PHARMACEUTICAL FORMULATIONS/COMPOSITION QIf GUANFACINE
SUITABLE FOR SINGLE DOSE FORM ADMINISTRATION DAILY

Related Applications

This application claims the benefit of the filing date of U.S. Provisional Application Serial
No. 60/702,982 filed July 28, 2005.

This applicalion is related to concurrenily filed application, identified by Atlorney Dockel No.
SHIRE-0519-VOL, and entivled “Modilied Release Tablel Formulations with Enhanced
Mechanical Properties.” The enlire contents of the foregoing patent application is expressly

incorporated by reference in its entirety,

Buckeround of the Invention

Guanlacine is useful for treating ADHD as an allernalive (o stimulani medications, mild 10
moderale high blood pressure (hyperiension), heroin withdrawal, certain problems in difficull
pregrancies, sleep disorders, among others, Other indications are being tested. This drug is
especially useflul in children who have both ADHD and conduct disorder. See USP 6,811,794
and USP 6,287,599 which disclose formulations of guanlacine, whose disclosures are

incorporated by reference herein in their entirety.

Guanfacine hydrochloride is a centrally acting antihyperiensive with aa.adrenoceptor agonist
properties, sold in tablet form for oral adminisiration under the brand name Tenex®. The
chemical name of guanfacine hydrochloride is N-amidino-2-(2,6-dichlorophenyl) acetamide
hydrochioride and i1s has the molecular formula, CoMoClsN3O. Itis in the form of a while 10
off-whiic powder that is sparingly soluble in water and alcohol and slightly soluble in
acelone, Each commercial tablet for oral adminisiration contains guanfacine hydrochloride
equivalent 1o 1 mg or 2 mg guanfacine. The tablets additionally cotain anhydrous laciose,

microerystalline cellulase, povidone, stearic acid and colorants.

Guanfacine may cause the following side effects: dry nmouth, constipation, drowsiness,
dizziness, headache, difficulty sleeping (insomnia), dry cyes, nausea, vomiting, skin rash or

irching, fatigue, indigestion, diarrhea, slow heartbeat, decreased sexual abitity, unusual
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tiredness or weakness, confusion, mental depression, aminesia, liver toxicity, leg cramyp,

sudden high blood pressure (if stopped abruptly).

For purposes of simpticity, the term “guanfacine” is understood to refer to both the compound
guanfacine and any of its salts including guanfacine hydrochloride unless specifically stated

olhevwise or listed separately from each other,
The Invention

This invention provides methods, compositions, and formulations that are vseful in the
wreatment of any of the indications for guanfacine. The methods of the invention include
administering 1o a subject a once a day, aral therapeutic composition or formulation
containing puanfacine in the prescribed dose, e.g., 1 mg, 1.5 mg, 2 my, 2.5 mg, Img, 3.5 mg,
¢le,, in a single dose form, e.g., a single 1ablet, which is ¢lfective in a once a day regimen and
also has a size, e.g., tablet weight, small enough to be accepiable for oral administration, ¢.g.,
ailowing for easy swallowing by a patient. Accorlingly, the compositions and methods of the
invention are useful for treating, controlling or affecting ADHD, hypertension, heroin
withdrawal, cenain problems in difficult pregnancies, sleep disorders, etc.. The formulations

alsv have good manufacturability, scalability and robustness.

An aspect of the invention is a pharmaceutical composition comprising guaniacine and a
pharmaceuucally acceptable vehicle in a single, unce a day discrete dose form for oral
adminisiration which is effective in a once a day regimen and also has a size acceplable for
palients. For example, typical acceptable sizes, in terms of wabler weight, are for a | mg dose,
upro 170 mg, fora 2 mg dose, up to 340 mg, fora 2.5 mp dose, up 10 253 mg, fora 3 mg
dose, up to 225 mg, for a 3.5 mg dose, up 10 243 mg, and for a 4 mg dose, up to 300 mg.
Sizes may vary with the geometric shape thal is acceptable for oral administration, for

example.

Round 1ablets ofien have diameters up to 0.4 inch, preferably up to 0.35 inch, e.g., 0.1300
inch to 0.3125 inch, preferably 0.2000 to 0.3125 inch, more preferably 0.2813 (0 0.3125 inch
with a thickness of up 10 0.2 inch, preferably up 1 0.15 inch, e.g., 0.1000 to 0.1400 inch. (f
the wablet is oval it ofien has dimensions of up 10 0.6 inch (length) by up to 0.2 inch (widih),

preferably up to 0.55 inch {length) by up (o 0.15 inch {width), e.p., 0.5400 (length) by 0.1200
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(width) inch, preferably 0.5000 (length) by 0.1800 (width), more preferably 0.4860 (length)
by 0.2400 (width) inch with a thickness of up to 0.25 inch, preferably up to 0.22 inch, e.g.,
0.140 to 0.20 inch. The shape of the discrete oral dose form can be oval or round or other
suitable shape. When the oral dose form, for example, a tablet, is round, the characterizing
dimension usually is its diameter and thickness, and when it is oval, the characterizing

dimension is usually its length, width, and thickness.

Another aspect of the invention is such a pharmaceutical composition that has a total weight
of, for example, up to about 340 mg, c.g., 100 to 300mg, preferably 130 to 300mg, more
preferably 150 to 300mag,

[n a further aspect the preferred lablet of the invention has a hardness 0f'4.0 to 11.0 kp,
preferably 4.5 o 9.5 kp, more preferably 4.5 10 8.0 kp, measured using a Schleuniger tablet

hardness tester.

Another aspect is a method for the treatment of ADFLD with the pharmaceutical composition
described above, for example, in adults (18+ years), and children, e.g., about ages 6-12 and
about ages 13-17. Thus, this invention includes tablets that are able 1o achieve an efTective pk
profile, and size, e.g., weight. In another aspect, the tablets also achieve sufficient

compressibilily 1o altain desired tablet hardness values.

Advantages of being able (0 administer guanfacine in a single once a day dose form include
fessening the chance for a patienl missing a prescribed administration regimen, e.g., no
chance ol forgetting taking a pill twice, three times, etc., daily; ease ol adminisbration (o a
child daily versus more than once il the child resists or generally objects to taking meclication
each time administered; less interference with daily acliviues, e.g., school, sporis practice elc,

for kids, work, elc.; and convenience; elc.

Another aspeci ol the invention is the pharmaceutical formulation of the inveniion having a
mean plasma concenlralion pharmacokinetic (PI) profile such that, when the formulation is
administered in a dose of | mg of guanfacine to fasted healthy adult subjects, said PK profile
has at leas{ one of the following parameters: an AUCy. 55 0of about 29.3 + 8.8 ngrhvml, an

AUCs of about 32.4 + 8.8 ng*l/mL, a mean C,,; ol about 0.98 % 0.26 ng/mL, and a median
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Tuax 0f about 6 hours (each parameter being within + 50%, more preferably = 40% and
parlicularly preferably = 20% of said respective value (irrespective of stated = value), and
when the formulation is administered in a dose amount of 2 mg or another dose amount
whose PK profile is linearly correlated with that of a I mg dose, an AUCq.i55, AUC,, and
Chus linearly related to those for the 1 mg dose. The (y;2, measured for the 1 mg formulation,

15 17.5 £ 3.8 hours.

Another aspect of the invention is the pharmaceutical formulation of the invention having a
mean plasma concentration pharmacokinetic (PK) profile such that, when the formulation is
administered in a dose of 2.5 mg of guanfacine to fasted healthy adult subjects, said PK
profile has ai least one of the following parameters: an AUCq. s 0f about 81.3 + 35.4
ng-h/mL, an AUC of about 85.0 = 37.4 ng*lVml., a mean Cyy,y of about 2.49 £ 0.93 ng/ml.,
and a median Ty, of about & hours {each paramcter betng within = 50%, more preferably +
40% andl particularly preferably £ 20% of said respective value (irrespective of staled
value), and when the lormulation is administered in a dose amount whose PK profile is
linearly correlaled with that of & 2.5 mg dose, an AUCqyas, AUC., and Cyyy linearly related 10

those for the 2.5 mg dose . The ti;, measured for the 1 mg formulation, is 16.7 £ 7.4 hours.

Another aspect of the invention is the pharmaceutical formulation of the invention having a
mean plasma concentration pharmacokinetic (PK) profile such thai, when the formulation is
adminisiered in a dose ol' 4 mg of guanfacine to [asted healthy adult subjects, said PK profile
has at least one of the following parameters: an AUCq. 0f about 120 £ 41.5 ng=h/mL, an
AUC,, of about 123 = 46.0 ng=h/mL, a mean Cpa, ol about 3.58 + 1.39 ng/mL, and a median
Tuex 0f about 5 hours (each parameter being within + 30%, more preferably + 40% and
particularly preferably = 20% of said respective value (irrespective of stated + value), and
when the formulation is administered in a dose amount of 3 mg, 3.5 mg or another dose
amount whose PIC profile is linearly corvelated with that of a 4 mg dose, an AUCq.ug, AUC.,
and Cpa linearly retated to those for the 4 mg dose. The tyys, measured for the | mg

lormulation, is 17.1 £ 5.3 hours.

Another aspect of the invention is the pharmaceutical formulation of the invention having a

mean plastna concentration pharmacokinetic (PK) profile such that, when the formulation is
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administered in a dose of 2 mg of guanfacine to fasted patients ages 6-12 suffering from
ADHD, said PIK profile has at least one of the following parameters: an AUCq.15 of about
56.88 + 22.05 ng*l/mL, an AUC, of abour 65.20 £ 23.88 ng-h/mL, a mean C,,;, of about
2.35 £1.03 ng/mL, and a median T, of about 5 hours (each parameter being within = 30%,
more preferably £ 40% and particularly preferably + 20% of said respective value
(irrespective of siated + value), and when the formulation is administered in a dose amount of
1 mg or another dose amount whose PK profile is {inearly correlated with that of a 2 mg <lose,
an AUC s, AUCw, and C,5¢ linearly related Lo those for the 2 mg dose. The t), measured

for the 2 mg formulation, is 14.4 2.4 hours.

Another aspect of the invention is the pharmaceutical formulation of the invention having a
mean plasima concentration pharmacokinetic (PIC) profile such that, when the {ormulation is
administered in a dose of 2 mg of guanfacine to fasted patients ages 13-17 suffering from
ADHD, said PK profile has at least one of the following paramelers: an AUCq.5 of about
42.74 + 12.85 ng=h/mL, an AUC, of about 47.25 + 13.69 ng-h/mL, a mean Cy5¢ of about
1.69 + 0.43 ng/mL, and a median Tyay of about 3 hours (cach parameter being within = 50%,
more preferably £ 40% and parucularly preferably = 20% of said respective value
{irvespeetive of stated £ value), and when the formulation is administered in a dose amount of
[ mg or another dose armount whose PK profile is linearly correlated with that of a 2 mg dose,
an AUCqus, AUCs, and Cyyay linearty related to those for the 2 mg dose. The 11, measured

for the 2 my formulation, {s 17.9 £ 5.8 hours,

Formulations of the invention typically contain about 0.1 to about 3% (w/w) of puanfacine,
preferably 0.25-3% (w/w), more preferably 0.3-4% (whw), 0.33-3.3% (w/w), 0.3-3 % (whv),
0.75-2% (w/w), ere. Amounts of other ingredients will vary with the formulation technology
used and the PIC proliles to be achieved, as will the amount of guanfacine, all as shown

herein.

All patients can get any of the 1, 2, 2.5, 3, 3.5 or 4 mg once a day formulations based on
desired PIC profiles and effectiveness o be achieved. Al patients could get Lthe 3 mg dose (if
they are nou adequately maintained on lower doses). The dose for more mature patients, e.g.,

weenagers and adults, and also for heavier children may be titrated to 3.5 or 4mg, {or example.

wh



Preferred formulations that achieve (he desired PK profile are provided in Table 1.

5 More preferred formulations that achieve the desired PK profile are provided in Table 2,



™~

wswbid usss

Bu  quawbid pay 6w g uawbid uaarg B ¢ Juawhid anig Bw g,

LOPZ0 JO¥20 _

[BAD X.,.98%'0 OS5 PUNCY HLS punoy GG punoy 1BAD X ..08PF0 PLNOY] AN/ adeygiazig 19iqe],
99°99¢ £eeee 00°002 00°g2¢ 00°00¢g 00°051

00001 - 00"0ve 00'001L - 00012 | 00°001 - 0008l 00001 -00°00Z | 00001 -Q0°09¢ | 00001 - 00'0el 2101

050 eE'L-02°L 080 2L'L-S0°1 0S50 { 00'L-0G0 050 EL'L-00°L - --- - Japmod pualg jwanubig

s8¢l §8°€l
00 0v 00'se 000 6662 - BG6E - 000e (D1Y 888 GIOWTWOD) AN/HSH
00'slL -00'9¢ 00’51 -05°Le 0o'GL 0042 £eeL - 99792 £EEL -009¢ geel -00'gL ‘sjeualag 20419 paziwoLy
EEEL L9°LL 0001 gLt 00'G1

an'g -00¢H 009 -0501 on's -00'6 00's -000L 00°G -00¢eL 00°'G | 05°L-0G69 004 'proy Dueun 4

19'bE L9FE {55-001

L1999 £E'8S 00°05 66" P2 - 6666 - 0005 1 hBeupna) Jnrasn ‘o sdiL

Q'S - 0009 00'sg -05es Qo'se - 006 EEEE - 9999 EL'EE -00°08 cL'Ee - 00°SYy ‘JawAjodon poy onAioeyian

SG7LE 85712 PG 9L bG'9L {gssauchpny)

- LO°/LS GG LZ £6°'GYr - ogek GGG 8/°GE - £L'08 - FAM T4 puaig pajejnuels 3uoplaodsoss

oy'Le ~¢L'lg WS - GZ'Sy or'Le -0BgE | -0B'SL -86°LE LB9L " b0 by 1651 - 2072z | 'esuopinoyg ‘ayelpAyouciy asoioe

(w2060H A1OS01d)

Bele yO'LS 6e'1e LG'GY 6E°12 gL ey £elL 668 geLL 86°LS €L LL 00°92 ason|i2) aulie)siioouoty

-bOLE - 6¥0S -b0Le “8lLpb | -RO'LE -89°L8 | OtLl -G6LbE | -B8E'SL 000y | -88GL - 0002 payg Apsuag udiH

2992 £E'Ed 0002 ¢0'oe <00 LoQe (wnitudid YO WEY ol900U191A)

ooglL -00'#e o0'0L -00°Le 00°0 Q0’81 ¥eEL - 8992 pE'EL -89°bE PEEL - FEAL IN/ISN 80T asajdodiy

06°L 06’1 06°L cL 88°0 880 AN/dSN

il WA 8%’y ~1Ll 66 Ty’ A YA S| —9L0 g2e | —H0 Lt ‘aplOIUD0IPAH BueIEND
mpmey, | 191qEyBWw MRS, 19162 6w Mo, [ jajqeyBu YA 19198} 6w amymey | 1a1qepbuw mpmon | jajqeBuw

VOPRIIUIO,} Ut |

uonEuan,{ f gy

unoneynuuo,| e ¢

UONENULID,] S §Z

uonunuLo, Sut g

uolm D,y B |

waundisoy

ATV



wawbid veoaln

Bl p yualubid pay B ¢g Huswbid uaaig Bw g Yuswbid ang Bw gz,

Lz10 LOPL0 LHOELQ [ ——men LOFL0 T 00270 —= L0210 SRaUNdIY) 1alqel
WOPZ’0 WLOrZ0

[BAD X ,98¥0 punoy LOLS | punoy JOLS | punoy WILIG EAD x,08P°0 | PUNOy AN LS adeyg/azigaige])
0000t 997992 00°g0! €L'EET | 007001 00°00Z | 00001 00'GZZ | 00'00¢ 00°00¢ | 00°QOL 00051 oL
050 £t 0S0 21t 050 00y 0S50 5 - - - JLapamog pualy ewsig
(01w 888 glowdwod)} JNIISN
D06l pooP 00'SL ooseE | 00GL 000 | E£EL 6662 | €£€L 6668 | ETEL 000z | ‘eleudyeg JA12240 poziwolY
0o's £ECL 00°G L297LE 00's Qo 0L o0'g TN 00°g 00’51 00’ 052 224 'ploy ouewny
{s5-001
7 ghBepna) an/dsn D adAy
00°SZ L999 00’52 ££°85 00's2 0009 EC'EE BGPL EE'EE 66'G6 geee 000G “swd|odon poy olioeyis
{gssaudipnd) pualg paienuessy
atlopiaodsol?) ‘auopirod
o¥'LE L0°248 or'Le £6'6F o¥'Le o8t 06°G1L BL°GE LG9l £24°05 16°81 LE°GC ‘a)21pALouUDy 2501027
(v2060H AMOSOI)
asonga ) sules Ao
BELE PO 28 6LLe LG'6F GELE gl'er ge2L 568 £E L BG'LS €E 2L 0092 paymg Ansuag ybin
(Wnuuasd 1D WEN glanouian)
oooL L9°9¢ cootL £ECE 0001 0002 FEEL z00E veCL 200 VE'EL 1002 AN/SN '802E @sopawoudAp
INIGSN
L't jSlopH Lt 66'E L2 [A > 2zt 3= rd 8.0 82'¢C 940 Ly "2puo|yu0.pAH dunejuEnD

mimon | yo1qeyBw FIVITL A 1186w mim | 19108y/6ra mimes, 191G eE W mpme, T ja1qeyBus mimes | jo1qeyBLy
vanenuwue.] Fw p uoNE|NULIO,] B €' uchig[nuay Sue ¢ uonnwig,) Sw ey uone[nuLe,p i g unpeeto g Suw wanedwo)

TYUVL




B
h

Further aspects of the invention include formulations which combine two or more of the
pharmacokinetic parameters, or sets of pharmacokinelic parameters (€.8., AUCqju, AUCw,
Cinax and/or Ty, clescribed above, for example two, three, or four, ete., pharmacokinetic
parameters. For example, such aspects include formulations which provide one or more of
the pharmacokinetic parameters, or sets thereof, as shown herein when adminisiered to adult
patients and one or more of the pharmacokinetic parameters, or sets thereof, as shown herein
when administered 1o children ages 6-12 and/or children ages 13-17. Preferred combinations
ol two or more pharmacokinetic parameters 10 be satisfied are AUCq. and Cyyy.

The formulations of this invention are usetul over an extended period. By “extended period”
is meant that the formulation of guanfacine of this invenlion can be administered to a patient
for a fength of (ime of about a week, a month, 2-1 1 months, (e.g., 2-6 months, 7-11 monihs,
etc.), a vear, lwo ofF more years, etc. and continue to be effective to treat the indication

involved, e.g., ADHD.

In an advantageous embodimeny, the pharmaceutical formulations of guanfacine comprise
Eudragit L® 100-35 (poly(methacrylic acid, ethyl acrylate)). (anionie polymer of methacrylic
acid and methacrylates — Methacrylic copolymer Type C, NF) marketed by Rohm America,
nc. All specification sheets available from Rohm America, Inc. by the filing date of this
applicatton for Eudragit L® 100-35 are hereby incorporated herein by reference. The
compositions in this embodiment generally contain Eudragit L® 100-35, out of one hundred
percem by weight of otal composition (w/w), from about 23 percent to about 435 percent,
preferably from about 25 percent 1o about 33 percent, most preferably from about 26, 27, 28,
elc. percent to about 32, 33, 34, 33, ete. percent (w/w) of the total composition, the content

optionaily varying with dosage level as shown below:.

A further aspect includes formulations which achieve the PX profile deseribed above using
formulations based on conventional galenical echnology using osmotic release, pulsatile
release, sustained release, controlled release, delaycd release, extended release, immediale

release or other modified release of guanfacine.

[n other aspects, the invention is directed (o mcthods for treatment using, as <lescribed above,

guanfacine provided in a modified release formulation. The formulation is administered to an
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adult patient (18+ years), about 6-12 year olds, or about 13-17 year olds and achieves
treatment of ADHD, hypertension, heroin withdrawal, certain problems in difficult

pregnancies, sleep disorders, ete.

In yet another aspect, the invention pertains to a packaged pharmaceutical composition or
formulation comprising a container holding a pharmaceutical composition comprising

guanfacine and instructions for using the compound for an indication for guanfacine, e.g.,
ADHD, hypertension, heroin withdrawal, certain problems in difficult pregnancies, sleep

disorders in a subject, etc,

The term “vehicle” has the broadest meaning, including any substance with which drugs are

formulated.

The term “container” includes any receptacle for holding the therapeutic [ormulation. For
example, in one embodiment, the container is the packaging that contains the formulation. In
other embodiments, the container iy not the packaging that contains the formulation, /.., the
container is a receptacle, such as a box or vial that contains the packaged formulation or
unpackaged formulation and the instructions for use of the formulation. Moreover, packaging
echnigues are well known in the arl. Ut should be understood that the instruetions for use of
the therapeutic formulation may be contained on the packaging containing the therapeuiic
formulation, and as such the instructions form an increased functional relationship o the
packaged product. However, it should be undersiood that the instructions can contain
informarion pertaining to guanfacine’s ability to perform its intended function, e.g., treat
ADHD, hyperiension, heroin withdrawal, certain problems in difficult pregnancies, sleep

disorders, etc.

Supplementary active compounds can alse be incorporated inw the compositions as long as
they do not significantly affect the ability of the therapeutic formulation 1o perform its
intended function or do not significanty affect the ability of the therapeutic formulation to

achieve the intended plasma concentration pharmacokinetic (PK) profile as described above.
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In certain embodiments of the invention, the subject is in need of treatment by the methods of
the invention, and is selected for treatment based on this need. A subject in need of treaument
is arl-recognized, and includes subjects that have been identified as having a disease or
disorder related 1o ADHD, hypertension, heroin withdrawal, certain problems in difficull
pregnancies, sleep disorders, etc., having a symptom of such a disease or disorder, or at risk
of such a disease or disorder, and would be expected, based on diagnosis, e.g., medical
diagnosis, to benefil from treatment (e.g., curing, healing, preventing, alleviating, relieving,
altering, remedying, ameliorating, improving, or attecting the disease or disorder, the

sympton of the disease or disorder, or the risk of the disease or disorder).

Administration of guanfacine 10 a subject to be treated can be carried out using known
procedures, ai dosages and for periods of time effective w achieve the intended treatment in
the subject. An effective amount of the therapeutic compound necessary (0 achieve a
therapeutic elfect may vary according 1o {actors such as the age, sex, and weight of the
subject. Actual dosage levels of guanfacine in the pharmaceutical compositions of this
invention may be varied so as to obtain an amount of the active ingredient that is effeclive 1o
achieve Lhe desired therapeudic response for a particular patient, composition, and mode of

adminisiration, withour being toxic to the patient.

Depending on the formulation system o be used, pharmaceutically acceptable carriers include
any of the following: Nllers or extenders, such as sugars, starches, lactose, sucrose, plucose,
mannitol, or silicic aciel; binders, such as, for example, carboxymethylcellulose, alginates,
gelatin, polyvinyl pyrrolidone, sucrose or acacia; humectants, such as glycerol; disintegrating
agents, such as agar-agar, calcium carbonate, potato or apioca starch, alginic acid, cevain
silicates, sodium starch glycolate, cross-linked sodium carboxymethyi cellulose, cross-linked
sodium carboxymethyl cellulose (e.g., AC-DI-SOL®), sodium starch glycolate (e.g.,
EXPLOTAB®, PRIMOJEL®), and cross-linked polyvinylpolypyrrolidone {e.g., PlasoneXL),
and sodium carbonate; solution retarding agents, such as paraffin; absorption accelerators,
such as quaternary ammonium compounds; excipients, such as cocoa buner; solvents;
encapsulating material; welling agents, such as, for example, cetyl alcohol and glycerol
monostearale; absorbents, such as kaolin and bentonite clay; lubricants such as tale, stearic
acid, leucine, glyceryl behanate, hydrogenated vegetable oil calcium stearate, magnesium

stearate, solid polyethylene glycols, sodium lawryl sulfate; coloring agents; preservatives;

11
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surface-aclive agents; dispersing agent; inert liquid diluent; adjuvants; emulsifying agents;
coating agents; sweetening, flavaring and/or perfuming agents; supposilory waxes; oils, such
as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil;
antioxidants, for example, water soluble antioxidants, such as ascorbic acid, cysteine
hydrochloride, sodium bisulfate, sodium metabisulfite, sodium sulfite and the like; oil-soluble
antioxidants, such as ascorbyl palmitate, butylated hvdroxyanisole (BFHA), butylated
hydroxytoluene (BHT), lecithin, propy! gallate, alpha-tocopherol, and the like; and metal
chefating agenis, such as cilvic acid, ethylenediamine (etraacetic acid (EDTA), sorbitol,
tarlaric acid, phosphoric acid, and the like; esters, such as ethyl oleale and ethy] laurate; agar;
buffering agents, such as magnesium hydroxide and aluminum hydroxide; alginic acid;
pyrogen-free water; isolonic saline; Ringer's solution; ethyl alcohol; sodium citrate; dicaleium
phosphate; phosphate buller solutions; and olher non-loxic compalible substances employed
in pharmaceulical formulations known in the art. Prevention of the action of microorganisms
on the fablels may be ensured by the inclusion of various antibacterial and antifungal agents,
[or example. paraben, chlorobutanol, phenol sorbic acid, and the like. Each carrier must be
“acceptable” in the sense ol being compalible with the other ingredients of the formulation,
not injurious to the patient, and in the sense that it does not affect the ability of the therapcutic

formulaiion 1o achieve desired PK profiles.

As noted above, formulations lor achieving the foregoing PK profiles dosing regimens can
use immediate, controlled, sustained, extended, delayed, pulsatite, osmotic release, ete.
iechnologies, alone or in combination 10 achieve the desired results. Examples of principtes
of formulations and prepuarations are contained, for example, in ihc Handbook of
Pharmaceutical Excipents, American Pharmaceutical Association 4™ edition, 2003 (Rowe,
Sheskey and Weller); Pharmaceutical Dosage Forms: Tablets (Liebernian, Lachman and
Schwarts, editors) current edition, published by Marcel Dekker, Inc., as well as Reminglon’s
Pharmaceutical Sciences (A. Gennaro, editor, 20th edition, 2000). For conventional sustained
or controlied release methods, see, e.g., in R.K. Chang and J.R, Robinson, chapler 4:

[N
“Sustained Drug Release from Tablets and Panicles Through Coating,” in Phaymaceutical

Dosage Forms: Tablets, volume 3, edited by H.A, Lieberman, L. Lachman, and J.B.

Schwartz, Marcel Dekker, Inc., 1991; R.). Campbeli and G.L. Sackeu, chapter 3: “Film

bl

coaling,” in Pharmaceutical Unit Operatons: Coating, edited by K.E. Avis, A.J. Shukla, and
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R.K. Chang, Interpharm Press, Inc., 1999. Principles of alternative formulation techniques
are also given in US patents 6,878,386; 6,849,661; 6,827,947; 6,702,803; 6,793,936;
6,780,4306; 6,746,692; 6,638,533; 6,635,277, 6,627,223, All of these disclosures are entirely

incorporated by reference herein.

Other guanfacine formulations different from those specifically exemplified herein can be
provided in the form of beads, e.g., having a core which is optionally coated with a coating
which allows the release of the agent immediately or over time, such as a pharmaceutically a
ceeptable water-insolubte or water soluble film former alone or with a dissolution regulating
agent ete.. See, e.g., USP 4,728,512, A biphasic or multiphasic release profile can be
achieved by combining the immediate-release beads with delayed, sustained or other
conirolled release beads or by providing various extended release beads with differing release

profiles - all to achieve the desired PK profiles.

Beads can be prepared by coaling conventional drug-containing cores with a water-insoluble
polymer, or & combination ol waler-insoluble polymers, or a combination of water-insoluble
and waler-soluble polymers. This may be a combination of layers, or a combination of
polymers in a single coating. The resultant beads (or tiny 1ablets) can then be placed ina
capsule. Other than beads in a capsule shell, tablets in a capsule shell (e.g., one or more
immediate-release tablet and one or niore delayed, sustained release tablet in a capsule shell)

also can be used to autain the desired release profile.

Various polymeric materials can be used lo achivve the desired type of patiern of release, e.g.,
immediate, sustained, delayed cle. release. For example, a multiple dosage form (e.g., as
discussed below) can deliver rapid and complete dosages of active agent (o a recipient
multiple times over a period of hours with a single oral administration, if it is desired to
combine dosages in a single unit; additionally, doses with sustained or delayed release
function can be combined with each other or with doses having immediate relcase

functionality.

Examples of possible bead constructions are plentiful and include the fullowing:
¢ Sugarcore bead, coated with active agent and then coated with polymer and/or

with mix of active agenl and polymer or any different order of such layers on the

13
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core, within each case, selected active agent concentrations of conpenents in the
layers.

«  Bead containing active agent core, coated with polymer, and/or with mix of
active agent and polymer or any different order of such layers on the core, within
each case, selected aclive agent concentrations of components in the layer.

»  Tabler or capsule containing multiple types of beads as described above having

differing timing of release or different rales of release of active agent.

Matrix beads can also be used, i.c., not having any layers to achieve sustained or delayed
release. The components used in such matrices are usually chosen From convenlional

sustained release or delayed relcase polymers.

Guanfacine-containing particles may also be incorporated into a tablet, in particular by
incorporation into a tablel matrix, which rapidly disperses the particles after ingestion, in
certain embodiments. In order to incorporate these particles into such a tabley, a filler/binder
is added to a tablet that can accept the particles, but will not allow their destruction during the
tableting process. Materials that are suitable for this purpose include, but are not limited Lo,
microcrystalline cellulose (e.g., AVICEL®), soy polysaccharide (e.g.. EMCOSOY®), pre-
gelatinized starches {e.g., STARCH® 1500, NATIONAL® 1331), and polyethylene glycols
(¢.g.. CARBOWAX®). The materials are typically present in the range of 5-75% (w/w), with

a prelerred range generally of 23-50% (wiw).

Yaurious enteric materials, ¢.g., cellulose acetate phthalate, hydroxypropyl methyleeliulose
phihalate, polyvinyl acetate phthalate, and the EUDRAGIT® and ACRYLEZE® acrylic
polymenrs, can aiso be employed. These are gasiroresistant, enterosoluble coatings for drug
release in the intestine when desired. The enteric materials, which are soluble at higher pH
values, are requently used for colon-specific delivery systemms and are entively conventionally
emplovable in the sysiems of this invention. The enteric polymers used in this invention can
also be modilied conventionally by mixing with other known coating products that are not pH
sensitive, Examples of such coating products include the neuiral methacrylic acid esters with
a small portion of trimethylammonioeihyl methacrylate chloride, which are commercially

available, e.g., EUDRAGIT® RS and EUDRAGIT® RL; neutral ester dispersions without
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any functional groups, .g., EUDRAGIT® NE30D and EUDRAGIT® NE30; most
preferably, EUDRAGIT® L100-55, and other pH independent coating products.

A conventional protective coaring layer may also be applied immediately outside the core,
cither a drug-containing matrix core or a drug-layered core, by conventional coating
techniques such as pan coating or fluid bed coating using solutions of polymers in water or
suilable organic solvents or by using aqueous polymer dispersions. Suitable materials for the
proteciive layer include cellulose derivatives such as hydroxyethy! cellulose, hydroxypropyl
cellulose, hydroxypropyl methylceliulose, polyvinylpyrrolidone, polyvinylpyrrolidone/vinyl
acelate copolyner, ethyl celiulose aqueous dispersions, polyvinyl acetate (e.g.,
AQUACOAT®, SURELEASE®), EUDRAGIT®'s, OPADRY® and the like. Typical

coaling levels are from | 10 6%, in general, preferably 2-4% (w/w),

An overcoating layer can further optionally be 2pplied 10 the compositions of the present
invenlion. OPADRY®, OPADRY 1I® (Colorcon) and corresponding color and colorless
grades from Colorcon can be used to protect the peltets from being tacky and provide colors
10 the product. Typical levels of protective or color coating are from | 10 6%, in general
preferably 2-3% (w/w). Many ingreclienls can be incorporated into the overcoating formula,
for example to provide a quicker (immediate) release, such as plasticizers: acetyluiethy!
citrate, tiethy] citraie, acetylributyl citraie, dibutylsebacale, triacetin, polyethyiene glycols,
propylene glycol and the others; lubricants: tale, colloidal silica dioxide, magnesium stearate,

calcium slearate, tisanium dioxide, magnesium silicate, and the like.

Optional moditying components of a protective layer which can be used over the enteric or
other coatings include a water penetration barrier layer (semi-permeable polymer) which can
be successively coated after the enteric or other coating 1o recluce the water penetration rate
through the enteric coating layer and thus increase the lag time of the drug relcase. Sustained-
rclease coatings commonly known 10 one skilled in the art can be used for this purpose by
conventional coating wechniques such as pan coating or fluid bed coating using solutions of
polymers in water or suitable organic solvents or by using aqueous polymer dispersions. For
example, the foliowing materials can be used, but not {imited to: cellulose acetate, cellulose

acclaie butyrate, cellulose acclate propionate, ethyl cellulose, fatty acids and their esters,
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waxes, zein, and aqueous polymer dispersions such as EUDRAGIT®’s, e.g., RS, RL 30D,
NE 30D, AQUACOAT®, SURELEASE®, cellulose acelate latex, ete.  Combinations of the
above polymers and hydrophilic polymets such as hydroxyethy!t cellulose, hydroxypropy|
cellulose (KLUCEL®, Hercules Corp.), hydroxypropy] methyleellulose (METHOCEL®,

Dow Chemical Corp.), and polyvinylpyrrolidone can also be used.

Details of using the foregoing constructs and others to achieve a desired release profile as
discussed above are fully conventional and can be determined by those of skill in the art with
al mosl a [ew routine parametric experiments, and conventional adjustments, e.g., involving
identities of polymers and mixtures thereof, relative amounis of components, coating
thicknesses, bead diamelers, number ol layers and compositions thereol, etc. Thus, for
example, for a given consiruct, in vitro dissolution profiles can be determined. Fully
conventional formulation and dissolution profile adjustments can be made rouiinely.
Formulations having the desired in vitro release profites produce the desired plasma
concentration levels. These plasma profiles will be correlated with the in viiro release
profiles in view of the usual factors, .., in vivo dissolution and absorption properiies, active

agent hall-lives, etc., which correlation is well understood in the art.

Suitable materials which can be used to achieve formutations having such retease profiles are
well known and include but are not limited 10 polyvinyl acetate, cellulose acetate, cellulose
acetate lattices, cellulose acetate butyrate, cellulose acetate propionate, ethyl celiulose, fauy
acids and their esters, alky| alcohols, waxes, zcin (prolamine from corn), and aqueous
polymeric dispersions such as the commercially available Euclmgil®, Aquacoat®, Surelease®,

Kollicoa™. etc., produets.

The tablets (and other possible solid dosage forms of the pharmaccutical compositions of the
present invention, such as dragees, capsules, pills, pellets, and granules,) may optionally be

scored.

[n general, the pharmaceutical formulations comprise 0.1 10 40% by weight of any single
ingredient, more typically 0.5-35% by weight, depending on the formulaiion technology

employed.
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Definition of terms

Copx - the maximum observed plasma concentration.
T - the time of occurrence of Cyp.
AUCq 0 - the area under the plasma concentration versus time curve from time zero 1o

the last sampling time al which concentrations were at or above the limit of
quantification, calculated by the linear trapezoidal rule.

AUC,- the area undler the plasma concentrations versus time curve from lime zero 1o
miinity, calculawed from AUCy, + (CiasfAz), where Cig is the last observed

quantifiable conceniration and Lz is the apparent terminal rate constant.

Lin - the apparent terminal hall-life, calculated from 1n2/2,.
AP] - Active pharmaceutical ingredient
Fasied - Overnight [asting, e.g., usually about 10-12 hows.

Brief Description of the Drawings

Figure | shows the range of hardness at different compression [orces for lormulations

with differemt Eudraght polyniers.

The conlents of all references, issued patents, and published patenl applications ciled
throughou this application are hereby incorporated by reference. It should be underswood that
the use of any of the compounds described herein or in the applications identified in "The
Related Applications"” Section are within the scope of the present invention and are intended
lo be encompassed by the present invention and are expressly incorporated herein au least for

these purposes, and are furthermore expressly incorpovated for all other purposes.

Those skilled in the art will recognize, or be able 1o ascertain using no more than routine
experimemalion and the content of the instant specification, numerous equivalents to the
specific procedures, embodiments, claims, and examples described herein. Such equivalents
are considered to be within the scope of this invention and covered by the claims appended

hereto.



1t is to be undersiood that wherever values and ranges are provided herein, e.g., in ages of
subject populations, dosages, and blood levels, all values and ranges encompassed by these
values and ranges, are meant to be encompassed within the scope of the present invention.
Moreover, all values that fafl within these ranges, as well as the upper or lower limits of a

range ol values are also contemplated by the present application.

Examples

The invention is Further illustrated by the following examples which should not be construed

as furiher limiting the subject invention,

Withow lurther elaboration, it is believed that one skilled in the art can, using the preceding
description. uulize the present invention to ils fullest extent. The preceding prelerred specilic
embodiments are, therelore, 1o be construed as merely iflustrative, and not limitative of the

renyainder of the disclosure in any way whatsoever.

In the foregoing and in the examples, all tlemperatures are set forth uncorrected in degrees
Celsius and, all parts and percenlages are by weight, anless otherwise indicated. The particle
size range of the guanfacine HCI (as the API) used in the loregoing examples, wables and
ligures, is dv30 of Smicrons to 25 microns and dv90 of 10 microns to 30 microns. The term

3

*dv relers 1o volume diameter (the diameter of & sphere having the same volume) and 50

means 30 percent of the particles and 90 means 90 percent of the particles

Example |

The primary pieces of equipment used for manufaciuring the tablets are a [6 quart V-shaped
blender equipped wilh an intensifier bar and a 16 stalion rotary tablet press. All materials are
passed through a 40 mesh screen and charged into a 16 quart V-blender, with guanfacine
sandwiched in the middle. The mix is blended for ten minutes, with the intensifier bar tumed

on for minuies 5 - 8. The blend is charged into a polyethylene bag and then transferred 1o the



hopper of the Stokes tablel press. The blend is compressed to the appropriate hardness for the

necessary tabler weight. Tablet hardness is tested with a Schleuniger hardness tester.

Formulations containing either Eudragit 1.100-35 or Eudragit RSPO were tested for hardness

at various compression forces (se¢ Figure 1),

Ingredients

Composifion 1 (% w/w)

Composition 2 (o wiw)

Guanfacine HCI 0.76 0.76
Methocel KK4M* 13.34 13.34
Fudragit Li00-33* 33.33 N/A
Eudragit RSPO N/A 33.33
Fumaric acid 5.00 5.00
Compritof 888 ATO* 13.33 13.33
Ludipress® 16.91 16.91
Prosolv HD90* 17.33 17.33

*ethocel K4M ~ Hydroxypropylmethyleellulose, Dow Chemical; Cudragit L100-55 -

poly(methacrylic acid, ethyl acrylale), a methacrylic acid copolymer, Rohum America, [nc.;

Eudragit RSPO ~ Ammonio Methacrylate copolymer, Rohm America, Inc.; Compritol 888

ATO - Glyceryl dibehenate, Gatlefosse; Ludipress — Laclose/povidone/crospovidone, BASF;

Prosolv HD90 — Silicified microcrystalline cellulose, Penwest.

Composition ! Average Hlardness (kP)
1 (Eudragilt L100-55} 6.2
2 (Fudragit RSPO) 3.9

The yeneral method for preparing guanfacine tablets used herein is similar 10 the method for

the same in US 6,811,794 and US 6,287,599,




Exatnple 2

Objective: The objective of this study was to assess the pharmacokinetics of comvrolled-

release guanfacine after a single 2 mg dose or multiple doses of 2 mg and 4 mg fiom Table 2.

NVethods: An open-label, dose-escalation study in male and female children (aged 6-12 years)
and adolescents (aged 13-17 years) with ADHD, Subjects weighed 25 kg (55 1b) or more but
were not considered overweight in the opinion of the investigator, Their electrocardiogram
readings (ECGs) were within normal ranges, and their blood pressure measurements were
wilhin the 95th percemile for their age, height, and gender. Patients were excluded if they had
a comorbid psychialric diagnosis, a history or family history of cardiac disease that the
investigator judged 10 put the patient at risk, or were laking a CYP3A4d- or P450-affecting

agent. Informed consent was given by the patient’s parent or guardian.

Parients received a single 2 mg dose on day | fullowed by repeated 2mg qd (once daily) doses
on Days 9-13, repeated 3mg qd doses on Days 16-23, und repeated 4me qd doses on Duys 24-
29. The dose was then titrated down to 3 mg on days 3010 32, and 2 mg on days 33 to 33.
Pharmacokinetic assessments were made afier the single 2mg dose and alier 6 days ol

repeated 2mg and 4mg doses.

Results: All 28 enrolled paiients completed the trial. Demographic data are provided in the

following table.

Demographic information

| Children Adolescents Total
(n=[4) (n=14) (N =28)

" Age. mean (SD), v 9.3&1.82 142+ }.05 11.8+2.90

| Gender
Male, %o 50 85.7 67.9
Female, % 50 14.3 32.1

Race

White. % 64.3 85.7 73




African-American | 28.6 7.1 17.9
%

Other, % 7.1 7.1 7.1
Weight, mean (SD) | 76.6% 23,78 125.9 £ 20.87 101.2 £ 33.34
Height, mean (SD) | 54.3+£4.59 65.1+£3.93 59.7 £ 6.91
Body mass index, 17.8+£2.60 20.8 (2.33) 19.3£2.85
mean (SD), kg/m’

Pharmacokinetic findings are summarized in the following tables.

Summary of pharmacokinetic parameters for guanfacine afier oral administration of 2mg on

Day 1 to children (6-12 years) and adolescent (13-17 years) ADHD patients

Children Adolescents

{6-12 yrs) (13-17 yrs)
Paramelar” {N=14) (N = 14)
Cma {(ng/mL) 2,55 +1.03 1.69 £ 0.43
Trmar (h) 4.98 4,96
AUC,, (h-ng/mL} 56.9+22.0 42.7+12.9
AUGC,., (henglmb) 65.2 £ 23.9 47,3 £13.7
Az (7)) 0.0498 % 0.0093 | 0.0428 £ 0.0153
Ty (h) 14.4 + 2.39 17.9 % 6.77
CL/F (mL/min) 612 ¢ 252 815 + 214
V.IF (L) 766 & 380 1,239 £ 432

Summary of pharmacokinetic parameters for guanfacine on Day 14 after oral administration

of 2mg once daily lo children (6-12 years) and adolescent (13-17 years) ADHD patients.

Children Adclescents

(6-12 yrs) (13-17 yrs)
Parameter- (N = 14) (N =14)
Cwax (ng/mL) 4.39 £+ 1,66 2.86 £ 0.77
Tmox (N} 4.98 4.53
AUCq.z: {h*ng/mL} 70.0 £ 28.3 48.2 ¢ 16.1
CLIF {mLImin} 552 t 215 826 + 486
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Summary of pharmacokinetic parameters for guanfacine on Day 28 after oral administration

of dmg once daily to children (6-12 years) and adolesceni (13-17 years) ADHD palienis.

Children Adolescenis

(6-12 yrs) (13-17 yrs)
Parameter” (N = 14) (N = 14)
Cuas (N@/mL) 10,1 £7.09 7.01 + 1.53
Tiwas () 5.02 4,97
AUCD.24 (hrng/mL) 162 ¢ 116 117 + 28.4
CL/F {mLfimin) 522 = 212 607 + 166

There were no discontinuations due 1o adverse events {AEs). No clinically signilicant
abnormalities were observed on ECGs, hemalologic parameters, or serum chemistries. Most
AEs were mild to moderate in severity. The only AE to occur in>10% of subjects and
considered possibly or probably due to ireatment was somnolence (93%); only 6 subjects

{21%}) were judged Lo have severe somnolence.

Conclusions: The pharmacokinetics of guanfacine are linear afier oral administration of
single 2mg doses and multiple 2mg and 4mg doses in both children (6-12 years) and
adolescent (13-17 years) ADHD patients. Plasma concenurations and concentration-relaed
pharmacokinetic parameters in children (6-12 years) are higher than those in adolescents (13-
|7 years) and. regardless ol age group, are higher in female patients than in male patients.
This is most likely due 10 the higher budy weight in the adolescents compared (o children and
in males compared 1o females, regardless of age group. ALs were generally mikd 10 moderate
in severity and did not lead 1o any discontinuations. Controlled-release guanfacine appears 10

be a safe option [or the weatment of ADMD in children and adolescents.

Example 3

Objecrives: The study was designed to assess the bioequivalence of guanfacine 2 mg and 4
mg 1ablets from lable 2 and 1o investigate the dose proportionality of | mg, 2 mg, and 4 mg

doses.

Methiods: This was a Phase |, randomized, open-label, single-dose, five penod, four-

treatment crossover design with a separate lead-in period.

D
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Forty-nine (49) healthy adult volunteers completed the study. During period 1, all subjects
received a single | mg dose administered afler and overnight fast. Prior 1o period 2, subjects
were rancdomly assigned to one of four sequence groups, with 13 subjects per sequence.
During wreatment periods 2-5, subjects received their assigned trealment of 2 mg or 4 mg. All

subjects were {0 receive iwo single doses of 2 mg tablels and two single doses of 4 mg tablers

during the course of the study. Doses during periods 2-5 were also adminisiered after an

overniglt [ast.

Demographics: Gender:

Males: 28: Females: 24

Race: White: 7; Black: 3; Hispanic: 40; Other: §

Overall mean age in years: 33, Age range 18-55 inclusive

Results: A summary of the pharmacokinetic data is shown below:

Summary of PK parameters {or guanfacine afier single orat administration of | mg. 2 mg and

4 mg tablets,

1mg 2 mg (#1) 2 mg {#2} 4§ mg {#1) 4 mg (#2)
Parameier"y (N=52) (N=50) (N=50) {N=49) [N=49)
Cas [NQIML) 0.95z0.26 159+ 0.49 1.54 + 0.53 3.58 & 1.39 3.59 & 1.40
L—_—) 6.00 €.00 6.00 5.0% 6.00
AUC g, {(h-ng/mL}) 293884 55.0+18.0 540+ 178 120 £ 41.5 118 £ 43.4
AUC 4., {heng/mL) 3241878 58.1+18.8 57.8 & 19.1 125 + 6.0 123+ 44.6
{7 00416200086 | 00439200075 |[0.0434£0.0086 |0.0434 £0.0098 |0.0448 £ 0.0089
ty (M) 17.5 % 3.83 15,41 3.48 16.7 £ 4.12 17.1 % 5.51 16.2 + 4,15
CUF {mL/min) 560 x 194 647 £ 253 638 + 208 599 = 213 638 £ 33
V.IF (L) 823+ 249 894 £ 328 889 x 241 854 = 294 866 £ 393

Conclusions: The pharmacokinetics of guanfacine were reasonably linear over doses of | mg,
2 mg, and 4 mg although mean values for Cpay and AUCp.ag and AUC;, inereased somewhat
less than two fold between the 1 mg and 2 mg doses.

The 2 mg and 4 mg guanfacine ablets {rom two different data sets, i.c., (#1) and (#2), were

bioequivalent to their respective strength tablets.

There were no dealls or serious adverse events.

3]
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Example 4

Objectives: The ebjective of this study was to investigate the bicequivalence of guanfacine
] Bl

2.5 mg rablets versus guanfacine 2 mpg 1ablets.

5 Methods: This Phase [ study utilized a randoniized, open-label, single-dose, three-trealment
crossover design. Fory-eight (48) healtiw adult volunteers completed the swudy. All subjects
were rancdomly assigned (o one of 6 treatment sequences and received a 2 myp and 2.5 mg
1ablet of guanfacine. During treatment periods 1-3, subjects received their assigned wreatment

{a single oral dose 2 mg or 2.5 mg after an overnight fast).

v
Demographics: Gender: Males: 14; Females: 34
Race: White: 10; Black: |; Hispanic: 36; Other: )
Overall mean age in years: 33
Results: A summary of the pharmacokinetic clata is shown below:
15

Summary of PK parameters for guanfacine after oral administration of single 2 mg and 2.5

mg doses to heahhy adult subjects.

Parameier 2mg 2.5mg (#1) | 2.5 mg (#2)
Conns (ng/ml.) 1.71£056 | 226+067 | 2.49+0.93
T (B1) 6 5 8

AUCqq (nglufml) | 59.8+20.9 | 77.8+30.4 | 81.3+354
AUCr (ng.hr/mL) 642+226 | B45+342 | 850+374

bz (b7 0.043 +0.012]0.040 + 0.012(0.046  0.011]
T1/2 (hr) 17758 | 19.0:66 | 16.7+7.4
CL/F (m L/min) 612 +303 | 598+299 | 591 +283
V2F (L) 884382 | 915390 | 809 + 408

20 Arithmetic mean + siandard devialion excepl for Tingy for which the median is reported.

There were no deaths.
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Conclusions: When corrected for the difference in dose, the 2.5mg guanfacine tablets from
the two data sets, i.e., (#1) and (#2), are each bicequivalent to the 2mg guanfacine tableis.
The 1ablets appeared to be safe and generally well tolerated by the healthy male and female

subjects in this study when administered in single oral 2mg and 2.5mg doses.

Example 5

Osmoticallv controiled Guanfacine extended Release Tablels

The primary pieces of equipment useful for manutacturing osmotic tablets are a 16 quart V-
shaped blender equipped with an intensifier bar, pan cozler capable ol solvent coaling, a 16
station rotary fablel press, and laser hole drilling system 1o create the orifice from which drug
is released. All materials including osmagents (Xylitol, Malirin, and Mannitol) are passed
through a 20 mesh screen and charged into a 16 quart V-blender, with guanfacine sandwiched
in the middle. The blend is charged into a polyethylene bag and then transferred to the hopper
ol a Stokes tablet press. The blend is compressed 1o the appropriate hardness for the
necessary ablet weight., Tablel hardness is tested with a Schieuniger hardness tester. Tablets
are coaled in a pan coater with spray rare of 60-100 g/min or higher. The coating solulion is
prepared by dissolving about 5% cellulose Acetate, NIF (National Formulary) in Acetone then
adding 23-43% plasticizers such as TEC. A laser drilled hole is then placed on one side of the

tublets to allow for drug release. The tabletl achicves the desired PIC profile.

The preceding examples can be repeated with similar success by substituting the generically
or specifically described reactants and/or operating conditions of this invention for those used

in the prececing examples.

From the foregoing description, one skilled in the art can easily ascertain the essential
characteristics of this invention and, without departing from the spirit and scope thereof, can
make various changes and modifications of the invention to adapt it to various usages and

condilions.

D
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CLAIMS:

1, An oral dosage form comprising from 0.75% to 2% by weight of guanfacine or a
pharmaceutically acceptable salt thereof, wherein said dosage form is effective for once a
day administration, and wherein said dosage form also comprises from 25 % to 45 % by

weight poly(methacrylic acid, ethyl acrylate).

2, An oral dosage form according to claim 1 wherein guanfacine or a

pharmaceutically acceptable salt thereof is guanfacine hydrochloride.

3. An oral dosage form according to claim 1 or claim 2 comprising 25% to 35%

poly(methacrylic acid, ethyl acrylate).

4, An oral dosage form according to any one of claims 1 to 3 in the form of a tablet.

5. An oral dosage form according to claim 4 having a hardness of 4.5 to 8.0 kp,

measured using a Schleuniger tablet hardness tester.

6. An oral dosage form according to any one of claims 1 to 5 comprising:

Guanfacine Hydrochloride: 0.76 to 0.88 % weight/weight;

Hypromellose 2208: 13.34 % weight/weight;

High density silicified microcrystalline cellulose: 15.38 to 17.33 % weight/weight;

Lactose monohydrate, povidone, crospovidone granulated blend: 16.91 to 16.94 %
weight/weight;

poly(methacrylic acid, ethyl acrylate): 33.33 to 34.61% weight/weight;

Fumaric acid: 5.00 % weight/weight; and

Atomized glyceryl behenate: 13.33 to 13.85 % weight/weight.

7. An oral dosage form according to claim 6 comprising:
Guanfacine Hydrochloride: 0.76 % weight/weight;
Hypromellose 2208: 13.34 % weight/weight;

High density silicified microcrystalline cellulose: 17.33 % weight/weight;
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Lactose monohydrate, povidone, crospovidone granulated blend: 1691 %
weight/weight;

poly(methacrylic acid, ethy! acrylate): 33.33 % weight/weight;

Fumaric acid: 5.00 % weight/weight; and

Atomized glyceryl behenate: 13,33 % weight/weight.

8. An oral dosage form according to claim 6 or claim 7, in a tablet form and having a

weight of 150 mg.

9. An oral dosage form according to claim 6 or claim 7, in a tablet form and having a

weight of 300 mg.

10.  Anoral dosage form according to any one of claims 1 to 5 comprising:

Guanfacine Hydrochloride: 1.27 to 1.42 % weight/weight;

Hypromellose 2208: 13.34 % weight/weight;

High density silicified microcrystalline cellulose: 17.10 to 17.33 % weight/weight;

Lactose monohydrate, povidone, crospovidone granulated blend: 15.90 to 15.99 %
weight/weight;

poly(methacrylic acid, ethyl acrylate): 33.33 % weight/weight;

Fumaric acid: 5.00 % weight/weight;

Atomized glyceryl behenate: 13.33 % weight/weight; and

Pigmented blend powder: 0.50 % weight/weight.

I1.  An oral dosage form according to claim 10 comprising:

Guanfacine Hydrochloride: 1.27 % weight/weight;

Hypromellose 2208: 13.34 % weight/weight;

High density silicified microcrystalline cellulose: 17.33 % weight/weight;

Lactose monohydrate, povidone, crospovidone granulated blend: 15.90 %
weight/weight;

poly(methacrylic acid, ethyl acrylate): 33.33 % weight/weight;

Fumaric acid: 5.00 % weight/weight;
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i2.

Atomized glyceryl behenate: 13.33 % weight/weight; and
Pigmented blend powder: 0.50 % weight/weight.

An oral dosage form according to claim 10 or claim 11, in a tablet form and having

a weight of 225 mg.

13.

An oral dosage form according to any one of claims | to 5 comprising:
Guanfacine Hydrochlonde: 1.71 to 1.90 % weight/weight;

Hypromellose 2208: 10.00 % weight/weight;

High density silicified microcrystalline cellulose: 21.04 10 21.39 % weight/weight;

Lactose monchydrate, povidone, crospovidone granulated blend: 21.40 to 21.55 %

weight/weight;

14.

poly(methacrylic acid, ethyl acrylate): 25.00 % weight/weight;
Fumaric acid: 5.00 % weight/weight;

Atomized glyceryl behenate: 15.00% weight/weight; and
Pigmented blend powder: 0.50 % weight/weight,

An oral dosage form according to claim 10 comprising:

Guanfacine Hydrochloride: 1.71 % weight/weight;

Hypromellose 2208: 10.00 % weight/weight,

High density silicified microcrystalline cellulose: 21.39 % weight/weight;

Lactose monohydrate, povidone, crospovidone granulated blend: 21.40 %

weight/weight;

I5.

poly(methacrylic acid, ethyl acrylate): 25.00 % weight/weight;
Fumaric acid: 5.00 % weight/weight;

Atomized glyceryl behenate; 15.00 % weight/weight; and
Pigmented blend powder: 0.50 % weight/weight.

An oral dosage form according 1o claim 13 or claim 14, in a tablet form and having

a weight of 200 mg.
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16.  An oral dosage form according to claim 13 or claim 14, in a tablet form and having

a weight of 233.33 mg,

17.  An oral dosage form according to claim 13 or claim 14, in a tablet form and having

a weight of 266,66 mg.

18. A packaged pharmaceutical composition comprising a container holding an oral
dosage form according to any one of claims 1 to 17, and instructions for use for an

indication for guanfacine,
19.  An oral dosage form according to any one of claims 1 to 17, when used for the

treatment of a disorder selected from the group consisting of: Attention Deficient

Hyperactivity Disorder (ADHD), hypertension, heroin withdrawal and a sleep disorder.
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