PHARMACEUTI CAL FORMULATI ONS/ COVPCSI TI ON OF GUANFACI NE
SUI TABLE FOR SI NGLE DOSE FORM ADM NI STRATI ON DAI LY
Rel at ed Applications This application clains the
benefit of the filing date of U S. Provisiona
Application Serial No. 60/702,982 filed July 28, 2005.
This application is related to concurrently filed
application, identified by Attorney Docket No.
S\ RE4 AG LYTYOW [ aRd RN A fredNS Moiviirici TRe Ne@E & ULRFRCINE
Fornulatlons wi t h Enhanced Mechani cal Pro-ertles " The
ent SUEL ELZQR SINGUEDOSE L0 ADMHNISTRATIONBDAHAY i
expressly |ncorporated by reference inits entlrety

Background of the Invention Guanfacine is useful for
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|ca ons are being tested. Thi s drug |s
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Mechanical Properties.” The enlire contents of the foregoing patent application is expressly

incorporated by reference in its entirety.

Backeground of the Invention

Guanlacine 15 useful for treaung ADHD as an alternative to stimulant medications, mild o
moderate high blood pressure (hypertension), heroin withdrawal, certain problems in difficult
pregnancies, sleep disorders, among others. Other indications are being lested. This drug 1s
especially uselul in children who have both ADHD and conduct disorder. See USP 6,811,794
and USP 6,287,599 which disclose formulations of guanfacine, whose disclosures are

incorporated by relerence herein in their entirety.

Guanfacine hydrochloride is a centrally acting antihypertensive with cp.adrenoceptor agonist
properties, sold in tablet form for oral administration under the brand name Tenex®. The
chemical name of guanfacine hydrochioride is N-amidino-2-(2,6-dichlorophenyl) acetumide
hydrochtoride and i1s has the molecular formula, CoH,oClLN3O. Itis in the form of a while o
off-white powder that is sparingly solublc in water and alcohol and slightly soluble in
acelone, £ach commercial tablet for oral administration contains guanfacine hydrochloride
equivalent to 1 mg or 2 mg guanfacine. The tablets additionally contain anhydrous lactose,

microcrystalline cellulose, povidone, stearic acid and colorants.

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

itiching, fatigue, indigestion, diarrhea, slow heartbeat, decreased sexual abitity, unusual
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i ncorporated by reference herein in their entirety.
Guanf aci ne hydrochloride is a centrally acting
anti hypertensive with ¢ 2_adrenoceptor agoni se
properties, sold in tablet formfor oral admnistration
under the brand nane Tenex tt . The chem cal nane of
guanf aci ne hydrochloride is
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otheldige oislested sepandlyriipst edchiosr.cel | ul ose, povi done, stearic
acid and col orants. Guanfaci ne may cause the foll ow ng

... Side effects: dry nouth, constipation, drowsiness,

llﬁjﬂﬂﬂﬁﬁéss, heacl ache, difficulty sleeping (insomia),
dry eyes, nausea, vomting, skin rash or itching,
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ele,, in a single dose form, e.g., a single wablet, which is effective in a once a day regimen and
also has a size, e.g., tablet weight, small enough to be acceptable for oral adminisiration, e.g.,
allowing Lor eusy swallowing by a patient. Accordingly, the compositions and methods of the
invention are useful for treating, controlling or affecting ADHD, hypertension, heroin

withdrawal, certain problems in difficult pregnancies, sleep clisorders, eic.. The formulations

also have good manufacturability, scalability and robustness.

An aspect of the invention is a pharmaceutical composition comiprising guanfacine and a
pharmaceutically acceplable vehicle in a single, once a day discrete dose form for oral
administration which is effective in a once a day regimen and also has a size acceplable for
patients. For example, typical acceptable sizes, in terms of tablet weight, are for a | mg dose,
up to 170 mg, fora 2 mg dose, up to 340 meg, fora 2.5 mg dose, up 10 235 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 that is acceptable for oral adminiswation, for

example.

Round tablets often have diameters up to 0.4 inch, preferably up to 0.35 inch, e.g., 0.1500
inch to 0.31253 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 to 0.15 inch, e.g., 0.1000 to 0.1400 inch. {f
the tablet is oval il ofien has dimensions of up to 0.6 inch (length) by up to 0.2 inch (width),

preferably up to 0.55 inch {length) by up to 0.15 inch (width), e.g., 0.5400 (length) by 0.1200
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guanfaci ne and any of its salts including guanfacine
hydr ochl ori de unl ess specifically stated 5 otherw se or
|isted separately fromeach other. The Invention This
i nvention provides nethods; conpositions, and

formul ations that are useful in the treatnent of any
of the indications for guanfacine. The nmethods of the

(widtiphigedt, iptﬂﬁerﬂbibt 0880 (lexremi) vy Sk 1809 h\@idtlﬁ, 1&0@ upm'f@r@blyé) 48a¢ dength)
dcj:’%pr(l)? | n| 15(”1 fﬁff?H él@esﬁ%ﬁﬁ;ﬁ% rDelgcc::r Ipbe caatgg 118 to @9% mcil e.g.,

0.140go 0]205ncrl‘|g [ I1éZsIﬂige ofAh&disBete 3 doﬁ f&rrk cail 1@, oval&ix%undlcn oﬂ1e1
single close form ég a single tablet, which is
suitgylg g v & hpithg ogp dasc wa;ﬁo'rf'éamﬁ@na A [sioged, Hagscharagiepaing

dimsihn usgfem s wel ey amﬁm\ches?,'aﬁw ARed 9 lsb@:m?ee&m@!eﬁz,( or
ora . al I'ow ng for easy

m-ni stration
cMnsmﬂhhommmgyhykmgmaWKmnmnd#mmmcﬂingly, t he conpositions
and nethods of the invention are useful for treating,
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]wabﬁbuaﬁoa@smyﬁp aspect of the invention is a
phar maceuti cal conposition conprising guanfacine and a
pharmaceutically acceptable vehicle in a single, once a
In admyhed aspeetehepid Gesied fabtatof the inoewbon has a hardness of' 4.0 to 11.0 kp,

preferably 4.5 10 9.5 kp, more preferably 4.5 10 8.0 kp, measured using a Schleuniger tablet

harclness tester.

Another aspect is a method for the treatment of ADHD 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 Lo achieve an elfective pk
profile, and size, e.g., weight. In another aspect, the tablets also achieve sufficient

compressibility to attain desired tablet hardness values.

Advaniages of being able 10 administer guanfacine in 2 single once a day dose form include
lessening the chance for a patient missing a prescribed administration regimen, e.g., no
chance of forgetting taking a pill twice, three limes, elc., claily; ease ol administration to a
child daily versus more than once if the child resists or generally objects to taking medication
each time administered; less interference with daily activities, e.g., school, sports practice elc.

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

Another aspect ol the invention is the pharmaceutical formulatiion of the inveniion having a
mean plasma concenlralion pharmacokinetic (PIC) profile such that, when the formulation is
administered 1n a dose of | mg ol guanfacine 1o fasted healthy adult subjects, said PI profile
has at ieast one of the following parameters: an AUCy. g of about 29.3 - 8.8 ngeh/mL, an

AUCx of about 32.4 + 8.8 ng-lvml, a mean C,c ol about 0.98 - 0.26 ng/mL, and a median
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adm nistration which is effective in a once a day

regi men and al so has a size acceptable for C 20

patients. For exanple, typical acceptable sizes, in
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character|2|ng
and a median Ty, of about 6 hours (each parameter being within £ 50%, more preferably +
40% and particularly preferably = 20% of said respective value (irrespective of staled =
value), and when the formulation is administered in a dose amount whose PK profile 1s

linearly correlated with that of a 2.5 mg dose, an AUC a1, AUC., and Cpyy linearly related 10

those for the 2.5 mg dose . The t,5, measured for the 1 mg formulalion, 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 that, when the formulation is
adminisiered in a dose of 4 mg of guanfacine to fasted healthy adult subjects, said PK profile
has at least one of the following parameters: an AUCg. 5 0f about 120 £ 41.5 ngsh/mL, an
AUC,, of aboul 125 £ 46.0 ng*lvmL, a mean C,z o about 3.58 3: 1.39 ng/mL., und a median
Thuax 0f about 3 hours (each parameter being within & 50%, 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 cose
amount whose PK profile is lincarly correlated with that of a 4 mg dose, an AUCqqu5, AUCe,
and Cp linearly related to those for the 4 mg dose. The t)5, measured for the 1 mg

formulation, is 17.1 £ 5.5 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
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5 dinension usually is its dianeter and thickness, and

when it is oval, the characterizing dinension is

usually its length, width, and thiclness. Another

aspect of the invention is such a pharnaceutica

conposition that has a total weight of, for exanple,

up to about 340 , 100 to 300ny, preferably 130
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invention includés tablets that are able to achieve an

1 mebf awthey éoqglamouplr\@lﬁqst EK amide & lmear I)ebcgtel'lt@ﬁb\wglhthat (I)[nl 2 mg <ose,
her pect e tabl et S0 .ac uf f.|.
o e U Tt Gt Breal TR Sielh TR O T B Bl B messec
for L\ﬁ@blh?gsronﬁgi\{%ﬁ ages: ob 4heing able to admi nister
guanfacine in a single once a clay close formi ncl ude

| essening the chance for a patient mssing a prescribed
AndREHTL iest Jr@td iR i8R phaPmBteuti®® formulation of the invention having a

mean plasma concentration pharmacokinetic (PK) profile such that, when the formulation is
administered in a dose of 2 mg of guanfacine to fasted patients ages 13-17 suffering from
ADHD, said PIC profile has at least one of the following parameters: an AUC 5 of about
42,74 £ 12.85 ng*WmL, an AUC,, of about 47.25 £ 13.69 ng*h/mL, a mean C,,., of about
1.69 £ 0.43 ng/mL, and a median Tiyax ol about 3 hours (¢ach parameter being within = 50%,
more preferably = 40% and parueularly preferably = 20% of said respective value
(irrespective of stated + value), and when the formulation is administered in a dose amount of
| mg or another dose amount whose PK profile is linearly correlated with that of a 2 mg dose,
an AUCq s, AUC, and Cyyqy linearly related to those for the 2 mg dose. The 1), measured

for the 2 mg formulation, is 17.9 £ 5.8 hours.

Formulations of Lthe invention typically contain abeut 0.1 to about 3% (w/w) of puanfacine,
preferably 0.25-5% (w/w), more preferably 0.3-4% (w/w), 0.33-3.5% (w/w), 0.3-3 % {w/w),
0.75-2% (wiw), ete. Amounts of other ingredients will vary with the formulauon technology
used and the PIC profiles to be achieved, as will the amount of guanfacine, all as shown
herein,

- o oA o=
2

All patients can get any of the 1, 2, 2 or 4 mg once a day formulations based on
desired PK profiles and effectiveness o be achieved. All patents could get the 3 mg dose (if
they are not adequately maintained on lower doses). The dose for more mature patiens, e.g.,

weenagers and adults, and also for heavier children may be titrated to 3.5 or 4mg, {or example.
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2.5 mg: Blue pigment; 3 mg: Green pigment; 3.5 mg: Red pigmenl; 4 mg: Green pigment
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(irrespective of stated value), and when the
formulation is admnistered in a dose anount of | ngy
or anot her dose amount whose PK profile is linearly
correlated with that of a 2 nig close, an AUCo.is,,
AUCW and C,,,, linearly related to those for the 2 ny
close. The t1/2, neasured for the 2 formulation, is
Further agpeets of dignyestion icingp fdisnlagapercipgon nq:h@e yvasmearenl the

phas ﬂ‘é‘%&ﬁ‘&{cﬂﬁﬁﬂ{&é]&% soeﬁlcef:EHLr%imc&ﬂne‘? gﬁﬂﬁm %Vﬁg:@%@%’wﬂ%w

Cinadtndfar I1e,. 8 ldleshcllblétaiﬁbovmﬁ@l’b\hﬁ’nﬁlefl@bm:lﬂea,tdt @durj &c., pharmacokinetic
adm nistered in a close oft tng of guanfaC|ne to fasted
mmﬁl&tw it exgade. fschlaﬁp%,clﬁlfl%lm*er@tlflv'atmemA\{ﬁMrb Prayfigotmyor more of

e BByt 80 0% A, B RT3

pati@inoan ohé oRmoreld. tl&Q)lmg]hE{cn’kjneI& p’amm@g,,o; sats bkreahapitholdm herein
i bout 5 hours

1.69. [nmL, and median T,,,, ., of
“'he(lég@w%%rﬁﬁw? éi“%é@eﬁé R childsishpicsiard: Brdrertasppimations
ol 140%P AN JRAT ﬁd'clehe%r Y&l E6 3R |le3§?(129 Y Sahd Cm o

respective va |rrespect|ve of state val ue) and
when the fornulation is adm nistered in a dose anpunt

'l'lle?ﬁtrﬁgliﬂlilggs o[&Fgg?J qgggy dogﬁhﬁﬁg%nt fe\‘{\gg edribéipllé égf i\tgﬁlef? period”
is mARRhat fhe forttdGRion @D dua@iiﬂlzﬂﬂy@l [Hi @ Rivn C& Bt RehihiQielRIS € patien
for the 2 ng dose. The 11 /2; measured 20 for the 2 ng

for f lengrnb Atimen! atiogt 4 wedk, a 51081hhé1jr{gnomhs (e.g., 2-6 months, 7-11 menths,
ete.), a vear, lwo or more years, etc. and continue to be effective to weal the indication

involved, e.g., ADHD.

In an advantageous embodiment, the pharmacewtical formulations of guanfacine comprise
Eudragit L® 100-535 (poly(methacrylic acid, ethyl acrylate)), (anionic polymer of methacrylic
acid and methaerylates — Methacrylic copolymer Type C, NF) marketed by Rohm America,
[nc. All specification sheels available from Rohm America, Inc. by the filing date of this
application for Eudragil L.® 100-35 are hereby incorporated herein by reference. The
compositions in this embodiment generally contain Eudragit L® 100-53, out of one hundred
percent by weight of 1owal composition (w/w), from about 25 percent to about 45 percent,
preferably from about 23 percent to about 33 percent, most preferably from about 26, 27, 28,
ele. percent 1o about 32, 33, 34, 33, ete. percent (w/w) of the total composition, the content

optionally varying with dosage level as shown below.

A further aspect includes formulations which achieve the PK profile described above using
formulations based on conventional galenical technology using osmotic relcase, pulsatile
release, sustained release, controlled release, delayed release, extended release, immediale

release or other modified release of guanfacine.

In other aspects, the invention is direcled to mcthods for treatment using, as <escribed above,

guanfacine provided in a modified release formulation. The formulation is administered to an

Y
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formul ati ons of the invention typically contain about
0.1 to about 5% (ww) of guanfacine; preferably
0.25-5% nore preferably 0.3-4% (wWw); 0.33-3.5%0.5-3 %
(twtv), 0.75-2%etc. Amounts of other ingredients
will vary with the formul ati on technol ogy 25 used and
the PK profiles to be achieved, as will the anount of
dd“bﬂ]%‘ﬁlé@lsf‘ié’em& Rboys 6dR 3R Oldsediatbaut 1A 17 ysar oldnans! achifvaset
o 80 APPD bypctiendor herdip Tl b AR fme
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the 3 ng close (if 30 they are not adequately
mai nt ai ned on | ower doses). The close for nore mature
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disorders in a subject, etc.

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

formulaled.

The term “container” includes any receptacle for holding the therapeutic formulation. For
example, in one embodiment, the container is the packaging that contains the formulation. In
other embodiments, the container is not the packaging that contains the formulation, i.e., the
container is a receptacle, such as a box or vial that contains the packaged tormulation or
unpackaged Formulation and the insuructions for use of the formulation. Moreover, packaging
techniques are well known in the art, 1t should be understood that the instructions [or use of
the therapeutic formulation may be contzined on the packaging conmaining the therapeuiic
formulation, and as such the instructions form an increased functional relationship o the
packaged product. However, it should be understood rhat the instructions can contain
information pertaining to guanfacine’s ability to perform its intended function, e.g., treat
ADHD, hyperiension, heroin withdrawal, certain problems in difficult pregnancies, sleep

disorders, elc,

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

achieve the intended plasma concentration pharmacokinetic (PK) profile as described above.

10
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the invention, and is selected for treatment based on this need. A subject in need of reaiment
is art-recognized, and includes subjects that have been identified as having a disease or
disorder related to ADHD, hypertension, heroin withdrawal, certain problems in difficult
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, ¢.g., medical
diagnosis, to benetfit from treatment (e.g., curing, healing, preventing, alleviating, relieving,
altering, remedying, ameliorating, improving, or aftecting the disease or disorder, the

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

Administration of guanfacine 1o a subject 1o be treated can be carried out using known
procedures, at dosages and for periods of time effective 10 achieve the intended treatment in
the subject. An efTective amount of the therapeutic compound necessary (o achigve a
therapeutic elfect may vary according to faciors 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 (0 oblain an amount of the active ingredient that is effeclive to
achieve the desired therapeutic response for a particular patient, composition, and mode of

acdministration, withour being toxic to the patient.

Depending on the formulation system to be used, pharmaceutically acceptable carriers include
any of the following: Nllers or extenders, such as sugars, starches, lactose, sucrose, glucose,
mannitol, or silicic acicl; binders, such as, for example, carboxymethylcellulose, alginates,
gelatin, polyvinyl pyrrolidone, sucrose or acacia; humectants, such as glycerol; disintegrating
agemts, such as agar-agar, calcium carbonalte, potato or tapioca starch, alginic acid, certain
silicates, sodium starch glycolate, cross-linked sodium carboxymethyt cellulose, cross-linked
sodium carboxymethyl cellulose {e.g., AC-DI-SOL®), sodium starch glycolate (e.g.,
EXPLOTAB®, PRIMOIEL®), and cross-linked polyvinylpolypyrrolidone (e.g., Plasone-XL),
and sodium carbonate; solution retarding agents, such as paraffin; absorption accelerators,
such as quaternary ammonium compounds; excipients, such as cocoa buner; solvents;
encapsulating material; welting agents, such as, for example, cetyl alcohol and glvcerol
monostearate; absorbents, such as kaotin and bentoniie clay; lubricants such as tale, stearic
acid, leucine, glyceryl behanate, hydrogenated vegetable oil calcium stearate, magnesium

stearate, solid polvethylene glycols, sodium lauryl sulfate; coloring agents; preservatives;

I
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surface-active agents; dispersing agent; inert liquid diluent; adjuvants; emulsifying agents;

coating agents; sweetening, flavoring and/or perfuming agents; suppository waxes; oils, such
as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, com oil and soybean oil;
antioxidants, for example, water soluble antioxidants, such as ascorbic acid, cysteine
hydrochloride, sodium bisulfate, sodium metabisulfite, sodium suifite and the like; cil-soluble
antioxidants, such as ascorbyl palmitate, butylated hvdroxyamisole (BHA), butylated
hydroxytoluene (BHT), lecithin, propy! gallate, alpha-tocopherol, and the like; and metal
chelating agents, such as citric acid, ethylenediamine letraacetic acid (EDTA), sorbitol,
tarlaric acid, phosphoric acid, and the like; esters, such as ethyl oleate and ethyl lauraie; agar;
buffering agents. such as magnesiwm hydroxide and aluminum hydroxide; alginic acid,;
pyrogen-fiee water; isolonic saline; Ringer's solution; ethyl alcohol; sodium citrate; dicalcium
phosphate; phosphate buller solutions; and other non-toxic compalible substances employed
i pharmaceutical formulations known in the art. Prevention of the action of microorganisms
on the tablets may be ensured by the inclusion of various antibacterial and antifungal agens,
[or example. paraben, chlorobutanol, phenol sorbic acid, and the like. Each carrier must be
“acceptable™ in the sense ol being compatible with the other ingredients of the formulation,
not injurious 1o the patient, and in the sense that it does not affect the ability of the therapcutic

formulation to achieve desired PIK profiles.

As noted above, formulations lor achieving the loregoing PK profiles dosing regimens can
use immediate, controlled, sustained, extended, delayed, pulsatile, osmotic release, ete.
(echnologies, alone or in combination to achieve the desired results. Examiples of principles
of formutations and prepuarations are contained, for example, in the Handbook of

Pharmaceutical Excipents, American Pharmaceutical Association 4"

edition, 2003 (Rowe,
Sheskev and Welleyr); Pharmaceutical Dosage Forms: Tablets (Lieberman, Lachman and
Schwarts, editors) current edition, published by Marcel Deklker, Inc., as well as Remingtlon’s
Pharmaceutical Sciences (A. Gennare, editor, 20th edition, 2000). For conventional sustained
or controlled release methods, see, e.g., in R.UC Chang and J.R. Robinson, chapter 4:
“Sustained Drug Release lrom Tableis a:]cl Particles Through Coating,” in Pharmaceutical

Dosape Forms: Tablets, volume 3, edited by 1. A. Lieberman, L. Lachman, and J.B3.

Schwartz, Marcel Dekker, [nc., 1991; R.J. Campbell and G L. Sackett, chapter 3: “Film

tH

coating,” in Pharmaceutical Unit Operations: Coating, edited by K., Avis, AJ. Shukla, and
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R.K.Uaihang, lnte)rpharm Press, Inc.,N]999. Pg)nciples of alternative fom(mlation techniques

are also given in US patents 6,378,386, 6,849,661; 6,827,947, 6,702,803, 6,793,936;

6,780,436; 6,746,692; 6,638,535; 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
cceplable water-insoluble or water soluble film former alone or with a dissolution regulating
agent etc.. See, e.g., USP 4,728,512, A biphasic or muliiphasic 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 dilfering release

profiles - all to achieve the desired PK profiles.

Beads can be prepared by coaling convenliona! drug-containing cores with a waler-insoluble
polymer, or a combinaltion ol water-insoluble polymers, or a combination of water-insoluble
and water-soluble polymers. This may be a combination of layers, or a combination of
polymers in a single coating. The resultant beads (or tiny tablets) can then be placed in a
capsule. Other than beads tn a capsule shell, tablets in a capsule shell {(e.g., one or more
immediale-release tublet and one or more delayed, sustained release tablet in a capsule shell)

also can be used to attain the desired release prolile.

Various polymeric maerials can be used (o achieve the desired type of pattern of releuse, e.g.,
immediate, sustained, delayed eic. 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 consiruclions are plenuful and include the following:
e Sugar core bead, coated with active agent and then coated with polymer and/or

with mix of aclive agent and polymer or any different order of such layers on the

13
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ore, within each case, selected active agent concentrations of components 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 concenlrations of components in the layer.

*  Tabletor capsule containing multiple types of beads as described above having

differing timing of retease or different rates 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 release polymers.

Guanfacine-containing particles may also be incorporated inwo a tablet, in particular by
incorporation into a tablet matrix, which rapidly disperses the particles after ingestion, in
certain embodiments. In order to incorporaie these particles into such a ablet, a filler/binder
15 added to a tablet that can accept the particles, but will not allow their destruction during the
tableting process. Materials that are suitable tor this purpose include, but are not limited Lo,
microcrystaliine cetlulose (e.g., AVICEL®), soy polysaccharide (e.g.. EMCOSOY®), pre-
gelatinized starches (e.g., STARCH® 1300, NATIONAL® 1551), and polyethylene glycols
(¢.z.. CARBOWAX®). The malerials are typically present in the range ol 3-75% (w/w), with

a preflerred range generally of 23-30% (w/w).

Various enteric malerials, e.g., cellulose acelale phthalate, hydroxypropyl methylceliulose
phthalate, polyviny! acetate phthalate, and the EUDRAGIT® and ACRYLEZE® acrylic
polymers, can also be employed. These are gastroresislant, 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 systems 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 ceating products that are not pH
sensitive. Examples of such coating products include the neutral methacrylic acid esters with
a small portion of wrimethylammonioethyl methacrylate chloride, which are commercially

available, e.g., EUDRAGIT® RS and EUDRAGIT® R1.; ncutral ester dispersions without
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any functional groups, ¢.g., EUDRAGIT® NE30D and EUDRAGIT® NE30; most

P
E
O

preferably, EUDRAGIT® L100-55, and other pH independent coating products,

A conventional protective coating layer may also be applied immediately outside the core,
either a drug-containing matrix core or a drug-layered core, by conventional coating
techniques such as pan coating or fluid bed coaling using solutions of polymers in water o1
suitable organic solvents or by using aquecous polymer dispersions. Suitable maierials for the
proteciive layer include cellulose derivatives such as hydroxyethyl cellulose, hydroxypropyl
cellulose, hydroxypropyl methylceliulose, polyvinylpyrrolidone, polyvinylpyrrolidone/vinyl
acelate copolymer, ethyl celiulose aqueous dispersions, polyvinyl acelale (e.g.,
AQUACOAT®, SURELEASE®), EUDRAGIT®’s, OPADRY® and the like. Typical

coating levels are from 1 10 6%, in general, preferably 2-4% (w/w).

An overcoating layer can further optionally be applied 10 the compositions of the present
invenlion, OPADRY®, OPADRY 1I® (Colorcon) and corresponding color and colorless
grades from Colorcon can be used 1o protect the pellets from being tacky and provide colors
o the product. Typical levels of protective or color coating are from 1 w0 6%, in general
preferably 2-3% (w/w). Many ingredienls can be incorporated into the overcoating [ormula,
for example to provide a quicker (immediate) release, such as plasticizers: acetyltriethy!
citrate, triethy] citrate, acetyluributyl citrate, dibutylsebacate, triacetin, polyethylene glycols,
propylene glycol and the others; lubricants: tale, colloidal silica dioxide, magnesium stearate,

caleium slearate, titanium dioxide, magnesium silicate, and the like,

Optional modifying components of a protective layer which can be used over the enteric or
other coatings include a water penetration barrier layer (semi-permeablc polymer) which can
be successively coated after the enteric or other coating 10 reduce the waler penetration rate
(hrough the enteric coating layer and thus increase the lag time of the drug relcase. Sustained-
rclease coatings commonly known 1o one skilled in the arl can be used for this purpose by
conventional coating echniques 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 limited to: cellulose acetate, cellulose

acclaic bulyrate, cellulose acclale 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 polymers such as hydroxyethyl cellulose, hydroxypropyl
cellulose (KLUCEL®, Hercules Corp.), hydwoxypropyl methylcellulose (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, relutive amounts of components, coating
thicknesses, bead diamelers, number of layers and compositions thereol, ete. Thus, for
example, for a given construct, in vitro dissolution profites 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 proliles will be correlated with the in viiro release
profiles in view ol the usual {actors, .., in vivo dissolution and absorption properties, aciive

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

Suitable materials which can be used 10 achieve formulations having such release profiles are
well known and include but are not limited 10 polyvinyl acetate, cellulose acetare, cellulose
acetate lattices, cellulose acetate butyrate, celtulose acetate propionate, ethyl cellulose, fauty
acids and their esters, alkyl alcohols, waxcs, zcin {prolamine from corn), and aqueous
polymeric dispersions such as the commercially available Euclmgit®, Aquacoat®, Surelease®,

Kollicoa™, etc., products.

The rablets (and other possiblc solid dosage forms of the pharmacecutical compositions of the
present invemion, such as dragees, capsules, pills, pellets, and granules,) may optionally be

scored.

[n general, the pharmaceutical formulations comprise 0.1 to 40% by weight of any single
ingredient, more typically 0.3-35% by weight, depending on the formulaiion technology

employed.
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Definition of terms

Com - the maximum observed plasma concentration.
T - the time of occurrence of Cyuy.
AUC a0 - the area under the plasma concentration versus time curve from time zero 10

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

AUC,, - the area uncler the plasma concentrations versus time curve from (ime zero (0
miinny, calculated from AUCq;+ (Ciasd;), where Cjag is the last observed

quantifiable concentration and Az is the apparent terminal rate consrant.

lin - the apparent ierminal hali-lile, calcutared from 1n2/2,.
API - Active pharmaceutical ingredient
Fasted - Overnight f{asting, e.g., usually about 10-12 hours.

Brief Description of the Drawings

Figure | shows the range of hardness at different compression forces for [ormulations

with different Eudraght polymers.

The contents of all references, issued patents, and published patent applications ciled
throughout this application are hereby incorporaied 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
(0 be encompassed by the present invention and are expressly incorporated herein at least for

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

Those skilled in the art wilt recognize, or be able to ascertain using no more than routine
experimentaiion and the content of the instant speeification, 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

herelo.
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IU1s (o be understood 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 fall within these ranges, as well as the upper or lower limits of a

range ol values are also conlemplated 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 further elaboration, it is believed that one skilled in the art can, using the preceding
description, utilize the present invention to its [ullest extent. The preceding prelerred specilic
embodiments are, therelore, (0 be construed as merely illustrative, and not imitative of the

remainder of the disclosure in any way whatsoever.

In the foreguing and in the examples, all temperatures are sei forth uncorrected in degrees
Celsius and, all parts and percentages are by weight, unless olherwise indicated. The particle
size range of the guanfacine HCI {as the API) used in the [oregoing examples, tables and
figures, is <v3C of Smicrons to 25 microns and dv90 of 10 microns to 50 microns. The term

3

“dv* relers to volume diameter (the diameter of a sphere having the same volume) and 50

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

Lxample |

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

on for minuies 3 — 8. The blend is charged ino a polyethylene bag and then transferred 1o the
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hopper of the Stokes tablet press. The blend is compressed to the appropriate hardness for the

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

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

5 at various compression forces (see Figure 1).
Ingredients Composifion 1 (% w/w) Composition 2 (% w/w)
Guanfacine HCI 0.76 0.76
Methocel K4M* 13.34 13.34
Fudragit L100-35*% 33.33 N/A
Eudragit RSPO N/A 33.33
Fumaric acid 3.00 5.00
Compritol 888 ATO* 13.35 13.33
Lucipress® 16.91 16.91
| Prosolv HD9O# 17.33 17.33
*ethocel K4 — FHydroxypropylmethyleelluiose, Dow Chemical; Cudragit L100-55 -
polv(methacrylic acid, ethyl acrylate), a methacrylic acid copolymer, Rolun America, [nc.;
10 Eudragit RSPO — Ammonio Methacrylate copolymer, Rohm America, [nc.; Compritol 888
ATO - Glyceryl dibehenate, Gatlefosse; Ludipress — Lactose/povidone/crospovidone, BASF;
Prosolv HD90 — Silicified microcrystatline cellulose, Penwest.
Composition Average Hardness (kP)
| (Eudragit L100-33) 6.2
2 (Eudragit RSPO) 3.9
15 The general method for preparing guanfacine tablets used herein is similar 1o the method for

the same in US 6,811,794 and US 6,287,399.
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va mno E QL o) 5 0 8 Further aspects of the
i nvention include fornul ati ons which conbi ne two or
nore of the pharmacolcinetic paraneters, or sets of
pharnacokinetic paraneters (e.g., AUCO.i,,,, AUC-,
;,, and/or described above, for exanple two, three,
ilﬁ@@@#our etc., pharmacokinetic paraneters. For
exanpl e, such aspects include formulations which
provi de one or nore of 5 the pharnmacokinetic
0 bjpxzth'arfélteecrl&;uim 0 &@atssutdh eae of gsseas the pbmwmabheriedtins whamuolled-
n1n|ster atients and o or npre of t
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herein when adm nistered to children ages 6-12 and/ or
children ages 13-17. Preferred conbi nations of two or
Vethodse Aprogemriadol. dbweEtsfmtal"}@arS@ldEt'lemslc o renascathiildfeinelaked Gel 2 years)

ond (e S0 1 L G SRk gl gy o more b

were @Y tenaReEdRRERRGENT in the opinion of the investigator. Their electrocardiogram

y S
c L

readings (ECGs) were within normal ranges, and their blood pressure measuremens were
wilhin the 95th percentile for their age, height, and gender. Patients were excluded if they had
a comorbid psvchiairic diagnosis, a history or famuly history of cardiac disease that the
investigator judged 1o put the patient at risk, or were taking a CYP3Ad- or P450-affecting

agenl. informed consent was given by the patient’s parent or puardian.

Patients received a single 2 mg dose on day | [ollowed by repeated 2mg qd (once daily) doses
on Davs 9-13, repeated 3mg qd doses on Days 16-23, und repeated 4mg qd doses on Days 24-
29, The dose was then titrated down Lo 3 mg on days 30 10 32, and 2 m:g on days 33 1o 35.
Pharmacokinetic assessments were made afier the single 2mg dose and afier 6 days of

repeuated 2mg and 4mg doses.

Results: All 28 enrolled patients compteied the trial. Demographic data are provided in the

following table.

Demographic information

Children Adolescents Total
(n=14) (n=14) (N=28)
" Age. mean (SD), y 9534+ 1.82 142+ 1.05 11.84+2.90
| Gender
Male, % 50 85.7 67.9 '
Female, % 50 143 32.1
Race
White, % 64.3 85.7 75




Is meant that the fornulation of guanfacine of this

i nvention can be admnistered to a patient for a
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Children Adolescents

(6-12 yrs) (13-17 yrs)
Parameler” (N =14) (N =14)
Cma» (ng/mL} 2.55 £1.03 1.69 £ 0.43
Tmas (M) 4,98 4,96
AUC, (heng/mL) 56.9 £ 22.0 42.7+12.9
AUCq., (h-ng/mL) 65.2 £23.9 47.3£13.7
A (b7 0.0496 + 0.0093 | 0.0428 £ 0.0153
Ty (B) 14.4 & 2.39 17.9 £ 5.77
CL/F (mL/min) 612 & 252 815 214
VUIF (L) 766 £ 380 1,239 £ 432

yems?gnd ado escema Sﬂg years) ﬂ)?l\g patients

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

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

Children Adolescents

{(6-12 yrs) (13-17 yrs)
Parameler: (N = 14) (N = 14)
Cmax (N@g/ml]) 4.39 £ 1.66 2.86 £ 0.77
Toax (N} 4,98 4.53
AUCg.,4 (heng/mL} 70.0 £ 28.3 48.2 £ 16.1
CL/F (mL/min) 552 + 215 826 t 486
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A further aspect includes fbrnulati ons which achi eve
the PK profile described above using Formulations
based on conventional gal enical technol ogy using
osnotic release, pulsatile release, sustained rel ease,
controll ed rel ease, del ayed rel ease, extended rel ease,
i mredi ate release or other nodified rel ease of
Sungumm dianaedacoB0et opacdnieers &sggemtfax:,inetd@eiyrﬂﬂeerfteh oral hdninistration

0 for treat scri bed
oF 4GB0 7 ARG 1R BV K A TCReRO G| ke e 2 Gwetents
—formil ation LL%%_Ls_adnLnlstered to an 9

adul t patient ; %Le”ear ﬁ(ﬁP“ 12 year olds, or
B yea(Noldé

mgpgg; 13-17 d aq treat ment of ADHD
hrypertension;—heroirn wtjdt avval ; L,t:l ain problens in

mdlhgh$QU|t pregpanci gs, sl eep digorders, etc. In yet

T ther aspect, the I nvention @;rtalns to a packaged

g} rnaceutlcal conmposi tipn or’ forpul ati on conpri sing

2 BM%T her |hol Wcrig' '& pharnﬁ&éd@fﬁal conposi tion
CL"E‘HPrlp’Wi'in ng mlaq?—fzn-rgmp and $Hst t4%ctibns for using the

compound for an indication for guanfacine e.g.;
'l"hel/é\E-\lfeB?ll% dl?%%ﬁé& ﬁp ﬁ's (Ptig: o qg\’@l e evemg Q\qf Z\A@O clm?celflg%llgdllmdnl

probl ens i n di gnanci
abn@maligsaads ol@kGed on LC,GS, hemalologlc parameters, or seruni chemistries. Most

Als were mild to moderate in severity, The only AE to occur in >10% of subjects and
considered possibly or probably due to irealment was somnolence (93%); only 6 subjects

(21%) were judged Lo have severe somnolence.

Conclusions: The pharmacokinetics of guanfacine are linear afier oral adnunistration of’
single 2mg doses and multiple 2mg and 4mg doses in both children (6-12 years) and
adolescent (13-17 vearsy ADHD patients. Plasma concenirations and concentration-relaied
pharmacokinetic parameters in chifdren (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 to the higher body weight in the adolescents compared to children and
m males compared to females, regardless of age group. AEs were generally mild 10 moderate
in severity and did not lead 10 any discontinuations. Controlled-release guanfacine appears 10

be a safe option [or the treatment of ADHMD in children and adolescents.

Example 3

Objectives: The study was designed to assess the bioequivalence of guanfacine 2 mg and 4
mg tablets from table 2 and 1o investigate the dose proportionality of | mg, 2 mg, and 4 mg

doses.

Methods: This was a Phase |, randomized, open-label, single-dose, five period, four-

treatment crossover design with a separate lead-in period.

)
()



c 10 The term "vehicle' has the broadest neaning,
i ncl udi ng any substance with which drugs are
formul ated. The term "contai ner" includes any

receptacle for holding the therapeutic fornulation. For
exanpl e, in one enbodi nent, the container is the
packagi ng that contains the fornmulation. In 15 other

enbodi ments, the container is not the packaging that
S SRR R I S T
receP@gkager faf Abdeallinffsi0kd a tietRAE kagsdnf @Empliat foRrigde. ubiRcis
instructions for use of the fonnul auon. Moreover,
werprokenlyrigsigited dh aiopidsuraeeenrd droknowih il hsittiestsarey sdquence.
o R Rt P ES SR Dok e RO el 2 R e
subjPAE Ka@i1hece@PAb §lihdlg dbRe ot hppaneat i RQ siidadsad danmg tablets
and as such the instructions forman increased
duripgHerporap! thebudy dpess puing pereds pavRggés agmonsiered after an
ovelOMeY.gr, it should be understood that the instructions
can contain information pertaining to guanfacine's
ability to performits intended function, e.g.; treat
ADI -1 D, hypertensjion, heroin wthdrawal, certain
Demegaphisss Cepdedi f £ i Males: 287 eamdscits, sleep disorders,
etc. 25 Race: White: 7; Black: 3; Hispanic: 40; Other: 0
Overall mean age in years: 33, Age range 18-35 mclusive

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

Swmmary of PK parameters for guanfacine after single oral adminiswaton of 1 mg, 2 mg and

4 myg lablers.

1mg 2 mg (#1) 2myg (#2) 4 mg (#1) 4 my [#2)
Parameler'T (N=52) {N=50) (N=50) (N=49) (N=49)
Coar (ngimL) 0.8 £ 0.26 1.5 ¢ 0.49 1.54 £ 0.53 3.58 1 1.39 359 £ 1.40
Lgs () 6.00 .00 6.00 5.0 .00
AUC o (heng/mL) 203884 55.0 + 18.0 54.0+17.6 120 £ 41.5 119 + 43.4
AUGC 4., thenglmL] 32.4 £ 8.78 58.1+ 18.8 57.8+19.1 125 + 46.0 123 + 44.6
(Y 00416 £0.0088 00439+ 00075 0.0434 £ 0.0086 0.0434 £0.0098 0.0448 + 0.0089
t, th) 17.5 + 3.83 16.4 £ 3.46 16.7 £ 4.12 17.1 £ 5.51 16.2 + 4.15
CL/F (mUmin) 560 + 194 647 = 253 638 + 206 599 = 213 638 £ 231
VIF (L) 823 + 249 894 £ 328 889 £ 241 854 + 294 856 + 393

Conclusions: The pharmacokinetics of guanfacine were reasonably linear over doses ol | mg,
2 mg, and 4 mg although mean values for Cyay and AUCq.as and AUCys increased 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 1ablets.

There were no deaths or serious adverse events,

I~
(%)
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Suppl enmentary active conpounds can al so be incorporated
into the conpositions as long as they do not
significantly affect the ability of the therapeutic
fornulation to performits intended function or do not
significantly affect the ability of the therapeutic
Fornmul ation to achieve the intended plasma
Lxagpladlent rat i on phar macoki netic (PK) profile as described
above. 30 10 In certain enbodinents of the invention,
Objthieres Ubp ebjeciive of thingedy wis tb ileastpetetthdlyiotcheéy abeth oﬁlgnaofacine
4 ¢ the anentlon and |s s%h$£ted for treatnent based on
2.5 i fadlefwpus AU e M d of treatnent is
art-recogni zed, and includes subjects that have been
identified as having a disease or disorder related to
l\’letAﬁ]HDThh;Pfhesetlsns\b' cun'li?eldelrremildmnvkietdhdrea%adel smglctduise, ticolnk@nment

0105%65 %I AR I R | tt‘“grhl @9@ tﬁya gcglgg Iosng{lg%c’: @]8ISLUC1br ‘\gtSleJCClS

werd Jafikom I9fas§<HféH l@on@' &%@ﬁﬁmw 1t §Hq SQTcEednd t@J&ﬂ’eW@U’l o B&1 2.5 me
expect ed, based di agnosi s, e.g., medical diagnosis,

tablgtgf g@m@fcme ﬂ)uong tlpeealplrrtmqtloc(se! g subjeis |eng,vech@ax|1 |'1$saned (reatment
,.Erevent ng, iati.n V|n al tering,
(as

dRSHyf %ﬁ '5%85 gP [ﬁgm1\ﬁﬁp%vﬁ% or affecting the

di sease or disorder, the synptomof the disease or

di sorder, or the ri sk of t he di sease or disorder).
Demographics: Gender; Males: 14; Females: 34

Race: While: 10; Black: |; Hispanic: 36; Other: |
Overall mean age in years: 33

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

Summary of PK parameters for guanfacine after oral administration of single 2 mg and 2.3

mg doses to heahhy adult subjects.

Parameter 2 mg 2.5 mg (#1) | 2.5 mg (#2)
Cinax (ng/mL) 1712056 | 226+0.67 | 249+ 0.93
T (hr) 6 5 6 i

AUCpiq (nghr/mL) | 59.8£20.9 | 77.8+304 8134354 |
AUC,r (ng.hr/mL) 842+226 | 845+342 850+ 37.4

)z (h) 0.043+0.012/0.040 +£ 0.012]0.046 £ 0.011
T1/2 (hr) 17.7=58 | 19.0+66 | 16774
CL/F (m L/min} 612 4 303 598 + 299 591+ 283
VZ/F (L) 884 + 382 | 915£390 | 809 =408

Arithmetic mean + siandard deviation excepl for Ty for which the median is reporied.

There were 1o deaths.
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10 Adm ni stration of guanfacine to a subject to be
treated can be carried out using known procedures, at
dosages and for periods of tine effective to achieve
the intended treatnment in the subject. .An effective
anount of the therapeutic conpound necessary to achieve
a therapeutic effect may vary according to factors
CunshllshnaS\\’hdfme:oagtE@d Bexhc dffideweiigihdscahe Ehmg epalijeat tablets from

Act ual dosa l.s of nfacine in the . _
e SR Sl Bl “EO ST PR B SR P e PR e BRIy e
The Y’%Te'@g)p@@e@@ He‘%’x(@mléigaleﬁniya\@qaﬁe:a@:fd i hge %tth)\/ fale and female

ingredient that is effective to achieve the desired
subjehemdhigatvilc whespbnssefalrin aingamordl oigand panigeises.

conposition, and node of adm nistration, w thout being
toxic to the patient. Depending on the fornul ation
Lxagytiem t o be used, pharmaceutically acceptable carriers
include 20 any of the Following: fillers or extenders,
OsnpucdlivasnsoldGian Bitiak eesded Raghaskblesucr ose, gl ucose,
mannitol, or silicic acid; binders; such as, for
exanpl e; carboxynet hyl cel | ul ose, alginates, gelatin;
The EHLM ﬂé’ce Bf”Jqlrngn c,qpﬂ%ful %&Qﬁ’ﬁlﬁ?mf?ﬁulgﬁﬁl%tﬁ:’talﬂ E‘lg‘aﬁztaamcﬁmrt V-
ce di si ntegrat enu, such as
5hnmghkagamqmpakDVMnmtmwbmﬁaﬂﬁ;pp@t@ﬂ@ugﬁb&&ﬁhO@&ﬂ&ban@ha|6
| gi ni c acid, ceTtaln silicates, sodiu
m“alv {ABY SO P add s baly i) ”&weaﬁ%aiyw@w lcg diomur gl due

is teféﬁ%s Alll' Iﬂh&@qs %§1u§9@'o§hm {SQQEWJSH\IT‘MI'ILHC%M Mh RS8R Shssed
d ), sodiumstarch glycolate (e.g

tht ough a 70 mesh su een and charged into a 16 quart V-blender, with gmnﬁcme sandwiched

in the middie. The biend is charged into a polyethylene bag and then transferred to the hopper
ol a Stokes tablet press. The blend is compressed to the appropriate hardness for the
necessary iablet weight. Tablet hardness is tested with a Schleuniger hardness rester. Tablets
are coaled in a pan coater with spray rate of 60-100 g/min or higher. The coating solution is
prepared by dissolving about 3% cellulose Acctate, NIF (National Formulary) in Acetone then
adding 25-45% plasticizers such as TEC. A lascr drilled hole is then placed on one side of the

tableis to allow for drug release. The tablet achicves the desired PK profile.

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

in the preceding examples.

From the foregoing description, one skilled in the art can easily ascertain the essential
characieristics of this invention and, without departing from the spirit and scope thereof, can
make various changes and modifications of the invention to adapt it 10 various usages and

conditions.
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EXPLOTAB(I D, PRIMXJEL It ), and cross-Iinked
pol yvin), | pol ypyrrolidone (e.g., Plasone-\L), and
sodi um car bonat e; solution retardi ng agents, such as
paraffin; absorption accelerators, such as quaternary
ammoni um conpounds; exci pients, such as cocoa butter;
sol vents; encapsulating material; wetting agents, such
as, for exanple, cetyl alde¥XdiS and gl ycerol 30
nonost ear at e; absorbents, such as kaolin and bentonite
clay; lubricants such as talc, stearic acid, |eucine,
\chhxﬁeryl behanat e, hydrogentlted vegetable oil, calcium
tearate, magnesium stearate, solid polyethylene
glycols sodlun1lauryl sul fate; coloring agents;
preservati ves; surface-active agents; dispersing
agent ; r\n$r“tmf|%wr‘r HounylyentcomayFing aw%ewéﬁum@w Pi Bigntacine

ora ggﬁﬁ P%}l?ncu H éﬁ:l gafec!:gf%bzl’egselntll‘?t’z <o WREH 80 ke \Hﬂ@%oﬁ IEIIQ%LQH’CVO Alhieve

tory waxes; ol l
eﬂb@ﬂ@mum:mﬂﬂxumnmm@n@eedmd@mmﬁaamfMOmer 0|I sesame oil
olive oil corn oil n oil antlodean S, for
1

X ATEPEY ST 1 S TEACNO RN Eisras e oA S b e
bmlﬁ&n‘ij@ 1095{§1‘i1§|'e'?i%se'5’ldh¥1cri|§[991%llgﬁ&é}i%sn dinldmog!s S{ﬁll zf@s@of ] mg of
sodi um net abi sul fite, sodium sul |tean 1k

umuadmcsm AIUL@.,M afntbb oxdvdlan? &% nguehL asC gs cbatioyl 0.pahk ﬁD‘f/oatbéliL, or
for c% X.ipﬁggplﬂ r@%%( gglaﬁl%uﬁ ‘Ylg!%fi_ I%IF”pH)F kl)%]:s liggé%rﬁ*g@rrep}ﬂlévih h that of
a 1 @b BOR: HPKORHE! Ala CaANEhd® 1dI it EShRB T MRE Rhng dose, wherein the
lotal formulation weight for a | mg dose is up to 170 mg and for a 2 mg dose or other dose
linearly correlated with a | mg dose, a toal tablet weight linearly proportional thereto,

or

a human subject who is at least 18 years old and satisfactory to achieve for said
guanfacine for a single dose administration under fasting conditions, for a dose of 2.5 mg of
puanfacine an AUCq. 45 of about §1.3 £20% ngeh/mL, a Cyyy of about 2.49 £ 20% ng/mL, or
[or another dose amount whose PK profile is linearly correlated with that of a 2.5 mg dose, an
AUChjas and C e linearly velated to those for the 2.5 mg dose, wherein the total Formulation
weight for a 2.5 mg dose is up to 255 mg andl for other dose lincarly correlated with a 2.5 mg
dose. a 1otal tablet weight linearly proportional thereto,

or

a human subject who 1s at least 18 years old and satisfactory to achieve for said
guanfacine for a single dose administration under fasting conditions, for a dose of 4 mg of
puanfacine an AUCq. 145 of about 120 = 20% ng<lvmL a C, of about 3.38 + 20% ng/mL, or
[or doses of 3 mg, 3.5 mg or another dose amount whose PK profile is lincarly correlated with
that of a 4 mg dose, an AUCq.1pq and Cyyay lingarly related to those for the 4 mg dose, wherein
the total formulation weight for a 4 mg dose is up to 300 mg and for & 3 mg dose, 3.5 mg dose
or other dose linearly correlated with a 4 mg dose, a tofal tablet weight lincarly proportional
thereto,

or
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chel ati ng agents; such as citric acid, ethylenediam ne
tetraacetic acid (EDTA), sorbitol, tartaric acid,
phosphoric acid, and the like; esters, such as ethyl
ol eate and ethyl laurate; agar; 10 buffering agents,
such as magnesi um hydroxi de and al um num hydr oxi de;
alginic acid; pyrogen-free water; isotonic saline;
Ri n@emﬂgpaahluwh@n 6-&% mls odd vulselisfodadlitu ahodvierfat id guanf’lcine
. hat e .fer, sol ution
for s o A B R et PR 0 e i deRpih 8 OF yghicine an

AUGhardrasak s gal - ﬁ@%%llﬁﬁLo{‘@mm POWBul 154 POOAT fa/mL, or for doses of
Pr event| on of the action of m croor gani sns On t he

I mg abdnethsr dasy ableuetnslwseaKbWoltlh@ |lnﬁ@lwll@hl®lfwwlaﬂlﬂmfs1 2 mg dose,

bact eri and i f nts, 15 for. e | e, .
on SReumant Cem tranu s PR R TRearg e anh i gi o Brmaton
weigHU K8 -a 2688 Roeas [ @mr@uﬁg ald€or a BHERBEAR Rier 'cIBsetIhn%qx%e{b?i%laled

'of being conpatible with the other ingredients of

withf o7 mgldgsd. oelal pdet waighudineuly pravottivaalgheiewnt ; and in the
sense that it does not affect the ability of the
thgrapeutlc formul ation to achi eve desired PK

pr @fhuhes paidd: Abo ROteld \ahewel antiafnsklcadri ensehf@t (AGHIIQvhEkine
the foregoing PK profiles dosing regimens can use

(or g sipedeifiese 8 muBHHBR edsr fcguwewﬁiéans Ervsiaded, 2 mépéy@@ﬁcme an
L\U@[%S.SO%EOLSWJ 93 “_Ptzé/% nrgqv’nq Sqe(f,é x ph L dbout leé:dm%%gisgg ]% & f01 Wses of

n nmbi'natT on 't esited r
| mEyedplesdat aplolmcise 8K pdfilé Qﬂm:!zluﬂt doRRBuANGith that of 2 2 mg dose,
preparatlons are contained, for exanple, in the
an e Aeosid Of lincarly related to those for the 2 mg dose, wherein the lotal
lormulation weight for a 2 mg dose is up 10 340 mg and tor a ! meg dose or other dose linearly

correlated wilh a 2 mg dose, a total tablet weight linearly proportional thereto.

2. A pharmaceutical formulation ol claim 1, which is in the form of a tablet.
3. A pharmaceutical formulation of elaim 2, which is in the form ol a wblet,
wherein when the tablel is round it has a diameter of up to 0.4 inch with a thickness of up (o
0.2 inch and when the tablet is oval it has a length ol up o 0.6 inch and a width of up 10 0.2

inch with a thickness of up 10 0.25 inch.

4. A pharmaceutical formulation of claim 2, which is in the form of a tablet,
wherein when the tablet is round it has a diameter 0of 0.1500 inch to ¢.3125 inch with a
thickness of 0.01000 1o 0.01400 inch and when the tablet is oval it has a length of 0.4860 to
0.5400 inch and a width of 0.1200 to 0.2400 inch with a thickness of 0.0140 10 0.020 inch.

3. A pharmaceutical formulation of claim 1, wherein the human subject who is at
feast 18 vears old is healthy not suffering from ADHD, and the human patient who is 6-12

and 13-17 years old is suffering from ADHD.
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harnaceutlca sage Forns: Tablets, volume 3,

guanggirteed a bymdr patiant, WhabmnWambMmeLachnan and J. B.

. . Ca bel | d
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For 7Pﬂ@5|@§ﬁ§”€lb%\ﬂ“ﬂb%ts %Eg}llhso{‘@up @Q@But%%ﬁgéﬂ & Ry Wi are

Avi s Shukl a, and 1 Chang; | nlerpharm Press;
up 1o Fwgut 0.24999¢h, Prd nC| pI es of alternative formulation
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AR B4R 1305 A YD BB ol 0 i
6, 746; 692; 6, 638, 535; 6 635, 277; 6,627;223. Al of

t hese disclosures are entirely incorporated by
r ef-er ent @hfiepeguicalgormulation of claim 6 wherein the respective tablet weight

far

fora

1 mg dose is up 1o aboui 130 mg,

2 mg dose is up 10 about 300 mg,

2.3 mg dose is up 1o about 225 mg,

3 mg dose is up to aboui 200 my,

3.5 mg dose is up to about 233.3 mg, and

4 mg dose 15 up Lo about 206.7 mg.

S. A pharmaceutical formulation of claim 1 comprising an anionic pelymer of

methacrylic acid and methacrylates — methacrylic copolymer Type C, NF.

9. A pharmaccutical formulation of ¢laim 7 wherein the amount of the anionic
polymer of methacrylic acid and methacrylates — methacrylic copolymer Type C, NF is about

23 10 about 45% whw.

10. A pharmaceutical formulation according to claim 1, wherein the formulation is
effective to treat ADHD, hyperiension, heroin withdrawal, certain problems in difficult

pregnancies, and/or sleep disorders.
1. A method of weating ADEHD, hypertension, heroin withdrawal, certain

problems in difficult pregnancies, and/or sleep disorders comprising administering 1o a

patient in need thereofl @ pharmaceutical composition according to claim 1.
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O her guanfacine fornulations different fromthose
specifically exenplified herein can be provided in the
form of beads, e.g., having a core which is optionally
coated with a coating which allows the rel ease of the
agent inmmediately or over tinme, such as a
pharmaceutically a cceptable water-insoluble or water
soligbl e Afinéthod arommgab oaen Of, Wietdin aDUIBBledizion

regul ating 10 agent etc.. See, e.g., USP 4,728,512. A
bi phasi c or nultiphasic rel ease profile can be

achheved hy, g! 1@90 g{ﬂﬁe'l Bl FFlelpﬁ NP RS sz}%q]% oYYl t h

dela ed, sustalne control Fed rel ea

or by prOV|d|ng vari ous extended rel ease beads mnth
dlfferlng rel ease profj 0 achieve th

desi'r ed APWB?(E%CW@@B ‘&S]"'E?ééb§"]b§r‘f’ e PRYEh St b‘y“f- old.
coati ng conventional drug containing cures with a

wat er -i nsol ubl e polyner, or a conbination of

watlér - i Asottbdyl cpdingrecisim of, vehecmtbi paiidnors 1GF17 years old.
wat er -i nsol ubl e and wat er-sol ubl e polyners. This nmay
be a conbination of |aycts, or a conbi nation of

poliymer s &L »&h&ghﬁ & @ﬁtnh mg wuﬂt@n S ESHIstANn @@@% eﬁeﬁded
tiny tablets) can then be placed in a capsule. [ier

peripthan beads in a capsule shell, tablets in a capsule
shell (e.g., one or nore zO i medi at e-r el ease t abl et
and one or nore del ayed, sustained release tablet in a

capsul e ssh@hhdcewdhSR AR R HTREink Qn aftfdcaivh ahbendeghdrtine
rel ease profile.

or a pharmaceutically acceprable salt thereof and at least one vehicle, satisfactory to achieve
eftective once a day adminstration of said guanfacine Lo

a human subject who is at least 1§ years old and satisfaciory 10 achicve for said
guanfacine for a single dose administration, for a dose of | mg of guanfacine an AUCq. |y, o
about 29.3 + 20% ng=h/mL, a Cpye of about 0.98 + 20% ng/ml., or for doses of 2 mg or
another dose amount whose PI profile is linearly correlated with that of'a 1 mg dose, an
AUCy 0 and Cypay linearly related Lo those lor the 1 mg dose, wherein the total formulation
weight fora | mg dose is up to 170 mg and for a 2 mg dose or other dose linearty correlated
with a | mg dose, a towal wablet weight linearly proportional thereto,

or

a human subjeet who is at least 18 years old and satisfactory to achieve for said
guanfacine for a single dose adminisiration, for « dose of 2.5 mg of guanfucine an AUCq.juq o
about 81.3 £ 20% ng=h/mL, a Cpa of about 2.49 £ 20% ng/mL, or for another dose amount
whose PIC profile is linearly correlated with that of a 2.5 mg dose, an AUCq. .5 and Cha
linearly related to those for the 2.5 mg dose, wherein the total formulation weight fora 2.5 mg
dose is up to 255 mg and for other dose linearly correlated with a 2.5 mig dose, a totat tubles
weight linearly proportional thereto,

or

a human subject who is at least 18 years old and satisfaclory to achieve for said
guanlacine [or a single dese adnunistration, for a dose of 4 mg of guanfacine an AUC.,,, of

abow 120 £ 20% ng=h/mL a Cy, of abour 3.58 + 20% ng/mi, or for doses of 3 mg, 3.5 mg or
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L Various polyneric materials can be used to achi eve

the desired type of pattern of release; e.g.,

i mredi at e, sustained, delayed etc. rel ease. For

exanple, a multiple dosage form(e.g., as 25 discussed
bel ow) can deliver rapid and conpl ete dosages of active-
agent to a recipient multiple limes over a period of

anolRQULSe Mhdunt AnsePH Srofleal RNy BbsdIAed AR 'lha'tgf A ¥ nigSiose, an
desired to conbine dosages in a single unit

AU%MdMﬂﬁ@naHmynhde@é@lmﬂmhsbuéﬁénm&ﬂwgﬂﬂﬁewawedohékemsbuma

ctlon n.be ¢ d
e B g i e R 0P e it PR G T ogve Si5e Skl G5 o
linePRSDBhRJIREARGt £ABAbLUS tdiANHIAMRIgM Biballl wloRAMLNGLYEE

the foll ow ng: ugar core bead, coated with active

agent and then coated with polyner and/or Wth m x
253 1Eu|n}/ne ]é’ﬁ%ﬁt%h(%alﬁg 12 )§¥|s old and sqi¥ac OIyt lC\’C ?01 i gucf1|1fac111e
for a single dose administration, for a dose of 2 mg of guanfacine an AUCq.;;5, of about 36.88
+20% ng+h/mL, a Cax of about 2.35 £ 20% ng/mlL., or for doses of 1 mg or another dose
amount whose PK profile is linearly correlated with that of a 2 mg dose, an AUCq.p5 and Cppas
linearly relawed 10 those for the 2 mg dose, wherein the total formulation weight fora 2 mg
dose 15 up 1o 340 mg and [or a 1 mg dose or other dose lingarly correlated with a 2 mg dose, a
tolal ablet weight linearly proportional therelo,

or

a human patient who is 13-17 years old and satisfactory 1o achieve for said guanfacine
for a single dose adminisiration, for a dose ol 2 mg ol guanfacine an AUCq. 55 of abour 42.74
£ 20% ngelvmkb, a Cyax of abous 1.69 £ 20% np/mL, or for doses of 1 mg or another dose
amounl whose PK profile is lincarly correlated with that of 8 2 mg dose, an AUCq. 4. and
C e linearly related to those for the 2 mg dose, wherein the total formulation weight for a 2
mg dose is up to 340 mg and for a I mg dose or other dose linearly correlaied with a2 my

dose, a iotal tablet weight lingarly proportional thereto.



