b ’ Field of the Invention ~ The

I nvention relates to an extended-rel ease formul ati on, preferably in
the formof a tablet or other oral dosage form for slowy rel easi ng
t he medi ci nal agent, nefazodone. Backgr ound
of the Invention 10 Nef azodone (SERZO\IE[ err]),

2-[3-[4-(3-chl orophenyl) - 1- pi perazi nyl ] -
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or tetracyclic antidepressants and the sel ective serotonin uptake

inhibitors in current He? r%ﬁf:. Yéh%lﬁ@ﬁ chforb e |l i nked to the
potentiation of 15 serot OHMP—H‘I—M| ocks serotonin
5-HT2 receptors and reversibly inhibits serotonin re-uptake. It does
not i nhibit monoam ngyig appii ldi'ﬁ§% é’dlﬂlr@éhbﬁ-llﬁ afANE8s seriaHUkb&] | nergic,

anti hi st am ne, c,and ive activity relative to
tricyclic anti ﬁﬁagézaﬂt%mv's'onaﬂ %d Junecpy 1848 | y nef azodone hydrochl ori de
is available in the formof 20 inmedi ate- reI ease tablets, which have to be
dosed tw cesdai ly. Mltiple (wd%tﬁ@[&g%ﬁp titration to an
effective dOse is often needed to Istration of a clinically
effective dose while allow ng devel opnent of tol erance to the

serotonergic effectsyg %r%ﬁtngﬁ vaaiés% élpéﬁeﬁaéﬂﬁélbﬁsé w#nunauon unconfortabl e
during the initiation o dai |

gat rregﬁ\%g azod ?nce

formul ation thaRreferablyiinghe for '@h‘?r SEQr F’oﬁﬁﬁe %JPEA?'QW'Y

rel ease fornul a@lm)ngmdmnal ‘agent) trefidzadongma peak | evel s but still

provi ded for appropriate exposure to the drug (simlar area under the

pl asma drug concentration-tinme curve conpared to equival ent doses of
Background of the Invention

10 Nefazodone (SERZONE®), 2-[3-[4-(3-chiorophenyl)-1-piperazinyl}-
propyl-]5-ethyl-2,4-dihydro-4-(2-phenoxy-ethyl)-3H-1,2,4-triazol-3-one
hydrochloride is a novel antidepressant chemically unrelated to tricyclic or
tetracyclic antidepressants and the selective serotonin uptake inhibitors in
current use. Its activity appears to be linked to the potentiation of

15  serotonergic activity in vivo as it blocks serotonin 5-HT, receptors and
reversibly inhibits serotonin re-uptake. It does not inhibit monoamine
oxidase and exhibits decreased anticholinergic, antihistamine, alpha-
adrenergic and sedative activity relative to tricyclic antidepressants.

Currently nefazodone hydrochloride is available in the form of

20 immediate-release tablets, which have to be dosed twice daily. Multiple
(two or more) step titration to an effective dose is often needed to aliow
administration of a clinically effective dose while allowing development of
tolerance to the serotonergic effects of the drug that some patients find
uncomfortable during the initiation of treatment with nefazodone. A once

25 daily formulation that (relative to equivalent doses of the immediate-
release formulation) reduced or “blunted” plasma peak levels but still
provided for appropriate exposure to the drug (similar area under the
plasma drug concentration-time curve compared to equivalent doses of
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2 ’ the drug given twice a day as the currently avail abl e

I mredi at e-rel ease formulation) is very desirable. There
are several difficulties associated with the fornulation of a

nef azodone product for oral adm nistratgon that allows the reliable 5
prol onged ‘delivery of drug required to permt once daily dosing. These

are: - the drugr%ﬁeﬁrﬁkiéé@ d@as the currently availdbleginenéediatd-téigase
.total daily d&ge. 1 ,Dru&énst %BPI Ism Nef azodone exhibits a
significant fi FEMYBHED) iBVeATEAP® t h t he result that the

| medi at e-rel ease tabl ets show a bioavailability of approxi mately 20%
-and significant |ev of t ColQgLG - |

met abolites, a tri ajhéléed?'@ngé‘%ﬁ?/@r] @l;%gﬁgg aa%gg(g'%{eédéﬁgh rtrqe E%ﬁ’@tlét}lo% of a

chl or ophenyl pi pefazodnae EraRR)t for arapadministsation that alews thereliahte ext ended-

rel ease of «ru | ; | Qﬁg@ gw |4 | | ncr ease
I n the ext e?]t g&‘%@ﬁ%&'@%%ﬁpgﬁﬁf tggol [ zeg dg'réljmgdsaﬂzlr&gs;ﬁjﬁu?o téen

consi dered i napfopri ate candidates for fornulation as extended-rel ease
systens (3). 20 It has been suggested that the netabolite nCPP may
be responsi bl e f or .0of the undesirable effects associated with
nef azodone adm ni st ?gﬁqgow.%%@'g&'odone Is in fact generally regarded as a
wel | -tol erated drug when given in clinically effective doses of up to 450
ng three tines a da @bolite nCPP is a partial agonist at the 5- 25
HT[err] and 5- HT[er)r‘?my(;%%g?gﬁg and has sone activity, usually seen as
antagoni st activity, at 5-HI[err] receptors (4,5,6,7). In rodents it has
anxi ogeni c- | i ke propgtal &fily dogeses hypoactivity, hypophagia, oral

dyski nesia, penile erection and hypertherma (8,9). A dose-dependent

hypogl ycem c effect of nCPP nmedi ated through 5-HT[err] or S5HI[err] 30
receptors 18 sérugimetabblish10). It has been shown to increase anxiety in

Nefazodone exhibits a significant first-pass metabolism, with the
result that the immediate-release tablets show a bioavailability of
approximately 20% and significant levels of three pharmacologically-
active metabolites, a triazoledione, hydroxynefazodone and m-

15 chlorophenylpiperazine (mCPP). (1,2) It is often the case that extended-
' release of drugs subject to a first pass metabolism results in an increase
in the extent of metabolism. Highly metabolized drugs are thus often
considered inappropriate candidates for formulation as extended-release
systems (3). ’

20 It has been suggested that the metabolite mCPP may be
responsible for some of the undesirable effects associated with
nefazodone administration. Nefazodone is in fact generally regarded as a
well-tolerated drug when given in clinically effective doses of up to 450
mg three times a day. The metabolite mCPP is a partial agonist at the 5-

25 HT, and 5-HT,. receptors and has some activity, usually seen as
antagonist activity, at 5-HT,, receptors (4,5,6,7). In rodents it has
anxiogenic-like properties, causes hypoactivity, hypophagia, oral
dyskinesia, penile erection and hyperthermia (8,8). A dose-dependent
hypoglycemic effect of mCPP mediated through 5-HT,c or SHT,,

30 receptors is seen in rats (10). It has been shown to increase anxiety in
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3 ‘ humans (and can cause panic attacks), may precipitate m graine

att acks I n those susceptible to such attacks, can disrupt sleep, be
hypophagi ¢ in humans al so and may have psychotogenic effects (9). As
many of these effects are antagonigtic to the beneficial effects of

nef azodone, and 5 because sone of the described effects of nCPP are
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ef fects. . hat by preparin ormul ati on that
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effects.

We have found that by preparing a formulation that provides for

25  careful control of the absorption rate of nefazodone from an orally
administered dose form, it is possible to avoid significant loss of
bioavailability of the drug. This is contrary to typical expectation for the
administration of a highly metabolized drug in an extended-release
formulation. Also in a distinction from prior art for formulating extended-

30 release dosage forms of arylpiperazine psychotropic agents as
exemplified by buspirone in U.S. 5,431,922, no significant increase in
bioavailability is seen either. This is advantageous, permitting one to
avoid adjusting the dose when transferring from immediate-release to
extended-release nefazodone formulations of the current invention.

35 Control of absorption rate by means of the novel formulation also resuits



4 surprisingly in a reduction of the nmetabolite nCPP, which may
result in reduced frequency and intensity of undesirable effects
foll owi ng oral adm ni strati on of nefazodone. Drug solubility 5
Nef azodone hydrochl oride exhibits poor golubility in water, being

defined as "sparingly soluble"” under USP criteria. It has a dissociation

constant. (PKA=G, kil BELERAAG 16 rARSREQHCEPL whih HalyoRsiRans Lhe

solubility of ft ecreases further as _pH is increased during
transit from t Hedueeshiienuenscy and wq‘tyi‘?ft@?@?ﬁ%mﬁrﬁﬁp%tﬁéﬁpw*ﬂge?r ore, the
10 rate of relRasRistralsh df pefardddase ext ended-rel ease dosage form cannot
‘be controlled readily by oral fornulation systens that rely on rel ease of
drug by diffusion. Matrix tablet systens based on hydrophobic pol ynmers

or waxy materi @rugsudubilitysi gni fi cant reduction in drug rel ease as the pH

of the release nmedium (1 ncluding physiological fluids in vivo) increases to
15 and exceeds the pKa val ue of nefazodone HCH . Conventional hydrogel

matri x syst 8ms al so Nefazedonehydrochioride exhitilsrpanfi golwbilityl i waterabeingi onal
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for 25 drugs wt lequat e ) Ity 1n the physi.ol oglical, rapnge. These
syst e Siua by i sian. Pralei Atle) stema taged an IV arae e pobiers

char act eri sti csorGfaxy materizfd 8A6W @ signifioant reductist XdmgireRiase et BempH f or
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unaccept abl y | Zrgblemspassasiated wilsihedewgvaten selybility of nefazedene U&l-nef azodone
HCl required perhgl@sipes of systems work well with more water soluble drugs, where
drug release mechanism is based on diffusion of drug (in vitro and in vivo)
20 from the hydrated matrix and can be more readily controlled by
adjustment of viscosity and amount of polymer used in the formulation.
Single polymer hydrophilic matrix systems based on non-ionic materials
such as polyethylene oxide, high viscosity hydroxypropylmethylcellulose
or hydroxypropylceliulose usually rely on diffusional control of release for
25  drugs with adequate solubility in the physiological range. These systems
are not readily adaptable to drugs with the solubility characteristics of
nefazodone. Barrier coated pellet systems (for subsequent encapsulation
or inclusion in tablet formulations) also work best with relatively water
soluble drugs and are not suitable for nefazodone hydrochloride without
30. using adjuvants in the formulation that enhance solubility of nefazodone
in water. Such adjuvants would significantly increase the bulk of the
formulation leading to unacceptably large tablets or capsules given the
amount of nefazodone HCI required per dose.




) ‘ Csnotic punp systens may not be readily adaptable for

nef azodone because of the changing solubility with pH which may, in

part, alter the osnotic driving force for drug rel ease associated with
solubility of the drug. Also, the totalgdaily doses of nefazodone (200.to
5 600 ng) used in controlling the disorders for which the drug is
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point. As a result, the total daily dose would have to be provided within
two or nore dosgg&ggg’éss. Furthernore, having to change total daily dose

'Nefazodone daily doses fall within the range of 200 to 600 mg for
20 the twice daily, immediate-release systems. It could be possible to
contain all but the uppermost end of this range in a single unit dosage
form, especially if that were a tablet formulation, for some types of
controlled-release system. A dosage form containing 400 to 500 mg of
drug might be expected to weigh less than 1000 mg. However, as has
25 been pointed out above, reducing the rate of nefazodone release into the
gastrointestinal tract from a controlled-release dosage form might be
expected to increase the extent of drug metabolism. This wouid mean
that for nefazodone, formulated into many existing controlled-release
systems, the amount of drug administered, in order to provide for plasma
30 levels similar to the immediate-release formulation, would have to be
increased. Increased drug amounts would require higher payloads for
any delivery system and unit size would increase to an unacceptable
point. As a result, the total daily dose would have to be provided within
two or more dosage units. Furthermore, having to change total daily dose
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6 in swtching frominmedi ate-rel ease nefazodone to the

control | ed-rel ease formul ation is undesirable as this can be confusing
to the patient and difficult for the prescribing physician. A delivery
systemthat could mnimze the incgrease in extent of netabolism and/or

| oss of bioavailability 5 resulting troma controll ed-rel ease

formul ation is therefore.highl . |
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di scl oses dellverg. systens intended to rel ease drug at a controlled
rate in the stoRESKARE- 15 upper intestine exclusively. Retention in the
stomach is pronoted by i nclusion of a chem cal agent that induces the

stonach to function Wetéﬁe’}ﬁ%%f%%%dﬁ(Q%fa%a&ﬁ@fbfm'ﬂ?’?ﬁﬂfg@g‘%msever al

cl asses of agents are rovi ding t , I ncl udi ng
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of the menbers gfstihgLighet dom phibr Afleasd-egehdingehacieatismsisuchals the active
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summary, not hi nihdependenpreleaseart suggests the novel pH nmodul at ed
nef azodone extended-rel ease fornul ati ons of the present 25 invention.
Specifically, overcomng the inherent difficulties presented with t he

net abol i sm ~ sol ubi | | Nefazntonedhas bern discipsed pravipusty dn connegtiopfwith a
nefazodone, as WRkiaify-rElea8eibrdl HQSS%é'f&ﬁﬁbWD b7 prods| dishbsds/d o rent
drug whil e reduci na'un,dgég? eﬁg e [nstadjol i tﬁfi Iqe?\égrl ﬁ underrsqﬁé)reslg%g‘\ve@a
novel ty and | nveNEETS Brelesioelease g & 2 dnnbilied iedn 4 staresdh o 30
Su][rmaré of the :;mseﬂtritelsmine exclusively. Relténtmjﬁinllﬂelstdfha@toisepiremdté@gy I
nef azodone can beor. ni.st . s e ed- el ease
(ER) dosage for Il&cllﬁﬁe ﬁ¥ Egﬁl?g?lﬁé aedre%gthat lndﬁ&sqng%t&ng@( to ﬁ}n%'ﬂgn in the

fed (as opposed to fasted) mode. Several classes of agents are

disclosed as providing this effect including serotonin receptor antagonists,

of which nefazodone is listed as one of the members of this class. In

20 effect, nefazodone is not the active drug whose release is being
controlled, but instead is included as an ingredient for its postulated effect
on the stomach.

In summary, nothing in the prior art suggests the novel pH-
modulated nefazodone extended-release formulations of the present
25 invention. Specifically, overcoming the inherent difficulties presented with
the metabolism, solubility and magnitude of dose characteristics of
nefazodone, as well as maintaining comparable bioavailability of parent
drug while reducing undesirable metabolite levels, underscores the
novelty and inventive step associated with these new formulations.

30 Summary of the Invention

it has been discovered that nefazodone can be orally administered
in once-a-day extended-release (ER) dosage forms which contain



7- nef azodone hydrochl oride, ionic and non-ionic gelling polyners,

an insol ubl e hydr ophil i ¢ agent, and suitable anbunts of one or nore
pharmaceutical ly accept abl e exci pients. By adjustnent of the relative
anounts of the ingredients, controfl ed-rel ease of nefazodone in a

pH- nodul at ed manner is achieved. This 5 release nechani sm provides a neans
to overcone for Lk o] S

nmet abol i sm solr{%+$a4oﬁé @ogg%@gﬁ?er e'gm(?@'g’o@b?‘% ééﬁlng E,%I ?gpgﬁvent ed
earlier devel opmmiublefhy&ﬁomb@pg%m énERUﬂablmﬁ'H@’-l"@iﬁ of gne or moigef azodone.
Therefore, accgfﬂali rRckRHONg a%%@ﬁ@d@e&c.efentéﬂeBY auﬁmmeﬁt 6MBESelativer oVi ded

.10 an inprove extend | ease phar nac ation for the oral
del i very of amwéq&ta dom ingsed 'S”ghﬁpﬂté@ %ﬁ%%@b‘?%}%‘”ﬁp "t her eof ,
wherein thes moamtwmmnéslsmveﬁe This release mechaqism prcmmesang from

about 4 to 16 hour virtu e| ease
fromthe for rrulrﬁg?%% oaév afl&H*H@?ﬁB p%@ﬁg{gu%sﬁglated with nefazodon' 4 vitro
di ssol ution pr oneta@IOissmnpbluplllt;g andsequiced dosage layejsthat prevented earlier

to 7.0 range; evelopment of érpécce%é’dflé@ﬂ‘%rnﬁﬂét?dn 3 AefRdUoRESt rat i on,

ext ended | evel s 0 nef azodone rel ative to those seen with
i mredi ate rel ease formul ati ons and these extended | evel s
are nmi ntai ned at or Detailed Descaplivreof therlapentionc | evel s for up to
24 hours; (c) providing, after oral admnistration, reduced
anounts of 25 nef azodone netabolites, particularly nCPP,

whi | e 10 The presient inventign chacems pi-medulated codtrallediteléases| s

conparabl e _pharmaceutical forrﬁn.‘ﬂafl@l‘?é? o g@%ﬁéﬁ?\%aﬂe ﬂya}ocﬁqjdﬂo? S fation

wi th i medi ate mul at'1 ons (d)
| acki ng a si gnlaqt'dﬁrﬁfugoa'@eéﬁﬁ@@méwfﬁ an tyrpsiesylt in dosage forms and a

method of orally administering nefazodone that have several advantages
over immediate-release nefazodone systems. In addition, these new

15 formulations of nefazodone permit use of acceptably-sized oral dosage
forms to provide the total daily dose of nefazodone required. Results of in
vivo dosing of the new nefazodone ER dosage forms indicate that no
significant alternation of nefazodone content is required for ER dosing
compared with nefazodone immediate-release dosing.

20 The pharmaceutical formulations employ a mixture of non-ionic
polymers and ionic polymers along with an insoluble hydrophilic agent to
encourage water penetration into the dosage form but not cause its ready
disintegration. To control the rate of absorption of nefazodone the non-
ionic polymer, ionic polymer and insoluble hydrophilic agent must be used

25 in ratios that rriaintain required, though not necessarily similar, release
rates of the drug at the different pH values found within the
gastrointestinal tract. The dosage form must erode at a required rate to
deliver nefazodone for absorption at an optimal rate as drug is released
from the dosage form under the pH conditions prevalent in the intestine,

30 principally by erosion of the mixture of polymers and insoluble hydrophilic
agent.

In representative embodiments, extended-release oral dosage
forms for nefazodone administration contain, in weight percents (wt %):

This Sheet Has Been Replaced
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Accordi ng to another enbodi nrent of the invention there is provided a

phar maceuti cal formulation useful for making an oral extended-rel ease

nef azodone pH nodul at ed dosage form conpri sing: 5 (a) from about
33 to 45.5 W % nef azodone hydrochl ori deg (b) fromabout 16 to
33 wt % of a non-ionic gelling polyner; (c) fromabout 10 to

21 wt% of an ionic gghlin 3(;{&{453 fazodone hydrochldfide; f r om about 16 to
22 Wt % of an insol ubrég P@ﬂh e agﬁ?é yer According to a

further enbodi nent of the i nvention there is provided use of 15 (a)

fromabout 33 to 45. ED)\M Yapeiher® thoB8%ufd nofianic deliing polymer; (b) from
-about 16 to 33 wt% of a non-ionic gelling polyner; (c) from

about 10 to 21 wt% of an ionic gelling polymer; and 20 (d) from
about 16 to 22 wt % ofc)an abeul Ubtee2 tjpdfarhionicgallirghpolymer; in preparati on
of an oral extended-rel ease nefazodone pH nodul at ed dosage form for use

in an inproved nethod for adm ni stering nefazodone.
Det ai | ed Descri ption(®f tRabouhi@ta 24% of an insoluble hyqfﬁéhﬂjﬁéﬁéﬁi gndvent i on
concerns pH nodul ated control |l ed-rel ease pharmaceutical fornul ations

cont ai ni ng nefazodone .hydr ochl or | he active 30 dru ese
fornul ati ong in turEF) §H§{’BI W&ﬁ@*?ﬁ?l‘?ﬁ%ﬁ g‘dt"i?Flyoral ly
adm ni steri ng nef azodone abeeptbhleeewemtalsmﬂ\asnhagaesmmtearate for

| medi at e-rel ease lubrication, a colorant, and the like.

The non-ionic gelling polymer is preferably
hydroxypropylmethycellulose (HPMC) having a viscosity (for a 2%
10  solution) in the range of about 3 to 1000 cps. Preferentially, the HPMC
component is comprised of about 1 part by weight of 5 cps viscosity
polymer and 2 parts by weight of 100 cps viscosity.

The ionic gelling polymer is a salt of aiginic acid such as the
potassium or, preferably, the sodium salt. The most preferred polymer is
15 sodium alginate with a viscosity of about 9 cps (for a 1% solution).

The insoluble hydrophilic agent of preference is microcrystaliine
cellulose. In embodiments of the present invention magnesium stearate
was employed as a lubricant and was present in about 0.2 to 1.5 wt %.

" Optionally, other pharmaceutically acceptable excipients could also be
20 included.

The new nefazodone formulations can be used for preparation of
unit dosage forms for oral administration. For example, tablets can be
formed by compression. Such tablets can optionally be coated in
standard fashion. A preferred coating would involve use of the aqueous-

25 Dbased proprietary film coat composition OPADRY white YS-1-18019.

Administration of the new nefazodone ER dosage forms provide
advantages of convenience, improved patient compliance, a potential for



7B - nef azodone systens. |In addition, these new fornul ations of

nef azodone perm t use of acceptably-sized oral dosage fornms to provide
the total daily dose of nef azodone required. Results of in vivo dosing
of the new nefazodone ER dosage forgs indicate that no significant

al ternation of nefazodone content is required for 5 ER dosing conpared
Wi th nef azodonqoBPibidire’ of RIVerselOfedty (due to decreased leles phvargrseut i cal

2l ong wi th an' IFRSSRPEAtA GRS St Aok of SghEant inpa Sfess B oshiy.Y ™1 ©

penetration into the dosage form but not cause its ready disint egratlon. To

control 10 the ratergf, ggggoféiegafmeﬁ@\{llc FERBNE ErABOA Bfe BifeNIIR!

i oni ¢ polymer and ydr ophi noratios
that nmaintain raglifferent pHhalges, i.e., thesysiete s TWW@?WITé?hETrtBa@@% rates

of the drugsat ; f\B@pé’héérﬁr‘?ﬂE i@ dié’dd&énffﬂ#ﬂ@ome pridridi xteR@ed-release
gastrointestina tract Osz@iﬂ%%éﬁ rrusth@froea arequired rate to

del i ver nef azod@ABUlREPNS AIAMES aragtenilie pefagodAngWilien 216 ¢ eased
fromthe 15 dosfegaufateditainges pHAndppendentidrug nslepse chamcteristics Iiferi nt est i ne,

princi pal 1y bY cyamSie5\s?R, A2 458, Whigh s Qoo WGhHe 3 | NSl ubl €

hydrophilic a n reg esenta nts,
ext ended-r el easiwdm&vprapslawhvlgemﬂos@ achieve phirigdependantfirather tkan ph- -

gont ain, i ”IOWe'r%HuIé‘?éczeﬂlgsreﬁéﬁse% In those previous formulations we haye found

5% nef azodone drochl orid
(b)  about 16 Fefazedeng Phameacq fwséeﬁx%& parke H@gpe"dency on Wheth%fc
about 10 to 21%hefdcvageddir igatminigtepsd mbe;fed state or in the fasted stagdhout 16 to
22% of an insol ﬁrbelfeerrgg ?omquatl onCs gﬁﬁgtpre?é]'ﬂ invention release contained drug at
the following rates in an in vitro dissolution test. The in vitro test
15 employed is based on the apparatus described in the United States
Pharmacopoeia, method 1 with media of various pH values being
employed as shown in Table 1 below. The stirring speed was 200 rpm.
The amount of drug released into the dissolution medium at the listed

time-points was determined by UV spectroscopy.



5 sui t abl e anpbunts of

(e)

one or

nore pharmaceutically

accept abl e exci pients such as magnesi um stearate for

| ubrication, a colorant, and the
polymer is preferably
viscosity (for a 2% 10 sol ution)
Preferentially, the HPMC

wei ght of -5 cps viscosity

conponent
pol ymer and 2 parts by weight of 100 cps

l'i ke.

The non-ionic gelling

hydr oxypr opyjgret hycel | ul ose (HPMC) having a

in the range of about 3 to 1000 cps.

is

conpri sed of about 1 part by

vi scosi ty. The ionic geIIi ymer is a salt of alginic acid
such as the pot assi um or r ef i e nost
preferred polyner is 11: sodi um al gl Wth ac bout 9 cps
(for a 1% solution). r r%) ungszg gﬁgmlégeoac ent of
preference is mcrocrygtalline cel nbodi nent s jof the
present invention nmagngsi Fﬁl@_gea ategs Nas errplgawadz as a | ybricant and
was present in about O 0 1.5 % Optionally, other
phar maceutical | y accepfabl e exci pients could al so pg 2 incl yded.
The new nef azodone forfulations ¢an be used for preparation o unit
dosage forns for oral fdm nistrafion.2For éxanpl e15tteld2et s can be
formed by conpression. -+—ohaly—be-coated—Hn
standard fashion. A prg¢ferred coati ng4vvou| di i nvol 20tas® of theg aqueous- 25
based proprietary fil “_'_, ""”‘,’)"“'*ienrw J’\DV white—¥YS-1-1-8d1 9.
Admini stration of the gew nef azodone ér dosage foﬂ#&to;ﬁOow de
advant ages of conveni e \,v, HpF-oed—patert—eonptanree—a—potgnti al for
9 | ower incidencé¢ of adver%e ef Bect s (due t(35dec7t0eased llevel s of
m chl or o- phenyl piks M e ck—e °u elant f ood
effects on dosi ng. _ fazodone
formul ations are dlffe ; ' he systemis
pH nodul at ed rat her th n pH 5 i ndep@den ) ion from
some prior art ext ende- retease FormotratToms—for éu ugs—of] basic
character |ike nefazodgneP h are fornul at et 4 have p i ndependent
drug rel ease characterstTts—fO exanpte U ? 212; whi ch uses
sodi um al gi nate and ['k hydroxyﬁ)ropyl"mat hy I cel I ull@de achi gve
pH i ndependent rat her {mam prr 2 15 to 38

4 20 to 65

6 25t0 85

8 40 to 95

12 55 to 100

16 65 to 100

pH 6.8 0.5 8to 22

1 16 t0 48

2 30to 70

4 55to 100

6 75 to 100

8 85 to 100




10 nodul ated drug release). In those previous fornulati ons we have found
nef azodone pharnacoki netics to exhibit nmarked dependency on whet her

the dosage formis adnmnistered in the fed state or in the fasted state.
Preferred fornul ati ons of the present iqjention release contained drug .at
the followng rates in an in vitro dissolution test. The in vitro test 15
enpl oyed i s based orNgfagodomsaER dosagresiormbef this invention) ¢.gd aSidesesbed

Phar macopoei a, .net had 1..wit h fi. ' - el | oyed
2e Shown' 1 n Tath 59 Speint EmabBiehss inLPit Har ERMAIA I Htes siqBHTT Tht
of drug rel easdban immediatedelease nefazodone formulations but a8t des whicht i ne- point s
was determ ned / { PR ; :

Tabl e 1 dPSvidy f@fﬁn%é 5&%1%@%13%53%“ ﬁogtcﬂl/te@%n tlmg curve, vm?_rﬁ(')nutrhs fe s

Nef azodone Rel ew@remankablg reductiomincpioavailability as sight be anticipated with 1

7 1o 16 typical exteRded-release systedfs. t 0 22 4
20 to 35 6 24 to 50 8
35t 070 12 45 to 90 16

52 to 100 pH4.5 For cdinparative purposessa eofiBolied-release reference
10 to 22 formulation of nefazodone (nefa%éd&ﬁe—@%) based on non-ionic gelling
polymers along with typical tablet excipients was prepared having a
10 composition as shown below:

Standard Controlled-release Nefazodone Reference Formulation

(Nefazodone CR)
Ingredient Quantity per Tablet

Hydroxypropylceliulose NF 75 mg
Hydroxypropyimethylcellulose 2208 NF, 100 mg

4000 cps grade
Nefazodone hydrochloride 400 mg
Povidone _USP 20 mg

Magnesium stearate NF 5mg

Either this standard nefazodone CR formulation, or the marketed

immediate-release nefazodone formuiation, was administered to human

15  volunteers on a once daily basis both under fasted and fed conditions.
Serial plasma samples were taken at appropriate intervais and analyzed
for nefazodone. The standard controlled-release formulation of
nefazodone showed a relative bioavailability of 28% (compared with the
immediate-release formulation). Furthermore, this formulation also

20 exhibited a marked food effect, with the relative bioavailability increasing
to 66% when taken with a high fat meal. (See Table 2)



¥

A 20t 065 6 25t 085 8

40t 095 12 55 to 100 16

65 to 100 pH 6.8 0.5 8 to 22 1

16t 048 2 304970 4 55
to 100 6 75 to 100 8 85
to 100 Nef azodone ER dosage forns of this invention,
e.g. as described in the Specific odi nents, |iberate their

contai ned drug at rates sl ower th di ate-rel ease nefazodone

fornul ati ons but at  rat gleantPrdimacokinetio Paigmetars o dlefezidone pl asma

.concentration-time curve, Whe qeéxn I hg,ﬁabﬁaﬁ Cﬂ%or&;ﬂﬁﬁﬁr kabl e reduction in

bi oavai l.ability as m ght be > pead ext ended-rel ease

syst ens. w% sAse
f nefmaxoddne An.lﬁazcdone (Rélabaesed on| non-ionic

ref erence forfmul ation @

gel ling pol yrer s al ong wi t{hg/mipi cal(ng Abd) |exiopvaitabdityls)pr gpar ed
having a 10 conpgs+i-er—as—showr—bel -St-ardard

Control | ed-rel easd Néfastetione R&QaBence FM%JI at i on 28

(Nef azodone CR) —+gr-ettefrt

Quantity per Tabl 4}[ Fed 575.3 :]’ 66

* relative to same dose of immediate-release nefazodone formulation (in
5 asingle dose study)

This is an important result as a patient stabilized in a regimen
using such a controlled-release dosage form administered in the fasted
state might experience peak plasma drug concentration-related side
effects if the administration was altered by the medication being taken

10  with food. Conversely, a patient stabilized in a regimen based on such a
dosage form being administered in the fed state might experience failure
of therapy if the patient switched to taking the medication without food.

The development of an extended-release pharmaceutical
formulation often involves a hydrophilic polymer matrix system. These
15  formulations tend to involve uncomplicated, inexpensive manufacturing
processes, but previous experience, based on prior art approaches, has
shown that these types of formulations exhibit significant effects on drug
pharmacokinetics. Large variations in PK parameters arise depending on
whether the formulation is given with food or not. Such food effects can
20 lead to inconvenience in establishing dosing regimens for patients.

Hydrophilic matrix extended-release formulations of a drug of low
_ solubility, such as nefazodone HCI, and providing for reproducible
behavior irrespective of whether the drug is taken with food or without
food are, in general, extremely difficult to formulate. The mechanism of
25 drug release for formulations utilizing these delivery systems is principally
one of erosion of the matrix. Thus, a notable food effect might be



Hydrbxypropyl cel lul ose NF 75 ny

Hydr oxypr opyl nmet hyl cel | ul ose 2208 NF, 100 ny 4000

cps grade Nef azodone hydrochl ori de 400 ny
Povi done USP 20 31 Magnesi um
stearate NF 5 ng Either this standard

nef azodone CR fexpactetd, iathough its helative h\agmtude will depend anerarielisase

Gai 1y basi s botiaeererie efSmief bR R, UbfEhcetn dlgsHBh e 07 2 once

sanpl es were taeoeample aﬁﬂlpqnel(deﬁnechaébem$Pr§ﬁHCaiWan§Q|éb|e in WatEbiﬂ the
‘nef azodone. They Ioavalolmﬂfolrésm sa@' rr@kmé%éméﬁyét%hma%.msteremséézodone

showed a relative 8% ar ed

Cmedi ate. r & ear@a@rpewhamtr%ﬁytenﬂeﬁrrﬁ Mermulation (AbrafirmeaR etk odo0
exhi bited a margestrolieRelcbee! 1998,152, 304¢-310)allihecareaamdar tabeliiveyAUC)

nereasing Lo CORUNEY e Vo' ikid ikl W Bbted SR VARNE)

12
Phar macoki net i cnifeatipine thydsopifilionaatrxogidended-release formulation was dosedin Exarrpl e

St andard CR Forglsaki Cmax AUC

Rel at i ve e 8l 'stite. (ng/m)  (ng.hrim)  bioavailability
(% * Fast ed 130. 8 1496 28

Fed 965. 3 A p?ﬁ%dulated extende@frelease nefazadaile foembfatisane dose of

: di | nef d d
e o o P EtAROdeR8 IR st it tb e chirant e fist PR mE e disaey)

umt) given in the fasted state was compared in human volunteers with
conventional immediate-release nefazodone (nefazodone IR: 100 mg per
dosage unit) given in the fasted state as two separate doses 12 hours

15 apart. Analysis of drug and metabolites in the plasma of the volunteers
after administration of the drug allowed the following pharmacokinetic
parameters to be determined as shown in Table 3.

Table 3
Nefazodone Pharmacokinetic Parameters: ER v. IR

20 Extended-release nefazodone (200 mg dose given a.m.):

Cmax : tmax AUC F (%)*
(ng/mi) (hours) (h.ng/mi)
Nefazodone 195 5 1267 77
hydroxy-nef 65 5 352 54
Dione 453 4 5699 55
mCPP 16 5 114 50

* relative to the immediate-release formulation




using such a controll ed-rel ease dosage form adm nistered in the fasted
state m ght experience peak plasma drug concentration-rel ated side

effects if the adm nistration was altered by the nedication being taken 10
with food. Conversely, a patient stabil{ged in a reginen based on such a
dosage form being admnistered in the fed state m ght experience failure

of therapy if thsmedidienrtleask nefeabdopet(2B0 myg dbse)redi cati on wi thout food.
The devel opnent of an extended-rel ease pharnaceuti cal formul ati on

often invol ves a hydrpphitrTTT poly TTX[SYS eseA rmul ati ons

tend to invol ve unconfél i cated, ingxp frg?e ﬁmnggﬁ ur i n%ﬁ nPlocesses,

but previous experienge, based on rt fap Hé@hes,, ng) shown t hat
S

pr
t hese types of fornul AT{,00S _exni bt S Ifrgant gifecfs o ug
phar macoki netics. Lar geh9?ﬁ%°&9 ng i nbgﬁ pafarmet érs aifi se pen&i ng on

whet her the formnul atipn_i Tven W th od ¢r not. Sudh f efffects can 20
| ead to i nconveni ence inyéﬁﬁﬂq?sri ng dosi ng reginens forgggtie ts.
Hydrophilic matrix exfended-rel eage feupul atli ons4of aldr Iaw
solubility, such as ngfaz %ﬁé HCl|, a(r? 6]rd)lromidi n(ZLfor regr%ggzci |l e

behavi or irrespectivejof whepper tthe dgaig i g taken wi tth f @g or fw t hout
food are, in general,|extrenely dilfficult tg fornmulate. The nechani smof 25
drug release for fornmulations utilizing these delivery systens is

principally one of erosion of the matrix. Thus, a notable food effect
m ght be The pH modulated extended-release systemgnefazodorg g&)tcan,

al though its rebetég\éﬂ tg%%tﬁﬁ?o"%dgltroﬂéﬂ@&ﬁ? NGH irPHGo. Timesaysi cocheni cal

properties of the drug s uest’l on, For exanpl e, nj f edi pi ne
(defined as bei H&WH&Y%HP* MRIAYNE ecwrmr@rarpmqiwf fer‘?t“@ép)thwas shown
to exhi bit asd ngtdh{@tfw@ff&ﬁftﬁmwm\ﬁme ragkdimuns piaseth Rvehis l?untby!dr opcgi i cI ' ed
matri x extended-rel.eas mul atio . aln, ngrolle
Rel ease, 1998, g@ymf%@gﬁgirgét_e wﬁgreﬁg@éﬁhﬁ@?@ﬁ@&gﬁﬁh\feém&goo mg ":ﬁ ?Fb‘i eased
by 75% rel ati vthe pealkievebfordahe00img ERedoss sl ta 0%, ofithatifor 160 mg of

ni f edi pi ne hydr IR Frmiddd : 5 fésalf ' in

the fed state. ﬂﬁ%“:“ ﬁdﬁb%ﬁ%ﬁ%ﬁ%ﬁ% ext e,r!c@g-g}ggleééalggaygﬁggg%gﬂg
fornul ati on tolerance A8 doe drug¥iudng theyinitial desingperiodraratassagiatad with (200 ny

per dosage 10 peBkiplasih Rvels) Theeolbatrig af péak Fla‘éﬁfa leosBIeRA with tHe'BR
vol unteers with

conven al .inmmedl ate-rel ease .nef azodo nef azodone
B 106 T per " formulaiiyBlld A gbgHE ® Rofieacathibte R bR o ar e
doses 12 hours Iirttiatagetherap\nwitly shes IR pratiucy aad dvitenable! tittationi to arhe pl asnma of
the volunteers gactive dose with fewer titration steps than with the IR product.

Maintenance of the bicavailability levels of nefazodone in

15  combination with a reduction in metabolite levels for the ER formulation is
contrary to expectation for a heavily metabolized drug formulated as an
extended-release system. The reasonable maintenance of plasma levels
of hydroxynefazodone and the dione metabolite (50-60% of the levels
seen with the immediate-release tablet) might be important as these

20 active metabolites might contribute to therapeutic efficacy. The reduction
in levels of MCPP relative to the immediate-release formulation (25% of
Cmax and 20% of AUC relative scaled directly to correct for dose
differences) might be beneficial as this metabolite may be associated with
some of the undesirable effects of nefazodone.



after adnministration of the drug all owed the foll ow ng pharnmacokinetic
paraneters to be determ ned as shown in Table 3.

Tabl e 3 Nef azodone Phar macoki netic Paraneters: ER v. IR 20
Ext ended-rel ease nefazodone (200 rrg dosgggiven a.m):

Crax t max AUC F(%* (ng/m)
(‘hour s) (h.ng/m) 1267

el hydr oxye‘ copparatl\é%'ﬁltnmm!)etlc stu&yqél feg 5a£1d fastdd s%bjfects

Di one 45@as carried out employing a;pew nefazodongsER formulation CPP

16 S (example h. ] A%markable and Wrtkxpected lack of 8Fod® etfectwss

1 medi at e-r el ease forrru 14
| mredi at e-r el ea%@%?%fbﬁ%f@?‘i@@‘% is 860 with the standard conventional

Cmax tSraxcontrolledAdfease nefazodone formulation. (See Table 4) (ng/m)

(hours) (h.ng/m) Nef azodone 310 2

1627 hydr oxy- nef 97 2 642

Di one 710 2 10617 Table 4 mCPP

24 2 FgoPEffect: Nefazodond TER PR ProERgat e RN SAGR | e' ease
system (nefazodone ER) can SEEN 10 DE actTng tOU COmt ot

absorption in vivo. Tines to maxi mum val ues for plasm concent rat i ons

are del ayed rel Hefagedbaet-lBR 5 conventional fornul ation. The maxi mum pl asna
| evel is bl1l.bnt ed

Parameter
cMax (ng/ml)
-with food 195
-without food 157
AUC (ng.h/ml)
-with food 1236
-without food 1234 .

The standard extended-release formutation (400 mg dose) gave
the following data:

Nefazodone - CR

15
Parameter
cMax (ng/ml)
-with food 575
-without food 131
AUC (ng.h/ml)
-with food 3514
-without food 1496




significantly (note we are conparing 200 ng of the ERto 100 ng IR and
the peak level for the 200 ng ER dose is 60 to 70% of that for 100 ng of
the IR fornulation). This may be beneficial if the occasional difficulties
in tolerance to the drug during theginitial dosing period are .
associated with 10 peak plasma |l evels. The blunting of peak plasma | evels
seen with the ER Thisolack o effect withuthee advelfomugdation deserihadtince at hi gher

e 1, 1 SR o el g0

titration to an ] [ r.titration steps an with
the IR product. patients may be owﬁedtt@mf@etrfme%amwmndd@ﬁaﬁwaeve| s of
nef azodone in 15 conbination with a reduction in metabolite |evels for the
ER fornul ation is contrar

tg expectati for, a heavily petabolized
drug fornul ated as arhe natuge 858“?%‘?@3%@”83@?EH‘"‘?HH%%%%WPQ‘
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tabl et) m ght bg?ﬁré%pt%%asgscﬁaﬁaecggn?g% :%E i'wggﬁ%bg@oqh%gb%&%ﬁf 8cont ri bute
to therapeutic obseosdin tamas obdug arshmetabolite levelsIpbagnaagieretiel ati ve to
the imedi at e-r ¢l2498tdr Yalids?lah8Mhé 184 &¥fa food effébrx and 20% of AUC rel ative

scaled directly to correct for dose differences) mght be benefici al
as this netabolite may be associated with - sonme of the undesirable

effects of nefazodon@ypical formulations having the desired characteristics are 15

A conparati pharmacokinetic study in fed and fasted subjects was
carried out ¥§ d(a?ﬁgﬁge bﬁ&ﬂ'nef azodone ER fornul ati on (exanple 1). A

remar kabl e and unexpected | ack of a food effect was observed in

Comtrarl et ol aase. naf Senlhdltne iR ticr AN Fies ifiPloved formulations
Table 4 for thergrghagministrationeefnalazpdoneror a phasmaseuticatyNef azodone

Nef azodone - ERgtBeptable salt, e.g. the hydrochioride salt, thériE! The improved
cMax (ng/m) ; lati id tlld/xt_cWJhlfOOdf " §95 .

_without food formylgtions provide controlled/extended-release of nefazodone requiring
15  from about 4 to 16 hours for complete drug release as measured using

standard in vitro dissolution protocols employing test media in the pH 1.2

to 7.0 range. Typically, about 50% of the nefazodone should be released

at 4 hours and about 85% at 8 hours at pH 7.0. Release rates are slower
at lower pH values. These measurements are made using USP type 1

20 apparatus in vitro test conditions with a stirring speed of 200 rpm.

These improved controlled/extended-release oral pharmaceutical
formulations containing nefazodone or a pharmaceutically acceptable salt
thereof are characterized by:

1. requiring from 4 to16 hours for virtually complete drug
25 release as measured with standard in vitro testing at pH
values in the 1.2 to 7.0 range;

2. nefazodone levels that are extended, relative to those seen
with the immediate release formulation, and that are
maintained at or above therapeutic levels for up to 24 hours:



AUC (ng. h/m) -with food 1236

-w t hout food 1234 The standard extended-rel ease

formul ati on (400 ny dose) gave the foll owi ng dat a: Nef azodone -
CR 15 Par argj er cMax
(ng/m) ~-wth food 575

" Lh]?Ut df ood 351i§.1 providing reduced levels of neﬁ%‘déﬁ nﬁﬂttﬁi]gélitgs. 1496
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16 This | ack eArtigHleE MGPPrbYEtiRipg STlAnIEVEls Al pefazadaibed i n

exanpl e 1 provides convenisyitsorhpareditoorall administriation with immédiats on how
‘patients nmay be obliged tog,take ei . nedi cation around neal tines.

The nature of the fornul aﬁl%ﬁ?eafﬁhqy‘?gog%%@ul ated extended- 5 rel ease
of nefazodone seen in in vitro experinents and the resultant in Vi vo
drug rel ease charactgri st G&i~alLeil AheRbd b Reingr mance observed
in terns of %drug andg'rret a%%ﬁipgeae?lgﬁig?s,@%haiégfgcgﬁ? ngt fn@ par anet er

val ues, and the lack of a food effect. Typi cal formul ations

havi ng the desired characteri sti cPrefeerelOEmMtiodenaented bel ow. I n
general, the present invention providées Tnproved 1ormulations

Unless stated otherwise, all percentages given below are weight
percents, based on total.composition weight. All disclosures and
references referred to herein are hereby incorporated by reference.

10 Example 1

Nefazodone hydrochloride (130 g) was blended with 65 g sodium
alginate (9 cps grade, for example Manuco! LD, Monsanto Performance
Materials, Surrey, U.K.), 35.8 g hydroxypropylmethyicellulose 2208 USP
100 cps grade, 16.25 g of hydroxypropylmethylcellulose 2810 USP 5 cps

15 grade and 65.13 g of microcrystalline celiulose NF for fifteen minutes in a
suitable mixer. The drug/excipient blend was lubricated by addition of 4.8
g of magnesium stearate NF and mixing for a further five minutes. The
resulting lubricated blend was compressed into tablets each weighing 485
mg and containing 200 mg of nefazodone hydrochloride. The finished

20 tablets were coated with an aqueous-based proprietary film coat
composition Opadry white YS-1-18019.

Example 2

Nefazodone hydrochloride (400 g) was blended in a planetary

mixer with 200 g sodium alginate (9 cps grade), 110 g

25 hydroxypropyimethyicellulose 2208 USP 100 cps grade, 50 g of
hydroxypropylmethyicellulose 2910 USP S cps grade and 100.2 g of
microcrystalline cellulose NF. To this mixture 6.4 g magnesium stearate
NF was added and the blend further mixed for five minutes. The mixture
was passed through a roller compactor and the resultant ribbons of

30 compacted material were passed through an oscillating granulator to



fior the oral adm nistration of nefazodone, or a pharnmaceutically

acceptable salt, e.g. the hydrochloride salt, thereof. The inproved

formul ations provide control | ed/ extended-rel ease of nefazodone requiring 15
from about 4 to 16 hours for conplete djgg rel ease as nmeasured using
standard in vitro dissolution protocols enploying test nedia in the pH 1.2

to 7.0 range. Typicall out 50% 1 sed

at 4 hours and h%@c%é% gpw@%g{ﬂnll?e& trg'gﬁé}%g%"gg?u%sé %aejg}agre(ﬂ

at |ower pH val wémicitvepstalineselidosairsa planetayanixer. r@ﬁmdwbéom UZAGB
apparatus in vity m

These inproved &8 %{%tgcﬁw%q%ﬂda dbwlgn gﬁgiréa'fur?'%ar ?d%ﬂf]ggﬁ&lﬂﬁ

formul ati ons corﬁ@arﬁtmb":nepai&imﬁbe(ﬂlaf@t@%{'f‘ﬁﬁégﬁtq @éﬁeﬁ? thieedpinyiise sal t
thereof are ghargghené éGQmBM of the magnesium sfearate! ﬂ?ﬁwﬂnaﬁméﬂmé tol6 hours

for virtually conplete asured with
standard in zltrcgpr@ggﬁgélrg? %;Ipts each containing 206° mqéﬁé’ézé&pqene 1.2 to 7.0

range; hydrochloridenef azodone | evel s that are extended, relative to
t hose seen with the i mediate rel ease formul ation, and
that are mai nt ai ned at or above therapeutic |evels for
up to 24 hours; Example 3 17

3. provi di ng reduced | evel s of nefazodone nmet abol i tes,

particularly nCPP, b et ai nj i m|ar f n fazodone

itsel f conpared to og‘?&'ﬂ’@rﬁlﬂl tclpﬁrgra?? ngﬁm g

rel ease forrol atHy@mymoplylme%hylcelluloseflzzoa Usfkil@@cps grage,f200ant f ood ef f ect
on dosi ng.

Unl ess stated otffiFGRdane EY‘?mSh'PE'Ce’%taé'désoo f ‘?@Ef&wfé@mﬂé %“@?’se USP
percents, based weretpassed thtoyghsan 60 mrerog\mpermre var%meébrﬁce%eramp a

references refer | f o . 10
Exarpl 6 1 plafletafy Hﬁoggrzaga Al e et B6YaRR) firden RiniREeTORe

O odium  algreRRad Plendavas i With,! LRI SHRARAHEN GRS 0
Performance15 minutes. The mixture was passed through a roller compactor and the

resultant ribbons of compacted material were passed through an

oscillating granulator to produce free flowing granules. These granules

were further mixed with 1.3 g magnesium stearate NF, employing a

planetary mixer for three minutes. The final lubricated granules were

20 compressed into tablets each containing 200 mg nefazodone
hydrochloride.

Example 4 |

Nefazodone hydrochloride (437 g), 109.2 g sodium alginate 9 cps

grade, 229.4 g hydroxypropyimethyicellulose 2208 USP 100 cps grade

25 - and 218.4 g microcrystalline celiulose NF were passed through an 800
micron aperture wire mesh screen into a planetary mixer bowl and
blended for ten minutes. Magnesium stearate NF (3.32 g) was added to
the contents of the mixer bowl, passing this through a 500 micron
aperture mesh screen. The mixer was operated for a further three

30 minutes to incorporate the magnesium stearate into the blend. This
mixture was passed through a roller compactor and the resuitant ribbons
of compacted material were size reduced in an oscillating granulator to
produce free flowing granules. These granules were further mixed with-an



Materials, Surrey, U K. ), 35.8 g hydroxypropyl net hyl cel | ul ose 2208 USP

100 cps grade, 16.25 g of hydroxypropyl nethyl cell ul ose 2910 USP 5 cps 15
grade and 65.13 g of mcrocrystalline cellulose NF for fifteen mnutes in a
suitable m xer. The drug/excipient blenfwas |ubricated by addition of 4.8
g of magnesium stearate NF and mxing for a further five mnutes. The

- and cont ai ni AGIRODIA 4/ BLMASTRRIID Tgdak NFonaamer IEreaifd diehlss '

tabl ets were cowieesl coiripresseddntctabletd eaehl cpntaining ¥80yng iof nefazatione

conposi tion Opa YS-1-1 801 9. Exanpl e 2

-Ne]Ergzodone hydrgx%o\({)l’/ﬁ'o(@ (400 g) was blended in a planetary m xer wth
200 g sodium al ginate (9 cps grade), 110 g 25 hydroxypropyl nethyl cel |l ul ose
2208 USP 100 cp% 50 g of hydr oxypr opyl net hyl cel | ul ose 2910 USP
5 cps grade and of m crocrystalline cellulose NF. To this

m xture 6.4 g nmagnesi um stearate NF was added and the blend further

m xed for fise m nut o&faiﬁmw*hydwﬁlonde(%gpﬂﬂfegsbbhmglglmte(g ¢y

Chr bugh an-osci BN 2 DAy BRpisiemyiten G882 2508 R chE ordl. el e
granul es. Thesehydeaxypeapyimethyleelielosei20 010 Sxpg grade apt §4.2igocr yst al | i ne
cellulose in a Heﬂa%waau% é?ﬂulo%é‘ﬂ%@@ﬂxeﬁrteﬁéfh@ﬁ\ a smalm%a?arqenwas

| ubricated by m xin tearate NF,

e
operating the pMiRdEs V‘aﬂf’?é'ru"f Wa@tPLNZE ?Feg) Wﬁ?%@ ﬁpﬁﬁtt% b?"daW'L“Za? t he
addi ti on of 10 he furgEreRiee Miriees ﬁ'ﬁ)ﬁng Tms résultaht iixeo® was compressedpngssed

Bl o0 3 tabl68edsdaiing, 6, o GRAEARIR vcnolples” "ot 1o

hydr oxypr opyl net hyl cel | ul ose 2208 USP 100 cps grade, 200 g nef azodone
hydr ochl ori de a g of mcrocrystalline cellul ose USP wer e
passed t hrough gg@é%g-r%ricron aperture wire nesh screen into a

pl anetary m xer bowl and the m xer operated for ten mnutes. The
screened bl end was miHeido ylmm léammlmasmamt@s'\&aaer by

esul t ant TP?bB“oﬁiﬁjeif%z%%ﬂfi@x%awe?q“%"gmpyma@ﬁ”@mgw&%‘ﬂa@?07 5
15 g microcrystalline cellulose NF were blended together in a small mixer for
ten minutes. Magnesium stearate NF (5 g) was added and the mixer
operated for a further three minutes. This blend was compressed into
tablets each containing 300 mg nefazodone hydrochloride.

Example 7

20 Nefazodone hydrochloride (177 g), 85.5 g sodium alginate 9 cps
grade, 141.6 g hydroxypropyimethylcellulose 2208 USP 100 cps grade
and 88.7 g microcrystalline cellulose NF were blended together in a small
mixer before adding 4 g magnesium stearate NF and mixing to
incorporate this into the blend. This final mixture was incorporated into

25 tablets each containing 100 mg nefazodone hydrochloride.

Reasonable variations, such as those that would occur to one of
ordinary skill in the art, can be made herein without departing from the
scope of the invention.



oscillating granul ator to produce free flowi ng granul es. These granul es
were further mxed with 1.3 g nagnesi um stearate NF, enploying a

pl anetary m xer for three mnutes. The final lubricated granules were 20
conpressed into tablets each containing 2P0 ng nefazodone

hydr ochl ori de. Exampl e 4 Nef azodone hydrochl oride (437
g), 109.2.g sodiumalginate 9 c .grad 29. 4

hydr oxypr opyl net hyl celﬁfl‘lﬂ 'E?z%as?lgéalﬁ@m fgﬁ'?’eﬁgs %l?es'%g"" forgashofthe

m crocrystal | i nealxmiel examspleblin Tablesftsttl Thednyiircedis86l0tion testimgoyas

aperture wre nmesy | y ' .bl ended for
ten m nutes. Nhgneé?@#?ﬁ?%ﬁ?%?%aﬁﬁb?gﬁggég mgé&gggégdgﬁgoorp"¥he contents
of the mixer bov#MPieXinG mgdiapld of B fgh: %ncﬁw. niNefazadone congentratioasriesh
screen. The 8 xahe\hssoNRIAREId Werdéteimliid Wueﬁsﬁ%tm@baw.es_ to

i ncorporate the nmagnesium stearate into the bl’end. "This m xt ure was
passed through a roller conpactor and the resultant ribbons of
conpacted material were size reduced in an oscillating granulator to
produce free flow ng granul es. These granules were further m xed with an

19 additional 6.73 g of magnesium stearate NF. The final |ubricated
granul es were conpressed into tablets each containing 400 ng of

nef azodone hydr ochl ori de. Exanpl e 5 5 Nef azodone
hydrochl ori de (165 g), 82.5 g sodiumalginate 9 cps grade, 132 g

hydr oxypr opyl net hyl cel | ul ose 2208 NF 100 cps grade, 33 g

hydr oxypr opyl net hyl cel | ul ose 2910 NF 5 cps grade and 82.7 ¢

m crocrystalline cellulose NF were m xed together in a small mxer for ten
m nut es. Magnesium stearate NF (4 g) was added to the blend with a 10
further three mnutes mxing. The resultant m xture was conpressed into

t abl ets each containing 100 ng of nefazodone hydrochl ori de. Exanpl e 6
Hydr oxypr opyl net hyl cel | ul ose 2208 NF 100 cps grade (90 g), 225 g

nef azodone hydrochl oride, 75 g sodium alginate 9 cps grade and 107.5 15 ¢
m crocrystalline cellul ose NF were bl ended together in a small m xer for



ten m nut es.

operated for a further three m nutes.

tabl ets each contai ning 300 ng nefazodone hydrochl ori de.
85.5 g sodiumalginate 9 cps

20
gr ade,

88.7 g microcrystalline cellulose NF were bl ended together

Nef azodone hydrochl oride (177 og), _
141. 6 g hydroxypropyl net hyl cel | ul ose 2208 USP 100 cps grade
in a small

m xer before adding 4 g nagnesi um stearate NF and m xing to
incorporate this into the blend. This fid&bledxture was incorporated into

25

tabl ets each cont ai i o Hiledse Dat

Magnesi um stearate NF (5 g) was added and the m xer
This bl end was conpressed into

Exanple 7

and

Reasonabl e vari ati ons,
ordi nary skill
scope of the invention.
Drug rel ease data from
exanples in Tables 5 to
conduct ed usi ng USP app
media pH of 2.0; 4.5; a
di ssolution nedia were
21

Formul ati on

% Nef azodone

in the art,

PR NETE 2 YSHL G drfulation
SUCIT as IHOMI o o1ne—O1
can be r X t departing fromthe
20
nvitro testimge s phownNdfaesddhedf tHe above
11. The ih Vhoums)di 5sol ut iRdledfsd | Ng Wgs
pratus 2 With rotorispeed at 200 rpm enpl oyi ng
nd pH@.0Nef azodbne cancentrat'rwns in5 |the
Het-erri-nedd o B oY YaTaTalV,
Table 5 Ip Vit2o Re}ease Datasfor Nef azodone from
—Peserbet—r—barpre—3 Ti me
(houfs) 3 Rel eased3
4 28
6 38
8 50
10 58
12 67
16 80 -
pH 4.5 1 22
2 36
3 48
4 59
6 78
8 83
10 100
pH7.0 1 39
2 67
3 86
4 100
6 100



pH2. 0
3

38

59

80

3

78

100

67

100

Tabl e 6

pH 4.5

pH 7.0

11

3 In Vitro Release Dat8%or Nefazodone from Formdiation

4
50

622
22
4
93
39 Table 6

2
28

2
59

10
15

10
2

o]

Descrﬁ%’d in Example 2

Time
(hours)

% Nefazodone
Released

pH 1.2

1

11

18

31

44

2
4
6
8

56

12

74

16

90

pH 4.5

1

14

27

51

71

2
4
6
8

83

12

97

16

99

pH 7.0

1

36

64

96

100

2
4
6
8

100

18

22



Iin \ﬁitro Rel ease Data for Nefazodone from Fornul ati on
Descri bed in Exanple 2

(hours)
2

44

74

14

51

83

99

64

100

pH 7.0

Ti me % Nef azodone
Rel eased pHL. 2 1 11
18 4 93 31
8 56 12
16 90 TablepH 4.5 1
g in Vitro Release Daéifor Nefazodone from Forrrﬂ':lation
12 Descetibed in Example 3 16
1 36 2
48 T? % Nefazodone6
(ho 9 Released
pH 2.0 1 11
2 19
4 34
6 49
8 63
12 82
16 92
pH 4.5 1 12
2 24
4 46
6 65
8 77
12 91
16 97
pH7.0 1 24
2 45
4 75
6 98
8 100




23 Table 7 In Vitro Rel ease Data for Nefazodone from

For nmul ati on Descri bed in Exanple 3 Ti me
% Nef azodone (hours) Rel eased pH2. 0 1
11 2 1924 4
34 6 49 8
63 12 8Zraple 8 16
92 pH 4.5 1 . —_— 2 24
4 46 In Vitro Release Data for Nefazodone fromgEormulation 8
77 12 Descridéd in Example 4 16
97 pH 7.0 1 2a 2
45 . 4 o) - 5
98 8 Ti’ % Nefazodone
(hours Released
pH4.5 1 15

2 28

4 52

6 72

8 88

12 98

16 89

pH7.0 1 24

2 47

4 82

6 103

8 105




24

Formul ati on
% Nef azodone
15

6

12

1

82

105

Table 8 In Vitro Rel ease Data for Nefazodone from

Descri bed in Exanple 4 Ti me
(hours) Rel eased pH4. 5 1
. 2 28 25 4 52
72 8 88
98 16 99 pH 7.0
SRR ¢ Jable 9 A 4

In Vitro Releabe Data for Nefazodone from Formulation
Described in Example 5

Time % Nefazodone
(hours) Released
pH 4.5 1 16
2 32
4 58
6 78
8 92
12 99
16 99
pH 7.0 1 21
2 43
4 81
6 98
8 89




Tablé 9 In Vitro Rel ease Data for Nefazodone from Fornul ati on

Described in Exanple 5 Ti me % Nef azodone
(hours) Rel eased pH4. 5 1 16
2 32 . 46 . 58
6 78 8 92
12 _ 9 16 99 pH 7.0
1 - 21 43
i o1 | sTable 10 o
8 99  In Vitro Release Data for Nefazodsgne from Formulation Tabl e
10 In Vitro Rel ease Data for Nefa r: lsat 1 on
Descri bed in Exanple 6 Zﬁg&?ﬁ?ﬁ.fﬂ@éﬁﬁw 6a% Nef azodone
(hours) Rel eas ge= el : 25=
' Time % Nefazodone
(hours) Released
pH 4.5 1 . 20
2 33
4 57
6 76
8 80
12 101
16 103
pH7.0 1 27
2 47
4 80
6 g9
8 102




4

76

101

27

80

102
Table 1 1

For mul ati on

Ti me

Rel eased
2

6

10

33 4 57
8 90 12
16 103 pH 7.0 1
2 4727 4
6 99 8
27

In Vitro Rel ease or Nefazodone from
: %bedin Exampl e 7

% Nef azodbn¥itro Release Data for Nefazodone from Fornhuiaticr)

31 PH 4.5 pescribell in Example 7 4 16
b Time % Nefazodone
(hours) Released
pH 4.5 1 16
2 31
4 58
6 78
8 91
12 101
16 102
pH 7.0 1 po-
2 53
4 89
6 105
8 106
Example 8

Tablets containing 200 mg nefazodone hydrochloride prepared in
accord with either example 2 (treatment A) or example 3 (treatment B)
were administered to two groups of human volunteers on a once daily
basis for six days. The pooled groups of volunteers also received 100 mg
immediate-release nefazodone tablets on a b.i.d. basis for six days in a
separate leg of the study. Analysis of nefazodone hydrochloride and its
metabolites in plasma drawn on day six at appropriate time intervals was
undertaken. The following data was found and is expressed in Table 12
as nanograms/mL (standard deviation).

58



g
16

2

6

Exampl e 8
prepared in
(treatnment B)
once daily
recei ved 100 ny

5

for six days in a 10

91 12 101
102 pH 7.0 1 27
53 4 89
105 28 8 106

wer e istered to e
basi s fﬁﬁﬁgﬁggiﬁﬁ§’gaﬁk( £Q

Tabl ets -contai ning 200 ng nefazodone hydrochl oride
accord with either exapgble 2 (treatnment A) or exanple 3

oups h n volunteers on a
‘r‘ﬂj?amg&‘%%@m%ht eers al so
I mredi at e- r eFemfAglatieh Lomiparisonabl ets on a b.i.d. basis
separate | eg of the study. Analysis of nefazodone

Ln nl acnm dr avwn _on I‘IQ\L ol v 2t

hydr ochl ori de andet.s

appropriate ti
found and is ex
devi ati on).
Table 12

Formul ati on Co FF¥€£H+—
treatnent B (hga s)0.5 0

(41.97) 0.5
610. 65 (243. 04)

i Tines VAl S|V mulationun{le ERfreatmante f Ol E@Mregtmhm@ whs
¢saes) ijn Tablg 12 as nggograns/wL (standard
N Viovo [Rel 289 (BAZB)( f:az?‘d@r(é3&aj Mbt aBBKUB(48)97)
675.760388.80)7. 56,5 (12A55) ( z;? 1%9)?2 Esoseens ‘
Sain?s | Frasedeen s o 8 ppom | ety |

2 423.3(197.83) | 338.03 (253.68) | 229.82(70.71)
25 | 462.88(188.98)

3 348.16 (173.38) | 366.58(311.69) | 267.54 (84.83)

3.5 317.61(233.08) | 263.07 (83.79)

4 281.97 (153.41) | 273.99 (206.99) | 223.74 (63.51)

45 T 275.86 (179.64) | 249.19 (95.53)

5 250.83 (187.64) | 211.05 (64.63)

6 185.82 (121.34) | 211.24 (166.35) | 175.01 (66.95)

8 111.08 (70.80) | 154.57 (118.98) | 144.5 (67.24)

10 135.82 (130.35) | 118.95 (46.52)

12 55.33 (43.08) 125.6 (97.39) 113.12 (53.29)
125 | 141.86 (114.90)
13 273.15 (205.70

14 350.55 (137.79) | 133.54 (105.68) | 116.89 (75.58)
145 | 299.85 (174.61)
15 278.84 (145.58)

16 247.49 (156.29) | 115.62(87.11) | 115.09 (84.21)

20 123.19 (92.64) 79.63 (49.00) 73.32 (37.99)

24 97.11 (54.81) 92.44 (57.31) 59.48 (59.48)
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2 423.3 (197.83)  338.03 (253.68) 229.82 (70.71) 2.5  462.88

(188.98) 3 348.16 (173.38) 366.58 (311.69) 267.54 (84.83) 3.5
317.61 (233.08)  263.07 (83.79) 4 281.97 (153.41)  273.99 (206.99)
223.74 (63.51) 4.5 29 275.86 (179.64)  249.19 (95.53)
5 250.83 (187.64) 211.05 (64.63) 6 185. 82
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92.44 (57.31) IHSI% @0855 %ﬁg@@}%@n studies. Additionally ER treatment A was

Substitute shee?
-29 - evaluatgddn patientssasieddn kel fed stgte andisbaweddhe sama eady state

deronst rat e excorTeaiontf Reisfitto a imigRiY 2bRiabe tomdlafon Y IRat N M ar 1y
significant to Srfﬁﬁgepr%?’@ ?ﬁ?'% h@pfc&qr%qﬂe?'t infle %Lﬂﬁd’&#@g a drug whose
phar macoki neti c properties on nmultiple dose 5 admnistration are .
difficult to predict fromdata arising from single dose adm ni stration
studies. Additionally ER treatnent A was evaluated in patients dosed
in the fed state and showed the sane bioavailability relative to an

i medi ate-rel ease fornul ation as that seen in the fasted state. This has

cl ear benefit in flexibility of dosing. 10 Thr oughout this
specification and the clainms which follow, unless the

This Sheet Has Been Replaced
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cont éxt requires otherw se, the word "conprise", and variations such as
"conprises" and "conprising”, wll be understood to inply the inclusion of
a stated i nteger or step or group of integers or steps but not the
exclusion of any other 15 integer or sgp or group of integers or steps.
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31 Cl ai s AN i-nproved

ext ended-r el ease pharnaceutical fornmul agg on for thﬂmmm ry of
nef azodone or a pharnaceutically accepta Ie salt t "” lﬁl n the
I.mprovenents conprise: 5 (a) requiring from dbotlt & te 1B hours
for virtually conplete drug release fromthe fornul ation
as nmeasured using ' stakdd¥® i n vitro dissolution pr ot ocol s
enpl oyi ng test nedia in the pH 1.2 to 7.0 range;

(b)  providing; aftgdsif ﬂiveacaﬁéndéd @em piearhenrdeticaidgehslatibn I8 the
nef azodone rel ati

formul ati ons arfy aﬁ%’é"@%?ﬁ@%@%ﬁ ?%?/8[ 8 pﬁ%ﬁ%ﬂf%"ﬁé&%&% e salt thereof,

above t her apeutwiefesrvtHesiniproverpents comprise:s; (c) provi di ng,
after oral adm nistration, reduced anounts of nef azodone
nmet abolites, particularly nCPP, while 15 i ntaining the

amount of néf azodond3t |@AINOGSERMAPAME 4 to 16 hours for virtually cpPletdse seen
following oral adm nist radrugrtewatsb frontisk fdrmulation as measured using' el ease

oral dosing. 1 p stpca Py 8RSl oRehl Sty B st ( he 20
control | ed/ ext ended- r el eapdhé pH2:0i %60 rargesel ect ed from t he group

consi sting of nefazodone HCl enbedded in a matrix; fornmed into

m cropellets; or formed into coated m cropelle
phar maceuti cal for mdbati oFPfOMS’éWQJIafﬂ%P'ﬂﬁﬁdrﬂQ'sgﬁt'ﬁFa@‘@W%!ﬁ’@ls of  release

nef azodone qpH nodul at ed d@@f@ﬂ@déﬁé FBISVEDID thbBE seer With immediaf® reledgedm about
33 to 45.5 wt % nef azodonfe m]lroc | or, ge' s
ormulations and these extended levels are maintained at or

above therapeutic levels for up to 24 hours;

(c) providing, after oral administration, reduced amounts of
nefazodone metabolites, particularly mCPP, while
15 maintaining the amount of nefazodone at levels comparable
to those seen following oral administration with immediate-
release formulations; and

(d) lacking a significant food effect on oral dosing.
2. The impl_'oved formulation of claim 1 wherein the
20 controlled/extended-release formulation is selected from the group
" consisting of nefazodone HC| embedded in a matrix; formed into

micropellets; or formed into coated micropellets.

3. A pharmaceutical formulation useful for making an oral extended-
release nefazodone pH-modulated dosage form comprising:

25 (a) - from about 33 to 45.5 wt % nefazodone hydrochloride;

{by from about 16 to 33 wt % of a non-ionic gelling polymer;



(b) .‘ifrom about 16 to 33 wt % of a non-ionic gellin Lyper:
32 (c) fromabout 10 to 21 wt % of aiﬂlﬁ ﬂB "Iilll gmtl ymner ;
and (d) fromabout 16 to 22 wt % of philic

agent . 4, The pharmaceutical foggulation of claim3 further

cont ai ni ng sui tabl e anobunts of one or nore pharnmaceutically acceptable
exci pi ents. 5 5. (c)The figph BBbat 10t 21 wal%eiohah ivdiegallimgt rABE i gRident
conmponent i ncludes at |east one of: colorant, colloidal silica, and
magnesi um stearate. 6. The formul ation of claim4 wherein the
exci pi ent conmponent (d) drom abost 16 torR2d % of 2R insoldbie wdréphilic agemtesi um
Stearate. 10 7. The formul ation of claim3 wherein the non-ionic
gel I i ng pol yner b) is hydroxypropyl net hyl cel | ul ose. ~ 8. The
formul ati on of . ai mThewhargiaceutiealiformuaatien iof Aigirp S faptber centajning sodi um
al ginate. stitableAroliRis B oiel SHméfe ShatiBcRuliballactephsbié 'é%@igiéﬂtﬁ
hydrophilic agent 15 (d) 1s mcrocrystalline cellulose. 10. The
formul ation of claim7 wherein the hydr oxypr opyl net hyl cel | ul ose has a

viscosity froem @&out Thd forrhQtioass claim 4 wheiein tidextipientcetmponenf claim 4

hyar ochl ori de; 1gudes atiea one pRCLARMAMH, édldby SPgH, prd HEiGHESHAR

hydr oxypr opy!| netstgaratg.| ul ose; (c) fromabout 19 to 22 wt % of
sodi um al gi nat e; (d) . fromabout 19 to 22 wt % of

m crocrystalline cellulose;, and X ) ..
y 8. 'the Fbrmu?ation of claim 4 wherein the excipient component

contains from about 0.2 to 1.5 wt % of magnesium stearate.

10 7. The formulation of claim 3 wherein the non-ionic gelling polymer
(b) is hydroxypropyimethyicellulose.

8. The formulation of claim 3 wherein the ionic gelling polymer (c) is
sodium alginate. |

9. The formulation of claim 3 wherein the insoluble hydrophilic agent
15  (d) is microcrystalline cellulose.

10.  The formulation of claim 7 wherein the
hydroxypropyimethylcellulose has a viscosity from about 3 to 1000 cps.

11.  The forn"nuiation of claim 4 comprising:
(a) from about 40 to 45 wt % nefazodone hydrochloride;
20 (b) from about 16 to 20 wt % of hydroxypropylmethyiceilulose;
(c) from about 19 to 22 wt % of sodium alginate;
(d) from about 19 to 22 wt % of microcrystalline cellulose; and

(e) from about 1 to 1.5 wt % of magnesium stearate.
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(Fe) romabout 1 to 1.5 w % of nagnesi um stearate.
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hydr oxypr opyl net hyl cel | ul ose conpggent is conpri'sell of dbodt dne part
5 cps to two parts 100 cps viscosity.. 13. An oral dosage form
conpri sing the phar methatarowlatiosn ehalaim bhwhereindhen 1. 5 14. An oral
dosage form conmiydrbiibropAmetiyisantese §@hﬁ6ﬂémmb%bhmiseﬂ oflabiolt Sne part
15. An oral dOﬁge f'orm conpr.l gqur‘ng t he Bxar maceutical forrulation of claim
4. 10 16. B$ 19 MR pags 10 CFHAS%i ng t he phar maceuti cal
17

formul ati on of claim 11. The oral dosage formof claim 13 i n

(e, ormof 2 1113 CoBh ol s comeri b ighake SRt e el o 2

of claim 15 n tdl@imdrmof a fil mcoated tablet. 20. The oral
dosage formof claim16 in the formof a filmcoated tablet. 20 21. Use
of ﬁa)_ from about 33 to 45.5 w % nefazodone qydrochl_ori?e;
(b) from about t&%QT%%WeJOWGDMF@%éP|RW?9m forpaulation o

claim 3.

15.  An oral dosage form comprising the pharmaceutical formulation of
claim 4.

10 186. An oral dosage form comprising the pharmaceutical formulation of
claim 11.

17.  The oral dosage form of claim 13 in the form of a film-coated
tablet.

18. The oral dosage form of claim 14 in the form of a film-coated
15  tablet.

18.  The oral dosage form of claim 15 in the form of a film-coated
tablet.

20.  The oral dosage form of claim 16 in the form of a film-coated
tablet.

20 21. Animproved method for administering nefazodone comprising
administration of the pharmaceutical formulations of claim 1.

22.  Animproved method for administering nefazodone comprising
administration of the pharmaceutical formulations of claim 2.

23.  An improved method for administering nefazodone comprising
25 administration of the pharmaceutical formulations of claim 3.

This Sheet Has Be.en Replaced




(¢) fromabout 10 to 21 wt% of an ionic gelling polyrre
(d) fromabout 16 to 22 wt % of an insol ubl e hydrophili ﬂmmﬂo"u U",
preparation of an oral extended-rel ease nefazodone pH nmodu orm
for use in an inproved nethod for adm nigf ering nefazodone.
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25.  Animproved method for administering nefazodone comprising
administration of the pharmaceutical formulations of claim 11.
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