprising administering to said subject for at least 10

weeks a pharmaceutical formulation comprising an effective amount of a Katp channel opener.

2. The method of claim 1 wherein said Karp channel opener is diazoxide or a

pharmaceutically acceptable salt thereof.

3. The method of claim 2 wherein the pharmaceutically acceptable salt is diazoxide

choline.

4. The method of claim 2 wherein said diazoxide or a pharmaceutically acceptable

salt thereof is administered orally.

5. The method of claim 2 wherein the pharmaceutical formulation includes at least
one excipient which affects the rate of release of diazoxide or a pharmaceutically acceptable salt

thereof.

6. The method of claim 5 wherein the pharmaceutical formulation includes at least

one excipient that delays release of diazoxide or a pharmaceutically acceptable salt thereof.

7. The method of claim 1 wherein the formulation further comprises at least one

other active ingredient.

8. The method of claim 1 further comprising administering human growth hormone

to the subject.

9. The method of claim 8 wherein said human growth hormone is administered by
injection.
10.  The method of claim 1 wherein the lean body mass or the lean body mass/fat

mass ratio of said subject is increased by at least 1%.
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11.  The method of claim 1 wherein the lean body mass or the lean body mass/fat

mass ratio of said subject is increased by at least 2%.

12.  The method of claim 1 wherein the lean body mass or the lean body mass/fat

mass ratio of said subject is increased by at least 3%.

13.  The method of claim 1 wherein the lean body mass or the lean body mass/fat

mass ratio of said subject is increased by at least 4%.

14.  The method of claim 1 wherein the lean body mass or the lean body mass/fat

mass ratio of said subject is increased by at least 5%.

15.  The method of claim 1 wherein said administering is carried out for 1 one or more

years.

16.  The method of claim 1 wherein hyperphagia of said subject is reduced by at least

10%.

17.  The method of claim 1 wherein hyperphagia of said subject is reduced by at least
20%.

18.  The method of claim 1 wherein hyperphagia of said subject is reduced by at least
30%.

19.  The method of claim 1, wherein the circulating concentration of IGF-1 is not
increased.

20. A method of increasing the lean body mass of a subject having Prader-Willi
Syndrome, wherein said subject is already being treated by administration thereto of growth
hormone, said method comprising co-administering to said subject an effective amount of a Katp

channel opener in addition to said growth hormone.

21. A method of increasing the lean body mass of a subject having Prader-Willi

Syndrome, wherein said subject is already being treated by administration thereto of an effective
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amount of a Katp channel opener, said method comprising co-administering to said subject an

effective amount of growth hormone in addition to said Karp channel opener.

22. A method of increasing lower limb muscle mass of a subject having Smith—
Magenis syndrome (SMS), said method comprising administering to said subject an effective

amount of a Katp channel opener.

23. A kit comprising:
a unit dose of a Katp channel opener, and

a unit dose of growth hormone.

24. A method of reducing one or more aggressive behaviors in a subject having
Prader-Willi syndrome (PWS) or Smith—-Magenis syndrome (SMS), the method comprising
administering to said subject for at least 10 weeks an effective amount of a Katp channel opener,

wherein administration reduces one or more aggressive behaviors in the subject.

25. The method of claim 24 in which a second therapeutic product is administered,

wherein the second product is intended to further reduce the one or more aggressive behaviors.

26. A method of reducing hyperghrelinemia in a subject having Prader-Willi
syndrome (PWS) or Smith—-Magenis syndrome (SMS), the method comprising administering to
said subject for at least 10 weeks an effective amount of a Kap channel opener, wherein

administration reduces one or more aggressive behaviors in the subject.

27.  The method of claim 1 wherein the pharmaceutical formulation is administered

twice per day.

28.  The method of claim 1 wherein the pharmaceutical formulation is administered

once per day.
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ABSTRACT OF THE INVENTION

Provided are immediate or prolonged administration of certain potassium ATP (Kap)
channel openers, optionally in combination with growth hormone, to a subject to achieve novel
pharmacodynamic, pharmacokinetic, therapeutic, physiological, metabolic and compositional
outcomes in the treatment of diseases or conditions involving Katp channels. Also provided are
pharmaceutical formulations, methods of administration and dosing of Karp channel openers that
achieve these outcomes and reduce the incidence of adverse effects in treated individuals.
Further provided are methods of co-administering Katp channel openers with other drugs (e.g.,
in combination with growth hormone) to treat diseases of humans and animals (e.g., Prader-Willi

Syndrome (PWS), Smith—Magenis syndrome (SMS), and the like.
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A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
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GS8A regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant
to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 2 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
)X Responsive to communication(s) filed on 11/12/15.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____.
2a)[] This action is FINAL. 2b)[] This action is non-final.

3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5[ Claim(s) 1-28 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7) Claim(s) ____is/are rejected.
8)[] Claim(s) _____is/are objected to.
9 Claim(s) 1-28 are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/patents/init_events/peh/indax.jsp or send an inquiry to PPHieaedback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
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The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

Restriction to one of the following inventions is required under 35 U.S.C. 121:

Claim(s) 1-19, drawn to a method of treating a subject having Prader —
Willi Syndrome(PWS) or Smith-Magenis Syndrome(SMS) comprising
administering to the subject for at least 10 weeks a pharmaceutical
formulation comprising an effective amount of a Kate channel opener,
classified in class 514 and subclass 223.2.

Claim(s) 20-22 , drawn to a method of increasing the lean body mass of a
subject having Prader —Willi Syndrome(PWS) or Smith-Magenis
Syndrome(SMS) by co-administering growth hormone and an effective
amount of a Kate channel opener, classified in class 514 and subclasses

5.1 and 11.4.

Claim 23, drawn to a kit comprising a unit dose of a Katp channel opener
and a unit dose of growth hormone, classified in class 424 and subclass
198.1.

Claim(s) 24-25, drawn to a method of reducing one or more aggressive
behaviors in a subject having Prader —Willi Syndrome(PWS) or Smith-

Magenis Syndrome(SMS) comprising administering to the subject for at
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least 10 weeks a pharmaceutical formulation comprising an effective
amount of a Katp channel opener, classified in class 514 and subclass
223.5.

V. Claim(s) 26-28, drawn to a method of reducing hyperghrelinemia in a
subject having Prader —Willi Syndrome(PWS) or Smith-Magenis
Syndrome(SMS) comprising administering to the subject for at least 10
weeks a pharmaceutical formulation comprising an effective amount of a

Katp channel opener, classified in class 514 and subclass 13.5.

The inventions are distinct, each from the other because of the following reasons:

Inventions | and Il are unrelated. Inventions are unrelated if it can be shown that
they are not disclosed as capable of use together and they have different designs,
modes of operation, and effects (MPEP § 802.01 and § 806.06).

In the instant case, Invention Il is directed to the method of increasing the lean
body mass of a subject having Prader —Willi Syndrome(PWS) or Smith-Magenis
Syndrome(SMS) by co-administering growth hormone and an effective amount of a Karp
channel opener the compound comprising, whereas Invention | is the method of treating
a subject having Prader —Willi Syndrome(PWS) or Smith-Magenis Syndrome(SMS)
comprising administering to the subject for at least 10 weeks a pharmaceutical

formulation comprising an effective amount of a Katp channel opener.
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However, Cowen et al (US 2014/0364425) shows the method of treating various
diseases such as diabetes, hypertension, dyslipidemia, nonalcoholic
steatohepatitis,myocardical infarction and poly-cystic ovarian syndrome by using a Karp

channel opener such as Formula VI as shown below:

Although both inventions have shared the same compound for the Katp channel
opener, Invention | applies the Formula VI for the treatment different from the
treatments shown from Cowen et al. So, there is no direct relationship between
Inventions | and Il. Therefore, each of them has a different mode of operation, different
functions and effects. From this, they are unrelated to each other. Therefore, Group | is

not directly related to the Group Il.

Inventions | and Il are related as product and process of use. The inventions
can be shown to be distinct if either or both of the following can be shown: (1) the
process for using the product as claimed can be practiced with another materially
different product or (2) the product as claimed can be used in a materially different
process of using that product. See MPEP § 806.05(h). In the instant case, Invention | is
directed to the method of treating a subject having Prader —Willi Syndrome(PWS) or
Smith-Magenis Syndrome(SMS) comprising administering to the subject for at least 10

weeks a pharmaceutical formulation comprising an effective amount of a Karp channel
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opener, whereas Invention Il is directed to the kit comprising a unit dose of a Karp
channel opener and a unit dose of growth hormone.

However, Cowen et al (US 2014/0364425) shows the method of treating various
diseases such as diabetes, hypertension, dyslipidemia, nonalcoholic
steatohepatitis,myocardical infarction and poly-cystic ovarian syndrome by using a Karp

channel opener such as Formula VI as shown below:

and it also teaches a kit containing the Karp channel opener such as Formula VI
in combination with a formulation of niacin.

Although both inventions have shared the same compound for the Katp channel
opener, Invention | applies the formula VI for a different treatment, whereas the kit does
not need to contain growth hormone as seen from Cowen et al. So, there is no direct
relationship between Inventions | and lll. Therefore, each of them has a different mode
of operation, different functions and effects. From this, they are unrelated to each other .

Therefore, Group | is not directly related to the Group Il

Inventions | and IV are unrelated. Inventions are unrelated if it can be shown that
they are not disclosed as capable of use together and they have different designs,
modes of operation, and effects (MPEP § 802.01 and § 806.06).

In the instant case, Invention IV is directed to the method of reducing one or

more aggressive behaviors in a subject having Prader —Willi Syndrome(PWS) or Smith-
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Magenis Syndrome(SMS) comprising administering to the subject for at least 10 weeks
a pharmaceutical formulation comprising an effective amount of a Karp channel opener,
whereas Invention | is the method of treating a subject having Prader —Willi
Syndrome(PWS) or Smith-Magenis Syndrome(SMS) comprising administering to the
subject for at least 10 weeks a pharmaceutical formulation comprising an effective
amount of a Katp channel opener.

However, Cowen et al (US 2014/0364425) shows the method of treating various
diseases such as diabetes, hypertension, dyslipidemia, nonalcoholic
steatohepatitis,myocardical infarction and poly-cystic ovarian syndrome by using a Karp

channel opener such as Formula VI as shown below:

Although both inventions have shared the same compound for the Katp channel
opener, Invention | applies the Formula VI for the treatment different from the
treatments shown from Cowen et al. So, there is no direct relationship between
Inventions | and IV. Therefore, each of them has a different mode of operation, different
functions and effects. From this, they are unrelated to each other. Therefore, Group | is

not directly related to the Group IV.
Inventions | and V are unrelated. Inventions are unrelated if it can be shown that
they are not disclosed as capable of use together and they have different designs,

modes of operation, and effects (MPEP § 802.01 and § 806.06).
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In the instant case, Invention V is directed to the method of reducing
hyperghrelinemia in a subject having Prader —Willi Syndrome(PWS) or Smith-Magenis
Syndrome(SMS) comprising administering to the subject for at least 10 weeks a
pharmaceutical formulation comprising an effective amount of a Karp channel opener,
whereas Invention | is the method of treating a subject having Prader —Willi
Syndrome(PWS) or Smith-Magenis Syndrome(SMS) comprising administering to the
subject for at least 10 weeks a pharmaceutical formulation comprising an effective
amount of a Katp channel opener.

However, Cowen et al (US 2014/0364425) shows the method of treating various
diseases such as diabetes, hypertension, dyslipidemia, nonalcoholic
steatohepatitis,myocardical infarction and poly-cystic ovarian syndrome by using a Katp

channel opener such as Formula VI as shown below:

Although both inventions have shared the same compound for the Katp channel
opener, Invention | applies the Formula VI for the treatment different from the
treatments shown from Cowen et al. So, there is no direct relationship between
Inventions | and V. Therefore, each of them has a different mode of operation, different
functions and effects. From this, they are unrelated to each other. Therefore, Group | is

not directly related to the Group V.
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Applicant is advised that the reply to this requirement to be complete must
include (i) an election of a species to be examined even though the requirement
may be traversed (37 CFR 1.143) and (ii) identification of the claims encompassing
the elected species or grouping of patentably indistinct species, including any
claims subsequently added. An argument that a claim is allowable or that all claims are
generic is considered nonresponsive unless accompanied by an election.

The election may be made with or without traverse. To preserve a right to
petition, the election must be made with traverse. If the reply does not distinctly and
specifically point out supposed errors in the election of species requirement, the election
shall be treated as an election without traverse. Traversal must be presented at the time
of election in order to be considered timely. Failure to timely traverse the requirement
will result in the loss of right to petition under 37 CFR 1.144. If claims are added after
the election, applicant must indicate which of these claims are readable on the elected
species or grouping of patentably indistinct species.

Should applicant traverse on the ground that the species, or groupings of
patentably indistinct species from which election is required, are not patentably distinct,
applicant should submit evidence or identify such evidence now of record showing them
to be obvious variants or clearly admit on the record that this is the case. In either
instance, if the examiner finds one of the species unpatentable over the prior art, the
evidence or admission may be used in a rejection under 35 U.S.C. 103 or pre-AlA 35

U.S.C. 103(a) of the other species.
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Upon the allowance of a generic claim, applicant will be entitled to consideration
of claims to additional species which depend from or otherwise require all the limitations
of an allowable generic claim as provided by 37 CFR 1.141.

Because these inventions are distinct for the reasons given above and have
acquired a separate status in the art as shown by their different classification, restriction
for examination purposes as indicated is proper.

Because these inventions are distinct for the reasons given above and the
search required for Group | is not required for Group Il, Group IIl, Group IV or Group V,
restriction for examination purposes as indicated is proper.

Applicant is advised that the reply to this requirement to be complete must
include an election of the invention to be examined even though the requirement be
traversed (37 CFR 1.143).

Applicant is reminded that upon the cancellation of claims to a non-elected invention, the
inventorship must be amended in compliance with 37 CFR 1.48(b) if one or more of the
currently named inventors is no longer an inventor of at least one claim remaining in the
application. Any amendment of inventorship must be accompanied by a request under 37

CFR 1.48(b) and by the fee required under 37 CFR 1.17(1).

Restriction for examination purposes as indicated is proper because all these
inventions listed in this action are independent or distinct for the reasons given above
and there would be a serious search and examination burden if restriction were not

required because one or more of the following reasons apply:
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(a) the inventions have acquired a separate status in the art in view of their
different classification;

(b) the inventions have acquired a separate status in the art due to their
recognized divergent subject matter;

(c) the inventions require a different field of search (for example, searching
different classes/subclasses or electronic resources, or employing different
search queries);

(d) the prior art applicable to one invention would not likely be applicable to
another invention;

(e) the inventions are likely to raise different non-prior art issues under 35 U.S.C.
101 and/or 35 U.S.C. 112, first paragraph.

Applicant is advised that the reply to this requirement to be complete must
include (i) an election of a invention to be examined even though the requirement
may be traversed (37 CFR 1.143) and (ii) identification of the claims encompassing
the elected invention.

The election of an invention may be made with or without traverse. To reserve a
right to petition, the election must be made with traverse. If the reply does not distinctly
and specifically point out supposed errors in the restriction requirement, the election
shall be treated as an election without traverse. Traversal must be presented at the time
of election in order to be considered timely. Failure to timely traverse the requirement

will result in the loss of right to petition under 37 CFR 1.144. If claims are added after
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the election, applicant must indicate which of these claims are readable on the elected
invention.

If claims are added after the election, applicant must indicate which of these
claims are readable upon the elected invention.

Should applicant traverse on the ground that the inventions are not patentably
distinct, applicant should submit evidence or identify such evidence now of record
showing the inventions to be obvious variants or clearly admit on the record that this is
the case. In either instance, if the examiner finds one of the inventions unpatentable
over the prior art, the evidence or admission may be used in a rejection under 35 U.S.C.
103(a) of the other invention.

Applicant is reminded that upon the cancellation of claims to a non-elected
invention, the inventorship must be amended in compliance with 37 CFR 1.48(b) if one
or more of the currently named inventors is no longer an inventor of at least one claim
remaining in the application. Any amendment of inventorship must be accompanied by
a request under 37 CFR 1.48(b) and by the fee required under 37 CFR 1.17(i).

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to TAYLOR V OH whose telephone number is (571)272-
0689. The examiner can normally be reached on 10:00-6:30.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Andrew Kosar can be reached on 571-272-0913. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/ITAYLOR V OH/

Primary Examiner, Art Unit 1625

10/06/16
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I hereby certify that this correspondence is being filed via PATENT

EFS-Web with the United States Patent and Trademark Office Attornev Docket No.: 096593-001000US-0955615
on October 20. 2016 ) y -

KILPATRICK TOWNSEND & STOCKTON LLP

By: /William H. Gorman
William H. Gorman

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Confirmation No.: 6992

Neil M. Cowen Examiner: Taylor V. Oh
Application No.: 14/940,018 Technology Center/Art Unit: 1625
Filed: November 12, 2015
For: METHODS FOR TREATING AMENDMENT

SUBJECTS WITH PRADER-WILLI
SYNDROME OR SMITH-MAGENIS
SYNDROME

Customer No.: 20350

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

Responsive to the Restriction Requirement mailed October 12, 2016, please consider the

following amendments and remarks:

Amendments to the Claims are reflected in the Listing of Claims, which begins on

page 2 of this paper.

Remarks begin on page 5 of this paper.
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Appl. No. 14/940,018 PATENT
Amdt. dated October 20, 2016
Response to Office Action of October 12, 2016

Amendments to the Claims/Listing of Claims

Please amend claims 2, 7, 8, 15, 19, 27 and 28 as follows. In addition, please cancel non-
elected claims 10-14 and 16-18 without prejudice. This listing of claims will replace all prior

versions, and listings of claims in the application:

1. (Withdrawn) A method of treating a subject having Prader-Willi Syndrome
(PWS) or Smith—-Magenis syndrome (SMS), said method comprising administering to said
subject for at least 10 weeks a pharmaceutical formulation comprising an effective amount of a

Katp channel opener.

2. (Withdrawn; Currently amended) The method of claim [[1]] 24 wherein said Karp

channel opener is diazoxide or a pharmaceutically acceptable salt thereof.

3. (Withdrawn) The method of claim 2 wherein the pharmaceutically acceptable salt

is diazoxide choline.

4. (Withdrawn) The method of claim 2 wherein said diazoxide or a pharmaceutically

acceptable salt thereof is administered orally.

5. (Withdrawn) The method of claim 2 wherein the pharmaceutical formulation
includes at least one excipient which affects the rate of release of diazoxide or a

pharmaceutically acceptable salt thereof.

6. (Withdrawn) The method of claim 5 wherein the pharmaceutical formulation
includes at least one excipient that delays release of diazoxide or a pharmaceutically acceptable

salt thereof.

7. (Withdrawn; Currently amended) The method of claim [[1]] 24 wherein the

formulation further comprises at least one other active ingredient.

8. (Withdrawn; Currently amended) The method of claim [[1]] 24 further

comprising administering human growth hormone to the subject.

Page 2 of 6
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Amdt. dated October 20, 2016
Response to Office Action of October 12, 2016

9. (Withdrawn) The method of claim 8 wherein said human growth hormone is

administered by injection.
10. — 14. (Cancelled)

15. (Withdrawn; Currently amended) The method of claim [[1]] 24 wherein said

administering is carried out for 1 one or more years.
16. — 18. (Cancelled)

19. (Withdrawn; Currently amended) The method of claim [[1]] 24, wherein the

circulating concentration of IGF-1 is not increased.

20. (Withdrawn) A method of increasing the lean body mass of a subject having
Prader-Willi Syndrome, wherein said subject is already being treated by administration thereto of
growth hormone, said method comprising co-administering to said subject an effective amount

of a Ksr1p channel opener in addition to said growth hormone.

21. (Withdrawn) A method of increasing the lean body mass of a subject having
Prader-Willi Syndrome, wherein said subject is already being treated by administration thereto of
an effective amount of a Karp channel opener, said method comprising co-administering to said

subject an effective amount of growth hormone in addition to said Karp channel opener.

22. (Withdrawn) A method of increasing lower limb muscle mass of a subject having
Smith—-Magenis syndrome (SMS), said method comprising administering to said subject an

effective amount of a Katp channel opener.

23. (Withdrawn) A kit comprising:
a unit dose of a Katp channel opener, and

a unit dose of growth hormone.
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24, (Original) A method of reducing one or more aggressive behaviors in a subject
having Prader-Willi syndrome (PWS) or Smith—-Magenis syndrome (SMS), the method
comprising administering to said subject for at least 10 weeks an effective amount of a Karp

channel opener, wherein administration reduces one or more aggressive behaviors in the subject.

25.  (Original) The method of claim 24 in which a second therapeutic product is
administered, wherein the second product is intended to further reduce the one or more

aggressive behaviors.

26. (Withdrawn) A method of reducing hyperghrelinemia in a subject having Prader-
Willi syndrome (PWS) or Smith—-Magenis syndrome (SMS), the method comprising
administering to said subject for at least 10 weeks an effective amount of a K41p channel opener,

wherein administration reduces one or more aggressive behaviors in the subject.

27. (Withdrawn; Currently amended) The method of claim [[1]] 24 wherein the

pharmaceutical formulation is administered twice per day.

28. (Withdrawn; Currently amended) The method of claim [[1]] 24 wherein the

pharmaceutical formulation is administered once per day.
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Response to Office Action of October 12, 2016

REMARKS

By the present communication, claims 2, 7, 8, 15, 19, 27 and 28 have been amended. No
new matter is introduced by the subject amendments as the amended claim language is fully

supported by the specification and original claims.

In addition, by the present communication, non-elected claims 10-14 and 16-18 have
been cancelled without prejudice, subject to Applicant’s right to pursue the subject matter thereof

in a subsequent application claiming priority to the present application.

Upon entry of the present amendment, claims 1-9, 15 and 19-28 will be pending in this
application. A detailed listing of all claims that are, or were, in the application, irrespective of
whether the claim(s) remain under examination in the application, is presented, with an

appropriate defined status identifier.

The restriction of claims 1-28 under 35 USC § 121 into five (5) separate groups, is
respectfully traversed. It is respectfully submitted that a search of one group would, of necessity,
entail a search of one or more of the other groups; in addition, each of the method groups (i.e.,
Groups I, II, IV and V) contemplates administering to a subject a therapeutically effective
amount of a compound selected from a defined group—which defined group is the same for each
of the restriction groups). Accordingly, no savings of USPTO resources will be realized by

maintaining the requirement for restriction as presently asserted.

Accordingly, reconsideration and withdrawal of the requirement for restriction of claims

1-28 are respectfully requested.

In order to be fully responsive, but without conceding the propriety thereof, Applicants
hereby elect Group 1V, claims 24 and 25 (plus claims 2-9, 15, 19, 27 and 28 now dependent
therefrom), with traverse. All of claims 2-9, 15, 19, 24, 25, 27 and 28 encompass the elected

invention.

Non-elected claims 20-23 and 26 are retained in the application pending final disposition

of the elected claims, and subject to a request for rejoinder thereof.
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Amdt. dated October 20, 2016
Response to Office Action of October 12, 2016

CONCLUSION

In view of the foregoing, Applicant believes all claims now pending in this Application
are in condition for allowance. The issuance of a formal Notice of Allowance at an early date is

respectfully requested.

Except for the issue fees payable under 37 C.F R. § 1.18, the Director is authorized to
charge any additional fees during pendency of this application, including any required extension
of time fees, or credit any overpayment to Deposit Account Number 20-1430. This paragraph is
intended to be a constructive petition for extension of time in accordance with 37 CF.R. §

1.136(a)(3).

In the event any issues remain to be resolved in view of this communication, the
Examiner is invited to contact the undersigned at 858 350 3862 or

sreiter(@kilpatricktownsend com so that a prompt disposition of this application can be achieved.

Respectfully submitted,

/Stephen E. Reiter/
Stephen E. Reiter
Registration No. 31,192

KILPATRICK TOWNSEND & STOCKTON LLP
1100 Peachtree Street, Suite 2800

Atlanta, GA 30309

Tel: 858-350-6100

Fax: 858-350-6111
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The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.

The Status of Claims:

Claims 1-9,15,19-28 are pending.
Claims 2-9,15,19,24-25,27-28 are rejected.

Claims 1,20-23,26 are withdrawn from consideration.

DETAILED ACTION
1. Claims 2-9,15,19,24-25,27-28 are under consideration in this Office Action.
Priority
2. It is noted that this application claims benefit of 62/080,154(11/14/2014) and
claims benefit of 62/138,245(03/25/2015) and claims benefit of

62/170,035(06/02/2015) and claims benefit of 62/221,359(09/21/2015).

Drawings
3. The drawings filed on 11/12/15 are accepted by the examiner.
IDS
4. The IDS filed on 1/05/2016 is reviewed by the examiner.
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In the event the determination of the status of the application as subject to AlA 35
U.S.C. 102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any
correction of the statutory basis for the rejection will not be considered a new ground of
rejection if the prior art relied upon, and the rationale supporting the rejection, would be
the same under either status.

Election/Restriction

Applicant’s election with traverse of Group IV (claims 2-9,15,19,24-25,27-28) on
10/20/16 is acknowledged.

Claims 1,20-23,26 are withdrawn from further consideration pursuant to 37 CFR
1.142(b) as being drawn to a nonelected group I, ILIII,V, there being no allowable
generic or linking claim.

Applicants argue in the following:

The restriction of claims 1-2% under 3% USC § 121 dntw five (5} separate groups, i
respeotiully raversed. It i respectislly submitind that o search of ons group wouold, of necessity,
entail 8 search of one or mong of the other groups; o addition, sach of the method groups{ie,
Groups L HL IV sod V) contenplates sdiiniztenng 0 @ suliient & therspeautinally effeitive.
amotnd of 2 compound selected from o defined group-—winch defined group is the ssme for vach
of the restriction groups). Accordingly, nosavings of USPTO) rescnnroes will be realized by

srnintning Y reguivement for restaction a8 presestly sisertad,

Ascordingly, roconsidendtion sud withdeawad of the roguiresent for rostristion of clains

138 are respoctfully requesied.

The examiner has noted applicants' argument, but applicants’ arguments are not

persuasive. However, regardless of how each of the Groups is so closely related to one
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and another, there are at least more than two distinct, unrelated, different classes and
different subclasses involved in the search of the unrestricted claims. The search is a
burden whether or not they are so closely related to their searches. Furthermore,
M.P.E.P. Section 808.02 gives legitimate reasons for the Examiner to insist on
restriction such as the case of separate classification, which indicates that* each distinct
subject has attained recognition in the art as a separate subject for the inventive effort,
and also a separate field of search .”

In the instant case, Inventions | and IV are unrelated. Inventions are unrelated if
it can be shown that they are not disclosed as capable of use together and they have
different designs, modes of operation, and effects (MPEP § 802.01 and § 806.06).

In the instant case, Invention IV is directed to the method of reducing one or
more aggressive behaviors in a subject having Prader —Willi Syndrome(PWS) or Smith-
Magenis Syndrome(SMS) comprising administering to the subject for at least 10 weeks
a pharmaceutical formulation comprising an effective amount of a Katp channel opener,
whereas Invention | is the method of treating a subject having Prader —Willi
Syndrome(PWS) or Smith-Magenis Syndrome(SMS) comprising administering to the
subject for at least 10 weeks a pharmaceutical formulation comprising an effective
amount of a Katp channel opener.

However, Cowen et al (US 2014/0364425) shows the method of treating various
diseases such as diabetes, hypertension, dyslipidemia, nonalcoholic
steatohepatitis,myocardical infarction and poly-cystic ovarian syndrome by using a Katp

channel opener such as Formula VI as shown below:
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Although both inventions have shared the same compound for the Kate channel
opener, Invention | applies the Formula VI for the treatment different from the
treatments shown from Cowen et al. So, there is no direct relationship between
Inventions | and IV. Therefore, each of them has a different mode of operation, different
functions and effects. From this, they are unrelated to each other. Therefore, Group | is

not directly related to the Group IV.

The requirement is still deemed proper and is therefore made FINAL.

Claim Objections

Claim 15 is objected to because of the following informalities:
In claim 15, the phrase “for 1 one or more years" is recited. This is improper

because there are “1” and “one” written twice. Appropriate correction is required.

Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103 which forms the basis for all

obviousness rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed
invention is not identically disclosed as set forth in section 102 of this title, if the differences
between the claimed invention and the prior art are such that the claimed invention as a whole
would have been obvious before the effective filing date of the claimed invention to a person
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having ordinary skill in the art to which the claimed invention pertains. Patentability shall not
be negated by the manner in which the invention was made.

The text of those sections of Title 35, U.S. Code not included in this action can
be found in a prior Office action.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148
USPQ 459 (1966), that are applied for establishing a background for determining
obviousness under 35 U.S.C. 103 are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating
obviousness or nonobviousness.

This application currently names joint inventors. In considering patentability of the
claims the examiner presumes that the subject matter of the various claims was
commonly owned as of the effective filing date of the claimed invention(s) absent any
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to
point out the inventor and effective filing dates of each claim that was not commonly
owned as of the effective filing date of the later invention in order for the examiner to
consider the applicability of 35 U.S.C. 102(b)(2)(C) for any potential 35 U.S.C. 102(a)(2)

prior art against the later invention.
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5. Claims 2-9,15,19,24-25,27-28 are rejected under 35 U.S.C. 103 as being
unpatentable over Cotter (US2014/0364367) which has a provisional application No.

61/832,779 filed on Jun. 8, 2013.

Cotter discloses a method of treating Prader Willi Syndrome and a

psychotic behavior associated with Prader Willi Syndrome in the followings:

(003 (ven the comploxity ol PWS, e symptons an troated with & nusber of diffoant
medications, nchuding humas growth hormone (GHY, povchativmood sishibizmg medications,
(see page 2, a paragraph#0003)

(BRI The tvontor hos mds the sorpriving desossry ta adminieriog & Kog chanmed opoasy

¥
{8 dhusovide} tn oonhingtton with other torapioy isod 1o ot Prader WHES }r&& e §§’§§x‘§§

allowes the dosages of these other thesapios to he reduved selaive o the dosages

(see page 3, a paragraph#0010)

& Combload trostiment with reduced dosage of groovth dorssane
SR The Ko ohannel openey winy be condmininiered with & Do groseth hornasne {(3H}
et WS, The condunstion therapy may b ssad 1o amprove body conpusition slmonalities
srved doyprony Boowr growdth of an indant o chald sith WS, ot igweees body compesttion
abnormalivioy uran ado R with PWE, Tho combiaation oy may also e axed o amprove o
Tanly mwa, dooresss body §8 nuxbdate bone mineral donsity, or sormalize adult holght. The
theragey sy shue be used 1 paprove cogition, e, enduranos, staming, strangd, sgehity, oy

setor sdevedopisst, oF te postiively affent sitrogen halunce o wrease spergy sxpendiive,
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(8089 The GH dose may be BIS03 mgfkgiwoek, sod soay be adwindstoned as ¢ duily

OE5, 02, 0.3, 84, 005, 10, 1.5, wr 2.0 mefgiwoek. The GH dese may be sdjusiod based on the
welght of the patient. The doss may also be adiusted based on the patient”s leo mass or on
msuhin growth facke (WGF- D ovels, such that the WOF- levale do not axcesd 3 standasd
deviations above the apper mit of woeemal, The wpper Hmit of sormal for TGR | Tevels may be

251000 ngfml, and may be ip 8 vange se desoribed 1o Teble 1
(see page 10, paragraphs#0058-0059)

b. Uombincd treatment with reduced dosage of psvchisiric or mond stabilizing
drugs
188631 The Kp chianued opener sy be condminigtersd with ¢ psyohiatrio o mood stabilizing

33

drug, such as & pyyehotropic medication, W trest PWS by treating & PWS babavioral symptom.

The PWS behavioral symplon may be olsassions, conapulsions, sddiction, autian or gutistic
tendencies, anadely, deprossion, mood swings, shin poking or pyyvehotic behwdor. The

payebotropic madication may be o selective sorotonin reuptake nhibitor (3SR}, sorgpanepinine

reuptake mhibitor (NREY soradvenogic and specific serptovergie sntidepressent {NaSSa),

serodontn-wwepinepbrine reaptake tdubitor (SNRT), serotonin antogomst sd rovptake inhibitor

{SARI}, novepinepheine-dopamine reuptake inlubitor, selective serotonin neupiake eahanoes,

nerepineplirine-dopsmine distohibiion, trieyelic antidepressan, tetaacychic satidepressant,

monenine oxidase inibitor {MAQH), Nacetyloysteine, cysteaning, axytovi, mood stabilieer,
anticonvilsant, metebotropie ghetvrate recepor nrodulator, typical sntipsyehotie, or atypieal
antipsyehotic, The SSRY may be citalopram, depoxeting, sscitaloprany, fuoxeting, fuvoxaming,
paoxeting, of sevisaline. The NRLmay be atomexeting, bupropion, reboxetine, sdivoxeting,

tapestadol of viloxazine, The Nab5A may be misosein o mirteesping. The BNREmay be
desvendafryine, dolosctive, mi fnacipran, or verlafaxioe. The SART may be stopenidons,

nefieodone, or aedone, The sorepinephrive-doparine reuptabe inhibiter sy be bupreplon,
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sriviprarad, cenaping, homsens, tapipnimne, Cocsprane, chhtismee, cloaaping,
Hoperidone, hraidon, sosspraming, sinmamne, peliparidone, perospirons, uetispie,

vomexipeidy, tisporidong, serindule, sulpeide, aiprasichone, suieping, Miopertin {ﬁiﬁ&

saviprasing (RGHASH, LY IR, piavansenin (A0 1L webisserin (SUA-138)

erovspoe (3O The sl pochiere dapdese i et Bt L S L 08, ﬁis K,
S0 R0, MR, 200, 300, 300, S0 0 o Mg The e neyddo e bt LE I 13
RARRHE R RN CHRCE 3{& §§§§}; “\i N, or TN g The pacharis dosgawy i
schmisatred oo, Trieg, thoue e, R meg, e Haos, Sovn tmes, sipht Hines, i tmes

top fims, whevan fmes, o beelve times deily. The peclatvie doag may sl be adimbnistepad

e oy L33, S ks

(see pages 11-12, a paragraph#0063)

cuiiable Ty nboeosou e N e oaion &\‘Ezﬁ“\\ then

cotton naay ne Besadiem. s

e ndon sray nes b an svien ol duecsade, H the salt inchudes seanton of diweoxde and &

P

sonham oation, thon D salt ey st b Do Soem, The KATY channsd openy may be asalt

of 2 somponnd of woe of Formuhe WVl e §§sx cationy & W&s«sw §>§¥§§§§§‘\s§m cholinew

X

hexmethy! hevamathvlone dumeenin

(see page 25, a paragraph#0137)

& Parmuistion
43} The compositions providud horets oy be & ihe R of capsules, speinkle formulation,
selefoty o hoanipes fovnmaheingd d v conventionad museer, For sxampde, bty and capaulis Sy
seal sbminisivation myy sontals comventions] excipdents tncleding, but ot Himied w, biading
sgonts, ltors, ubriosty, Seinognets and wetting sgonts. Binding sgens fncdude, bt s ant

Hrnbtod o, syvnp, scoaeiy, gole, sovhind, fragucunth, nwodage of stweh sad

polyvinlpralidene,. L ST e

(see page 26, a paragraph#0142)
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The instant invention, however, differs from the prior art in that administering the
an effective amount of a Kare channel opener for at least 10 weeks or a year or more

and the use of an excipient delaying release of diazoxide are unspecified in the prior art.

With respect to the duration of administering the an effective amount of a Katp
channel opener, the prior art does mention generally that there were no side effects for
using diazoxide in the treatment of PWS for 56 weeks (see page 28, a

paragraph#0151). Therefore, it is expressly relevant to the claimed invention.

Regarding the use of an excipient delaying release of diazoxide, the prior art is
silent about it. Even so, the prior art does offer some guidance as to what kinds of
excipients are available for delaying release of diazoxide; for example, it describes
gelatin, mucilage of starch , polyvinylpyrrolidone as the binding agents. So, it would
have been obvious to the skilled artisan in the art before the effective filing date of the
claimed invention to be motivated to use one of the binding agents in the composition in
order to develop the delay-release of a formulation containing diazoxide. This is
because the skilled artisan in the art would expect such a manipulation to be successful

and feasible as guidance shown in the prior art.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to TAYLOR V OH whose telephone number is (571)272-

0689. The examiner can normally be reached on 10:00-6:30.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Andrew Kosar can be reached on 571-272-0913. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/TAYLOR V OH/
Primary Examiner, Art Unit 1625
11/10/16
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EFS-Web with the United States Patent and Trademark Office Attornev Docket No.: 096593-001000US-0955615
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KILPATRICK TOWNSEND & STOCKTON LLP

By: /William H. Gorman
William H. Gorman

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Confirmation No.: 6992

Neil M. Cowen Examiner: Taylor V. Oh
Application No.: 14/940,018 Technology Center/Art Unit: 1625
Filed: November 12, 2015
For: METHODS FOR TREATING AMENDMENT

SUBJECTS WITH PRADER-WILLI
SYNDROME OR SMITH-MAGENIS
SYNDROME

Customer No.: 20350

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Commissioner:

Responsive to the Office Action mailed November 16, 2016, please consider the

following amendments and remarks:

Amendments to the Claims are reflected in the Listing of Claims, which begins on

page 2 of this paper.

Remarks begin on page 5 of this paper.
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Amdt. dated November 30, 2016
Response to Office Action of November 16, 2016

Amendments to the Claims/Listing of Claims

Please amend claim 15, and add new claim 29 as follows. This listing of claims will

replace all prior versions, and listings of claims in the application:

1. (Withdrawn) A method of treating a subject having Prader-Willi Syndrome
(PWS) or Smith—Magenis syndrome (SMS), said method comprising administering to said
subject for at least 10 weeks a pharmaceutical formulation comprising an effective amount of a

Katp channel opener.

2. (Previously presented) The method of claim 24 wherein said Ka1p channel opener

is diazoxide or a pharmaceutically acceptable salt thereof.

3. (Original) The method of claim 2 wherein the pharmaceutically acceptable salt is

diazoxide choline.

4. (Original) The method of claim 2 wherein said diazoxide or a pharmaceutically

acceptable salt thereof is administered orally.

5. (Original) The method of claim 2 wherein the pharmaceutical formulation
includes at least one excipient which affects the rate of release of diazoxide or a

pharmaceutically acceptable salt thereof.

6. (Original) The method of claim 5 wherein the pharmaceutical formulation
includes at least one excipient that delays release of diazoxide or a pharmaceutically acceptable

salt thereof.

7. (Previously presented) The method of claim 24 wherein the formulation further

comprises at least one other active ingredient.

8. (Previously presented) The method of claim 24 further comprising administering

human growth hormone to the subject.

0. (Original) The method of claim 8 wherein said human growth hormone is

administered by injection.
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Appl. No. 14/940,018 PATENT
Amdt. dated November 30, 2016
Response to Office Action of November 16, 2016

10. — 14. (Cancelled)

15. (Currently amended) The method of claim 24 wherein said administering is

carried out for [[1]] one or more years.
16. — 18. (Cancelled)

19. (Previously presented) The method of claim 24, wherein the circulating

concentration of IGF-1 is not increased.

20. (Withdrawn) A method of increasing the lean body mass of a subject having
Prader-Willi Syndrome, wherein said subject is already being treated by administration thereto of
growth hormone, said method comprising co-administering to said subject an effective amount

of a Katp channel opener in addition to said growth hormone.

21. (Withdrawn) A method of increasing the lean body mass of a subject having
Prader-Willi Syndrome, wherein said subject is already being treated by administration thereto of
an effective amount of a Karp channel opener, said method comprising co-administering to said

subject an effective amount of growth hormone in addition to said Karp channel opener.

22. (Withdrawn) A method of increasing lower limb muscle mass of a subject having
Smith—-Magenis syndrome (SMS), said method comprising administering to said subject an

effective amount of a Katp channel opener.

23. (Withdrawn) A kit comprising:
a unit dose of a Katp channel opener, and

a unit dose of growth hormone.

24, (Original) A method of reducing one or more aggressive behaviors in a subject
having Prader-Willi syndrome (PWS) or Smith—-Magenis syndrome (SMS), the method
comprising administering to said subject for at least 10 weeks an effective amount of a Kap

channel opener, wherein administration reduces one or more aggressive behaviors in the subject.
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Amdt. dated November 30, 2016
Response to Office Action of November 16, 2016

25.  (Original) The method of claim 24 in which a second therapeutic product is
administered, wherein the second product is intended to further reduce the one or more

aggressive behaviors.

26. (Withdrawn) A method of reducing hyperghrelinemia in a subject having Prader-
Willi syndrome (PWS) or Smith—-Magenis syndrome (SMS), the method comprising
administering to said subject for at least 10 weeks an effective amount of a K41p channel opener,

wherein administration reduces one or more aggressive behaviors in the subject.

27.  (Previously presented) The method of claim 24 wherein the pharmaceutical

formulation is administered twice per day.

28.  (Previously presented) The method of claim 24 wherein the pharmaceutical

formulation is administered once per day.

29. (New) A method of reducing one or more aggressive behaviors in a subject
having Prader-Willi syndrome (PWS) or Smith—Magenis syndrome (SMS), the method
comprising administering to said subject for at least 10 weeks an effective amount of formulation
consisting essentially of a Katp channel opener, wherein administration reduces one or more

aggressive behaviors in the subject.
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Appl. No. 14/940,018 PATENT
Amdt. dated November 30, 2016
Response to Office Action of November 16, 2016

REMARKS

By the present communication, claim 15 has been amended, and new claim 29 has been
added. No new matter is introduced by the subject amendments as the new and amended claim

language is fully supported by the specification and original claims.

Upon entry of the present amendment, claims 1-9, 15 and 19-29 will be pending in this
application, with claims 2-9, 15, 19, 24, 25 and 27-29 under active consideration, and non-
elected claims 1, 20-23 and 26 withdrawn from consideration subject to a request for rejoinder

thereof.

A detailed listing of all claims that are, or were, in the application, irrespective of whether
the claim(s) remain under examination in the application, is presented, with an appropriate

defined status identifier.

The objection to claim 15 for alleged informalities therein has been rendered moot by the

amendments submitted herewith.

The rejection of claims 2-9, 15, 19, 24-25 and 27-28 under 35 USC § 103 as allegedly
being unpatentable over Cotter (US2014/0364367), is respectfully traversed.

Applicant’s invention, as defined, for example, by claim 24, distinguishes over Cotter at
least by requiring a method of reducing one or more aggressive behaviors in a subject having
Prader-Willi syndrome (PWS) or Smith—-Magenis syndrome (SMS), the method comprising
administering to said subject for at least 10 weeks an effective amount of a K41p channel opener,

wherein administration reduces one or more aggressive behaviors in the subject.

Cotter does not disclose or suggest treating such a patient population. Indeed, as
acknowledged by the Examiner, “[t]he instant invention, however, differs from the prior art in
that administering the an effective amount of a Katp channel opener for at least 10 weeks or a
year or more and the use of an excipient delaying release of diazoxide are unspecified in the

prior art” (see lines 1-3 at p 10 of the Office Action). Moreover, the art does not contemplate
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Appl. No. 14/940,018 PATENT
Amdt. dated November 30, 2016
Response to Office Action of November 16, 2016

reducing one or more aggressive behaviors in a subject having Prader-Willi syndrome (PWS) or

Smith—Magenis syndrome (SMS), as required by the present claims.

Applicant’s invention, as defined, for example, by claim 29, further distinguishes over
Cotter at least by requiring a method of reducing one or more aggressive behaviors in a subject
having Prader-Willi syndrome (PWS) or Smith—Magenis syndrome (SMS), the method
comprising administering to said subject for at least 10 weeks an effective amount of formulation
consisting essentially of a Katp channel opener, wherein administration reduces one or more
aggressive behaviors in the subject. Only Applicant has recognized that K,rp channel openers
alone (i.e., with no other actives) are effective for the treatment of the defined patient population,

i.e., aggressive behaviors in subjects having PWS or SMS.

In contrast, Cotter requires the use of a cocktail of active ingredients for the treatment of
PWS—"[t]he inventor has made the surprising discovery that administering a Ka1p channel

opener (e.g., diazoxide) in combination with other therapies used to treat Prader-Willi syndrome

(PWS) allows the dosages of these other therapies to be reduced relative to the dosages. . .
(emphasis added; see lines 9-11 at page 7 of the Office Action). There is no recognition in the
art, however, that administration of Ka1p channel openers alone (i.e., with no other actives) is
effective for the treatment of the defined patient population, i.e., aggressive behaviors in subjects

having PWS or SMS.

Accordingly, reconsideration and withdrawal of the rejection under 35 USC § 103 are

respectfully requested.

CONCLUSION

In view of the foregoing, Applicant believes all claims now pending in this Application
are in condition for allowance. The issuance of a formal Notice of Allowance at an early date is

respectfully requested.

Except for the issue fees payable under 37 C.F R. § 1.18, the Director is authorized to
charge any additional fees during pendency of this application, including any required extension

of time fees, or credit any overpayment to Deposit Account Number 20-1430. This paragraph is
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Amdt. dated November 30, 2016
Response to Office Action of November 16, 2016

intended to be a constructive petition for extension of time in accordance with 37 CF.R. §

1.136(a)(3).

In the event any issues remain to be resolved in view of this communication, the
Examiner is invited to contact the undersigned at 858 350 3862 or

sreiter(@kilpatrickiownsend. com so that a prompt disposition of this application can be achieved.

Respectfully submitted,

/Stephen E. Reiter/
Stephen E. Reiter
Registration No. 31,192

KILPATRICK TOWNSEND & STOCKTON LLP
1100 Peachtree Street, Suite 2800

Atlanta, GA 30309
Tel: 858-350-6100
Fax: 858-350-6111
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malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

20350 7590 02/01/2017
KILPATRICK TOWNSEND & STOCKTON LLP
Mailstop: IP Docketing - 22
1100 Peachtree Street

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositor's name)

Suite 2800
Atlanta, GA 30309 (Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
14/940,018 11/12/2015 Neil M. Cowen 096593-001000US-0955615 6992
TITLE OF INVENTION: METHODS FOR TREATING SUBJECTS WITH PRADER-WILLI SYNDROME OR SMITH-MAGENIS SYNDROME
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL $480 $0 $0 $480 05/01/2017
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
OH, TAYLOR V 1625 514-223500

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

| Chan%e of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

[ "Eee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

2. For printing on the patent front page, list
1

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively,

(2) The name of a single firm (having as a member a 2

registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

(1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature

Date

Typed or printed name

Registration No.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
14/940,018 11/12/2015 Neil M. Cowen 096593-001000US-0955615 6992
| EXAMINER |
20350 7590 02/01/2017
KILPATRICK TOWNSEND & STOCKTON LLP OH, TAYLOR V
Mailstop: IP Docketing - 22
1100 Peachtree Street | ART UNIT PAPER NUMBER |
Suite 2800 1625

Atlanta, GA 30309
DATE MAILED: 02/01/2017

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
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Application No. Applicant(s)
14/940,018 COWEN, NEIL M.
. oy [ i AlA (First Inventor to File)
Notice of Allowability EX‘;‘(T(';‘F?VV on f‘gtzg"“ Statuis
Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [ This communication is responsive to 11/30/16.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. [X] The allowed claim(s) is/are 3-9,15,19.24,25.28 and 29. As a result of the allowed claim(s), you may be eligible to benefit from the
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more
information, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[d Al b)[] Some *c)[] None of the:
1. [] Certified copies of the priority documents have been received.
2. [0 Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [] Notice of References Cited (PTO-892) 5. [X] Examiner's Amendment/Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [0 Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date 1/25/17 .

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20170125
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Application/Control Number: 14/940,018 Page 2
Art Unit: 1625

The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

Examiner's Amendment & Reasons of Allowance

Claims 3-9,15,19,24-25,28-29 are pending.
Claims 3-9,15,19,24-25,28-29 are allowed.

1. An examiner's amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.

Authorization for this examiner's amendment was given in a telephone interview

with an attorney of record, Stephen E. Reiter on 1/25/17.

L The application has been amended as follows:

Claims 1-2, 20-23 and 26 are cancelled.

In claims 3-5, line 1 on page 2 (amendment dated on 11/30/16):
The number” -- 2 --" after the term ” claim ” is replaced with the

number ” 24 “.
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Application/Control Number: 14/940,018 Page 3
Art Unit: 1625

In claim 24, lines 3-4 on page 3 (amendment dated on 11/30/16):
The terms “--a Katp channel opener --” after the term” of ” is
replaced with another phrase “diazoxide or a pharmaceutically
acceptable salt thereof “.

In claim 29, line 4 on page 4 (amendment dated on 11/30/16):

The terms “--a Katp channel opener --” after the term” of ” is
replaced with another phrase “diazoxide or a pharmaceutically

acceptable salt thereof “.

|. The following is an examiner's statement of reasons for allowance:

o The rejection of Claims 2-9,15,19,24-25,27-28 are rejected under 35
U.S.C. 103 as being unpatentable over Cotter (US2014/0364367) which
has a provisional application No. 61/832,779 filed on Jun. 8, 2013 is
withdrawn due to the modification of the claim and applicants’ convincing

arguments.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled "Comments on

Statement of Reasons for Allowance."
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Application/Control Number: 14/940,018 Page 4
Art Unit: 1625

Any inquiry concerning the communication after allowance such as sending all
post-allowance correspondence should be directed to “ Box Issue Fee” or faxed directly

to PUBS at 703-305-8755. This will expedite the process of these papers.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free).

/ITAYLOR V OH/
Primary Examiner, Art Unit 1625

1/25/17

APOTEX_EX1022_PGR2026-00034 Page 182



UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
14/940,018 11/12/2015 Neil M. Cowen 096593-001000US-0955615 6992
20350 7590 02/23/2017
EXAMINER
KILPATRICK TOWNSEND & STOCKTON LLP | |
Mailstop: IP Docketing - 22 OH, TAYLOR V
1100 Peachtree Street
Suite 2800 | ART UNIT | PAPER NUMBER |

Atlanta, GA 30309 1625

| NOTIFICATION DATE | DELIVERY MODE |

02/23/2017 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

ipefiling @kilpatricktownsend.com
jlhice @kilpatrick.foundationip.com
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Application No. Applicant(s)
Corrected 14/940,018 COWEN, NEIL M.
Notice Of Allowabilit Examiner Art Unit AlA (First Inventor to File)
y TAYLOR V OH 1625 Status
Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [ This communication is responsive to 2/14/17.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. [X] The allowed claim(s) is/are 3-9,15,19.24.25 and 27-29. As a result of the allowed claim(s), you may be eligible to benefit from the
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more
information, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[d Al b)[] Some *c)[] None of the:
1. [] Certified copies of the priority documents have been received.
2. [0 Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [] Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [0 Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20170219
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Application/Control Number: 14/940,018 Page 2
Art Unit: 1625

The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

The Corrected Notice of Allowability

Claims 3-9,15,19,24-25,27-29 are pending.
Claims 3-9,15,19,24-25,27-29 are allowed.

1. An examiner's amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.

Authorization for this examiner's amendment was given in a telephone interview

with an attorney of record, Stephen E. Reiter on 1/25/17.

L The application has been amended as follows:

Claims 1-2, 20-23 and 26 are cancelled.

In claims 3-5, line 1 on page 2 (amendment dated on 11/30/16):
The number” -- 2 --" after the term ” claim ” is replaced with the

number ” 24 “.
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Application/Control Number: 14/940,018 Page 3
Art Unit: 1625

In claim 24, lines 3-4 on page 3 (amendment dated on 11/30/16):
The terms “--a Katp channel opener --” after the term” of ” is
replaced with another phrase “diazoxide or a pharmaceutically
acceptable salt thereof “.

In claim 29, line 4 on page 4 (amendment dated on 11/30/16):

The terms “--a Katp channel opener --” after the term” of ” is
replaced with another phrase “diazoxide or a pharmaceutically

acceptable salt thereof “.

|. The following is an examiner's statement of reasons for allowance:

o The rejection of Claims 2-9,15,19,24-25,27-28 under 35 U.S.C. 103 as
being unpatentable over Cotter (US2014/0364367) which has a
provisional application No. 61/832,779 filed on Jun. 8, 2013 is withdrawn

due to the modification of the claim and applicants’ convincing arguments.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled "Comments on

Statement of Reasons for Allowance."
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Application/Control Number: 14/940,018 Page 4
Art Unit: 1625

Any inquiry concerning the communication after allowance such as sending all
post-allowance correspondence should be directed to “ Box Issue Fee” or faxed directly

to PUBS at 703-305-8755. This will expedite the process of these papers.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free).

/ITAYLOR V OH/
Primary Examiner, Art Unit 1625

2/19/17
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

58249 7590 06/28/2017 | EXAMINER |
COOLEY LLP OH, TAYLOR V
ATTN: Patent Group
1299 Pennsylvania Avenue, NW | ART UNIT PAPER NUMBER |
Suite 700 1625

Washington, DC 20004
DATE MAILED: 06/28/2017

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO.

14/940,018 11/12/2015 Neil M. Cowen CAPN-034/04US 6992
TITLE OF INVENTION: METHODS FOR TREATING SUBJECTS WITH PRADER-WILLI SYNDROME OR SMITH—MAC?]%%FI%Z%ROME

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE

nonprovisional SMALL $480 $0 $0 $480 09/28/2017

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commlssmner for Patents

P.O.Box 1

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
1cated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

58249 7590 06/28/2017
COOLEY LLP
ATTN: Patent Group
1299 Pennsylvania Avenue, NW

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositor's name)

Suite 700
Washington, DC 20004 (Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO.
14/940,018 11/12/2015 Neil M. Cowen CAPN-034/04US 6992
TITLE OF INVENTION: METHODS FOR TREATING SUBJECTS WITH PRADER-WILLI SYNDROME OR SMITH—MAéﬁ%%Z%ROME
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE
nonprovisional SMALL $480 $0 $0 $480 09/28/2017
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
OH, TAYLOR V 1625 514-223500

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

| Chan%e of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

[ "Eee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

2. For printing on the patent front page, list
1

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively,

(2) The name of a single firm (having as a member a 2

registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

(1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature

Date

Typed or printed name

Registration No.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
14/940,018 11/12/2015 Neil M. Cowen CAPN-034/04US 6992
328512-2375
58249 7590 06/28/2017 EXAMINER |
COOLEY LLP OH, TAYLOR V
ATTN: Patent Group
1299 Pennsylvania Avenue, NW | ART UNIT PAPER NUMBER |
Suite 700 1625

Washington, DC 20004
DATE MAILED: 06/28/2017

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
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Application No. Applicant(s)
14/940,018 COWEN, NEIL M.
. oy [ i AlA (First Inventor to File)
Notice of Allowability EX‘;‘(T(';‘F?VV on f‘gtzg"“ Statuis
Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [ This communication is responsive to 4/25/17.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. [X] The allowed claim(s) is/are 3-9,15,19.24.25 and 27-29. As a result of the allowed claim(s), you may be eligible to benefit from the
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more
information, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[d Al b)[] Some *c)[] None of the:
1. [] Certified copies of the priority documents have been received.
2. [0 Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [] Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

2. X Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 4/25/17

3. [0 Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20170609
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Application/Control Number: 14/940,018 Page 2
Art Unit: 1625

The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.
Continued Examination Under 37 CFR 1.114

A request for continued examination under 37 CFR 1.114, including the fee set
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this
application is eligible for continued examination under 37 CFR 1.114, and the fee set
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 4/25/17
has been entered.

Reasons of Allowance

AR o S PR AR I S
Vo Ntatiio st b iarmny
N0 OLAUS U Qs

Claims 3-9,15,19,24-25,27-29 are pending.
Claims 3-9,15,19,24-25,27-29 are allowed.

|. The following is an examiner's statement of reasons for allowance:

o The IDS filed on 4/25/17 have been reviewed and considered; however,

they are irrelevant to the claimed invention.

o The close prior art to the current invention is Cotter (US2014/0364367)
which teaches the combinational use of various active ingredients of a
Katp channel opener in general and other therapies for treating an

aggressive behaviors in a subject having PWS. However, there is no
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Application/Control Number: 14/940,018 Page 3
Art Unit: 1625

motivation or suggestion in the prior art to use the specific diazoxide alone
for at least 10 weeks to treat an aggressive behaviors in a subject having
PWS. Therefore, it would have been unobvious to the skilled artisan in the

art to arrive at the claimed invention.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled "Comments on

Statement of Reasons for Allowance."

Any inquiry concerning the communication after allowance such as sending all
post-allowance correspondence should be directed to “ Box Issue Fee” or faxed directly

to PUBS at 703-305-8755. This will expedite the process of these papers.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free).

/ITAYLOR V OH/
Primary Examiner, Art Unit 1625

6/10/17
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Docket No.: SLNO-034/04US 333072-2375
PTE Application for U.S. Pat. No. 9,757,384
VYKAT™ XR

(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor: Neil M. COWEN  Assignee: Essentialis, Inc.

Confirmation No.: 6992

Patent No.: 9,757,384 Unit: Office of Patent Legal
Administration
Issue Date: September 12, 2017 Examiner: Taylor V. OH

Application No.:  14/940,018

For: METHODS FOR TREATING SUBJECTS WITH PRADER-WILLI
SYNDROME OR SMITH-MAGENIS SYNDROME

Commissioner of Patents and Trademarks

P.O. Box 1450

Mail Stop: Hatch-Waxman Patent Term Extension
Alexandria, VA 22313-1450

APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156

Dear Sir/Madam:
INTRODUCTORY COMMENTS

Applicant, Essentialis, Inc. (“Essentialis”), hereby submits this application for extension
of the term of United States Letters Patent No. 9,757,384 (the *384 patent) under 35 U.S.C. § 156
based upon the regulatory review period that ended with the Food and Drug Administration’s
(“FDA”) approval of New Drug Application (“NDA”) number 216665 for VYKAT™ XR
(diazoxide choline) extended-release tablets, for oral use. Information in accordance with the

requirements specified in 37 C.F.R. § 1.740 is provided herein.

311411094
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Docket No.: SLNO-034/04US 333072-2375
PTE Application for U.S. Pat. No. 9,757,384
VYKAT™ XR
The ’384 patent contains method of treatment claims directed to the approved use of the

active ingredient in VYKAT™ XR (diazoxide choline), extended-release tablets for oral use (see
Exhibit 1). On March 26, 2025, an NDA for VYKAT™ XR (diazoxide choline), extended-
release tablets for oral use was approved for commercial marketing or use under Section §
505(b)(2) of the Food, Drug and Cosmetic Act. NDA number 216665 relates to the use of
VYKAT™ XR (diazoxide choline) for the treatment of hyperphagia in adults and pediatric
patients 4 years of age and older with Prader-Willi syndrome (PWS).

This application for patent term extension of the 384 patent is based upon the regulatory
review period that ended with the approval of NDA number 216665 on March 26, 2025.
Applicant is concurrently submitting applications for extension of the term of U.S. Patent No.
7,799,777 (the 777 patent), U.S. Patent No. 7,572,789 (the *789 patent), and U.S. Patent No.
12,178,823 (the *823 patent) under 35 U.S.C. § 156 in connection with the same regulatory
review period. The 777 patent and the 789 patent contain claims to the approved product. The

’823 patent contains claims directed to the approved use of the product.

Applicant understands that multiple applications for extension of term under 35 U.S.C.
§ 156(d)(1) may be filed in connection with any particular regulatory review period, but that only
one such application may be granted per regulatory approval. Accordingly, Applicant intends to
withdraw all but one application for extension of term filed under 35 U.S.C. § 156(d)(1) in
connection with NDA number 216665 prior to the grant of any extension of term of any patent

under 35 U.S.C. § 156(d)(1). See also Section 13 of this application.

Applicant represents that Essentialis is the assignee of the entire right, title and interest in
and to the "384 patent granted to Essentialis on September 12, 2017, by virtue of assignment of
U.S. Application No. 14/940,018 by the inventor, Neil M. COWEN on November 13, 2015 and
recorded for the Patent with the Office on November 13, 2015 at reel/frame 037039/0755.

A copy of the assignment is included as Exhibit 2.

311411094
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Docket No.: SLNO-034/04US 333072-2375
PTE Application for U.S. Pat. No. 9,757,384
VYKAT™ XR

Patent owner Essentialis is a wholly owned subsidiary of Soleno Therapeutics, Inc.

(“Soleno”). Soleno is the current marketing applicant for NDA 216665 for VYKAT™ XR.

The acquisition of Essentialis by Capnia, Inc. (“Capnia”) was completed on
March 7, 2017. At that time, Essentialis merged with a wholly owned Capnia subsidiary —
Company E Merger Sub, Inc. — with the surviving corporation after the merger being Essentialis.
See Exhibit 3. Capnia underwent a name change to Soleno Therapeutics, Inc. on May 12, 2017.

See Exhibit 4.

PTE Applicant and patent owner, Essentialis, is authorized to rely upon the activities of
Soleno and its affiliates before the Food and Drug Administration during the regulatory review
period for VYKAT™ XR in its request for extension of patent term for the purposes of this
application for patent term extension of the *384 patent. See Exhibit 5.

As noted above, Soleno is the Marketing Applicant (see Exhibits 6 and 7) and conducted
certain studies leading to approval by the FDA of NDA 216665 for VYKAT™ XR and will
commercialize the approved product. Essentialis was the original sponsor of IND 73,179 and
IND 132,498, which were later transferred to Soleno. Data generated under these INDs were
included in NDA 216665. Sponsorship of IND 73,179 was transferred to Soleno on
July 12, 2017. See Exhibit 8. Sponsorship of IND 132,498 was transferred to Capnia on or
about March 10, 2017 (see Exhibit 9), after which the name of the sponsor was changed to
Soleno (see Exhibit 4), and the FDA was notified of the change on May 22, 2017 (see
Exhibit 10).

Pursuant to the provisions of 37 CF.R. § 1.730, Applicant hereby applies for an
extension of the term of U.S. Patent No. 9,757,384 under 35 U.S.C. § 156 of 1230 days based on

the materials set forth herein and in the accompanying submissions.

In the materials which follow, numbered paragraphs (1) through (15) correspond to
paragraphs (1) through (15) of 37 C.F R. §1.740(a).

3

311411094
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Docket No.: SLNO-034/04US 333072-2375
PTE Application for U.S. Pat. No. 9,757,384
VYKAT™ XR

1. Identification of the Approved Product [37 C.F.R. § 1.740(a)(1)]

The approved product is “VYKAT™ XR (diazoxide choline) extended-release tablets,
for oral use.” VYKAT™ XR is indicated for the treatment of hyperphagia in adults and
pediatric patients 4 years of age and older with Prader-Willi syndrome (PWS).

The chemical name for diazoxide choline is 7-Chloro-3-methyl-1A6, 2,4-benzothiadiazin-
2-ide 1,1-dioxide 2-hydroxyethyl(trimethyl)azanium. Diazoxide choline is also referred to as a
“Kartp channel opener”. The molecular weight is 333.83 g/mole, and the molecular formula

1s CsHeCIN202S*CsH14NO. The structural formula is:

VYKAT™ XR is provided as extended-release tablets for oral administration.

VYKAT™ XR is provided in three strengths:
Each VYKAT™ XR, 25mg tablet contains diazoxide choline 25 mg.
Each VYKAT™ XR, 75mg tablet contains diazoxide choline 75 mg
Each VYKAT™ XR, 150mg tablet contains diazoxide choline 150 mg

A complete description of the product is set forth in Section 11 of the VYKAT™ XR

Prescribing Information (“PI”), provided as Exhibit 11.

311411094
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Docket No.: SLNO-034/04US 333072-2375
PTE Application for U.S. Pat. No. 9,757,384
VYKAT™ XR
2. Federal Statute Governing Regulatory Approval of the Approved Product

[37 C.F.R. § 1.740(a)(2)]

The approved product was subject to regulatory review under § 505(b)(2) of the Federal
Food, Drug, and Cosmetic Act (“FDCA”) (21 U.S.C. § 355 ef seq.).

3. Date of Approval for Commercial Marketing [37 C.F.R. § 1.740(a)(3)]

NDA number 216665 for VYKAT™ XR (diazoxide choline), extended-release tablets
for oral use was approved for commercial marketing or use under § 505(b)(2) of the FDCA on

March 26, 2025. A copy of the approval letter from the FDA is provided as Exhibit 7.

4. Identification of Active Ingredient and Certifications Related to Commercial

Marketing of Approved Product [37 C.F.R. § 1.740(a)(4)]

(a)  The active ingredient in VYKAT™ XR (diazoxide choline), extended-release
tablets for oral use is diazoxide choline. The chemical name for diazoxide choline
is 7-Chloro-3-methyl-116, 2,4-benzothiadiazin-2-ide 1,1-dioxide 2-
hydroxyethyl(trimethyl)azanium. The molecular weight is 333.83 g/mole, and the
molecular formula is CsHsCIN202S+CsH1aNO. The structural formula is:

An alternative name for diazoxide choline is: 7-chloro-3-methyl-2H-1,2,4-

benzothiadiazine dioxide:2-hydroxy-N,N,N-trimethyl ethanaminium (1:1) salt.

311411094
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(b)

(©)

S.
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On information and belief, Applicant certifies that diazoxide choline, the active
ingredient in VYKAT™ XR, had not been approved for commercial marketing or
use under the Federal Food, Drug, and Cosmetic Act, the Public Health Service
Act, or the Virus-Serum-Toxin Act prior to the approval granted on

March 26, 2025.

NDA number 216665 was approved on March 26, 2025. A copy of the approval
letter from the FDA is provided as Exhibit 7.

Statement Regarding Timeliness of Submission of Patent Term Extension

Request [37 C.F.R. § 1.740(a)(5)]

This application for patent term extension is being timely submitted within the sixty (60)

day period permitted for submission specified in 35 U.S.C. § 156(d)(1) and 37 C.F.R. § 1.720(%).

The last date on which this application may be submitted is May 24, 2025 (i.e., within 60 days of
March 26, 2025, beginning on March 26, 2025).

6.

Complete Identification of the Patent for Which Extension Is Being Sought

[37 C.F.R. § 1.740(a)(6)]

The complete identification of the patent for which an extension is being sought is as

follows:

(a)
(b)
(©)

(d)
(e)

311411094

Names of the inventors: Neil M. COWEN

Patent Number: 9,757,384

Entitled: METHODS FOR TREATING SUBJECTS WITH PRADER-WILLI
SYNDROME OR SMITH-MAGENIS SYNDROME

Date of Issue: September 12, 2017

Date of Expiration: November 12, 2035

6
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Copy of the Patent for Which an Extension Is Being Sought

[37 C.F.R. § 1.740(a)(7)]

A copy of U.S. Patent No. 9,757,384 is provided as Exhibit 1.

8.

Copies of Disclaimers, Certificates of Correction, Receipt of Maintenance

Fee Payment, or Reexamination Certificate [37 C.F.R. § 1.740(a)(8)]

(a)

(b)

(©)

(d)

(e)

(®

No terminal disclaimers have been filed for U.S. Patent No. 9,757,384.

No Certificates of Correction have been filed for U.S. Patent No. 9,757,384.

The first maintenance fee window opened on September 12, 2020, and closed on
September 13, 2021. The first maintenance fee was paid on February 24, 2021.
A copy of the receipt for payment of the first maintenance fee is provided as

Exhibit 12.

The second maintenance fee window opened on September 12, 2024, and closes
on September 13, 2025. The second maintenance fee was paid on

January 13, 2025. A copy of the receipt for payment of the first maintenance fee
is provided as Exhibit 13.

The third maintenance fee window will open on September 12, 2028, and will
close on September 12, 2029. Accordingly, the third maintenance fee window is

not open yet.

U.S. Patent No. 9,757,384 has not been the subject of reexamination proceedings.
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9. Statement Regarding Patent Claims Relative to Approved Product

[37 C.F.R. § 1.740(a)(9)]

The statements below are made solely to comply with the requirements of
37 C.F.R. § 1.740(a)(9). Applicant notes that, as the M.P.E.P. acknowledges,
37 C.F.R. § 1.740(a)(9) does not require an applicant to show whether or how the listed claims

would be infringed, and that this question cannot be answered without specific knowledge

concerning acts performed by third parties. As such, these comments are not an assertion or an

admission of Applicant as to the scope of the listed claims, or whether or how any of the listed

claims would be infringed, literally or under the doctrine of equivalents, by the manufacture, use,

sale, offer for sale, or the importation of any product.

(a) Claims 1-5, 9-10, and 13-14 of U.S. Patent No. 9,757,384 claims an approved

method of use of the approved product.

(b)  Pursuant to M.P.EP. § 2753 and 37 CF.R. § 1.740(a)(9), the following table is
provided to show how claim 1 of U.S. Patent No. 9,757,384 claims the method of

use of the approved product.

Claim 1 of U.S. Patent 9,757,384
(Limitation by Limitation)

VYKAT™ XR (diazoxide choline)
extended-release tablets for oral use

Magenis syndrome (SMS),

A method of reducing one or more aggressive behaviors in | VYKAT™ XR (diazoxide choling)
a subject having Prader-Willi syndrome (PWS) or Smith- extended-release tablets for oral use are

mdicated for the treatment of hyperphagia in
adult and pediatric patients 4 years of age
and older with Prader-Willi syndrome. See,
e.g., Prescribing Information, Highlights,
Section 1, Section 3, Section 11, and
Section 14 (Exhibit 11). Hyperphagia
manifests as a constant, insatiable hunger,
accompanied by an intense, persistent
preoccupation with food, an extreme drive
to seek and consume food, food-related
behavior problems, distress with temper

311411094
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Claim 1 of U.S. Patent 9,757,384
(Limitation by Limitation)

VYKAT™ XR (diazoxide choline)
extended-release tablets for oral use

the method comprising administering to said subject for at
least 10 weeks a pharmaceutical formulation comprising an
effective amount of diazoxide or a pharmaceutically
acceptable salt thercof,

wherein administration reduces one or more aggressive
behaviors in the subject.

outbursts if denied food, and becoming
aggressive to obtain food.

In clinical trials, VYKAT™ XR (diazoxide
choline) extended-release tablets were
administered for at least 10 weeks. See, e.g.,
Prescribing Information, Section 14
(Exhibit 11). Patients were administered a
pharmaceutical formulation with an
effective amount of diazoxide choline
(based on the patient’s weight, and in the
form of VYKAT™ XR (diazoxide choline)
extended-release tablets) for a mean
duration of 3.3 years before participating in
the random withdrawal period study
presented in the Prescribing Information.
See, e.g., Prescribing Information, Sections
2.2 and 14 (Exhibit 11).

In clinical trials, the primary efficacy
endpoint of VYKAT™ XR was assessed
using the HQ-CT (Hyperphagia
Questionnaire for Clinical Trials), which
assesses a range of hyperphagic and food-
related behaviors (e.g., including food-
related aggressive behaviors). See, e.g.,
Prescribing Information, Section 14
(Exhibit 11). The totality of the clinical trial
data for VYKAT™ XR demonstrates a
clinically meaningful and highly statistically
significant difference in the HQ-CT Total
Score between the VYKAT™ XR and
placebo groups, a substantial long-term
reduction in hyperphagia, and that
VYKAT™ XR reduces one or more
aggressive behaviors in Prader-Willi
syndrome patients who have hyperphagia

311411094
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Relevant Dates Under 35 U.S.C. § 156 for Determination of Applicable

Regulatory Review Period [37 C.F.R. § 1.740(a)(10)]

(@

(b)

Patent Issue Date

U.S. Patent No. 9,757,384 issued on September 12, 2017.

IND Effective Date [35 U.S.C. § 156(g)(1)(B)(i);
37C.FR § 1.740(a)(10)(i)(4)]

An Investigational New Drug Application (IND) for diazoxide choline was
submitted August 22, 2006, under § 505(1) of the FDCA and the date of receipt
confirmed as August 22, 2006 by FDA. IND number 73,179 was assigned and
the effective date confirmed as 30 days after receipt of the IND,

September 21, 2006. See Exhibit 14.

Applicant has used the date of September 21, 2006 as the “IND Effective Date” in

its calculations below.

NDA Submission Date [35 U.S.C. § 156(g)(1)(B)(i);
37C.FR § 1.740(a)(10)(i)(B)]

A New Drug Application (NDA) was submitted on June 27, 2024. A copy of the
letter from the FDA accepting NDA number 216665 for review and reflecting the
June 27, 2024 submission date is provided as Exhibit 6. The NDA submission
date is also identified as June 27, 2024 in the NDA approval letter (Exhibit 7).

Applicant has used the date of June 27, 2024 as the “NDA Submission Date” in

its calculation below.

10
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NDA Approval Date [35 U.S.C. § 156(g)(1)(B)(ii);
37C.FR § 1.740(a)(10)(i)(C)]

The FDA approved NDA number 216665 authorizing the marketing of
VYKAT™ XR (diazoxide choline) extended-release tablets for oral use on

March 26, 2025. A copy of the NDA approval letter from the FDA is provided as
Exhibit 7.

11
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11. Summary of Significant Events During Regulatory Review Period

[37 C.F.R. § 1.740(a)(11)]

A brief description of the significant activities by the marketing applicant (Soleno')
during the applicable regulatory review period with respect to the approved product and the dates
applicable to these significant activities are set forth in a chronological listing of events in

Exhibits 15-17.

Pursuant to 37 C.F.R. § 1.740(a)(11), 21 CFR. § 60.20(a), and M.P.E.P. § 2753, copies
of all such communications are not provided in this application but can be obtained from records

maintained by the FDA.

! Soleno is the Marketing Applicant for NDA number 216665 and current sponsor of IND numbers 73,179 and
132,498. However, as detailed in the Introductory Comments section of this application, Essentialis was the original
sponsor of IND numbers 73,179 and 132,498. Sponsorship of these INDs was transferred to Soleno and Soleno is
thereby authorized to rely on the activities undertaken by Essentialis of these INDs. Additionally, for the purposes
of this PTE application, as confirmed by Exhibit 5, Essentialis, as patent owner, is authorized to rely on activities
undertaken by NDA holder Soleno with respect to the regulatory review period associated with the approval of
VYKAT™ XR (diazoxide choline) extended-release tablets for oral use.

12
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The dates set forth in Exhibit 1, 6, 7, and 14 and used in the calculations described

herein are as summarized below.

Receipt of IND number 73,179

Exemption under FDCA § 505(i) became effective
(effective date of IND number 73,179)

Exhibit 14
Patent was granted
Exhibit 1

New Drug Application (NDA) number 216665 under
FDCA § 505(b)(2) was submitted

Exhibit 6
NDA number 216665 was approved

Exhibit 7

13
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August 22, 2006

September 21, 2006

September 12, 2017

June 27, 2024

March 26, 2025
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Statement Concerning Eligibility for and Duration of Extension Sought

Under 35 U.S.C. § 156 [37 C.F.R. § 1.740(a)(12)]

In the opinion of the Applicant, U.S. Patent No. 9,757,384 is eligible for an extension
under 35 U.S.C. § 156 and 37 C.F.R. § 1.720 because:

(i)

(ii)

(1i1)

(iv)

)

35U.S.C §156(a)and 37 C.F.R. § 1.720(a)
U.S. Patent No. 9,757,384 claims a method of using the compound that is the

active ingredient in VYKAT™ XR (diazoxide choline), extended-release tablets
for oral use, the approved product, as the term “product” is defined in

35 U.S.C. § 156, as described in § 9(b) above.

35U.S.C. § 156(a)(1) and 37 C.F.R. § 1.720(g)
U.S. Patent No. 9,757,384 has not expired.

35US.C. §156(a)2) and 37 C.F.R. § 1.720(b)
The term of U.S. Patent No. 9,757,384 has not been previously extended on the
basis of 35 U.S.C. § 156.

35 U.S.C. § 156(a)(3) and 37 C.F.R. § 1.720(c)

The application for extension is submitted by an owner of record or an agent
authorized to act on behalf of the owner of record in accordance with the
requirements of paragraphs (1) through (4) of 35 U.S.C. § 156(d) and the rule of
the Patent and Trademark Office (35 U.S.C. § 156(a)(3)). See Exhibit 5.

35US.C. §156(a)4) and 37 C.F.R. § 1.720(d)

There is an eligible period of regulatory review by which the patent may be

extended pursuant to 35 U.S.C. § 156.

14

APOTEX_EX1022_PGR2026-00034 Page 209



B.

(vi)

(vii)
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(ix)

(x)

Docket No.: SLNO-034/04US 333072-2375
PTE Application for U.S. Pat. No. 9,757,384
VYKAT™ XR

35 U.S.C. §156(a)(5)(A) and 37 C.F.R. § 1.720(e)

The approved product, diazoxide choline, has received permission for commercial
marketing or use, and the permission for the commercial marketing or use of the
product is the first such permission received under 21 U.S.C. § 355(a) and Section

505(b)(2) of the FDCA, codified at 21 U.S.C. § 355(b)(2).

35US.C. §156(c)4)and 37 CF.R. §1.720(h)
No other patent has been extended pursuant to 35 U.S.C. § 156 on the basis of the

regulatory review process associated with the approved product.’

35 U.S.C. § 156(d)(1) and 37 C.E.R. § 1.720(f)

This application is submitted within the permitted sixty-day period beginning on

the date the product first received permission for commercial marketing or use.

35 U.S.C. § 156(d)(3)

The applicant for marketing approval exercised due diligence within the meaning

of 35 U.S.C. § 156(d)(3) during the period of regulatory review.

This application otherwise complies with all requirements of 35 U.S.C. § 156 and

applicable rules and procedures.

Applicant believes that the extension should be for 1230 days so that the expiration date
for U.S. Patent No. 9,757,384 will be March 26, 2039. The term of the extension is calculated as

follows pursuant to 37 C.F.R. § 1.775 as shown in section C, below.

% See page 2 and section 13 of this application regarding three concurrently filed applications for Patent Term
Extension based on the 777, *789, and *823 patents.

311411094
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C. The requested period of extension of term for U.S. Patent No. 9,757,384 corresponds to
the regulatory review period that is eligible for extension pursuant to 35 U.S.C. § 156, based on

the facts and circumstances of the regulatory review associated with the approved product and

the issuance of the U.S. Patent No. 9,757,384. The period was determined as follows.

(1) The relevant dates for calculating the regulatory review period, based on the

events discussed in the section above, are the following:

Exemption under FDCA § 505(i) became effective September 21, 2006
(effective date of IND number 73179)

Patent was granted September 12, 2017

New Drug Application (NDA) number 216665 June 27, 2024
under FDCA § 505(b)(2) was received

NDA number 216665 was approved March 26, 2025

(i)  Regulatory review period — Testing Phase:

The regulatory review period from the IND number 73,179 effective date to the
NDA receipt date is 6490 days (September 21, 2006 through June 27, 2024).

U.S. Patent No. 9,757,384 was granted after the start of the period specified in

35 U.S.C. § 156(g)(1)(B)(1) (i.e., the period from the date of the grant of the
exemption under § 505(1) of the FDCA until the date of submission of the NDA).
Pursuant to 35 U.S.C. § 156(b) and (c)(2), the calculated regulatory review period
therefore includes a component of time between when the patent issued and when
NDA number 216665 was received (September 12, 2017 to June 27, 2024).

Accordingly, pursuant to 37 C.F.R. § 1.775(d)(1)(1), the regulatory review period
16
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(iv)

)
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is reduced by the number of days in the period defined by 37 CF R. § 1.775(c)(1)
and (c)(2) which occurred on and before the issuance of U.S. Patent No.
9,757,384 patent (September 12, 2017). Thus, the testing phase (6490 days) is
reduced by 4010 days (days from September 21, 2006 up to and including
September 12, 2017). The adjusted testing period is therefore 2480 days (6490
days minus 4010 days).

Regulatory Review Period — Approval Phase:

The patent was granted prior to the start of the period specified in

35 U.S.C. § 156(g)(1)(B)(ii) (i.e., the period from the date of submission of the
NDA until the date of approval). The regulatory review period under

35 U.S.C. § 156(b) therefore includes a component of time between when the
NDA was received and when the NDA was approved from June 27, 2024 to
March 26, 2025. The regulatory review period from the NDA receipt date to the
NDA approval date is therefore 273 days (June 27, 2024 to March 26, 2025).

Total Regulatory Review Period — as adjusted for patent issuance:

The total regulatory review period is 2753 days (2480 days in the testing phase
and 273 days in the approval phase). The adjusted regulatory review period,
calculated as the sum of the days after patent issuance in the testing phase
(“adjusted testing period” in (ii) above, 2480 days) plus the number of days in the
approval phase (273 days) is 2753 days.

Initial Calculation of Term:

Pursuant to 37 C.F.R. § 1.775(d)(1)(ii1), the term of extension is calculated by

subtracting from the total regulatory review period (as adjusted under
17
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(vii)

(viii)

(ix)

(x)

(xi)

Docket No.: SLNO-034/04US 333072-2375
PTE Application for U.S. Pat. No. 9,757,384
VYKAT™ XR

37 C.F.R. § 1.775(d)(1)(i) for the date of patent issuance — 2753 days, as
calculated in (iv), above) one-half of the days remaining in the period defined by
37 CF.R. § 1.775(c)(1) (testing phase adjusted for date of patent issuance (as
calculated in (ii), above) — 2480 days/2 is 1240 days). Thus, the initial
calculation of the term of extension is 2753 days — 1240 days, or 1513 days.

“Diligence” is described in 35 U.S.C. § 156(d)(3). Soleno and the prior sponsor,
Essentialis, of IND numbers 73,179 and 132,498 were diligent as of at least
September 12, 2017 as shown in Exhibits 15-17.

Thus, period determined according to 35 U.S.C. § 156(b), (¢)(2), and (g)(1) for
the approved product is 1513 days.

The original expiration date for U.S. Patent No. 9,757,384 is November 12, 2035,
which is calculated as 20 years from the earliest-claimed non-provisional filing

date (November 12, 2015 plus 20 years = November 12, 2035).

The date of approval of the approved product is March 26, 2025.

The date that is provided by adding the number of days determined according to
35 U.S.C. § 156(b), (c)(2), and (g)(1) for the approved product (1513 days) to the
expiration date of U.S. Patent No. 9,757,384 (November 12, 2035) is

January 3, 2040.

The date that is fourteen years from the date of approval of the approved product
(March 26, 2039) is before the date that is determined by adding the number of
days determined according to 35 U.S.C. § 156(b), (c)(2), and (g)(1) for the
approved product (1513 days) to the expiration date (November 12, 2035) of U.S.

Patent No. 9,757,358, which is January 3, 2040 (as noted in (x) above). Thus, the
18
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period remaining in the term of the patent after approval of the approved product
when added to the regulatory review period as revised under 35 U.S.C.
§ 156(c)(1) and (c)(2), exceeds fourteen years. As such, the period by which the
patent may be extended is limited by 35 U.S.C. § 156(c)(3). Thus, the extension
otherwise obtainable is limited to not more than fourteen years, i.e.,

March 26, 2039.

The provisions of 37 C.F.R. § 1.775(d)(5) do not apply. The date that is five
years from the expiration date of U.S. Patent No. 9,757,384 is

November 12, 2040, which is after the date determined in (x), above

(January 3, 2040). As such, the period by which the patent may be extended is
not limited by 37 C.F.R. § 1.775(d)(5).

U.S. Patent No. 9,757,384 issued after the effective date of Public Law No. 98-
417. As such the limit of 35 U.S.C. § 156(g)(6)(c) does not apply.

Taking into account the calculations and provisions detailed above, the earlier
date of sections (x), (x1) and (xii) is March 26, 2039 (i.e., 1230 days). Applicant
requests that the term of U.S. Patent No. 9,757,384 be extended by 1230 days,
thus, until March 26, 2039.

19
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13. Statement Pursuant to 37 C.F.R. § 1.740(a)(13)

Pursuant to 37 C.F.R. §1.740(a)(13), Applicant acknowledges its duty to disclose to the
Director of the PTO and to the Secretary of Health and Human Services any information which

is material to the determination of entitlement to the extension sought, particularly as that duty is

defined in 37 CF R. § 1.765.

In light of the duty to disclose, Applicant hereby notes the following on the co-pending
PTE applications:

e VYKAT™ XR PTE application concurrently filed to extend U.S. Patent No.
7.799.777

e VYKAT™ XR PTE application concurrently filed to extend U.S. Patent No.
7.572.,789

e VYKAT™ XR PTE application concurrently filed to extend U.S. Patent No.
12,178,823

Applicant understands that multiple applications for extension of term under 35 U.S.C.
§ 156(d)(1) may be filed in connection with any one particular regulatory approval, but that only
one such application may be granted. Accordingly, Applicant intends to withdraw all but one
application for extension of term filed under 35 U.S.C. § 156(d)(1) in connection with NDA
number 216665 prior to the grant of any extension of term of any patent under

35U.S.C. § 156(d)(1).

20
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14.  Applicable Fee [37 C.F.R. § 1.740(a)(14)]

Payment of the fee prescribed in 37 C.F.R. § 1.20(j)(1) for a patent term extension
application under 35 U.S.C. § 156 is authorized to be charged against Deposit Account No. 50-
1283 referencing docket no. SLNO-034/04US 333072-2375. The undersigned also authorizes
any additional required fees to be deducted from, or any overpayments to be credited to, Deposit

Account No. 50-1283.

15. Name and Address for Correspondence [37 C.F.R. § 1.740(a)(15)]

Please direct all inquiries, questions, and communications regarding this application for

term extension to:

Kimberly A. Bolin, D. Phil.
Registration No. 44,546

Cooley LLP

ATTN: Patent Group

1299 Pennsylvania Avenue, NW
Suite 700

Washington, DC 20004
KBolin@Cooley.com
Telephone: (650) 843-5387

Fax: (202) 842-7899

21
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In accordance with the Notice of March 2, 2023, requiring the initial filing of
Applications for Extension of Patent Term under 35 U.S.C. § 156 via Patent Center, Applicant is
submitting a single copy of this Application via Patent Center under document code
TERM.REQ. As required by the Notice, contact information for the undersigned includes an

email address.

Dated: May 14, 2025 Sincerely,
/Kimberly A. Bolin/

Kimberly A. Bolin, D. Phil
Registration No. 44,546

USPTO CUSTOMER NO. 58249

Cooley LLP

ATTN: IP Docketing Department

1299 Pennsylvania Avenue NW, Suite 700
Washington, DC 20004
KBolin@Cooley.com

Telephone: (650) 843-5387

Fax: (202) 842-7899

22
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U.S. Patent No. 9,757,384

Copy of recordation and accompanying assignment from inventor to

Essentialis, Inc. (recorded at reel/frame 037039/0755)

Copy of Certificate of Merger of Company E Merger Sub, Inc. with and into

Essentialis, Inc.

Copy of Certificate of Amendment for Capnia, Inc. for name change to Soleno

Therapeutics, Inc.

Authorization from Soleno Therapeutics, Inc. for Essentialis, Inc. to rely upon
marketing activities of Soleno Therapeutics, Inc. in request for Patent Term
Extension under 35 U.S.C. § 156

FDA acknowledgement letter dated July 8, 2024 for NDA number 216665
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METHODS FOR TREATING SUBJECTS
WITH PRADER-WILLI SYNDROME OR
SMITH-MAGENIS SYNDROME

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Ser. No. 62/080,
150, filed Nov. 14, 2014, U.S. Ser. No. 62/138,245, filed
Mar. 25, 2015, U.S. Ser. No. 62/170,035, filed Jun. 2, 2015,
and U.S. Ser. No. 62/221,359, filed Sep. 21, 2015, each of
which is incorporated herein in its entirety.

FIELD OF THE INVENTION

The present invention relates to pharmaceutical formula-
tions of potassium ATP (K ,;») channel openers and their use
for treatment of various diseases and conditions such as
Prader-Willi Syndrome (PWS), Smith-Magenis syndrome
(SMS), and the like.

BACKGROUND OF THE INVENTION

The following description of the background of the inven-
tion is provided simply as an aid in understanding the
invention and is not admitted to describe or constitute prior
art to the invention.

ATP-sensitive potassium (K ;) channels play important
roles in a variety of tissues by coupling cellular metabolism
to electrical activity. The K , - channel has been identified as
an octameric complex of two unrelated proteins, which
assemble in a 4:4 stoichiometry. The first is a pore forming
subunit, Kir6.x, which forms an inwardly rectifying K*
channel; the second is an ABC (ATP binding cassette)
transporter, also known as the sulfonylurea receptor (SURX)
(Babenko, et al., Annu. Rev. Physiol., 60:667-687 (1998)).
The Kir6.x pore forming subunit is common for many types
of K,;» channels, and has two putative transmembrane
domains (identified as TM1 and TM2), which are linked by
a pore loop (HS5). The subunit that comprises the SUR
receptor includes multiple membrane-spanning domains and
two nucleotide-binding folds.

According to their tissue localization, K ,,» channels exist
in different isoforms or subspecies resulting from the assem-
bly of the SUR and Kir subunits in multiple combinations.
The combination of the SUR1 with the Kir6.2 subunits
(SUR1/Kir6.2) typically forms the adipocyte and pancreatic
B-cell type K, ;» channels, whereas the SUR2A/Kir6.2 and
the SUR2B/Kir6.2 or Kir6.1 combinations typically form
the cardiac type and the smooth muscle type K ,;» channels,
respectively (Babenko, et al., Annu. Rev. Physiol., 60:667-
687 (1998)). There is also evidence that the channel may
include Kir2.x subunits. This class of potassium channels
are inhibited by intracellular ATP and activated by intracel-
Iular nucleoside diphosphates. Such K ,,» channels link the
metabolic status of the cells to the plasma membrane poten-
tial and in this way play a key role in regulating cellular
activity. In most excitatory cells, K ,,»» channels are closed
under normal physiological conditions and open when the
tissue is metabolically compromised (e.g. when the (ATP:
ADBP) ratio falls). This promotes K+ efflux and cell hyper-
polarization, thereby preventing voltage-operated Ca2+
channels (VOCs) from opening. (Prog Res Research, (2001)
31:77-80).

Potassium channel openers (PCOs or KCOs) (also
referred to as channel activators or channel agonists), are a
structurally diverse group of compounds with no apparent
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common pharmacophore linking their ability to antagonize
the inhibition of K ,,» channels by intracellular nucleotides.
Diazoxide is a PCO that stimulates K ,,» channels in pan-
creatic f-cells (see Trube, et al., Pfluegers Arch kEur J
Physiol, 407, 493-99 (1986)). Pinacidil and chromakalim are
PCOs that activate sarcolemmal potassium channels (see
Escande, et al., Biochem Biophys Res Commun, 154, 620-
625 (1988); Babenko, et al., J Biol Chem, 275(2), 717-720
(2000)). Responsiveness to diazoxide has been shown to
reside in the 6” through 11% predicted transmembrane
domains (TMD6-11) and the first nucleotide-binding fold
(NBF1) of the SUR1 subunit.

Diazoxide, which is a nondiuretic benzothiadiazine
derivative having the formula 7-chloro-3-methyl-2H-1,2.4-
benzothiadiazine 1.1-dioxide (empirical formula
CgH,CIN,0,S), is commercialized in three distinct formu-
lations to treat two different disease indications: 1) hyper-
tensive emergencies and 2) hyperinsulinemic hypoglycemic
conditions. Hypertensive emergencies are treated with
Hyperstat IV, an aqueous formulation of diazoxide for
intravenous use, adjusted to pH 11.6 with sodium hydroxide.
Hyperstat IV is administered as a bolus dose into a periph-
eral vein to treat malignant hypertension or sulfonylurea
overdose. In this use, diazoxide acts to open potassium
channels in vascular smooth muscle, stabilizing the mem-
brane potential at the resting level, and preventing vascular
smooth muscle contraction.

Hyperinsulinemic hypoglycemic conditions are treated
with Proglycem, an oral pharmaceutical version of diazox-
ide useful for administration to infants, children and adults.
It is available as a chocolate mint flavored oral suspension,
which includes 7.25% alcohol, sorbitol, chocolate cream
flavor, propylene glycol, magnesium aluminum silicate,
carboxymethylcellulose sodium, mint flavor, sodium benzo-
ate, methylparaben, hydrochloric acid to adjust the pH,
poloxamer 188, propylparaben and water. Diazoxide is also
available as a capsule with 50 or 100 mg of diazoxide
including lactose and magnesium stearate.

Several experimental formulations of diazoxide have
been tested in humans and animals. These include an oral
solution tested in pharmacodynamic and pharmacokinetic
studies and a tablet formulation under development as an
anti-hypertensive, but never commercialized (see Calesnick,
et al., J. Pharm. Sci. 54:1277-1280 (1965); Reddy, et al.,
AAPS Pharm Sci Tech 4(4):1-98, 9 (2003); U.S. Pat. No.
6,361,795).

Current oral formulations of diazoxide are labeled for
dosing two or three times per day at 8 or 12 hour intervals.
Most patients receiving diazoxide are dosed three times per
day. Commercial and experimental formulations of diazox-
ide are characterized by rapid drug release following inges-
tion with completion of release in approximately 2 hours.

Current oral formulations of diazoxide in therapeutic use
result in a range of adverse side effects including dyspepsia,
nausea, diarrhea, fluid retention, edema, reduced rates of
excretion of sodium, chloride, and uric acid, hyperglycemia,
vomiting, abdominal pain, ileus, tachycardia, palpitations,
and headache (see current packaging insert for the Progly-
cem). Oral treatment with diazoxide is used in individuals
experiencing serious disease where failing to treat results in
significant morbidity and mortality. The adverse side effects
from oral administration are tolerated because the benefits of
treatment are substantial. The adverse side effects profile of
oral diazoxide limit the utility of the drug in treating obese
patients at doses within the labeled range of 3 to 8 mg/kg per
day.
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The effect of diazoxide in animal models of diabetes and
obesity (e.g. obese and lean Zucker rats) has been reported.
See e.g. Alemzadeh et al. (Endocrinology 133:705-712
(1993), Alemzadeh et al. (Metabolism 45:334-341 (1996)),
Alemzadeh et al. (Erdocrinology 140:3197-3202 (1999)),
Stanridge et al. (FASEB J 14:455-460 (2000)), Alemzadeh et
al. (Med Sci Monit 10(3): BR53-60 (2004)), Alemzadeh and
Tushaus (Endocrinology 145(12):3476-3484  (2004)),
Aizawa et al. (J of Pharma Exp Ther 275(1): 194-199
(1995)), and Surwit et al. (Endocrinology 141:3630-3637
(2000)).

The effect of diazoxide in humans with obesity or diabetes
has been reported. See e.g., Wigand and Blackard (Diabetes
28(4):287-291 (1979); evaluation of diazoxide on insulin
receptors), Ratzmann et al. (Int J Obesity 7(5):453-458
(1983); glucose tolerance and insulin sensitivity in moder-
ately obese patients), Marugo et al. (Boll Spec It Biol Sper
53:1860-1866 (1977); moderate dose diazoxide treatment on
weight loss in obese patients), Alemzadeh et al. (J Clin
Endocr Metab 83:1911-1915 (1998); low dose diazoxide
treatment on weight loss in obese hyperinsulinemic
patients), Guldstrand et al. (Diabetes and Metabolism
28:448-456 (2002); diazoxide in obese type Il diabetic
patients), Ortqvist et al. (Diabetes Care 27(9):2191-2197
(2004); beta-cell function measured by circulating C-peptide
in children at clinical onset of type 1 diabetes), Bjork et al.
(Diabetes Care 21(3):427-430 (1998); effect of diazoxide on
residual insulin secretion in adult type I diabetes patients),
and Qvigstad et al., (Diabetic Medicine 21:73-76 (2004)).

U.S. Pat. No. 5,284,845 describes a method for normal-
izing blood glucose and insulin levels in an individual
exhibiting normal fasting blood glucose and insulin levels
and exhibiting in an oral glucose tolerance test, elevated
glucose levels and at least one insulin level abnormality
selected from the group consisting of a delayed insulin peak,
an exaggerated insulin peak and a secondary elevated insulin
peak. According to this reference, the method includes
administering diazoxide in an amount from about 0.4 to
about 0.8 mg/kg body weight before each meal in an amount
effective to normalize the blood glucose and insulin levels.

U.S. Pat. No. 6,197,765 describes administration of diaz-
oxide as a treatment for syndrome-X, and resulting compli-
cations, that include hyperlipidemia, hypertension, central
obesity, hyperinsulinemia and impaired glucose intolerance.
According to this reference, diazoxide interferes with pan-
creatic islet function by ablating endogenous insulin secre-
tion resulting in a state of insulin deficiency and high blood
glucose levels equivalent to that of diabetic patients that
depend on exogenous insulin administration for normaliza-
tion of their blood glucose levels.

U.S. Pat. No. 2,986,573 describes diazoxide and alkali
metal salts for the treatment of hypertension.

U.S. Pat. No. 5,629,045 describes diazoxide for topical
ophthalmic administration.

WO 98/10786 describes use of diazoxide in the treatment
of X-syndrome including obesity associated therewith.

U.S. Patent publication no. 2003/0035106 describes diaz-
oxide-containing compounds for reducing the consumption
of fat-containing foods.

U.S. Patent publication no. 2004/0204472 describes the
use of a Cox-2 inhibitor plus diazoxide in the treatment of
obesity.

U.S. Patent publication no. 2002/0035106 describes the
use of K, »» channel openers including diazoxide and metal
salts for reducing the consumption of fat containing food.

SUMMARY OF THE INVENTION

Provided herein are pharmaceutical formulations of K -~
channel openers and their use (optionally in combination
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with growth hormone) for treatment of various diseases and
conditions, including Prader-Willi Syndrome (PWS), Smith-
Magenis syndrome (SMS), and the like. Such formulations
are characterized as being bioavailable. A K ,» channel
opener as used herein has any one or more of the following
properties: (1) opening SUR1/Kir6.2 potassium channels;
(2) binding to the SUR1 subunit of K ,,» channels; and (3)
inhibiting glucose induced release of insulin following
administration of the compound in vivo. Preferably, K ,,»
channel openers are K, ,» channel openers with all three
properties. K, channel openers as defined above prefer-
ably have the structure of compounds of Formulas I-VII as
set forth below.

In accordance with one aspect of the present invention, it
has been discovered that one or more K, ;» channel
opener(s) (optionally in combination with growth hormone)
is effective for the treatment of a subject having Prader-Willi
Syndrome (PWS), Smith-Magenis syndrome (SMS), and the
like, and is especially effective for increasing the lean body
mass of such subjects. Therefore, in one aspect of the present
invention, there are provided methods of increasing the lean
body mass of a subject having Prader-Willi Syndrome
(PWS), Smith-Magenis syndrome (SMS), and the like, said
method comprising administering to said subject for at least
4 weeks an effective amount of a K ,» channel opener
(optionally in combination with growth hormone).

In some embodiments, the lean body mass of said subject
is increased by at least 1%. In some embodiments, the lean
body mass of said subject is increased by at least 2%. In
some embodiments, the lean body mass of said subject is
increased by at least 3%. In some embodiments, the lean
body mass of said subject is increased by at least 4%. In
some embodiments, the lean body mass of said subject is
increased by at least 5%.

In addition to increasing the lean body mass of a subject,
in some embodiments, invention methods also reduce the
hyperphagia of a subject. In some embodiments, the hyper-
phagia of said subject is reduced by at least 10%. In some
embodiments, the hyperphagia of said subject is reduced by
at least 20%. In some embodiments, the hyperphagia of said
subject is reduced by at least 30%.

In addition to increasing the lean body mass of a subject,
in some embodiments, invention methods also reduce the
body fat of a subject. In some embodiments, the body fat of
said subject is reduced by at least 1%. In some embodiments,
the body fat of said subject is reduced by at least 3%. In
some embodiments, the body fat of said subject is reduced
by at least 5%.

In another aspect, the present invention provides a method
of increasing the lean body mass of a subject having
Prader-Willi Syndrome (PWS), Smith-Magenis syndrome
(SMS), and the like, wherein said subject is already being
treated by administration thereto of growth hormone, said
method comprising co-administering to said subject an
effective amount of a K, channel opener in addition to
said growth hormone.

In yet another aspect, the present invention provides a
method of increasing the lean body mass of a subject having
Prader-Willi Syndrome (PWS), Smith-Magenis syndrome
(SMS), and the like, wherein said subject is already being
treated by administration thereto of an effective amount of a
K, 7» channel opener, said method comprising co-adminis-
tering to said subject an effective amount of growth hormone
in addition to said K, channel opener.

K ,7» channel openers defined by Formula I are as fol-
lows:
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Formula I

| RI®

3 Rla
X B A’
LN

N s

O// \\O

wherein:

R'* and R'®, when present, are independently selected
from the group consisting of hydrogen, lower alkyl,
substituted lower alkyl, cycloalkyl, substituted
cycloalkyl, amino, and substituted amino;

R and R??, when present, are independently selected
from the group consisting of hydrogen, and lower
alkyl;

X is a 1, 2 or 3 atom chain, wherein each atom is
independently selected from carbon, sulfur or nitrogen,
and each atom is optionally substituted with halogen,
hydroxyl, lower alkyl, substituted lower alkyl, lower
alkoxy, cycloalkyl, substituted cycloalkyl, substituted
lower alkoxy, amino, or substituted amino;

wherein rings A and B are each independently saturated,
monounsaturated, polyunsaturated or aromatic;

and all bioequivalents including salts, prodrugs and iso-
mers thereof.

In particular embodiments, compounds of Formula I may
include a double bond between either positions 1 and 2 or
positions 2 and 3 of Ring A. When a double bond is present
between positions 1 and 2 of Ring A, R** is 1 absent and one
of R' and R'? are absent. When a double bond is present
between positions 2 and 3 of Ring A, R?” is absent and one
of R* and R*® are absent. In a preferred embodiment, R*¢
and R'” are not amino. In another preferred embodiment,
Ring B does not include any heteroatoms.

K ,7» channel openers defined by Formula II being a
subgenera of Formula I are as follows:

N RI
74 =
X/ B | A
N
g7 g

O// \\O

Formula IT

wherein:

R! is selected from the group consisting of hydrogen,
lower alkyl, substituted lower alkyl, cycloalkyl, sub-
stituted cycloalkyl, amino, and substituted amino;

R*“ is selected from the group consisting of hydrogen, and
lower alkyl;

X is a 1, 2 or 3 atom chain, wherein each atom is
independently selected from carbon, sulfur or nitrogen,
and each atom is optionally substituted with halogen,
hydroxyl, lower alkyl, substituted lower alkyl, lower
alkoxy, cycloalkyl, substituted cycloalkyl, substituted
lower alkoxy, amino, or substituted amino;

wherein ring B is saturated, monounsaturated, polyun-
saturated or aromatic;

and all bioequivalents including salts, prodrugs and iso-
mers thereof.

In particular embodiments of Formula II, X is C(R*)C
(R?), wherein R* and R” are independently selected from the
group consisting of hydrogen, halogen, lower alkyl, substi-
tuted lower alkyl, cycloalkyl, substituted cycloalkyl, lower
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alkoxy, substituted lower alkoxy, amino, sulfonylamino,
aminosulfonyl, sulfonyl, and the like. In further embodi-
ments, R* and R? are independently selected from the group
consisting of hydroxyl, substituted oxy, substituted thiol,
alkylthio, substituted alkylthio, sulfinyl, sulfonyl, substi-
tuted sulfinyl, substituted sulfonyl, substituted sulfo-
nylamino, substituted amino, substituted amine, alkylsulfi-
nyl, alkylsulfonyl, alkylsulfonylamino, and the like. In a
preferred embodiment, R! is not amino. In another preferred
embodiment, Ring B does not include any heteroatoms.

K ,7» channel openers defined by Formula III being a
subgenera of Formula I are as follows:

Formula ITT
RZb

IL R!
N
<

O// \\O

wherein:

R! is selected from the group consisting of hydrogen,
lower alkyl, substituted lower alkyl, cycloalkyl, sub-
stituted cycloalkyl, amino, and substituted amino;

R?” is selected from the group consisting of hydrogen, and
lower alkyl;

X is a 1, 2 or 3 atom chain, wherein each atom is
independently selected from carbon, sulfur or nitrogen,
and each atom is optionally substituted with halogen,
hydroxyl, lower alkyl, substituted lower alkyl, lower
alkoxy, cycloalkyl, substituted cycloalkyl, substituted
lower alkoxy, amino, or substituted amino;

wherein ring B is saturated, monounsaturated, polyun-
saturated or aromatic;

and all bioequivalents including salts, prodrugs and iso-
mers thereof.

In particular embodiments of Formula III, X is C(R)C
(R?), wherein R® and R? are independently selected from the
group consisting of hydrogen, halogen, lower alkyl, substi-
tuted lower alkyl, cycloalkyl, substituted cycloalkyl, lower
alkoxy, substituted lower alkoxy, amino, sulfonylamino,
aminosulfonyl, sulfonyl, and the like. In further embodi-
ments, R* and R? are independently selected from the group
consisting of hydroxyl, substituted oxy, substituted thiol,
alkylthio, substituted alkylthio, sulfinyl, sulfonyl, substi-
tuted sulfinyl, substituted sulfonyl, substituted sulfo-
nylamino, substituted amino, substituted amine, alkylsulfi-
nyl, alkylsulfonyl, alkylsulfonylamino, and the like. In a
preferred embodiment, R! is not amino. In another preferred
embodiment, Ring B does not include any heteroatoms.

K ,7» channel openers defined by Formula IV being a
subgenera of Formula I are as follows:

Formula IV

R} N, R!

j@i Y
N
R* /s\/ S
O/ \O
wherein:

R! is selected from the group consisting of hydrogen,

lower alkyl, substituted lower alkyl, cycloalkyl, amino,
and substituted lower amino;
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R?“ is selected from the group consisting of hydrogen,
lower alkyl, and substituted lower alkyl;

R? is selected from the group consisting of hydrogen,
halogen, lower alkyl, substituted lower alkyl, amino,
and substituted amino;

R* is selected from the group consisting of hydrogen,
halogen, lower alkyl, substituted lower alkyl, amino,
and substituted amino;

and all bioequivalents including salts, prodrugs and iso-
mers thereof.

In particular embodiments of Formula IV, R is a lower
alkyl (preferably ethyl or methyl); R** is hydrogen; and R>
and R* are each independently halogen.

In a preferred embodiment of Formula IV, R' is not
amino.

In another embodiment of Formula IV, R* is methyl; R**
is hydrogen; R is selected from the group consisting of
hydrogen, halogen, lower alkyl, substituted lower alkyl,
amino, substituted amino, cycloalkyl, and substituted
cycloalkyl; and R* is chlorine.

K 77 channel openers defined by Formula V being a
subgenera of Formula I are as follows:

Formula V
R2®
RY NYRI
N
Rﬁ S 7~
VAN
O/ \O

wherein:

R! is selected from the group consisting of hydrogen,
lower alkyl, substituted lower alkyl, cycloalkyl, amino,
and substituted lower amino;

R?? is selected from the group consisting of hydrogen,
lower alkyl, and substituted lower alkyl;

R? is selected from the group consisting of hydrogen,
halogen, lower alkyl, substituted lower alkyl, amino,
and substituted amino;

R* is selected from the group consisting of hydrogen,
halogen, lower alkyl, substituted lower alkyl, amino,
and substituted amino;

and all bioequivalents including salts, prodrugs and iso-
mers thereof.

In particular embodiments of Formula V, R! is a lower
alkyl (preferably ethyl or methyl); R*” is hydrogen; and R?
and R* are each independently halogen.

In a preferred embodiment of Formula V, R” is not amino.

In another embodiment of Formula V, R! is methyl; R>*
is hydrogen; R® is selected from the group consisting of
hydrogen, halogen, lower alkyl, substituted lower alkyl,
amino, substituted amino, cycloalkyl, and substituted
cycloalkyl; and R* is chlorine.

K, channel openers defined by Formula VI are as
follows:

Formula VI
N,

R3 R!
I \(
N
RS g7 g

O// \\O
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wherein:

R! is selected from the group consisting of hydrogen,
lower alkyl, substituted lower alkyl, cycloalkyl, sub-
stituted cycloalkyl, amino, and substituted lower
amino, or R' can cooperate with R® or R® to form an
additional ring;

R?“ is selected from the group consisting of hydrogen,
lower alkyl, and substituted lower alkyl;

R’ is selected from the group consisting of hydrogen,
halogen, hydroxyl, lower alkyl, substituted lower alkyl,
amino, substituted amino, sulfonyl, aminosulfonyl, and
sulfonylamino, or R® can cooperate with R* or R® to
form an additional ring;

R® is selected from the group consisting of hydrogen,
halogen, lower alkyl, substituted lower alkyl, amino,
substituted amino, sulfonyl, aminosulfonyl, and sulfo-
nylamino, or R® can cooperate with R* or R® to form an
additional ring;

wherein the ring formed by the cooperation of R! and R>,
or R! and RS, or R® and R® is saturated, monounsatu-
rated, polyunsaturated or aromatic;

wherein the ring formed by the cooperation of R! and R>,
or R! and RS, or R® and R® is optionally substituted with
halogen, hydroxyl, lower alkyl, substituted lower alkyl,
amino, substituted amino, sulfonyl, aminosulfonyl, or
sulfonylamino;

and all bioequivalents including salts, prodrugs and iso-
mers thereof.

In a preferred embodiment, R* is not an amino substituent.

In another embodiment of Formula VI, R® and R® com-

bine to form a 6 membered ring. In another embodiment, R®
and R® combine to form a 6 membered ring wherein at least
one nitrogen is present. Preferably, the ring formed by R®
and RS does not include any heteroatoms.

K ,7» channel openers defined by Formula VII are as

follows:

Formula VII

wherein:

R! is selected from the group consisting of hydrogen,
lower alkyl, substituted lower alkyl, cycloalkyl, sub-
stituted cycloalkyl, amino, and substituted lower
amino, or R' can cooperate with R® or R® to form an
additional ring;

R?? is selected from the group consisting of hydrogen,
lower alkyl, and substituted lower alkyl;

R’ is selected from the group consisting of hydrogen,
halogen, hydroxyl, lower alkyl, substituted lower alkyl,
amino, substituted amino, sulfonyl, aminosulfonyl, and
sulfonylamino, or R> can cooperate with R' or R® to
form an additional ring;

R® is selected from the group consisting of hydrogen,
halogen, lower alkyl, substituted lower alkyl, amino,
substituted amino, sulfonyl, aminosulfonyl, and sulfo-
nylamino, or R® can cooperate with R* or R® to form an
additional ring;
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wherein the ring formed by the cooperation of R* and R>,
or R! and RS, or R® and R® is saturated, monounsatu-
rated, polyunsaturated or aromatic;

wherein the ring formed by the cooperation of R* and R>,

orR! and RS, or R® and R® is optionally substituted with
halogen, hydroxyl, lower alkyl, substituted lower alkyl,
amino, substituted amino, sulfonyl, aminosulfonyl, or
sulfonylamino;

and all bioequivalents including salts, prodrugs and iso-

mers thereof.

In a preferred embodiment, R' is not an amino substituent.

In another embodiment of Formula VI, R and R® com-
bine to form a 6 membered ring. In another embodiment, R®
and R® combine to form a 6 membered ring wherein at least
one nitrogen is present. Preferably, the ring formed by R®
and RS does not include any heteroatoms.

Unless otherwise indicated, reference in this application
to K, » channel openers should be understood to refer to
K ,7» channel opener(s) having one or more and preferably
all three of the following properties: (1) opening SUR1/
Kir6.2 potassium channels; (2) binding to the SUR1 subunit
of K, channels; and (3) inhibiting glucose induced release
of'insulin following administration of the compound in vivo.
Such K ,;» channel openers preferably have the structure of
any of the compounds of Formulae I-VII, or more preferably
Formulae I-VII where R is not amino and also where ring
B or its equivalent does not include any heteroatoms, or
more preferably, any of the compounds of Formulae II or 111,
or more preferably, any of the compounds of Formulae II or
III where R' is not amino and also where ring B or its
equivalent does not include any heteroatoms, or more pref-
erably, the structure is diazoxide. Structural variants or
bioequivalents of the compounds of any of Formulae I-VII
such as derivatives, salts, prodrugs or isomers are also
contemplated. Other K, » channel openers that are contem-
plated for use herein include BPDZ62, BPDZ 73, NN414,
BPDZ 154.

In vitro analysis of glucose induced release of insulin via
K ,7» channel openers can be determined using rat islets as
provided by De Tullio, et al., J. Med. Chem., 46:3342-3353
(2003) or by using human islets as provided by Bjoérklund,
et al., Diabetes, 49:1840-1848 (2000).

Provided herein are formulations, such as controlled
release pharmaceutical formulations, of K ,,» channel open-
ers and bioquivalents thereof. In one embodiment, the
controlled release formulations are formulated for oral
administration. Such formulations contain in a single admin-
istration dosage between 10 and 100 mg, between 25 and
100 mg, between 100 and 200 mg, between 200 and 300 mg,
between 300 and 500 mg or between 500 and 2000 mg of the
K, 7» channel openers. In certain embodiments, the dosage
of'the K, channel openers contained in a formulation may
be determined based on the weight of the patient for which
it is to be administered, i.e., the formulation may contain in
a single administration dosage between 0.1-20 mg of the
K, 7» channel opener per kg of the patient’s body weight, or
between 0.1-0.5 mg of the K, channel opener per kg of the
patient’s body weight; or between 0.5-1 mg of the K ,»
channel opener per kg of the patient’s body weight; or
between 1-2 mg of the K ,,» channel opener per kg of the
patient’s body weight, or between 2-5 mg of the K ,»
channel opener per kg of the patient’s body weight, or
between 5-10 mg of the K, channel opener per kg of the
patient’s body weight, or between 10-15 mg of the K ,»
channel opener per kg of the patient’s body weight, or
between 15-20 mg of the K, channel opener per kg of the
patient’s body weight.
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Also provided herein are controlled release pharmaceuti-
cal formulations containing K ,» channel openers obtained
by at least one of the following: (a) particle size reduction
involving comminution, spray drying, or other micronising
techniques, (b) use of a pharmaceutical salt of the K ,»
channel opener, (c) use of an ion exchange resin, (d) use of
inclusion complexes, for example cyclodextrin, (e) compac-
tion of the K, channel opener with a solubilizing agent
including a low viscosity hypromellose, low viscosity
metylcellulose or similarly functioning excipient or combi-
nations thereof, (f) associating the K , - channel opener with
a salt prior to formulation, (g) use of a solid dispersion of the
K ,7» channel opener, (h) use of a self emulsifying system,
(1) addition of one or more surfactants to the formulation, (j)
use of nanoparticles, or (k) combinations of these
approaches.

Further provided herein are controlled release pharma-
ceutical formulations containing K,,» channel openers
which include at least one component that substantially
inhibits release of the K, ,» channel activator from the
formulation until after gastric transit. As used herein, “sub-
stantially inhibits” means less than 15% release, more pref-
erably at least less than 10% release, or more preferably at
least less than 5% release of the drug from the formulation
during gastric transport. Release can be measured in a
standard USP based in-vitro gastric dissolution assay in a
calibrated dissolution apparatus (see, for example, U.S.
Pharmacopeia, Chapter 711 (2005)).

Also provided are oral pharmaceutical formulations of
K, 7» channel openers which include at least one component
that substantially inhibits release of the K, channel opener
from the formulation until after gastric transit. Substantial
inhibition of drug release during gastric transit is achieved
by inclusion of a component in the formulation selected
from the group consisting of: (a) a pH sensitive polymer or
co-polymer applied as a compression coating on a tablet, (b)
a pH sensitive polymer or co-polymer applied as a thin film
on a tablet, (c) a pH sensitive polymer or co-polymer applied
as a thin film to an encapsulation system, (d) a pH sensitive
polymer or co-polymer applied to encapsulated micropar-
ticles, (¢) a non-aqueous-soluble polymer or co-polymer
applied as a compression coating on a tablet, (f) a non-
aqueous-soluble polymer or co-polymer applied as a thin
film on a tablet, (g) a non-aqueous soluble polymer applied
as a thin film to an encapsulation system, (h) a non-aqueous
soluble polymer applied to microparticles, (i) incorporation
of the formulation in an osmotic pump system, (j) use of
systems controlled by ion exchange resins, and (k) combi-
nations of these approaches, wherein the pH sensitive poly-
mer or co-polymer is resistant to degradation under acid
conditions.

Also provided herein are controlled release pharmaceuti-
cal formulations of K, ;» channel openers, wherein the
formulation includes at least one component that contributes
to sustained release of a K ,,» channel opener over a period
of 2-4 hours following administration, or over a period of
4-8 hours following administration, or over a period of more
than 8-24 hours following administration. These formula-
tions are characterized in having one of the following
components: (a) a pH sensitive polymeric coating, (b) a
hydrogel coating, (c) a film coating that controls the rate of
diffusion of the drug from a coated matrix, (d) an erodable
matrix that controls rate of drug release, (e) polymer coated
pellets, granules or microparticles of drug which can be
further encapsulated or compressed into a tablet, (f) an
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osmotic pump system containing the drug, (g) a compres-
sion coated tablet form of the drug, or (h) combinations of
these approaches.

As used herein, an erodable matrix is the core of a tablet
formulation that, upon exposure to an aqueous environment,
begins a process of disintegration which facilitates the
release of drug from the matrix. The rate of release of drug
from the tablet is controlled both by the solubility of the drug
and the rate of disintegration of the matrix.

The above formulations may further comprise one or
more additional pharmaceutically active agents (other than
K ,7» channel openers) useful for the treatment of a condi-
tion selected from the group consisting of obesity, predia-
betes, diabetes, hypertension, depression, elevated choles-
terol, fluid retention, other obesity associated comorbidities,
ischemic and reperfusion injury, epilepsy, schizophrenia,
mania, or other psychotic diseases.

Further provided is a controlled release pharmaceutical
formulation of a K, channel opener wherein administra-
tion to an obese, overweight or obesity prone individual
results in at least one of the following: (a) inhibition of
fasting insulin secretion (b) inhibition of stimulated insulin
secretion, (c) elevation of energy expenditure, (d) elevation
of beta oxidation of fat, (e) inhibition of hyperphagia for
about 24 hours, or (f) increase in lean body mass.

Additionally provided is a controlled release pharmaceu-
tical formulation of a K ,;» channel opener wherein admin-
istration to an obese, overweight or obesity prone individual
results in at least one of the following: (a) inhibition of
fasting insulin secretion (b) inhibition of glucose stimulated
insulin secretion, (c) elevation of energy expenditure, (d)
elevation of beta oxidation of fat, (e) inhibition of hyper-
phagia for about 18 hours, or (f) increase in lean body mass.

Still further provided is a controlled release pharmaceu-
tical formulation of a K, channel opener which upon
administration to an obese, overweight or obesity prone
individual results in at least one of the following: (a)
inhibition of fasting insulin secretion (b) inhibition of glu-
cose stimulated insulin secretion, (c¢) elevation of energy
expenditure, (d) elevation of beta oxidation of fat, (e)
inhibition of hyperphagia for about 24 hours, or (f) increase
in lean body mass.

Additionally provided is a controlled release pharmaceu-
tical formulation of a K ,,» channel opener that upon admin-
istration to an obese, overweight or obesity prone individual
results in at least one of the following: (a) inhibition of
fasting insulin secretion (b) inhibition of glucose stimulated
insulin secretion, (c) elevation of energy expenditure, (d)
elevation of beta oxidation of fat, (e) inhibition of hyper-
phagia for about 18 hours, or (f) increase in lean body mass.

Provided herein is a method of treating hypoglycemia, the
method comprising orally administering a controlled release
formulation of a K ,;» channel opener, optionally in combi-
nation with growth hormone.

Further provided herein is a method of treating obesity
associated co-morbidities in an obese, overweight or obesity
prone individual, the method comprising administering a
therapeutically effective amount of a solid oral dosage form
of' a K, channel opener, or controlled release pharmaceu-
tical formulation of a K, channel opener, optionally in
combination with growth hormone. In a preferred embodi-
ment, administration is no more than two times per 24 hours,
or once per 24 hours.

Yet further provided herein is a method of achieving
weight loss in an obese overweight, or obesity prone indi-
vidual, the method comprising administering a therapeuti-
cally effective amount of a solid oral dosage form of a K~
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channel opener or controlled release pharmaceutical formu-
lation of a K ,,» channel opener, optionally in combination
with growth hormone. In a preferred embodiment, admin-
istration is no more than two times per 24 hours, or once per
24 hours. The daily dosage administered is preferably
between 50 and 180 mg. In certain embodiments, the obese
individual has a body mass index greater than 30 kg/m?, or
greater than 35 kg/m?, or greater than 40 kg/m>, or greater
than 50 kg/m?, or greater than 60 kg/m* at the time the
method commences.

Also provided is a method of maintaining a weight loss in
an obese overweight, or obesity prone individual, the
method comprising administering a therapeutically effective
amount of a solid oral dosage form of a K, channel opener
or controlled release pharmaceutical formulation of a K,
channel opener, optionally in combination with growth
hormone. It is preferable to maintain weight in an obese
individual once some weight loss has occurred when the
alternative is to regain weight. In a preferred embodiment,
administration is no more than two times per 24 hours, or
once per 24 hours.

Further provided is a method of elevating energy expen-
diture in an overweight, obese or obesity prone individual,
the method comprising administering an effective amount of
a solid oral dosage form of a K,;» channel opener or
controlled release pharmaceutical formulation of a K ;»
channel opener, optionally in combination with growth
hormone. In a preferred embodiment, administration is no
more than two times per 24 hours, or once per 24 hours. In
certain embodiments, the individual has a body mass index
greater than 20 kg/m®, or greater than 25 kg/m>, or greater
than 30 kg/m>, or greater than 35 kg/m?, or greater than 40
kg/m?, or greater than 50 kg/m?, or greater than 60 kg/m> at
the time the method commences.

Additionally provided is a method of elevating beta
oxidation of fat in an overweight, obese or obesity prone
individual, the method comprising administering an effec-
tive amount of a solid oral dosage form of a K ,;» channel
opener or controlled release pharmaceutical formulation of
a K, channel opener, optionally in combination with
growth hormone. In a preferred embodiment, administration
is no more than two times per 24 hours, or once per 24 hours.
In certain embodiments, the individual has a body mass
index greater than 20 kg/m?, or greater than 25 kg/m>, or
greater than 30 kg/m?, or greater than 35 kg/m?, or greater
than 40 kg/m>, or greater than 50 kg/m>, or greater than 60
kg/m? at the time the method commences.

Yet further provided is a method of reducing visceral fat
in an overweight, obese or obesity prone individual, the
method comprising administering an effective amount of a
solid oral dosage form of a K ;- channel opener or con-
trolled release pharmaceutical formulation of a K ;» chan-
nel opener, optionally in combination with growth hormone.
In a preferred embodiment, administration is no more than
two times per 24 hours, or once per 24 hours.

Still further provided is a method of delaying or prevent-
ing the transition to diabetes of a prediabetic individual
comprising administering an effective amount of a K,
channel opener or controlled release pharmaceutical formu-
lation of a K ,;» channel opener, optionally in combination
with growth hormone. In a preferred embodiment, admin-
istration is no more than two times per 24 hours, or once per
24 hours.

Additionally provided is a method of restoring normal
glucose tolerance in a prediabetic individual comprising
administering an effective amount of a K, channel opener
or controlled release pharmaceutical formulation of a K,
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channel opener, optionally in combination with growth
hormone. In a preferred embodiment, administration is no
more than two times per 24 hours, or once per 24 hours.

Further provided is a method of restoring normal glucose
tolerance in a diabetic individual comprising administering
an effective amount of a K ,,» channel opener or controlled
release pharmaceutical formulation of a K,;» channel
opener, optionally in combination with growth hormone. In
a preferred embodiment, administration is no more than two
times per 24 hours, or once per 24 hours.

Still further provided is a method of delaying or prevent-
ing progression of diabetes in an individual comprising
administering an effective amount of a K, channel opener
or controlled release pharmaceutical formulation of a K ,,»
channel opener, optionally in combination with growth
hormone. In a preferred embodiment, administration is no
more than two times per 24 hours, or once per 24 hours.

Also provided is a method to prevent or treat weight gain,
impaired glucose tolerance or dyslipidemia associated with
the use of anti-psychotics to treat patients comprising the
co-administration of an effective amount of a K, channel
opener or controlled release pharmaceutical formulation of
a K, channel opener, optionally in combination with
growth hormone. In a preferred embodiment, administration
is no more than two times per 24 hours, or once per 24 hours.

Further provided is a method to increase lean body mass
in a Prader-Willi Syndrome patient, in a Smith-Magenis
syndrome patient, in a Froelich’s Syndrome patient, in a
Cohen Syndrome patient, in a Summit Syndrome patient, in
an Alstrom Syndrome patient, in a Borjeson Syndrome
patient or in a Bardet-Biedl Syndrome patient comprising
the administration of an effective amount of a K ,;» channel
opener (optionally in combination with growth hormone) or
a controlled release pharmaceutical formulation of a K,
channel opener (optionally in combination with growth
hormone). In a preferred embodiment, administration is no
more than two times per 24 hours, or once per 24 hours.

Still further provided is a method to treat obesity or
elevated triglycerides in a patient suffering hyperlipopro-
teinemia type I, type 1I, type III or type IV comprising
administering an effective amount of a K, channel opener
or controlled release pharmaceutical formulation of a K ,,»
channel opener, optionally in combination with growth
hormone. In a preferred embodiment, administration is no
more than two times per 24 hours, or once per 24 hours.

Also provided is a method of reducing the incidence of
adverse effects from administration of a K, ,» channel
opener in the treatment of diseases of a subject achieved by
any of the following: (a) use of a dosage form that on
administration reduces C,,,, relative to the current Progly-
cem oral suspension or capsule products in order to reduce
the incidence of adverse side effects that are associated with
peak drug levels, (b) use of a dosage form that delays release
until gastric transit is complete in order to reduce the
incidence of adverse side effects that are associated with the
release of drug in the stomach, (c) initiating dosing at
subtherapeutic levels and in a stepwise manner increasing
dose daily until the therapeutic dose is achieved wherein the
number of steps is 2 to 10 to reduce the incidence of adverse
side effects that occur transiently at the initiation of treat-
ment, (d) use of the lowest effective dose to achieve the
desired therapeutic effect in order to reduce the incidence of
adverse side effects that are dose dependent, or (e) optimiz-
ing the timing of administration of dose within the day and
relative to meals.

Further provided is a method of preventing weight gain,
dyslipidemia or impaired glucose tolerance in a subject
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treated with an anti-psychotic drug, the method comprising
administering a pharmaceutical formulation of a K ,;» chan-
nel opener, optionally in combination with growth hormone.

Yet further provided is a method of treating weight gain,
dyslipidemia or impaired glucose tolerance in a subject
treated with an anti-psychotic drug, the method comprising
administering a pharmaceutical formulation of a K ,;» chan-
nel opener, optionally in combination with growth hormone.

Also provided is a method of treating diseases character-
ized by obesity, hyperphagia, dyslipidemia, or decreased
energy expenditure including (a) Prader Willi Syndrome, (b)
Froelich’s syndrome, (c¢) Cohen syndrome, (d) Summit
Syndrome, (e) Alstrom, Syndrome, (f) Borjesen Syndrome,
(g) Bardet-Biedl Syndrome, (h) hyperlipoproteinemia type 1,
11, 111, and IV, or (i) Smith-Magenis syndrome (SMS), said
method comprising administering a pharmaceutical formu-
lation of a K ,;» channel opener, optionally in combination
with growth hormone.

Further provided is a pharmaceutical formulation of a
K ,7» channel opener further comprising a pharmaceutically
active agent other than the K,,» channel opener. In this
formulation, the other pharmaceutically active agent is an
agent useful for the treatment of a condition selected from
the group consisting of obesity, prediabetes, diabetes, hyper-
tension, depression, elevated cholesterol, fluid retention, or
other obesity associated comorbidities, ischemic and reper-
fusion injury, epilepsy, schizophrenia, mania, and other
psychotic condition.

The formulations containing K, ;- channel openers
described herein provide for improved compliance, efficacy
and safety, and for co-formulations with other agents.
Included are co-formulations of K ,,» channel openers with
one or more additional pharmaceutically active agents that
have complementary or similar activities or targets. Other
pharmaceutical active agents that can be combined with
K ,7» channel openers to treat obesity or to maintain weight
loss in an obesity prone individual include, but are not
limited to: sibutramine, orlistat, phentermine, rimonabant, a
diuretic, an antiepileptic, or other pharmaceutical active
whose therapeutic utility includes weight loss. It is prefer-
able to maintain weight in an obese individual once some
weight loss has occurred when the alternative is to regain
weight. Other pharmaceutically active agents that may be
combined with K ,;» channel openers to treat type II diabe-
tes, or prediabetes include acarbose, miglitol, metformin,
repaglinide, nateglinide, rosiglitizone, proglitizone,
ramipril, metaglidasen, or any other pharmaceutical active
that improves insulin sensitivity or glucose utilization or
glycemic control where the mode of action is not enhanced
insulin secretion. Other pharmaceutical active agents that
can be combined with K ,,» channel openers to treat obesity
associated co-morbidities include a drug active used to
lower cholesterol, a drug active used to lower blood pres-
sure, an anti-inflammatory drug that is not a cox-2 inhibitor,
a drug that is an antidepressant, a drug used to treat urinary
incontinence, or other drug routinely used to treat disease
conditions the incidence of which is elevated in overweight
or obese patients as compared to normal weight individuals
including, but not limited to, drugs to treat atherosclerosis,
osteoarthritis, disc herniation, degeneration of knees and
hips, breast, endometrium, cervical, colon, leukemia and
prostate cancers, hyperlipidemia, asthma/reactive airway
disease, gallstones, GERD, obstructive sleep apnea, obesity
hypoventilation syndrome, recurrent ventral hernias, men-
strual irregularity, infertility, and the like.

In the present context, the term “therapeutically effective”
or “effective amount™ indicates that the materials or amount
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of material is effective to prevent, alleviate, or ameliorate
one or more symptoms of a disease or medical condition,
and/or to prolong the survival of the subject being treated.

The term “pharmaceutically acceptable” indicates that the
identified material does not have properties that would cause
a reasonably prudent medical practitioner to avoid admin-
istration of the material to a patient, taking into consider-
ation the disease or conditions to be treated and the respec-
tive route of administration. For example, it is commonly
required that such a material be essentially sterile, e.g., for
injectibles.

As used herein, the term “composition” refers to a for-
mulation suitable for administration to an intended animal
subject for therapeutic purposes; exemplary formulations
contain at least one pharmaceutically active compound and
at least one pharmaceutically acceptable carrier or excipient.
Other terms as used herein are defined below.

Adipocyte: An animal connective tissue cell specialized
for the synthesis and storage of fat.

Agonist: A chemical compound that has affinity for and
stimulates physiological activity at cell receptors normally
stimulated by naturally occurring substances, triggering a
biochemical response. An agonist of a receptor can also be
considered an activator of the receptor.

About: is used herein to mean in quantitative terms plus
or minus 10%.

Adipose tissue: Tissue comprised principally of adipo-
cytes.

Adolescent: A person between 10 and 19 years of age.

Adiponectin: A protein hormone produced and secreted
exclusively by adipocytes that regulates the metabolism of
lipids and glucose. Adiponectin influences the body’s
response to insulin. Adiponectin also has anti-inflammatory
effects on the cells lining the walls of blood vessels.

Amelioration of the symptoms of a particular disorder by
administration of a particular pharmaceutical composition:
refers to any lessening, whether permanent or temporary,
lasting or transient that can be attributed to or associated
with administration of the composition.

Analog: a compound that resembles another in structure
but differs by at least one atom.

Antagonist: A substance that tends to nullify the action of
another, as a drug that binds to a cell receptor without
eliciting a biological response.

Atherosclerotic Plaque: A buildup of cholesterol and fatty
material within a blood vessel due to the effects of athero-
sclerosis

Bariatric Surgery: a range of surgical procedures which
are designed to aid in the management or treatment of
obesity and allied diseases.

Beta cell rest: Temporarily placing beta cells in a condi-
tion in which there is reduced metabolic stress due to
suppressed secretion of insulin.

Bilaminate: A component of a pharmaceutical dosage
form that consists of the lamination of two distinct materials.

Bioavailability: Refers to the amount or extent of thera-
peutically active substance that is released from the drug
product and becomes available in the body at the intended
site of drug action. The amount or extent of drug released
can be established by the pharmacokinetic-parameters, such
as the area under the blood or plasma drug concentration-
time curve (AUC) and the peak blood or plasma concentra-
tion (C,,,,) of the drug.

Bioequivalent: Two formulations of the same active sub-
stance are bioequivalent when there is no significant differ-
ence in the rate and extent to which the active substance
becomes available at the site of drug action when adminis-
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tered at the same molar dose under similar conditions.
“Formulation” in this definition may include the free base of
the active substance or different salts of the active substance.
Bioequivalence may be demonstrated through several in
vivo and in vitro methods. These methods, in descending
order of preference, include pharmacokinetic, pharmacody-
namic, clinical and in vitro studies. In particular, bioequiva-
lence is demonstrated using pharmacokinetic measures such
as the area under the blood or plasma drug concentration-
time curve (AUC) and the peak blood or plasma concentra-
tion (Cmax) of the drug, using statistical criteria.

Cannabinoid Receptor: Receptors in the endocannabinoid
(EC) system associated with the intake of food and tobacco
dependency. Blocking the cannabinoid receptor may reduce
dependence on tobacco and the craving for food.

Combination: refers to any association between or among
two or more items. The combination can be two or more
separate items, such as two compositions or two collections.
It can be a mixture thereof, such as a single mixture of the
two or more items, or any variation thereof.

Composition: refers to any mixture. It can be a solution,
a suspension, liquid, powder, a paste, aqueous, non-aqueous
or any combination thereof.

Compression tablet: Tablet formed by the exertion of
pressure to a volume of tablet matrix in a die.

Compression coated tablet: A tablet formed by the addi-
tion of a coating by compression to a compressed core
containing the pharmaceutical active.

Derivative: a chemical substance derived from another
substance by modification or substitution.

Daily dosage: the total amount of a drug taken in a 24 hour
period whether taken as a single dose or taken in multiple
doses.

Diazoxide: 7-chloro-3-methyl-2-H-1,2,4-benzothiadiaz-
ine 1,1 dioxide with the empirical formula C;H,CIN,O,S
and a molecular weight of 230.7.

Encapsulation system: a structural feature that contains
drug within such as a pharmaceutical capsule. A gel into
which drug is incorporated also is considered an encapsu-
lation system.

Equivalent amount: an amount of a derivative of a drug
that in assays or upon administration to a subject produces
an equal effect to a defined amount of the non-derivatized
drug.

Fatty acid synthase: The central enzyme of a multienzyme
complex that catalyses the formation of palmitate from
acetylcoenzyme A, malonylcoenzyme A, and NADPH.

Gastric Lipase: An enzyme secreted into the gastrointes-
tinal tract that catalyzes the hydrolysis of dietary triglycer-
ides.

Glidant: An inactive component of a pharmaceutical
formulation that prevents caking of the matrix during pro-
cessing steps.

Growth hormone: also known as somatotropin or soma-
tropin, is a peptide hormone that stimulates growth, cell
reproduction and regeneration in humans and other animals.
It is a type of mitogen which is specific only to certain kinds
of cells. Growth hormone is a 191-amino acid, single-chain
polypeptide that is synthesized, stored, and secreted by
somatotropic cells within the lateral wings of the anterior
pituitary gland. GH is a stress hormone that raises the
concentration of glucose and free fatty acids. It also stimu-
lates production of IGF-1.

Hyperinsulemia: Excessively high blood insulin levels,
which is differentiated from hyperinsulinism, excessive
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secretion of insulin by the pancreatic islets. Hyperinsuline-
mia may be the result of a variety of conditions, such as
obesity and pregnancy.

Hyperinsulinism: Excessive secretion of insulin by the
pancreatic islets.

Hyperlipidemia: A general term for elevated concentra-
tions of any or all of the lipids in the plasma, such as
cholesterol, triglycerides and lipoproteins.

Hyperphagia: Ingestion of a greater than optimal quantity
of food.

Ingredient of a pharmaceutical composition: refers to one
or more materials used in the manufacture of a pharmaceu-
tical composition. Ingredient can refer to an active ingredi-
ent (an agent) or to other materials in the compositions.
Ingredients can include water and other solvents, salts,
buffers, surfactants, water, non-aqueous solvents, and fla-
vorings.

IGF-1, also called somatomedin C, is a protein that in
humans is encoded by the IGF1 gene. IGF-1 is a hormone
similar in molecular structure to insulin. It plays an impor-
tant role in childhood growth and continues to have anabolic
effects in adults. IGF-1 consists of 70 amino acids in a single
chain with three intramolecular disulfide bridges, and has a
molecular weight of 7,649 daltons.

Insulin resistance: A condition in which the tissues of the
body are diminished in their response to insulin.

Ischemic injury: injury to tissue that results from a low
oxygen state usually due to obstruction of the arterial blood
supply or inadequate blood flow leading to hypoxia in the
tissue.

Ketoacidosis: Acidosis accompanied by the accumulation
of'ketone bodies (ketosis) in the body tissue and fluids, as in
diabetic acidosis.

Kit: refers to a packaged combination. A packaged com-
bination can optionally include a label or labels, instructions
and/or reagents for use with the combination.

Kir: Pore forming subunit of the K,;» channel. Also
known as the inwardly rectifying subunit of the K ,»
channel. Typically existing as Kir6.x and infrequently as
Kir2.x subspecies.

K ,7» channel: An ATP sensitive potassium ion channel
across the cell membrane formed by the association of 4
copies of a sulfonylurea receptor and 4 copies of a pore
forming subunit Kir. Agonizing the channel can lead to
membrane hyperpolarization.

Lean body mass: Lean Body Mass is a component of body
composition, calculated by subtracting body fat weight from
total body weight: total body weight is lean plus fat. In
equations:

Lean Body Mass equals Body Weight minus Body
Fat (LBM=BW-BF)

Lean Body Mass plus Body Fat equals Body Weight
(LBM+BF=BW)

The percentage of total body mass that is lean is usually not
quoted—it would typically be 60-90%. Instead, the body fat
percentage, which is the complement, is computed, and is
typically 10-40%. The Lean body mass (LBM) has been
described as an index superior to total body weight for
prescribing proper levels of medications and for assessing
metabolic disorders, as body fat is less relevant for metabo-
lism.

Leptin: Product (16 kD) of the ob (obesity) locus. It is
found in plasma of mammals and exerts a hormonal action,
which reduces food uptake and increases energy expendi-
ture.
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Lipogenesis: The generation of new lipids, primarily
triacylglycerides. It is dependent on the action of multiple
distinct enzymes and transport molecules.

Lipolysis: The breakdown of fat by the coordinated action
of multiple enzymes.

Lipoprotein lipase: An enzyme of the hydrolase class that
catalyses the reaction of triacyglycerol and water to yield
diacylglyerol and a fatty acid anion. The enzyme hydrolyses
triacylglycerols in chylomicrons, very-low-density lipopro-
teins, low-density lipoproteins, and diacylglycerols.

Lubricant: An inactive component of a pharmaceutical
formulation that provides for the flow of materials in various
processing steps, particularly tableting.

Microparticle: A small particulate formed in the process
of developing pharmaceutical formulations that may be
coated prior to producing the final dosage from.

Obesity: An increase in body weight beyond the limitation
of skeletal and physical requirement, as the result of an
excessive accumulation of fat in the body. Formally defined
as having a body mass index greater than 30 kg/m”.

Obesity Prone: Individuals who because of genetic pre-
disposition or prior history of obesity are at above average
risk of becoming obese.

Obesity related co-morbidities: any disease or condition
of animals or humans that are increased incidence in obese
or overweight individuals. Examples of such conditions
include hypertension, prediabetes, type 2 diabetes, osteoar-
thritis and cardiovascular conditions.

Osmotically controlled release: A pharmaceutical dosage
form in which the release of the active drug is principally
achieved by the hydration of a swellable component of the
formulation.

Overweight: an individual whose weight is above that
which is ideal for their height but who fails to meet the
criteria for classification as obese. In humans using Body
Mass Index (kg/m?) an overweight individual has a BMI
between 25 and 30.

Oxidation of Fat: A series of reactions involving acyl-
coenzyme A compounds, whereby these undergo beta oxi-
dation and thioclastic cleavage, with the formation of acetyl-
coenzyme A; the major pathway of fatty acid catabolism in
living tissue.

Pharmaceutical composition: refers a composition that
contains an agent and one or more other ingredients that is
formulated for administration to a subject. An agent refers to
an active ingredient of a pharmaceutical composition. Typi-
cally active ingredients are active for treatment of a disease
or condition. For example, agents that can be included in
pharmaceutical compositions include agents for treating
obesity or diabetes. The pharmaceutically active agent can
be referred to as “a pharmaceutical active.”

Pharmaceutical effect: refers to an effect observed upon
administration of an agent intended for treatment of a
disease or disorder or for amelioration of the symptoms
thereof.

Pharmacodynamic: An effect mediated by drug action.

Pharmacokinetic: Relating to the absorption, distribution,
metabolism and elimination of the drug in the body.

Polymorph: A compound that shares the same chemistry
but a different crystal structure.

Prader-Willi syndrome (PWS): A complex neurobehav-
ioral/metabolic disorder which is due to the absence of
normally active, paternally expressed genes from the chro-
mosome 15q11-q13 region. PWS is an imprinted condition
with 70-75% of the cases due to a de novo deletion in the
paternally inherited chromosome 15 11-q13 region, 20-30%
from maternal uniparental disomy 15 (UPD), and the
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remaining 2-5% from either microdeletions or epimutations
of the imprinting center (i.e., imprinting defects) (Bittel and
Butler, Expert Rev Mol Med 7(14):1-20 (2005); Cassidy and
Driscoll, Eur ] Hum Genet 17(1):3-13(2009)).

The clinical manifestations of the condition begin in utero
with diminished fetal activity (Miller Am ] Med Genet A
155A(5):1-10 (2011)). Low lean body mass and hypotonia
are universal in PWS and present throughout life (Brambilla
Am J Clin Nutr 65(5):1369-1374 (1997), Lloret-lineras Int
J Obes 37:1198-1203 (2013)). Mental retardation occurs to
varying degrees with the average 1Q being 70 (PWSUSA).
PWS patients present with a range of behavioral complica-
tions including autistic-spectrum-disorder-like behaviors,
compulsive behaviors, self-injurious behaviors, and aggres-
sive, threatening and destructive behaviors. About 80% of
PWS patients are growth hormone deficient (Goldstone,
Trends Endocrinol Metab 15:12-120 (2004); Davies et al.,
Front Neuroendocrinol 29:413-427 (2008); Cassidy and
Driscoll, 2009, supra). Nearly all PWS patients are hypogo-
nadal, requiring sex hormone supplementation (Goldstone,
2004, supra; Davies et al., 2008, supra; Cassidy and Driscoll,
2009, supra). These patients have hypothalamic insuffi-
ciency/dysfunction (Goldstone Am J Clin Nutr 75(3):468-
475 (2002)).

The accumulation of excess body fat may begin about age
2 and can continue into adulthood (Miller 2011, supra). The
vast majority of body fat in PWS is subcutaneous (Brambilla
1997, supra; Sode-Carlson, Growth hormone and IGF
research 20:179-184 (2010), Bedogni J Endocrinol Invest
DOI 10.1007/s40618-015-0266-y (2015)). Obesity is not
universal in PWS, unlike the universality of low lean body
mass and hypotonia. For example, Sode-Carlson et al.
(2010), supra, evaluated 46 adult PWS patients, 25 women
and 21 men. The average BMI in these adult PWS patients
was 27.2 kg/m*. Thus, on average, these patients were
overweight rather than obese, suggesting that more than half
are not, in fact, obese by the best metric. Similarly, Bram-
billa et al. Nutr Metab Cardiovasc Dis 21(4):269-276 (2011)
studied a population of 109 children with PWS. They found
that 54% were not classified as obese by the best metric.
Thus, both in adults and in children with PWS, obesity is not
only not universal, but may, in fact, occur in less than half
of the population. Subcutaneous fat makes up a greater
percentage of total fat in PWS than it does in obese controls
at all ages (Sode-Carlson 2010, supra).

Hyperphagia with the associated problematic food related
behaviors begins on average about age 8 (Miller 2011,
supra). These patients sense they are starving when they are
not. Upon the onset of hyperphagia, PWS patients will eat
any food in the line of sight, get up at night to eat, dig
through the trash for food, steal food, consume frozen food,
pet food, spoiled food and even consume non-food items
(Miller 2011, supra). They will become angry or throw
tantrums if denied food. At this stage and thereafter through-
out life, access to food is strictly limited, with cabinets and
refrigerators being locked. To limit food related anxiety,
meal times and meal composition are strictly regimented.

The mortality rate for PWS patients is three times that of
the general population at all ages (Cassidy Genet Med
14(1):10-26 (2012)), with the average age at death being
about 29 years (PWSUSA mortality database, n=488). In
contrast, being obese, but not morbidly obese has little
impact on life expectancy (Anon (2011) National Research
Council Panel on Understanding Divergent Trends in Lon-
gevity in High-Income Countries; Crimmons, E M, Preston,
S H, Cohen, B, editors. National Academies Press).

Prader-Willi patients expend less energy and are more
sedentary than either the general population, obese controls
or patients with similar intellectual disabilities. Butler et al.
Am ] Med Gent A 143A(5):449-459 (2007)) compared the
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energy expenditure and total work of a group of 48 PWS
patients with a group of 24 obese controls. Compared to the
controls, PWS patients had significantly decreased total
energy expenditure (-20%), resting energy expenditure
(-16%) and mechanical work (-35%). After adjusting for
group differences in lean body mass, the difference remained
significant for mechanical work.

In a study by van Mil et al., Int ] Obes Relat Metab Disord
24(4):429-434 (2000), the authors measured basal metabolic
rate (BMR), average daily metabolic rate (ADMR), activity
induced energy expenditure (AEE), and ADMR/BMR (PAL)
in a group of PWS patients and matched controls. ADMR,
AEE and PAL were significantly lower (P<0.01) in the PWS
group compared with the control group -28.2%, -58.2%,
and -14.2%, respectively).

De Lind van Wijngaarden et al., J Clin Endocrinol Metab
95(4):1758-1766 (2010) evaluated cardiovascular and meta-
bolic risk factors in children with PWS. They showed that
63% of infants and 73% of pre-pubertal children with PWS
have at least one cardiovascular risk factor, defined as
dyslipidemia or hypertension. Thus, the cardiometabolic
risk in PWS is elevated even in younger children.

Preadipocyte: A progenitor cell to adipocytes.

Prediabetic: A condition that precedes diagnosis of type 11
diabetes. Type II diabetes is a form of diabetes mellitus
which is characterized by insulin insensitivity or resistance.

Prodrug: refers to a compound which, when metabolized,
yields the desired active compound. Typically, the prodrug
is inactive, or less active than the active compound, but may
provide advantageous handling, administration, or meta-
bolic properties. For example, some prodrugs are esters of
the active compound; during metabolysis, the ester group is
cleaved to yield the active drug. Also, some prodrugs are
activated enzymatically to yield the active compound, or a
compound which, upon further chemical reaction, yields the
active compound.

Prolonged Administration (prolonged basis): Administra-
tion of a pharmaceutically acceptable formulation of a drug
for 7 or more days. Typically, prolonged administration is
for at least two weeks, preferably at least one month, and
even more preferably at least two months (i.e. at least 8
weeks).

Quick dissolving formulation: a pharmaceutical formula-
tion which upon oral administration may release substan-
tially all of the drug active from the formulation within 10
minutes.

Release formulation (sustained), (or “sustained release
formulation™): A formulation of pharmaceutical product
that, upon administration to animals, provides for release of
the active pharmaceutical over an extended period of time
than provided by formulations of the same pharmaceutical
active that result in rapid uptake. Similar terms are extended-
release, prolonged-release, and slow-release. In all cases, the
preparation, by definition, has a reduced rate of release of
active substance.

Release formulation (delayed), (or “delayed release for-
mulation”): Delayed-release products are modified-release,
but are not extended-release. They involve the release of
discrete amount(s) of drug some time after drug adminis-
tration, e.g. enteric-coated products, and exhibit a lag time
during which little or no absorption occurs.

Release formulation (controlled), (or “controlled release
formulation™): A formulation of pharmaceutical product that
may include both delay of release of pharmaceutical active
upon administration and control of release in the manner
described for sustained release.

Salt: the neutral, basic or acid compound formed by the
union of an acid or an acid radical and a base or basic radical.

Smith-Magenis syndrome (SMS; OMIM #182290,
*607642): A complex, generally sporadic, genetic disorder
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caused by haploinsufficiency of the retinoic acid induced 1
(RAI1) gene. caused by either a 17p11.2 deletion encom-
passing the retinoic acid-induced 1 (RAI1) gene or a muta-
tion of RAIL. (see, for example, Burns et al., in Human
Molecular Genetics, 2010, Vol. 19, No. 20, pp. 4026-4042).

Smith-Magenis syndrome is characterized by a clinically
recognizable phenotype that includes physical, developmen-
tal, neurological, and behavioral features. Short stature (<5th
percentile) was observed in ~67% of young patients. Short
stature resolves over time with most individuals reaching the
10-25th percentile by adulthood (see, for example, Burns et
al. supra). A majority of children with SMS also have
significant early-onset obesity (see, for example, European
Journal of Human Genetics (2008) 16, 412-421). Obesity in
teens and adults is common, typically with broad chests and
truncal obesity. RAI1 haploinsufficiency represents a single-
gene model of obesity with hyperphagia, abnormal fat
distribution and altered hypothalamic gene expression asso-
ciated with satiety, food intake, behavior and obesity.

Hearing loss is variable and is often associated with
chronic ear infections. Ophthalmologic features are present
in >60% of SMS patients and include myopia, iris anoma-
lies, strabismus, microcornea, and, rarely, retinal detachment
(often resulting from violent behaviors).

Prenatal history of SMS is notable for significantly
decreased fetal movement in 50% of pregnancies. Early
infancy is complicated by feeding difficulties leading to
failure to thrive, marked oral sensory motor dysfunction
with poor suckling reflex, gastroesophageal reflux, and
hypotonia.

Most SMS individuals have mild-to-moderate mental
retardation. 1Q decreases as the child ages, ultimately plac-
ing the individual in the mild mental retardation range by
adulthood. Delayed speech with or without hearing loss
occurs in 96% of SMS patients. In addition, delayed fine/
gross motor skills, problems with sensory integration, and
poor adaptive function are seen. Other neurological features
include pes cavus or pes planus, an abnormal ‘festinating’
gait, balance problems, and a decreased sensitivity to pain,
which is often observed in association with self-injury in this
disorder.

Sleep disturbance has been reported in 75-100% of SMS
cases. Infants typically experience hypersomnolence during
the first year of life. Sleep disturbances in older children
include difficulties falling asleep, diminished REM sleep,
reduced 24-h and night sleep, fragmented and shortened
sleep cycles with frequent nocturnal and early-morning
awakenings, and excessive daytime sleepiness.

Behavioral issues are one of the unique characteristic
features of SMS. Maladaptive behaviors are a cause of major
concern and include frequent outbursts/temper tantrums,
attention seeking, aggression, disobedience, distraction, and
self-injurious behaviors. Self-injurious behaviors include
head banging, skin picking, wrist biting, onychotillomania
and polyembolokoilamania. The behavioral phenotype of
SMS escalates with age, typically with the onset of puberty.
Age, degree of developmental delay, severity of any asso-
ciated systemic disorder, and degree of sleep disturbance
have a strong influence on maladaptive behaviors. Individu-
als also have a lack of respect for personal space during a
conversation and are emotionally volatile.

SMS patients share many characteristics in common with
PWS patients. These include: (1) diminished fetal activity;
(2) hypotonia; (3) feeding difficulties in early infancy; (4)
short stature: (5) early onset obesity which may include
hyperphagia; (6) developmental delays; (7) mental retarda-
tion; (8) temper outbursts; (9) aggressive behavior; (10)
self-injurious behavior; (11) hypersomnolence in infancy
and similar sleep disturbances in older children and adults;
(12) frequent ear infections; (13) scoliosis; and (14) strabis-
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mus. While the underlying genetic basis for these disorders
is quite distinct, the presentation and natural history of the
disease is very similar.

Solid oral dosage form: pharmaceutical formulations
designed for oral administration including capsules and
tablets.

Subject: refers to animals, including mammals, such as
human beings.

Sulfonylurea receptor: A component of the K ., channel
responsible for interaction with sulfonylurea, other K ,,»
channel antagonists, diazoxide and other K ,,» channel ago-
nists.

Tablet: Pharmaceutical dosage form that is produced by
forming a volume of a matrix containing pharmaceutical
active and excipients into a size and shape suitable for oral
administration.

Thermogenesis: The physiological process of heat pro-
duction in the body.

Threshold Concentration: The minimum circulating con-
centration of a drug required to exert a specific metabolic,
physiological or compositional change in the body of a
treated human or animal.

Treatment: means any manner in which the symptoms of
a condition, disorder or disease or other indication, are
ameliorated or otherwise beneficially altered.

Triglyceride: Storage fats of animal and human adipose
tissue principally consisting of glycerol esters of saturated
fatty acids.

Type I diabetes: A chronic condition in which the pancreas
makes little or no insulin because the beta cells have been
destroyed.

Uncoupling protein: A family of proteins that allow
oxidation in mitochondria to proceed without the usual
concomitant phosphorylation to produce ATP.

Visceral fat: Human adipose tissues principally found
below the subcutaneous fat and muscle layer in the body.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 summarizes the change in hyperphagia score for all
subjects who participated in clinical study PCO025.

FIG. 2 summarizes the percent change in lean body mass
for all subjects who participated in clinical study PC025.

FIG. 3 summarizes the percent change in body fat mass
for all subjects who participated in clinical study PC025.

FIG. 4 summarizes the percent change of the lean body
mass/fat mass ratio for all subjects who participated in
clinical study PC025.

DETAILED DESCRIPTION OF THE
INVENTION

Provided herein are pharmaceutical formulations of par-
ticular K, channel openers that when administered to
subjects achieve novel pharmacodynamic, pharmacokinetic,
therapeutic, physiological, and metabolic outcomes. Also
provided are pharmaceutical formulations, methods of
administration and dosing of particular K ,,» channel open-
ers, optionally in combination with growth hormone, that
achieve therapeutic outcomes while reducing the incidence
of adverse effects.

In particular, pharmaceutical formulations formulated for
oral administration exhibit advantageous properties includ-
ing: facilitating consistency of absorption, pharmacokinetic
and pharmacodynamic responses across treated patients,
contributing to patient compliance and improving the safety
profile of the product, such as by reducing the frequency of
serious adverse effects. Method of treatment of metabolic
and other diseases of humans and animals by administering
the formulations are also provided.
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Compounds of formulas II and 11, formulas IV and V, and
formulas VI and VI, such as for example, diazoxide (shown
below) can be proton tautomers. Proton tautomers are iso-
mers that differ from each other only in the location of a
hydrogen atom and a double bond. The hydrogen atom and
double bond switch locations between a carbon atom and a
heteroatom, such as for example N. Thus, when the nitrogen
substituent is hydrogen, the two isomeric chemical struc-
tures may be used interchangeably.

H
NY NY
)y |
©£S/NH OiS/N

O// \\O O// \\O

The particular K, » channel openers that can be used in
the invention formulations include any of those within
formulae I to VII. Exemplary such compounds include
diazoxide, BPDZ62, BPDZ 73, NN414 and BPDZ 154 (see,
for example, Schou, et al., Bioorg. Med. Chem., 13, 141-155
(2005)). Compound BPDZ 154 also is an effective K ,,»
channel activator in patients with hyperinsulinism and in
patients with pancreatic insulinoma. The synthesis of BPDZ
compound is provided in Cosgrove, et al., J. Clin. Endocri-
nol. Metab., 87, 4860-4868 (2002).

Analogs of diazoxide include 3-isopropylamino-7-
methoxy-4H-1,2,4, -benzothiadiazine 1,1-dioxide, which is
a selective Kir6.2/SUR1 channel opener (see Dabrowski, et
al., Diabetes, 51, 1896-1906 (2002)). 2-alkyl substituted
diazoxides are included (see, for example, Ouedraogo, et al.,
Biol. Chem., 383, 1759-1768 (2002)); these channel openers
show decreased activity in the inhibition of insulin release
and increased activity in vascular smooth muscle tissue.
Furthermore, 2-alkyl substituted diazoxides generally do not
function as traditional potassium channel activators, but
instead show potential as Ca** blockers.

Other diazoxide analogs are described in Schou, et al.,
Bioorg. Med. Chem., 13, 141-155 (2005), and are shown
below.

Rr3

Zzm

Rl

R? S [
IS

AN N

R, R? and R? are:

a) H, Cl, NHCH(CHj3),

b) CF3;, H, NHCH(CHj),

¢) H, Cl, NHCH,CH,CH(CH3;),

d) H, Cl, NH-cyclobutyl

Diazoxide analogs having different alkyl substituents at
the 3 position of the molecule (identified as R* shown below)
are described in Bertolino, et al., Receptors and Channels, 1,
267-278 (1993).
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RS NYR3
I I N
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VAN
0 0
R3, RS and R7 are: ) nCs7H,5, H, Cl
a) H, H, CH; ) nCH,, CLH
b) H, H, Cl k) nC4H7, Cl, H
¢) CH;, CL 1T 1) nCsH,,, CL H
dCHCLH el W#CHs CLE
o) NH,, H. H ) nC3Hy, CL, Cl
f) CH,CHLCL 1, ¢ ©) 7G4t CL CL
g) nC4H9 H Cl p) nC5H11,Cl, Cl
wrcH, e Vs CLal
sHyp, H, O, CLH

K ,7» channel activity of formulae I-VII and related com-
pounds can be measured by membrane potential studies as
described in Schou, et al., Bioorg. Med. Chem., 13, 141-155
(2005) and Dabrowski, et al., Diabetes, 51, 1896-1906
(2002).

Measurement of the inhibition of glucose-stimulated insu-
lin release from BTC6 cells is described in Schou, et al.,
Bioorg. Med. Chem., 13, 141-155 (2005). The ability of
particular K, channel openers to inhibit release of insulin
from incubated rat pancreatic islets can be performed as
described by Ouedraogo, et al., Biol. Chem., 383, 1759-1768
(2002).

Activation of recombinant K ,,» channels by K ,;» chan-
nel openers can be examined by monitoring macroscopic
currents of inside-out membrane patches from Xenopus
oocytes coexpressing Kir6.2 and either SUR1, SUR2A or
SUR2B. SUR expressing membranes can be prepared by
known methods. See, for example, Dabrowski, et al., Dia-
betes, 51, 1896-1906 (2002).

Binding experiments can be used to determine the ability
of K,;» channel openers to bind SUR1, SUR2A and
SURZ2B. See, for example, Schwanstecher, et al., EMBO J.,
17, 5529-5535 (1998).

Preparation of SUR1 and SUR2A chimeras, as described
by Babenko et al., allows for comparison of pharmacologic
profiles (i.e. sulfonyl sensitivity and responsiveness to diaz-
oxide or other potassium channel openers) of the SUR1/
Kir6.2 and SUR2A/Kir6.2 potassium channels. See
Babenko, et al., J. Biol. Chem., 275(2), 717-720 (2000). The
cloning of a sulfonylurea receptor and an inwardly rectifying
K* channel is described by Isomoto, et al., J. Biol. Chem.,
271 (40), 24321-24324 (1996); D’hahan, et al., PNAS,
96(21), 12162-12167 (1999).

Differences between the human SUR1 and human SUR2
genes are described and shown in Aguilar-Bryan, et al.,
Physiological Review, 78(1), 227-245 (1998).

“Halo” and “halogen” refer to all halogens, that is, chloro
(C1), fluoro (F), bromo (Br), or iodo (I).

“Hydroxy!l” and “hydroxy” refer to the group —OH.

“Substituted oxy” refers to the group —OR/, where R/ is
alkyl, substituted alkyl, aryl, substituted aryl, heteroaryl,
substituted  heteroaryl, aralkyl, substituted aralkyl,
cycloalkyl, substituted cycloalkyl, heterocyclyl, or substi-
tuted heterocyclyl.

“Substituted thiol” refers to the group —SR, where R is
alkyl, substituted alkyl, acyl, substituted acyl, aryl, substi-
tuted aryl, heteroaryl, substituted heteroaryl, aralkyl, substi-
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tuted aralkyl, cycloalkyl, substituted cycloalkyl, heterocy-
clyl, or substituted heterocyclyl.

“Alkyl” refers to an alkane-derived radical containing
from 1 to 10, preferably 1 to 6, carbon atoms. Alkyl includes
straight chain alkyl, branched alkyl and cycloalkyl, such as
methyl, ethyl, propyl, isopropyl, butyl, t-butyl, and the like.
Straight chain or branched alkyl groups contain from 1-10,
preferably 1 to 6, more preferably 1-4, yet more preferably
1-2, carbon atoms. The alkyl group is attached at any
available point to produce a stable compound.

A “substituted alkyl” is an alkyl group independently
substituted with 1 or more, e.g., 1, 2, or 3, groups or
substituents such as halo, hydroxy, optionally substituted
alkoxy, optionally substituted alkylthio, alkylsulfinyl, alkyl-
sulfonyl, optionally substituted amino, optionally substi-
tuted amido, amidino, urea optionally substituted with alkyl,
aminosulfonyl optionally N-mono- or N,N-di-substituted
with alkyl, alkylsulfonylamino, carboxyl, heterocycle, sub-
stituted heterocycle, nitro, cyano, thiol, sulfonylamino or the
like attached at any available point to produce a stable
compound. In particular, “fluro substituted” refers to sub-
stitution by 1 or more, e.g., 1, 2, or 3 fluorine atoms.
“Optionally fluro substituted” means that substitution, if
present, is fluoro.

“Lower alkyl” refers to an alkyl group having 1-6 carbon
atoms.

A “substituted lower alkyl” is a lower alkyl which is
substituted with 1 or more, e.g., 1, 2, or 3, groups or
substituents as defined above, attached at any available point
to produce a stable compound.

“Cycloalkyl” refers to saturated or unsaturated, non-
aromatic monocyclic, bicyclic or tricyclic carbon ring sys-
tems of 3-8, more preferably 3-6, ring members per ring,
such as cyclopropyl, cyclopentyl, cyclohexyl, adamantyl,
and the like. “Cycloalkylene” is a divalent cycloalkyl.

“Alkoxy” denotes the group —OR/, where R’ is lower
alkyl.

“Substituted alkoxy” denotes the group —OR’/, where R”
is substituted lower alkyl.

“Alkylthio” or “thioalkoxy” refers to the group —S—R,
where R is lower alkyl.

“Substituted alkylthio” or “substituted thioalkoxy” refers
to the group —S—R, where R is substituted lower alkyl.

“Sulfiny]l” denotes the group —S(O)—.

“Sulfonyl” denotes the group —S(O),—.

“Substituted sulfinyl” denotes the group —S(O)—R,
where R is lower alkyl, substituted lower alkyl, cycloalkyl,
substituted  cycloalkyl, cycloalkylalkyl, substituted
cycloalkylalkyl, heterocyclyl, substituted heterocyclyl, het-
erocyclylalkyl, substituted hetereocyclylalkyl, aryl, substi-
tuted aryl, heteroaryl, substituted heteroaryl, heteroaralkyl,
substituted heteroaralkyl, aralkyl or substituted aralkyl.

“Substituted sulfonyl” denotes the group —S(0),—R,
where R is lower alkyl, substituted lower alkyl, cycloalkyl,
substituted  cycloalkyl, cycloalkylalkyl, substituted
cycloalkylalkyl, heterocyclyl, substituted heterocyclyl, het-
erocyclylalkyl, substituted hetereocyclylalkyl, aryl, substi-
tuted aryl, heteroaryl, substituted heteroaryl, heteroaralkyl,
substituted heteroaralkyl, aralkyl or substituted aralkyl.

“Sulfonylamino™ denotes the group —NRS(O),—where
R is hydrogen or lower alkyl.

“Substituted sulfonylamino” denotes the group —INR“S
(0),—R”, where R® is hydrogen or lower alkyl and R” is
lower alkyl, substituted lower alkyl, cycloalkyl, substituted
cycloalkyl, heterocyclyl, substituted heterocyclyl, aryl, sub-
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stituted aryl, heteroaryl, substituted heteroaryl, het-
eroaralkyl, substituted heteroaralkyl, aralkyl or substituted
aralkyl.

“Amino” or “amine” denotes the group —NH,,. A “diva-
lent amine” denotes the group —NH—. A “substituted
divalent amine” denotes the group —NR— wherein R is
lower alkyl, substituted lower alkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, acyl, substituted acyl,
sulfonyl or substituted sulfonyl.

“Substituted amino” or “substituted amine” denotes the
group —NR’R/, wherein R’ and R’ are independently hydro-
gen, lower alkyl, substituted lower alkyl, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, acyl, substituted
acyl, sulfonyl, substituted sulfonyl, or cycloalkyl provided,
however, that at least one of R” and R’ is not hydrogen. R'R/
in combination with the nitrogen may form an optionally
substituted heterocyclic or heteroaryl ring.

“Alkylsulfiny]l” denotes the group —S(O)R?, wherein R”
is optionally substituted alkyl.

“Alkylsulfonyl” denotes the group —S(O),R?, wherein
R? is optionally substituted alkyl.

“Alkylsulfonylamino” denotes the group —NR?S(O),R?,
wherein R? is optionally substituted alkyl, and R? is hydro-
gen or lower alkyl.

Pharmaceutical formulations containing K ,,» channel
openers include the free base of the drug or a salt of the drug.
Such salts may have one or more of the following charac-
teristics: (1) stability in solution during synthesis and for-
mulation, (2) stability in a solid state, (3) compatibility with
excipients used in the manufacture of tablet formulations,
(4) quantitatively yield the K ,,» channel opener upon expo-
sure to simulated or actual gastric and duodenal conditions,
(5) release K, ;» channel opener from sufficiently small
particles that are readily dissolved and absorbed, (6) pro-
vide, when incorporated into a pharmaceutical formulation,
for absorption of greater than 80% of the administered dose,
(7) present no elevated toxicological risk as compared to the
free base of the K~ channel opener, (8) can be formulated
into acceptable pharmaceutical formulations to treat obesity
and other diseases of humans, (9) are acceptable to the FDA
as the basis of a drug product, (10) can be recrystallized to
improve purity, (11) can be used to form co-crystals of two
or more salts of the K ,,» channel opener, (12) have limited
hygroscopicity to improve stability, or (13) synthetic and
crystallization conditions under which the salt is formed can
be varied resulting in different crystal structures (poly-
morphs) can be controlled in the synthesis of the salt.

K, 7» channel openers can be formulated as pharmaceu-
tically acceptable salts. Pharmaceutically acceptable salts
are non-toxic salts in the amounts and concentrations at
which they are administered. The preparation of such salts
can facilitate the pharmacological use by altering the physi-
cal characteristics of a compound without preventing it from
exerting its physiological effect. Useful alterations in physi-
cal properties include lowering the melting point to facilitate
transmucosal administration and increasing the solubility to
facilitate administering lower effective doses of the drug.

Pharmaceutically acceptable salts include acid addition
salts such as those containing sulfate, chloride, hydrochlo-
ride, fumarate, maleate, phosphate, sulfamate, acetate, cit-
rate, lactate, tartrate, methanesulfonate, ethanesulfonate,
benzenesulfonate, p-toluenesulfonate, cyclohexylsulfamate
and quinate. Pharmaceutically acceptable salts can be
obtained from acids such as hydrochloric acid, maleic acid,
sulfuric acid, phosphoric acid, sulfamic acid, acetic acid,
citric acid, lactic acid, tartaric acid, malonic acid, methane-
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sulfonic acid, ethanesulfonic acid, benzenesulfonic acid,
p-toluenesulfonic acid, cyclohexylsulfamic acid, fumaric
acid, and quinic acid.

Pharmaceutically acceptable salts also include basic addi-
tion salts such as those containing benzathine, chloropro-
caine, choline, diethanolamine, ethylenediamine, meglu-
mine, procaine, aluminum, calcium, lithium, magnesium,
potassium, sodium, ammonium, alkylamine, and zinc, when
acidic functional groups, such as carboxylic acid or phenol
are present. For example, see Remington’s Pharmaceutical
Sciences, 19" ed., Mack Publishing Co., Easton, Pa., Vol. 2,
p. 1457, 1995. Such salts can be prepared using the appro-
priate corresponding bases.

Pharmaceutically acceptable salts can be prepared, for
example, by dissolving the free-base form of a compound in
a suitable solvent, such as an aqueous or aqueous-alcohol in
solution containing the appropriate acid and then isolated by
evaporating the solution. In another example, a salt is
prepared by reacting the free base and acid in an organic
solvent.

The pharmaceutically acceptable salt of the different
compounds may be present as a complex. Examples of
complexes include 8-chlorotheophylline complex (analo-
gous to, e.g., dimenhydrinate: diphenhydramine 8-chloro-
theophylline (1:1) complex; Dramamine) and various cyclo-
dextrin inclusion complexes.

Salts of K, ,» channel openers, and particular salts of
diazoxide, may include, but are not limited to acetate,
acetonide, acetyl, adipate, aspartate, besylate, biacetate,
bitartrate, bromide, butoxide, butyrate, calcium, camsylate,
caproate, carbonate, citrate, cyprionate, decaroate, diacetate,
dimegulumine, dinitrate, dipotassium, dipropionate, diso-
dium, disulfide, edisylate, enanthate, estolate, etabonate,
ethylsuccinate, fumarate, furoate, gluceptate, gluconate,
hexacetonide, hippurate, hyclate, hydrobromide, hydrochlo-
ride, isethionate, lactobionate, malate, maleate, meglumine,
methylbromide, methylsulfate, metrizoate, nafate, napsy-
late, nitrate, oleate, palmitate, pamoate, phenpropionate,
phosphate, pivalate, polistirex, polygalacturonate, probutate,
propionate, saccharate, sodium glycinate, sodium phos-
phate, podium succinate, state, succinate, sulfate, sulfonate,
sulfosalicylate, tartrate, tebutate, terephalate, terephthalate,
tosylate, triflutate, trihydrate, trisilicate, tromethamine, val-
erate, xinafolate, or the like.

Formulations provided herein exhibit some or all the
following characteristics: (1) they are stable at ambient
temperatures for a minimum of one year; (2) they provide
for ease of oral administration; (3) they facilitate patient
compliance with dosing; (4) upon administration, they con-
sistently facilitate high levels of absorption of the pharma-
ceutical active; (5) upon once or twice daily oral adminis-
tration they allow release of the K ,,» channel opener over a
sustained time frame such that the circulating concentration
of the K,,» channel opener or its metabolically active
metabolites does not fall below a therapeutically effective
concentration; (6) they achieve these results independent of
the pH of the gastrointestinal tract of treated individuals, and
(7) they delay release until gastric transit is complete or
nearly complete.

Formulations designed for oral administration can be
provided, for example, as capsules or tablets. Capsule or
tablet formulations include a number of distinguishing com-
ponents. One is a component to improve absorption of the
K, 7» channel opener. Another sustains release of the drug
over more than 2 hours. A third delays substantial release of
the drug until gastric transit is completed.
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The formulations disclosed herein exhibit improved solu-
bility and absorption of the K ,,» channel opener compared
to previous formulations of these drugs. These advantageous
properties are achieved by any one or more of the following
approaches: (1) reducing particle size of the formulation by
comminution, spray drying, or other micronising techniques,
(2) using a pharmaceutical salt of the K, channel opener,
(3) using an ion exchange resin in the formulation, (4) using
inclusion complexes, for example using a cyclodextrin, (5)
compaction of the K ,,» channel opener with a solubilizing
agent including low viscosity hypromellose, low viscosity
metylcellulose or similarly functioning excipient and com-
binations thereof, (6) associating the K ,» channel opener
with a salt prior to formulation, (7) using a solid dispersion
of the K ,;» channel opener, (8) using a self emulsifying
system, (9) adding one or more surfactants to the formula-
tion, (10) using nanoparticles in the formulation, or (11)
combinations of these approaches. Preferably, when the
K ,7» channel opener is a salt of diazoxide, the salt is not a
sodium salt.

Release of K,/ channel opener over a sustained period of
time (2-24 hours) is achieved by the use of one or more
approaches including, but not limited to: (1) the use of pH
sensitive polymeric coatings, (2) the use of a hydrogel, (3)
the use of a film coating that controls the rate of diffusion of
the drug from a coated matrix, (4) the use of an erodable
matrix that controls rate of drug release, (5) the use of
polymer coated pellets, granules, or microparticles which
can be further encapsulated or compressed into a tablet, (6)
the use of an osmotic pump system, or (7) the use of a
compression coated tablet, or (8) combinations of these
approaches.

Delay of release of K, channel openers from the for-
mulation until gastric transit is complete is achieved in the
formulations provided herein by any of several mechanisms.
A pH sensitive polymer or co-polymer is used which when
applied around the drug matrix functions as an effective
barrier to release of active at pH 3.0 or lower and is unstable
at pH 5.5 and above. This provides for control of release of
the active compound in the stomach but rapidly allows
release once the dosage form has passed into the small
intestine. An alternative to a pH sensitive polymer or co-
polymer is a polymer or co-polymer that is non-aqueous-
soluble. The extent of resistance to release in the gastric
environment can be controlled by coating with a blend of the
non-aqueous-soluble and a aqueous soluble polymer. In this
approach neither of the blended polymers or co-polymers
are pH sensitive. One example of a pH sensitive co-polymer
is the Eudragit methacrylic co-polymers, including Eudragit
L.100, S100 or L100-55 solids, L.30 D-55 or FS 30D dis-
persions, or the 1.12,5 or S12,5 organic solutions.

Polymers that delay release can be applied to a tablet
either by spray coating (as a thin film) or by compression
coating. If a capsule is used, then the polymer(s) may be
applied over the surface of the capsule or applied to
microparticles of the drug, which may then be encapsulated
such as in a capsule or gel. If the capsule is coated, then it
will resist disintegration until after gastric transit. If
microparticles are coated, then the capsule may disintegrate
in the stomach but little to no drug will be released until after
the free microparticles complete gastric transit. Finally, an
osmotic pump system that uses e.g., a swellable hydrogel
can be used to delay drug release in the stomach. The
swellable hydrogel takes up moisture after administration.
Swelling of the gel results in displacement of the drug from
the system for absorption. The timing and rate of release of
the drug depend on the gel used, and the rate at which
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moisture reaches the gel, which can be controlled by the size
of the opening in the system through which fluid enters. See
Drug Delivery Technologies online article Dong et al.
“L-OROS® SOFTCAP™ for Controlled Release of Non-
Aqueous Liquid Formulations.”

Accordingly, delay of release of K, channel openers
from the invention formulations until after gastric transit is
complete is achieved in the formulations provided herein by
any of several mechanisms, including, but not limited to: (a)
a pH sensitive polymer or co-polymer applied as a com-
pression coating on a tablet; (b) a pH sensitive polymer or
co-polymer applied as a thin film on a tablet; (¢) a pH
sensitive polymer or co-polymer applied as a thin film to an
encapsulation system; (d) a pH sensitive polymer or co-
polymer applied to encapsulated microparticles, (e) a non-
aqueous-soluble polymer or co-polymer applied as a com-
pression coating on a tablet; (f) a non-aqueous-soluble
polymer or co-polymer applied as a thin film on a tablet; (g)
a non-aqueous soluble polymer applied as a thin film to an
encapsulation system; (h) a non-aqueous soluble polymer
applied to microparticles; (i) incorporation of the formula-
tion in an osmotic pump system, or (j) use of systems
controlled by ion exchange resins, or (k) combinations of
these approaches, wherein the pH sensitive polymer or
co-polymer is resistant to degradation under acid conditions.

Formulations are provided that are designed for admin-
istration once daily (per 24 hours). These can contain
between 25 and 500 mg of K, channel openers. Formu-
lations intended for administration twice daily (per 24 hours)
are also provided. These can contain between 25 and 250 mg
of K ,;» channel openers.

The formulations provided herein exhibit improved safety
of the administered drug product. This improvement in
safety occurs by at least two mechanisms. First, delay of
release of active drug until gastric transit is complete can
reduce the incidence of a range of gastrointestinal adverse
side effects including nausea, vomiting, dyspepsia, abdomi-
nal pain, diarrhea and ileus. Second, by sustaining release of
the active drug over 2 or more hours to as long as 24 hours,
peak drug levels are reduced relative to the peak drug levels
observed for the same administered dose using any oral
formulation that does not have sustained or controlled
release. This reduction in peak drug levels can contribute to
reductions in adverse effects that are partially or completely
determined by peak drug levels. These adverse effects
include: fluid retention with the associated reduced rates of
excretion of sodium, chloride and uric acid, edema, hyper-
glycemia and the associated potential for progression to
ketoacidosis, cataracts and non-ketotic hyperosmolar coma,
headaches, tachycardia and palpitations.

Also provided herein are controlled release formulations
of K, channel openers, which have one feature from each
of A-D as shown in Table 1.

Table 1: Controlled Release Formulation Characteristics
and Properties

A. Unit Form: Tablet or Capsule

B. Dosage/unit: 10-100 mg

100-200 mg

200-300 mg

300-500 mg

500-2000 mg

C. Dosing Once daily (24 hours)

Twice daily (24 hours)

D. Release time: 2-4 hrs

4-8 hrs

8-24 hours
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For example, a controlled release composition can be a
tablet containing 25-100 mg of a K,/ channel opener, such
tablet administered once daily to achieve a controlled release
time of 2-4 hours. All of these formulations can further
include the feature of substantially delaying pharmaceutical
active release until after gastric transit is complete.

In addition, any of the above formulations from Table 1
can include at least one feature that improves the solubility
or absorption of the K, channel opener.

The controlled release formulations provided herein com-
prise the active compound (e.g., K, ;» channel opener,
optionally in combination with growth hormone) and a
matrix which comprises a gelling agent that swells upon
contact with aqueous fluid. The active compound(s)
entrapped within the gel is(are) slowly released into the
body upon dissolution of the gel. The active compound(s)
can be evenly dispersed within the matrix or can be present
as pockets of drug in the matrix. For example, the drug can
be formulated into small granules which are dispersed
within the matrix. In addition, the granules of drug also can
include a matrix, thus, providing a primary and a secondary
matrix as described in U.S. Pat. No. 4,880,830 to Rhodes.

The gelling agent preferably is a polymeric material,
which can include, for example, any pharmaceutically
acceptable water soluble or water insoluble slow releasing
polymer such as xantham gum, gelatin, cellulose ethers,
gum arabic, locust bean gum, guar gum, carboxyvinyl
polymer, agar, acacia gum, tragacanth, veegum, sodium
alginate or alginic acid, polyvinylpyrrolidone, polyvinyl
alcohol, or film forming polymers such as methyl cellulose
(MC), carboxymethyl cellulose (CMC), hydroxypropyl
methylcellulose, hyroxypropyl methyl cellulose (HPMC),
hydroxypropyl cellulose (HPC), hydroxyethyl cellulose
(HEC), ethylcellulose (EC), acrylic resins or mixtures of the
above (see e.g., U.S. Pat. No. 5,415,871).

The gelling agent of the matrix also can be a heterodis-
perse gum comprising a heteropolysaccharide component
and a homopolysaccharide component which produces a
fast-forming and rigid gel as described in U.S. Pat. No.
5,399,359. The matrix also can include a crosslinking agent
such as monovalent or multivalent metal cations to further
add rigidity and decrease dissolution of the matrix, thus
further slowing release of drug. The amount of crosslinking
agent to add can be determined using methods routine to the
ordinary skilled artisan.

The matrix of the controlled release composition also can
include one or more pharmaceutically acceptable excipients
recognized by those skilled in the art, i.e. formulation
excipients. Such excipients include, for example, binders:
polyvinylpyrrolidone, gelatin, starch paste, microcrystalline
cellulose; diluents (or fillers): starch, sucrose, dextrose,
lactose, fructose, xylitol, sorbitol, sodium chloride, dextrins,
calcium phosphate, calcium sulphate; and lubricants: stearic
acid, magnesium stearate, calcium stearate, Precirol™ and
flow aids for example talc or colloidal silicon dioxide.

The matrix of the controlled release composition can
further include a hydrophobic material which slows the
hydration of the gelling agent without disrupting the hydro-
philic nature of the matrix, as described in U.S. Pat. No.
5,399,359. The hydrophobic polymer can include, for
example, alkylcellulose such as ethylcellulose, other hydro-
phobic cellulosic materials, polymers or co-polymers
derived from acrylic or methacrylic acid esters, co-polymers
of acrylic and methacrylic acid esters, zein, waxes, shellac,
hydrogenated vegetable oils, waxes and waxy substances
such as carnauba wax, spermaceti wax, candellila wax,
cocoa butter, cetosteryl alcohol, beeswax, ceresin, paraffin,
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myristyl alcohol, stearyl alcohol, cetylalcohol and stearic
acid. and any other pharmaceutically acceptable hydropho-
bic material known to those skilled in the art.

The amount of hydrophobic material incorporated into the
controlled release composition is that which is effective to
slow the hydration of the gelling agent without disrupting
the hydrophilic matrix formed upon exposure to an envi-
ronmental fluid. In certain preferred embodiments, the
hydrophobic material is included in the matrix in an amount
from about 1 to about 20 percent by weight and replaces a
corresponding amount of the formulation excipient. A sol-
vent for the hydrophobic material may be an aqueous or
organic solvent, or mixtures thereof

Examples of commercially available alkylcelluloses are
Aquacoat® (aqueous dispersion of ethylcellulose available
from FMC) and Surelease® (aqueous dispersion of ethyl-
cellulose available from Colorcon). Examples of commer-
cially available acrylic polymers suitable for use as the
hydrophobic material include Eudragit® RS and RL (co-
polymers of acrylic and methacrylic acid esters having a low
content (e.g., 1:20 or 1:40) of quaternary ammonium com-
pounds).

The controlled release composition also can be coated to
retard access of liquids to the active compound and/or retard
release of the active compound through the film-coating.
The film-coating can provide characteristics of gastroresis-
tance and enterosolubility by resisting rapid dissolution of
the composition in the digestive tract. The film-coating
generally represents about 5-15% by weight of the con-
trolled release composition. Preferably, the core by weight
represents about 90% of the composition with the remaining
10% provided by the coating. Such coating can be a film-
coating as is well known in the art and include gels, waxes,
fats, emulsifiers, combination of fats and emulsifiers, poly-
mers, starch, and the like.

Polymers and co-polymers are useful as thin film coat-
ings. Solution coatings and dispersion coatings can be used
to coat the active compound, either alone or combined with
a matrix. The coating is preferably applied to the drug or
drug and matrix combination as a solid core of material as
is well known in the art.

A solution for coating can include polymers in both
organic solvent and aqueous solvent systems, and typically
further including one or more compounds that act as a
plasticizer. Polymers useful for coating compositions
include, for example, methylcellulose (Methocel® A; Dow
Chemical Co.), hydroxypropylmethylcellulose with a
molecular weight between 1,000 and 4,000,000 (Methocel®
E; Dow Chemical Co. or Pharmacoat®; Shin Etsu),
hydroxypropy!l cellulose with a molecular weight between
2,000 and 2,000,000, ethyl cellulose, cellulose acetate, cel-
Iulose triacetate, cellulose acetate butyrate, cellulose acetate
phthalate, cellulose acetate trimellitate (Eastman Kodak),
carboxymethylethyl cellulose (Duodcel®), hydroxypropyl
methylcellulose phthalate, ethylcellulose, methylcellulose
and, in general, cellulosic derivatives, olymethacrylic acid-
methacrylic acid co-polymer (Type A 1:1 Eudragit 1.100;
Type B 1:2 Eudragit S100; and Type C 1:1 Eudragit [.100-
55, aqueous dispersion 30% solids, Eudragit [.30D), poly
(meth)acryl ester: poly(ethyl acrylate, methyl methacrylate
2:1), Eudragit NE30D aqueous dispersion 30% solids,
polyaminomethacrylate Eudragit E100, poly(trimethylam-
monioethyl methacrylate chloride)ammoniomethacrylate
co-polymer, Eudragit RIL.30D and FEudragit RS30D, car-
boxyvinyl polymers, polyvinylalcohols, glucans scleroglu-
cans, mannans, and xanthans.
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Aqueous polymeric dispersions include Eudragit 130D
and RS/RL30D, and NE30D, Aquacoat brand ethyl cellu-
lose, Surelease brand ethyl cellulose, EC brand N-10F ethyl
cellulose, Aquateric brand cellulose acetate phthalate, Coa-
teric brand Poly(vinyl acetate phthalate), and Aqacoat brand
hydroxypropyl methylcellulose acetate succinate. Most of
these dispersions are latex, pseudolatex powder or micron-
ized powder mediums.

A plasticizing agent may be included in the coating to
improve the elasticity and the stability of the polymer film
and to prevent changes in the polymer permeability over
prolonged storage. Such changes may affect the drug release
rate. Suitable conventional plasticizing agents include, for
example, diethyl phthalate, glycerol triacetate, acetylated
monoglycerides, acetyltributylcitrate, acetyltriethyl citrate,
castor oil, citric acid esters, dibutyl phthalate, dibutyl seba-
cate, diethyloxalate, diethyl malate, diethylfumarate, dieth-
ylphthalate, diethylsuccinate, diethylmalonate, diethyltart-
arate, dimethylphthalate, glycerin, glycerol, glyceryl
triacetate, glyceryltributyrate, mineral oil and lanolin alco-
hols, petrolatum and lanolin alcohols, phthalic acid esters,
polyethylene glycols, propylene glycol, rape oil, sesame oil,
triacetin, tributyl citrate, triethyl citrate, and triethyl acetyl
citrate, or a mixture of any two or more of the foregoing.
Plasticizers which can be used for aqueous coatings include,
for example, propylene glycol, polyethylene glycol (PEG
400), triacetin, polysorbate 80, triethyl citrate, and diethyl
d-tartrate.

A coating solution comprising a mixture of hydroxypro-
pylmethylcellulose and aqueous ethylcellulose (e.g. Aqua-
coat brand) as the polymer and dibutyl sebacate as plasti-
cizer can be used for coating microparticles. (Aquacoat is an
aqueous polymeric dispersion of ethylcellulose and contains
sodium lauryl sulfate and cetyl alcohol). Preferably, the
plasticizer represents about 1-2% of the composition.

In addition to the polymers, the coating layer can include
an excipient to assist in formulation of the coating solution.
Such excipients may include a lubricant or a wetting agent.
Suitable lubricants as excipients for the film coating include,
for example, talc, calcium stearate, colloidal silicon dioxide,
glycerin, magnesium stearate, mineral oil, polyethylene gly-
col, and zinc stearate, aluminum stearate or a mixture of any
two or more of the foregoing. Suitable wetting agents
include, for example, sodium lauryl sulfate, acacia, ben-
zalkonium chloride, cetomacrogol emulsifying wax, ceto-
stearyl alcohol, cetyl alcohol, cholesterol, diethanolamine,
docusate sodium, sodium stearate, emulsifying wax, glyc-
eryl monostearate, hydroxypropy! cellulose, lanolin alco-
hols, lecithin, mineral oil, onoethanolamine, poloxamer,
polyoxyethylene alkyl ethers, polyoxyethylene castor oil
derivatives, polyoxyethylene sorbitan fatty acid esters, poly-
oxyethylene stearates, propylene glycol alginate, sorbitan
esters, stearyl alcohol and triethanolamine, or a mixture of
any two or more of the foregoing.

The specified tablet or capsule formulations of Table 1
may include co-formulation with an obesity treating drug (in
addition to the K, channel opener). Obesity treating drugs
that may be used include, but are not limited to, sibutramine
hydrochloride (5-30 mg/unit), orlistat (50-360 mg/unit),
phentermine hydrochloride or resin complex (15 to 40
mg/unit), zonisamide (100 to 600 mg/unit) topiramate (64 to
400 mg/unit), naltrexone hydrochloride (50 to 600 mg/unit),
rimonabant (5 to 20 mg/unit), ADP356 (5 to 25 mg/unit),
ATL962 (20 to 400 mg/unit), or AOD9604 (1 to 10 mg/unit).
These formulations are preferably used once daily. For a
twice daily dosing, the amount of K ,» channel opener is
one half the amount included in the once daily formulation
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and the coformulated obesity treating drug is half of the
amount specified. Alternative obesity treating drugs may
include: selective serotonin 2¢ receptor agonists, dopamine
antagonists, cannabinoid-1 receptor antagonists, leptin ana-
logues, leptin transport and/or leptin receptor promoters,
neuropeptide Y and agouti-related peptide antagonists, proo-
piomelanocortin and cocaine and amphetamine regulated
transcript promoters, melanocyte-stimulating hormone ana-
logues, melanocortin-4 receptor agonists, and agents that
affect insulin metabolism/activity, which include protein-
tyrosine phosphatase-1B inhibitors, peroxisome proliferator
activated receptor- receptor antagonists, short-acting bro-
mocriptine (ergoset), somatostatin agonists (octreotide), and
adiponectin, gastrointestinal-neural pathway agents, includ-
ing those that increase cholecystokinin activity, increase
glucagon-like peptide-1 activity (extendin 4, liraglutide,
dipeptidyl peptidase IV inhibitors), and increase protein
YY3-36 activity and those that decrease ghrelin activity, as
well as amylin analogues, agents that may increase resting
metabolic rate (“selective” -3 stimulators/agonist, uncou-
pling protein homologues, and thyroid receptor agonists),
melanin concentrating hormone antagonists, phytostanol
analogues, amylase inhibitors, growth hormone fragments,
synthetic analogues of dehydroepiandrosterone sulfate,
antagonists of adipocyte 11 Bhydroxysteroid dehydrogenase
type 1 activity, corticotropin releasing hormone agonists,
inhibitors of fatty acid synthesis, carboxypeptidase inhibi-
tors, indanones/indanols, aminosterols, and other gastroin-
testinal lipase inhibitors.

The specified tablet or capsule formulations of Table 1
may include co-formulation with a diabetes treating drug (in
addition to the K ;» channel opener). Diabetes treating
drugs that may be used include, but are not limited to
acarbose (50 to 300 mg/unit), miglitol (25 to 300 mg/unit),
metformin hydrochloride (300 to 2000 mg/unit), repaglinide
(1-16 mg/unit), nateglinide (200 to 400 mg/unit), rosigliti-
zone (5 to 50 mg/unit), metaglidasen (100 to 400 mg/unit)
or any drug that improves insulin sensitivity, or improves
glucose utilization and uptake. These formulations are pref-
erably used once daily. For a twice daily dosing, the amount
of the the K ,,» channel opener is half the amount included
in the once daily formulation and the co-formulated diabetes
treating drug is half of the amount specified.

The specified tablet or capsule formulations of Table 1
may include co-formulation with a cholesterol lowering
drug. Cholesterol lowering drugs that may be used include,
but are not limited to pravastatin or simvastatin or atorvas-
tatin or fluvastatin or rosuvastatin or lovastatin (all at 10 to
80 mg/unit). These formulations are preferably used once
daily. For a twice daily dosing, the amount of K ;- channel
opener is preferably 25 to 200 mg/unit and the coformulated
cholesterol lowering drug is half of the amount specified.

The specified tablet or capsule formulations of Table 1
may include co-formulation with a depression treating drug.
Depression treating drugs that may be used include, but are
not limited to citalopram hydrobromide (10 to 80 mg/unit),
escitalopram hydrobromide (5 to 40 mg/unit), fluvoxamine
maleate (25 to 300 mg/unit), paroxetine hydrochloride (12.5
to 75 mg/unit), fluoxetine hydrochloride (30 to 100 mg/unit),
setraline hydrochloride (25 to 200 mg/unit), amitriptyline
hydrochloride (10 to 200 mg/unit), desipramine hydrochlo-
ride (10 to 300 mg/unit), nortriptyline hydrochloride (10 to
150 mg/unit), duloxetine hydrochloride (20 to 210 mg/unit),
venlafaxine hydrochloride (37.5 to 150 mg/unit), phenelzine
sulfate (10 to 30 mg/unit), bupropion hydrochloride (200 to
400 mg/unit), or mirtazapine (7.5 to 90 mg/unit). These
formulations are preferably used once daily. For a twice
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daily dosing, the amount of K, channel opener is prefer-
ably half the amount included in the once daily formulation
and the coformulated depression treating drug is half of the
amount specified.

The specified tablet or capsule formulations of Table 1
may include co-formulation with a hypertension treating
drug. Hypertension treating drugs that may be used include,
but are not limited to enalapril maleate (2.5 to 40 mg/unit),
captopril (2.5 to 150 mg/unit), lisinopril (10 to 40 mg/unit),
benzaepril hydrochloride (10 to 80 mg/unit), quinapril
hydrochloride (10 to 80 mg/unit), peridopril erbumine (4 to
8 mg/unit), ramipril (1.25 to 20 mg/unit), trandolapril (1 to
8 mg/unit), fosinopril sodium (10 to 80 mg/unit), moexipril
hydrochloride (5 to 20 mg/unit), losartan potassium (25 to
200 mg/unit), irbesartan (75 to 600 mg/unit), valsartan (40
to 600 mg/unit), candesartan cilexetil (4 to 64 mg/unit),
olmesartan medoxamil (5 to 80 mg/unit), telmisartan (20 to
160 mg/unit), eprosartan mesylate (75 to 600 mg/unit),
atenolol (25 to 200 mg/unit), propranolol hydrochloride (10
to 180 mg/unit), metoprolol tartrate, succinate or fumarate
(all at 25 to 400 mg/unit), nadolol (20 to 160 mg/unit),
betaxolol hydrochloride (10 to 40 mg/unit), acebutolol
hydrochloride (200 to 800 mg/unit), pindolol (5§ to 20
mg/unit), bisoprolol fumarate (5 to 20 mg/unit), nifedipine
(15 to 100 mg/unit), felodipine (2.5 to 20 mg/unit), amlo-
dipine besylate (2.5 to 20 mg/unit), nicardipine (10 to 40
mg/unit), nisoldipine (10 to 80 mg/unit), terazosin hydro-
chloride (1 to 20 mg/unit), doxasoxin mesylate (4 to 16
mg/unit), prazosin hydrochloride (2.5 to 10 mg/unit), or
alfuzosin hydrochloride (10 to 20 mg/unit). These formula-
tions are preferably used once daily. For a twice daily
dosing, the amount of K , ,» channel opener is preferably half
the amount included in the once daily formulation and the
coformulated hypertension treating drug is half of the
amount specified.

The specified tablet or capsule formulations of Table 1
may include co-formulation with a diuretic to treat edema.
Diuretics that may be used include, but are not limited to
amiloride hydrochloride (1 to 10 mg/unit), spironolactone
(10 to 100 mg/unit), triamterene (25 to 200 mg/unit),
bumetanide (0.5 to 4 mg/unit), furosemide (10 to 160
mg/unit), ethacrynic acid or ethacrynate sodium (all at 10 to
50 mg/unit), tosemide (5 to 100 mg/unit), chlorthalidone (10
to 200 mg/unit), indapamide (1 to 5 mg/unit), hydrochloro-
thiazide (10 to 100 mg/unit), chlorothiazide (50 to 500
mg/unit), bendroflumethiazide (5 to 25 mg/unit), hydrofiu-
methiazide (10 to 50 mg/unit), mythyclothiazide (1 to 5
mg/unit), or polythiazide (1 to 10 mg/unit). These formula-
tions are preferably used once daily. For a twice daily
dosing, the amount of K , ,» channel opener is preferably half
the amount included in the once daily formulation and the
coformulated diuretic is half of the amount specified.

The specified tablet or capsule formulations of Table 1
may include co-formulation with a drug to treat inflamma-
tion or pain. Drugs for treating inflammation or pain that
may be used include, but are not limited to aspirin (100 to
1000 mg/unit), tramadol hydrochloride (25 to 150 mg/unit),
gabapentin (100 to 800 mg/unit), acetominophen (100 to
1000 mg/unit), carbamazepine (100 to 400 mg/unit), ibu-
profen (100 to 1600 mg/unit), ketoprofen (12 to 200
mg/unit), fenprofen sodium (100 to 600 mg/unit), flurbipro-
fen sodium or flurbiprofen (both at 50 to 200 mg/unit), or
combinations of any of these with a steroid or aspirin. These
formulations are preferably used once daily. For a twice
daily dosing, the amount of K, channel opener is prefer-
ably half the amount included in the once daily formulation
and the coformulated diuretic is half of the amount specified.
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The specified tablet or capsule formulations of Table 1
may include co-formulation with a drug to treat obesity
associated comorbidities include those specified above for
treating diabetes, cholesterol, depression, hypertension and
edema, or drugs to treat atherosclerosis, osteoarthritis, disc
herniation, degeneration of knees and hips, breast, endome-
trial, cervical, colon, leukemia and prostate cancers, hyper-
lipidemia, asthma/reactive airway disease, gallstones,
GERD, obstructive sleep apnea, obesity hypoventilation
syndrome, recurrent ventral hernias, menstrual irregularity
and infertility.

The specified tablet or capsule formulations of Table 1
may include co-formulation with an anti-psychotic drug the
combination used to treat the psychotic condition and to
treat or prevent weight gain, dyslipidemia or impaired
glucose tolerance in the treated individual. Drugs for treat-
ing various psychotic conditions that may be used include,
but are not limited to, lithium or a salt thereof (250 to 2500
mg/unit), carbamazepine or a salt thereof (50 to 1200
mg/unit), valproate, valproic acid, or divalproex (125 to
2500 mg/unit), lamotrigine (12.5 to 200 mg/unit), olanzap-
ine (5 to 20 mg/unit), clozapine (12.5 to 450 mg/unit), or
risperidone (0.25 to 4 mg/unit). These coformulations are
preferably intended for once per day administration. For a
twice daily dosing, the amount of K ,» channel opener is
preferably half the amount included in the once daily
formulation and the coformulated anti-psychotic is half of
the amount specified.

The specified tablet or capsule formulations of Table 1
may include co-formulation with a drug to treat or prevent
ischemic or reperfusion injury. Drugs for treating or pre-
venting ischemic or reperfusion injury that may be used
include, but are not limited to: low molecular weight hepa-
rins (dalteparin, enoxaparin, nadroparin, tinzaparin or dan-
aparoid), ancrd, pentoxifylline, nimodipine, flunarizine,
ebselen, tirilazad, clomethiazole, an AMPA agonist (GYKI
52466, NBQX, YM90K, zonampanel, or MPQX), SYM
2081, selfotel, Cerestat, CP-101,606, dextrophan, dex-
tromethorphan, MK-801, NPS 1502, remacemide, ACEA
1021, GV150526, eliprodil ifenprodil, lubeluzole, naloxone,
nalfemene citicoline, acetyl-l-carnitine, nifedipine, resvera-
trol, a nitrone derivative, clopidogrel, dabigatram, prasugrel,
troxoprodil, AGY-94806, or KAI-9803.

Provided are formulations administered once or twice
daily to an obese or overweight subject continuously to
result in a circulating concentration of K ,,» channel opener
sufficient to induce weight loss. Weight loss occurs by the
preferential loss of body fat. Additional weight loss can
occur when the formulation is administered in combination
with a reduced calorie diet.

Provided are formulations of K,,» channel openers
administered as a single dose to an obese, overweight or
obesity-prone subject that result in the inhibition of fasting
or glucose stimulated insulin secretion for about 24 hours or
for about 18 hours.

Provided are formulations of K, channel openers
administered as a single dose to an obese, overweight or
obesity-prone subject that result in the elevation of energy
expenditure for about 24 hours or for about 18 hours.

Provided are formulations of K,,» channel openers
administered as a single dose to an obese, overweight or
obesity-prone subject that result in the elevation of beta
oxidation of fat for about 24 hours or for about 18 hours.

Provided are formulations of K,,» channel openers
administered as a single dose to an obese, overweight or
obesity-prone hyperphagic subject that result in the inhibi-
tion of hyperphagia for about 24 hours or for about 18 hours.
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Provided are formulations administered once or twice
daily (per 24 hours) to a subject continuously result in a
circulating concentration of K, channel opener sufficient
to induce either beta-cell rest or improved insulin sensitivity
or both. Such beta-cell rest and improvements in insulin
sensitivity can contribute to effective treatment of type I
diabetes, type II diabetes and prediabetes. Such beta-cell rest
and improvements in insulin sensitivity can contribute to
effective restoration of normal glucose tolerance in type 11
diabetic and prediabetic subjects.

The various pharmaceutical K ,,» channel opener formu-
lations have a variety of applications, including, but not
limited to: (1) treatment of obesity; (2) prevention of weight
gain in individuals who are predisposed to obesity; (3)
treatment of hyperinsulemia or hyperinsulinism; (4) treat-
ment of hypoglycemia; (5) treatment of hyperlipidemia, (6)
treatment of type Il diabetes, (7) preservation of pancreatic
function in type I diabetics; (8) treatment of metabolic
syndrome (or syndrome X); (9) prevention of the transition
from prediabetes to diabetes, (10) correction of the defects
in insulin secretion and insulin sensitivity contributing to
prediabetes and type II diabetes, (11) treatment of polycystic
ovary syndrome, (12) prevention of ischemic or reperfusion
injury, (13) treat weight gain, dyslipidemia, or impairment of
glucose tolerance in subjects treated with antipsychotics
drugs, (14) prevent weight gain, dyslipidemia, or impair-
ment of glucose tolerance in subjects treated with antipsy-
chotics drugs and (15) treatment of any disease where
hyperlipidemia, hyperinsulemia, hyperinsulinism, hyperlipi-
demia, hyperphagia or obesity are contributing factors to the
severity or progression of the disease, including but not
limited to, Prader-Willi Syndrome, Smith-Magenis syn-
drome, Froelich’s syndrome, Cohen syndrome, Summit
Syndrome, Alstrom, Syndrome, Borjesen Syndrome, Bar-
det-Biedl Syndrome, hyperlipoproteinemia type L, II, 111, and
IV, and the like.

In one embodiment, a K ,;» channel opener is adminis-
tered to an overweight or obese individual as a solid oral
dosage once per 24 hours, optionally in combination with
growth hormone, to induce weight loss. In further embodi-
ments, the individual (a) is not a type I diabetic, (b) is not a
type 1I diabetic, (c) is not experiencing chronic, recurrent or
drug-induced hypoglycemia, (d) does not have metabolic
syndrome, or (e) is not experiencing malignant hyperten-
sion.

In one embodiment, a K ,;» channel opener is adminis-
tered to an overweight or obese individual as a solid oral
dosage twice per 24 hours, optionally in combination with
growth hormone, to induce weight loss. This treatment can
be the sole treatment to induce weight loss. In further
embodiments, the overweight or obese individual (a) does
not have an insulin secreting tumor, (b) is not suffering from
Poly Cystic Ovary Syndrome, (¢) is not a type I diabetic, (d)
is not a type II diabetic, (e) does not have metabolic
syndrome, (f) is not experiencing chronic recurrent or drug-
induced hypoglycemia, (g) has not been treated for schizo-
phrenia with haloperidol, or (h) is not experiencing malig-
nant hypertension. In further embodiments, the overweight
or obese adolescent (a) has not been diagnosed as being type
I or type I diabetic, (b) is not experiencing chronic, recur-
rent or drug-induced hypoglycemia, or (¢) has not been
diagnosed as having metabolic syndrome.

In another embodiment, a K, channel opener is admin-
istered to an overweight or obese individual as a solid oral
dosage form three times per 24 hours, optionally in combi-
nation with growth hormone, to induce weight loss. This
treatment can be the sole treatment to induce weight loss. In

APOTEX_EX1022 PGR2026-00034 Page 245



US 9,757,384 B2

37

further embodiments, the overweight or obese individual (a)
does not have an insulin-secreting tumor, (b) is not suffering
from Poly Cystic Ovary Syndrome, (c¢) is not a type I
diabetic, (d) is not a type 1I diabetic, (e) does not have
metabolic syndrome, or (f) is not experiencing chronic,
recurrent or drug-induced hypoglycemia.

In another embodiment, a K ,,» channel opener is admin-
istered to an overweight or obese adolescent as a solid oral
dosage form three times per 24 hours, optionally in combi-
nation with growth hormone, to induce weight loss. This
treatment can be the sole treatment to induce weight loss. In
further embodiments, the overweight or obese adolescent is
(a) is a type I or type II diabetic, (b) is not experiencing
chronic, recurrent or drug-induced hypoglycemia or (c) does
not have metabolic syndrome.

In another embodiment, a K ,,» channel opener is admin-
istered as a solid oral dosage form three times per 24 hours,
optionally in combination with growth hormone, to induce
weight loss to an overweight or obese adult who (a) is not
simultaneously receiving glucagon injections, triiodothy-
roxin or furosemide, (b) is not being treated for schizophre-
nia with haloperidol, or (c) is not experiencing malignant
hypertension.

In another embodiment, a K ,,» channel opener is admin-
istered to an overweight or obese individual as a solid oral
dosage form four times per 24 hours, optionally in combi-
nation with growth hormone, to induce weight loss.

In another embodiment, a K ,,» channel opener is admin-
istered to an overweight or obese individual as a solid oral
dosage form administered from one, two, three or four times
per 24 hours, optionally in combination with growth hor-
mone, to induce weight loss at a daily dose of 50 to 275 mg.
In a further embodiment, the overweight or obese individual
individual (a) is not type I diabetic, (b) is not type Il diabetic,
(c) is not suffering chronic, recurrent or drug-induced hypo-
glycemia, or (d) does not have metabolic syndrome.

In another embodiment, a K ,,» channel opener is admin-
istered to an overweight or obese individual as a solid oral
dosage form administered from one, two, three or four times
per 24 hours, optionally in combination with growth hor-
mone, to induce weight loss at a daily dose of 130 to 275 mg.
In a further embodiment, the overweight or obese individual
(a) is not type I diabetic, (b) is not type II diabetic, (c) is not
suffering chronic, recurrent or drug-induced hypoglycemia,
or (d) does not have metabolic syndrome.

In another embodiment, a K ,,» channel opener is admin-
istered to an overweight or obesity prone individual as a
solid oral dosage form one, two, three or four times per 24
hours, optionally in combination with growth hormone, to
maintain a weight loss, as it is preferable to maintain weight
in an obese individual once some weight loss has occurred
when the alternative is to regain weight. In a further embodi-
ment, the administered daily dose of the K, channel
opener is 50 to 275 mg.

In other embodiments, a K, channel opener is admin-
istered as a solid oral dosage form to an overweight, obese,
or obesity prone individual, optionally in combination with
growth hormone, to (a) elevate energy expenditure, (b)
elevate beta oxidation of fat, or (c¢) reduce circulating
triglyceride concentrations.

In other embodiments, a solid oral dosage of a K, »
channel opener is administered on a prolonged basis to an
individual in need thereof to induce the loss of 25%, 50%,
or 75% of initial body fat.

In another embodiment, a solid oral dosage of a K »
channel opener is administered on a prolonged basis to an
individual in need thereof, optionally in combination with
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growth hormone, to induce (a) the preferential loss of body
fat or (b) the preferential loss of visceral body fat.

In additional embodiments, a solid oral dosage of a K,
channel opener is administered on a prolonged basis one,
two or three times per 24 hours at daily doses of 50 to 275
mg to an individual, optionally in combination with growth
hormone, to (a) induce the loss of 25%, 50% or 75% of
initial body fat, (b) induce the preferential loss of body fat,
or (¢) induce the preferential loss of visceral fat.

In another embodiment, a solid oral dosage of a K
channel opener is administered to an individual, optionally
in combination with growth hormone, to induce the prefer-
ential loss of body fat and to induce reduction in circulating
triglycerides.

In another embodiment, a solid oral dosage of a K
channel opener is co-administered with growth hormone.

In yet another embodiment, a solid oral dosage of a K ,,»
channel opener is co-administered with growth hormone and
optionally one or more of sibutramine, orlistat, rimonabant,
an appetite suppressant, an anti-depressant, an anti-epileptic,
a diuretic that is not furosemide, a drug that induces weight
loss by a mechanism that is distinct from a K, channel
opener, a drug that induces weight loss by a mechanism that
is distinct from a K ,;» channel opener but is not metformin,
furosemide or triiodothyroxin, or a drug that lowers blood
pressure, to induce weight loss and/or treat obesity associ-
ated comorbidities in an overweight, obese, or obesity prone
individual. In further embodiments, the overweight, obese,
or obesity prone individual (a) is a type I diabetic, (b) is not
a type Il diabetic, (c) is not suffering from chronic, recurrent
or drug-induced hypoglycemia, or (d) does not have meta-
bolic syndrome.

In another embodiment a solid oral dosage of a K
channel opener is co-administered with growth hormone and
optionally one or more of an anti-depressant, a drug that
lowers blood pressure, a drug that lowers cholesterol, a drug
that raises HDL, an anti-inflammatory that is not a Cox-2
inhibitor, a drug that lowers circulating triglycerides, to an
overweight, obese, or obesity prone individual to induce
weight loss and/or treat obesity associated comorbidities. In
further embodiments, the overweight, obese, or obesity
prone individual (a) is not a type I diabetic, (b) is not a type
II diabetic, (c) is not suffering from chronic, recurrent or
drug-induced hypoglycemia, or (d) does not have metabolic
syndrome.

In another embodiment, a solid oral dosage of a K ,»
channel opener is co-administered with growth hormone and
optionally one or more of a drug that lowers blood pressure,
a drug that lowers cholesterol, a drug that raises HDL, an
anti-inflammatory that is not a Cox-2 inhibitor, a drug that
lowers circulating triglycerides, to maintain weight and/or
treat obesity associated comorbidities in an overweight,
obese, or obesity prone individual, as it is preferable to
maintain weight in an obese individual once some weight
loss has occurred when the alternative is to regain weight. In
further embodiments, the overweight, obese, or obesity
prone individual (a) is not a type I diabetic, (b) is not a type
II diabetic, (c) is not suffering from chronic, recurrent or
drug-induced hypoglycemia, or (d) does not have metabolic
syndrome.

In additional embodiments, a tablet formulation of a K ,,»
channel opener is used to administer a therapeutically effec-
tive dose of a K ,;» channel opener to an obese, overweight
or obesity prone individual in need thereof to treat obesity,
to (a) provide beta cell rest, (b) treat type 1 or type II
diabetes, or (c) prevent the occurrence of diabetes.
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In additional embodiments, a solid oral dosage form or
tablet formulation of a K ,,» channel opener is co-adminis-
tered with growth hormone and optionally one or more of
Phentermine or a derivative thereof to an obese adult or
adolescent to induce weight loss and/or treat obesity and
obesity-associated co-morbidities. In further embodiments,
a solid oral dosage form or tablet formulation of a K ,»
channel opener is co-administered with Phentermine or a
derivative, optionally in combination with growth hormone,
thereof to an obese adult or adolescent to treat metabolic
syndrome in a patient in need thereof.

In further embodiments, a pharmaceutically acceptable
formulation of a K ,;» channel opener at doses of 50 to 275
mg/day is co-administered with growth hormone and option-
ally one or more of Phentermine or a derivative thereof at
daily doses of 15 to 37.5 mg to an overweight or obese
individual to induce weight loss, to treat metabolic syn-
drome, or to induce weight loss and treat obesity-associated
co-morbidities. In another embodiment, a tablet formulation
is co-administered with growth hormone and optionally one
or more of Phentermine or a derivative thereof to treat
metabolic syndrome in a patient.

In another embodiment, a quick dissolving formulation of
a K, ;» channel opener, optionally in combination with
growth hormone, is used to provide a therapeutically effec-
tive dose to a patient in need thereof.

In further embodiments, a K ,;» channel opener is admin-
istered, optionally in combination with growth hormone,
once per 24 hours at doses of 125 mg to 275 mg to an
overweight or obese individual who is not type II diabetic
and is not being treated for nighttime hypoglycemia.

In further embodiments, a K, channel opener is formu-
lated as a tablet or capsule for oral administration. The tablet
or capsule may be co-formulated with metformin. In another
embodiment, a K ,,» channel opener is formulated as an oral
suspension, and the oral suspension may be further encap-
sulated in another embodiment.

In another embodiment, a pharmaceutical salt of a K~
channel opener is formulated as a tablet or capsule for oral
administration, or as an oral suspension or as an oral
solution, or as an oral solution that is encapsulated. If the
opener is diazoxide, the salt, is preferably not a sodium salt.

In another embodiment a K,,» channel opener is co-
formulated with hydrochlorothiazide, chlorothiazide,
cyclothiazide, benzthiazide, metyclothiazide, bendroflume-
thiazide, hydroflumethiazide, trichlormethiazide, or polythi-
azide in a pharmaceutical formulation suitable for oral
administration.

Upon administration of the formulations provided herein
to humans or animals, some or all of the following effects are
observed: (1) the production of lipoprotein lipase by adipo-
cytes is reduced; (2) enhanced lipolysis by adipocytes; (3)
expression of fatty acid synthase by adipocytes is reduced;
(4) glyceraldehydes phosphate dehydrogenase activity of
adipocytes is reduced; (5) little or no new triglycerides are
synthesized and stored by adipocytes; (6) enhanced expres-
sion of §; Adrenergic Receptor (f;AR) an improvement in
the adrenergic function in adipocytes; (7) reduced glucose
stimulated secretion of insulin by pancreatic B-cells; (8)
decreased insulinemia; (9) enhanced blood glucose levels;
(10) increased expression of Uncoupling Protein 1 in adi-
pocytes; (11) enhanced thermogenesis in white and brown
adipose tissue; (12) reduction of plasma triglyceride con-
centration; (13) decrease in circulating leptin concentra-
tions; (14) up-regulation of insulin receptors; (15) enhanced
glucose uptake; (16) reduced adipocyte hyperplasia; (17)
reduced adipocyte hypertrophy; (18) reduced rates of con-
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version of preadipocytes to adipocytes; (19) reduced rates of
hyperphagia, (20) increased protection of CNS, cardiac and
other tissues from ischemic or reperfusion injury, (21)
improved insulin sensitivity, (22) elevated CSF insulin con-
centrations, (23) elevated circulating adiponectin concentra-
tions, (25) reduced circulating triglyceride concentrations,
(26) enhancement of beta-cell rest, and/or (27) increase in
lean body mass.

Threshold concentrations of the current invention include
those circulating concentrations of K, channel openers,
optionally in combination with growth hormone, resulting
from the administration of the drug as an i.v. formulation, an
immediate release oral formulation, a controlled release
formulation, a transdermal formulation, or an intranasal
formulation to an overweight or obese individual which
results in (1) measurable suppression of fasting insulin
levels, (2) suppression of fasting insulin levels by at least
20% from the baseline measurement in the same individual
prior to treatment with a K ,» channel openers, (3) suppres-
sion of fasting insulin levels by at least 30% from the
baseline measurement in the same individual prior to treat-
ment with K~ channel openers, (4) suppression of fasting
insulin levels by at least 40% from the baseline measure-
ment in the same individual prior to treatment with a K,
channel openers, (5) suppression of fasting insulin levels by
at least 50% from the baseline measurement in the same
individual prior to treatment with K, channel openers, (6)
suppression of fasting insulin levels by at least 60% from the
baseline measurement in the same individual prior to treat-
ment with K, channel openers, (7) suppression of fasting
insulin levels by at least 70% from the baseline measure-
ment in the same individual prior to treatment with K ,,»
channel openers, (8) suppression of fasting insulin levels by
at least 80% from the baseline measurement in the same
individual prior to treatment with K , . channel openers, (9)
loss of weight, (10) elevation of resting energy expenditure,
or (11) elevation of the oxidation of fat or fatty acids.

Threshold effects of the current invention include those
circulating concentrations of K ,,» channel openers resulting
from the administration of an i.v. formulation of the drug, or
an immediate release oral formulation of the drug, or a
controlled release formulation of the drug, or a sustained
release formulation, or a transdermal formulation, or an
intranasal formulation of the drug to an obesity prone
individual which result in (1) the loss of weight, and (2) the
maintenance of weight.

Threshold effects of the current invention include those
circulating concentrations of K ,,» channel openers resulting
from the administration of an i.v. formulation of the drug, or
an immediate release oral formulation of the drug, or a
controlled release formulation of the drug, or a sustained
release formulation, or a transdermal formulation, or an
intranasal formulation of the drug to a prediabetic individual
which result in prevention of the transition to diabetes.

Threshold effects of the current invention include those
circulating concentrations of K , » channel openers resulting
from the administration of an i.v. formulation of the drug, or
an immediate release oral formulation of the drug, or a
controlled release formulation of the drug, or a sustained
release formulation, or a transdermal formulation, or an
intranasal formulation of the drug to a individual with type
1 diabetes which result in beta cell rest.

The mode of action by which weight is maintained or lost
resulting from the prolonged administration of K ,,» channel
openers to overweight, obese or obesity prone individuals as
provided herein includes, but is not limited to one or more
of (1) enhanced energy expenditure, (2) enhanced oxidation
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of fat and fatty acids, (3) the enhancement of lipolysis in
adipose tissue, (4) enhanced glucose uptake by tissues,
enhanced insulin sensitivity, (5) improved beta adrenergic
response, and (6) increase in lean body mass. The mode of
action by which weight is maintained or lost resulting from
the prolonged administration of K ,;» channel openers to
obese or obesity prone individuals as provided herein may
also include the suppression of appetite.

Prolonged administration of pharmaceutical formulations
of K ,7» channel openers to overweight or obese humans or
animals, optionally in combination with growth hormone,
results in substantial and sustained weight loss including
some or all of the following effects: (1) preferential loss of
body fat; (2) loss of greater than 25% of initial body fat
mass; (3) loss of greater than 50% of initial body fat mass;
(4) loss of greater than 75% of initial body fat mass; (5)
significant increase in resting energy expenditure; (6)
increase in the oxidation of fat and fatty acids; (7) reduction
in blood pressure; (8) production of lipoprotein lipase by
adipocytes is reduced; (9) enhanced lipolysis by adipocytes;
(10) expression of fatty acid synthase by adipocytes is
reduced; (11) glyceraldehydes phosphate dehydrogenase
activity of adipocytes is reduced; (12) little or no new
triglycerides are synthesized and stored by adipocytes; (13)
enhanced expression of f§; Adrenergic Receptor (p;AR) and
an improvement in the adrenergic function in adipocytes;
(14) reduced glucose stimulated secretion of insulin by
pancreatic B-cells; (15) decreased insulinemia; (16)
enhanced blood glucose levels; (17) increased expression of
Uncoupling Protein 1 in adipocytes; (18) enhanced thermo-
genesis in white and brown adipose tissue; (19) reduction of
plasma triglyceride concentration; (20) decrease in circulat-
ing leptin concentrations; (21) up-regulation of insulin
receptors; (22) enhanced glucose uptake; (23) reduced adi-
pocyte hyperplasia; (24) reduced adipocyte hypertrophy;
(25) reduced rates of conversion of preadipocytes to adipo-
cytes; (26) reduced rates of hyperphagia; (27) the sequential
loss first of the metabolically most active adipose tissue
(visceral), followed by the loss of less metabolically active
adipose tissue, (28) elevation of circulating adiponectin
concentrations, (29) elevation of cerebrospinal fluid insulin
levels, (30) enhanced islet insulin mRNA and insulin con-
tent, (31) enhanced metabolic efficiency of insulin, or (32)
increase in lean body mass.

Prolonged administration of formulations of K, channel
openers, optionally in combination with growth hormone, to
obesity prone humans or animals, including individuals who
have undergone various types of bariatric surgery, results in
sustained maintenance of weight including some or all of the
following effects: (1) increased resting energy expenditure;
(2) increase in the oxidation of fat and fatty acids; (3)
reduction in blood pressure; (4) production of lipoprotein
lipase by adipocytes is reduced; (5) enhanced lipolysis by
adipocytes; (6) expression of fatty acid synthase by adipo-
cytes is reduced; (7) glyceraldehyde phosphate dehydroge-
nase activity of adipocytes is reduced; (8) little or no new
triglycerides are synthesized and stored by adipocytes; (9)
enhanced expression of f§; Adrenergic Receptor (p;AR) and
improvement in the adrenergic function in adipocytes; (10)
reduced glucose stimulated secretion of insulin by pancre-
atic B-cells; (11) decreased insulinemia; (12) enhanced
blood glucose levels; (13) increased expression of Uncou-
pling Protein 1 in adipocytes; (14) enhanced thermogenesis
in white and brown adipose tissue; (15) reduction of plasma
triglyceride concentration; (16) decreased circulating leptin
concentration; (17) up-regulation of insulin receptors; (18)
enhanced glucose uptake; (19) reduced adipocyte hyperpla-
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sia; (20) reduced adipocyte hypertrophy; (21) reduced rates
of conversion of preadipocytes to adipocytes; and (22)
reduced rates of hyperphagia, (23) elevated circulating adi-
ponectin concentration, (24) elevated cerebrospinal fluid
insulin levels, (25) enhanced islet insulin mRNA and insulin
content, or (26) enhanced metabolic efficiency of insulin.

Immediate or prolonged administration of formulations of
K,7» channel openers, optionally in combination with
growth hormone, to prediabetic or type I diabetic humans or
animals results in the prevention of beta cell failure,
improved glycemic control, and prevention of the transition
from prediabetes to diabetes including some or all of the
following effects: (1) increase in resting energy expenditure;
(2) increase in the oxidation of fat and fatty acids; (3)
reduction in blood pressure; (4) production of lipoprotein
lipase by adipocytes is reduced; (5) enhanced lipolysis by
adipocytes; (6) expression of fatty acid synthase by adipo-
cytes is reduced; (7) glyceraldehyde phosphate dehydroge-
nase activity of adipocytes is reduced; (8) little or no new
triglycerides are synthesized and stored by adipocytes; (9)
enhanced expression of 3, Adrenergic Receptor (f;AR) and
an improvement in the adrenergic function in adipocytes;
(10) reduced glucose stimulated secretion of insulin by
pancreatic B-cells; (11) decreased insulinemia; (12)
enhanced blood glucose levels; (13) increased expression of
Uncoupling Protein 1 in adipocytes; (14) enhanced thermo-
genesis in white and brown adipose tissue; (15) reduction of
plasma triglyceride concentration; (16) decreased circulat-
ing leptin concentrations; (17) up-regulation of insulin
receptors; (18) enhanced glucose uptake; (19) reduced adi-
pocyte hyperplasia; (20) reduced adipocyte hypertrophy;
(21) reduced rates of conversion of preadipocytes to adipo-
cytes; (22) reduced rates of hyperphagia, (23) elevated
circulating adiponectin concentrations, (24) elevated cere-
brospinal fluid insulin levels, (25) enhanced islet insulin
mRNA and insulin content, or (26) enhanced metabolic
efficiency of insulin.

Immediate or prolonged administration of formulations of
K,7» channel openers, optionally in combination with
growth hormone, to humans or animals that are at risk for
myocardial infarct, or stroke or undergoing a surgical pro-
cedure that restores blood flow to heart or brain results in
improved therapeutic outcomes post-surgically, or following
the occurrence of myocardial infarct or stroke by improving
the survival of tissue after blood flow is restored, reduced
stunning of tissue, and altering the nature of the inflamma-
tory responses.

Pharmaceutical formulations as provided herein are
designed to be used in the treatment of obesity, hyperlipi-
demia, hypertension, weight maintenance, type 1 diabetes,
prediabetes, type 11 diabetes, or any condition where weight
loss, reduction in circulating triglycerides or beta cell rest
contributes to therapeutic outcomes provide for a range of
critical changes in pharmacodynamic and pharmacokinetic
responses to administered doses of K, channel openers,
optionally in combination with growth hormone, which
changes include one or more of the following: (1) extending
the pharmacodynamic effect of an administered dose to
greater than 24 hours as measured by the suppression of
insulin secretion, (2) providing for substantial uptake of the
active pharmaceutical ingredient in the small intestine, (3)
providing for substantial uptake of the active pharmaceutical
ingredient in the large intestine, (4) result in lowered Cmax
versus current oral suspension or capsule products for the
same administered dose of active pharmaceutical ingredient,
(5) provide for circulating concentrations of unbound active
pharmaceutical ingredient above threshold concentrations
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for 24 or more hours from a single administered dose, and
(6) provide for more consistent drug absorption by treated
individuals as compared to existing capsule formulations.

Pharmaceutical co-formulations of the current invention
designed to treat a range of conditions in humans and
animals include the combination of K ,,» channel openers
with growth hormone and optionally one or more of: (1) a
diuretic, (2) a drug that lowers blood pressure, (3) a drug that
suppresses appetite, (4) a cannabinoid receptor antagonist,
(5) a drug that suppresses that action of gastric lipases, (6)
any drug that is used to induce weight loss, (7) a drug that
lowers cholesterol, (8) a drug that lowers LDL bound
cholesterol, (9) a drug that improves insulin sensitivity, (10)
a drug that improves glucose utilization or uptake, (11) a
drug that reduces incidence of atherosclerotic plaque, (12) a
drug that reduces inflammation, (13) a drug that is antide-
pressant, (14) a drug that is an anti-epileptic, or (15) a drug
that is an anti-psychotic.

Treatment of humans or animals of the current invention
using pharmaceutical formulations of K , - channel openers,
optionally in combination with growth hormone, result in
reduced incidence of adverse side effects including but not
limited to edema, fluid retention, reduced rates of excretion
of sodium, chloride, and uric acid, hyperglycemia, ketoaci-
dosis, nausea, vomiting, dyspepsia, ileus and headaches.
These reductions in frequency of adverse side effects are
achieved by: (1) initiating dosing of individuals at subthera-
peutic doses and in a step wise manner increasing the dose
daily until the therapeutic dose is achieved where the
number of days over which the step up in dose is effected is
2 to 10, (2) use of the lowest effective dose to achieve the
desired therapeutic effect, (3) use of a pharmaceutical for-
mulation that delays release of active until gastric transit is
complete, (4) use of a pharmaceutical formulation that
delays release of active until gastric transit is complete, (5)
use of a pharmaceutical formulation that results in lower
circulating peak drug levels as compared to an immediate
release oral suspension or capsule formulation for the same
administered dose, and (6) optimizing the timing of admin-
istration of dose within the day and relative to meals.

Treatment of patients suffering from Prader-Willi Syn-
drome, Smith-Magenis syndrome, Froelich’s syndrome,
Cohen syndrome, Summit Syndrome, Alstrom, Syndrome,
Borjesen Syndrome, Bardet-Biedl Syndrome, and hyperli-
poproteinemia type I, II, 111, and IV with the current inven-
tion using pharmaceutical formulations of K ;» channel
openers, optionally in combination with growth hormone,
result in some or all of the following therapeutic outcomes:
(1) weight loss, (2) reduced rates of weight gain, (3) inhi-
bition of hyperphagia, (4) reduced incidence of impaired
glucose tolerance, prediabetes or diabetes, (5) reduced inci-
dence of congestive heart failure, (6) reduced hypertension,
and (7) reduced rates of all cause mortality.

Treatment of prediabetic subjects with the current inven-
tion using pharmaceutical formulations of K ;» channel
openers, optionally in combination with growth hormone,
result in some or all of the following therapeutic outcomes:
(1) weight loss, (2) restoration of normal glucose tolerance,
(3) delayed rates of progression to diabetes, (4) reduced
hypertension, and (5) reduced rates of all cause mortality.

Treatment of diabetic subjects with the current invention
using pharmaceutical formulations of K , - channel openers,
optionally in combination with growth hormone, result in
some or all of the following therapeutic outcomes: (1)
weight loss, (2) restoration of normal glucose tolerance, (3)
delayed rates of progression of diabetes, (4) improvements
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in glucose tolerance, (5) reduced hypertension, and (6)
reduced rates of all cause mortality.

Co-administration of drugs with formulations of K ,»
channel openers in the treatment of diseases of overweight,
obese or obesity prone human and animal subjects involves
the co-administration of a pharmaceutically acceptable for-
mulation of K, channel openers with an acceptable for-
mulation of growth hormone and optionally one or more of:
(1) Sibutramine, (2) orlistat, (3) Rimonabant, (4) a drug that
is an appetite suppressant, (5) any drug used to induce
weight loss in an obese or overweight individual, (6) a
non-thiazide diuretic, (7) a drug that lowers cholesterol, (8)
a drug that raises HDL cholesterol, (9) a drug that lowers
LDL cholesterol, (10) a drug that lowers blood pressure, (11)
a drug that is an anti-depressant, (12) a drug that improves
insulin sensitivity, (13) a drug that improves glucose utili-
zation and uptake (14) a drug that is an anti-epileptic, (15)
a drug that is an anti-inflammatory, or (16) a drug that lowers
circulating triglycerides.

Co-administration of drugs with formulations of K ,»
channel openers in the treatment or prevention of weight
gain, dyslipidemia, or impaired glucose tolerance in subjects
treated with antipsychotics drugs involve the co-administra-
tion of a pharmaceutically acceptable formulation of K ,,»
channel openers with growth hormone and optionally one or
more of an acceptable formulation of: lithium, carbam-
azepine, valproic acid and divalproex, and lamotrigine,
antidepressants generally classified as monoamine oxidase
inhibitors including isocarboxazid, phenelzine sulfate and
tranylcypromine sulfate, tricyclic antidepressants including
doxepin, clomipramine,  amitriptyline, = maproiline,
desipromine, nortryptyline, desipramine, doxepin, trimip-
ramine, imipramine and protryptyline, tetracyclic antide-
pressants including mianserin, mirtazapine, maprotiline,
oxaprotline, delequamine, levoprotline, triflucarbine, setip-
tiline, lortalaline, azipramine, aptazapine maleate and pirlin-
dole, and major tranquilizers and atypical antipsychotics
including paloproxidol, perphenazine, thioridazine, risperi-
done, clozapine, olanzapine and chlorpromazine.

In one embodiment, a K, channel opener, optionally in
combination with growth hormone, is administered to an
overweight or obese individual as an oral suspension, or an
immediate release capsule or tablet or a controlled release
formulation or a transdermal formulation or an intranasal
formulation to reach and maintain the threshold concentra-
tion required to measurably reduce fasting insulin levels for
a prolonged period. Preferably the K, channel opener
formulation reduces fasting insulin levels by at least 20%,
more preferably by at least 30%, more preferably by at least
by 40%, more preferably by at least 50%, more preferably
by at least by 60% more preferably by at least by 70%, and
more preferably by at least 80%. Fasting insulin levels are
commonly measured using the glucose tolerance test
(OGTT). After an overnight fast, a patient ingests a known
amount of glucose. Initial glucose levels are determined by
measuring pre-test glucose levels in blood and urine. Blood
insulin levels are measured by a blood is draw every hour
after the glucose is consumed for up to three hours. In a
fasting glucose assay individuals with plasma glucose values
greater than 200 mg/dl at 2 hours post-glucose load indicate
an impaired glucose tolerance.

In another embodiment, a K., channel opener, option-
ally in combination with growth hormone, is administered to
an overweight or obese individual as an oral suspension, or
an immediate release capsule or tablet or a controlled release
formulation or a transdermal formulation or an intranasal
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formulation to reach and maintain the threshold concentra-
tion required to induce weight loss for a prolonged period.

In another embodiment, a K, channel opener, option-
ally in combination with growth hormone, is administered to
an overweight or obese individual as an oral suspension, or
an immediate release capsule or tablet or a controlled release
formulation or a transdermal formulation or an intranasal
formulation to reach and maintain the threshold concentra-
tion required to elevate resting energy expenditure for a
prolonged period.

In another embodiment, a K, channel opener, option-
ally in combination with growth hormone, is administered to
an overweight or obese individual as an oral suspension, or
an immediate release capsule or tablet or a controlled release
formulation or a transdermal formulation or an intranasal
formulation to reach and maintain the threshold concentra-
tion required to elevate fat and fatty acid oxidation for a
prolonged period.

In another embodiment, a K, channel opener, option-
ally in combination with growth hormone, is administered to
an obesity prone individual as an oral suspension, or an
immediate release capsule or tablet or a controlled release
formulation or a transdermal formulation or an intranasal
formulation to reach and maintain the threshold concentra-
tion required to induce weight loss for a prolonged period.

In another embodiment, a K, channel opener, option-
ally in combination with growth hormone, is administered to
an obesity prone individual as an oral suspension, or an
immediate release capsule or tablet or a controlled release
formulation or a transdermal formulation or an intranasal
formulation to reach and maintain the threshold concentra-
tion required to maintain weight for a prolonged period.

In another embodiment, a K ,,» channel opener, option-
ally in combination with growth hormone, is administered to
an overweight or obese individual as an oral suspension, or
an immediate release capsule or tablet or a controlled release
formulation or a transdermal formulation or an intranasal
formulation to reach and maintain a drug concentration
above the threshold concentration required to induce weight
loss for a prolonged period.

In another embodiment, a K, channel opener, option-
ally in combination with growth hormone, is administered to
an overweight or obese individual as an oral suspension, or
an immediate release capsule or tablet or a controlled release
formulation or a transdermal formulation or an intranasal
formulation for a prolonged period of time to reduce body
fat by more than 25%, more preferably by at least 50%, and
more preferably by at least 75%.

In another embodiment, a K ,,» channel opener, option-
ally in combination with growth hormone, is administered to
an overweight or obese individual as an oral suspension, or
an immediate release capsule or tablet or a controlled release
formulation or a transdermal formulation or an intranasal
formulation for a prolonged period of time to preferentially
reduce visceral fat deposits.

In another embodiment, a K ,,» channel opener, option-
ally in combination with growth hormone, is administered to
an overweight or obese individual as an oral suspension, or
an immediate release capsule or tablet or a controlled release
formulation or a transdermal formulation or an intranasal
formulation for a prolonged period of time to reduce visceral
fat depots and other fat deposits.

In another embodiment, a K ,,» channel opener, option-
ally in combination with growth hormone, is administered to
a normoinsulemic overweight or obese individual as an oral
suspension, or an immediate release capsule or tablet or a
controlled release formulation or a transdermal formulation
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or an intranasal formulation to reach and maintain a drug
concentration above the threshold concentration required to
induce weight loss for a prolonged period.

In another embodiment, a K ,,» channel opener, option-
ally in combination with growth hormone, is administered to
a prediabetic individual as an oral suspension, or an imme-
diate release capsule or tablet or a controlled release formu-
lation or a transdermal formulation or an intranasal formu-
lation to reach and maintain a drug concentration above the
threshold concentration required to prevent the transition to
diabetes for a prolonged period.

In another embodiment, a K ,,» channel opener, option-
ally in combination with growth hormone, is administered to
a type 1 diabetic individual as an oral suspension, or an
immediate release capsule or tablet or a controlled release
formulation or a transdermal formulation or an intranasal
formulation to reach and maintain a drug concentration
above the threshold concentration required to induce beta
cell rest for a prolonged period.

In another embodiment, a single dose of a pharmaceuti-
cally acceptable formulation of a K,,» channel opener,
optionally in combination with growth hormone, is admin-
istered to an individual in need thereof that results in
circulating concentration of active drug sufficient to dimin-
ish the secretion of insulin for 24 or more hours.

In another embodiment, a pharmaceutically acceptable
formulation of a K ,;» channel opener, optionally in combi-
nation with growth hormone, is administered over a pro-
longed basis to an individual in need thereof no more than
once per 24 hours that results in circulating concentration of
active drug sufficient to diminish the secretion of insulin on
a continuous basis.

In another embodiment, a single dose of a pharmaceuti-
cally acceptable formulation of a K, channel opener,
optionally in combination with growth hormone, is admin-
istered to an individual in need thereof that results in
circulating concentration of active drug sufficient to elevate
non-esterified fatty acids in circulation for 24 or more hours.

In another embodiment, a pharmaceutically acceptable
formulation of a K ,,» channel opener, optionally in combi-
nation with growth hormone, is administered over a pro-
longed basis to an individual in need thereof no more than
once per 24 hours that results in circulating concentration of
active drug sufficient to elevate non-esterified fatty acids in
circulation on a continuous basis.

In another embodiment, a single dose of a pharmaceuti-
cally acceptable formulation of a K,,» channel opener,
optionally in combination with growth hormone, is admin-
istered to an individual in need thereof that results in
circulating concentration of active drug sufficient to treat
hypoglycemia in circulation for 24 or more hours.

In another embodiment, a pharmaceutically acceptable
formulation of a K ,;» channel opener, optionally in combi-
nation with growth hormone, is administered over a pro-
longed basis to an individual in need thereof no more than
once per 24 hours that results in circulating concentration of
active drug sufficient to treat hypoglycemia on a continuous
basis.

In another embodiment, a pharmaceutically acceptable
formulation of a K ,;» channel opener, optionally in combi-
nation with growth hormone, is administered over a pro-
longed basis to an individual in need thereof no more than
once per 24 hours that results in circulating concentration of
active drug sufficient to induce weight loss on a continuous
basis.

In another embodiment, a pharmaceutically acceptable
formulation of a K ,;» channel opener, optionally in combi-
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nation with growth hormone, is administered over a pro-
longed basis to an individual in need thereof no more than
once per 24 hours that results in circulating concentration of
active drug sufficient to maintain weight on a continuous
basis, as it is preferable to maintain weight in an obese
individual once some weight loss has occurred when the
alternative is to regain weight.

In another embodiment, a pharmaceutically acceptable
formulation of a K ;- channel opener, optionally in combi-
nation with growth hormone, is administered over a pro-
longed basis to an individual in need thereof no more than
once per 24 hours that results in circulating concentration of
active drug sufficient to reduce circulating triglyceride levels
on a continuous basis.

In another embodiment, a single dose of a pharmaceuti-
cally acceptable formulation of a K,;» channel opener,
optionally in combination with growth hormone, is admin-
istered to an individual in need thereof that results in
circulating concentration of active drug sufficient to reduce
or prevent ischemic or reperfusion injury in circulation for
24 or more hours.

In another embodiment, a pharmaceutically acceptable
formulation of a K ;- channel opener, optionally in combi-
nation with growth hormone, is administered over a pro-
longed basis to an individual in need thereof no more than
once per 24 hours that results in circulating concentration of
active drug sufficient reduce or prevent ischemic or reper-
fusion injury on a continuous basis.

In another embodiment, the adverse effects of frequent
treatment with a K, channel opener, optionally in combi-
nation with growth hormone, is reduced using a pharma-
ceutically acceptable formulation of diazoxide or its deriva-
tives that is administered to an individual in need thereof on
a daily basis in which the first dose is known to be sub-
therapeutic and daily dose is subsequently increased step-
wise until the therapeutic dose is reached.

In another embodiment, the adverse effects of frequent
treatment with a K, channel opener, optionally in combi-
nation with growth hormone, is reduced using a pharma-
ceutically acceptable formulation of a K ,,» channel opener
that is administered to an individual in need thereof on a
daily basis in which the active ingredient is not released
from the formulation until gastric transit is complete.

In another embodiment, the adverse effects of frequent
treatment with a K, channel opener, optionally in combi-
nation with growth hormone, is reduced using a pharma-
ceutically acceptable formulation of a K ,,» channel opener
that is administered to an individual in need thereof on a
daily basis in which the active ingredient is not released
from the formulation until gastric transit is complete.

In another embodiment, the adverse effects of frequent
treatment with a K, channel opener, optionally in combi-
nation with growth hormone, is reduced using a pharma-
ceutically acceptable formulation of a K, channel opener,
optionally in combination with growth hormone, that is
administered to an individual in need thereof on a daily basis
in which the maximum circulating concentration of active
ingredient is lower than what would be realized by the
administration of the same dose using an oral suspension or
capsule formulation.

In another embodiment, the adverse effects of frequent
treatment with a K, channel opener, optionally in combi-
nation with growth hormone, is reduced using a pharma-
ceutically acceptable formulation of a K ,,» channel opener,
optionally in combination with growth hormone, that is
administered to an individual in need thereof on a daily basis
in which the first dose is known to be subtherapeutic and
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daily dose is subsequently increased stepwise until the
therapeutic dose is reached, the active ingredient is not
released from the formulation until gastric transit is com-
plete and in which the maximum circulating concentration
of active ingredient is lower than what would be realized by
the administration of the same dose using an oral suspension
or capsule formulation.

In another embodiment, the adverse effects of frequent
treatment with a K, channel opener, optionally in combi-
nation with growth hormone, is reduced using a pharma-
ceutically acceptable formulation of a K , ;5 channel opener,
optionally in combination with growth hormone, that is
administered to an overweight or obese individual in need
thereof on a daily basis in which the first dose is known to
be subtherapeutic and daily dose is subsequently increased
stepwise until the therapeutic dose is reached, the active
ingredient is not released from the formulation until gastric
transit is complete, in which the maximum -circulating
concentration of active ingredient is lower than what would
be realized by the administration of the same dose using an
oral suspension or capsule formulation, and in which the
maximum dose is less than 2.5 mg/kg/day.

In another embodiment, the adverse effects of frequent
treatment with a K, channel opener, optionally in combi-
nation with growth hormone, is reduced using a pharma-
ceutically acceptable formulation of a K , ;5 channel opener,
optionally in combination with growth hormone, that is
administered to an overweight or obese individual in need
thereof on a daily basis in which the first dose is known to
be subtherapeutic and daily dose is subsequently increased
stepwise until the therapeutic dose is reached, the active
ingredient is not released from the formulation until gastric
transit is complete, in which the maximum -circulating
concentration of active ingredient is lower than what would
be realized by the administration of the same dose using an
oral suspension or capsule formulation, and in which the
maximum dose is less than 1.75 mg/kg/day.

In another embodiment, the treatment of an overweight or
obese individual is optimized for weight loss by adminis-
tration of a pharmaceutically acceptable formulation of a
K ,7» channel opener, optionally in combination with growth
hormone, once per 24 hours in which the release of the
active ingredient from the formulation has been modified to
provide near zero order release for at least 12 hours.

In another embodiment, the treatment of an overweight or
obese individual is optimized for weight loss by adminis-
tration of a pharmaceutically acceptable formulation of a
K ,7» channel opener, optionally in combination with growth
hormone, once per 24 hours in which the release of the
active ingredient from the formulation has been modified to
provide near zero order release for at least 18 hours.

In another embodiment, the treatment of an overweight or
obese individual is optimized for weight loss by adminis-
tration of a pharmaceutically acceptable formulation of a
K ,7» channel opener, optionally in combination with growth
hormone, once per 24 hours in which the release of the
active ingredient from the formulation has been modified to
provide a rising drug concentration in circulation for at least
12 hours.

In another embodiment, the treatment of an overweight or
obese individual is optimized for weight loss by adminis-
tration of a pharmaceutically acceptable formulation of a
K, 7» channel opener, optionally in combination with growth
hormone, once per 24 hours in which the release of the
active ingredient from the formulation has been modified to
provide a rising drug concentration in circulation for at least
18 hours.
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In another embodiment, the treatment of an overweight or
obese individual is optimized for weight loss by adminis-
tration of a pharmaceutically acceptable formulation of a
K ,7» channel opener, optionally in combination with growth
hormone, once per 24 hours in which the release of the
active ingredient from the formulation has been modified to
match the pattern of basal insulin secretion.

In another embodiment, the frequency of adverse effects
upon treatment with a K ,,» channel opener is reduced using
a pharmaceutically acceptable formulation of a K ,,» chan-
nel opener, optionally in combination with growth hormone,
that is administered to an obesity prone individual in need
thereof on a daily basis in which the first dose is known to
be subtherapeutic and daily dose is subsequently increased
stepwise until the therapeutic dose is reached, the active
ingredient is not released from the formulation until gastric
transit is complete, in which the maximum circulating
concentration of active ingredient is lower than what would
be realized by the administration of the same dose using an
oral suspension or capsule formulation, and in which the
maximum dose is less than 2.5 mg/kg/day.

In another embodiment, the frequency of adverse effects
upon treatment with a K, channel opener, optionally in
combination with growth hormone, is reduced using a
pharmaceutically acceptable formulation of a K ,,» channel
opener, optionally in combination with growth hormone,
that is administered to an obesity prone individual in need
thereof on a daily basis in which the first dose is known to
be subtherapeutic and daily dose is subsequently increased
stepwise until the therapeutic dose is reached, the active
ingredient is not released from the formulation until gastric
transit is complete, in which the maximum circulating
concentration of active ingredient is lower than what would
be realized by the administration of the same dose using an
oral suspension or capsule formulation, and in which the
maximum dose is less than 1.75 mg/kg/day.

In another embodiment, the treatment of an obesity prone
individual is optimized for weight maintenance by admin-
istration of a pharmaceutically acceptable formulation of a
K ,7» channel opener, optionally in combination with growth
hormone, once per 24 hours in which the release of the
active ingredient from the formulation has been modified to
provide near zero order release for at least 12 hours.

In another embodiment, the treatment of an obesity prone
individual is optimized for weight maintenance by admin-
istration of a pharmaceutically acceptable formulation of a
K ,7» channel opener, optionally in combination with growth
hormone, once per 24 hours in which the release of the
active ingredient from the formulation has been modified to
provide near zero order release for at least 18 hours.

In another embodiment, the treatment of an obesity prone
individual is optimized for weight maintenance by admin-
istration of a pharmaceutically acceptable formulation of a
K ,7» channel opener, optionally in combination with growth
hormone, once per 24 hours in which the release of the
active ingredient from the formulation has been modified to
provide a rising drug concentration in circulation for at least
12 hours.

In another embodiment, the treatment of an obesity prone
individual is optimized for weight maintenance by admin-
istration of a pharmaceutically acceptable formulation of a
K, 7» channel opener, optionally in combination with growth
hormone, once per 24 hours in which the release of the
active ingredient from the formulation has been modified to
provide a rising drug concentration in circulation for at least
18 hours.
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In another embodiment, the treatment of an obesity prone
individual is optimized for weight maintenance by admin-
istration of a pharmaceutically acceptable formulation of a
K ,7» channel opener, optionally in combination with growth
hormone, once per 24 hours in which the release of the
active ingredient from the formulation has been modified to
match the pattern of basal insulin secretion.

In another embodiment, a pharmaceutically acceptable
formulation of a K ,,» channel opener, optionally in combi-
nation with growth hormone, is co-administered with
sibutramine to an overweight or obese individual to induce
weight loss.

In another embodiment, a pharmaceutically acceptable
formulation of a K ,,» channel opener, optionally in combi-
nation with growth hormone, is co-administered with orlistat
to an overweight or obese individual to induce weight loss.

In another embodiment, a pharmaceutically acceptable
formulation of a K ,;» channel opener, optionally in combi-
nation with growth hormone, is co-administered with
rimonabant to an overweight or obese individual to induce
weight loss.

In another embodiment, a pharmaceutically acceptable
formulation of a K ,,» channel opener, optionally in combi-
nation with growth hormone, is co-administered with an
appetite suppressant to an overweight or obese individual to
induce weight loss.

In another embodiment, a pharmaceutically acceptable
formulation of a K ,,» channel opener, optionally in combi-
nation with growth hormone, is co-administered with an
anti-depressant to an overweight or obese individual to
induce weight loss.

In another embodiment, a pharmaceutically acceptable
formulation of a K ,,» channel opener, optionally in combi-
nation with growth hormone, is co-administered with anti-
epileptic to an overweight or obese individual to induce
weight loss.

In another embodiment, a pharmaceutically acceptable
formulation of a K ,;» channel opener, optionally in combi-
nation with growth hormone, is co-administered with a
non-thiazide diuretic to an overweight or obese individual to
induce weight loss.

In another embodiment, a pharmaceutically acceptable
formulation of a K ,;» channel opener, optionally in combi-
nation with growth hormone, is co-administered with a drug
that induces weight loss by a mechanism that is distinct from
diazoxide to an overweight or obese individual to induce
weight loss.

In another embodiment, a pharmaceutically acceptable
formulation of a K ,,» channel opener, optionally in combi-
nation with growth hormone, is co-administered with a drug
that lowers blood pressure to an overweight, obesity prone
or obese individual to induce weight loss and treat obesity
associated comorbidities.

In another embodiment, a pharmaceutically acceptable
formulation of a K ,;» channel opener, optionally in combi-
nation with growth hormone, is co-administered with a drug
that lowers cholesterol to an overweight, obesity prone or
obese individual to induce weight loss and treat obesity
associated comorbidities.

In another embodiment, a pharmaceutically acceptable
formulation of a K ,,» channel opener, optionally in combi-
nation with growth hormone, is co-administered with a drug
that raises HDL associated cholesterol to an overweight,
obesity prone or obese individual to induce weight loss and
treat obesity associated comorbidities.

In another embodiment, a pharmaceutically acceptable
formulation of a K ,;» channel opener, optionally in combi-
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nation with growth hormone, is co-administered with a drug
that improves insulin sensitivity to an overweight, obesity
prone or obese individual to induce weight loss and treat
obesity associated comorbidities.

In another embodiment, a pharmaceutically acceptable
formulation of a K ,;» channel opener, optionally in combi-
nation with growth hormone, is co-administered with an
anti-inflammatory to an overweight, obesity prone or obese
individual to induce weight loss and treat obesity associated
comorbidities.

In another embodiment, a pharmaceutically acceptable
formulation of a K ,;» channel opener, optionally in combi-
nation with growth hormone, is co-administered with a drug
that lowers circulating triglycerides to an overweight, obe-
sity prone or obese individual to induce weight loss and treat
obesity associated comorbidities.

In another embodiment, K ,,» channel openers, optionally
in combination with growth hormone, are co-formulated
with sibutramine in a pharmaceutically acceptable formula-
tion that is administered to an overweight, obesity prone or
obese individual to induce weight loss and treat obesity-
associated co-morbidities.

In another embodiment, K, channel openers, optionally
in combination with growth hormone, are co-formulated
with orlistat or other active that suppresses the action of
gastric lipases in a pharmaceutically acceptable formulation
that is administered to an overweight, obesity prone or obese
individual to induce weight loss and treat obesity-associated
co-morbidities.

In another embodiment, K, channel openers, optionally
in combination with growth hormone, are co-formulated
with a non-thiazide diuretic in a pharmaceutically acceptable
formulation that is administered to an overweight, obesity
prone or obese individual to induce weight loss and treat
obesity-associated co-morbidities.

In another embodiment, K ,,» channel openers, optionally
in combination with growth hormone, are co-formulated
with an appetite suppressant in a pharmaceutically accept-
able formulation that is administered to an overweight,
obesity prone or obese individual to induce weight loss and
treat obesity-associated co-morbidities.

In another embodiment, K, channel openers, optionally
in combination with growth hormone, are co-formulated
with a cannabinoid receptor antagonist in a pharmaceutically
acceptable formulation that is administered to an over-
weight, obesity prone or obese individual to induce weight
loss and treat obesity-associated co-morbidities.

In another embodiment, K ,,» channel openers, optionally
in combination with growth hormone, are co-formulated
with an anti-cholesteremic active in a pharmaceutically
acceptable formulation that is administered to an over-
weight, obesity prone or obese individual to induce weight
loss and treat obesity-associated co-morbidities.

In another embodiment, K, channel openers, optionally
in combination with growth hormone, are co-formulated
with an antihypertensive active in a pharmaceutically
acceptable formulation that is administered to an over-
weight, obesity prone or obese individual to induce weight
loss and treat obesity-associated co-morbidities

In another embodiment, K ,,» channel openers, optionally
in combination with growth hormone, are co-formulated
with an insulin sensitizing active in a pharmaceutically
acceptable formulation that is administered to an over-
weight, obesity prone or obese individual to induce weight
loss and treat obesity-associated co-morbidities.

In another embodiment, K ,,» channel openers, optionally
in combination with growth hormone, are co-formulated
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with an anti-inflammatory active in a pharmaceutically
acceptable formulation that is administered to an over-
weight, obesity prone or obese individual to induce weight
loss and treat obesity-associated co-morbidities.

In another embodiment, K , ,» channel openers, optionally
in combination with growth hormone, are co-formulated
with an anti-depressant active in a pharmaceutically accept-
able formulation that is administered to an overweight,
obesity prone or obese individual to induce weight loss and
treat obesity-associated co-morbidities.

In another embodiment, K , ,» channel openers, optionally
in combination with growth hormone, are co-formulated
with an anti-epileptic active in a pharmaceutically accept-
able formulation that is administered to an overweight,
obesity prone or obese individual to induce weight loss and
treat obesity-associated co-morbidities.

In another embodiment, K , ,» channel openers, optionally
in combination with growth hormone, are co-formulated
with an active that reduces the incidence of atherosclerotic
plaque in a pharmaceutically acceptable formulation that is
administered to an overweight, obesity prone or obese
individual to induce weight loss and treat obesity-associated
co-morbidities.

In another embodiment, K, channel openers, optionally
in combination with growth hormone, are co-formulated
with an active that lowers circulating concentrations of
triglycerides in a pharmaceutically acceptable formulation
that is administered to an overweight, obesity prone or obese
individual to induce weight loss and treat obesity-associated
co-morbidities.

The reduction of circulating triglycerides in an over-
weight, obese or obesity prone individual is achieved by the
administration of an effective amount of a solid oral dosage
form of a K, channel opener, optionally in combination
with growth hormone.

A solid oral dosage form of K, channel opener can be
used to administer a therapeutically effective dose of K ,,»
channel opener to an overweight or obesity prone individual
in need thereof to maintain weight, as it is preferable to
maintain weight in an obese individual once some weight
loss has occurred when the alternative is to regain weight.

A method of inducing loss of greater than 25% of initial
body fat in an overweight or obese individual can be
achieved by the prolonged administration of a solid oral
dosage form of a K ,;» channel opener, optionally in com-
bination with growth hormone.

A method of inducing loss of greater than 50% of initial
body fat in an overweight or obese individual can be
achieved by the prolonged administration of a solid oral
dosage form of a K ,;» channel opener, optionally in com-
bination with growth hormone.

A method of inducing loss of greater than 75% of initial
body fat in an overweight or obese individual can be
achieved by the prolonged administration of a solid oral
dosage form of a K, channel opener, optionally in com-
bination with growth hormone.

A method of inducing preferential loss of visceral fat in an
overweight or obese individual can be achieved by the
prolonged administration of a solid oral dosage form of a
K, 7» channel opener, optionally in combination with growth
hormone.

A method of inducing loss of body fat and reductions in
circulating triglycerides in an overweight or obese indi-
vidual can be achieved by the prolonged administration of a
solid oral dosage form of a K ,,»~ channel opener, optionally
in combination with growth hormone.
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The invention will now be described with reference to the
following non-limiting examples.

EXAMPLES
Example 1

Potassium ATP Channel Activator Containing
Formulations

1. Compressed Tablet Formulations

Diazoxide or a derivative thereof at about 15-30% by
weight is mixed with hydroxypropyl methylcellulose at
about 55-80% by weight, ethylcellulose at about 3-10 wt/vol
% and magnesium stearate (as lubricant) and talc (as glidant)
each at less than 3% by weight. The mixture is used to
produce a compressed tablet as described in Reddy et al.,
AAPS Pharm Sci Tech 4(4):1-9 (2003). The tablet may be
coated with a thin film as discussed below for micropar-
ticles.

A tablet containing 100 mg of diazoxide or a derivative
thereof will also contain approximately 400 mg of hydroxy-
propyl cellulose and 10 mg of ethylcellulose. A tablet
containing 50 mg of diazoxide or a derivative thereof will
also contain approximately 200 mg of hydroxypropyl cel-
Iulose and 5 mg of ethylcellulose. A tablet containing 25 mg
of diazoxide or a derivative thereof will also contain
approximately 100 mg of hydroxypropyl cellulose and 2.5
mg of ethylcellulose.

2. Encapsulated Coated Microparticle Formulation of
Diazoxide

Diazoxide or a derivative thereof is encapsulated into
microparticles in accordance with well known methods (see,
e.g. U.S. Pat. No. 6,022,562). Microparticles of between 100
and 500 microns in diameter containing diazoxide or deriva-
tive, alone or in combination with one or more suitable
excipient, is formed with the assistance of a granulator and
then sieved to separate microparticles having the appropriate
size. Micriparticles are coated with a thin film by spray
drying using commercial instrumentation (e.g. Uniglatt
Spray Coating Machine). The thin film comprises ethylcel-
Iulose, cellulose acetate, polyvinylpyrrolidone and/or poly-
acrylamide. The coating solution for the thin film may
include a plasticizer which may be castor oil, diethyl phtha-
late, triethyl citrate and salicylic acid. The coating solution
may also include a lubricating agent which may be magne-
sium stearate, sodium oleate, or polyoxyethylenated sorbitan
laurate. The coating solution may further include an excipi-
ent such as talc, colloidal silica or of a mixture of the two
added at 1.5 to 3% by weight to prevent caking of the film
coated particles.

3. Formulation of a Tableted Form of Diazoxide or a
Derivative for Controlled Release

Prior to mixing, both the active ingredient and hydroxy-
propyl methylcellulose (Dow Methocel K4M P) are passed
through an ASTM 80 mesh sieve. A mixture is formed from
1 part diazoxide or a derivative thereof to 4 parts hydroxy-
propyl methylcellulose. After thorough mixing, a sufficient
volume of an ethanolic solution of ethylcellulose as a
granulating agent is added slowly. The quantity of ethylcel-
lulose per tablet in the final formulation is about Yioth part.
The mass resulting from mixing the granulating agent is
sieved through 22/44 mesh. Resulting granules are dried at
40° C. for 12 hours and thereafter kept in a desiccator for 12
hours at room temperature. Once dry the granules retained
on 44 mesh are mixed with 15% fines (granules that passed
through 44 mesh). Talc and magnesium stearate are added as
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glidant and lubricant at 2% of weight each. A colorant is also
added. The tablets are compressed using a single punch
tablet compression machine.

4. Formulation of a Compression Tableted Form of Diaz-
oxide or a Derivative Thereof that Provides for Controlled
Release

Diazoxide or a derivative thereof at 20-40% weight is
mixed with 30% weight hydroxypropyl methylcellulose
(Dow Methocel K100LV P) and 20-40% weight impalpable
lactose. The mixture is granulated with the addition of water.
The granulated mixture is wet milled and then dried 12 hours
at 110° C. The dried mixture is dry milled. Following
milling, 25% weight ethylcellulose resin is added (Dow
Ethocel 10FP or Ethocel 100FP) followed by 0.5% weight
magnesium stearate. A colorant is also added. The tablets are
compressed using a single punch tablet compression
machine (Dasbach, et al, Poster at AAPS Annual Meeting
November 10-14 (2002)).

5. Formulation of a Compression Coated Tableted Form
of Diazoxide or a Derivative Thereof that Provides for
Controlled Release.

The core tablet is formulated by mixing either 100 mg of
diazoxide or a derivative thereof with 10 mg of ethylcellu-
lose (Dow Ethocel 10FP), or by mixing 75 mg of diazoxide
or a derivative thereof with 25 mg lactose and 10 mg of
ethylcellulose (Dow Ethocel 10FP), or by mixing 50 mg of
diazoxide or a derivative thereof with 50 mg of lactose and
10 mg of ethylcellulose (Dow Ethocel 10FP). The core
tablets are formed on an automated press with concave
tooling. The compression coating consisting of 400 mg of
ethylene oxide (Union Carbide POLYOX WSR Coagulant)
is applied and compressed to 3000 psi (Dasbach, et al.,
Poster at AAPS Annual Meeting Oct 26-30 (2003)).

6. A Controlled Release Dosage Form of Diazoxide or a
Derivative Thereof Using an Osmotically Controlled
Release System

Diazoxide or a derivative thereof is formulated as an
osmotically regulated release system. In general, two com-
ponents, and expandable hydrogel that drives release of the
active drug is assembled with diazoxide or a derivative
thereof into a semipermeable bilaminate shell. Upon assem-
bly a hole is drilled in the shell to facilitate release of active
upon hydration of the hydrogel.

A dosage form adapted, designed and shaped as an
osmotic delivery system is manufactured as follows: first, a
diazoxide or a derivative thereof composition is provided by
blending together into a homogeneous blend of polyethylene
oxide, of diazoxide or a derivative thereof and hydroxypro-
pyl methylcellulose. Then, a volume of denatured anhydrous
ethanol weighing 70% of the dry mass is added slowly with
continuous mixing over 5 minutes. The freshly prepared wet
granulation is screened through a 20 mesh screen through a
20 mesh screen, dried at room temperature for 16 hours, and
again screened through a 20 mesh screen. Finally, the
screened granulation is mixed with 0.5% weight of magne-
sium stearate for 5 minutes.

A hydrogel composition is prepared as follows: first, 69%
weight of polyethylene oxide weight, 25% weight of sodium
chloride and 1% weight ferric oxide separately are screened
through a 40 mesh screen. Then, all the screened ingredients
are mixed with 5% weight of hydroxypropyl methylcellu-
lose to produce a homogeneous blend. Next, a volume of
denatured anhydrous alcohol equal to 50% of the dry mass
is added slowly to the blend with continuous mixing for 5
minutes. The freshly prepared wet granulation is passed
through a 20 mesh screen, allowed to dry at room tempera-
ture for 16 hours, and again passed through a 20 mesh
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screen. The screened granulation is mixed with 0.5% weight
of magnesium stearate 5 minutes (see U.S. Pat. No. 6,361,
795 by Kuczynski, et al.).

The diazoxide or a derivative thereof composition and the
hydrogel composition are compressed into bilaminate tab-
lets. First the diazoxide or a derivative thereof composition
is added and tamped, then, the hydrogel composition is
added and the laminae are pressed under a pressure head of
2 tons into a contacting laminated arrangement.

The bilaminate arrangements are coated with a semiper-
meable wall (i.e. thin film). The wall forming composition
comprises 93% cellulose acetate having a 39.8% acetyl
content, and 7% polyethylene glycol. The wall forming
composition is sprayed onto and around the bilaminate.

Finally an exit passageway is drilled through the semi-
permeable wall to connect the diazoxide or a derivative
thereof drug lamina with the exterior of the dosage system.
The residual solvent is removed by drying at 50° C. and 50%
humidity. Next, the osmotic systems are dried at 50° C. to
remove excess moisture (see U.S. Pat. No. 6,361,795 by
Kuczynski, et al.).

7. Preparation of a Salt of Diazoxide

A hydrochloride salt of diazoxide is prepared by dissolv-
ing one mole of diazoxide (230.7 g) in 500 ml of Et,O. Dry
HCI is passed into the solution until the weight of the
container is increased by 36 g. During the addition of the
HCI, the HCl salt of diazoxide precipitates as a powder. The
salt is filtered off and washed with dry Et,O.

Example 2
In Vivo Obesity Testing

1. Obesity Animal Model

Formulations of diazoxide or derivatives prepared as
described herein can be tested for efficacy in an animal
model of obesity as described by Surwit et al. (Erndocrinol-
ogy 141:3630-3637 (2000)). Briefly, 4-week-old B6 male
mice are housed 5/cage in a temperature-controlled (22° C.)
room with a 12-h light, 12-h dark cycle. The high fat (HF)
and low fat (LF) experimental diets contain 58% and 11% of
calories from fat, respectively. A group of mice are fed the
HF diet for the first 4 weeks of the study; the remaining 15
mice are fed the LF diet. The mice assigned to the LF diet
are maintained on this diet throughout the study as a
reference group of lean control mice. At week 4, all HF-fed
mice a reassigned to 2 groups of mice. The first group
remains on the HF diet throughout the study as the obese
control group. The remaining 3 groups of mice are fed the
HF diet and administered the controlled release formulation
of diazoxide or derivative at about 150 mg of active per kg
per day as a single dose administered by oral gavage.
Animals are weighed weekly, and food consumption is
measured per cage twice weekly until the diets are changed
at week 4, whereupon body weight and food intake are
determined daily. The feed efficiency (grams of body weight
gained per Cal consumed) is calculated on a per cage basis.
Samples for analysis of insulin, glucose, and leptin are
collected on day 24 (4 days before the diets are changed), on
day 32 (4 days after the change), and biweekly thereafter. In
all cases food is removed 8 h before samples are collected.
Glucose is analyzed by the glucose oxidase method. Insulin
and leptin concentrations are determined by double antibody
RIA. The insulin assay is based on a rat standard, and the
leptin assay uses a mouse standard. At the termination of the
study, a postprandial plasma sample is collected and ana-
lyzed for triglyceride and nonesterified fatty acid concen-
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trations. After 4 weeks of drug treatment, a subset of 10
animals from each group is killed. The epididymal white
adipose tissue (EWAI), retroperitoneal (RP) fat, interscapu-
lar brown adipose tissue (IBAT) fat pads, and gastrocnemius
muscle are removed, trimmed, and weighed. The percent
body fat is estimated from the weight of the epididymal fat
pad. A subset of five animals from each group is injected ip
with 0.5 g/kg glucose. At 30 min postinjection, a plasma
sample is collected and analyzed for glucose content by the
glucose oxidase method.

2. Treatment of Obesity in Humans

Formulations of diazoxide or derivatives prepared as
described herein can be tested for efficacy in obese humans.
The study is conducted as described by Alemzadeh
(Alemzadeh, et al., J Clin Endocr Metab 83:1911-1915
(1998)). Subjects consist of moderate-to-morbidly obese
adults with a body mass index (BMI) greater than or equal
to 30 kg/m>. Each subject undergoes a complete physical
examination at the initial evaluation, body weight being
measured on a standard electronic scale and body compo-
sition by DEXA.

Before the initiation of the study, all subjects are placed
on a hypocaloric diet for a lead-in period of 1 week. This is
designed to exclude individuals who are unlikely to be
compliant and to ensure stable body weight before treat-
ment. Up to 50 patients are tested at each dosage of drug.
Daily dosage is set at 100, 200, and 300 mg/day. The daily
dose is divided into 2 doses for administration. The dose is
administered as either one, two or three 50 mg capsules or
tablets at each time of administration. Individual patients are
dosed daily for up to 12 months. Patients are reviewed
weekly, weighed, and asked about any side effects or con-
current illnesses.

Twenty-four-hour dietary recall is obtained from each
patient. The dietary recalls are analyzed using a standard
computer software program. All patients are placed on a
hypocaloric diet and encouraged to participate in regular
exercise.

Before commencing, and after completion of the study,
the following laboratory tests are obtained: blood pressure
fasting plasma glucose, insulin, cholesterol, triglycerides,
free fatty acids (FFA), and glycohemoglobin and measures
of rate of appearance and oxidation of plasma derived fatty
acids. Additionally, routine chemistry profiles and fasting
plasma glucose are obtained weekly to identify those sub-
jects with evidence of glucose intolerance and/or electrolyte
abnormalities. Glucose is analyzed in plasma, by the glucose
oxidase method.

Insulin concentration is determined by RIA using a
double-antibody kit. Cholesterol and triglycerides concen-
trations are measured by an enzymatic method. Plasma FFA
is determined by an enzymatic colorimetric method. SI was
assessed by an iv glucose tolerance test IVGTT) using the
modified minimal model. After an overnight fast, a glucose
bolus (300 mg/kg) was administered iv, followed (20 min
later) by a bolus of insulin. Blood for determination of
glucose and insulin is obtained from a contra lateral vein at
=30, -15, 0, 2, 3, 4, 5, 6, 8, 10, 19, 22, 25, 30, 40, 50, 70,
100, 140, and 180 min. ST and glucose effectiveness (SG) are
calculated using Bergman’s modified minimal-model com-
puter program before and after the completion of the study.
Acute insulin response to glucose is determined over the first
19 min of the IVGTT, and the glucose disappearance rate
(Kg) is determined from 8-19 min of the IVGTT. Body
composition is measured by bioelectrical impedance before
and at the completion of the study. Resting energy expen-
diture (REE) is measured by indirect calorimetry after an
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overnight 12-h fast, with subjects lying supine for a period
of 30 min. Urine is collected over the corresponding 24 h,
for measurement of total nitrogen and determination of
substrate use, before and after the study.

3. Treatment of Obesity in Humans by Coadministering
Diazoxide and Phentermine

Evaluation of a prolonged co-administration of solid oral
dosage form of diazoxide or a derivative thereof and phen-
termine in obese humans with a moderate-to-morbidly and
a body mass index (BMI) greater than or equal to 30 kg/m”.
Each subject undergoes a complete physical examination at
the initial evaluation, body weight being measured on a
standard electronic scale and body composition by DEXA.

Before the initiation of the study, all subjects are placed
on a hypocaloric diet for a lead-in period of 1 week. This is
designed to exclude individuals who are unlikely to be
compliant and to ensure stable body weight before treat-
ment. Up to 100 patients are tested. Daily dosage of diaz-
oxide is set at 200 mg. The daily dose is divided into 2 doses
for administration. The dose is administered as either a 100
mg capsule or a 100 mg tablet at each time of administration.
Individual patients are dosed daily for up to 12 months.
Phentermine is administered as a single daily dose of 15 mg.
Patients are reviewed every two weeks, weighed, and asked
about any side effects or concurrent illnesses.

All patients are continued on a hypocaloric diet and
encouraged to participate in regular exercise. Before com-
mencing, and after completion of the study, laboratory tests
as described in the example above are obtained.

4. Prevention of Diabetes in Prediabetic Humans

The example describes use of diazoxide in a prediabetic
individual to prevent the occurrence of diabetes. Individuals
included in the study all have elevated risk of developing
diabetes as measured by one of two methods. In a fasting
glucose assay they have plasma glucose values between 100
and 125 mg/dl indicating impaired fasting glucose, or in an
oral glucose tolerance test they have plasma glucose values
between 140 and 199 mg/dl at 2 hours post-glucose load
indicating they have impaired glucose tolerance. Treatment
is initiated in any individual meeting either criteria. Treated
individuals receive either 200 mg diazoxide per day as a 100
mg capsule or tablet twice per day or as two 100 mg capsules
or tablets once per day. Placebo treated individuals receive
either one placebo capsule or tablet twice per day or two
placebo capsules or tablets once per day.

Treatment is continued for one year with OGTT or fasting
glucose measured monthly.

5. A Sustained Release Coformulation of Diazoxide HCl
and Metformin HCI Use to Treat Diabetic Patients

A sustained release co-formulation of diazoxide HCI1 and
metformin HCl is produced by forming a compressed tablet
matrix that includes 750 mg of metformin HCl and 100 mg
of diazoxide HCI. These active ingredients are blended with
sodium carboxymethyl cellulose (about 5% (w/w)),
hypromellose (about 25% (w/w), and magnesium stearate
(<2% (w/w)). The compressed tablet is further coated with
a combination of ethylcellulose (80% (w/w)) and methyl
cellulose (20% (w/w)) as a thin film to control rate of
hydration and drug release.

Type 11 diabetic patients are treated with the oral dosage
form by administration of two tablets once per day or one
tablet every 12 hours. Treatment of the patient with the drug
is continued until one of two therapeutic endpoints is
reached, or for so long as the patient derives therapeutic
benefit from administration. The two therapeutic endpoints
that would serve as the basis for the decision to cease
treatment include the patient reaching a Body Mass Index
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(BMI (kg/m?)) between 18 and 25 or the re-establishment of
normal glucose tolerance in the absence of treatment. The
patient is monitored periodically for (a) glucose tolerance
using an oral glucose tolerance test, (b) glycemic control
using a standard blood glucose assay, (c) weight gain or loss,
(d) progression of diabetic complications, and (e) adverse
effects associated with the use of these active ingredients.

6. Prevention or Treatment of Weight Gain in a Patient
Treated with Olanzapine

Pharmacotherapy for schizophrenia is initiated for a
patient meeting DSM III-R criteria for schizophrenia. The
patient is administered 10 mg of olanzapine (Zyprexa, Lilly)
once per day. Adjunctive therapy to the patient for schizo-
phrenia includes 250 mg equivalent of valproic acid as
divalproex sodium (Depakote, Abbott Labs). Weight gain,
dyslipidemia and impaired glucose tolerance, and metabolic
syndrome are high frequency adverse events in patients
treated with this combination of anti-psychotics. Weight
gain, dyslipidemia, impaired glucose tolerance or metabolic
syndrome are treated by the co-administration of a thera-
peutically effective dose of a K ;» channel opener. The
patient is treated with administration of 200 mg/day of
diazoxide as a once daily tablet formulation. Diazoxide
administration continues until the weight gain, dyslipidemia,
impaired glucose tolerance or metabolic syndrome is cor-
rected or until treatment of the patient with olanzapine is
discontinued. Dyslipidemia is detected by measuring circu-
lating concentrations of total, HDL, and LDL cholesterol,
triglycerides and non-esterified fatty acids. Impaired glucose
tolerance is detected through the use of oral or IV glucose
tolerance tests. Metabolic syndrome is detected by measur-
ing its key risk factors including central obesity, dyslipi-
demia, impaired glucose tolerance, and circulating concen-
trations of key proinflammatory cytokines.

Example 3

Clinical Study in Obese Pediatric and Adult PWS
Patients

A single-center, open-label, single-arm clinical study
(PC025) with a double-blind, placebo-controlled, random-
ized withdrawal extension has been carried out. Patients
were initiated on a DCCR dose of about 1.5 mg/kg (maxi-
mum starting dose of 145 mg) and were titrated every 14
days to about 2.4 mg/kg, 3.3 mg/kg, and 4.2 mg/kg (maxi-
mum dose of 507.5 mg). These DCCR doses are equivalent
to diazoxide doses of 1.03, 1.66, 2.28, and 2.9 mg/kg,
respectively. Patients were up-titrated at each visit at the
discretion of the investigator. Any patient who showed an
increase in resting energy expenditure and/or a reduction in
hyperphagia from Baseline through Day 27 or Day 55 was
designated a Responder and eligible to be randomized in the
double-blind phase. Everyone who completed the open-label
phase was a Responder and was randomized in and com-
pleted the double-blind phase. During the double-blind,
placebo-controlled, randomized  withdrawal phase,
Responders were randomized in a 1:1 ratio either to continue
on active treatment at the dose they were treated with on Day
55 or to the placebo equivalent of that dose for an additional
4 weeks (29 days). Non-responders continued open label
treatment with DCCR at the dose they were treated with on
Day 55 for an additional 29 days. A total of 12 patients were
enrolled in the study.
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Double-Blind,
Placebo-Controlled,

Schematic Randomized

Screening Open Label Treatment Period Withdrawal

(28 Days)* (69 days) Extension

Day -28 to  Baseline (29 days)

Day -1 Day 0 Day 13 Day 27 Day 41 Day 55 Day 69 Day 97

1.5 mg/kg 2.4 mg/kg 3.3 mg/kg 4.2 mg/kg 5.1 mg/kg

Day 55 dose or Placebo

Equivalent for Responders and
Day 55 dose for Non-Responders

*All screening procedures must be completed by Day —14

Inclusion Criteria: Basic Requirements

Ability to follow verbal and written instructions with or
without assistance from caregiver

Informed consent form signed by the subject or their legal
guardian

Completed the screening process between 2 and 4 weeks
prior to Baseline Visit

General Demographic Characteristics

Male and female patients 10 to 22 years of age, inclusive
at the time of dosing

Genetically confirmed Prader-Willi syndrome

BMI exceeds the 957 percentile of the age specific BMI
value on the CDC BMI charts or percent body fat 235%

15

20

25

Efficacy endpoints include: hyperphagia (measured using
parent/caregiver responses on a modified Dykens hyperpha-
gia questionnaire—converted to a numeric score between 0
and 34); weight; body fat (measured by DEXA); lean body
mass (measured by DEXA); resting energy expenditure
(measured by indirect calorimetry); respiratory quotient
(measured by indirect calorimetry); waist circumference;
BMI; ghrelin; leptin; triglycerides; total cholesterol; HDL
cholesterol; non-HDL cholesterol and LDL cholesterol.
Additional information was collected in a behavioral ques-
tionnaire. Tables 2 and 3 summarize the visits at which each
efficacy parameter was measured.

TABLE 2

Time points for assessment of efficacy parameters during open-label phase

End of Open
label
Parameter Screening Baseline Visit 3 Visit4 Visit5 Visit 6 treatment
Hyperphagia + + + + + + +
Body fat Either at screening or +
Lean body mass baseline +
Weight + + + + + + +
REE & RQ + + + +
Waist + + + + + + +
circumference
Ghrelin, leptin + +
Lipids + +
Behavioral + +
questionnaire
45
(The body fat criteria will only be used if there were a TABLE 3
measurement made within 12 months of the Screening
Visit, and the patient has not lost weight since the Time points for assessment of efficacy parameters
measurement. Under all other circumstances, the BMI during double-blind treatment
R 50
criteria will apply.) . . Day 69 End Day 97 End
Genera!ly healthy as .documente.d by the medical history, of Open of double
physical examination, vital sign assessments, 12-lead Parameter Screening  Baseline label treatment blind treatment
electrocardiogram (ECG), and clinical laboratory :
assessments Hyperphagia + + + +
. Body fat Either at screening +
Speplﬁc Laboratory Test Results 55 Lean body or baseline N
fasting glucose<126 mg/dL. mass
HbAlc<6.5% Weight + + + +
Endpoints and Statistical Analysis REE & RQ + + +
P : . ) . Waist + + + +
Every endpoint is measured in two timeframes: (1) during cireumforence
the open label treatment phase as change (or percent chagge) 60 Ghrelin, leptin . .
from Baseline to Day 69; and (2) during the double-blind, Lipids + + +
placebo-controlled, randomized withdrawal phase as change Behavioral + +
(or percent change) from Day 69 to Day 97. guestionnaire
Endpoints measured during the open label treatment
phase were analyzed by paired t-test while those measured 65 Patients in the Study

during the double-blind, placebo-controlled treatment phase
are subjected to ANOVA and paired t-tests.

Demographic information and relevant medical history
for each patient are shown in Table 4. Eleven of the thirteen
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subjects enrolled in clinical study PC025 completed the
open-label phase. All were identified as Responders and
were, therefore, randomized in the double-blind phase of the
study. All subjects randomized in the double-blind phase of
the study completed the phase.

Baseline characteristics of patients enrolled in the study
are provided in Table 5.

62
were evaluated separately for subjects who were growth
hormone treated and growth hormone naive. These results
are shown in Table 6.

Weight by DEXA was calculated as the sum of body fat
and lean body mass. The ratio of lean body mass to body fat
was also calculated.

TABLE 4
Demographic information and relevant medical history for patients enrolled in
PC025
PWS Age at GH

Patient Sex Age sub-type  diagnosis trt* Relevant medical history

BN-01 M 11.6 Deletion 4 wk No acanthosis nigricans, obesity @ 3 yr, asthma,
undescended testes, fatty liver, sleep apnea

CP-02 M 16.5 Deletion 3 wk Yes cerebral palsy, obesity @ 2 yr, type 2 diabetes,
gynecomastia, undescended testicle, sleep apnea, asthma
@ 1yr

TI-03 M 18.6 Deletion 6 wk No obesity @ 3 yr with hyperphagia, psychiatric illness @ 2 yr,
undescended testicle, osteopenia

AC-04 F 17.0 Deletion 15 yr No scoliosis, short stature, osteopenia

MR-05 F 17.8 Deletion 5.7 yr No scoliosis, strabismus, amenorrhea

SD-06 M 16.7 Deletion 3 yr Yes morbid obesity @ 6 yr, sleep apnea, scoliosis,
pulmonary hypertension, undescended testes, strabismus

AS-08 M 11.9 Deletion 10 wk Yes hyperphagia @ 3 yr, dyslipidemia, opthalmoplegia,
osteopenia, scoliosis

SP-09 F 21.6 Deletion 6 wk No scoliosis, sleep apnea, osteopenia, amenorrhea

DD-10 M 12.5 UPD 16 wk Yes osteopenia

SM-11 F 15.4 Deletion 1 wk Yes psychiatric disease, osteopenia, scoliosis

AD-13 F 14.7 Deletion 4 wk No obesity @ 5 yr, osteopenia

JG-15 M 14.4 Deletion 2 wk Yes obesity @ 5 yr

NT-16 M 19.3 Deletion 2 wk No Scoliosis, strabismus, sleep apnea

TABLE 5 TABLE 6

Baseline characteristics of subjects who were randomized Changes in body composition by DEXA from Baseline through Day 69

in the double-blind phase of clinical study PC025. 35
Parameter n Percent Change p-value
Hyper-
Weight Height Percent phagia  REE All subjects randomized in the double blind phase
Subject (kg) (cm) body fat BMI  score % RDA  RQ
Body fat 11 -3.8% 0.011
CP-02 97.2 166 52.0 353 18.5 83% 0.86 40 Lean body mass 11 5.41% 0.001
AC-04 56.9 151 46.8 25.0 7 84% 0.78 Lean body mass/fat mass ratio 11 9.82% 0.002
MR-05 113.1 145 59.1 53.8 205 83% 0.87 Weight 11 0.67% 0.150
SD-06 133.6 145 53.5 51.5 3 102% 0.84 Growth hormone treated subjects
AS-08 60.9 140 53.4 31.0 255 86% 1.03
SP-09 106.8 148 60.7 48.8 105 84% 0.72 Body fat 6 -3.31% 0.056
DD-10 70.8 155 49.3 295 32 101% 0.97 45 Lean body mass 6 5.50% 0.005
SM-11 62.2 140 48.8 31.7 8 97% 0.81 Lean body mass/fat mass ratio 6 9.37% 0.014
AD-13 103.5 149 56.6 46.6 10 94% 0.85 Weight 6 0.90% 0.189
JG-15 106.3 161 53.7 41.0 16 71% 0.79 Growth hormone naive subjects
NT-16 80.8 177 36.4 257 14 100% 0.78
Average 90.4 152.5 51.8 382 1495 89.6% 0.85 Body fat 5 -4.34% 0.083
50 Lean body mass 5 5.30% 0.055
Lean body mass/fat mass ratio 5 10.36% 0.043
Dosing Weight 5 0.39% 0.301
One subject, a treated type 2 diabetic, finished the open-
label treatment period on a dose of 1.5 mg/kg. Of the Treatment with DCCR for 10 weeks had a highly signifi-
remaining 10 subjects, 1 finished the open-label treatment cant and c]inically relevant impact on body composition
period at a dose of 2.4 mg/kg, and 3 at 3.3 mg/kg. The last 33 including reductions in body fat, increases in lean body mass
6 subjects enrolled in the study finished the open-label and a very marked increase in lean body mass to body fat
treatment phase at a dose 4.2 mg/kg. ratio. Because these patient; had almost.equal leap body
Changes in Body Composition, Waist Circumference and mass and fat mass at Ba;ehne, parallel increases in lean
Weight o body mass and reductions in body fat result in almost no net
Body fat and lean body mass were measured by DEXA at qhgnge m Welgh.t' .In general., the ghanges in body compo
. - sition were of similar magnitude in both growth hormone
be.lsehne and again at the end of the open label treatment. treated and growth hormone naive subjects.
Since DEXA was not run on Day 97, th? only body The changes in body composition were dose dependent.
composition measurements made on the subjects random- Those subjects who completed the open-label treatment
ized in the double-blind phase occurred in the period from g5 phase at a dose of 4.2 mg/kg experienced a 6.3% decrease

Baseline to Day 69. The body composition changes are
outlined in Table 6. Changes in body composition by DEXA
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Three subjects in the study showed greater than 10%
increase in lean body mass. Every subject showed an
increase in lean body mass/fat mass ratio. More than half of
the subjects in the study showed a >10% increase in the lean
body mass/fat mass ratio, and one showed more than a 20%
increase.

FIGS. 1-4 summarize the percent change in body fat, lean
body mass and lean body mass/fat mass ratio from Baseline
through Day 69.

Weight and waist circumference were measured during
the physical exam at each visit. This data can be used to
evaluate the change from Baseline through Day 69 for all
subjects randomized in the double-blind phase, by arm for
the period from Day 69 through Day 97 and in those who
continued on DCCR in the double-blind phase from Base-
line through Day 97. The results from the period covering
Baseline through Day 69 are summarized in Table 7. The
results from the period covering Day 69 through Day 97 are

10

64

circumference, while those who continued on DCCR,
showed a notable reduction. The reduction in waist circum-
ference is consistent with the explanation that DCCR treated
subjects are losing visceral fat.
Changes in Hyperphagia

The hyperphagia questionnaire was administered at all
visits. This data can be used to evaluate the change from
Baseline through Day 69 for all subjects randomized in the
double-blind phase, by arm for the period from Day 69
through Day 97 and in those who continued on DCCR 1in the
double-blind phase from Baseline through Day 97. The
results from the period covering Baseline through Day 69
are summarized in Table 10. The results from the period
covering Day 69 through Day 97 are shown in Table 11. The
results for subjects who continued on DCCR in the double
blind phase from baseline through Day 97 are shown in
Table 12.

. . . TABLE 10
shown in Table 8. The results for subjects who continued on 5,
DCCR in the double blind phase from baseline through Day Changes in hyperphagia from Baseline through Day 69
97 are shown in Table 9.
Parameter n Percent change p-value
TABLE 7 Hyperphagia 11 -31.6% 0.003
25
Changes in weight and waist circumference
from Baseline through Day 69
Change/Percent TABLE 11
Parameter - change p-value Changes in hyperphagia from Day 69 through Day 97
Weight 11 0.53% 0.317 30 )
Waist circumference 11 -3.5cm 0.003 p-value comparing
Parameter Arm n Change arms
Hyperphagia DCCR 5 2.0 0.389
Hyperphagia Placebo 6 0.33
TABLE 8
35
Changes in weight and waist circumference
from Day 69 through Day 97 TABLE 12
Parameter Arm n Challizfe;cent compg;.\r/ialjueanns Changes in hyperphagia from Baseline through Day 97
& P g 40 for those treated with DCCR in the double-blind phase
Weight DCCR 5 -1.7% 0.723
Weight Placebo 6 -1.1% Percent change
Waist circumference DCCR 5 -2.9 cm 0.047 Parameter 1 through Day 97 p-value
Waist circumference Placebo 5 0.25 cm Hyperphagia 5 229.2% 0.006
45
There was a statistically significant reduction in hyper-
TABLE 9

Changes in weight and waist circumference from Baseline through
Day 97 for those treated with DCCR in the double-blind phase

Change
Parameter n Through Day 97 p-value
Weight 5 0.4% 0.828
Waist 5 -3.7cm 0.039

circumference

Interestingly, the change in weight from Baseline through
day 69 by DEXA and by the standard weight measurement
produces almost identical results (an increase of 0.67% by
DEXA and 0.53% by the standard approach). In contrast to
the lack of change in weight, there was a statistically
significant reduction in waist circumference through Day 69
in all subjects randomized in the double-blind phase;
through Day 97 for those who continued on DCCR. The
comparison of change in waist circumference between arms
between Day 69 and Day 97, during which the placebo
treated patients showed an incremental increase in waist
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phagia in all subjects randomized in the double-blind phase
from Baseline through Day 69 and in those who continued
on DCCR through the double-blind phase from Baseline
through Day 97.

DCCR treated patients at the end of 97 days of treatment
showed an improvement in hyperphagia of 29.2% while
those that were treated with DCCR for 69 days followed by
28 days of placebo treatment showed only a 13.9% improve-
ment in hyperphagia on Day 97. Thus, at the end of the
double-blind phase, DCCR treated patients showed more
than twice the improvement in hyperphagia as did those who
were randomized to placebo in the double-blind phase. Once
patients discontinue from DCCR treatment, given the long
half-life of DCCR (28-32 hours) it takes about 7-10 days to
completely clear from circulation. Verbatim statements were
obtained from parents of subjects in the study suggesting
that they had seen their children’s food related behavior
deteriorate only in the last couple of weeks of the study,
suggesting a longer double-blind phase might have resulted
in further separation of the arms. In general, the magnitude
of impact on how upset subjects became when denied food,
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how easy it was to get them to think about something else
if once denied food, and the impact on the frequency of
stealing food, digging through the trash for food and bar-
gaining for food were of equivalent or greater magnitude as
the overall impact on the hyperphagia score. DCCR
appeared to have lesser impact on how sneaky or quick
subjects were with respect to food and on how often they got
up at night to seek food.

Improvements in hyperphagia were observed in subjects
with baseline hyperphagia ranging from 29 (-45%) to less
than 5 (-33%) on a 0 to 34 point scale.

About 25% of the subjects ended the open-label phase
with very low levels of hyperphagia (2 or 3 on a 0 to 34
scale). These subjects tended to be able to lose more body fat
than the average. Two such subjects, both females, one
growth hormone treated and one growth hormone naive, lost
more than 10% of their initial body fat mass through 10
weeks.

FIG. 1 shows the change in hyperphagia from Baseline
through Day 69.

Changes in Lipids

Alipid panel was evaluated at Baseline, and again on Day
69 and Day 97. This data can be used to evaluate the change
from Baseline through Day 69 for all subjects randomized in
the double-blind phase, by arm for the period from Day 69
through Day 97 and in those who continued on DCCR in the
double-blind phase from Baseline through Day 97. The
results from the period covering Baseline through Day 69
are summarized in Table 13. The results for subjects who
continued on DCCR in the double blind phase from baseline
through Day 97 are shown in Table 14.

TABLE 13
Changes in Lipids from Baseline through Day 69

Parameter n Percent change p-value
Total cholesterol 8 -4.0% 0.044
Triglycerides 7 -21.0% 0.084
HDL-C 8 10.8% 0.244
LDL-C 8 -7.0% 0.030
Non-HDL-C 8 -6.5% 0.019

TABLE 14

Median Percent Change in lipids from Baseline through
Day 97 for those treated with DCCR in the double-blind phase

Median Percent change from

Parameter Baseline through Day 97
Total Cholesterol -11.0%
Triglycerides -41.8%
HDL-C 25.2%
LDL-C -7.9%
Non-HDL-C -13.4%

Consistent with previous studies involving DCCR, treat-
ment of subjects randomized in the double-blind phase with
DCCR from Baseline through Day 69 resulted in a number
of statistically significant changes in lipids including reduc-
tions in total cholesterol, LDL cholesterol and non-HDL
cholesterol. Even though the impact on triglycerides was of
larger magnitude, it did not reach significance because of the
smaller n and greater variability in the population. In gen-
eral, greater reductions in triglycerides were seen in those
with significant elevations in triglycerides at Baseline. A
similar pattern was observed in those who were treated with
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DCCR through the end of the double-blind treatment. The
decreases in total cholesterol, triglycerides, LDL-C and
non-HDL-C were all larger in those who were treated with
DCCR longer.
Changes in Leptin and Ghrelin

Leptin and ghrelin were measured at Baseline and again
on Day 69. The results from Baseline through Day 69 for
leptin and ghrelin are provided in Table 15.

TABLE 15

Leptin and ghrelin changes from Baseline through Day 69

Parameter n Percent change p-value
Leptin 6 -22.0% 0.061
Ghrelin 6 -15.0% 0.052

Further evidence for loss of body fat comes from the
analysis of leptin, the results of which are consistent with the
DEXA data and the data on waist circumference. Although
not quite reaching statistical significance, leptin is down
more than 20% from Baseline.

While ghrelin may or may not contribute substantially to
hyperphagia in PWS, reductions in ghrelin are beneficial in
PWS patients.

Behavioral Changes

A questionnaire, adapted from the PWS natural history
study, was used to document the presence or absence of 23
PWS-associated behaviors at Baseline and again on Day 69.
These behaviors generally fell into 4 categories:

(1) aggressive, threatening and destructive behaviors;

(2) self-injurious behaviors;

(3) compulsive behaviors; and

(4) other behaviors.

The questionnaire was administered at Baseline and again
on Day 69. Discontinuation rates for aggressive, threatening,
destructive behaviors and for all other behaviors are shown
in Table 16.

TABLE 16
Discontinuation rates for various classes of
behavior in clinical study PC025
Behaviors Discontinuation rate p-value
Aggressive, threatening, destructive -62.5% 0.01
All other PWS associated behaviors -29.8%

The impact on aggressive, threatening and destructive
behaviors was independent of an impact on hyperphagia.
Changes in Resting Energy Expenditure and Respiratory
Quotient

The measurements for resting energy expenditure and
respiratory quotient were quite variable from visit to visit.
Despite the variability, resting energy expenditure and respi-
ratory quotient appeared to be unchanged from Baseline
through Day 69.

Changes in Insulin Sensitivity

Treatment with DCCR in other clinical studies was asso-
ciated with improvements in insulin resistance as measured
by changes in homeostatic model assessment of insulin
resistance (HOMA-IR). Improvements in insulin sensitivity
are well documented in the literature on diazoxide. The
subjects enrolled in the double-blind phase of this study
were quite insulin sensitive at Baseline, which is typical of
PWS patients in this age range. Consistent with prior DCCR
clinical studies and the historic diazoxide literature, treat-
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ment with DCCR for 10 weeks resulted in an improvement
in HOMA-IR from 2.61+1.85 at Baseline to 1.46+£1.36 on
Day 69. The difference did not reach statistical significance
(p=0.095).

Example 4

Clinical Studies with Smith-Magenis Syndrome
Patients

In a first example, a Smith-Magenis syndrome patient is
treated with an oral suspension of diazoxide. The initial dose
is approximately 1 mg/kg administered in divided doses.
After the patient has been stably treated with 1 mg/kg for a
period of 1 to 2 weeks, the dose is titrated to about 1.5
mg/kg. After the patient had been stably treated with 1.5
mg/kg for a period of 1 to 2 weeks, the dose is titrated to
about 2.0 mg/kg. This process of increasing the dose by
about 0.5 mg/kg at each titration step and the duration of
treatment at each step of 1 to 2 weeks is continued until the
patient displays an adequate response to treatment, or a
maximal dose of 5 mg/kg is reached. Potential responses to
treatment could include loss of body fat, reduction in hypo-
tonia, an increase in the lean body mass to fat mass ratio,
reduction in hyperphagia, reduction in waist circumference,
loss of weight, reduction in temper outbursts and aggressive
behavior, and improvements in cardiovascular risk factors.
Treatment with the drug is chronic and may continue for life.

In a second example, a Smith-Magenis syndrome patient
is treated with a controlled release tablet formulation of
diazoxide choline. The initial dose is approximately 1.5
mg/kg administered once daily. After the patient has been
stably treated with 1.5 mg/kg for a period of 1 to 2 weeks,
the dose is titrated to about 2.1 mg/kg. After the patient has
been stably treated with 2.1 mg/kg for a period of 1 to 2
weeks, the dose is titrated to about 2.7 mg/kg. This process
of increasing the dose by about 0.6 mg/kg at each titration
step and the duration of treatment at each step of 1 to 2
weeks is continued until the patient displays an adequate
response to treatment, or a maximal dose of 5 mg/kg is
reached. Potential responses to treatment could include loss
of body fat, reduction in hypotonia, an increase in the lean
body mass to fat mass ratio, reduction in hyperphagia,
reduction in waist circumference, loss of weight, reduction
in temper outbursts and aggressive behavior and improve-
ments in cardiovascular risk factors. Treatment with the drug
is chronic and may continue for life.

In a third example, a Smith-Magenis syndrome patient is
treated with a controlled release tablet formulation of diaz-
oxide choline. The initial dose is approximately 1.5 mg/kg
administered once daily. After the patient has been stably
treated with 1.5 mg/kg for a period of 1 to 2 weeks, the dose
is titrated to about 2.2 mg/kg. After the patient has been
stably treated with 2.2 mg/kg for a period of 1 to 2 weeks,
the dose is titrated to about 2.9 mg/kg. This process of
increasing the dose by about 0.7 mg/kg at each titration step
and the duration of treatment at each step of 1 to 2 weeks is
continued until the patient displays an adequate response to
treatment or a maximal dose of 5 mg/kg is reached. In
parallel, the patient may also be treated with beloranib.
Potential responses to treatment could include loss of body
fat, reduction in hypotonia, an increase in the lean body mass
to fat mass ratio, reduction in hyperphagia, reduction in
waist circumference, loss of weight, reduction in temper
outbursts and aggressive behavior and improvements in
cardiovascular risk factors. Treatment with the drug is
chronic and may continue for life.
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In a fourth example, a Smith-Magenis syndrome patient is
treated with a controlled release tablet formulation of diaz-
oxide choline. The initial dose is approximately 1.5 mg/kg
administered once daily. After the patient has been stably
treated with 1.5 mg/kg for a period of 1 to 2 weeks, the dose
is titrated to about 2.3 mg/kg. After the patient has been
stably treated with 2.3 mg/kg for a period of 1 to 2 weeks,
the dose is titrated to about 3.0 mg/kg. This process of
increasing the dose by about 0.8 mg/kg at each titration step
and the duration of treatment at each step of 1 to 2 weeks is
continued until the patient displays an adequate response to
treatment, or a maximal dose of 5 mg/kg is reached. In
parallel, the patient may also be treated with an unacylated
ghrelin analog. Potential responses to treatment could
include loss of body fat, reduction in hypotonia, an increase
in the lean body mass to fat mass ratio, reductions in
hyperphagia, reductions in waist circumference, loss of
weight, reductions in temper outbursts and aggressive
behavior and improvements in cardiovascular risk factors.
Treatment with the drug would be chronic and may continue
for life.

In a fifth example, a Smith-Magenis syndrome patient is
treated with a controlled release tablet formulation of diaz-
oxide choline. The initial dose is approximately 1.5 mg/kg
administered once daily. After the patient had been stably
treated with 1.5 mg/kg for a period of 1 to 2 weeks, the dose
would be titrated to about 2.4 mg/kg. After the patient has
been stably treated with 2.4 mg/kg for a period of 1 to 2
weeks, the dose is titrated to about 3.3 mg/kg. This process
of increasing the dose by about 0.9 mg/kg at each titration
step and the duration of treatment at each step of 1 to 2
weeks is continued until the patient displays an adequate
response to treatment, or a maximal dose of 5 mg/kg was
reached. In parallel, the patient may also be treated with an
MC4 agonist. Potential responses to treatment could include
loss of body fat, reduction in hypotonia, an increase in the
lean body mass to fat mass ratio, reductions in hyperphagia,
reductions in waist circumference, loss of weight, reductions
in temper outbursts and aggressive behavior and improve-
ments in cardiovascular risk factors. Treatment with the drug
would be chronic and may continue for life.

In a sixth example, a Smith-Magenis syndrome patient is
treated with a controlled release tablet formulation of diaz-
oxide choline. The initial dose is approximately 1.5 mg/kg
administered once daily. After the patient had been stably
treated with 1.5 mg/kg for a period of 1 to 2 weeks, the dose
is titrated to about 2.5 mg/kg. After the patient has been
stably treated with 2.5 mg/kg for a period of 1 to 2 weeks,
the dose is titrated to about 3.5 mg/kg. This process of
increasing the dose by about 1.0 mg/kg at each titration step
and the duration of treatment at each step of 1 to 2 weeks is
continued until the patient displays an adequate response to
treatment, or a maximal dose of 5 mg/kg was reached. In
parallel, the patient may also be treated with an MC4
agonist. Potential responses to treatment could include loss
of body fat, reduction in hypotonia, an increase in the lean
body mass to fat mass ratio, reductions in hyperphagia,
reductions in waist circumference, loss of weight, reductions
in temper outbursts and aggressive behavior and improve-
ments in cardiovascular risk factors. Treatment with the drug
would be chronic and may continue for life.

All patents and other references cited in the specification
are indicative of the level of skill of those skilled in the art
to which the invention pertains, and are incorporated by
reference in their entireties, including any tables and figures,
to the same extent as if each reference had been incorporated
by reference in its entirety individually.
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One skilled in the art would readily appreciate that the
present invention is well adapted to obtain the ends and
advantages mentioned, as well as those inherent therein. The
methods, variances, and compositions described herein as
presently representative of preferred embodiments are
exemplary and are not intended as limitations on the scope.
Changes therein and other uses will occur to those skilled in
the art, which are encompassed within the spirit of the
invention, are defined by the scope of the claims.

Definitions provided herein are not intended to be limiting
from the meaning commonly understood by one of skill in
the art unless indicated otherwise.

The inventions illustratively described herein may suit-
ably be practiced in the absence of any element or elements,
limitation or limitations, not specifically disclosed herein.
Thus, for example, the terms “comprising”, “including,”
containing”, etc. shall be read expansively and without
limitation. Additionally, the terms and expressions
employed herein have been used as terms of description and
not of limitation, and there is no intention in the use of such
terms and expressions of excluding any equivalents of the
features shown and described or portions thereof, but it is
recognized that various modifications are possible within the
scope of the invention claimed. Thus, it should be under-
stood that although the present invention has been specifi-
cally disclosed by preferred embodiments and optional
features, modification and wvariation of the inventions
embodied therein herein disclosed may be resorted to by
those skilled in the art, and that such modifications and
variations are considered to be within the scope of this
invention.

The invention has been described broadly and generically
herein. Each of the narrower species and subgeneric group-
ings falling within the generic disclosure also form part of
the invention. This includes the generic description of the
invention with a proviso or negative limitation removing any
subject matter from the genus, regardless of whether or not
the excised material is specifically recited herein.

Other embodiments are within the following claims. In
addition, where features or aspects of the invention are
described in terms of Markush groups, those skilled in the
art will recognize that the invention is also thereby described
in terms of any individual member or subgroup of members
of the Markush group.

That which is claimed is:

1. A method of reducing one or more aggressive behaviors
in a subject having Prader-Willi syndrome (PWS) or Smith-
Magenis syndrome (SMS), the method comprising admin-
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istering to said subject for at least 10 weeks a pharmaceutical
formulation comprising an effective amount of diazoxide or
a pharmaceutically acceptable salt thereof, wherein admin-
istration reduces one or more aggressive behaviors in the
subject.

2. The method of claim 1 wherein the pharmaceutically
acceptable salt is diazoxide choline.

3. The method of claim 1 wherein said pharmaceutical
formulation is administered orally.

4. The method of claim 1 wherein the pharmaceutical
formulation includes at least one excipient which affects the
rate of release of diazoxide or a pharmaceutically acceptable
salt thereof.

5. The method of claim 4 wherein the pharmaceutical
formulation includes at least one excipient that delays
release of diazoxide or a pharmaceutically acceptable salt
thereof.

6. The method of claim 1 wherein the pharmaceutical
formulation further comprises at least one other active
ingredient.

7. The method of claim 1 further comprising administer-
ing human growth hormone to the subject.

8. The method of claim 7 wherein said human growth
hormone is administered by injection.

9. The method of claim 1 wherein said administering is
carried out for one or more years.

10. The method of claim 1, wherein the circulating
concentration of IGF-1 is not increased.

11. The method of claim 1 in which a second therapeutic
product is administered, wherein the second product is
intended to further reduce the one or more aggressive
behaviors.

12. The method of claim 1 wherein the pharmaceutical
formulation is administered twice per day.

13. The method of claim 1 wherein the pharmaceutical
formulation is administered once per day.

14. A method of reducing one or more aggressive behav-
iors in a subject having Prader-Willi syndrome (PWS) or
Smith-Magenis syndrome (SMS), the method comprising
administering to said subject for at least 10 weeks an
effective amount of a formulation consisting essentially of
diazoxide or a pharmaceutically acceptable salt thereof,
wherein administration reduces one or more aggressive
behaviors in the subject.

#* #* #* #* #*
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Attorney Docket No. 096583-001000US-08356135

ASRIGNMENT
{(Patent Application)

I, the undersigned, have invented certain inventions and buprovements disclosed
it a utility {provisional or non-provisional) or design patent application entitled

METHODS  FOR TREATING  SUBJECTS  WITH  PRADER-WILLI
SYNDROME OR SMITH-MAGENIS SYNDROME,”

filed with the ULS. Patent & Trademark (3fice on November 12, 2015
and assigned serial no. 14/940,018

For good and valuable consideration, the receipt and sufficiency of which |
acknowledge, we L:

1. Agres to assign, transfer, convey, and sell, hereby assign, transfer, convey, and
sl and have assigned, transferred, conveyed, and sold to Essentialis, Inc, a
corporation having a principal place of business at 7915 Corte Cardo, Carlsbad,
California 92009 (“Assignes”), the entive right, title, and interest in and to:

{a} all intellectnal property (including, without limitation, any innovation,
information, invention, discovery, product, process, work or design)
disclosed, embodied, shown, or claimed in the above-referenced patont
application, implicitly or explicitly;

{b) the above-referenced patent application, the right to claim priority to the
above~referenced patent application, all apphcations based in whole or in
part upon the above-referenced patent application; including, without
limitation, all applications that are a provisional, non-provisional, design,
divisional, confibuation, continuation-in-part, registration, utility wodel,
industrial design, retssue, renewsl, substibste, extension, reexamination,
post-grant review, jnter partes review, supplemental examination or non-
11.S. patent application or application for other rights based in whole or in
part on the above-referenced patent application;

{c} all patents (including, without Hmitation, all U.S. and non-U S, patents,
registrations,  utility  models,  industrial  designs,  design patents,
counterparts, continuations, continuations-in-part, divisionals, reissues,
repewals, substitutes, extensions, reexaminations, post-grant reviews, jnter
partes reviews and supplemental examinations) that are granted or issued
upon, or that claim priority to, any and all applications described in (b} of
this paragraph or that disclose or claim intellectual property described in
{a} of this paragraph. in whole or in part; and

H7H20209V §
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ASSIGNMENT

METHODS FOR TREATING SUBJECTS WITH PRADER-WILLI SYNDROME OR
SMITH-MAGENIS SYNDROME

Attorney Docket Mo, 096593-00100015-0935615

Page 2 of 2

{d) all claims for damages by reason of past infringement of any rights under
the applications or patents described in (8}, (b) or {¢) of this paragraph
(including provisional rights 1o reasonable rovalties pursuant to 35 US.C.
§134(d} and the right to suc for and collect such damages and royaltics
for Assignee’s own use.

o

Authorize and request the U.S. Patent and Trademark Office or any other ULS. or non-
1S, agency to issue to the Assignee any and all pateni{s), or other righis or
documents, resulting from the intellectual property, patent application(s) and patents
described in paragraph 1 of this Assigninent.

Agree to sign all papers and documents, inclading without limitation, applications,
declarations, caths and petitions, and, af the Assignes’s expense, perform any other
acts that are necessary in connection with prosecution of patent application{(s} or
intellectual property described in paragraph 1 of this Assignment and the enforcement
of patent(s) or other rights resulting from such patent application(s} or itellectual
property.

Loz

4. Agree that the terms, covenants, and conditions of this Assignment shall inure to the
benefit of the Assignee, ils successors, assigns and other legal representative, and
shall be binding upon me, as well as my heirs, logal representatives, and assigns.

5. Promise and affirm that I have not entered, and will not enter, into any assignment,
contract, or understanding that conflicts with this Assigiment.

6. Authorize Kilpatrick Townsend & Stockton to insert above the application number
and ftiling date of the above-described patent application when knowas,

aaaaa

Signed on the date indicated beside m&@%gm&iym
."f
o~

i o o

Signature: { = Date: f”ljjfi S

Ry -, o
s o
T ”
Neil M‘.”&\}@/

Q7HOI/OV 1
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The First State

Page 1

I, JEFFREY W. BULLOCK, SECRETARY OF STATE OF THE STATE OF
DELAWARE, DO HEREBY CERTIFY THE ATTACHED IS A TRUE AND CORRECT
COPY OF THE CERTIFICATE OF MERGER, WHICH MERGES:

TCOMPANY F MERGER SUR, INC.", A DELAWARE CORPORATION,

WITH AND INTO “ESSENTIALIS, INC."” UNDER THE NAME OF
CESSENTIALIS, INC.”, A CORPORATION CRGANIZED AND EXISTING UNDER
THE LAWS OF THE STATE OF DELAWARE, AS RECEIVED AND FILED IN THIS
OFFICE ON THE SEVENTH DAY OF MARCH, A.D. 2017, AT 1:25 O CLOCK
P.M.

& FILED COPY OF THIS CERTIFICATE HAS BEEN FORWARDED TO THE
NEW CASTLE COQUNTY RECORDER OF DEEDS.

A FILED COPY COF THIS CERTIFICATE HAS BEEN FORWARDED TO THE

SUSSEX COUNTY RECORDER OF DEEDS.

Authentication: 202153760
Date: 03-07-17

3660270 81C0M
SR# 20171636318

You may verify this certificate online at corp.delaware.gov/authver.shitmi
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State of  Dilawarp
Secertary ef Bate
Divisisn - of Corporations

CERTIFICATE OF MERCER Defivered - 01:25 PM 03872647
FILED 0123 PM 830712007

OF SR 2171636318 - File Nowber 3655274

COMPANY E MERGER SUB, INC.
(a Delaware corporation)

WITH AND INTO

ESSENTIALIS, INC.
{a Delaware corporation)

March 7, 2017

deodedk & ok ok Kk dedk &

In accorvdance with the provisions of Section 251 of the

General Corporation Law of the State of Delaware
sl ok koM gk ok '

Essentialis, Inc., a Delaware corporation (the “Corporation™), desiring to merge Company
E Merger Sub, Inc., a Delaware corporation (“Merger Sub™), with and into the Corporation, pursuant to
the provisions of Section 251 of the General Corporation Law of the State of Delaware, DOES HEREBY
CERTIFY as follows:

FIRST: The name and state of incorporation of each constituent corporation of the
merger {the “Merger™) are as follows: (i) Essentialis, Inc., a Delaware corporation, and (i1} Company E
Merger Sub, Inc., a Delaware corporation.

SECOND: An Agreement and Plan of Merger, dated as of December 22, 2016 (the
“Merger Agreement”), by and among the Corporation, Merger Sub, Capnia, Inc,, 8 Delaware corporation
and owner of Merger Sub, and Stockholders Representative (as defined in the Merger Agreement), has
been approved, adopted, certified, executed and acknowledged by each constituent corporation, in
accordance with the requirements of Sections 228 and 251 of the General Corporation Law of the State of
Delaware.

- THIRD: The name of the surviving corporation of the Merger 1s Essentialis, Inc. {the
“Surviving Corporation”).

FOURTH: The Amended and Restated Certificate of Incorporation of the Corporation
shall be amended and restated in its entirety to read as set forth on Exhibit A attached hereto and, as so
amended and restated, shall constitute the Certificate of Incorporation of the Surviving Corporation until
thereatter amended as provided therein or by applicable law.

EIFTH: An executed copy of the Merger Agreement 15 on file at the principal place of
business of the Surviving Corporation, 1235 Radio Road, Suite 110, Redwood City, CA 94065, and a
copy of the Merger Agreement will be firnished by the Surviving Corporation, upon request and without
cost, to any stockholder of any constituent corporation,

SIXTH: The Merger shall be effective upon the filing of this Certificate of Merger with
the Secretary of State of the State of Delaware,
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Exhibit A

SEVENTH AMEMNDED AND RESTATED CERTIFICATE OF INCORPORATION
OF
ESSENTIALLS, INC,

FIRST: The name of the corporation (hereinafier the “Corporation”) is Essentialis, Inc.

SECOND: The address of the registered office of the Corporation in the State of Delaware is 1209
Orange Street, City of Wilmington, County of New Castle, State of Delaware 19801, and the name of the
registered agent of the Corporation in the State of Delaware at such address is The Corporation Trust
Company.

THIRD: The nature of the business and the purposes to be conducted and promoted by the Corporation
shall be to engage in any lawful act or activity for which corporations may be organized under the
General Corporation Law of the State of Delaware {as amended from time to time, the “DGCL™)

FOURTH: The total number of shares of stock which the Corporation shall have authority to issue is One
Thousand (1,000) shares. The par value of cach such share s $0.001, Al such shares are of one class
and are shares of Conunon Stock.

FIFTH: The Corporation 18 1o have perpetual existence,
SINTH:

A, The liability of the directors of the Corporation for monetary damages shall be eliminated to
the fullest extent under applicable law. 1fthe DGCL is amended to authorize corporate action
forther eliminating or Roting the personal hiability of directors, then the Hability of a divector
of the Corporation shall be eliminated or limited to the fullest extent permitted by the DGCL,
as so amended.

B. To the fullest exient permitted by applicable law, the Corporation is authorized to provide
indemwmification of {and advancement of expenses to} directors, officers and agents of the
Corporation {(and any other persons to which applicable law permits the Corporation to
provide inderonification) through provisions of the Bylaws of the Corporation, agreements
with such agents or other persons, vote of stockholders or disinterested divectors or otherwise
in excess of the indemnificetion and advancement otherwise permitied by such applicable
law. I applicable law is amended afier approval by the stockholders of this Anticle SIXTH 10
authorize corporation action firther eliminating or limiting the personal Hability of directors,
then the liability of a director to the Corporation shall be eliminated or limited to the fullest
extent permitied by applicable law as so amended.

. Any repeal or modification of this Article SIXTH shall only be prospective and shall not
affect the rights or protections or increase the Hability of any director under this Article
SIXTH in effect at the time of the alleged ocourrence of any act or omission to act giving rise
to Hability or mndemmification.

B, The Corporation renounces any interest or expectancy of the Corporation in, or in being
offered an opportunity 1o participate in, any Excluded Opportimity. An “Excluded
Opportunity” is any matier, (Tansaction or interest that s presented to, or acquired, created or
developed by, or which ctherwise comes into the possession of, any director of the

Al
APOTEX_EX1022 PGR2026-00034 Page 271



Corporation who is not an employee of the Corporation or apy of its subsidiaries
{collectively, “Covered Persons™), unless in either case such matter, transaction or interest is
presented 1o, or acguired, ereated or developed by, or otherwise comes into the possession of,
2 Covered Person expressly and solely in such Covered Person’s capacity as a divector of the
Corporation,

SEVENTH: Fromtime fo time any of the provisions of this certificate of incorporation may be amended,
altered or repealed, and other provisions authorized by the laws of the State of Delaware at the time in
force may be added or mserted in the manner and at the time prescribed by said laws, and all rights at any
time conferred upon the stockholders of the Corporation by this certificate of incorporsiion are granted
subject to the provisions of this Article SEVENTH,

A2
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Page 1

The First State

I, JEFFREY W. BULLOCK, SECRETARY OF STATE OF THE STATE OF
DELAWARE, DO HEREBY CERTIFY THE ATTACHED IS8 A TRUE AND CORRECT
COPY OF THE CERTIFICATE OF AMENDMENT OF V“CAPNIA, INC.”,
CHANGING ITS NAME FROM "CAPNIA, INC." TO "SOLENC THERAPEUTICS,
INC. ", FPILED IN THIS COFFICE ON THE EIGHTH DAY OF MAY, A.D.
2017, AT 7:11 O CLOCK P.M.

AND I DO HERERY FURTHER CERTIFY THAT THE EFFECTIVE DATE OF
THE AFQORESAID CERTIFICATE OF AMERNDMENT IS THE TWELFTH DAY OF

MAY, A.D. 2017 AT 12:01 O'CLOCK A.M.

3083882 8100
SR# 201732924107

Authentication: 202512838
Date: 05-09-17

You may verify this certificate online at corp.delaware.gov/authver.shiml
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Siate of Dilawarp
Seceetary of Bate
Diviston . of - Carporatichs

CAPNIA. INC. Defiversd - 6711 PMO8RR26LT
T FILED 47:11 PMOSA62017

SR 20173130768 - File Number 3683882
CERTIFICATE OF AMENDMENT
OF THE
CERTIFICATE OF INCORPORATION

Capnia, Inc., a Delaware corporation (the “Cerporation™), hereby certifies as follows:

1. The name of the Corporation is Capnia, Inc. The Corporation was originally
incorporated under the name “Capnia, Inc,” The original Certificate of Incorporation of the
Corporation was filed with the Secretary of State of the State of Delaware on August 25, 1999,

2. Article T of the Certificate of Incorporation, as amended {the “Certificate”) of the
Corporation is hereby amended and restated to read in ifs entirety as follows:

“The name of this Corporation shall be Soleno Therapeutics, Inc.”

3. The foregoing amendment to the Amended and Restated Certificate of
Incorporation shall be effective on May 12, 2017, and the effective time shall be 12:01 am.,
Eastern Thme,

4. This Amendment of the Corporation’s Certificate has been duly authorized and
adopted by the Corporation’s Board of Directors and stockholders in accordance with the
provisions of Section 242 of the Delaware General Corporation Law.

IN WITNESS WHEREOF, Capnia, Inc. has caused this Certificate of Amendment to be
signed by Anish Bhatnagar, a duly authorized officer of the Corporation, on May 8, 2017,

CAPNIA, INC.
By: /s/ Anish Bhatnagar

Anish Bhatnagar,
Chief Executive Officer

Caguia - Certificaie of Amendment (Mame Charige). DOU
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Exhibit §

Docket No.: SLNO-034/04US 333072-2375
PTE Application for U.S. Pat. No. 9,757,384
VYKAT™ XR

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
First Inventor: Neil M. COWEN  Assignee: Essentialis, Inc.
Confirmation No.. 6992
Patent No.: 9,757,384 Unit: {Oftfice of Patent Legal

Admimstration
Issue Date: September 12, 2017  Examiner: Taylor V. OH
Application No.:  14/940,018

For: METHODS FOR TREATING SUBJECTS WITH PRADER-WILLI SYNDROME
OR SMITH-MAGENIS SYNDROME

Comnussioner of Patents and Trademarks

P.O. Box 1450

Mail Stop: Hatch-Waxman Patent Terma Extension
Alexandria, VA 22313-1450

AUTHORIZATION TO RELY UPON MARKETING ACTIVITIES
IN REQUEST FOR EXTENSION OF PATENT TERM UNDER 35 U S C. § 150

Dear Madam:

Pursuant to MLP EP § 2752 and 37 CFR 1.730, Soleno Therapeutics, Inc., a corporation
organized and existing vonder the laws of the State of Delaware, having a place of business at 100
Marine Parkway, Suite 400, Redwood City, CA 94065, United States of America, hereby
authorizes Essentialis, Inc. to rely upon the activities of Soleno Therapeutics, Inc. before the
Food and Drug Administration during the regulatory review period for VYKAT™ XR
{diazoxide choline) extended-release tablets, for oral use, in its request for extension of patent

term under 35 U.S.C. § 156 of United States Patent No. 9,757,384, which was granted September

i

3183160431
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Exhibit §
Docket No.: SLNGO-034/04US 333072-2375
PTE Application for U.S. Pat. No. 9,757,384
JYKAT™ XR
12, 2017, and assigned to Essentialis, Inc. by virtue of assignment of 1.8, Application No.
14/940. 018 by the inventor, Neil M. COWEN on November 13, 2015 that was recorded with the
Office on November 13, 2015 at reel/frame 037039/0755.

Essentialis, Inc. was the original sponsor of IND 73,179 and IND 132,498, which were
later transferred to Soleno Therapeutics, Inc. Data generated under these INDs were included in
NDA 216665, Sponsorship of IND 73,179 was transferred to Soleno Therapeutics, Inc. on
Jaly 12, 2017, Sponsorship of IND 132 498 was transterred to Capuia, Inc. on or about
March 10, 2017, after which the name of the sponsor was changed to Soleno Therapeutics, Inc.,

~
/
i

and the FDA was notified of the change on May 22, 2017 Soleno Therapeutics, Inc. 18 the

sponsor of NIDA 216665, under which VYKAT™ XR was approved. Patent owner Essentialis,

inc. 1s a wholly owned subsidiary of Soleno Therapeutics, Inc.

Respecttully submitted,
Soleno Therapeutics, Inc.

Date: 04/28/2025 ! f? }Mf'é/ 3/fa&@ﬁb /
Anish Bhamag‘ﬁ}r

{CEQ, Soleno Therapuetics, Inc.
Marketing Applicant

3183160431
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Docket No.: SLNO-034/04US 333072-2375
PTE Application for U.S. Pat. No. 9,757,384
VYKAT™ XR

EXHIBIT 6
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NDA 216865
NDA ACKNOWLEDGMENT

Soleno Therapeutics, ine.

Attention: Patricia C. Hirano

Senior Vice President, Regulatory Affairs
203 Redwood Shores Parkway

Suite 500

Redwood, CA 84085

Diear Patricia C. Hirano:

We have received your new drug apphication (NDA) submitted pursuant (o section
505{b)2) of the Federal Food, Dirug, and Cosmaetic Act (FDCA) for the following:

Name of Drug: digzoxide choline

Date of Application: June 27, 2024

Date of Receipt: June 27, 2024

Our Reference Number:  NDA 216865

Unless we notify you within 80 days of the receipt date that the application is not
sufficiently complete to permil a substantive review, we will file the application on
August 26, 2024, in accordance with 21 CFR 314 10¥{a)

if you have not alregdy done 30, promptly submit the conient of labeling [21 CFR
3145001 DY) in structured product labeling (8PL) format as described at FDA gov.*
Failure to submit the content of labeling in SPL format may result in a refusal-io-file
action under 21 CFR 314 101{dX3). The content of labealing must conform to the content

and format requirements of revised 21 CFR 201.56-57

Cite the NDA reference number at the top of each page of any submission related to
this marketing application.

S eV et b tienen feden ey Y i
N R L R N S R A T R I R T N R HE
A R R N R AR s e
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NDA 216865
Page 2

RESPONSIBILITIES UNDER TITLE VI OF FDAAA AND 42 CFR PART 11

You are also responsible for complying with the applicable provisions of section 402(1)
of the Public Health Service Act (PHE Act) [42 U.5.C. § 282}, including #s
implementing regulations in 42 CFR part 11, Section 402(}) of the PHS Act was
amended by Title Vil of the Food and Drug Administration Amendments Act of 2007
(FDAAA). Unless you have delegated your responsibifiies to another entity, you are the
“responsible party” and are required to submil registration and resulis information for
each "applicable clinical trial” to the ClinicalTrials.gov data bank, as provided by ssction
402(5 of the PHS Actand 42 CFR part 11,

The Electronic Common Technical Document (CTD) is CDER and CBER's standard
format for elecironic regulatory submissions. Submissions that do not adhere to the
requiraments stated in the oCTD Guidance will be subject 1o rejection. For more
information please visit FDA gov 2

The FDA Electronic Submissions Gateway (ESG) is the central transmission point for
sending information electronically 1o the FDA and enables the secure submission of
regulatory information for review. Submissions less than 10 GB must be submitted via
the ESG. For submissions that are greater than 10 GB, refer to the FDA technical
specification Specification for Transmitting Electronic Submissions using eCTH
Specifications. For additional information, ses FDA gov.®

SECURE EMAIL

Secure email is required for all emaill communications from FDA when confidential
information {g.¢., frade secrets, manufacturing, or patient infarmation) is included in the
message. 1o receive email communications from FDA that include confidential
information {(e.4., nformation requests, labeling revisions, courtesy copes of letlers),
you must estabiash secure ema il TQ esiabi sh secure email with FDA, send an emadl
request 1o Jecweky R ;. Please note that secure emaill may not be ussed
for formal reauéaiory subm;ss ons i{:s apmscatmns

i
“
i
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if you have any questions, contact me at |

Sincersly,

Tiffanie Taylor, PharmD

Senior Regulatory Project Manager

Paychiatry Group

Division of Reguiatory Operations for Neuroscience
Uffice of Regulatory Operations

Ceanter for Drug Evaluation and Resesarch
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This is a representation of an electronic record that was signed
electronically. Following this are manifestations of any and ali
glectronic signatures for this electronic record.

is!

TIFFANIE ATAYLOR
G7/08/2024 02:34:18 PM
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Docket No.: SLNO-034/04US 333072-2375
PTE Application for U.S. Pat. No. 9,757,384
VYKAT™ XR

EXHIBIT 7
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NDA 2168865
NDA APPROVAL

Soleno Therapeutics, ne.

Attention: Patricia C. Hirano

Senior Vice President, Regulatory Affairs
100 Marine Parkway, Suite 400
Redwood, CA 84065

Dear Patricia C. Hirano:
Please refer to your new drug application (NDA) received June 27, 2024, and youwr
amendments, submitied pursuant to section H05(0)(2) of the Federal Foad, Drug, and

Cosmetic Act (FDCA) for Vykat XR {diazoxide choline) tablets.

We acknowledge receipt of your major amendments dated November 15, 2024, and
November 19, 2024, which extended the goal date by three months.

This NDA provides for the use of Vvkat XR {diazoxide choling) tablets for the freatment

of hyperphagia in adults and pediatric patients 4 years of age and older with Prader-Willi
syndrome.

APPROVAL & LABELING

We have completed our review of this application, as amended. It s approved, effective
on the datle of this letter, for use as recommended in the enclosed agreed-upon
labeling.

CONTENT OF LABELING

As soon as possible, bul no later than 14 days from the date of this letter, submit the
content of labeling [21 CFR 314.50{}] in structured product iabeling {(SPL) format using
the FDA sutomated drug registration and listing system {eLIST), as described at

FDA gov.t Content of labeling must be identical to the enclosed labsling {Prescribing
information and Medication Guide) as well as annual reportable changes not included in
the enclosed labeling. Information on submitting SPL files using eLIST may be found in
the guidance for industry SPL Standard for Content of Labeling Technical s and As.?

2 We update guidances pezwdzca iy For he most ecem version of a guidance, s.,he\,k *f‘e FDA Guidance

Documents Database hilp
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The SPL will be accessible via publicly available labeling repositories.

CARTON AND CONTAINER LABELING

Submit final printed caron and container labeling that are identical to the enclosed
carton and container labeling, as soon as they are available, but no more than 30 days
after they are printed. Please submit thesze labeling slectronically according to the
guidance for industry SPL Standard for Content of Labeling Technical Qs & As. For
administrative purposes, designate this submission “Final Printed Carton and
Container Labeling for approved NDA 2166657 Approval of this submission by FDA
is not required before the labeling is used.

DATING PERIOD

Based on the stability data submitted {0 date, the expiry dating period for Vykat XR
{diazoxide choline} tablets shall be 24 manths from the date of manufacture for 25 mg
tablets and 36 months from the date of manufacture for 75 and 150 mg tablets when
stored at 20°C and 25°C.

REQUIRED PEDIATRIC ASSESSMENTS

Under the Pediatric Research Equity Act {(FREA) (21 U.5.C. 355¢), all applications for
new active ingredients {which includes new salis and new fixad combinations), new
indications, new dosage forms, new dasing regimens, or new routes of administration
are required o contain an assessment of the safety and effectiveness of the product for
the claimed indicgtion in pediatric patients unless this requirement is waived, deferred,
or inapplicable.

Becauss this drug product for this indication has an orphan drug designation, you are
axempt from this requirement.

POSTMARKETING REQUIREMENTS UNDER 508(0}

Section 505(0}(3) of the FDCA authorizes FDA o require holders of approved drug and
biological product applications 1o conduct postmarketing studies and clinical tnals for
certain purposes, if FDA makes certain findings required by the stalute.

We have determinad that an analysis of spontaneocus postmarketing adverse events
reported under subsection S05(KY1) of the FDCA will not be sufficient to dentify an
unaxpacted serious risk of carcinogenicity.

YO Daeaeney op Y TNee vew N adennd et den bt e
L8, Food and Drug Administration
Dk i s

Silver Spring, MD 209833

Ananad Tela Syows
TRTRE, T RO
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NDA 216865
Page 3

Furthermore, the active postmarket risk identification and analysis sysiem as available
under section 505(k)}3) of the FDCA will not be sufficient to gssess this serious risk.

Therefore, based on appropriate scientific data, FDA has determined that you are
required o conduct the following studies:

4793-1 Conduct 8 8-month carcinogenicity study of diazoxide choline orally
administered {0 ransgenic mice, using an appropriate mouse model

The timsetable you submitied on February 11, 2025, states that you will conduct this
study according to the following schedule:

Final Protocol Submission: 08/2025
Study Completion: {8/2026
Final Report Submission:  02/2027

FOA considers the term fnal 1o mean that the applicant has submitled a profocol, the
FOA review team has sent comments o the applicant, and the protocol has been
revisad as neadead o meet the goal of the study or clinical trial

Finally, we have delermined that only a clinical trial {rather than a nonclinical or
observational study) will be sufficient {0 assess a signal of g serious risk of lower ar
higher drug exposure in patients with hepatic impairment, lower or higher drug exposure
in patients with renal impairment, and a potential drug interaction with substrates of
CYP1AZ.

Thereforg, based on appropriate scientific data, FDA has determined that you are
required o conduct the following trials:

4783-2 Conduct a dedicated clinical study {o assess the effect of hepatic
impairment on the pharmacokinetics of digzoxide chaline and s major
metabolites.

The timetable you submitted on February 11, 2025, states that you will conduct this trial
according to the following schedule:

Draft Protocol Submission: 06/2025
Final Protocol Submission: 12/2025
Trial Completion: 12,2026
Final Report Submission:  06/2027

3 See the guidancs for Industry Postmarkating Studies and Clinical Trials—implemeaniation of Seclion
505 {0}(3} of the Federal Food, Drug, and Cusmez‘m Ant vOcé@be, 2"’1:}%
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4793-3  Conduct a dedicated clinical study to assess the effect of renal impairment
on the pharmacokinstics of digzoxide choline and it major metabolites.

The timstable you submilied on February 11, 2025, states that you will conduct this tnial
according to the following schedule:

Draft Protocol Submission: 06/2025
Final Protocol Submission: 12/2025
Trial Completion: 12/2026
Final Report Submission:  06/2027

4793-4  Conduct g dedicated drug interaction study to asseass the effect of
diazoxide on a substrate of CYP1AZ.

The timetable you submitied on February 11, 2025, states that you will conduct this trial
according o the following schedule:

Draft Protocol Submission: 06/2025
Final Protocol Submission: 12/2025
Trial Completion: 12/2028
Final Report Submission:  06/2027

FOIA considers the term final 1o mean that the applicant has submitied a proioenl, the
FDA review team has sent commaents fo the applicant, and the protocol has been
revised as needed to mest the goal of the study or clinical trial *

Submit clinical protocol{s) to your IND 132498 with 3 cross-reference letter to this NDA
Submit nonclinical and chemistry, manufacturing, and controls protocols and all final
report(s} to your NDA. Prominently identify the submission with the following wording n
bold capital letlers at the top of the first page of the submission, as appropriate:
REQUIRED POSTMARKETING PROTOCOL UNDER 808(0) , REQUIRED
POSTMARKETING FINAL REPORT UNDER 505(c}), REQUIRED POSTMARKETING
CORRESPONDENCE UNDER 505{0).

Section S505(0}3HEN) of the FDCA requires you o report periodically on the sfatus of
any study or clinical trial required under this section. This section alsc requires you {o
pericdically report to FDA on the status of any study or clinical trial otherwise
undertaken o investigate a safely issue. Section S08B(a){(1) of the FDCA, as well as

4 See the guidance for Industry Postmarkating Studies and Clinical Triagls—{mplemeriation of Section
505{0)(3} of the Federa Food, Drug, and Cosmetic Act {Qclober 2018}

SV T reTaTal
FRVLLHQENT

APOTEX_EX1022_PGR2026-00034 Page 288

5258874



NDA 216865
Page &

21 OFR 314 81{b){(2 )i} requires you to report annually on the status of any
postmarketing commilments or required studies or clinical trials.

FDA will consider the submission of vour annual report under section 506B(a){1) and

21 CFR 314 .81(h}2){vil} to satisfy the periodic reporting requirement under section
505(0)(3IHE X provided that you include the slements listed in 505(0) and

21 COFR 314 .81{b)2Xvil). We remind you that to comply with 505(0), vour annual report
must also include a report on the status of any study or clinical trial otherwise
undertaken o investigate a safely issue. Failure 1o submit an annual report for studies
or clinical trials required under 505{0) on the date required will be considered 3 violation
of FDOA section 505(0)}3UEX and could result in enforcement action.

PROMOTIONAL MATERIALS

You may requsst advisory commentis on proposed infroductory advertising and
promational labeling. For information about submitling promotional materials, see the
final guidance for industry Froviding Regulatory Submissions in Electronic and Non-
Electronic Format—Promotional Labeling and Advertising Materials for Human
Prescription Drugs.®

As required under 21 CFR 314. 81D X3 XD, you must submit final promotional materials,
and the Prescribing information, at the time of initial dissemination or publication,
accomparnied by a Form FDA 2253, Form FDA 2253 is available at FDA gov.®
information and Instructions for complating the form can be found at FDA gov.”

REPORTING REQUIREMENTS

We remind you that you must comply with reporting requivements for an approved NDA
{21 CFR 314.80 and 314 .81}

COMPENDIAL STANDARDS

A drug with 2 name recognizaed in the official United States Pharmacopeia or official
National Formulary (USP-NF) generally must comply with the compendial standards for
strength, quality, and purity, uniess the difference in strength, quality, or purity s plainky
stated on is label {see FD&T Act § HB01{b}, 21 USC 351(b}). FDA typically cannot share
application-specific information contained in submitted regulatory filings with third
parties, which includes USP-NF. To help ensure that a drug continues to comply with

APOTEX_EX1022_PGR2026-00034 Page 289
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compendial standards, application holders may work dirgctly with USP-NF to revise
official USF monographs. More information on the USP-NF is available on USP's
wehsite @

if you have any que%ims cantact T"fame Tavlor, Senior Regulatory Project Manager,
at 301-796-4385 or ] r ~

Tiffany R, Farchione, MD
Director

Division of Psychiatry
Office of Neuroscience
Center for Drug Evaluation and Research

ENCLOSURE(S):
e Content of Labeling
o Prescnbing information
o Medication Guide
¢ Carton and Container Labeling
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HIGHLIGHTS OF PRESCRIBING INFORMATION

These highlights do not include all the nformation needed to use
YYKAT XR safely and effectively. See ful prescribing information
for VYKAT XR.

VYKAT™ XR {dizzoxide choling} extended-reloase tablets, for oral
Use
initial U.9. Approval: 1873

INDICATIONS AND USAGE
VYRAT XR is indicated for the treatment of hyperphagia in adults and
pediairic patienis 4 years of age and older with Prader-Willi syndrome
{(PWS). (1)

o Pror o initiation, tesi fasiing pizsma glucose and HbA1e; optinize
bicod glucoss in patients who | have hyperghoemia. (2.1}

» Do not substitute with diszoxide oral suspension. (2.1}

s Adminisier oraily once daily. (2.2}

¢ Reconnended starting dosage and tiration schedule is based on
patient’s body weight. {2.2}

Starting | Titration | Thration Taraet
Weight Dosage Rosage Dosage Maé;;te?'same
S Weeks Weeks Weeks Dosage
1 and 2 Jand 4 Sand 8
2010 e - in
<30 kg 25 g 30 myg 75 mg 100 myg
3o 2 - 4RO pros S e
<40 kg 75 myg 150 myg 150 mg 150 mg
40w - "
75 iy A50 sy 2 1 2
<65 ka 75 myg 150 myg 225 mg 225 mg
85 to . PR e -
<100 ko 50 mg 225 myg 300G mg 375 mg
100 te I
<135 ko 150 myg 300 mg 375 mg 450 mg
2135 kg 150 mg 300 my 450 mg 525 myg

@
oo
]
=

«

x

+ The maximum recoramended dosage is 5 gikgiday or 525 mg
pef day. (4.2}

« interrupt VYRAT XR ar reduce das sage for clinically significant
aslevations in fasling glucoess or BbAlc; consider dosage reduction
o interruption for clinically significant ﬂuid overload. (2.3}

o See full prescrbing information for VYKAT XR dosage modifications
due to drug interactions (3.4}

« Foilowing dosage inlerrugiion or a missed dose of 7 days or more,
re-titrate according to Table 1 or able {25

--------------------- DOSAGE FORMS AND STRENGTHS wreomemmmemmeemmen
i e -release tabiets: 25 mg, 75 mg. and 180 myg of diszoxide

CONTRAINDICATIONS
Knowrt hypersensitivily to diazoxide, other componenis of VYKAT XR,
of to thiazides. {4)

mvmmmnnnvemensenennens Y ARMING S AND PRECAUTIONS ~vrmmevnvmnsinvanns

» Hypergiycemia: Hypergiycena, including diabetic ketoacidosis, has
tizen reported. During reatmant, monitar fasting gh,ccté and
HpAlce. Monitor fasting glucose more frequently during first few
waeks ft"oc iment i patients with risk factars for hyperglycemia.
(2 3,581

e Riskof F !ufa Overfoan: Edema, including severe reactions
associated with fiuid overload, has been reporied. Monitor for signs
ar symptoms of edema or fhed overdoad. (2.3, £2)

ADVERSE REACTIONS
Mast cammon adverse r2actions (incidence 210% and al leasi 2%
greater than in placebo) are hypertnichesis, edema, hyperglyceniia,
and rash. {§)

To report SUSPECTED ADVERSE REACTIONS, contact Solero
Therapeautics, inc. at 1-833-765-3681 or FDA at 1-804-FDA-1088 or
www. fda.govimedwateh.

DRUG INTERACTIONS

e Sirong CYPTAZ inhibifors: Reduce VYKAT XR dosage. (2.4, 7}

o CYPIAZ Subshafes: Concomitant use with VYKAT XR is not
recommended. {7

+ See fuli pr inforrmation for additional clinically significant
drug fisractions. {7}

mvnmmnnnvamenseneemens YSE N SPECIFIC POPULATIONS ~vmmvvnvmnsinvanns
» Renal impainment or Hepatic Imgairment. Use is not recommended.
(88,87}

Ses 17 for PATIENT COUNSELING INFORMATION and Medication
Guide,

Revisead: 3/2028

FULL PRESCRIBING INFORMATION: CONTENTS”

1 INDICATIONS AND USAGE

2 DUOBAGE AND ADMINISTRATION

2.1 important Recommendations Prior fo VYKAT XR {aitistion

2.2  Dosage and Administration Recormmendations

23 Monitoring and Dosage Mogifications Dus to Adverse
Faactions

2.4 Dosage Modifications for Concomitant Use with Strong
CYPRIA2 Inhibitors

2.5 Recommendations :{cqprd' ng Dosage interruption, Missed
Dose, or Riscontinuation of Treatment

DUSAGE FORMS AND &TRENGTHS

CONTRAINDICATIONS

WARNINGS AND PRECAUTIONS

51 Hyperglycemia

5.2 Risk of Fluid Gveroad

ADVERSE REACTIONS

BRUG INTERACTIONS

USE IN SPECIFIC POPULATIONS

3.1  Pregnancy

55 F K2

o 3

8.2 Lactation
8. 4 atric Use

8.7 Hepatic Ew"am"ert
1 OVERDOSAGE
11 DESCRIPTION
12 CLINICAL PHARMACOLOGY
12,1 Mechanisr of Action
12 2 Pharmacodynamics
12.3 Pharmacokinetics
13 NONCUNICAL TOXICOLOGY
131 Carcinogenesis, Mutagenesis, impairment of Fertiity
132 Animal Toxicology andior Phamacoiogy
14 CLINICAL STUDIES
16 HOW SUPPLIEDVSTORAGE AND HANDLING
17 PATIENT COUNSELING INFORMATION

*Sections or subsections omitted from the full prescribing information
are not isted
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FULL PRESCRIBING INFORMATION
1 INDICATIONS AND USAGE

VYKAT XR is indicated for the treatiment of hyperphagia in adults and pediatric patlients 4 yvears of age
and older with Frader-Wiill ayndrome (PWRS),

2 DOSAGE AND ADMIMISTRATION
2.1 important Recommendations Prior to VYKAT XR initiation

Laboraiony Testing Prior o VYKAT XR initiation

Frior to initiating treatment with VYKAT XR, test fasting plasma glucose (FPG) and HbA1e and optimizs
blood glucose in patienis who have hyperglycemia fsee Wamings and Precautions (8.1)].

For fasiing glucose and HbATe monionng recommendations during VYKAT XR treatment and for dosage
modifications based on resulls, see Dosage and Administration (2.3},

Important Information Regarding Subsiifulion

Do not substitute VYKAT XR with digzoxide oral suspension because the pharmacokinetio profiles are
different fsee Clinical Pharmacology (12.3}].

22 Dosage and Administration Recommendations
Administer VYKAT XR oraily with or without food once dally {see Clinfcal Pharmacology (12 .3}

Swaliow tablats whole. Do not split, crush, or chaw the extended-release tablets because doing 50 may
compromise the extended-release characteristics, afficacy, or safety of VYKAT XR.

The recommended oral dosage of VYKAT XR is based on body weight. The recommended starting
dosage and titration schedude of VYKAT XR are shown in Table 1.

Tabhle 1. Recommended Starting Dosage and Titration Ragimen in Adults and Pediatric Patients
4 Years of Age and Qlder

Recommended Once Daily Dosage
Weight Starting Dosage | Titration Dosage | Titration Dosage Target
Maintenancs

Weeks fand 2 Weeks 3and 4 ¥Weeks Sand § Dosage

20 kg 1o <30 kg 25 mg smg 75 mg 100 mg
30 kg to <4l kg 7amg 150 mg 1580 my 150 mg
40 kg w <88 kg 75 mg 150 mg 225 mg 225 my
&5 kg to <100 kg 150 mg 225 mg 300 myg IS5 mg
100 kg to <135 kg 150 mg 300 myg 375 mg 450 my
2135 kg 150 mg 300 myg 450 mg 525 mg

The maximum recommendad dosage of VYKAT XR is 5.8 my/kg/day or 5325 mg per day. Dosages above
5.8 mgfkgiday or 825 mg per day have not been gvaluated in patients with PWS.,

5258874
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2.3 Monitoring and Dosage Modifications Due to Adverss Reactions

Elevations in Fasting Glucose or HbAle

After initiating freatment with VYKAT XR, monitor:

s Fasting giucose {FPG or fasting blood glucose) at least once every week for the first 2 weeks, then al
least onece every 4 waeks, and as clinieally indicated.

= HbATC svery 3 months and as clinically indicated.

5

fMonitor fasting glucose more frequently during the first few weaeks of YVYRKAT XR treatment in patients with
risk factors for hyperghycamia.

if clinically significant elevations in fasting glucose or HbATe occur during treatmeant, temporarily interrupt
VYKAT XR or reduce the dosage until gliycemic parameters are approprisiely managed. Consider
initiation or adjustment of standard antidiabetic therapy(ies). If clinically significant glucose slavations are
noted during litration, titrate over a longer duration andior 10 a lower dosage [see Wamings and
Frecautions (5.1)].

Fluid Gverload

Monitor for aigns or symptoms of edema or fluid overioad. Consider dosage reduction or iemporary
dosage interruption in the event of clinically significant fluid overicad. If clinically significant fiuid overlpad
is noted during tiration, tilrale over a tonger duration and/or {0 a lower dosage see Warmnings and
Fracautions (5.2)]

Titration Afler Rasolution of Fluid Overload or Elovation in Fasting Glucose or HbhAlg

«
i

if fisid overload or elevations in fasting glucose or HbATe resoive afler a dosage reduction:

e For patienis weighing less than 30 kg, fitrate the dosage in incraments of no more than 25 myg evary
2 weeks or titrale over longer duration {0 a mesamum dosage of 5.8 morkg/day.

« For patients weighing greater than or equal 10 30 kg, fitrale the dosage in incremants of no more than
75 mg every 2 weeaks or titrate over longer duration 1o a maximum dosage of 5.8 mg/kg/day.

For recommendations on resuming VYKAT XR afler dosags interruption, see Dosage and Administration
g
g;‘.\f)},

2.4 Dosage Modificgtions for Concomitant Use with Strong CYP1A2 Inhibitors

VYKAT XR dosage modifications for concomitant use with strong CYP1AZ inhibiiors are shown in Table 2
fsee Drug inferactions {7},

3
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Refarence 1

Table 2; VYKAT XR Dosage Modifications for Concomitant Use with Strong CYP1AZ2 Inhibitors

VYKAT XR Recommaended Once Dally Dosags

Weight Starting Dosage | Titration Dosage Titration Dosage Target
Weeks 1and 2 Weeks 3 and 4 Weeks Sand 8 Ma;’}ﬁ:gg? °

20 kg io <3 kg 25 mg 25 mg 50 mg 75 mg
30 kg o <40 kg 50 mg 100 mg 130 mg 160 mg
40 K to <65 Ky 50 mg 108 myg 150 mg 1588 myg
88 kg o <108 kg 100 mg 180 mg 200 mg 250 mg
100 kg to <135 kg 100 mg 200 my 250 mg 300 myg
2135 kg 100 mg 200 mg 300 mg 325 mg

Based on clinical response, VYKAT XR may be litrated to a3 maximum recommended dosage of
3.8 mgfkgiday. The VYKAT XR daily dosage should not excead 325 mg par day.

No desage micdification is recommended whan VYKAT XR is concomitantly used with moderate CYP1AZ

inhibitors.
2.5 Recommendations Regarding Dosage Interruption, Missad Dose, or Discontinuation of
Treatmant

Foliowing a dosags interruption or missed dose of

» Less than 7 days, resume VYKAT XR ai the pravious dosage

e 7 days of mors, re-titrate VYKAT XR according o Tabla 1 or 2, a5 appropriate [see Dosage and
Administration (2.2, 2.41

Treatment with VYKAT XR can be discontinued without tapering.

3 DOSAGE FORMS AND STRENGTHS

Extended-releass {ablets:

s VYKAT XR 25 myg of digzoxide choline: white, capsule-shaped, film-coated, waxed {ablets, debossed

with 8-25 on one side.

+  VYRAT XR 75 mg of diszoxide chaoling: while, round, standard convex-shaped, film-coated, waxed
tablets, debossed with 8-75 on one side.

e VYYKAT XR 150 my of dinzoxide choline: white, oval-shaped, film-coated, waxed tablets, debossed
with 8-150 on one side.

4 CONTRAINDICATIONS

VYKAT XR is contraindizated in patients with known hypersensitivity (0 diazoxide, other components of
VYKAT XR, or 1o thiazides. Erythema multiforme has been reportad with VYKAT XR [see Adverse

Reactions (8}

5358874
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& WARNINGS AND PRECAUTIONS
51 Hyperglycemia

VYKAT XR increases blood glucose, due primarily 0 an inhibition of insulin release from the pancraas
Hyparglycemia, incluging severe adverse reactions associated with diabetic ketoacidosis, ococurred in
VYKAT XR-treated patients during clinical trials fsee Adverse Reactions {5)].

Pracipitating conditions for diabatic ketoacidosis may include reduction in the dosages of concomitant
antiliypergiycemic medications, increase in the dosages of concomitant growth hormone, inlercurrent
ness, surgery, volume depletion or alcohol abuse. Signs and symptoms of ketoacidosis include nauses,
vomiting, abdominal pain, generalized malaise and shortness of breath.

Befors intiating VYKAT XR, test fasting plasma glucose (FPG) and HbAte; optimize biood glucose in
patients who have hypergiveensia, After inifiating &t eatrment with VYKAT XR, reguiarly monitor fasting
glucnse (FPG or fasting blood glucose) and HbAIC [see Dosage and Administration {2.3}]. Monitor fasting
gib cose more frequently for the first few waeks of treatmant with VYKAT XR i palients with risk factors
for hyperglycentia, such as obesity, elevated FRG, HbA T at the upper limit of normal or above,
concomitant use of growth hormone, or concomitant use of systemie corticosteroids.

Advise patients of the signs and symploms of hypearghycamia {e.g., excassive thirst, urinaling more oftan
than usual or higher amount of urine than usual, or increased appetite with weight foss). If a patlent
expeariences hyperglvecemia after inlliating treatment with VYKAT XR, monitor fasting giucoss as dlinicaily
indicated, and at least twice weekly until fasting glucose decreaseas o normal fevels. Consider monioring
ketones in patients with worsening hyperglycemia,

if hypergiveemis is frealed with anti-hyparglveamic medication during VYKAT XR ireatment, continua
monitoring fasting glucose at least once a week for 8 weeks, followed by once every 2 weeks and as
clinically indicated. Consider consuitation with a heaithnare provider with expeartise in the reatment of
hyparglycemia and counsel patients on iifestyle changes. Based on the severity of the hypergiycemis,
VYKAT XR may reqguire dosags interruption, reduction, or discontinuation in order {0 avoid progression to
ketoacidosis fsee Dosage and Administration (2.3}

52 Risk of Fluid Overiocad

Edemna, including general, localized, and peripheral edema, ocourrad in 27% of VYKAT XR-ireated

patients versus 12% of placebo-treated patients in the placebo-controlied trial with freatment-naive

subjects (Study 1), Severe adverse reactions associated with fluid overioad, including pulmonary edema,
ware reported in VYKAT XR-treated patients during clinical trials [see Adverse Reactions {6}

The antidiuretic property of digzoxide may lead fo significant fiuid refention, which may precipiiate
congestive heart failure in patients with compromised sard;ac reserve. VYKAT XK has not been studied in
patients with compromisad cardiac reserve and should be used with caution in these patients.

Monitor Tor signs or symptoms of sdama or fluld overload and consider appropriate clinical mana
which may include VYRAT XR dosage reduction or reaiment interruption, if clinically significant |
Dosage and Administration (2.3}

wement,
[see

8 ADVERSE REACTIONS

The following clinically sighificant adverse reactions are discussed in graater detaid in othar sections of the
labsling:

s Hyperglycemia [see Wamings and Frecautions (5.1)]
« Risk of Fluid Qverload [see Warnings and Frecaufions (5.2}
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Adverse Raactions Fom Clinicat Studies of VYKAT XR iy Patients with PWS

Because ciinical trials are conducied under widsly varying conditions, adverse reaction rates observed in
the clinical trials of a drug cannot be directly compared {o rates in the clinical rials of another drug and
may not reflect the rates obhserved in praciice,

i the clinical study development program for reatment of hyperphagia in patients aged 4 years and older
with PWS, a total of 125 patients received atleast 1 dose of VYKAT XR. Palients received dosages of
VYKAT XR up to 8.8 my/fkg/day {up 10 a maximum dosage of 525 mgfday) for up (o 4,86 vears {(median
3.0 vears) in the following studies:

e Study 1. 13-weak, randomized, double-blind, placebo-controlled, paralfal-arm study in which
128 patients were randomized in a 2.1 ratio 10 VYKAT XR or placebo and received at leasi one
dose of VYKAT XR.

e Study 2-RWE: A 18-week, double-blind, placebo-controlied, randomized withdrawal treatment
periad, in which 77 patients who had completad Study 1 and Study 2-OLE were randomized in g
11 ratio {0 VYKAT XR or placeho fsee Clinical Trigls (14}

s Study 30 Aldong-term, open-label, maintenance study in 77 patients who had completed Study 1 and
Study 2-0OLE.

Advaerse reactions leading (o discontinuation in VYKAT XR-treated patienis included aggression, diabales
metiius, fluid retention, hirsutism, hypaerglycamia, lower respiratory tract infection, penipheral edema,
pulmonary edema, and papular rash.

The primary safety analyses are basad on Study 1. The most common adverse reactions (10% or mors
and at least 2% greater than in placebo) in Study 1 werg hypertrichosia, edema, hyperglvceria, and rash.

Table 3 presenis adverse reactions that socuwrred iy at least 5% of patients in Siudy 1 receiving
VYRAT XR and 2% more freguently in VYKAT XR-reated patienis than placebo.

Table 3: Adverse Reactions Quoourring in 25% of Patients with PWS Receiving VYKAT XR and at
Least 2% Greater than Placebo in Study 1

Placebho
Adverse Reaction VYKAT XR {(N=84) {N=42}
Hyperirichosis 36% 14%
EZdemsa”® 27% 12%
Hypergivesmia™ 17% 5%
Rash™* 12% 2%
Pyrexia 8% 0%
Arthralgia 5% 2%
influenza 5% 2%
Nasopharyngilis 5% 2%

*Edema includes peripheral edema, periorbital edema, swelling face, pulronary edema, and peripheral swalling.
“Hypargiycemia includes type 2 diabetes melhitus.
**Rash mnciudes contact demmatiis, ervihema muitiforme, maculo-papular rash, papusiar rash, and urlicatia.

8
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i Study 2-RWPF, the adverse reactions that gocurred most frequently {at least 5%) and {0 a greater exdent
than placebo included:

Immune Systemn Disorders: Seasonal allergy
Investigations: increased weight

Nervous System Disorders: Hyperphagia, anxiety, affect iabidily, anger, compuisive hoarding, suicidal
ideation

Resgpiratory Disorders: Streptococeat pharyngilis, upper respiratory infection
Skin and Subcutaneous Tissue Disorders: Hirsutiam

Erythema multiforme was reporied in one subject in Study 1. One subject in Study 3 experienced a
serious adverse reaction of digbetic ketoacidosis.

Adverse Ragctions fom Clinical Trials or Postmarksting Experiencs of Diazoxide in An Unapproved
Fopulation

The following adverse reaciions associated with use of diazoxide for an unapproved population have
been identified in clinical studies or post-marketing reports. Because some of these reactions were
reporied voluniarity from a population of unceriain size, i is not always pussible to reliably estimaie their
frequency or gstablish a causal relationship {0 drug exposure.

Immune Sysiem Disorders: Hypersensilivity

Investigations: incrgased serum uric acid, fransient neutropania, thrombooytopenia, decrgased
hemoglobin/hamatocrit, exsinophilia

Respiratory Disorders: Bulmonary hyperiension

Spacial Senses, Cataracts

Muscudosieletal and Connective Tissue Disorders: Abnormal facial features
7 DRUG INTERACTIONS

Table 4 displays chinically significant drug interactions with VYKAT XR.,

Table 4; Clinically Significant Drug veractions with ¥YYKAT XR

Strong CYP1AZ Inhibitors?

Fraevention or | Reduce the dosage of VYKAT XR when concomiiantly used with strong
Management | inhibitors of CYP1AZ [see Dosage and Administration (2.4}

VYKAT XR is a CYP1A2 subsirate. Concomitant use of VYKAT XR with
Mechanism and Glinical | strong CYPRP1AZ inhibitors increases exposure of diazoxide, which may

Effeci{s} | increase the frequency andior sevarily of adverse reactions from VYKAT
XR fsee Clinical Pharmacology (12.3}].

7
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CYPIA2 Subsirates’

Preyention or
Management

Concomitant use of VYKAT XR with CYP1AZ subsirates is not
recommendsd.

Mechanism and Clinical
Effect{s)

VYKAT XR is an inhiblitor of CYP1A2. Concomitant use of VYKAT XR with
CYP1AZ substrates increases exposure of these substrates. This may
increase the frequency and/or severily of adverse reactions from such
substrates.

Strong CYP3A4 inhibitors’

Preyention or
Management

Moritor the frequency and severity of adverse reactions from VYKAT XR. A
dosage reduction of VYKAT XR mav be needed when used concomitantly
with strong CYP3A4 inhibitors.,

Mechanism and Clinical
Effect{s)

Concomitant use of VYRKAT XR with strong CYP3A4 inhibitors increases
axposurg of diazoxide, which may increass the freguency andior severity of
adverse reactions from VYKAT XR [see Clinical Pharmacology {12.3}]

Duai Strong CYP3A4 { Modarate 1A2 Inducers’

Preverttion or
Managemerst

Concomitant use of VYKAT XR with dual strong CYP3&d/moderate
CYP1AZ inducers is not recommended.

Mechaniam and Ciinical
Effect(s}

VYKAT XR is a substrate of CYP3A4 and CYP1AZ. Concomitant use of
VYKAT XR with strong CYP3Ad/imoderate 1A2 inducers may decraase
axposure of VYKAT XR. This may dacrease the efficacy of VYKAT XR [ses
Clinical Pharmacology {12. 33

Drugs Highly Bound {0 Protsin

Frevention or
Managemeni

Monitor international normalized ratio (INR) in patients who use coumarin
or iis derivatives concomitantly with VYKAT XR. Dusage modification of
coumarin or its derivatives may be needed when used concomitantly with
VYKAT XR.

Monitor dipheryihydantoin serum levels when VYKAT XR is used
concomitantly with diphervihvdantoin, Dosage modification of
diphenyihvdantoin may be needed whany used concomitantly with VYKAT
XR.

Mechanism and Ciinical
Effect(s}

Diazoxids is highly bound {0 serum profeins.

Diazoxide may displace other drugs which are also highly bound o protein
resuliing in higher or lower biood levels of the concomitantly used drugs.
The impact of protein dinding displacameant is expecied {0 be clinically
important for drugs with narrow therapeutic range such as coumarin or iis
derivatives and diphenyihvdantoin. Protein binding displacement may result
i an increased risk of adverse reactions due 1o highsr blond levels of
coumarin or its derivative or loss of sfficacy due 1o lower exposures of
diphenyihydantoin,
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Thiazide or Other Diurstics

Monitor for signs and symptoms of hyperglveemia fsee Warnings and
Frecautions (5. 1}] and hyperuricemia whean VYKAT XR is used
conconilantly with thinzides or other diuretics. Dosage adjustment of
VYKAT XR or diuretics may be needed when VYKAT XR is concomitantly
used with diuretics.

Preyention or
Management

Both diazoxide and thiazides or other diuretics may oroduce hyperglycemia
Mechanism and Clinical | and hyperuricemia. The concomitant use of VYKAT XR with thiazides or

Effeci{s} | other diuretics may polentiale the hypergiyecemic and hyperuricemic effects
of diazoude [see Adverse Reactions {8} and Clinical Pharmacology (12.2}].
‘Sea www fda govCYPandTransporterinteractingDrugs for examples of strong CYP1AZ and CYP3A4 inhihitors,
sensifive CYP1A2 substrates, and dual strong CYP3A4 / moderate 1AZ inducers.

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy

Risk Summary

Available data from case reports with diszoxide use during pregnangy are insufficient to identify a drug-
associated risk of major birth defacts, miscarriage, or other advarse matermnal oulcomes.

Adverse reactions, including hyperglycamia, alopacia, and hypertrichosis lanuginnsa, have been reported
in neonates exposed o diazoxide in ulero prior (o delivery (see Clinical Considerations).

in animal reproduction studies, oral gavage administration of diazoxide choline 1o pregnant rats during
organcgenssis at dosa exposures egual 1o the human exposure of 525 mg resuitad in no malformations.
Maternal and felal toxicilies weare observed al a dose approximately equal {o the maximum recommendad
hurnan dose (MRHD) of 525 mg based on AUC (see Dala).

The background risk of major birth defecis and miscarriage for the indicalad population is unknown, All
pregnancies have a background risk of birth defect, loss, or other adverse oulcomes. In the US general
population, the estimated background risk of maijor birth defects and miscarriage in clinically recognized
pregnancies is 2% o 4% and 15% {0 20%, respeactively.

Ciinical Considerations

Fetai/Neonalal Adverse Reactions

Diazoxide crosses the placenta and has been detacted in cord biood. Based on adverse reactions
reported in adults, in utero exposure of the infant prior to delivery may produce fetal or necnatal
hvperbitirubinemia, thrombocytopenia, altered carbohydrate metabolism, and possibly other adverse
reactions. Monitar infants who were exposed to dinzoide in uters for adverse reactions and treat
accordingly.

Alopecia and hyperitrichosis tanuginosa have ocourred in a small number of infants whose mother
receivad oral diazoxide during the last 19 1o 80 days of pregnancy. Abnormal halr growth was first noted
at the age of one week and persisied when the infanis were {ast seen at the ages of 5 months o one
vear. An infant bom o a mother who was treated with oral diazoxide, 150 mqg daily for 47 days prior to
dalivary, developed hypergiycemia which resolved after a 8-houwr insulin infusion. Because there was an
inappropriately low plasma insulin concentration for the degree of hyperglvcemia, it was considered
compatible with transpiacental ranstfer of diazoxide causing inhibition of release of insulin from the
neonatal pancreas.

8
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Labor or Delivery

infravenous administration of diazoxide during 1abor may cause cessation of uterine contractions, which
may reguire administration of oxytocic agents 1o reinsiate abor, However, this has not been reported with
diazoxide when administered orally. Use caution in administering VYKAT XK during fabor.

Data

Animal Data

Diazoxide choling was administered orally to pregnant rats during the period of crganegenesis al doses of
40, 100, and 160 my/kg/day (0.3, 0.6, and 1 '> times the MRHD of 525 mg based on AUCH No
matformations were observed; however, decraased fatatl body weights, delaved skeletal gasification, and
increasead fetal resorplions were obsearved at 180 mg/kg/iday {a dose approximately equal 1o the MRHD
based on AUC) which was a maternally toxic dose.

in a study in which rabbils were administered diazoxide infravenously, evidence of skaletal and cardian
teralogenic effects was notad af unknown muiltiples of the MRHD for diazoxide choline.

8.2 Lactation

Risk Summary

Diazoxides s present in buman milk, There are no data on the effects of diszoxide on the breastied infant
or on miik production. The developmental and health benefits of breastieading should be considersd

along with the mother's clinical need for VYKAT XR and any potential adverse effects on the breastfed
cfld from VYKAT XR or from the underlying matemal condition.

Clinica Considerations

Because of potential adverse reactions, including hyperglveamia, moniforing the infant's blood glucose
may be advisable, especially during the neonatal period.

8.4 Pediatric Use

The safety and sffectiveness of VYKAT XR have been established for the treatment of hyperphagia in

pediatric patients 4 vears of age and oider with PWS. Use of VYKAT XR for this indication is supported by

gfficacy data rom an adeguate and wall-coniroiied study that included pedialiic patients with PWS [see

C’finica/ Studies (14}] and safety data fromy additional studiss that included pediatric patients with PWS
[see Adverse Reactions (8}, and the information on this use is deacribed throughout the labseling.

The safety ang affectiveness of VYKAT XK ha\m not been esiablished for the reatment of hyperphagia in
pediatric patients with WS less than 4 years of age.

Adverse Reaclions in Pediatric Palients i an Unaporoved Population

The following postmarketing adverss reactions have been reported with the use of other diazoxide
products for the treatment of hyper r.auimerr e hiypogiyoemia, an unapproved population [see A )’ve
Riddeﬂs {/ };

=+ Pulmonary hypertension in pediatric patients less than § months of age, including nesonates.

+ Transient catar dctb in association with hyperosmolar coma in a pediatric patient that subsided with
correction of the hyperosmolarity.

+«  Development of abnormal facial features with chronic use in pedialric palients.

VYKAT XR is not approved and is not recommended for the treatment of hyperinsulinernic hypoglveenda.

10
APOTEX_EX1022 _PGR2026-00034 Page 300

[43]
o
3
~4
N



1]

f

rence

o

(521

Juveniie Animal Toxicity Data

Diazoxide choline was orally administered al doses of 29, 58, and 145 mg/kg/day 1o juvenile rats from
weaning (posinatal day 21) through adulthood {postnatal day 1), Reduced body weight and body weight
gains, correlated with decreased food consumption, ococurred al doses 2 58 my/ky/day. Delayed sexual
maturation ocourred in males at 2 58 my/kg/day and in females at all doses. Decreasad molor activity
was observed in males at 2 58 my/kg/day, but no effect was observed on learning and memaory at any
doseg in both males and fermales. The no adverse effect level (NOAEL) was 29 my/kg/day, which resulis in
axposures less than the clinical exposure at the maximum recommended human dose (MRHD) of 825 mg
bassd on AUC.

8.5 Geriatric Usa

Clinical studias of VYKAT XK did not include any subjects 85 years of age and older i determine

8.8 Ranal impairment

VYKAT XR has not been studied in patients with renal impairment. VYRAT XR s nof recommaended in
patienis with renal impalrment,

8.7 Hepatic impairment

VYKAT XR has not been studied in patients with hepatic impairment. VYKAT XR is not recommendead in
patients with hepatic impairment.

10 OVERDOSAGE

novardosage of V may cau warked hyperglycemia, which may be & Cid Wi
An overdosage of VYKAT XR may cause marked hyperglycem hich may be associated with
ketoacidosis {see Warnings and Precautions (5.1}].

No specific antidates for VYKAT XR are knowr. Monitor ketones in patients with severe hyperglycemia
oilowing overdose and consider insulin treatment i necessary. Treat severe hypergiycemia associated
with Ketoacidosis with prompt insulin administration and restoration of fluid and alectrolyte balance.
Becguse of VYKAT XR's long halflife (approximately 108 hours) in patients with PWS, the sympioms of
overdosage (hyperglycemia, with or without ketoacidosis) require profongad surveitiance for pericds up to
three weeks or until blood sugar levels siabilize within the patient’s normal range. Consider contacting a
Poison Help ine {(1-800-222-1222) or a medical todcologist for overdosage management
recommendations for VYKAT XR.

1 DESCRIPTION

VYKAT XR contains diazoxide choline. Diazoxide choline is very slightly soluble to soluble in solvents
dichloromethane, fetrahvdrofuran, acetoniirile, and methanol and practically inscluble in solvents methyl
ferf-butyl ether. The pKais 8.44 2 0.01

Diazoxide choling is 7-Chioro-3-methyl-1A8, 2 4-benzothiadiazin-2-ide 1,1-dioxide 2-
hydroxyethyl{trimethyliazanium. The empirical formula is CeHeCING3CsH NGO and the molecular
weight is 333.83 grmole. The structural formula is:

T,
&,
A,
ey
s
o
4
1%
s
z =+

e .\_\_‘\_.a"‘\'\,. OH
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VYKAT XR is for oral administration and is available as exdended-release fablats in the following
strengths: 25 mg tablet contains diszoxide choling 25 mg, equivalent {0 17.2 myg diazoxide; 75 mg tablst
contains diazoxide choline 78 mg, equivalent {0 51.8 mg diazoxide; and 150 my {ablet contains diazoxide
choline 150 my, equivalent to 108.2 myg diazoxide.

Each {ablet contains the following inaclive ingredients: camauba wax, colloidal silicon dioxide, dibasic
calcium phosphale dihydrate, hypromelioss, magnesium stearate, polyethylens oxide, silicified
microcrysialiine cellulose, tale, titanium dicdde, and triacetin,

12 CLINICAL PHARMACOLOGY
12.4 Meochanisnos of Action

The axact mechanism of action of diazoxide chaling in the treatment of hyperphagia in patients 4 years of
age and older with Prader-Willi syndrome (PWS) is unknown.

12.2  Pharmacodynamics
VYKAT XR resulted in a reduction i fasting plasma insulin from baseline through 1 year of treatment.
Diazoxide inoreases blood glucose, due primarity 1o an inhibition of insulin release from the pancreas.

Othar pharmacodynamic effects of VYKAT XR include increased uric acid, renin secration and IgG
concentrations, and decreasad cortisol secration.

12.3 Pharmacokinslics

Absorption

Following oral administration, diszoxide choline is hydmlyzed o diszoxide prior 0 absorption. Peak
diazoxide concentrations ocour after 16 hours. VYKAT XR is expected to reach steady state after 7 days.

Effect of Food

Faliowing administration of 1580 my diazoxide choline o healthy subjects, the Cma increased by 38% and
AUCHw was unchanged with a high-fat meal, comparad to fasted conditions. The median Taws: was

12 hours in the fasted state, and 8 hours in the fed siate.

Distribution

The volume of distribution of digzoxide following oral administration is about 44.9 L Digzoxide is
axtensively bound (81% 10 83%) o plasma proteins (primarily human albumin), and ¢rosses the biood-
brain barrier.

Elirmnination

\Mefabolism

Diazoxids is mainly metabolized by CYP1AZ and fo a minor exdent by CYP3A4. Diazoxide is metabolized
by oxidation or suifate conjugation at the methyl group resulting In two inactive metabolites. Foliowing
fong tarm adminisiration in patients with PWSG, only metabolite M1{3-hydroxymethyl-7-chicro-1,2 4-
banzothiadiazine-1, 1~-dioxide) is detectable in circulation,

Excretion

Diazoxide is exoreted almost excclusively in urine as free or coniugated compound. i humans, following
adminisiration of radiclabeled diazoxide, 85 o 2% of the total dose was recovered in urine, with about
31% eliminated as unchangsed drug. About 2% of the dose is gliminated in the feces. The terminal half-life
following single-dose administration in healthy subjects was 28.7 1o 32.4 hours. In patients with PW3, the
estimated terminal hai-life is 106 hours.
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Spaaific Popuiations

Pediatric FPatienis

Approximately 72% of the patients with PWS were under 17 years of age at enrolimeni. There were no
clinically relevant differences in pharmacokinglics in these participants compared o those observed in
adull participants.

\Male and Female Patienis

No sex-redated differences in pharmacokinetics have been cbsarved in clirdcal trials of VYKAT XR in
patients with PWS who have hyperphagia.

Patients with Renal or Hepalic Impainnent

VYKRAT XR has not been studied in patients with renal or hepatic impairment {see Use in Specific
Populations (8.8, 8.7}

Drug interaction Studies

Drugs That inhibit CYRP1AZ

VYKAT XR is metabolized by CYP1AZ and coadministration with a strong CYP1AZ inhibilor may increase
sxposure of diazoxide and decreass concenirations of digzoxide metabolites. in a clinical study with
fluvoxaming (a strong CYP1AZ inhibitor), coadministration with fhuvoxamine at an inhibitory dose
ncreasad single dose digzoxide Cmax by 17.5% and AUCoirby 80% compared to the same paramelsr
measuraed on single dose in the absence of fluvoxamine co-administration fsee Drug Interactions (7}

Strong CYFIA4 inhitdtor

Physiology-based pharmacokinetic model-based analysis suggests that concomitant use of VYKAT XR
with ifraconazols (& strong CYF3A4 inhibitor) may increase the AUCKH of VY AT XR by 1.1 {0 2-fold,
compared (o0 VYKAT XR alone. fraconazole did not appreciably affect the Crax of VYKAT XR [see Drug
Inferactions {7}].

Strong CYFPRAL inducers

Physiology-based pharmacokinetic model-based analysis suggests that concomitant use of VYKAT XR
with rifampin (8 strong CYP3A4 inducer and modsrate CYP1AZ inducer) may decrease the Cmey and
AUCH of VYKAT XR by 14% 10 30% and 40% {o 70%, respectively, compared to VYKAT XR alone [sge
Drug Inferactions (73],

Drugs that Affer Gastric pH

Use of VYKAT XR with gastric pH adjusting-drugs is not expected to affect the pharmacokinetics of
diazoxide. Based on population pharmacokinetic modeling, use of VYKAT XR with gastric pH adjusting
drugs did not significantly affect relative bicavaiiabilily or apparent clearance of diazoxide.

Frotein Binding Displacement

VYKAT XR may also displace hilirubin bound 1o serum protein, thus resulling in higher blood levels of
Bilirubin,

In Vitro Studies
Enzvme svstems; Digzoxide choling is an inhibitor of CYP1AZ. iis not an inhibitor of CYPZBEEG, 2019,

208, 208, 206 or 3A4. i does not an induce OYP1AZ, CYPZBE or CYP3A4 at the therapeutic dose
ranGea.

13
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Transparisr systems: Digzoxids choling is 8 subsiraie for CATY, OAT3, and BCRP. it is an inhibitor of
OAT1/3, His nol an inhibiteor of P~gp, BORP, MATEV/Z-I, CATP1BY/3, OCT1/2 at the therapsutlic dose
rangs.

13 NONCLINICAL TOXICOLOGY

13.4 Carcinogenasis, Mutagenesis, impairment of Fertility

Carginogenesis
Carcinogenicity studies have not been performed with diazoxide choline.

Mutagenesis

Diazoxide choling was nol mulagenic in the i vitro bacterial reverse mutalion assay (Ames test) and in
the mouse lymphoma assay. Diazoxide choline was not clastogenic in the in vive rat micronucieus assay

fmapairmant of Fedifity

Diazoxide choling was orally administered to male and female rats at doses of 88, 118, and

232 mgfkgiday (1, 2, and 4 times the maximum recommsnded human dose (MRHD) on a mgim? basis).
Females wers treated two weeks prior {o mating and continuing through conception and implantation and
males were treated for four weeks prior io mating continuing for 35 days affer mating. No effects on male
or femnale fertility parameters were observed. Decraases in the mean number of corpora utes,
implantation sies, and Hive embryos occwrred at 4 iimes the MRHD on a mgim? basis.

13.2 Animal Toxicology andior Pharmacology

Calaracts were obsarved in dogs given repaated dally oral doses of diazoxide of approximatsly
40 mgrkg/day for ong month. The lenticular changes resembiled those which ocour exparimanially in
animals with increased blood glucose laveis.

14 CLINICAL STUDIES

The efficacy of VYKAT XR for the reaiment of hyperphagia in agults and pedialric patients ages 4 years
and older with PWS was gstablished in a 18-weaek, double-blind, placebo-conirolied, randomized
withdrawal study peried (Study 2-RWE; NCTO3714373) that followed an open-label study period of
VYKAT XR. During Study 2-RWPR, 77 patients with hypsrphagia and PWS were randomized in a 1.1 ratlio
o continue their current oral dosage using a weighi-based dosage regimen of VYKAT XR or placeho [see
Dosage and Administration (2.23]. Prior to participating in Study 2-RWP, patients recedved double-biind
and/or open-abel VYKAT XR for a mean duration of 3.3 years {range 2.5 0 4.5 vears; Study 1 and Study
2-0OLE). Resuits from Study 2-RWP are presented balow.

Demographic and bassaline disease charactaristios were similar for the VYKAT XR and placeho groups.
The mean age was 14.8 yaars of age {range 7 to 28 yaars of age). Most of the participants were White
{886%), 7% were Black or African American, and 8% were of multipls races. The majonity of participants
were non-Hispanic (81%) and female (58%).

The primary efficacy endpoint was the Change from Baseling in the Hyperphagia Questionnaire for
Clinical Trials (HQ-CT) Tolal Score at Week 168, The HQ-CT is a 8-ilem, obsarver-reported outcomes
measure that assasses a range of hyperphagic and food-relatad behaviors during the prior 2 weeks. An
fiem saore of 0 indicates an absence of behaviors, with a score of 4 indicating the most freguent or
severa behaviors. The HO-CT Tolal Score may range from 0 10 38, with higher soores indicating greater
overall severity of hyperphagic and food-relatad behaviors.

14
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At the end of the 18-week randomized withdrawal study periad, there was statistically signiiicant
worsening of hyparphagia in the placebo group relative to the VYKAT XR group, as assessed by the HG-
7 Tolal Score (see Table 5},

Tabde & Study 2-RWP HQ-CT Total Scors, Least Square Mean Changs from Bassline {o the End of
the Randomized Withdrawal Period {Week 18) in Patients with Hyperphagia and PWS

Number Mean LS Mean LS BMaan
Treatment of Baseline Changs from Difference”
Group Patients Score (3D Baseline {8E} {85% &1}
AYRAT XR 38 8.0 {8.3) 2811 50
{ - Y
Placebo 39 81(5.1} 78 (1.1 €81, -1.8)
Cl, confidencs interval; HQ-CT, Hyperphagia Guestionnaive for Clinicat Trials; LS Mean, least squaras

mean; RWP, randomized withdrawal periad; SD, standard deviation; SE, standard error
*VYRAT XR - placeho

18 HOW SUPPLIED/ISTORAGE AND HANDLING

How Suppliad
VYKAT XR is suppiied as foliows:

Strangth Description Package Configuration | NDC Number

25 mg White, capsule-shaped {ableis,

: L ) L e o oy ; 3g-~count bottles 83860-025-01
digzoxide choline dabossed with “S-25" on one side

White, round, standard convex
iablets, debossed with “S-7%7 on 30-count hotlles 838&0-075-01
one side

75 mg
diazoxide choline

150 mg White, oval-shaped ablets,

) T T . 30-count bottles #3880-150-01
diazoxids choline debossed with "S-15¢" on one side. h A

Storane and Handiing

Store at 20°C 0 25°C {(88°F {0 777°F); excursions permitied between 15° and 30°C {58° and 86°F) [see
USP Controlled Room Temperaturel.

Keap in fightly closed container. Prodest from humidity. Do not remove desiccant.
17 PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Medication Guide).

Administration Instruglions

Advise patients 1o swallow tablets whole and not fo 3plit, crush, or chew VYKAT XR fsge Dosage and
Adrmninistration (2.2)].

15
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Hypearglycemia

Advise the patient or caregiver thal VYKAT XR can cause hyperghycemia, sometimes leading to diabstic
ketoacidosis, and that the patient will have monitoring of blood ghicose before and during VYRAT XR
treaiment. Advise patisnis or caregivers on the signs and symploms of hypergiycemia {(8.g., excassive
thirst, urinating more often than usual or higher amount of uring than usual, or increased appetite with
weight 1033) and ketoacidosis (2.Q., nauses, vomiting, abdominal pain, generalized malaise and shorinass
of breath) and 1o contact thelr healtheare provider if these signs or symploms ocour fsee Wamings and
Precautions (5.1},

Risk of Fluid Qverlgad

Advisa the patient or naregiver thal VYKAT XR may cause adema, inciuding severe adverse reactions
associated with fluid overload. Advise patients or caregivers on the signs and symptoms of edema and o
contact their hesltheare provider if signs or sympioms of edema ocour fsee Warnings and FPrecgutions
(5.2}

Manufactured for

Soleno Therapeutics, Ino.

100 Marine Parkway, Suite 400

Redwood City, CA 894065

© 2025 Soleno Therapautics, Ino. All rights reserved.

15
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MEDICATION GUIDE
VYKAT XR {vye kat ex an}
{diazoxide choling}
gxtendad-raleass tablels, for oral use

What is the most important information | should know about VYKAT XR?
YYKAT XR may cause sarious side sffects, including:

=+ High biood sugar jevels (hypergiycemia). Hyperglycemia is common during traatiment with VYKAT XR and can
also be severe. Hyperglycemia can lead 10 a condition cailed diabetic ketoacidosia {increased ketones in ihe blood)
in some peopie who lake VYRAT XR. Diabstic ketoacidosis is a serious condition that needs o be reated in s
hoapital and can be life-threatening.
Your healthcars provider wall:
o chaok your blood sugar levels befare yvou start VYKAT XR, at least 1 time every week for the first 2 weeks of
freatment, then al least 1 time avery 4 weeks and as needed during treatiment.
o check your blood sugar more often during the first few weeks of treatment if you have an increased chancs of
getting hyperghveemia.
o cheok your HbATe, which is another measurement of blood sugar condrel, before starting treatment, then 1 time
avary 3 months and as needed during reatment.
I you get hyperglycemia during treatment with VYKAT XR, vour heglthcare provider may:
o give you medicines 1o treat hyperglycemis or change your dose if you already take them
o change your dose, temporarily stop, or permanenily stop VYKAT XR
Tell your healthcare provider if you get any of the following signs and symptoms:
o hypergiycemia o diabetic ketoacidosis
= feesi very thirsly 5 3usea
= need {o urnate morg ofien than usual s yomiting
= have higher amounts of urine than usual s stomach-arga {abdominal} pain
= feel more hungry than usual = feel weak or very fireg
= weightioss = trouble breathing
+  Too much fluid in your body {fluid overioad). Swalling in the body {edema) from too much fiuid I8 common

during treatment with VYRAT XR and can aiso ba severs. Your healthearg provider may decrgase your dose or
temporarily stop VYKAT XR if you get fluid overload. Tell your healthoare provider if vou have trouble breathing or
gat any other signs or symptorns of fluld overload such as swelling of vour lags, anides, or feet, or unusual swealling
anywhere in your body.

¥What is VYKAT XR?
VYKAT XR is g prescription medicine used {0 treat extrems hunger, constant thoughts about food, and constant urge to
eat that cannot be satisfied with focd (hyperphagia) in adults and chiidren 4 vears of age and clder with Prader-Willi
syndrome (PWS). itis not known I VYKAT XR is safs and effective in children under 4 years of age.

Who shouid not take VYKAT XR?

Do not take VYKAT XR if you are allergic to dinzoxide, any ingredients in VYKAT XR, or madicines called thiazides.
See the end of this Meadication Guide for g complete list of ingredients in VYKAT XR.

Before taking VYKAT XR, {sll vour heaithcars provider about all of your medical conditions, including if you:

+ have disbeles or prediabetas

e are sick

+  plan to have surgery

e drink alcohol very offen

+ are dehydrated or have lost a ot of body fluid

+« have heart problems or a history of swelling in your legs or other parts of your body

e havg liver or Kidnay problems

= are pregnant, of plan (o hecome pregnant. VYKAT XR may harm your unborn baby, Tall your healthcare provider
right away if you become pregnant during freatment with VYKAT XR.

+  are breastfeading or plan 1o breastieed. VYKAT XR passes info your breast milk, and it is not known i i can harm
vour baby. Tell vour healthcare provider if vou plan o breastiesd during treatment with VYKAT XR,

rence
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Tall your healthcare provider about all of the medicines vou talte, including prescription and over-ths-counier medioines,
vitarming, and herbal supplements. Taking VYERAT XR with certain other medicinas may affact the way VYKAT XR or the
other madicine works and may increase your risk of side effects.

Do not change your dose or stop any medicines you fake or start any new medicines withowt talking (o your healthcare
provider first during reaiment with VYRAT XR. Know the medicines vou taks. Keep a list of them {0 show your
healthoare provider and pharniacist when you get a new medicine.

Fapecially tell your healtheare provider if you take:

»  medicines to fower blood sugar «  diuretics (water pills)
e growth hormones s phenvioin
+ corticosteroids s wariarin

How should | take VYKAT XR?

+  Take VYKAT XR exactly as your healthcare provider tells you to take | Your healthearg provider wilf decide how
much VYKAT XR you will take and may siowly increase your dosg whan you first start taking VYKAT XK

«  Take VYKAT XR by mouth 1 time per day with or without food.,

+  Swaliow VYKAT XR tablets whole. Bo not spiit, crush, or chew the {ablets.

= You should not miss a dose of VYKAT XR. i vou miss a dose of VYKAT XR, take the missed dose as soon as you
remember. Do notigke 2 doses of VYKAT XR at the same time 0 make up for a missed dose. If you missed g dose
of VYKAT XR and did not remamber {o 1ake ancther dose, caff your healtheare provider (o discuss what you should
o next,

+ The dose of VYKAT XR is not the same as diazoxide oral suspension. Do not change belween VYKRAT XR
and diazoxide oral suspension products.

if vou take too much VYRAT XR, call your haalthcare provider or Poison Help Line at 1-800-222-1222 or go to the
nearest hospital emergency room right away,

What are the possible side effects of VYKAT XR7?

e Ses “What is the most important information § should know about VYKAT XR?”
The most common side affects of VYKAT XR also includs:

e incraased hair growth all over the body

= 1ash

These are not all of the possible side effects of VYKAT XR. Call your dootor for medical advice about side effects. You
ray report side effects to FDA at 1-800-FDA-1088.

How should | store VYKAT XR?

= Store VYKAT XR at room temperature between 88°F 10 77°F (20°C 10 25°C)L

s Ciose the botlle lightly after each dose,

e Kesp VYKAT XR tablets dry {profect from humidity).

# The botlle contains a desicoant (o halp keep the {ablets dry. Keep the desiccant in the VYKAT XR bottle.
Keep VYKAT XR and all medicines out of the reach of childresn.

Gengral information about the safe and effective use 0T VYKAT XR.

Medicines are somealimes prescribed for purposes other than those isted iy a Medication Guide. Do not use VYKAT XR
for a condition for which it was not prescribed. Do not give VYRAT XR 1o other people, even if they have the same
sympioms that you have. R may harm them. You can ask your pharmacist or healthcare providar for information about
VYRAT XR that is written for heaith professionals.

What are the ingredienis in VYKAT XR?
Active ingredient: diazoxide choline

inactive ingraedients: camauba wak, colloidal silicon dioxide, dibasic calcium phosphate dihvdrate, hypromeliose
magnesium stearate, polyethylene oxide, silicified microorysialiine cellulose, fale, titanium dioxide, and triacetin,

Manufactured for: Solena Therapeudics, ino., 100 Marine Parkway, Suite 488, Redwood City, CA 84065

fAt ]

For mare information, call 1-833-765-3661.

This Medioation Guide has been approved by the U.S. Food and Drug Administration. fssued: 32025
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Docket No.: SLNO-034/04US 333072-2375
PTE Application for U.S. Pat. No. 9,757,384
VYKAT™ XR

EXHIBIT 8
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Essentialis, Inc.
Changing the Course of Chromic Disease

12 July 2017

Fean-Marc Guettier, M.D

Director

Dhivision of Metabolism and Endocrinology Products (DMEP)
Center for Drug Evaluation and Research

Food and Drug Administration

5901-B Ammendale Road

Beltsville, MD 20705-1266

Re:  IND 73,179, Serial No. 0032
Diazoxide Choline
Notification of Change of Sponsor
Netitication of Change of Sponsor’s Authorized Representative

Dear Dr. Guettier,

We reference IND 73,179 for diazoxide choline formulated as diazoxide choline
controlled release (DCCR) tablets, under development for the treatment of obesity.

Essentialis, Inc. (Essentialis), the original Sponsor of IND 73,179, has merged with
Soleno Therapeutics and is now a wholly-owned subsidiary of Soleno Therapeutics. The
purpose of this submission 1s to notify the Division of the new Spounsor’s name, contact
information, and authorized representative, as specified in Attachment 1. These changes
are effective as of 12 Fuly 2017,

If you have any questions or comments regarding this submission, please do not hesitate
to contact me by telephone (760-444-0446) or by email

{nmcowen(@essentialistherapeutics.com).

Stocerely,

f o e
L jf“/?

Neil M. Cowen, PhDD, MBA
President and Chief Scientific Officer
Essentialis, Inc.

Enclosures

Phone 1-760-444-0446
7915 Corte Cardo
Carlsbad, CA 92009
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Attachment

Change in Sponsor’s Name, Contact Information, and Autherized Representative

Current through
12 March 2017

Effective beginning
12 July 2017

Sponser Name

Essentialis, Inc.

Soleno Therapeutics, Inc.

7915 Corte Cardo

1235 Radic Road, Suite 110

zf:;zﬁizz Carlsbad, CA 92009 Redwood City, CA 94065
: ) USA USA
Sponsor
Telephone 760-444-0446 650-213-8444
Number
Neil M. Cowen, Phi3, MBA
Essentialis, Inc. Patricia C. Hirano, MPH
7915 Corte Cardo Soleno Therapeutics, Inc.
Sponsor’s Carlsbad, CA 92009 1235 Radio Road, Suite 110
Authorized USA Redwood City, CA 94065
Representative | Tel: 760-444-0446 USA

Fax: 760-634-5450
Email:
nmcowen(@essentialistherapeutics com

Tel: 650-353-5432
Email: phirano@soleno life

Phone 1-760-444-0446
7915 Corte Cardo
Carlsbad, CA 92009
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Docket No.: SLNO-034/04US 333072-2375
PTE Application for U.S. Pat. No. 9,757,384
VYKAT™ XR

EXHIBIT 9
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Essentialis, Inc.
Changing the Course of Chromic Disease

10 March 2017

Fean-Marc Guettier, M.D

Director

Dhivision of Metabolism and Endocrinology Products (DMEP)
Center for Drug Evaluation and Research

Food and Drug Administration

5901-B Ammendale Road

Beltsville, MD 20705-1266

Re:  IND 132, 498, Senal No. 0002
Diazoxide Choline
Notification of Change of Sponsor
Netitication of Change of Sponsor’s Authorized Representative

Dear Dr. Guettier,

We reference IND 132,498 for diazoxade choline formulated as diazoxide choline
controlied release (DCCR) tablets, under development for the treatment of Prader-Willi
Syudrome (PWS).

Essentialis, Inc. (Essentialis), the original Sponsor of IND 132,498, has merged with
Capma, Inc {Capnia) and is now a wholly-owned subsidiary of Capmia. The purpose of
this submission is to notify the Division of the new Sponsor’s name, contact information,
and authorized representative, as specified in Attachment 1. These changes are effective
as of 13 March 2017,

It you have any questions or comments regarding this submission, please do not hesitate
to contact me by telephone (760-444-0446) or by email
{nmcowen(@essentialistherapeutics.con).

Sincerely,

-~

f.-" % ‘,./">
g, {{f
e =

e 7z
Neil M. Cowen, PhD, MBA
President and Chief Scientific Otficer
Essentials, Inc.

Enclosures
Phone 1-760-444-0446
7915 Corte Cardo
Carlsbad, CA 92009
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Attachment

Change in Sponsor’s Name, Contact Information, and Autherized Representative

Current through
12 March 2017

Effective beginning
13 March 2017

Sponser Name

Essentialis, Inc.

Capmia, Inc.

7915 Corte Cardo

1235 Radic Road, Suite 110

zf:;zﬁizz Carlsbad, CA 92009 Redwood City, CA 94065
: ) USA USA
Sponsor
Telephone 760-444-0446 650-213-8444
Number
Neil M. Cowen, Phi3, MBA
Essentialis, Inc. Patricia C. Hirano, MPH
7915 Corte Cardo Capnia, Inc.
Sponsor’s Carlsbad, CA 92009 1235 Radio Road, Suite 110
Authorized USA Redwood City, CA 94065
Representative | Tel: 760-444-0446 USA

Fax: 760-634-5450
Email:
nmcowen(@essentialistherapeutics com

Tel: 650-353-5432
Email: phirano@capnia.com

Phone 1-760-444-0446
7915 Corte Cardo
Carlsbad, CA 92009
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PTE Application for U.S. Pat. No. 9,757,384
VYKAT™ XR
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22 May 2017

Miichell Mathis, M.D.
Director

Division of Psychiatry Products (DPP)
Center for Drug Evaluation and Research
Food and Drug Administration
5901-B Ammendale Road
Beltsville, MD 20705-1266

Re:

IND 132,498, Serial No. (008

Diazoxide Choline

Soleno Ing.

1235 Radio Road, Suite 110
Radwood City, CA 84088
S50-213-8444 Main
BE0-213-8383 Fax

Administrative Change / Company Name

Dear Dr. Mathis,

We reference IND 132,498 for diazoxide choline formulated as diazoxide choline
controlied release (DCCR) tablets, under development for the treatment of Prader-Willi
syndrome (PWS).

We wish to inform the Division of a corporate name change. Effective immediately,
Capnia, Inc. has changed its name to Soleno Therapeutics, Inc. This change is alse
reflected in a change in email address. The remainder of the company information (Le.,
address, telephone, and fax numbers), remain the same, and | will remain the Sponsor’s
authorized representative. For completeness, my full contact information is:

Patricia C. Hirano, MPH
Regulatory Affairs

Soleno Therapeutics, Inc.
1235 Radio Road, Suite 110
Redwood City, CA 94065
Main:  650-213-8444
Direct:  650-353-5432
Fax: 866-650-8949
Email: phirano@soleno life
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IND §32,498, Serial No. 0008
Dhazoxide Choline

If you have any guestions or commenis regarding this submission, please do not hesitate
0 contact me by telephone at 650 353 5432 or by email at phirano@soleno life.

Sincerely,

P%ztricia C. Hirano, MPH
Regulatory Affairs

Enclosures

-

S
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PTE Application for U.S. Pat. No. 9,757,384
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HIGHLIGHTS OF PRESCRIBING INFORMATION

These highlighis do not include all the information needed to use
VYKAT XR safely and effectively. See full prescribing information
for VYKAT XR.

YYKAT™ XR (diazoxide choline} extended-release tablets, for oral
use
initial U.S. Approvai: 1873

INDICATIONS AND USAGE
VYKAT XR is indicated for the treatment of hyperphagia in adults and
padiatric patienis 4 years of age and oider with Prader-Willi syndrorme
(PWS). (1)

----------------------- DOSAGE AND ADMINISTRATION ~remmermemmmmemmemene

s Prior {o initiation, test fasting plasma giucese and HbA1c; optimize
blood glucose in patients who have hyperglycemia. (2.1}

s Do not substitute with diazoxide oral suspension. (2.1}

s Adminisier orally once daily. (2.2)

s Recommended starting dosage and titration scheduie is based on
gatient’s body weight. (2.2)

Starting | Titration | Tiration Yarget
Weight Dosage Dosage Hesage Mainteﬁance
L Weeks Weeks Weeks Dosage
fand2 | 3and4 | Sand g
20 e e N S “
<30 kg 25 mg 50 mg 75 mg 100 mg
30 io =
¥ 50 1 0 50 n
<40 kg 75 mg 150 mg 150 mg 150 mg
40 to —_— . A0
<65 kg 75 myg 150 mg 225 mg 228 mg
85 to . - P -
<100 kg 150 mg 225 mg 300 mg 375 mg
100 to 150 r ! 7 450 v
<135 ko 150 mg 300 mg 375 mg 450 myg
2135 kg 150 myg 300 mg 450 mg 525 myg

» The maximum recommended dosage is 5.8 myg/kg/day or 525 mg
perday. (1.2}

« Interrupt VYKAT XR or reduce dosage for clinically significant
2levations in fasting glucose or HbA1¢; consider dosage reduction
or interruption for clinically significant fluid overload. (2.3)

s See full prescribing information for VY KAT XR dosage modifications
due o drug interactions (2.4}

« Following dosage interruption or a missed dose of 7 days of more,
re-titrate according o Table 1 or Table 2. (2.5}

--------------------- DOSAGE FORMS AND STRENGTHS ~emmmemmemmenenen
Extended-release tablets: 25 mg, 75 mg, and 150 mg of diazoxide
choline. {3}

CONTRAINDICATIONS
Known hypersensitivity 1o diazoxide, other compoenents of VYKAT XR,
or to thinzides. (4)

----------------------- WARNINGS AND PRECAUTIONS ~rmemmmmcmm s

s Hyperglycemia: Hyperglycemia, including diabetic ketoacidosis, has
teen reported. During freatment, monitor fasting glucose and
HpAtc. Monitor fasting glucose more frequently during first few
weeks of treatment in patients with risk factors for hyperglycemia
23,514

« Risk of Fluid Overioad’ Edema, including severe reactions
associated with fiuid overload, has been reported. Moniior for signs
of symptoms of edema or fluid overload. (2.3, 5.2}

ADVERSE REACTIONS
Meast common adverse reactions (incidence 210% and at least 2%
greater than in placebs) are hyperirichosis, edema, hyperglycemia,
and rash. (6)

To report SUSPECTED ADVERSE REACTIONS, contact Soleno
Therapeutics, inc. at 1-833-785-3661 or FOA at 1-800-FDA-1088 or
www. fda.gqovimedwatch.

DRUG INTERACTIONS

» Stong CYPTAZ inhibitors: Reduce VYKAT XR dosage. (2.4, 7)

» CYPIA2 Subsfrafes: Concomitant use with VYKAT XR is not
recommendead. {7)

» See full prescribing information for additional clinically significant
drug interactions. (7}

----------------------- USE IN SPECIFIC POPULATIONS ~vmrmemm e
s Renal impairment or Hepatic Impairment. Use is not recommended.
88,87

See 17 for PATIENT COUNSELING INFORMATION and Medication
Guide.
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FULL PRESCRIBING INFORMATION
1 INDICATIONS AND USAGE

VYKAT XR is indicatad for the treatment of hyperphagia in adults and pediatiic patients 4 vears of age
and older with Prader-Willi syndrome (PWS),

2 DOSAGE AND ADMINISTRATION
2.4 important Recommendations Prior o VYKAT XR Initiation

Laboratory Testing Prior to WWKAT XR Initiation

Frior to initiating treatment with VYKAT XR, test fasting plasma glucose (FPG) and HbA1c and optimize
blood glucese in patients who have hyperglycemia fsee Warnings and Precautions (8.1)].

For fasting glucese and HbA1c monitoring recommendations during VYKAT XR treatment and for dosage
modifications based on resulls, see Dosage and Adminisiration (2.3).

important Information Regarding Subslitution

Do not substitute VYKAT XR with diazoxide oral suspension because the pharmacokinetic profiles are
different [see Clinical Pharmacology (12.3)].

2.2 Dosage and Administration Recommendations
Administer VYKAT XR orally with or without food once daily fsee Clinical Pharmacology (12.3)].

Swallow tablats whole. Do not split, crush, or chew the extended-releass tablets because doing so may
compromise the exiended-release characteristics, efficacy, or safety of VYKAT XR.

The recommended oral dosage of VYKAT XR is based on body weight. The recommended starting
dosage and titration schedule of VYKAT XR are shown in Table 1.

Table 1. Recommended Starting Dosage and Tilration Regimen in Aduits and Pediatric Patients
4 Years of Age and Older

Recommended Once Daily Dosage
Weight Starting Dosage Titration Dosage | Titration Dosage Target
Maintenancs

Weeks Tand 2 Weeks Jand 4 Weeks Sand 8 Dosage

20 kg to <30 kyg 25 myg 50 mg 75 mg 100 mg
30 kg to <40 kg 75 mg 150 mg 158 myg 150 mg
40 kg to <85 kg 75 my 150 myg 225 mg 225 mg
85 kg to <100 kg 150 myg 225 mg 300 myg 375 myg
100 kg to <135 kg 150 mg 300 myg 375 mg 450 mg
2135 kg 150 myg 300 mg 450 my 525 mg

The maximum recommendead dosage of VYKAT XR is 5.8 mg/kg/day or 525 mg per day. Dosages above
5.8 mog/kgiday or 525 mg per day have not been evaluated in patients with PWS,

2
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2.3 Monitoring and Dosage Modifications Due to Adverse Reactions

Elevations in Fasting Glucose or HbAlce
After initiating treatment with VYKAT XR, monitor:

s Fasting glucose (FPG or fasting blood glucose) at least once every week for the first 2 weeks, then at
least once every 4 weeks, and as clinically indicated.

¢« HbA1c avery 3 months and as clinically indicatad.

Maonitor fasting glucose more frequently during the first few waeks of VYKAT XR treatmsnt in patients with
risk factors for hypsrghycemia.

if clinically significant elevations in fasting glucose or HbATC cocur during treatment, temporarily interrupt
YYKAT XR or reduce the dosage untll glycemic paramsters are appropriately managed. Consider
initiation or adjustment of standard antidiabetic therapy(ies). If clinically significant glucose slevations are
noted during litration, titrate over a longer durgtion andfor to a lower dosage {see Warnings and
Pracautions (8. 1)].

Fluid COverload

Monitor for signs or symptoms of edema or fluid overload. Consider dosage reduction or temporary
dosage interruption in the event of clinically significant fluid overioad. If clinically significant fluid overload
is noted during titration, titrate over a longer duration and/or {o a lower dosags [see Warnings and
Fracautions (5.2)]

Titratlion Afler Rasolution of Fluid Overload or Elsvation in Fasting Glucose or HbAlg

If fluid overload or elevations in fasting glucose or MHbAlc resolve afier a dosage reduction:

e For patisnis weighing less than 30 kg, titrate the dosage in increments of no more than 25 mg every
2 weeks or titrate ovar longer duration to a maximum dosage of 5.8 mg/kg/day.

s+  For patients weighing greater than or equal to 30 kg, titrate the dosage in increments of no more than
75 mg every 2 weeks or titrate over longer duration {o a maximum dosage of 5.8 mg/kg/day.

For recommendations on resuming VYKAT XR after dosage interruption, see Dosage and Administration
(2.5},

2.4 Dosage Modifications for Concomitant Use with Strong CYP1AZ Inhibilors

VY KAT XR dosage moedifications for concomitant use with strong CYP1AZ inhibitors are shown in Table 2
fsee Drug inferactions (7).

3
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Table 2; VYKAT XR Dosage Modifications for Concomitant Use with Strong CYP1A2 Inhibitors

VYKAT XR Recomimeanded Once Dally Dosags
Waight Starting Dosage | Tiration Dosage Titration Dosage Target
Maintenance

Weeks { and 2 Wesks 3 and 4 Weeks Eand & Dosage

20 kg to <30 kg 25 mg 25 mg 50 mg 75 mg
30 kg to <40 kg 50 mg 100 mg 100 mg 100 mg
40 kg to <85 kg 50 myg 180 my 150 myg 150 my
85 kg to <100 kg 100 myg 150 mg 200 mg 250 mg
100 kg to <135 kg 100 mg 200 myg 250 myg 300 myg
2135 kg 100 myg 200 mg 300 mg 325 myg

Based on clinical response, VYKAT XR may be tifrated to a maximum recommended dosage of
3.6 mg/kgiday. The VYKAT XR daily dosage should not exceed 325 mg per day.

No dosage modification is recommendead when VYKAT XR is concomitantly used with moderate CYP1AZ

inhibitors.
2.5 Recommendations Regarding Dosage Interruption, Missed Dose, or Discentinuation of
Treatment

Following a dosage interruption or missed dose of
¢ Less than 7 days, resume VYKAT XR at the previous dosage

e 7 days or mors, re-titrale VYKAT XR according to Table 1 or 2, as appropriate fsee Dosage and
Administration (2.2, 2.4)]

Treatment with VYKAT XR can be discontinued without tapering.
3 DOSAGE FORMS AND STRENGTHS
Extended-releass tablets:

s VYKAT XR 25 mg of diazoxide choline: white, capsule-shaped, film-coated, waxed {ablets, debossed
with 3-25 on one side.

e+ VYKAT XR 75 mg of diazoxids choling: whits, round, standard convex-shaped, ilm-coated, waxed
{ablets, debossed with 8-75 on one side.

e VYKAT XR 158 mg of diazoxide choline: while, oval-shaped, film-coated, waxsd tablets, debossed
with S-150 on one side.

4 CONTRAINDICATIONS

VYKAT XR is contraindicated in patients with known hypersensilivity to diazoxide, other components of
VYKAT XR, or to thiazides. Erythema multiforme has been reported with VYKAT XR fsee Adverse
Reaactions (6]

4
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5 WARNINGS AND PRECAUTIONS
51 Hyperglycemia

VYKAT XR increases blood glucose, due primarily o an inhibition of insulin releases from the pancreas.
Hyparglycemia, including severe adverse reactions associated with diabetic ketoacidosis, ocourrad in
VYKAT XR-reated patisnis during clinical trials fsee Adverse Reactions (6)].

Precipitating conditions for diabslic ketoacidosis may include reduction in the dosagss of concomitant
antihyperglycemic medications, increass in the dosages of concomitant growth hormone, intercurrent
iHness, surgsry, volums depletion or alcohol abuse. Sighs and symptoms of ketoacidosis include naussa,
vomiting, abdominal pain, generalized malaise and shonness of breath.

Before initiating VYKAT XR, test fasting plasma glucose (FPG) and HbA1¢; oplimize blood glucose in
patisnts who have hyperglycemia. After initiating treatment with VYKAT XR, regularly monitor fasting
glucose (FRG or fasting blood glucoss} and HbA1C fsee Dosage and Administration (2.3}]. Monitor fasting
glucose more frequently for the first fow weeks of treatment with VYKAT XR in patients with risk factors
for hyperglycemiia, such as obesity, elevated FPG, HbA1c at the upper limit of normal or above,
concomitant use of growth hormone, or concomitant use of systemic corticostercids.

Advise patients of the signs and symptoms of hyparglycemia {e.g., excessive thirst, urinaling more often
than usual or higher amount of urine than usual, or increased appetite with weight loss). If a patient
experiences hyperglycemia after initiating treatment with VYKAT XR, monitor fasting glucose as clinically
indicated, and at least twice weekly until fasting glucose decreaseas to normal levels. Consider monitoring
ketones in patients with worsening hyperglycemia.

if hyperglycemia is treated with anti-hyperghycemic medication during VYKAT XR treatmant, continue
monitoring fasting glucose at least once a week for 8 weeks, followed by once every 2 weeks and as
clinically indicated. Consider consultation with a healthcare provider with expertise in the treatment of
hyparglycemia and counsel patients on lifestyle changes. Based on the severity of the hyperglycemia,
VY KAT XR may require dosage interruption, reduction, or discontinuation in order {0 avoid progression to
ketoacidasis fsee Dosage and Administration (2.3}]

5.2 Risk of Fluid Overicad

Edema, including general, localized, and peripheral edema, occurred in 27% of VYKAT XR-irealed
patients versus 12% of placebo-treated patients in the placebo-controlled trial with treatment-naive
subjects (Study 1). Severe adverse reactions associated with fluid overload, including pulmonary edema,
ware reported in VYKAT XR-treated patients during clinical trials [sse Adverse Reactions {(6)].

The antidiurelic property of diazoxide may lead {o significant fluid refention, which may precipitale
congestive heart failure in palients with compromised cardiac reserve. VYKAT XR has not been studied in
patients with compromisad cardiac reserve and should be used with caution in these patienis.

Monitor for signs or symptoms of adema or fiuid overload and consider appropriate clinical managemsnt,
which may include VYKAT XR dosage reduction or treatment interruption, if clinically significant [see
Dosage and Administration (2.3)].

8 ADVERSE REACTIONS

The following clinically significant adverse reactions are discussed in greatsr detall in other sections of the
labsling:

¢+ Hyperghicemia fsee Warmings and Fracaufions (5.1}
« Risk of Fluid Overload [see Wamings and Frecautions (5.2}
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Adverse Reactions from Clinical Studies of VYKAT XR in Patients with PWS

Because clinical trials are conducted under widely varying conditions, adverse reaction rates cbserved in
the clinical trials of a drug cannot be directly compared 1o rates in the clinical trials of another drug and
may not reflect the rates observed in practice.

in the clinical study development program for treatment of hyperphagia in patients aged 4 years and older
with PWS, a tolal of 125 patienis received at least 1 dose of VYKAT XR. Palients received dosages of
VYKAT XR up to 5.8 mg/kg/day (up to a maximum dosage of 525 mg/day) for up 10 4.86 years {median:
3.0 years) in the following studiss:

e Study 1: 13-wsek, randomized, double-blind, placebo-controlied, parallel-arm study in which
126 patients were randomized in a 2.1 ratic to VYKAT XR or placsbo and received at least one
dose of VYKAT XR.

+  Study 2-OLE: Along-term, open-label, maintanance treatment pariod in 115 patisnis {mean
duration 2.8 years; maximum duration 4.3 years} who had previously bsen snrolled in Study 1.

e Study 2-RWP: A 16-week, double-blind, placebo-controlied, randomized withdrawal treatment
periad, in which 77 patients who had completed Study 1 and Study 2-OLE were randomized in a
1:1 ratio to VYKAT XR or placebo {see Ciinical Trials {(14}].

s Study 3: Along-term, open-label, maintenance study in 77 patlients who had completed Study 1 and
Study 2-OLE.

Advarse reactions leading to discontinuation in VYKAT XR-treated patients included aggrassion, diabelss
melitus, fluld retention, hirsutism, hyperglycemia, lower respiratory tract infaction, peripheral edema,
pulmonary edema, and papular rash.

The primary safely analyses are basad on Study 1. Ths most common advarse reactions (10% or more
and at lsast 2% graater than in placebo) in Study 1 were hypertiichosis, edema, hyperglycemia, and rash.

Table 3 presenis adverse reactions that occurred in at least 3% of patients in Study 1 receiving
VY KAT XR and 2% rmore frequently in VYKAT XR-reated patients than placebo.

Table 3: Adverse Reactions Occurring in 25% of Patlents with PWE Receiving VYKAT XR and at
Least 2% Greater than Placebo in Study 1

Placebo
Adverse Reaction YYKAT XR (N=84) {N=42}
Hyperirichosis 36% 14%
Edema® 27% 12%
Hyperglycemia™ 17% 5%
Rash™* 12% 2%
Pyrexia 8% 0%
Arthralgia 5% 2%
influenza 5% 2%
Nasopharyngitis 5% 2%

*Edermna includes peripheral edema, perierbital edema, swelling face, pulmonary edema, and peripheral swalling.
Hypergiycemia includes type 2 diabetes mellitus.
»*Rash includes contact dermatilis, ervthema muitiforme, maculo-papular rash, papular rash, and urticaria
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in Study 2-RWP | the adverss reactions that occurred most frequently (at least 5%) and o a greater extent
than placebo included:

immune System Disorders: Seasonal allergy
investigations: Increased weight

Nervous Sysfem Disorders: Hyperphagia, anxiety, affact lability, anger, compulsive hoarding, suicidal
ideation

Respiratory Disorders: Streptococcal pharyngitis, upper respiratory infection
Skin and Subcutaneous Tissue Disorders: Hirsutism

Eryvthema multiforme was reporied in one subject in Study 1. One subject in Study 3 sxperienced a
serious adverse reaclion of diabetic ketoacidosis.

Adverse Reactions from Clinical Trals or Postmarksting Experience of Biazoxids in An Unapproved
Population

The following adverse reactions associaled with use of diazoxide for an unapproved population have
been identified in clinical studies or post-marketing reports. Bacause soms of these reactions were
reported voluntarily from a population of uncertain sizs, i is not always possible {o reliably estimats their
frequency or sstablish a causal relationship to drug exposurs.

immune System Disorders: Hypsrsensitivity

investigations: Increased serum uric acid, transient nauiropenia, thrombocyiopenia, decrsased
hermoglobinfhematoctit, sosinophilia

Respiratory Disorders: Pulmonary hypertension

Spacial Sensss. Cataracts

Musculoskeletal and Connective Tissue Disorders: Abnormal facial features
7 DRUG INTERACTIONS

Table 4 displays clinically significant drug interactions with VYKAT XR.

Table 4: Clinically Significant Drug Interactions with VYKAT XR

Strong CYP1AZ Inhibitors®

Frevention or | Reducs the dosage of VYKAT XR when concornitantly used with strong
Management | inhibitors of CYP1AZ [see Dosage and Administration {2.4)].

VYKAT XR is a CYP1A2 subsirate. Concomitant use of VYKAT XR with
Mechanism and Clinical | strong CYP1AZ inhibitors increasss sxposure of diazoxide, which may

Effect{s} | increase ths frequency and/or sevarity of adverse reactions from VYKAT
XR fsee Clinical Pharmacology {(12.3}].
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CYP1A2 Subsirates’

FPrevention or
Management

Concomitant use of VYKAT XR with CYP1AZ substrates is not
recommended.

Mechanism and Ciinical
Effeci{s}

VYKAT XR is an inhibitor of CYP1A2. Concomitant use of VYKAT XR with
CYP1AZ substrates increases exposure of these substrates. This may
increase ths frequency and/or severily of adverse reactions from such
substrates.

Strong CYP3IA4 Inhibitors’

FPrevention or
Management

Monitor the frequency and severity of adverse reactions rom VYKAT XR. A
dosage reduction of VYKAT XR may be needed when used concomitantly
with strong CYP3A4 inhibitors.

Mechanism and Clinical
Effeci{s}

Concomitant use of VYKAT XR with strong CYP3A4 inhibitors increases
exposure of diazoxide, which may increass the frequency and/or severity of
adverse reactions from VYKAT XR [see Clinical Pharmacology (12.3)]

Dual Strong CYP344 / Moderate 182 inducers’

Prevention or
Management

Concomitant use of VYKAT XR with dual strong CYP3Ad/moderate
CYPRP1AZ inducers is not recommended.

Mechanism and Clinical
Effect({s)

VYKAT XR is a substrale of CYP3A4 and CYP1AZ. Concomitant use of
VYKAT XR with strong CYP3Ad/moderate 1A2 inducers may decrease
exposure of VYKAT XR. This may decrease the efficacy of VYKAT XR [see
Clinical Pharmacology (12.3)].

Drugs Highly Bound to Protein

Prevention or
Management

Monitor international normalized ratio (INR) in patients who use coumarin
or iis darivatives concomitantly with VYKAT XR. Dosage maodification of
coumarin or its darivatives may be needed when used concomitantly with
VYKAT XR.

Monitor diphenylhydantoin serum levels when VYKAT AR is used
concomitantly with diphenyihydantoin. Dosage moedification of
diphenyihydantoin may bs needad when used concomitantly with VYKAT
XR.

Mechanism and Clinical
Effect(s)

Diazoxids is highly bound to serum profeins.

Diazoxide may displace other drugs which are also highly bound o protein
resuliing in higher ot lowsr blood levals of the concomitantly used drugs.
The impact of protain binding displacemant is sxpecied to be clinically
important for drugs with narrow therapeutic range such as coumarn of its
darivatives and diphenylhydantoin. Protsin binding displacemsant may result
in an increassd risk of adverse reactions dus o highsr blood levels of
coumarin of its derivatlive or loss of efficacy due to lower sxposures of
diphenyihydantoin.

Reference 1D 5558874
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Thiazide or Other Diurstics

Monitor for signs and symploms of hyperglycemia [see Warnings and
Pracautions (5. 1)] and hyperuricemia when VYKAT XR is used
concomifantly with thiazides or other diuretics. Dosage adjustment of
VYKAT XR or diuretics may be needed when VYKAT XR is concomitantly
used with diuretics.

FPrevention or
Management

Both diazoxide and thiazides or other diuretics may produce hyperglycemia
Mechanism and Clinical | and hyperuricemia. The concomitant use of VYKAT XR with thiazides or

Effact{s} | other diuretics may potentiate the hyperglvcermic and hyperuricemic effects
of diazoxide [see Adverse Reaclions (6) and Clinical Pharmacology (12.2}].
1See www fda gov/CY PandTransporterinteractingDrugs for examples of strong CYP1AZ and CYP3A4 inhibitors,
sensitive CYP1AZ substrates, and dual strong CYP3A4 / moderate 1AZ inducers.

& USE IN SPECIFIC POPULATIONS

8.1 Pregnancy

Risk Summary

Available data from case reports with diazoxide use during pregnancy are insufficient to identify a drug-
associated risk of major birth defects, miscarriage, or other adverse maternal oulcomes.

Adverse reactions, including hyperglycamia, alopacia, and hypertrichosis lanuginosa, have been reporied
in neonales exposed to diazoxide in utero prior to delivery (see Clinical Considerafions).

in animal reproduction studiss, oral gavage administration of diazoxide choline {o pregnant rats during
grganogenesis at dose exposures equal to the human exposure of 525 mg resulted in no malformations.
Maternal and fetal toxicilies were observed al a dose approximately equal 1o the maximum recommended
human dose (MRHD) of 525 mg based on AUC (see Dalfa).

The background risk of major birth defects and miscarriage for the indicaled population is unknown. All

pregnancies have a background risk of birth defect, loss, or other adverse outcomes. In the US general
population, the estimated background risk of major birth defects and miscarriage in clinically recognized
pregnancies is 2% 1o 4% and 15% to 20%, respectively.

Clinical Considerations

Fetal/Neonatal Adverse Reactions

Diazoxide crosses the placenta and has been detected in cord blood. Based on adverse reactions
reported in adults, in utsro exposure of the infant prior to delivery may produce fetal or neonatal
hyperbilirubinsmia, thrombocytopenia, altered carbohydrate matabolism, and possibly other adverse
reactions. Monitor infants who wers exposed {0 diazoxide in utero for adverse reactions and traat
accordingly.

Alopecia and hypartrichosis lanuginosa have occurred in a small number of infants whose mothers
raecelved oral diazoxide during the last 19 to 80 days of pregnancy. Abnormal halr growth was first noted
at the age of one week and persisted when the infants were last sean at the ages of 5 months {o one
year. An infant born {o a mother who was treated with oral diazoxide, 150 mg daily Tor 47 days prior {o
dalivery, developed hyperglycemia which resolved after a 8-hour insulin infusion. Because there was an
inappropriately low plasma insulin concentration for the degree of hyperglvcemia, it was considered
compatible with transplacental transfer of diazoxide causing inhibition of release of insulin from the
neonatal pancreas.

9
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Labor or Delivery
Intravenous administration of diazoxide during labor may cause cessation of uterine contractions, which

may require administration of oxytocic agents 1o reinstate labor. However, this has not been reported with
diazoxide when administered orally. Use caution in administering VYKAT XR during labor.

Data

Animal Data

Diazoxide choline was administersd orally to pregnant rats during the period of organocgenssis at doses of
43, 100, and 160 mg/kg/iday (0.3, .6, and 1.2 timas the MRHD of 525 mg based on AUC). No
malformations were observed; however, decreased fatal body weights, delayed skelstal gssification, and
increased fetal resorplions were observed at 160 myg/kg/day (a dose approximately equal to the MRHD
based on AUC) which was a maternally toxic dosa.

in a study in which rabbits were adminisiered diazoxide intravenously, evidence of skeletal and cardiac
feratogenic effects was noted at unknown multiples of the MRHUD for diazoxide choline.

8.2 Lactation

Risk Summary

Diazoxids is present in human milk. There are no data on the effacts of diazoxide on the breastfad infant
or on miik production. The developmental and hsalth benefits of braastiesding should be considersd
along with the mother’s clinical need for VYKAT XR and any potential adverse sffects on the breastfed
child from VYKAT XR or from the underlying matsrnal condition.

Clinical Considerations

Because of polential adverse reaciions, including hyperglveemia, moniforing the infant's blood glucose
may be advisable, especially during the neonatal period.

8.4 Pediatric Use

The safety and effectivensss of VYKAT XR have been established for the trealment of hyperphagia in
padiairic patients 4 years of age and older with PWS. Use of VYKAT XR for this indication is supported by
sfficacy data from an adequate and weall-controlled study that included pediatric patients with PWS [see
Chinical Studies (14}] and safety data from additional studias that included pediatric palients with PWS
{see Adverse Reactions (8}, and the information on this use is dascribed throughout the labsling.

The safety and sffectiveness of VYKAT XR have not besn established for the treatment of hyperphagia in
padiairic patients with PWS lass than 4 years of age.

Adverse Reaclions in Pedialric Patients in an Unapprovad Population

The following postmarketing adverse reactions have been reporied with the use of other diazoxide
products for the trealment of hyperinsulinemic hypoglycemia, an unapproved population [see Adverse
Reactions (8],

¢+ Pulmonary hyperiension in pediatric patients less than 8 months of age, including nesonatss.

« Transient cataracis in association with hyperosmolar coma in a pediatric patient that subsided with
correction of the hyperosmolarity.

+« Developmsant of abnormal facial features with chronic uss in pediatric patients.

VYKAT XR is not approved and is not recommended for the treatment of hyperinsulinemic hypoglycemia.
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Juvenile Animal Toxicity Data

Diazoxide choline was orally administered al doses of 29, 58, and 145 mg/kg/day to juvenile rats from
weaning (postnatal day 21) through adulthood (postnatal day 81). Reduced body weight and body weight
gains, correlated with decreased food consumption, occurred al doses 2 58 mg/kg/day. Delayed sexual
maturation occurred in males at 2 58 mg/kg/day and in females at all doses. Decreased motor activity
was observed in males at 2 58 mg/kg/day, but no effect was observed on learning and memory at any
dose in both males and females. The no adverse effect level (NOAEL) was 28 mgskg/day, which resulis in
exposures less than the clinical exposure at the maximum recommended human dose (MRHD) of 525 mg
based on AUC.

8.5 Geriatric Use

Clinical studies of VYKAT XR did not include any subjecis 85 ysars of age and older to determine
whether thay respond diffsrently from voungst adult subjects.

8.8 Ranal impairmeant

VYKAT XR has not been studied in patients with renal impairment. VYKAT XR is not racommended in
patisnis with renal impairment.

8.7 Hapatic impairment

VYKAT XR has not been studied in palients with hepatic impairment. VYKAT XR is not recommendsad in
patisnts with hepatic impairment.

10 OVERDOSAGE

An overdosage of VYKAT XR may cause marked hyperglycemia, which may be associated with
ketoacidosis [see Warnings and Precautions {(5.1)].

No specific antidotss for VYKAT XR are known. Monitor ketones in patients with severe hyperglycemia
failowing overdose and consider insulfin treatment if necessary. Treat severe hyperglycemia associated
with ketoacidosis with prompt insulin administration and restoration of fluid and slectrolyte balance.
Because of VYKAT XR's long half-life (approximately 106 hours) in patients with PWS, the symptoms of
overdosage (hyperglycemia, with or without ketoacidosis) require prolonged surveiliance for periods up to
three weeks or until blood sugar levels stabilize within the patient’'s normal rangs. Consider contacting a
Poison Help line (1-800-222-1222) or a medical toxicologist for overdosage management
recommendations for VYKAT XR.

11 DESCRIPTION

VY KAT XR contains diazoxide choline. Diazoxide choline is very slightly soluble to soluble in solvents
dichloromethane, efrahydrofuran, acetonitrile, and methanol and practically insoluble in solvents methyl
ferf-butyl ether. The pKais 8.44 = 0.01

Diazoxide choline is 7-Chloro-3-methyil-1A8, 2 4-benzothiadiazin-2-ide 1,1-dioxide 2-
hydroxyethyldtrimethyDazanium. The empirical formula is CsMHeCNLG28-CsH1sNO and the molecular
weight is 333.83 g/mole. The structural formula is:

B ke

i R i
e o ik

“ ] & §l§ ) ‘va\?\\\\aq
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VYKAT XR is for oral administration and is available as axiended-releass tablets in the following
strengths: 25 mg tablet contains diazoxids choling 25 mg, equivalent {0 17.2 g diazoxide,; 75 myg tablset
contains diazoxide choline 75 myg, squivalent to 51.8 mg diazoxide; and 150 mg tablet contains diazoxide
cholineg 150 mg, equivalent to 103.2 mg diazoxids.

Each tablet confains the following inaclive ingradisnis: carnauba wax, colioidal silicon dioxide, dibasic
calcium phosphats dihydrats, hypromsliose, magnesium stearate, polyethylens oxids, silicified
microcrysialline cellulose, tale, titanium dioxide, and triacstin,

12 CLINICAL PHARMACOLOGY
12.1 Mechanism of Action

The exact mechanisny of action of diazoxide choling in the treatiment of hypsrphagia in patients 4 years of
age and older with Prader-Willi syndrome (PWSE) is unknown.

12.2  Pharmacodynamics
VYKAT XR resulted in a reduction in fasting plasma insulin from baseline through 1 year of treatment.
Diazoxide increases blood glucose, due primarily 1o an inhibition of insulin release from the pancreas.

Other pharmacodynamic effects of VYKAT XR include increased uric acid, renin secretion and igG
concentrations, and decreased cortisol secration.

12.3 Pharmacokinstics

Absorption

Following oral administration, diazoxide choline is hydrolyzed to diazoxide prior o absorption. Peak
diazoxide concantrations occur after 16 hours. VYKAT XR is sxpected to reach steady stats after 7 days.

Effect of Food

Following adiminisiration of 158 mg diazoxide choline 1o healthy subjects, the Cma increassd by 38% and
AUCH was unchanged with a high-fat meal, comparad to fasted conditions. The median Tae was

12 hours in the fasted state, and 8 houwrs in the fed state.

Distribution

The volume of distribution of diazoxide following oral administration is about 44 8 L. Diazoxide is
extensively bound (81% to 83%) o plasma proteins (primarily human albumin}, and crosses the blood-
brain barrier.

Ellmination
Mefaboiism

Diazoxids is mainly metabolized by CYP1AZ and {o a minor extent by CYP3A4. Diazoxide is metabolized
by axidation or sulfate conjugation at the methyl group resulting in two inactive metabolites. Following
fong term administration in patients with PWS, only metabolite M1{3-hydroxymethyl-7-chlore-1,2 4~
benzothiadiazine-1,1-dioxide) is detectable in circulation.

Excrefion

Diazoxids is excreted almost exclusively in urine as fres or conjugatsd compound. In humans, following
administration of radiolabeled diazoxide, 85 to 82% of the total dose was recoverad in urine, with about
31% eliminated as unchangad drug. About 2% of the dose is sliminated in the feces. The terminal half-lifs
following single-dose administration in healthy subjects was 28.7 1o 32.4 hours. In patients with PWE, the
astimated terminal half-life is 1086 hours.

12
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Specific Populations

Pedialric Fatients

Approximately 72% of the patients with PWS wers under 17 yvears of age at enroliment. There were no
clinically relevant differences in pharmacokinetics in these participants compared to those observed in
adull participants.

Male and Female Fafienis

No sex-related differences in pharmacokinetics have been observed in clinical trials of VYKAT XR in
patients with PWS who have hyperphagia.

Patients with Renal or Hepafic Impairment

VYKAT XR has not been studied in patisnts with renal or hepatic impairment fsee Use in Specific
Popuitations (8.6, 8.7}

Drug Interaction Studies

Drugs That Inhibit CYP1A2

VYKAT XR is metabolized by CYP1A2 and coadministration with a strong CYP1AZ inhibitor may increass
exposure of diazoxide and decrease concentrations of diazoxide metabolites. In a clinical study with
fluvoxamine (a strong CYP1AZ inhibiton), coadministration with fluvoxamine at an inhibitory dose
increased single dose diazoxide Cmex by 17.5% and AUCqir by 80% compared to the same parameler
measured on single dose in the absence of fluvoxamine co-administration fsee Drug Inferactions (7).

Strong CYP3A4 inhibitor

Physiclogy-based pharmacokinetic model-based analysis suggesis that concomilant use of VYKAT XR
with itraconazole {a strong CYP3A4 inhibitor) may increase the AUCH of VYKAT XR by 1.1 to 2-fold,
compared 1o VYKAT XR alone. liraconazole did not appreciably affect the Crax of VYKAT XR [see Drug
inferactions (7).

Strong CYP3A4 inducers

Physiclogy-based pharmacokinetic model-based analysis suggesis that concomilant use of VYKAT XR
with rifampin (g strong CYP3A4 inducer and moderate CYP1AZ inducer) may decrease the Crex and
AUCH of VYKAT XR by 14% {0 30% and 40% {o 70%, respectively, compared to VYKAT XR alone [see
Drug Inferactions (73]

Dirugs that Alfer Gastric pH

Use of VYKAT XR with gastric pH adjusting-drugs is not expected o affect the pharmacokinetics of
diazoxide. Based on population pharmacokinetic modeling, use of VYKAT XR with gastric pH adjusting
drugs did not significantly affect relative bioavailability or apparent clearance of diazoxide.

Frofein Binding Displacement

VY KAT XR may also displace bilirubin bound {o serum protein, thus resulling in higher blood levels of
bilirubin.

in Vitro Studies

Enzvme sysfems. Diazoxide choline is an inhibitor of CYP1AZ. it is not an inhibitor of CYP2B8G, 2019,
208, 2C8, 208 or 3A4. L does not an induce CYP1AZ, CYP2ZB6 or CYR3A4 at the therapeutic dose
range.

13
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Transporter systems: Diazoxide choline is a8 subsirale for OAT1, CAT3, and BCRP. it is an inhibitor of
OATH/3. liis not an inhibitor of P-gp, BORP, MATE1/2-K, OATP1B1/3, OCT1/2 at the therapsutic dose
range.

13 NONCLINICAL TOXICOLOGY

131 Carcinogenesis, Mutagenesis, impairment of Fertility

Carginogenesis
Carcinogenicity studies have not been performed with diazoxide choline.

Mutagenesis

Diazoxide choline was not mutagenic in the in vifro bacterial reverse mutation assay (Amss test) and in
the mouse lymphoma assay. Diazoxide choline was not clastogenic in the in vive rat micronuclsus assay.

bmpaimment of Fertility

Diazoxide choline was orally administered to male and female rals at doses of 58, 116, and

232 mog/kgfday (1, 2, and 4 times the maximum recommended human dose (MRHD) on a mg/m? basis).
Females were treated two weeks prior {0 mating and continuing through conception and implantation and
males were treated for four weeks prior 1o mating continuing for 35 days after mating. No effecls on male
or female fertility parameters were observed. Decreases in the mean number of corpora lutes,
implantation sites, and live embiyos cocurred at 4 Bmes the MRHD on a mg/im? basis.

13.2 Animal Toxicology and/or Pharmacology

Cataracts were obsearvad in dogs given repsated daily oral doses of diazoxids of approximately
40 mg/kg/day for ons month. The lenticular changes resemblad those which occur experimantally in
animals with increased blood glucose lavels.

4 CLINICAL STUDIES

The efiicacy of VYKAT XR for the treabment of hyperphagia in adults and pedialric patients ages 4 years
and older with PWS was astablished in a 18-week, double-blind, placebo-controlled, randormized
withdrawal study period (Study 2-RWPF; NCTO3714373) that followed an open-label study period of
VYKAT XR. During Study 2-RWP, 77 patients with hypsrphagia and PWE were randomized in a 1.1 ratio
1o continue their current oral dosage using a weight-based dosage regimen of VYKAT XR or placebo fses
Dosage and Administrafion (2.2}]. Prior to participating in Study 2-RWP, patients received double-blind
and/or open-label VYKAT XR for a mean duration of 3.3 years (range 2.5 {0 4.5 years; Study 1 and Study
2-OLE). Results from Study 2-RWP are presented below.

Demographic and bassline disease charactsristics wers similar for the VYKAT XR and placabo groups.
The mean age was 14.92 yvears of ags {range 7 to 28 vears of age). Most of the participants were Whits
{86%}, 7% were Black or African American, and 8% were of multiple races. The majority of participants
were non-Hispanic (81%) and female (568%).

The primary efficacy endpoint was the Change from Baseline in the Hyperphagia Questionnaire for
Clinical Trials (HQ-CT)} Total Score at Week 18, The HQ-CT is a 9-iftem, obsearver-reported oulcome
measure that assesses a range of hyperphagic and food-related behaviors during the prior 2 weeks. An
item score of § indicates an absence of behaviors, with a score of 4 indicating the most frequent or
severe behaviors. The HQ-CT Total Score may range from 0 1o 38, with higher scores indicating greater
overall severity of hyperphagic and food-related behaviors.
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At the end of the 168-week randomized withdrawal study period, there was siatistically significant
waorsening of hyperphagia in the placebo group relative to the VYKAT XR group, as assessed by the HQ-
CT Total Score (see Table 5).

Table §: Study 2-.RWP HGQ-CT Total Score, Least Square Mesan Change from Basesline to the End of
the Randomized Withdrawal Period {Week 18} in Patients with Hyperphagia and PWS

Number Mean LS Mean LS Maan
Treatment of Baseline Change from Differance”
Group Patients Score {80} Baseline {(8E} {35% Ch}
VYKAT XR 38 8.0 (8.3 28011 54
Placebo 39 8.1 (5.1 78 (1.1 8.1,-1.8)

Cl, confidencs interval, HQ-CT, Hyperphagia Questionnaire for Clinical Trials; LS Mean, least squares
mean; RWP, randomizad withdrawal psatiod; SD, standard deviation; SE, standard error
*WYKAT XR - placabo

18 HOW SUPPLIED/STORAGE AND HANDLING

How Supplied
VYKAT XR is supplied as follows:

Strangth Dascription Package Configuration | NDC Numbey

25 mg White, capsule-shaped fabletls,

) - r..
diazoxide choline debossed with “S-25" on one side 30-count boitles 83860-025-01

White, round, standard convex

75 mg. . tablets, debossed with “S-75” on 30-count bottles 83860-075-01
diazomeide choline .

one side
150 myg White, oval-shaped tablsts, 20-count bottles A3860-150-01

diazoxide choline debossed with “S-150" on one side.

Storage and Handling

Store at 20°C to 25°C (88°F {0 77°F); excursions permitied between 15° and 30°C (38° and 86°F) [see
UEP Controlled Room Temperatursl.

Keap in tightly closad containar. Protect from humidity. Do not removes desiccant.
17 PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labsling (Medication Guide}.

Administration Insiructions

Advise patients o swallow tablets whole and not to spiit, crush, or chew VYKAT XR [see Dosage and
Administration {2.2)].
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Hyparglycemia

Advise the patient or caregiver that VYKAT XR can cause hyperglycemia, sometimes leading to diabelic
ketoacidosis, and that the patient will have monitoring of blood glucose before and during VYKAT XR
freatment. Advise patienis or caregivers on the signs and symptoms of hyperglycemia (e.g., excessive
thirst, urinating more often than usual or higher amount of urine than usual, or increased appetile with
weight loss) and ketoacidosis (e.q., nausea, vomiling, abdominal pain, genseralized malaise and shoriness
of breath) and fo contact their healthcare provider if these signs or symploms oceur faee Warnings and
Frecautions {5.1)].

Risk of Fluid Overload

Advise the patient or caregiver that VYKAT XR may cause edema, including severe adverse reactions
associated with fluid overload. Advise palients or caregivers on the signs and symptoms of adema and o
contact their healthcare provider i signs or symploms of edema occur {see Warnings and Precautions

(5.2)].

Manufactured for:

Soleno Therapeutics, Inc.

100 Marine Parkway, Suite 400

Redwood City, CA 94065

© 2025 Soleno Therapeutics, Inc. All rights reserved.
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MEDICATION GUIDE
VYKAT™ XR {vye kat ex ar)
{diazoxide choline}
extended-release {ableis, for oral use

What is the most important information | should know about VYKAT XR?
VYKAT XR may cause serious side effects, including:

=+ High blood sugar levels {(hypergiyveemia). Hyperglvcemia is common during treatment with VYKAT XR and can
also be severs. Hyperglycamia can lead (o a condition called diabetic ketoacidosis (increased ketones in the blood)
in some people who {ake VYKAT XR. Diabstic ketoacidosis is a serious condition that needs {o be treatad in a
hospital and can be life-threatening.
Your healthcare provider will:

o check your blood sugar lavels before you start VYKAT XR, atleast 1 time every wesk for the first 2 weeks of
freatment, then at least 1 fime every 4 weaks and as needsd during treatmant.

o check your blood sugar more often during the first few weeks of freatment if you have an increased chance of
getting hyperglycemia.

o check your HbAlc, which is another measurement of blood sugar control, before starting freatment, then 1 time
every 3 months and as needed during freatment.

If vou get hyperglycemia during treatment with VYKAT XR, your healthcare provider may:

o give you medicines to treat hyperglycemia or change your dose if you alfeady take them
o change your dose, temporarily stop, or permanently stop VYKAT XR

Tell your healthcare provider if you get any of the following signs and symploms:

o hyperglycemia o diabetic ketoacidosis
= feel very thirsty = pausea
= need o urinate mors often than usual = yomiting
= have higher amounis of urine than usual = stomach-area (abdominal) pain
= feel more hungry than usual = feel weak or very fired
= weight loss = {rouble breathing

+«  Too much fluid in your body {fluid overload). Swalling in the body {(edema) from too much fluid is common
during treatment with VYIKAT XR and can aiso be severs. Your healthcare provider may decraase your dose or
temporarily stop VYKAT XR if you get fluid overload. Tell your healthcare provider if you have trouble breathing or
gat any other signs or symptomns of fluid overload such as swelling of your legs, ankles, or feet, or unusual swelling
anywhsre in your body.

What is VYKAT XR7?

VYKAT XR is a prescription medicine used fo treat sxtrems hunger, constant thoughts about food, and constant urgs to
eat that cannot be satisfied with food (hyperphagia) in adults and children 4 yvears of ags and older with Prader-Willi
syndrome (PWE). Htis not known if VYKAT XR is safe and effsctive in children undser 4 years of ags.

Who shouild not {ake VYKAT XR?

Do not take VYKAT XR if you are allergic to diazoxide, any ingredients in VYKAT XR, or medicines called thiazides.
Ses the end of this Medication Guide for a complete list of ingredients in VYKAT XR.

Before faking VYKAT XR, {ell vour heaithcare provider about all of your medical conditions, including if you:
= have diabeles or prediabetes

e are sick

s plan to have surgery

e drink alcohol very offen

« are dehydrated or have lost a ot of body fiuid

+« have heart problems or a history of swelling in your legs or other paris of your body

e havs liver or Kidney problems

+« are pregnant, or plan to become pregnant. VYKAT XR may harm your unborn baby. Tell your healthcare provider
right away if you become pregnant during treatment with VYKAT XR.

e are breastfeeding or plan {o breastieed. VYKAT XR passes info your breast milk, and it is not known if it can harm
your baby. Tell yvour healthcare provider if you plan o breastfeed during treatment with VYKAT XR.
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Tall your healthcare provider about all of the medicines you take, including prescriplion and over-the-counier medicines,
vitamins, and herbal supplemeants. Taking VYKAT XR with cerlain other medicines may affect the way VYKAT XR or the
other medicine works and may increass your risk of side effects.

Do not change your dose or stop any madicines you fake or start any naw medicines without talking to your healthcare
provider first during treatment with VYKAT XR. Know ths medicines you {aks. Kesp a list of them to show your
healthcare provider and pharmacist when you get a new medicine.

Especially tell your healthcare provider if you take:

« medicines o lower blood sugar + diuretics (water pills)
e growth hormones s phsnvtoin
« corticostercids s warfarin

How should | fake VYKAT XR?

«  Take VYKAT XR exactly as vour healthcare provider talls you to take it. Your healthcare provider will decide how
much VYKAT XR you will take and may slowly increase your dose when you first start taking VYKAT XR.

+«  Take VYKAT XR by mouth 1 tirne per day with or without food.

+  Swallow VYKAT XR tablets whole. Bo not split, crush, or chew the tablets.

+« You should not miss a dose of VYKAT XR. f you miss a dose of VYKAT XR, take the missed dose as so0n as you
remember. Do notiake 2 doses of VYKAT XR at the same time to make up for a missed dose. if you missed a dose
of VYKAT XR and did not remember {o take another dose, call your healthcare provider to discuss what you should
do next.

¢ The dose of VYKAT XR is not the same as diazoxide oral suspension. Do not change belween VYKAT XR
and diazoxide oral suspension products.

if vou take too much VYKAT XR, call your healthcare provider or Poison Help Line at 1-800-222-1222 or go io the
nearest hospital emergency room right away.

What are the possible side effects of VYKAT XR?

¢ Sae “What is the most important information | should know about VYKAT XR?”
The most common side effects of VYKAT XR also include:

e incraased hair growth all over the body

+ rash

These are not all of the possible side effects of VYKAT XR. Call your doctor for medical advics about side affects. You
may report side effects to FDA af 1-800-FDA-1088.

How should | store VYKAT XR?

Store VYKAT XR at room temperalure between 88°F 1o 77°F (20°C 10 25°C).

Close the botlle tightly after each dose.

Keap VYKAT XR tablets dry {protsct from humidity).

The bottle contains a desiccant to halp keep the tablets dry. Keep the desiccant in the VYKAT XR bottls.
Keep VYKAT XR and all medicines out of the reach of children.

%

@

-]
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General information about the safe and effective use of VYKAT XR.

Medicines are somstimes prescribed for purposes othsr than those listed in a Medication Guids. Do not use VYKAT XR
for a condition for which it was not prescribed. Do not give VYKAT XR o other people, even if they have the same
symptoms that you have. i may harm them. You can ask your pharmacist or healthcare provider for information about
VYKAT XR that is wrilten for health professionals.

What are the ingredients in VYKAT XR?
Active ingredient: diazoxide choline

Inactive ingredients: carnauba wax, colioidal silicon dioxide, dibasic calcium phosphate dihvdrate, hypromellose
magnesium stearate, polyethylene oxide, silicified microcrystalline cellulose, tale, titanium dioxide, and triacetin.

Manufactured for: Solene Therapeutics, Inc., 100 Marine Parkway, Suite 400, Redwood City, CA 84085
For more information, call 1-833-765-3681.

This Medication Guide has been approved by the U.S. Food and Drug Administration. Issued: 32025
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Docket No.: SLNO-034/04US 333072-2375
PTE Application for U.S. Pat. No. 9,757,384
VYKAT™ XR

EXHIBIT 12
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Docket No.: SLNO-034/04US 333072-2375
PTE Application for U.S. Pat. No. 9,757,384
VYKAT™ XR
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Food and Drug Administration
Rockville, MD 20857

IND 73,179

Essentialis, Inc.

Attention: Neil M. Cowan, Ph.D., MBA
CEOQO and President

7915 Corte Cardo

Carlsbad, CA 92009

Dear Dr. Cowan: =~~~ 7 T T e

We acknowledge receipt of your Investigational New Drug Application (IND) submitted under
section 505(i) of the Federal Food, Drug, and Cosmetic Act. Please note the following

identifying data:

IND Number Assigned: 73,179

Sponsor: Essentialis, Inc.

Name of Drug: diazoxide choline controlled release tablets
Date of Submission: August 22, 2006

Date of Receipt: ’ August 22,2006

Studies in humans may not be initiated until 30 days after the date of receipt shown above. If, on
or before September 21, 2006, we identify deficiencies in the IND that require correction before
human studies begin or that require restriction of human studies, we will notify you immediately

~that (1)clinical studies may not be initiated under this IND ("clinical hold") or.that (2) certain. .
restrictions apply to clinical studies under this IND (“partial clinical hold”). In the event of such
notification, you must not initiate or you must restrict such studies until you have submitted
information to correct the deficiencies, and we have notified you that the information you
submitted is satisfactory.

It has not been our policy to object to a sponsor, upon receipt of this acknowledgement letter,
-either obtaining supplies of the investigational drug or shipping it to investigators listed in the
IND. However, if the drug is shipped to investigators, they should be reminded that studies may
not begin under the IND until 30 days after the IND receipt date or later if the IND is placed on
clinical hold.
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IND 73,179
Page 2

As sponsor of this IND, you are responsible for compliance with the Federal Food, Drug, and
Cosmetic Act and the implementing regulations (Title 21 of the Code of Federal Regulations).
Those responsibilities include (1) reporting any unexpected fatal or life-threatening adverse
experience associated with use of the drug by telephone or fax no later than 7 calendar days after
initial receipt of the information [21 CFR 312.32(c)(2)]; (2) reporting any adverse experience
associated with use of the drug that is both serious and unexpected in writing no later than 15
calendar days after initial receipt of the information [21 CFR 312.32(c)(1)]; and (3) submitting
annual progress reports [21 CFR 312.33].

As required by the Food and Drug Modernization Act and the Best Pharmaceuticals for Children
Act, you are also responsible for registering certain clinical trials involving your drug product in
the Clinical Trials Data Bank (http://clinicaltrials.gov & http://prsinfo.clinicaltrials.gov/). If your
drug is intended for the treatment of a serious or life-threatening disease or condition and you are
conducting clinical trials to test its effectiveness, then you must register these trials in the Data
Bank. Although not required, we encourage you to register effectiveness trials for non-serious
“~diseases or conditions as well as non-effectiveness trials for all diseases or conditions; whether-or— - -
not they are serious or life-threatening. Additional information on registering your clinical trials,
including the required and optional data elements and the FDA Draft Guidance for Industry,
"Information Program on Clinical Trials for Serious or Life-Threatening Diseases and
Conditions," is available at the Protocol Registration System (PRS) Information Site
http://prsinfo.clinicaltrials. gov/.

Please cite the IND number listed above at the top of the first page of any communications
concerning this application. Send all submissions, electronic or paper, including those sent by
overnight mail or courier, to the following address:

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Metabolism and Endocrinology Products
5901-B Ammendale Road

Beltsville, MD 20705-1266

If you have any questions, call me at (301) 796-1249.

e e Sincerely,

{See appended electronic signature page}

Pat Madara

Regulatory Project Manager

Division of Metabolism and Endocrinology
Products

Office of Drug Evaluation 11

Center for Drug Evaluation and Research
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Exhibit 15
IND 73,179
Diazoxide Choline Controlled Release Tablets
Anniversary Date: 22" August

Date Serial No. Description
2006 Aug 22 0000 Original IND Submission
2006 Sep 01 0001 Response to information request: References (Dayton et al 1975;

Pruitt et al 1974; Hyperstat label; Hyperstat SBA); Report
AB27VS.704 BTL (mouse lymphoma assay); Report
AB27VS.503.BTL (bacterial reverse mutation assay)

2006 Oct 02 0002 Study PK0O1 Protocol Amendment 1.0
2006 Nov 13 0003 Notification of Change in Address
2006 Nov 17 0004 Complete Response to a Partial Clinical Hold

e Protocol TR002
e FDA Form 1572
¢ Investigator Curricula Vitae

e Appendix A: Final Report Mammalian Erythrocyte
Micronucleus Test

¢ Appendix B: Final Report MTD Study 1270-002 —
Diazoxide: A Dose Range-Finding Oral Toxicity Study in
Rats

e Appendix C: Copies of cited references
e Appendix D: Final Data from PK001

e Appendix E: Final Report Determination of Diazoxide in
Human Plasma by LC/MS/MS (PRACS Protocol No. R06-
0537)

2006 Dec 21 0005 Response to Request for Additional Information

e Comparison of Quality of Diazoxide Choline Controlled-
Release Tablets and Proglycem Capsules and Hyperstat IV

e Protocol 90-day toxicity study in rats

2007 Jan 24 0006 Complete Response to a Partial Clinical Hold
e TRO02 Protocol Post-amendment 1
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Exhibit 15
IND 73,179

Diazoxide Choline Controlled Release Tablets
Anniversary Date: 22" August

Date Serial No. Description
2007 Mar 02 0007 Complete Response to a Partial Clinical Hold

e TRO02 Protocol Amendment 4

¢ Final Report: Diazoxide: A Dose Range-Finding Oral
Toxicity Study in Rats (amended to include histopathology
evaluations)

¢  Summary: Comparative Quality of Diazoxide Choline,
Diazoxide Choline Controlled-Release Tablets and
Proglycem Oral Suspension — Metrics QA reviewed report
provided in submission

e Summary: Safety information and clinical studies of
Proglycem.

e  Summary: Predicted peak and trough circulating drug
levels at steady state for the proposed dose range for
Diazoxide Choline Controlled-Release Tablets (100
mg/day to 600 mg/day) compared to published clinical
studies in obese patients.

e  Summary: Comparison of peak drug levels for the
proposed dose range to the peak drug levels in various
controlled clinical studies and at the NOAEL

e  Summary: Pharmacokinetic Comparison of Diazoxide
Choline Controlled Release Tablets with Proglycem Oral
Suspension

2007 Aug 15 0008 TRO02 Protocol Amendments 5, 6,7, 8,9, 10, and 11
FDA Form 1572

¢  Principal Investigator and Sub-Investigator’s Curricula
Vitae and licensure

e Laboratory certification

¢ Financial disclosure forms

Final Report: In Vitro Metabolism Studies of Diazoxide Choline
(Report No.: BD00107)

2007 Oct 31 0009 TR002 Protocol Amendment 13

2007 Nov 07 0010 Annual Report

2008 Jan 02 0011 New Protocol Clinical Study EC004

FDA Form 1572
e Investigator Curricula Vitae and licensure
e Laboratory certification

e Financial disclosure forms
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Exhibit 15
IND 73,179
Diazoxide Choline Controlled Release Tablets
Anniversary Date: 22" August

Date Serial No. Description

2008 Jan 29 0012 Chemical, manufacturing and control update

e  Summary information from the manufacture of a clinical
batch of Diazoxide Choline Controlled-Release Film
Coated Tablets and corresponding placebo tablets

e  Updated stability data on Drug Active and Drug Product

2008 Feb 07 0013 Final Study Report: Diazoxide: A 13-Week Oral Toxicity Study in
Rats (Study No. 1270-001)

2008 May 22 0014 New Protocol Clinical Study PK008
FDA Form 1572
e Investigator Curricula Vitae and licensure

e Laboratory certification

2008 Jun 02 0015 New Protocol Clinical Study PC007

FDA Form 1572
e Investigator Curricula Vitae and licensure
e Laboratory certification

Summary of published non-clinical studies evaluating the effects of
diazoxide in obese and obese diabetic dyslipidemic animal
models and of published clinical studies evaluating the effects of
diazoxide in obese and non-obese dyslipidemic patients

Executive summaries of clinical studies TR002 and EC004

2008 Jul 02 0016 New Investigators for Clinical Study PC0O07
e FDA Form 1572

¢ Investigator Curricula Vitae

2008 Jul 24 0017 Clinical Study PC007 Protocol Amendment 2
In-Vitro hERG Study Report
2008 Aug 15 0018 Request for Additional Information

¢ Rationale for the Increase in Dose in the 24July08
Amendment of Protocol PC007

e PKO008 Pharmacokinetic Results

¢ Timing of Availability of Clinical Study Reports for
Completed Clinical Studies

e New Investigators for Clinical Study PC007
o FDA Form 1572

o Investigator Curricula Vitae and licensure

2008 Sep 02 0019 Final Study Report Clinical Study PK001
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Exhibit 15
IND 73,179
Diazoxide Choline Controlled Release Tablets
Anniversary Date: 22" August

Date Serial No. Description
2008 Sep 19 0020 Final Report: Diazoxide Choline: Preliminary Embryo-Fetal (Study
No. 06-4323)
Final Report: Embryo-Fetal Toxicity Study in Rates (Study No. 06-
4324)
2008 Nov 19 0021 Anmual Report
2009 Feb 04 0022 Final Clinical Study Report Clinical Study PK008
2009 Feb 16 0023 Final Clinical Study Report Clinical Study EC004
2009 Oct 29 0024 Notification of submission of the clinical study report for study
PCO007 to new linked IND 104,978
2010 Jan 11 0025 Annual Report
2011 Jul 25 0026 Annual Report
2014 Jan 13 0027 New Protocol: Clinical Study PC025
FDA Form 1572
FDA Form 3674

Labels for approved products (Proglycem and Hyperstat)

Background information covering PWS including the mortality and
morbidity associated with the syndrome, the most critical unmet
need in the condition, the mode-action of DCCR in PWS, results
from informative animal models and all relevant clinical
information

Summary of clinical experience with DCCR

2014 Jun 04 0028 Clinical Study PC025 Protocol Amendment 1

2015 May 06 0029 General correspondence - post-meeting letter PIND 125634
2015 Jul 28 0030 Annual Report

2015 Aug 11 0031 Clinical Study PC025 Protocol Amendment 4

2017 Jul 12 0032 Notification of Change of Sponsor

Notification of Change of Sponsor’s Authorized Representative

2017 Oct 25 0033 Annual Progress Report
Reporting Period: 25 July 2015 through 22 August 2017

2018 Mar 20 0034 Study PC025 Final Draft Clinical Study Report

Datasets and programs used to prepare the tables, figures, and
listings
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Exhibit 16
IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
13 Jan 2015 Correspondence: PMadara/ Discussion to identify best path forward for
Telecon NCowen the PWS program — new IND or convert
Summary IND 73,179 to PWS.

04 Feb 2015 Submission PIND Meeting Request (PIND 125634)

12 Feb 2015 Correspondence From FDA PIND number assignment (PIND 125634)

23 Feb 2015 Correspondence From FDA PIND Meeting granted. (PIND 125634)

02 Mar 2015 Submission PIND meeting briefing document (PIND
125634)

30 Apr 2015 Submission Request for PIND meeting minutes and
summary of Essentialis’ understanding of
agreements and commitments from PIND
meeting. (PIND 125634)

07 May 2015 Correspondence From FDA PIND meeting minutes (PIND 125634)

10 Oct 2016 Submission 0000 Original IND

18 Oct 2016 Letter From FDA IND Acknowledgement letter

07 Nov 2016 | Correspondence: | NCowen/PMadara | Summary of CMC information requested

Telecon during IND review.
Summary
07 Nov 2016 Submission 0001 Response to FDA request for Information
Information Amendment: CMC
18 Nov 2016 Letter From FDA Additional information request after
completing review of original IND
submission (clinical, non-clinical, CMC).

09 Mar 2017 Submission 0002 Notification of Change in Sponsor,
Sponsor’s Authorized Representative

13 Mar 2017 Submission 0003 Meeting Request: Request for Type C
Meeting, PWS

05 Apr 2017 Letter From FDA Meeting Request Granted

21 Apr 2017 Submission 0004 Meeting Briefing Information; includes
C601 Protocol Synopsis

08 May 2017 Submission 0005 Response to FD A Request for Information
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Exhibit 16

IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
16 May 2017 Submission 0006 Errata Sheet for Meeting Briefing
Information
16 May 2017 Email MYoon / PHirano | Copy of errata sheet for meeting briefing
information
18 May 2017 Email MYoon /PHirano | Submission list of final list of Sponsor
attendees for 25" May 2017 meeting
19 May 2017 Email PHirano / MYoon | List of FDA attendees for 25% May 2017
meeting.
19 May 2017 Submission 0007 Response to FDA Request for Information —
Clinical Pharmacology / Cardiac Safety
22 May 2017 Submission 0008 Administrative Change / Company Name
02 Jun 2017 Submission 0009 Information Amendment: Pharmacology /
Toxicology
10 Jun 2017 Submission 0010 Information Amendment: Clinical
HQ-CT and supporting documentation
13 Jun 2017 Email Electronic Submission of Nonclinical Study
Reports (SPT-001 to SPT-008)
24 Jun 2017 Correspondence From FDA Meeting Minutes from a 25 May 2017
Meeting
25 Aug 2017 Submission 0011 Information Amendment: Pharmacology /
Toxicology Juvenile Toxicology Protocol
27 Sep 2017 Submission 0012 Information Amendment: Clinical
CSR Synopses for Studies PK001, PK00S,
PKO015, EC004, PC007, TR002
06 Oct 2017 Submission 0013 Information Amendment: Clinical
ECG Data and Request for TQT Study
Waiver
10 Oct 2017 Submission 0014 Meeting Request: Request for Type B
(EOP2) Meeting
16 Oct 2017 Voicemail M Yoon / Voicemail message inquiring about
PHirano submission status for serial numbers
0010, 0011, and 0013.
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Exhibit 16
IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
31 Oct 2017 Email M Yoon / Follow-up to 2017 Oct 16 voicemail request
PHirano for status update of submissions for HQ-
CT and juvenile tox protocol and
estimated review completion date for
TQT data / waiver request.
06 Nov 2017 Email M Yoon / Follow-up to 31 October 2017 email
PHirano requesting status update of submissions
for HQ-CT and juvenile tox protocol and
estimated review completion date for
TQT data / waiver request.
27 Nov 2017 Submission 0015 EOP2 (Clinical) Meeting Briefing
Information
28 Nov 2017 Email PHirano / MYoon | Request for ecopy of meeting briefing
MYoon / PHirano information; email copy of briefing
PHirano / MYoon @nformat.ion; receipt of ecopy of briefing
information.
11 Dec 2017 Submission 0016 First Annual Progress Report
12 Dec 2017 Email MYoon /PHirano | Tentative list of attendees at EOP2 meeting
12 Dec 2017 Email MYoon / PHirano | Follow-up to tentative list and prior
PHirano / MYoon submissions referenced in briefing
information
MYoon / PHi -
.oon 1rano Acknowledgement of submissions
PHirano / MYoon referenced. Request for ecopies of of
ECG data
Emailed ecopies of ECG data
Acknowledgement of receipt
22 Dec 2017 Submission 0017 PC025 Clinical Study Report
02 Jan 2018 Email PHirano / MYoon | Followup to question regarding timing for
preliminary comments
08 Jan 2018 Email PHirano / MYoon | Request for ecopy of PC025 draft cSR
16 Jan 2018 Correspondence From FDA Preliminary comments for EOP2 Meeting.
16 Jan 2018 Emails MYoon / PHirano | List of in-person vs remote meeting
PHirano / MYoon attendees.
MYoon / PHirano Notification qf winter vyeather advisory,
offer to switch meeting to teleconference.
Confirmation that planning for in-person
attended, but will change to
teleconference depending on weather.
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Exhibit 16

IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
17 Jan 2018 Email PHirano / MYoon | Request for electronic copy of PC025 CSR
MYoon /PHirano | Confirmation that the PDF of the draft report
was being compiled. Datasets had been
included in submission. Meeting follow-
up regarding additional anchors for HQ-
CT
22 Jan 2018 Email PHirano / MYoon | Confirmation of receipt of electronic copy of
PC025 CSR. Confirmation that request
for additional anchors for HQ-CT will be
forwarded to the review team.
10 Feb 2018 Submission 0018 Protocol Amendment: Change in Protocol.
C601, Amendment 1
Protocol Amendment: new Investigator
(JMiller)
Clinicaltrials.gov certification form 3674
Sponsor meeting summary from EOP2
clinical meeting.
14 Feb 2018 Correspondence From FDA Final EOP2 meeting minutes
15-16 Feb Email MYoon / PHirano | Follow-up to meeting minutes and
2018 PHirano / MYoon submission serial no. 0018
MYoon / PHirano Recommendation .to withdraw protocol from
IND and submit new version.
PHi /MY . . .
frano . oo Clarification that request for withdrawal
MYoon / PHirano would be done as an IND amendment
Confirmation that withdrawal would be done
via IND Amendment; request for an
electronic copy.
Confirmation that an ecopy of the protocol
would be provided
16 Feb 2018 Submission 0019 Request to Withdraw Protocol C601 dated
10 February 2018
from IND and Review
20 Feb 2018 Submission 0020 C601 Protocol Amendment 1: Change in
Protocol
21 Feb 2018 Email MYoon / PHirano | PDF copy of protocol
PHirano / MYoon | Notification that the revised protocol has
been sent to the review team
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Exhibit 16

IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description

6 Mar 2018 Submission 0021 1.14.4.1 Investigational Brochure
1.14.4.2 Investigational Product Labeling
3.2.S Drug Substance Information
3.2.P. Drug Product [DCCR]

3.2.P Drug Product [Placebo for DCCR]
16 Mar 2018 Submission 0022 Initial Pediatric Study Plan
19 Mar 2018 Email PHirano / MYoon | Request for electronic copies of submission
MYoon / PHirano serial no. 0021
PHirano / MYoon Email copies of submission 0021
Confirmation of receipt
27 April 2018 Submission 0023 3.2.P.5.4 Batch analysis section update to
include DCCR 75 mg tablet lots M10397
and M10492
31 May 2018 Submission 0024 Request for Fast Track Designation
14 June 2018 Email P Hirano /M C601 Protocol Amendment 1 Review
Yoon comments
15 June 2018 Email P Hirano /M iPSP review comments
Yoon
27 June 2018 Email MYoon / PHirano | Follow-up to 14 June Protocol Review
Comments. Request for discussion re: C-
SSRS

20 July 2018 Submission 0025 C601 Protocol Amendment 2, 19 July 2018

30 Jul 2018 Submission 0026 (€602 Protocol

07 Aug 2018 PHirano / HPatel | Request for IB to be submitted to the IND

and courtesy copy to Dr. Patel.

Courtesy copy of IB submitted in Serial No.
0021 provided via email. Request for
clarification if re-submission was
required.

15 Aug 2018 Correspondence | From FDA Grant Fast Track letter.

04 Sep 2018 Email PHirano /HPatel | Protocol comment for C602 protocol
received 31 Jul 2018 for more frequent
urinalysis to monitor for emergence of
diabetes / glucose intolerance.

13 Sep 2018 Submission 0027 PSP
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Exhibit 16
IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
24 Sep 2022 Email P Hirano / H Patel | Protocol comments on study C602 protocol
31 0ct 2018 Submission 0028 €601 New Investigator Information
(Abuzzahab, Bird, Chan, Miller, Salehi,
Schillaci, Shoemaker, Stevenson)
C601 SAP
(€602 New Investigator Information (Salehi)
€602 Certificate of Compliance
12 Nov 2018 Submission 0029 C601 Amendment 3
07 Dec 2018 Email P Hirano / H Patel | C602 comments re: protocol
10 Dec 2018 Submission 0030 274 APR
18-23 Dec Email HPatel / PHirano | Inquiring regarding SAP submission in serial
2018 PHirano / HPatel | 1VO- 0028.
Checking with statistical reviwers.
03 Jan 2019 Email P Hirano / H Patel | Comments re: C601 SAP
14 Mar 2019 Email P Hirano / H Patel | Comment re: C601 amendment 3 rlated to
home visits
22 Mar 2019 Submission 0031 IND Safety Report: Initial Written Report
22-25 Mar Email HPatel / PHirano | Email notification of IND safety report
2019 PHirano / HPatel submitted as 0031
Acknowledgement and notification of
clinical reviwer.
26 Apr 2019 Submission 0032 IND Safety Report: Follow-up Report
29 April 2019 Submission 0033 Protocol Amendment: C601 Amend 4
Information Amendment: Pharm/Tox
SPT009 (GLP hERG)
28 May 2019 Submission 0034 Protocol Amendment: C602 Amend 1
31 May 2019 Submission 0035 IND Safety Report: Follow-up Report
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Exhibit 16
IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
20 Jun 2019 Submission 0036 Protocol Amendment: C601 Amend 4a
C601 new/updated investigator info (New:
Angulo, Butler, Fleischman, Kimonis,
McCandless, Obrynba, Yanovski; revised:
Bird, Miller, Salehi, Schillaci, Stevenson)
€602 new/updated investigator info (New:
Angulo, Bird, Butler, Miller, Schillaci,
Shoemaker, Stevenson; revised: Salehi)
06 Sep 2019 Submission 0037 CMC amendment — add AMRI Grafton
15 Sep 2019 Correspondence From FDA Acknowledgement of change of address
27 Sep 2019 Submission 0038 €602 Amendment 2
10 Dec 2019 Submission 0039 Third Annual Progress Report
26 Dec 2019 Submission 0040 Request for Type B Meeting
Type B meeting request for EOP2 CMC
meeting
07 Jan 2020 Email HPatel / PHirano | Meeting request includes multidisciplinary
PHirano / HPatel questions. Can remove 2 questions and
meeting becomes a CMC meeting or keep in
and meeting becomes a general meeting
request.
Preference to include 1 question if it would
not incur a potential delay.
09-10 Jan 2020 Email PHirano / TBouice | Notification that CMC EOP2 meeting will be
granted.
Confirm availability for proposed meeting
date/time
09 — 10 Jan Email HPatel / PHirano | Request for confirmation that PGI question
2020 PHirano / HPatel | €30 remain a meeting topic.
Confirmed
15 Jan 2020 Correspondence From FDA Meeting Granted Letter
15 Jan 2020 Email PHirano / TBouic | Notification that CMC meecting package was
TBouic / PHirano | 4ue on 14% Jan. Request to submit ASAP.
PHirano / TBouic Notifi.cation briet}fling document would be
submitted on 16™ Jan.
Confirmed acceptability
16 Jan 2020 Submission 0041 EOP2 CMC Meeting Briefing Information
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Exhibit 16

IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
16-17 Jan 2020 Email TBouie / PHirano | Courtesy copy of EOP2 CMC meecting
PHirano / TBouic briefing information
Confirmation of receipt of hard copies.
26 Feb 2020 Email TBouie / PHirano | Notification of final list of meeting
PHirano / TBouic attendees; request for confirmation of
forthcoming preliminary comments.
Acknowledgment of final attendees.
Notification that prelim comments expected
to be sent on 27% Feb.
27 Feb 2020 Correspondence From FDA Preliminary meeting comments
02 Mar 2020 Email TBouie / PHirano | Confirmation that meeting will proceed as a
teleconference. ID of questions to be
discussed.
Meeting slides for meeting.
17 Apr 2020 Email TBouie / PHirano | Request for date meeting minutes should be
expected.
17 Apr 2020 Correspondence From FDA EOP2 CMC meeting minutes. Not able to
(via Email) send hard copy since everyone is working
rmotely.
20 Apr 2020 Submission 0042 C601 SAP, Version 3.0
Study C601 COVD-19 Contingency Plans
for US and UK
5 May 2020 Submission 0043 C601 SAP Version 3, Addendum
€602 Interim Analysis SAP, Version 1.0
CAS-SOL001-01 PWS Outcomes Sub-Study
to C601 and C602 — Protocol and SAP
€602 Contingency Plans for US and UK
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Exhibit 16
IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
4 June 2020 Submission 0044 New Investigator Information

C601: Barrett, Bridges, Das, Felner, Gevers,
Goldstone, Harwood, Holland, Kimonis,
Littlejohn, Mathew, Shaikh, Shea, Viskochil,
Wilding

(C602: Barrett, Bridges, Felner, Fleischman,
Gevers, Goldstone, Harwood, Holland,
Kimonis, Lah, Littlejohn, Mathew,
McCandless, Obrynba, Shaikh, Shea,
Viskochil, Wilding, Yanovski

Updated Investigator Information:

C601: Bridges, Goldstone, Littlejohn, Miller
(2), Shaikh, Viskochil, Yanovski

C602: Bridges, Shoemaker

19 Aug 2020 Submission 0045 Meeting Request: Request for Type C/ End
of Phase 3 meeting

21 Aug 2020 Email PHirano / ELee | Request for completion of clin pharm

Elce / PHirano | Stmmary table.
Confirmation that it will be submitted with
briefing document

26-27 Aug Email PHirano / Inquiring if meeting briefing document could
2020 LWilson be submitted by 28" Aug to support a 14™
LWilson/PHirano Oct meeting
PHirano / Reply that fhoonest timing for brig:fing doc .
LWilson would be 4™ Sep to support meeting on 21
Oct
Meeting rescheduled for 12t Nov, 10 AM
Eastern
31 Aug 2020 Correspondence From FDA Meeting Granted letter
23 Sep 2020 Submission 0046 EOP3 meeting briefing information
15 Oct 2020 Submission 0047 (€602 protocol amendment 3

Juvenile tox studyreport (SPT-010)

03 Nov 2020 Submission 0048 CMC Amendment
04 Nov 2020 Email LWilson / Questions regarding teleconference
PHirano

Responses to questions / dial-in information
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Exhibit 16

IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
05 Nov 2020 Correspondence From FDA Preliminary meeting comments.
05 Nov 2020 Email PHirano / Courtesy copy of prelim comments
Lwilson Request to discuss preliminary response to
LWilson/ question la.
PHirano
11 Nov 2020 Email PHirano / Slides to be presented at meeting and final
LWilson list of participants
12-13 Nov Email PHirano / Follow-up to meeting with regards to natural
2020 LWilson history studies.
LWilson/ Confirmation of receipt; acknowledgement
PHirano that comments will be shared with reviewers.
20 Nov 2020 Email PHirano / Sponsor’s meeting minutes by email to Dr.
LWilson Latrice Wilson and follow-up questions.
LWilson / Request to speak regarding follow-up
PHirano proposals
Due to workload, propose to follow-up via
email.
2 Dec 2020 Submission 0049 Sponsor’s meeting minutes.
10 Dec 2020 Correspondence From FDA Final meeting minutes
21 Dec 2020 Submission 0050 Meeting Request
28 Dec 2020 Correspondence From FDA Meeting request granted as WRO
18 Jan 2021 Submission 0051 Meeting briefing info
18 Feb 2021 Email LWilson/ Request for biometrics information regarding
PHirano meeting briefing info
26 Feb 2021 Email LWilson / Response to biometrics information request
PHirano related to meeting request.
26 Feb 2021 Submission 0052 Meeting request for Type C CP Meeting
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Exhibit 16

IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
01-10 Mar Email PHirano / Confirmation of receipt of IR response and
2021 LWilson request to submit to IND.
LWilson/ Clarification request regarding Type C CP
PHirano meeting request.
PHirano / Clarification to CP meeting request
Lwilson Ackowledgement of clarification
LP\;III.ISOH/ Request to withdraw request for Type C
1rano meeting
11}\1;?10 / Confirmation that meeting request is
tison withdrawn.
04 Mar 2021 Submission 0053 Response to FDA request for information on
18 Feb 2021
Updated Investigator’s Brochure
New Protocol: C605
C605 New Investigator Information:
Bundrant (1572 and CV)
Pharm/Tox Report: Rpt SPT-011, rabbit
ventricular wedge
04 Mar 2021 Submission 0054 APR in DSUR format
05 Mar 2021 Correspondence From FDA Type C WRO minutes
15 Mar 2021 Submission 0055 Response to WRO Minutes
25 Mar 2021 Email PHirano / Request for clin pharm information
LWilson regarding C605
L Wilson/P Confirmation that responses will be
Hirano submitted.
9 Apr 2021 Submission 0056 Response to FDA Request for information
C605
4 May 2021 Submission 0057 C605 Protocol Amendment 1
New Investigator Information: Pak (1572
and CV)
25 May 2021 Submission 0058 C609 (C601/C602 and NIH NHS) Analysis
Plan
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Exhibit 16
IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
15-16 June Email LWilson and Courtesy copy of FPWR and PWSA-USA
2021 HPatel / PHirano | Joint Letter and Petition to FDA

P Hirano and Acknowledgement of letter; Request that
HPatel / LWilson | FPWR and PWSA-USA Joint Letter and
LWilson and Petition to FDA is submitted to the IND;

HPatel / PHirano | Confirmation that letter was submitted to the

P Hirano and IND.
HPatel / LWilson | Confirmation of receipt

15 June 2021 Submission 0059 FPWR and PWSA-USA Joint Letter and
Petition to FDA
17 June 2021 Submission 0060 C605 SAP, Version 1.0
21 June 2021 Submission 0061 (€602 SAP — Final draft
2 July 2021 Submission 0062 C610 (C601/C602 and PATH for PWS)
Analysis Plan
21 Jul 2021 Submission 0063 Information Amendment: CMC
Minor clarifications to DP specification, DP
IPC
6 Aug 2021 Submission 0064 Final SAPs for C602, C609, C610
20 Aug 2021 Correspondence From FDA Advice letter re: SAPs for C602, C609, and
C610
13-22 Sep Email LWilson and Followup to PIND (155838) mecting with
2021 AKamath / DDLO.
PHirano Confirmation that DP will be the primary
PHirano and review division with DDLO consult.
AKamath / Follow-up teleconference is recommended.
LWilson
LA\Yélsontzllln/d Acknowledgement of email. Notification of
ama delay in draft report submission
PHirano
4 Oct 2021 Submission 0065 Amended SAP for CAS-SOL001-01
Town Hall Summaries
21 Sep 2021 Submission 0066 Request for Trade Name Review
50ct 2021 Submission 0067 (€602 Protocol Amendment 4
12 Oct 2021 Submission 0068 Draft clinical study reports for studies C601,

€602, C609, C610
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IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
12 Oct 2021 Submission 0069 Meeting Request: Request for a Type C
Meeting
17 Oct 2021 Submission 0070 Draft Clinical Study Report for Study CAS-
SOL001-01
Meeting request replacement page 8
18 Oct 2021 Email PHirano / Request to provide information regarding
PBNguyen proposed packaging configurations for
proposed proprictary name
19 Oct 2021 Email PHirano / TTaylor | Introduction as new RPM. Notification that
TTaylor / PHirano meeting r;quest rece;ivgdz Request for
confirmation of availability.
Confirmation of availability for 21%* Dec
meeting
19 Oct 2021 Correspondence From FDA Meeting granted letter for Type ¢ meeting
20 Oct 2021 Email PHirano / TTaylor | Notification of potential rescheduling Type
3 th
TTaylor / PHirano C meeting to 19™ Jan.
Preference to keep 21* Dec meeting date.
21 Oct 2021 Submission 0071 Proprictary Name Review — Requested
Information
26 Oct 2021 Email TTaylor / PHirano | Request for clarification regarding briefing
PHirano / TTaylor document due date
PHirano / TTaylor Confirmation of briefing document due date
Acknowledgement of due date
1 Nov 2021 Submission 0072 Information Amendment — Clinical
Pharmacology — clinical pharmacology
summary table
3 Nov 2021 Submission 0073 Meeting Briefing Information for Type C
Meeting
17 Nov 2021 Email TTaylor / PHirano | Request for information regarding CAS-
PHirano / TTaylor SOL001-01 draft report.
Confirmation of receipt of IR.
13 Dec 2021 Submission 0074 Response to request for information

Docket No.: SLNO-034/04US 333072-2375
PTE Application for U.S. Pat. No. 9,757,384
VYKAT™ XR

Page 13 of 25

APOTEX_EX1022 PGR2026-00034 Page 370



Exhibit 16

IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
13-16 Dec Email TTaylor / PHirano | Notification of submission of response to IR.
2021 PHirano / TTaylor Offer to provide response by email.
Confirmation that response was received.
Expect preliminary meeting comments by 16
Dec.
14 Dec 2021 Submission 0075 DSUR (reporting period 10 Oct 2020-9 Oct
2021)
Investigator’s Brochure, Version 7, dated 13
December 2021
Information Amendment: CMC — updated
CMC information
16 Dec 2021 Correspondence From FDA Preliminary meeting comments for 21 Dec
2021 meeting.
16-21 Dec Email PHirano / TTaylor | Courtesy copy of preliminary meeting
2021 TTaylor / PHirano comments.
. Request to focus discussion on questions 2
PH TTayl ’
trano /TTaylor | 3 %4 Clarification if Dr Dunn would be
TTaylor/ PHirano | attending the meeting.
PHirano / TTaylor | Request for slides prior to meeting.
PHirano / TTaylor | Notification that Dr. Dunn or Buracchio will
attend the meeting.
Slides and final list of Soleno attendees.
Confirmation of receipt
List of FDA attendees.
05 Jan 2022 Email TTaylor / PHirano | Copy of Sponsor’s minutes
20 Jan 2022 Correspondence From FDA Meeting minutes
20 Jan 2022 Email PHirano / TTaylor | Courtesy copy of meeting minutes.
TTaylor / PHirano | Acknowledgment of receipt
28 Feb- 01 Email TTaylor / PHirano | Email re: upcoming meeting request and
Mar 2022 PHirano / TTaylor urgency of timing,
. Notification that meeting would be
TTaylor / PH
aylor frano scheduled based on request.
PHirano / TTaylor . .
Request for clarity on meeting type
Confirmation that Type C meeting is
appropriate
03 Mar 2022 Submission 0076 Meeting Request — Type C Meeting
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IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
09 — 10 Mar Email PHirano / TTaylor | Request to confirm availability for meeting
oA
2022 TTaylor / PHirano on 27 April
PHirano / TTaylor Confirmation that meeting date/time is
acceptable.
TTaylor / PHi
2.1y or/ PHirano Notification that review team members not
PHirano / TTaylor | available on 27 April
TTaylor/ PHirano | Acknowledgment of meeting date change
Request to confirm availability for meeting
on 11" May
Confirmation that meeting date/time
acceptable
10 Mar 2022 Correspondence From FDA Meeting granted
14 Mar 2022 Email PHirano / TTaylor | Request for tentative list of Soleno attendees
0 .
TTaylor / PHirano at 11% May meeting
PHirano / TTaylor Tentative list provided.
Acknowledgement of receipt.
21 Mar 2022 Submission 0077 Meeting Briefing Information; Meeting
Correspondence
Protocol Amendment: Change in Protocol
Information Amendment: Clinical
Pharmacology
21 Apr 2022 Email PHirano / TTaylor | Request for tracked changes version of
TTaylor / PHirano protocol
Acknowledgement of request
25 Apr 2022 Email TTaylor / PHirano | Tracked changes version of protocol
PHirano / TTaylor | Confirmation of receipt.
10 May 2022 Email TTaylor / PHirano | Copy of meeting slides
13 May 2022 Email TTaylor / PHirano | Meeting follow-up.
19 May 2022 Email TTaylor / PHirano | Meeting follow-up.
20-24 May Email TTaylor / PHirano | Sponsor meeting summary and informed
2022 PHirano / TTaylor consent form with language discussed at
meeting.
Confirmation of receipt
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Exhibit 16
IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
20 May 2022 Email Email to TTaylor Meeting follow-up — copy
of Soleno meeting minutes; copy of
informed consent for review
23 May 2022 Submission 0078 Correspondence regarding meeting — Soleno
meeting minutes
Protocol amendment — ICF for PAS for
review
27 - 31 May Email PHirano / TTaylor | Request formal submission of C602
2022 TTaylor / PHirano amendment to IND as protocol change
Confirmation that this was submitted as a
formal protocol change.
1 June 2022 Email Courtesy copy of GST justification
2 June 2022 Submission 0079 Information Amendment — Clinical /
Statistical -- Submission of GST justification
9 Jun 2022 Correspondence From FDA Meeting minutes
9-10 Jun 2022 Emails PHirano / TTaylor | Email to TTaylor re: meeting minute
TTaylor / PHirano OISSION.
Email from TTaylor confirming receipt of
email
23 Jun 2022 Email PHirano / TTaylor | Information request re: C602 PAS and ICF
TTaylor / PHirano | Acknowledgement of receipt. Request for
PHirano / TTaylor clarification of submission of redlines.
PHirano / TTaylor Clarification of submission.
TTaylor / PHirano Claﬁfication of §ubmission with an
additional question.
27 Jun 2022 Submission 0080 FDA request for information:
€602 amendment 5 — redline
(€602 patient information / informed consent
form -- redline
27 Jun 2022 Submission 0081 Request for Deferral and Waivers for
Carcinogenicity Studies
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Exhibit 16
IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
15-22 Jul 2022 Email TTaylor / PHirano | Inquiry if comments on PIS/ICF expected.
PHirano / TTaylor | Notification that PIS/ICF still under review
TTaylor / PHirano | Re-iteration of urgency of reviews.
PHirano / TTaylor | Confirmation of understanding time
PHi constraints; continue to work diligently on
TTaylor / PHirano PIS/ICF
PHi / TTayl o
frano aylor Request for clarification on RWP comment
TTaylor / PHirano | timing.
Confirmation that both expected together.
Confirming receipt.
05-10 Aug Email TTaylor / PHirano | Request for info re: potential polygenic risk
2022 . score meeting and status clarification for
PH TTayl
irano /TTaylor | o wp/pIS/ICF
Advice letter by 18™ Aug; premature to
discuss polygenic risk score
18 Aug 2022 Correspondence From FDA Advice Letter re: C602 RWP; GST
19-23 Aug Email TTaylor / PHirano | Response to 18 Aug 2022 advice letter
2022 PHirano / TTaylor | Acknowledgment of email
TTaylor / PHirano | Offer for a call
30 Aug 2022 Submission 0082 €602 protocol amendment 6
€602 patient information / sample informed
consent form
Clean and track changes copies
28 Oct 2022 Correspondence From FDA Advice letter re: C602 protocol amendment
6.
31 Oct 2022 Email PHirano / TTaylor | Statistical comments re: C602 protocol
amendment 6
14 Nov 2022 Submission 0083 €602 protocol amendment 7 with tracked
changes
Response to advice letter dated 28 October
2022 and statistical comments dated 31
October 2022
Guide for the Completion of the Clinical
Global Impression Scales
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Exhibit 16

IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
9 Dec 2022 Submission 0084 Protocol amendment: New protocol
Protocol C614
15 Dec 2022 Submission 0085 DSUR + IB version 8.0; CMC information
update; new investigator info
16 Dec 2022 Submission 0086 Type C meeting request: CMC
23 Dec 2022 Submission 0087 New investigator information; revised
investigator information; statistical analysis
plan for C602; response to statistical
comments
7 Feb 2023 Submission 0088 RPT-MG-010
C614, Protocol Amendment 1
New Investigator Information; Revised
Investigator Information
09 Feb 2023 Email TTaylor and Follow-up on Type C meeting to discuss
TBouie / PHirano | CMC related questions and one question for
PHirano and joint CMC and Clin Pharm questions.
TTaylor / TBouie | Meeting will be granted be need to be
scheduled.
16-17 Feb Emails PHirano / TBouie | Availability for meeting on 27 Mar 2023;
2023 TBouie / PHirano timing of briefing document
PHirano / TBouic anﬁrmation of availability / timing of
briefing document,
TBouie /PHi ) .
oute Hramno Confirmation of proposed dates acceptable
PHirano / TBouie e .
Request for clarification if meeting granted
letter to be provided.
Confirmation that meeting granted letter to
be provided
17 Feb 2023 Email TBouie /PHirano | Courtesy copy of CMC meeting briefing
document to RPM
21 Feb 2023 Correspondence From FDA Meeting granted letter
21 Feb 2023 Submission 0089 CMC meeting briefing document
22 Mar 2023 Correspondence From FDA Preliminary meeting comments
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Exhibit 16
IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
22-23 Mar Email TBouie /PHirano | Confirmation to continue meeting;
2023 PHirano / TBouic identification of questions for discussion.
Confirmation of receipt
23-27 Mar Email TBouie /PHirano | Meeting slides and list of attendees
2023 PHirano / TBouie | Acknowledgment of receipt.
TBouie /PHirano | Corrected slide deck
PHirano / Tbouie | Acknowledgement of receipt
PHirano / TBouie | Notification that DS reviewer has a conflict
TBouic / PHirano | &t the beginning of the meeting; request to
begin with DP
Notification that one attendee will not be
able to attend due to jury duty
24 May 2023 Submission 0090 TQT waiver
24 May 2023 Email PHirano / TTaylor | Request for information regarding C614;
TTaylor / PHirano recommendation for episodic on-site visits
31 May 2023 Submission 0091 Response to FDA Request for Information
regarding C614
31 May 2023 Submission 0092 C602 RWP: New and Revised Investigator
Information
(€602 OLE: Revised Investigator Information
C614: Form FDA 3674
Information Amendment: Clinical — C614
Label Text and C614 Protocol Clarification
Letter
16 Jun 2023 Email PHirano / TTaylor | No additional studies needed to evaluate
TTaylor / PHirano QT/QTec interval for diazoxide choline.
Confirmation of receipt. Request for
clarification if this is the only notification or
if a separate letter will be provided.
Confirmation that email is only
communication.
Acknowledgment of confirmation.
22 Jun 2023 Submission 0093 (€614 New Investigator Information
14 July 2023 Submission 0094 SAP version 1; response to emailed
statistical questions
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IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
8 Aug 2023 Submission 0095 Type C Meeting Request -Clinical Pharm /
Biopharm
9 Aug 2023 Submission 0096 Errata Sheet for C602 RW Period SAP
version 1.0 submitted in SN0O094
14 Aug 2023 Submission 0097 Request for SPA: Carc Study, includes draft
protocol PRT-PT-003
15 Aug 2023 Correspondence From FDA Meeting Granted / WRO — clin pharm /
biopharm
15 Aug 2023 Email PHirano / TTaylor | Request to complete clin pharm summary
table and submit to IND as a separate pdf.
16 Aug 2023 Email PHirano / TTaylor | Request to resubmit carc study waiver
request including weight of evidence
assessment.
28 Aug 2023 Submission 0098 Information Amendment: Clin Pharm /
Biopharm (CMC)
(€614 New Investigator Information
5 Sep 2023 Submission 0099 Type C Meeting Background Materials
(WRO)
Information Amendment: Clin Pharm -
updated Clinical Pharmacology Summary
Table
15 Sep 2023 Email PHirano / TTaylor | C602 RWP SAP comments
TTaylor / PHirano | Acknowledgement of receipt. Notification to
PHirano / TTaylor clarify half-life of diazoxide in patients with
PWS.
Confirmation of receipt
2 Oct 2023 Submission 0100 Request for Type B Pre-NDA Meetings:
Clinical, Nonclinical and CMC
6-13 Oct 2023 Email TTaylor / PHirano | Working on scheduling meeting; confirm
PHirano / Ttaylor availability for 30" Nov 2023 meeting
TTaylor / PHirano Confirming availability
PHirano / TTaylor Schegluling coﬂrllﬂict means rescheduling
meeting to 17" Jan
Confirming availability
Clarification of meeting time
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IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
13 Oct 2023 Email PHirano / TBouic | Type B CMC meeting to be granted
13 Oct 2023 Correspondence From FDA Meeting Granted letter
20 Oct 2023 Correspondence From FDA Clin Pharm Type C WRO responses
31 0Oct 2023 Submission 0101 Type B Pre-NDA (CMC) Meeting
Background Materials
14 Nov 2023 Submission 0102 €602 RWP Revised Investigator Information
(€614 New Investigator Information
20 Nov 2023 Correspondence From FDA Preliminary comments — pre-NDA CMC
meeting
20-24 Nov Email PHirano / TBouic | Courtesy copy of preliminary comments
2023 TBouie / PHirano | Confirmation that meeting will proceed;
PHirano / TBouic focus on DP question 2
Acknowledgment
28-29 Nov Email TBouie / PHirano | Meeting slides and list of attendecs
2023 PHirano / TBouie | Confirmation of receipt
28 Nov 2023 Submission 0103 Request for Clarification to a Type C WRO
for Clin Pharm
30 Nov 2023 Submission 0104 Request for a Full Waiver of Carc Studies
04 Dec 2023 Email TTaylor / PHirano | Request to confirm that briefing document
can be submitted on 18 Dec since 17% Dec
is a Sunday.
05 Dec 2023 Submission 0105 New Protocol: C617; Form FDA 1572 and
cv
06 Dec 2023 Submission 0106 Information Amendment: Clinical — C614
Case Report
08-19 Dec Email PHirano / TTaylor | Responses to clarifications requested in 28
2023 TTaylor / PHirano Nov 2023 submission
PHirano / TTaylor Request for clarification of responses
PHirano / TTaylor Con.fi.rmqtion of receipt of request additional
clarifications
TTaylor / PHirano

Responses to request for additional
clarifications

Confirmation of receipt; notification that
protocol was submitted.
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IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
11 Dec 2023 Submission 0107 DSUR (for reporting period 10 Oct 2022 — 9
October 2023)
12 Dec 2023 Submission 0108 Investigator’s Brochure, Version 9.0 (dated
11 Dec 2023)
14 Dec 2023 Submission 0109 Information Amendment: CMC — update
CMC information
15 Dec 2023 Submission 0110 Updated clin pharm summary table
18 Dec 2023 Submission 0111 Pre-NDA Meeting Briefing Document for 17
Jan 2024 meeting
28 Dec 2023 Email PHirano / TTaylor | Information request in follow-up to safety
TTaylor / PHirano event.
Confirmation of receipt of IR
28 Dec 2023 Submission 0112 New Protocol: C618
04 Jan 2024 Submission 0113 Information Amendment: Response to FDA
Request for Information regarding C614
SAE
04-08 Jan 2024 Email PHirano / TTaylor | Comments regarding Protocol C617
TTaylor / Phirano | Acknowledgement of receipt. Confirming
PHirano / TTaylor question 1; applicability of comments for
protocol C618
Confirmation of receipt
12 Jan 2024 Submission 0114 Protocol Amendment: C617 Amendment 2
(€618 New Investigator Information
C614 Revised Investigator Information
13 Jan 2024 Email TTaylor / PHirano | Clinical and COA comments re: C602 PA7
13 Jan 2024 Correspondence From FDA Preliminary Comments
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IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
16 Jan 2024 Email TTaylor / PHirano | Responses are complete; since milestone
PHi Ttavl meeting, if Agency believes Sponsor wquld
.1rano / Ttaylor benefit from the meeting, then proceed; if
PHirano / TTaylor | not, then meeting cancelled and preliminary
TTaylor / PHirano | comments become final.
Acknowledgement of receipt; waiting to hear
from Division Management
Confirmation from Division management
that meeting can be cancelled. Confirmation
that meeting date was scheduled from 17 Jan
2024, not 2023.
Confirmation
17 Jan 2024 Correspondence From FDA Meeting Cancelled Letter
2 Feb 2024 Submission 0115 (€618 Protocol Amendment 1
15-16 Feb Email TTaylor / PHirano | Follow-up to carcinogenicity study waiver
2024 PHirano / TTaylor request resubmission.
PHirano / TTaylor Currept .timeline is 3-5 mos from date of
submission.
TTaylor / PHi
aylor / PHirano ECAC confirmed submission still under
review
Acknowledging updates
Confirmed
23 Feb 2024 Submission 0116 Request for Breakthrough Therapy
Designation
23 Feb 2024 Submission 0117 Request for SPA: Carc Study Protocol,
includes draft protocol PRT-PT-005
27 Feb 2024 Correspondence From FDA Acknowledgement of breakthrough
designation request
14 Mar 2024 Submission 0118 Revised Investigator Information for Studies
C614, C617, Co18
05 Apr 2024 Submission 0119 Request for Waiver for Gastric pH-Adjusting
Drug Interaction Study
08 Apr 2024 Correspondence From FDA Exec CAC comments regarding SPA
(Fax) submission.
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IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
10 Apr 2024 Submission 0120 Request for Waiver in Patients with Renal
Impairment
Request for Deferral in Patients with Hepatic
Impairment
10 Apr 2024 Email PHirano / TTaylor | Request for completion of clinical
pharmacology summary table
10 Apr 2024 Email RAziz and Request for telecon to clarity dosing related
TTaylor / PHirano | questions based on ECAC comments
17 Apr 2024 Submission 0121 Change in Protocol — C614 Amendment 2
(clean and redlined)
Revised investigator Information — C618
Clinical Pharmacology Summary Table
18-23 Apr Email PHirano / TTaylor | 6-mo carc study necessary, but can be
2024 TTaylor / PHirano deferred to post-approval
PHirano / TTaylor Reqqest for glarification re: 24-mo
carcinogenicity study
TTaylor / PHi . . o .
aylor frano Weight of evidence submission being
reviewed.
Confirming receipt
26 April 2024 | Correspondence From FDA Breakthrough designation granted
26 Apr 2024 Submission 0122 New Protocol: Expanded Access Program
Treatment Protocol EAP-001
1 May 2024 Submission 0123 Investigator’s Brochure, version 10, dated
25 April 2024
7 May 2024 Submission 0124 Investigator’s Brochure, version 10, dated
25 April 2024 (redlined)
22 May 2024 Email PHirano / TTaylor | Request for clarifications regarding EAP /
TTaylor / PHirano potential hold comments
PHirano / TTaylor Response to comment
TTaylor / PHirano Request to submit request to withdraw EAP
protocol
Confirmed
23 May 2024 Submission 0125 Withdrawal of Protocol EAP-001 (originally
submitted 25 Apr 2024, SN0122)
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IND 132,498

Regulatory Log
To/From
Date Type or Serial No. Description
10-12 Jun Email PHirano / TTaylor | Notification that ECAC agreed that based on
2024 TTaylor / PHirano WOoE, 2-year rat carc study would not add

value to the overall assessment of carc
PHirano / TTaylor | potential. Agency still considers 6-mo mouse
carc study and can be conducted post
approval

Confirmation of receipt. Reiteration that 6-
mo study will be conducted once an
additional dose range finding study can be
conducted.

28 Jun 2024 Submission 0126 (€614 Revised Investigator Information
Withdrawal of Proprictary Name

02 Aug 2024 Submission 0127 Information Amendment: Clinical - C614
Case Report

22 Aug 2024 Submission 0128 Investigator’s Brochure, version 11, dated
20 August 2024 (clean and tracked changes
versions)

25 Nov 2024 Submission 0129 Investigator’s Brochure, version 12 (clean

and tracked changes versions)

06 Dec 2024 Submission 0130 Development Safety Update Report

06 Jan 2025 Submission 0131 CMC amendment: updated to include
additional information regarding CMC
information that are applicable for
forthcoming batches of drug substance and
drug product that may be used in nonclinical
and/or clinical studies conducted under this
IND. Information that is no longer relevant
to clinical trial batches to be manufactured
have been removed.

(€614 New investigator information (Zaman
[supercedes Holland] and Kim [ supercedes
Salehi])

C614 Revised investigator information
(Megjia-Corletto)

20 March 2025 Submission 0132 Information Amendment:
Pharmacology/Toxicology — 28-day dose-
range finding study (31977982 / RPT-PT-
031) and SEND datasets
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Exhibit 17

NDA Communication Log
NDA 216665
e Date Format: YYYY-MM-DD
Type / Serial
Date No. From / To Description
2024-06-27 Submission Soleno / FDA (DP) | Original NDA Submission
00001
2024-07-08 | Correspondence | From FDA NDA acknowledgement letter
/ Letter
2024-07-12 | Correspondence | TTaylor / PHirano | Information Request: Regulatory
/ Email Request to withdraw request for Pediatric Exclusivity
determination since no written request from FDA
received.
2024-07-15 Serial No. Submission Response to 2024-07-12 Information Request:
00002 Regulatory
1.9.3, withdrawal of request for pediatric exclusivity
determination
2024-07-15 | Correspondence | TBouie / PHirano Information Request: CMC
/ Email Request for executed batch records, including
packaging records, for 3 lots each of 25 mg, 75 mg, and
150 mg tablets
2024-07-15 Call (VM) PHirano / TTaylor | Left voice mail to offer an application orientation
meeting
2024-07-16 | Correspondence | TTaylor / PHirano | Email acknowledging 2024-07-15 voicemail and note
/ Email that this will be discussed with the review team and
management.

2024-07-17 | Correspondence | TTaylor/ PHirano | Information Request: Regulatory

/ Email Request for each efficacy study, provide list of IND
submissions for protocols, SAPs, amendments, and
relevant meetings.

2024-07-17 Serial No. Submission Response to CMC IR dated 2014-07-15
00003 Requested executed manufacturing and packaging batch
records

2024-07-18 | Correspondence | TTaylor / PHirano | Information Request: Labeling, Clinical

/ Email Request for review and summary of available clinical
data to support content of Pregnancy, Lactation, and
Females and Males of Reproductive Potential
subsections of labeling
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NDA Communication Log
NDA 216665
Type / Serial
Date No. From / To Description
2024-07-22 Serial No. Submission Response to 2024-07-17 Information Request: Clinical
00004

1.11.3, Tabular summary of IND submissions with
serial numbers and submission dates for protocols,
SAPs, amendments, and any relevant meetings for
efficacy studies in application (C602-RWP, C610,
C601, C609, PC025), C602-OLE, CAS-SOL-001-01

2024-07-24 | Correspondence | TBouie / PHirano Information Request: Biopharmaceutics

/ Email Request to reinvestigate discriminatory power of

proposed dissolution method.
Request to provide supportive information regarding
proposed ER claim

2024-07-25 | Correspondence | TTaylor / PHirano | Information Request: Clinical Pharmacology

/ Email Clarify nonclinical safety information for LD on which
Sponsor is relying; request for PK simulation of divided
dose of LD vs single dose of DCCR

2024-07-30 | Correspondence | TTaylor / PHirano | Information Request: Nonclinical

/ Email Safety information to support maximum level of a
polyox in children down to age 4 years
2024-08-05 Serial No. Submission Response to 2024-07-30 Information Request:
00005 Nonclinical

1.11.2, Summary of safety information regarding
polyox in children as young as 4 years

2024-08-06 | Correspondence | TTaylor/ PHirano | Information Request: Clinical (COA)

/ Email Request for COA reviewers guide for HQ-CT and
PWSP; clarify how each COA is administered, scored,
and used; clarify if same caregiver reported all
timepoints and location in submission

2024-08-08 | Correspondence | ASohn/PHirano Information Request: CMC Request for 6-mo
/ Email and TTaylor stability data

Swallowability study with simulated saliva; analytical
procedure requests associated with content uniformity;
HPLC suitability parameters; justification of sum of the
peak area responses of all peaks; add expiry info of
standard and sample solutions; HPLC assay validation
data for linearity; concentration, number of replicates;
supporting information for drug product formulation
experiments; tables for forced degradation studies,
content uniformity, disso method
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NDA Communication Log
NDA 216665

Date

Type / Serial
No.

From / To Description

2024-08-08

Serial No.
00006

Submission Response to 2024-07-25 Information Request: Clinical

Pharmacology
1.11.4, Tabular summary of LD information to be relied

on; PK simulations for DCCR 150 mg vs equivalent
dose of LD as divided dose (3/day)

2024-08-08-
13

Correspondence
/ Email

PHirano / ASohn,
TTaylor, and
JKalsi

Request for clarification to 2024-08-08 CMC IR - offer
to submit 6-month stability data before responses to
other IRs would be available; clarification for
preference for stability data submission; request for
clarification re: CU for 75 mg and 150 mg since drug
loading is above 25%

TBouie / PHirano,

Submit stability data as soon as possible; clarification
TTaylor, JKalsi

for rationale for CU data request

2024-08-12

Correspondence
/ Email

TTaylor / PHirano | Information Request: Clinical/Stat

Clarify MedDRA version of ADaM Datasets; which
datasets used to generate AE tables, updated adac.xpt
file that includes AELLT and AEHLT variables

2024-08-13

Correspondence
/ Email

JKalsi / PHirano,
TTaylor, PSingh

Information Request: Clin pharm / Stat

All PBPK dataset and modeling files or ID location in
submission

2024-08-14

Serial No.
00007

Submission Response to 2024-08-06 Information Request: Clinical

1.2 (COA reviewers guide); 1.11.3 tabular summaries of
location of validity, reliability, sensitivity,
interpretability of HQ-CT and PWSP; information on
how each was administered, scored, used to support
efficacy; 5.3.5.1 training materials to support how each
was administered/scored.

2024-08-15

Correspondence
/ Email

JKalsi / PHirano,
TTaylor, PSingh

Information Request: Clinical — submit table for each
phase 3 study that includes list of delegated
responsibilities, locations of study related
documentation; resubmit BIMO line listings; describe
how HQ-CT data were collected; ID primary source of
raw data for key endpoints; sample copy of DXA report

2024-08-19

Serial No.
00008

Response to 2024-08-12 Information Request:
Clinical/Stat

1.11.3, Clarifications for MedDRA version of ADaM
Datasets; which datasets used to generate AE tables,
updated adae.xpt file that includes

Submission

2024-08-19

Serial No.
00009

Submission Response to 2024-08-13 Information Request: Clinical

1.11.3 PBPK dataset and modeling files directory
aligning file name referenced in report with finale name
in submission; summary of model risk characterization
and model validation plan for PBPK report SOL/1/B.
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Exhibit 17

NDA Communication Log
NDA 216665
Type / Serial
Date No. From / To Description
2024-08-20 Serial No. Submission Partial Response to 2024-08-08 Information Request:
00010 CMC
6-month data provided in advance of remainder of IR.
2024-08-21 | Correspondence | PSingh / PHirano, | Information request: Clinical
/ Email TTaylor Clarify same birthdates of UK patients
2024-08-21 Serial No. Submission Response to 2024-08-15 Information Request —
00011 Clinical/BIMO
Information regarding CRO’s, delegated authority,
locations of study documents
Request for updated BIMO files for C601 and C602-
RWP.
2024-08-21 Serial No. Submission Response to 2024-07-18 Information Request —
00012 Labeling / Clinical
Revised draft label with language added consistent with
PLLR; associated literature review and review of
relevant PV cases
2024-08-27 | Correspondence | TFarchione / Priority Review Designation
/ Letter Soleno Application sufficiently complete to permit a
substantive review; user fee goal date.
2024-08-28 Serial No. Submission Response to 2024-08-28 Information Request: Clinical
00013 Clarification request for UK birthdates since all have
1 July as date. Was required to conform to GDPR/data
privacy rules in UK/Europe (pre-Brexit)
2024-08-29 | Correspondence | TTaylor/ PHirano | Information Request: Clin Pharm
/ Email Provide Vss values / additional information regarding
PBPK report
2024-09-03 | Correspondence | LTBonner / Memorandum notifying Soleno of tentatively scheduled
/Memorandum | PHirano, YWaples | Psychopharm Drugs Advisory Committee meeting
2024-09-05 | Correspondence | TTaylor/ PHirano | Information request: Clinical
/ Email Clarify if CAS-SOL001-01 caregivers remained blinded
to C601 assignment when interviewed for
meaningfulness of change
2024-09-06 | Correspondence | TFarchione / Filing Communication / Filing issues identified
/ Letter Soleno Review classification is Priority
User fee goal date
2024-09-06 | Correspondence | TTaylor / PHirano | Information request: Stat
/ Email Submit all stat programs for tables included in C602-
RWP production run tables. If already submitted,
specify location within NDA
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Exhibit 17

NDA Communication Log
NDA 216665
Type / Serial
Date No. From / To Description
2024-09-06 | Correspondence | TTaylor/ PHirano | Information request: Clinical / Stat
/ Email C602-OLE-CSR update body composition figures to
show C601+C602 data over time by age group and by
C601 randomized treatment group; similar figures for
waist circumference and height change; complete table
for RWP. For C601 justify ITT population vs mITT
population; request for RWP forest plots by BMI
categories; characterize food controls in OLE vs NIH
NHS
2024-09-06 | Correspondence | TTaylor/ PHirano | Information Request: Clinical / Stat:
/ Email Justification for applicability of foreign data
2024-09-08 Serial No. Submission Response to IR Request dated 2024-09-05 — Clinical
00014 Clarification if CAS-SOL001-01 caregivers in C602
remained blinded to C601 treatment assignment.
2024-09-10 Serial No. Submission Response to IR Request dated 2024-09-05 — Clinical
00015 Clarification if CAS-SOL001-01 caregivers in C602
remained blinded to C601 treatment assignment.
2024-09-12 | Correspondence | TTaylor/ PHirano | Information request: Clinical / Stat
/ Email Executable SAS codes and indicate datasets for specific
OLE tablets.
2024-09-16 | Correspondence | TBouie / PHirano Information request: Biopharm
/ Email New dissolution data from debossed and non-debossed
2024-09-19 Serial No. Submission Response to 2024-08-29 Information Request — Clinical
00016 PBPK/SOL/1/B report related questions regarding Vss,
CL value estimation, % renal excretion, Fu,mic value in
liver microsomes, estimated fmCYP1A2 and variability
2024-09-18 Serial No. Submission Response to 2024-09-06 Information Request — Clinical
00017 C602-OLE CSR - body composition figures and height
by age groupings; forest plots of weight and BMI
changes for C602-RWP subgroups; characterize food
controls for C602-OLE
2024-09-19 | Correspondence | TBouie / PHirano Information Request: CMC
/ Email Question re: 32P41, 21P54, 32P83, 32P22
2024-09-19 Serial No. Submission Response to 2024-09-12 Information Request — Clinical
00018 SAS code and datasets for OLE tables 35-37 and table
16.
2024-09-20 Serial No. Submission Response to 2024-07-24 Information Request —
00019 Biopharm
Reevaluate discriminatory power of method;
justification for extended-release claim
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Exhibit 17

NDA Communication Log
NDA 216665
Type / Serial
Date No. From / To Description
2024-09-24 | Correspondence | TBouie / PHirano Information Request: CMC
/ Email 32P22 and DP IPCs
2024-09-27 | Correspondence | TTaylor / PHirano | Information Request: Labeling
/ Email Request for carton labels
2024-09-27- | Correspondence | PHirano / TTaylor | Follow-up to telephone call on 27 Sep. Request for
30 / Email information regarding rejection of PPN.
TTaylor / PHirano | Copy of PNR Unacceptable letter
Letter MMistry / Soleno | 25 Sep 2024 letter noting similarity of Kabrey to
Qelbree as the primary reason Kabrey concluded to be
unacceptable
2024-09-30 | Serial No. Submission Response to 2024-09-06 Information Request — Clinical
00020 Justification for applicability of submitted foreign data
to US population.
2024-09-30 Serial No. Submission Response to 2024-08-08 Information Request — CMC
00021 Swallowability study information; analytical procedure
requests associated with content uniformity; HPLC
suitability parameters; justification of sum of the peak
area responses of all peaks; add expiry info of standard
and sample solutions; HPLC assay validation data for
linearity; concentration, number of replicates;
supporting information for drug product formulation
experiments; tables for forced degradation studies,
content uniformity, disso method
6-mo stability data provided previously.(Serial No.
00010)
2024-10-01 | Correspondence | TTaylor / PHirano | Information Request: Clinical / Clin Pharm / Stat
/ Email Request for assays used / validation for cardiometabolic
markers; evaluate AUC vs safety events ; submit all
datasets/programs
2024-10-01 Serial No. Submission Request for Proprictary Name Review
00022
2024-10-02 | Correspondence | TTaylor/ PHirano | Information Request: Clinical / Stat
/ Email ADaM datasets and stat programs for C-SSRS data as
requested.
2024-10-02 | Correspondence | TBouie / PHirano Information Request: CMC
/ Email Test available batches for content uniformity and submit
data
2024-10-02 Serial No. Submission Response to 2024-09-27 information request — carton
00023 labeling
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NDA 216665
Type / Serial
Date No. From / To Description
2024-10-03 | Correspondence | TTaylor/ PHirano | Information Request: Clinical / Stat
/ Email COA Administration; CAS-SOL001-01 demographics
and updated tables; summarize linguistic validation and
cultural adaptation work to support use in study
2024-10-03 | Correspondence | TTaylor/ PHirano | Information Request: Clinical / Stat
/ Email Correlations between HQ-CT and CGI-S; Change from
baseline in HQ-CT and CGI-S non food related; anchor-
based meaningful change analysis; requests for
additional tables related to anchors/HQ-CT
2024-10-03 Serial No. Submission Response to 2024-09-16 information request —
00024 Biopharm
Newly generated dissolution data from Batches M12394
(25 mg) and M12396 (150 mg)
2024-10-07 Serial No. Submission Response to 2024-09-19 information request — CMC
00025
Opadry CoA with data; Batch analysis table ques
stability related questions.
2024-10-07 | Correspondence | TTaylor/ PHirano | Information Request: Clinical / Stat
/ Email Data collection process for PATH; subject disposition
tables for PATH and NIH NHS, clarify differences
between 2 C610 ADaM datasets; explanation for why
unstructured covariance not used for all mixed effects
models stated in SAP
2024-10-08 | Correspondence | TTaylor / PHirano | Information Request: Clin Pharm
/ Email Related to PBPK report — additional simulations
2024-10-08 | Correspondence | TBouie / PHirano Information Request: CMC
/ Email Clarification of units for high level linearity; provide
precision and intermediate precision data with placebo
spiked with diazoxide choline
2024-10-08 Serial No. Submission Response to 2024-09-24 Information Request: CMC
00026 32P22 and DP IPCs
2024-10-10 | Correspondence | TBouie / PHirano Information Request: CMC
/ Email Proposed dissolution specifications
2024-10-10 Serial No. Submission Response to 2024-10-03 Information Request: Clinical
00027 Correlations between HQ-CT and CGI-S; Change from
baseline in HQ-CT and CGI-S non food related; anchor-
based meaningful change analysis; requests for 2tables
related to anchors/HQ-CT
2024-10-11 Serial No. Submission Response to 2024-10-03 Information Request: Clinical
00028 ADaM datasets and stat programs for C-SSRS data
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NDA 216665
Type / Serial
Date No. From / To Description
2024-10-11 Serial No. Submission Response to 2024-10-03 Information Request: Clinical
00029 Correlations between HQ-CT and CGI-S; Change from
baseline in HQ-CT and CGI-S non food related; anchor-
based meaningful change analysis; requests for
additional tables related to anchors/HQ-CT
2024-10-15 | Correspondence | TBouie / PHirano Information Request: CMC
/ Email Moisture specification
2024-10-15 Serial No. Submission Response to 2024-10-01 Information Request — Clinical
00030 Pharmacology
Assays used / validation for cardiometabolic markers;
evaluate AUC vs safety events ; submit all
datasets/programs
2024-10-16 Serial No. Submission Response to 2024-10-08 Information Request — Clinical
00031 Related to PBPK report — additional simulations
2024-10-17 Serial No. Submission Response to 2024-10-10 Information Request — CMC
00032 Proposed dissolution specifications
2024-10-21 Serial No. Submission Response to 2024-10-02 Information Request — CMC
0033 Content uniformity data for available batches of 75 mg
and 150 mg tablets
2024-10-21 Serial No. Submission Response to 2024-10-07 Information Request — Clinical
0034 Data collection process for PATH; subject disposition
tables for PATH and NIH NHS, clarify differences
between 2 C610 ADaM datasets; explanation for why
unstructured covariance not used for all mixed effects
models stated in SAP
2024-10-22 | Correspondence | TTaylor / PHirano | Patent statement certifications have not been included in
/ Email emails
2024-10-23 Serial No. Submission Response to 2024-10-15 Information Request — CMC
00035 Moisture specification
2024-10-25 Serial No. Submission 120-Day Safety Update Report
00036
2024-10-29 | Correspondence | TTaylor / PHirano | Information Request: Clinical/Stat
/ Email Clarify if TEAE event rates were estimated using AUC
or Cmin as exposure metric
2024-10-30 Serial No. Submission Response to 2024-10-08 Information Request — CMC
00037 Clarification of units for high level linearity; provide
precision and intermediate precision data with placebo
spiked with diazoxide choline
2024-10-31 | Correspondence | TBouie / Phirano Request for courtesy copy of 2024-10-08 CMC IR when
/ Email submitted
Hirano / Tbouie Email copy of files submitted as serial no. 0037
TBouie / PHirano Confirmation of receipt

Docket No.: SLNO-034/04US 333072-2375
PTE Application for U.S. Pat. No. 9,757,384

VYKAT™ XR

Page 8 of 15

APOTEX_EX1022_PGR2026-00034 Page 391
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NDA 216665
Type / Serial
Date No. From / To Description
2024-10-31 | Correspondence | TBouie / PHirano Information Request: CMC
/ Email Request for updated draft labeling, batch records,
composition tables to comply with salt policy
2024-11-01 Serial No. Submission Response to 2024-10-29 Information Request — Clinical
00038 Pharmacology
Clarification TEAE event rates in the absence and
presence of strong CYP1A?2 inhibitor and of exposure
metric used
2024-11-04 | Correspondence | TTaylor/ PHirano | Information Request: Clin Pharm
/ Email Provide Simcyp modeling file and simulations /
summary of DDI similar results for PBPK report
PHirano / TTaylor | Confirmation of IR receipt. Request for confirmation
that the workspace files submitted on 16 October
(Serial No. 00031) are the files that were expected.
2024-11-04 | Correspondence | PHirano / TBui Follow-up to telephone conversation regarding PNR
/ Email Nguyen request goal date after NDA user fee goal date and
importance of the PNR.
TBui Nguyen / Confirmation of receipt of communication
PHirano
2024-11-04 Serial No. Submission Response to 2024-10-31 Information Request — CMC
00039 Updated draft labeling, batch records, composition
tables to comply with salt policy
2024-11-05- | Correspondence | TTaylor/ PHirano | Information Request: CMC
06 / Email Disagree with exception rationale; request to submit
adjusted records
PHirano / TTaylor | Acknowledge receipt of email; request for telecon with
OPQ
TBouie / PHirano Notification of OPQ availability at 3:30 PM Eastern
PHirano / TBouie Confirmation that Soleno team is available
TBouie / PHirano Zoom dial-in information
PHirano / TBouie List of attendees from Soleno
TBouie / PHirano List of attendees for call
PHirano / TTaylor | Courtesy copy of response to IR
2024-11-06 | Correspondence | TTaylor / PHirano | Information Request: Clinical/Stat
/ Email Subgroup analyses for treatment differences in change
in HQ-CT by baseline weight, BMI category, change in
BMI for each study; plot mean weight, BMI change,
and %BMI change versus mean HQ-CT change over
time
2024-11-06 Serial No. Submission Response to Information Request: CMC / Labeling
00040
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Exhibit 17

NDA Communication Log
NDA 216665
Type / Serial
Date No. From / To Description
2024-11-07- | Correspondence | CELee / PHirano, Information Request: Clinical/Stat
08 / Email TTaylor Request for listings/ shift tables for BP, HR changes
Request for clarification on 07 Nov IR
2024-11-08 | Correspondence | TTaylor / PHirano | Information Request: Clinical/Stat
/ Email AEF tables by age; submit datafiles and executable SAS
programs.
2024-11-12 | Correspondence | TTaylor / PHirano | Information Request: Clin Pharm
/ Email Provide simulated box plots for weight ranges for
proposed dosing regimen.
2024-11-12 | Correspondence | TBui Nguyen / PNR amendment needed based on 6 November CMC IR
/ Email PHirano, TTaylor, | regarding revised tablet strengths.
DLyons
2024-11-13- | Correspondence | TTaylor/ PHirano | Request for clarification for what information from
14 / Email NDA 017425 that is not used in NDA 017453 is being
used to support findings of safety.
PHirano / TTaylor | Confirmation that the listed drug in NDA 017453, but
that the reviews were combined.
2024-11-13 | Correspondence | TTaylor / PHirano | Information Request: Clinical/Stat
/ Email Summarize information related to risk of
hypersensitivity reactions
2024-11-14 Serial No. Submission Response to 2024-11-06 Information Request — Clinical
00041 Subgroup analyses for treatment differences in change
in HQ-CT by baseline weight, BMI category, change in
BMI for each study; plot mean weight, BMI change,
and %BMI change versus mean HQ-CT change over
time
2024-11-14 Serial No. Submission Response to 2024-11-13 Information Request —
00042 Regulatory
NDA 017425 that is not used in NDA 017453 is being
used to support findings of safety. Confirmation that the
listed drug in NDA 017453, but that the reviews were
combined.
2024-11-15 | Correspondence | MSolages / 6-Week Post marketing requirement (PMR)
/ Letter PHirano communication letter and most Marketing
Commitments (PMC). None identified at this time;
subsequent communications may be needed during
remainder of review.
2024-11-15 Serial No. Submission Response to 2024-11-08 Information Request — Clinical
00043 Clarification on 07 Nov IR
2024-11-15 Serial No. Submission Response to 2024-11-08 Information Request — Clinical
00044 AE tables by age for C602 and C602-RWP with
executable SAS programs and datafiles
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NDA 216665
Type / Serial
Date No. From / To Description
2024-11-15 Serial No. Submission Response to 2024-11-07 Information Request — Clinical
00045 ADaM vital signs dataset, executable SAS programs,
reference range data, all datafiles for C601, c602-OLE,
C602-RWP. Subject level listings for BP (hypertension,
hypotension) and HR and shifts in BP and HR in format
requested.
2024-11-18 | Correspondence | TTaylor / PHirano | Information Request: Clin Pharm
/ Email Provide tabular summary of PK parameters in healthy

subjects and patients with PWS after a single dose and
at steady state at each dose level

2024-11-18 | Correspondence | TTaylor / PHirano | Information Request: Clin / Stat

/ Email Provide reasons for treatment continuation of 14
subjects who discontinued prior to 26 weeks; include
program code and datasets

2024-11-18 Serial No. Submission Response to 2024-11-04 Information Request — Clinical
00046 Pharmacology

Simcyp modeling file from (Serial No. 00031);
additional simulations including DDI simulations
assuming renal excretion of 40% of total clearance

value.
2024-11-18 Serial No. Submission Response to 2024-10-22 and 2024-11-14 Info Requests
00047 — Patent Certification / Re-certification Statements

Patent certification / re-certification statements for Srial
no. 00002 through 00013

2024-11-19 Serial No. Submission Response to 2024-11-13 Information Requests —

00048 Clinical

Patent certification / re-certification statements for Srial
no. 00002 through 00013

2024-11-19 Serial No. Submission Response to 2024-11-12 Information Request — Clinical
00049 Pharmacology

Box plots for simulated Cmax and AUC for weight
ranges in dosing table at C601 Visits;.include PK
profiles, summary statistics, simulated datasets, codes,
and corresponding data definition files.

2024-11-19 Serial No. Submission Response to 2024-11-13 Information Request — Clinical
00050 Safety data relevant to risk of hypersensitivity reactions

from Phase 3 studies, including data suggestive of
hypersensitivity reactions.

2024-11-21- | Correspondence | TBouie / PHirano Agreement to exception to salt policy. Provide all

25 — General revised labeling, batch records, etc.
Advice Letter | pHjrano / TBouie Clarification to submit what’s available sooner or
submit together

TBouie / PHirano Request that all is submitted together
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NDA 216665
Type / Serial
Date No. From / To Description
2024-11-22 | Correspondence | TBui Nguyen / Information Request: PNR
/ Email PHirano Request for amendment to PNR with revised tablet
strengths
PHirano / TBui Confirmation of info request and estimated time to
Nguyen submit response
TBui Nguyen / Confirmation of request of response re timing
PHirano
2024-11-22 Serial No. Submission Response to 2024-11-21 advice letter regarding
00051 agreement to exception to salt policy.
Modules 32P33, 32P34, 32P51, 32R
2024-11-25 | Correspondence | TFarchione / Review extension — Major amendments (0044, 0045,
/ Letter Soleno 0049, 0050)
2024-11-25 Serial No. Submission Response to 2024-11-13 Information Request — Clinical
00052 Reasons for patient discontinuation for patients who
discontinued prior to Week 26.
2024-11-25 Serial No. Submission Response to 2024-11-18 Information Request — Clinical
00053 Pharmacology
Comparison of PK parameters in healthy subjects and
patients with PWS after single dose and at steady state
for each dose level.
2024-11-26 | Correspondence | TTaylor / PHirano | Information Request: Labeling
/ Email Confirmation desiccant labeled as “Do not eat™;
additional container label recommendations
2024-11-27 | Correspondence | PHirano / TTaylor | Request to consider a late cycle meeting or other
/ Email meeting to better understand review progress.
2024-11-27 Serial No. Submission Response to 2024-11-22 Email Exchange - Amendment
00054 to Proprictary Name Request to revert back to diazoxide
choline doses.
2024-11-27 Serial No. Submission Response to 2024-11-26 Information Request - CMC
00055 and Labeling
Revised container label to update strength based on
diazoxide choline strength and additional comments.
2024-12-03 | Correspondence | MMistry / Soleno Proprictary Name Request Conditionally Acceptable;
/ Letter recommendation to add a modifier to convey extended
release properties.
2024-12-05 | Correspondence | PHirano / TBui Email follow-up to telephone conversation and
/ Email Nguyen voicemail. Question regarding the handling of adding
the modifier.
2024-12-09 | Correspondence | TTaylor / PHirano | Information Request: Clinical/Stat
/ Email Submit requested tables associated blood pressure and
heart rate by age groupings; provided programs and
datasets
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Type / Serial
Date No. From / To Description
2024-12-11 | Correspondence | TBui Nguyen / Follow-up to 05 Dec 2024 email from PHirano to TBui
/ Email PHirano, DLyons, | Nguyen providing instructions on
TTaylor submitting/withdrawing name.
2024-12-11 | Correspondence | TTaylor / PHirano | PI labeling comments with instructions for handling.
/ Email
2024-12-12- | Correspondence | PHirano / TTaylor | Voicemail follow-up regarding acceptability to use
13 / Email ‘extended release’ modifier for our dosage form.
TTaylor / PHirano | Confirmation that Agency has determined that use of
the phrase “extended-release” would be appropriate if
the product is approved.
PHirano / TTaylor | Confirmation of receipt
2024-12-13 | Correspondence | PHirano / TBui Follow-up to 11 Dec 2024 email confirming that a DSI
/ Email Nguyen, TTaylor, report has been request for name with modifier.
DLyons
TBui Nguyen / Confirming receipt of proposed plan.
PHirano, DLyons,
TTaylor
2024-12-13 Serial No. Submission Response to 2024-12-09 Information Request — Clinical
00056 Pharmacology
Accuracy data from validation documents for
cardiometabolic markers
2024-12-17- | Correspondence | PHirano / TTaylor | Draft PI submitted to NDA with changes tracked
18 / Email TTaylor / PHirano | Confirmation of receipt of tracked label
2024-12-17 Serial No. Submission Response to 2024-12-11 Information Request —
00057 Labeling Commnets
Revised draft USPI
2024-12-19 | Correspondence | TTaylor / PHirano | Information Request: Clinical/Stat
/ Email Tabular summary of shifts in Blood pressure and in
heart rate groups by age group and by Visit
2025-01-03 | Correspondence | PHirano / TTaylor | Request for timing update for label changes and
/ Email communicating PMRs/PMCs
TTaylor / PHirano | Meecting internally this week; more info towards the end
of the week
2025-01-06 Serial No. n Submission Response to 2024-12-19 Information Request: Clinical
00058 Tabular summary of shifts in Blood pressure and in
heart rate groups by age group and by Visit; datasets
and executable SAS program
2025-01-15 | Correspondence | PHirano / TTaylor | Follow-up to 03 Jan 2025 request for timing update for
/ Email label changes and communicating PMRs/PMCs
2025-01-27 Serial No. Submission Request for withdrawal of Vykat as proposed
00059 proprictary name
Request for proprictary name review: Vykat XR
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NDA 216665
Type / Serial
Date No. From / To Description
2025-02-07 | Correspondence | TTaylor / PHirano | Information Request: Clinical/Stat
/ Email Questions regarding how BP was measured at visits;
rationale for wide range of absolute changes
2025-02-03- | Correspondence | TTaylor/ PHirano | List of PMRs
11 / Email PHirano / TTaylor | Request for clarifications on PMRs
TTaylor / PHirano | Response to list of clarifications requested
PHirano / TTaylor | Confirming acceptance of PMRs
2025-02-12 Serial No. Submission Response to 2025-02-07 Information Request — Clinical
00060 Module 1.11.3; Response to BP measurement questions.
2025-02-19 | Correspondence | TTaylor/ PHirano | Information Request: Labeling
/ Email Comments on primary container label
2025-02-18 | Telephone call | PHirano / TTaylor | Telephone to discuss status of draft label, any additional
PMRs/PMCs
2025-02-27 Serial No. Submission Response to 2025-02-19 primary container label
00061 1.11.4 summary of changes; 1.14.1.1 draft container
labels (revised)
2025-03-03 Telephone call | PHirano / TTaylor | Telephone call to discuss status of label.
2025-03-07 | Correspondence | TTaylor/ PHirano | Hoping to have labeling at end of day or Monday at the
/ Email latest.
2025-03-07 | Correspondence | TTaylor / PHirano | Draft PI to applicant
/ Email
2025-03-12 Serial No. Submission Response to 2025-03-07 draft PI to applicant.
00062 1.14.1.3 draft labeling text (TRADENAME and with
proposed proprietary name
1.12.5.1 request for waiver from half-page requirement
for Highlights of Prescribing Information
2025-03-12 | Correspondence | PHirano / TTaylor, | Courtesy copy of draft PI with TRADENAME and
/ Email TBui Nguyen proposed proprietary name.
TTaylor / PHirano, | Confirmation of receipt
TBui Nguyen
2025-03-13 | Correspondence | MMistry / Soleno Proposed proprietary name is acceptable.
/ Letter
2025-03-18 | Correspondence | TTaylor/ PHirano | Comments regarding primary container label
/ Email
2025-03-18 | Correspondence | TTaylor / PHirano | Anticipate that next round of labeling comments later
/ Email that day or following day.
2025-03-19 | Correspondence | TTaylor / PHirano | Label comments being checked; hoping to provide label
/ Email comments later in the day
PHirano / TTaylor | Confirmation of message; asked if comments on
Medication Guide would also be coming
TTaylor / PHirano | Confirmation that Medication Guide comments would
be included
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Exhibit 17

NDA Communication Log
NDA 216665
Type / Serial
Date No. From / To Description
2025-03-19 Serial No. Submission Response to 2025-03-18 Information Request — draft
00063 labeling
Updated primary container labels
2025-03-19 | Correspondence | PHirano / TTaylor | Courtesy copy of draft labels.
/ Email
PHirano / TTaylor | Notification that the submission would have to be
withdrawn since tablet images were not consistent with
actual size. Updated labels to be provided before COB
on 20™ March.
2025-03-20 Serial no. Submission Withdrawal of Serial No. 00063 and replacement
00064 primary container label drafts submitted.
2025-03-23 Serial No. Submission Response to 2025-03-21 labeling comments
00065 Revised draft USPI and Medication Guide
2025-03-24 Serial No. Submission Draft USPI intended to be submitted on Serial No.
00066 00065 submitted.
2025-03-25 | Correspondence | TTaylor / PHirano | Request for labeling changes and comments regarding
/ Email draft label and medication guide, both dated 25 March
2025
2025-03-25 Serial No. Submission Response to 2025-03-25 request for labeling changes
00067 and comments regarding draft label and medication
guide.
2025-03-26 | Correspondence | TTaylor/ PHirano | Final labeling — request to confirm agreement of final
/ Email labeling.

2025-03-26 | Telephone Call | PHirano / TTaylor | Request for clarification if numbered bullets in section
3, 6 (on page 6) and 8.4 were intentional or if a
formatting error on the version opened by Soleno.
Confirmation that this was an error and that a revised
label would be provided.

2025-03-26 | Correspondence | TTaylor / PHirano | Revised final PI with corrected formatting.

/ Email PHirano / TTaylor | Confirmation of agreement with final Medication Guide
and Container Labels
PHirano / TTaylor | Confirmation of agreement with correct final PI
2025-03-26 | Correspondence | TFarchione / Final Approval Letter
/ Letter Soleno (provided by Email from TTaylor to PHirano)

Docket No.: SLNO-034/04US 333072-2375
PTE Application for U.S. Pat. No. 9,757,384
VYKAT™ XR

Page 15 of 15

APOTEX_EX1022_PGR2026-00034 Page 398




	58249_14940018_11-12-2015_Specification
	58249_14940018_11-12-2015_Claims
	58249_14940018_11-12-2015_Abstract
	58249_14940018_11-12-2015_Drawings-other than black and white line drawings
	58249_14940018_11-12-2015_Application Data Sheet
	58249_14940018_11-12-2015_Fee Worksheet (SB06)
	58249_14940018_11-12-2015_Electronic Filing System Acknowledgment Receipt
	58249_14940018_10-12-2016_Requirement for Restriction/Election
	58249_14940018_10-20-2016_Response to Election / Restriction Filed
	58249_14940018_10-20-2016_Claims
	58249_14940018_10-20-2016_Applicant Arguments/Remarks Made in an Amendment
	58249_14940018_10-20-2016_Electronic Filing System Acknowledgment Receipt
	58249_14940018_11-16-2016_Non-Final Rejection
	58249_14940018_11-16-2016_List of references cited by examiner
	58249_14940018_11-16-2016_List of References cited by applicant and considered by examiner
	58249_14940018_11-30-2016_Amendment/Request for Reconsideration-After Non-Final Rejection
	58249_14940018_11-30-2016_Claims
	58249_14940018_11-30-2016_Applicant Arguments/Remarks Made in an Amendment
	58249_14940018_11-30-2016_Electronic Filing System Acknowledgment Receipt
	58249_14940018_02-01-2017_Notice of Allowance and Fees Due (PTOL-85)
	58249_14940018_02-23-2017_Notice of Allowance and Fees Due (PTOL-85)
	58249_14940018_06-28-2017_Notice of Allowance and Fees Due (PTOL-85)
	58249_14940018_05-14-2025_Patent Term Extension Application Under 35 USC 156



