LOW FLUSH NI ACl N FORMULATI ON Fi el d of the Invention
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tabl ets conprising niacin, a release-retardi ng agent,
and ot her excipients. The resulting tablets of the
i nvention denonstrate inproved manufacturing
characteristics, favorable release characteristics and
a reduction in the duration, severity and the
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wWith niacin treatnent. Background of the Invention
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because it increases levels of high-density lipoproteins (HDL) and lowers levels of total serum
cholesterol low-density lipoproteins (LDL) and triglycerides.

.Although niacin is known to provide a very beneficial effect on blood lipids, with the
exception of NIJASPAN® (Kos Pharmaceuticals, Inc., Cranbury, NJ), widespread use of
niacin is limited due to the high incidence of “flush” that often occurs with the higher doses of
niacin needed for effective lipid treatment. Flushing is a term generally used to describe
niacin-induced vasodilatation. As a result, an individual experiencing flushing may develop a
visible, uncomfortable hot or flushed feeling upon administration of niacin. While certain
materials and/or formulations have been suggested for avoiding or reducing cutaneous
flushing (see US Pat. Nos. 4,956,252, 5,023,245 and 5,126,145), this unwanted side-affect
remains a problem for wide scale utilization of niacin products.

Further, the current release retarding agent (also commonly referred to as a “swelling

agent”) in the commercial NIASPAN® formulations is highly variable in quality, thereby



remains a problemfor wde scale utilization of niacin
products. Further, the current rel ease retardi ng agent
w@ aoga2edmonly referred to as a "swel li ng agept1/PSt007/004105
the comrercial NI ASPAN(r) fornulations is highly
variable in quality, therebyleading to the need for
speci al batch production froma commercial supplier to
nmet internal specifications. Therefore, there is a
need in the pharmaceutical arts for an
ext ended-rel ease nicotinic acid formnul ation that
provi des reduced | evels of cutaneous flushing over
existing niacin _formul ations, while also_ allowng for,
leadigg t, g aeedrinr sperisl batchgroustien fompsomeicia) seppligr to met internal
i mpr.oved physical, chem cal and nechani ca
specificaiinsi t i es. Sunmary of the Invention The present
i nvention provides for an extended-release (ER) tablet., _ .
f o heretRrs, dhere bipngedip thephaemacentical arts for ag sxtepdedypedgasgnicotinic
_agent._ In one enbodinment, the invention provides a . .
acid ferowylatignithat preyddes redyced develsabgpianeiys fishingoypr rigige niacin
flowability, conpressability, conpactability and
formylatigns Séhiletalse ablopdng fog a rofist mgnyfpetyting process chataeterized by
. formulations. In addition, the 1000 ng ER niacin
imprpygsd physicat, cherpical andangchpmigal propenitigenonst rat e an
ability to duplicate the rel ease rate and/ or
absorption rate of comrercially avail able 500 ng
NI ASPAN(r) tablets, wi thout any reduction in
manuf act uri ng r obusSnoumanypfthe Invenipbcess i s one that
has the ability to reproduce a target endpoint under
varying circunstances or-conditions, such as snal
chahgypresdn invantionanrevifles for ay extanded-ealease (BR) tablerfommaulation
or commercial desirability (e.g., size). Because two
compyiringjagin ASRAINIgape-regdsiliag agant.c Ibend imentjhe invention provides a
characterized by tess flushing than one 1000 ny
1000Nng ERANgin tableb fasmulatioe withjimproved flewebilityy eompressabilityt o
provide a 1000 ng ER ni acin tabl et
compactability and hardness than existing 1000 mg prescription niacin formulations. In addition,

the 1000 mg ER niacin tablets of the current invention demonstrélte an aBility to duplicate the
release rate and/or absorption rate of commercially available 500 mg NIASPAN® tablets,
without any reduction in manufacturing robustness (a robust process is one that has the ability to
reproduce a target endpoint under varying circumstances or conditions, such as small changes in
raw ma;terials or manufacturing processes) or commercial desirability (e.g., size). Because two
500 mg NIASPAN® tablets are believed to be characterized by less flushing than one 1000 mg
NIASPAN® tablet, one object of the invention is to provide a 1000 mg ER niacin tablet
formulation that is bioequivalent to two 500 mg NIASPAN® tablets.

In particular, the present invention provides a pharmaceutical composition comprising:

(a) about 70% to about 92% w/w of niacin;

(b) about 7% to about 25% w/w of a release-retarding agent;



formul ation that is bioequivalent to two 500 ng
Nl ASPAN(r) tablets. In particular, the present
WO pwenei3eh provi des a pharnmaceuti cal conposit i BET/US2007/004105

conprising: (a) about 70%to about 92% w w of ni acin;
(b) about 7% to about 25% w w of a rel ease-retarding
agent; (c) about 0.1%to about 4.3% w w of a bi nder,
and (d) about 0.5%to about 1.5% w w of a | ubricant.
In one enbodi nent the pharnaceutical tablet is a
direct conpression tablet. Further, the present
i nvention provi des nethods of preparing the.
ext ended-rel ease niacin tablets which conprises the
st @pabait:0.1% o shamn di3fgwawef abinder,@hd about 70% t o about
92% w w of niacin, about 7%to about 25% w w of a
r e(d@ abeut0=1% rtolabmpt A Gehv/walbelnbrizads t o about 4. 3% w w
of a binder, and about 1.3%to about 4.3% w w of a
| ulpraneantbodiment (lie) phaonprestisil tabléthea dirsat gompression éableta)
into a tablet. In a preferred enbodi nent, the
exFetieedhe ptesas énventicn provadek etethcsls pf preparing the chteadeti-relpase
granul ar niacin. Also provided is a nethod of reducing

niacih tatdéts ndrichsoogiraesedie siephiofii aci n treatment therapy in a
pati ent, wherein said nmethod conprises adm ni stering
t hé) dtdndimedmixahre 2 ebarit 6V ntotahblite?2%%6 dw o nkint, hlsout 7% to about
present invention to a patient in need of niacin
t r eat28tv/w bfia eelgaseta@nndég ageho dbom 9t1% &0 abamt #13% w/w of a binder,
fornmul ati on according to the present invention is
adni rand hbswrd . 3% ceatshat 3% w/wbéa dbeicamgaed at ni ght .
One enbodi nent of the invention conprises a
r et rcomhipadssidg 10Aixtre of step ¢Odntoa tabise

In a preferred embodiment, the extended-release niacin tablet is prepared by blending
granular niacin.

Also provided is a method of reducing flushing associated with niacin treatment
therapy in a patient, wherein said method comprises administering the extended-release
niacin tablets forms of the present invention to a patient in need of niacin treatment. In a
preferred embodiment, a niacin formulation according to the present invention is administered
once-daily in the evening or at night.

One embodiment bf the invention comprises a reformulated 1000 mg extended-release
niacin pharmaceutical composition which when administered to subjects in a bioequivalence
study comparing a single dose of four 500 mg NIASPAN® tablets to a single dose of to of
said reformulated 1000 mg extended-release niacin compositions proVides 90% CI’s for a
natural-log transformed ratio of the appropriate bioavailability parameters within a 80% to

125% interval.



ni aci n pharmaceuti cal conposition which when

adm ni stered to subjects in a bioequival ence study
w@oimpari3sy a single dose of four 500 ng NI ASPAM{T/YS2007/004105

tablets to a single dose of to of said refornul ated

1000 ng extended-rel ease niacin conpositions provides

90% CPs for a natural-log transforned ratio of the

appropriate bioavailability paraneters within a 80%to

125% i nterval . According to the present invention,

flushing can be further reduced by adm nistering an

ext ended-rel ease niacin fornmulation of the present

i nvention in conbi nati on th.a non steroidal .
anfFeordipg tpa?synupmamem&‘r%)f!g %2R by fb%q‘é?f%ad by administering
enbodi nent, .the NSAID is_aspirin., A}Phannace ticgal .
an extendgdieslesss piagin frmulagion of thedreserisiokgntion i fempination, with a non-
' i ncl ude an i nmedi at e-r el ease qush-inhibLting aqsnt . ..
steroidghirinflammpatory drug @YY 1B apeetrired smbedimsah tha INSAID is aspirin.
wherein the_niacin has a del ayed-rel ease (i.e., the
ni A@harmaseytiqal sarppositiqnaccerdingfothepresent fpvention¢agyipgyde an
. enbodiment, the njacin is released at |east _ about 30
immediptarelsase flushanhibiine seens cempanans and a delayed-rsleasqpiacin component,
fJush-jnhibitin? %?ent. Brief Description of the |
whergjngh¢ pigsinfhag grdelayed-zelease fizgrthe piggingig released aftel@ lag time). Ina
di ssol ution from 1000 ng ni aci n extended-rel ease .
preferigd lembodisnnt.dhe pisginia raleased atdeast abawt 3fmyiputesto abpukdQ minutes
SMPremum Figure 2 is a graph show ng the effect of
after yelease 9d thenftushrishiggingagent. VETHOCEL(r) K- 15MP CR on
ni acin di ssolution from 1000 ng ni acin
ext ended-rel ease tablets (1240 ng total weight).
Figure 3 is a grBpief Desswiptipnidfahe Daawingsi ssol uti on
profiles from 1000 ng ni aci n extendedrel ease tablets
Figupe i gedph showjing prdan aiagindissedutipnpikagen K00Qmg niacin extended-release

tablets containing various levels of METHOCEL® K-15M Premium.

Figure 2 is a graph showing the effect of varying the viscosity of METHOCEL® K-15MP
CR on niacin dissolution from 1000 mg niacin extended-release tablets (1240 mg total
weight).

Figure 3 is a graph showing the niacin dissolution profiles from 1000 mg niacin extended-
release tablets produced using bulk and 40 mesh PVP K-90.

Figure 4 is a graph showing the niacin dissolution profiles from 1000 mg niacin extended-
release tablets (1240 mg total weight) produced using different mixing steps.

Figure 5 is a flow diagram showing the direct compression manufacturing process.

Figure 6 is a flow diagram of the clinical study described in Example 3.

Figure 7 is a bar graph showing the incidence of flushing following administration of two
film coated 1000 mg extended-release niacin formulations of the present invention

(Test) and two non-coated 1000 mg NIASPAN® tablets (Reference).



Figure 4 is a graph show ng the niacin dissolution
profiles from 1000 ng ni aci n extendedrel ease tablets
w@ 14020385 t ot al wei ght) produced using differ entT/IB200710p4105
steps. Figure 5 is a flow diagram showi ng the direct
conpressi on manufacturing process. Figure 6 is a flow
di agram of the clinical study described in Exanple 3.
Figure 7 is a bar graph showi ng the incidence of
flushing follow ng adm nistration of two film coated
1000 ng extended-rel ease niacin fornulations of the
present invention (Test) and two non-coated 1000 ny
, NI ASPAN(r) tablets (Reference).Figure 8 is a bar graloh.
Figuge 8\i$ mban grephhshewang thamadian iptepsity ¢fcthe firss flughipg pyeng following
event followi ng administration of two filmcoated 1000
nyadminéstrdtion pEtwesftln enatesi 1000angrextendedrrgleage nidnin foranudations of the
invention (Test) and two non-coated 1000 nmg NI ASPAN(r)
t aptesens ivRafien €rest and Fvgnorcentéds 1¢00mng NJASBANS tabieats)
the nmedi an duration of the first flushing event
f o(Refeveneg)admi ni stration of two filmcoated 1000 ny
ext ended-rel ease niacin fornul ati ons of the present
Figuire® éa bangripleshoyvingithe tnyeslianoduratira afdhel 660 flushing exsRAflloyving
tablets (Reference). Figure 10 is a bar graph show ng
t hadmingstrdton ef o filmdcostetlHI00frhg sxtemdpd splepseotiacin fortrivdations of the
first flushing event follow ng adm nistration of two
f i bresend anvedtidOlkshgned twe ndedeated E(emgNIASRAN® tablets
formul ati ons of the present invention (Test) and two
noReferebex). 1000 ng NI ASPAN(r) tablets (Reference).
Figure 11 is a graph show ng the nean plasnma
Figueco @ éd bartgraph shbwingibe incidenee ofishdividual flaghingsymfiptons in the first
1000 ng extended-rel ease fornul ati ons of the present
i nflesttingevept fidloWingadministration of two film coated 1000 mg extended-release

niacin formulations of the present invention (Test) and two non-coated 1000 mg
NIASPAN® tablets (Reference).

Figure 11 is a graph showing the mean plasma concentration of niacin after administration of
two 1000 mg extended-release formulations of the present invention (“Test” or
“Reformulated™) and two 1000 mg NIASPAN® tablets (“Ref”).

Figure 12 is a graph showing the mean plasma concentration of NUA after administration of
two 1000 mg extended-release formulations of the present invention (“Test” or
““Reformulated”) and two 1000 mg NIASPAN® tablets (“Ref™).

Figure 13. is a bar graph showing the mean urinary recovery of niacin and its metabolites (as a
percent of niacin dose) 96 hours after administration of two 1000 mg extended-release
formulations of the present invention (“Test” or “Reformulated”) and two 1000 mg

NIASPAN® tablets (“Ref™).



"Reformul ated”) and two 1000 ng NI ASPAN(r) tablets
("Ref"). Figure 12 is a graph show ng the nean pl asna
wa@oocanisgat i on of NUA after administration of p@DUSBOD004105
ng extended-rel ease fornul ati ons of the present
invention ("Test" or "Refornul ated") and two 1000 ng
NI ASPAN(r) tablets ("Ref). Figure 13 is a bar graph
showi ng the nean urinary recovery of niacin and its
net abolites (as a percent of niacin dose) 96 hours
after adm nistration of two 1000 ng extended-rel ease
formul ati ons of the present invention ("Test" or
"Reformul ated”) and two 1000 ng NI ASPAN(r) tablets
Figure Rar iy apgrapiy showing the lineagmagsn plasoaimigrin peofile fos threeriestextended-
plasma niacin profile for three test extendedrel ease
nirglepse fiagimformulaions (ERN-1, ERMR, BRNE]Nnd g referenge extended-release
ref erence extended-rel ease niacin formulation (NSP);
14tadin formplatisn NSEN b is Agrapbshowing the samigog sean plagmiamiacin
profile for the three test and one reference
f corafiledor theghregtestiandd drisaefesenge fprapliationewi ng t he | i near
mean plasma NUA profile for three test extendedrel ease
Figure Hwi is afgraphshawingthe (iRix-nhean RN NERNprafileforitheee test extended-
ref erence extended-rel ease niacin formulation (NSP);
15bklease magin dpimuddtions IGRNRe ERaYR2; ERY-Nemd apkfesamse kijanded-release
profile for the three test and one reference
f oriaqin fermorkaionFINGR) €l 5bGs a graphishowingahé senhicag mypan [plasma NUA
mean urinary recovery of niacin and its netabolites as
a pefilednt thefthmet test andloegefeomct fioremldtons. ,
ext ended-rel ease niacin fornulations (ERN-1, ERN 2,
FigufRpé 3)a ban graphrsbbwingrihemeart enmbey recol ey of nivicincand its metabolites as a
formulation (NSP). Figure 17a is a graph show ng the
| | peecent ofwiacipldasafor thrac test gtaided-ecléase niasn boatktodsOERN-1,
ng extended-rel ease niacin formul ati ons of the present
I RN, BRIN-Beand a sferencoexiendeditalehse niacin formulation (NSP).

Figure 17a is a graph showing the linear mean plasma niacin profile for two coated 1000 mg
extended-release niacin formulations of the present invention (Test) and two uncoated
1000 mg extended-release niacin formulations of the present invention (Ref); 17b is a
graph showing the log-transformed mean plasma niacin profile for the test and
reference formulations.

Figure 18a is a graph showing the linear mean plasma NUA profile for two coated 1000 mg
extended-release niacin formulations of the present invention (Test) and two uncoated
1000 mg extended-release niacin formulations of the present invention (Ref); 18b is a
graph showing the log-transformed mean plasma NUA profile for the test and
reference formulations.

Figure 19 is a bar graph showing the mean urinary recovery of niacin and its metabolites 96

hours after administration of two coated 1000 mg extended-release niacin



1000 ng extended-rel ease niacin fornulations of the
present invention (Ref); 17b is a graph showi ng the
wo ogtiz@sst or ned nmean pl asnma niacin profile foPCT/082007/004105
test and reference fornmulations. Figure. 18a is a
graph showi ng the linear nean plasma NUA profile for
two coated 1000 ng extended-rel ease niacin
formul ati ons of the present invention (Test) and two
uncoat ed 1000 ng extended-rel ease niacin fornul ations
of the present invention (Ref); 18b is a graph show ng
the log-transfornmed nean plasnma NUA profile for the
test and reference faornulations. Figure 19 is a bar
gr fosmulations efghe pessertdnveantipm gFgpt)rand dvya pycested i 090ime exiended-
its metapolites 96 hours after adm nistration of two
c okeleage nigon fapnuationsef the preseatavention ®ebr nul ati ons of
_ the present invention (Test) and two uncoated 1000 ny
Figuge 2@ fopefliew disggam showing thebxamnle sty desighe present
_invention (Ref). Figure 20 is a fl|ow di:agram show n
Figure 21 isabgs|ezaph shpwing he incigencephjindividunl flushingrsympiemsp) gpr the first
showi ng the incidence of individual flushing synptons
f oflughing eveptfollpwingadaginistration ¢fgMokRIOA gneexiended relgasegyiacin
of two 1000 ext ended-rel ease niacin formul ati ons of
t héormulagiens of the presersrinyenkipACHNKYEPA NS CF )\ #Wagn: (1) thespiects were
subjects were pretreated with aspirin (ASA), (2) ASA )
waBregragtet With aspidin (ASH): (32 ASitavasadnainistsred wish thegracip formulation,
the niacin formulati on was adm ni stered al one. Figure
22ands(3) theapiagim fyymulationsvasadminjstered alangi dence of
flushing events for both Exanple 3 and Exanpl e 8.
Figure 3% isca b graphallpsiratige akshincidenestaf flushigg ph@tggxr bath Exampie 3 and
flushing events for both Exanple 3 and
Example 8.

Figure 23 is a bar graph illustrating the intensity of flushing events for both Example 3 and

Example 8.

Detailed Description

The extended-release matrix tablet formulations of the present invention include (1)
niacin as an active ingredient and (2) a hydrophilic polymer mgtrix fo; achieving extended-
release of the active ingredient, i.e., a release-retarding agent. As used herein, an “extended
release” formulation means a formulation that provides effective treatment for dyslipidemia in
a patient with once-daily dosing.

Extended-release niacin formulations of the present invention can result in an
improved lipid profile in a patient. For example, administration of an extended-release niacin
formulation of the present invention to a patient can lower total cholesterol, low density
lipoprotein (LDL), triglycerides, and lipoprotein A (Lp(a)), and increase high density

lipoprotein (HDL) in the patient’s bloodstream. A condition, which requires treatment to



Exanpl e 8. Detail ed Description The extended-rel ease
matrix tablet fornulations of the present invention

WO p@aes8y 1) niacin as an active ingredi ent aneiCT/R$20a7/004105
hydrophi lic polyner matrix for achieving
ext endedrel ease of the active ingredient, i.e., a
rel ease-retardi ng agent. As used herein, an "extended
rel ease” formulation nmeans a formnul ation that provides
effective treatnment for dyslipidema in a patient with
once-daily dosi ng. Extended-rel ease niacin
formul ati ons of the present invention can result in an

inmproved lipid profile in a patient. For exanple, .

lowep tptalsheleptsral.drD by triglycenidesn rrlinopratein 4} de(a)); and/or increase in
formul ation of the present invention to a patient can

HDLj igweratien){ shloedseamiishesein refemed démas a Ydyislipidpmis: eiAscordingly, the
(LDL), triglycerides, and |lipoprotein A (Lp(a)), and

presgnf inventien ¢ricgmpessas theyrepinany pgdr;qlmlctem by Jmnn@ermg an extended-
patient's bl oodstream A condition, which requires

releas¢ pigeimdammulatianefithe presgnt inmghtian tor apatienpin need of such treatment.
triglycerides, and/or lipoprotein A (Lp(a)); and/or
i nBrasgeizalence-pihe absence f asianificapt disigsnce irthg catg andexdent to
referred to as a "dyslipidema." Accordingly, the

which thessantive iingredienton actineonpigtysiophatmaceuiécal eqivalerfts or pharmaceutical
dysl i pi dem as by adm ni stering an extendedr el ease

altermatiyes hedopresavaitablenat dlie siteefidreseationiwhesadingristergdat the same molar
patient in need of such treatnent. Bioequival ence is

dosetundersimdamnditioas §i arapprepaistelyldédigredsonlyi Typlvally,dt is sufficient to

~and extent to which the active ingredient or active

demorsirateythatthe$Q¥6 wanfidence ilterwala iforal estiRsfeoacep raatneotiatipg of natural
alternatives becones avail able at the site of drug

log-temsfoomedKan and AUC of emeappaopridte suatimitaror tdrescloaleulatadier
simlar conditions-in an appropriately designed study.

bioequipalewe|parameters falbbeteai 80% ahd 1258%pimstusivestotchatluddithat the two
90% confidence intervals for Test/Reference treatnent

formubtioosarebioegtivakeht.

Formulations within the scope of the invention are those that are deemed
bioequivalent to formulations of the invention when 90% CI’s for test/reference treatment
ratios of natural log-transformed bioavailability parameters fail within standard 80% to 125%
intervals (See for example, Guidance for Industry: Bioavailability and Bioequivalence Studies
for Orally Administered Drug Products-General Considerations, U.S. Department of Health &
: Hum;cm, Services, Food and Drug Administration, CDER, March 2003; Guidance for Industry
Food-Effect Bioavailability and Fed Bioequivalence Studies, December 2002; the contents of
both publications are hereby incorporated by reference). As is known to those skilled in the
art, such formulations are compared to reference formulations (such as those described herein

or the embodiments of the invention described herein) under the same analytical conditions



| og-transfornmed Crax and AUC or any appropriate
substitute for these cal cul at ed bi oequi val ence
wasoaei3es s fall between 80% and 125% i ncl usi RET/UB®07/004105
conclude that the two fornul ati ons are bi oequi val ent.
Fornmul ati ons within the scope of the invention are
those that are deened bi oequivalent to fornul ati ons of
the i nvention when 90% CPs for test/reference
treatnment ratios of natural |og-transforned
bi oavai l ability paranmeters fall within standard 80%to
125% i ntervals (See for exanple, Quidance for
I ndustry: Bioavailability and Bi oequi val ence Studies
(e.g-f analyticall dnd teghmiqal eanditéinhs BnalysiPrusihgorelevanthioeguivalent parameters
Consi derations, U S. Departnent of Health & Human
whegay the ceferenéofodmalads Deedgps Acdenwdlst r at i on, CDER, March
2003; Cuidance for Industry Food- Ef fect
Bi oavai l ability and Fed Bi ®Haginval ence Studi es,
Decenber 2002; the contents of both publications are
heN#gin, arveterpsolubieteigameiiteisenom)erciady awileblewns fing white crystals,
those skilled in the art, such fornulations are
granglesipa méhite tcoy stadlimg powderf Bharmageutisakconsnesttioas of the peesent invention
descri bed herein or the enbodi nents of the invention
can lbgwodided aising méxcin) crystdlsy gramdesanmvaleal Int a preferred embodiment, the
conditions(e.g., analytical and technical conditions
pharmacduyisalompokitigns aleprahicedusing granalaeniacipawhivhthas greater
wherein the reference fornmula is used as a control.
flowhbitityi coniyhaaazd o, niacimpdeders Flavidbdityicia catieah processing parameter for
commercially available as fine white crystals,
tablegj ranufaewiringr Thia usecoftgrymilar liacire aqrovdieg to thk praseradnteantah improves
conpositions of the present invention can be produced
flowalsilitygandi rexdens ditecs carhpresgomofmiecin eablge fedeible dt prauction scale. Any
preferred enbodi nent, the pharmaceutical comnpositions
granalaenipeiagacide sizgd BGuistde frprepariag amjaciiitablet Aasrdingwitheé present
flowability conpared to niacin powder. Flowability is
inventiay. iAl preferrep pan ztessizegfop afaaimedranulirds NLT 85% (w/w) for sieve fraction

such that the granules are in the range of 100-425um and NMT 10%(w/w) for dust <100pm.
The flowability of niacin powder can be increased using a dry granulation or wet gmnulation
process.

Niacin will typically be present in the tablets of the present invention at a
concentration of about 70% to about 95% w/w, preferably about 76% to about 90% w/w,
more preferably about 78% to about 82% w/w. Niacin can be present in the extended-release
formulations of the present invention in an amount from about 100 mg to 3000 mg. In certain
embodiments, a formulation of the present invention includes about 500 mg, about 750 mg, or
about 1000 mg of niacin. Preferred daily dosages of niacin are about 1000 mg, about 1500
mg or about 2000 mg. Thus, for example, a daily dosage of niacin can be provided to a

patient by administering two 1000 mg tablets to a patient once-daily.



tabl et manufacturing. The use of granular niacin
according to the present invention inproves
wo b@makizgi ty and renders direct conpressi on of Pei/aston7/004105
tabl ets feasible at production scale. Any granul ar
niacin particle size is suitable for preparing a
niacin tablet according to the present invention. A
preferred particle size for niacin granular is NLT 85%
(ww) for sieve fraction such that the granules are in
the range of 100-425mm and NMI 109%{w w) for dust
<100mm The flowability of niacin powder can be
i ncreased using a dry granulation or wet granul ation
process. Niacin w [TheRelease dingAesatent in the
tabl ets of the present invention at a concentration of
abBxtendegiotelegseafivonta potymey matrip sestemayllyyrieallytiny@yg pelymer
about 90% w' w, nore preferably about 78% to about 82%
wettipgypol}nerchydration, gad formationt sweallinghandepod ymeredissobitions dVith respect to
formul ati ons of the present invention in an anount
solutfle drugagbese drags hegome wegGlissatye apd diffuse ahvofdhe selilayen feymed by the
a fornmulation of the present invention includes about
polymeomawix. Fithougly 4@ meghanisms by whidtogdublg dnfgs aieargleased in matrix
Préferred daily dosages of niacin are about 1000 ng,
tabletase depeBdent oy nuanyaaviables lxOgengral phineiplefip thab & avatsirssoluble polymer,
dai | y dosage of niacin can be provided to a patient by
presead throu ghout tha gabiletohydsgies omytheatutestabletsurfaqetoiform a gel layer. As
once-dai |l y. The Rel ease-Retardi ng Agent
wateERergredied inte thwectablet, therged 1qyet noreasesan thisknesssandrthevsdlitble drug
typically involve polyner wetting, polyner hydration,
diffugesl thfowghrgtiei geh laysmndDuringtha dide pihthy imgestdd sabdtthe oate ofMup release is
respect to soluble drugs, these drugs becone wet,
detershissbby diffasidn of fHeisobibiridrugfthrohgh thelgel andchy therate df taplet erosion.
the polynmer matri x. Although the nmechani sns by which
s oThibtedecade-tayard angeompiorers ©ff therprasent invertiin eaysbaargy agent known to
dependent on many vari ables, the general principle is
thos¢ skaliedain\ilbe &t dgodnsbiatng fivprable swelling and gelling properties. Examples of

A O oriiNOLRE NN Y 1Ay

suitable release-retarding agents include, but are not limited to, hydroxypropyl cellulose
(HPC), hydroxypropyl methyl cellulose ( commonly also referred to as HPMC or
hypromellose), methylcellulose (MC), hydroxyethyl cellulose (HEC) and polyvinyl
pyrrolidone (PVP), xanthan gum, and méthacrylate colpolymérs with
trimethylammonioethylmethacrylate (EUDRAGIT RS®, EUDRAGIT RL®), as well as
mixtures of these release-retarding agents. In one embodiment, the release-retarding agentis a
hydrophilic, water-soluble polymer, Preferred hydrophilic polymers are medium-viscosity
hydroxypropyl methyl cellulose and medium-viscosity polyviﬁyl alcoilol.

The release-retarding agent will typically be present in the tablets of the present

invention at a concentration of about 7.0 % to about 25.0 % w/w (percent weight relative to
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present throughout the tablet, hydrates on the outer
tabl et surface to forma gel layer. As water perneates
WO paog/124365 t abl et, the gel layer increases in tPCTKRESF004105

and the soluble drug diffuses through the gel |ayer.
During the life of the ingested tablet, the rate of
drug release is determ ned by diffusion of the soluble
drug through the gel and by the rate of tablet
erosi on. The rel ease-retardi ng conponent of the
present invention may be any agent known to those
skilled in the art denonstrating favorable swelling
and gel ling properties. Exanples of suitable

total grabk o6 e P HIRYRI cRTEIFTDIY AUt ALO %k abewé 2517 v/ meee
to, hydraoxypropyl cellulose (HPC), hydroxypropyl

Pref%‘lﬁ?%/"‘ééﬂ%;w&g@u"(m%mm y also referred to as HPMC

or_hypronel | ose), nethylcellul ose (M), hydroxyethyl
celn qnessmbodjmpzny, the teleaseyeranding agpRt is hygeoxupropypnethy cellulose.
xant han gum and net hacryl ate col pol yners wth . .
HPME jhae p polymenis Haskhong pheslhweseyd patural canbphydratgthat yontains a basic
EUDRAG T RL(r)), as well as mxtures of these
repegtingstryetureeiangydrgeiugessrunits. Fheysdukipoef (§@nthydragien rate), and
rel ease-retarding agent is a hydrophilic, _ )
strengihy of thes gl daies forpied by HPMECS influsacadyhyrthp Rfaportigaaifyfyye chemical
are medi umviscosity hydroxypropyl nethyl cellul ose
substiigentayidrenypropesyl (sgmesimepeteyied 40 aphysiroxypiepyl) and methoxyl
rel ease-retarding agent will typically be present in
(sometimes pgi¢reqdsto@s methy Ihyubstittion, gitaghed 3o thetcelJulose backbone (cellulose
_ concentration of about 7.0 %to about 25.0 %ww ]
being ppptueal carhehygrate that gentgias p bagic sepeapigsirucire phanhyroglucose units)
formul ation), preferably about 11.0 %to about 20.0 %
of HRME- Fhsrhy dspevbrapaisyhsubgisution isgslatively bydropidic ji patuterand greatly
one enbodi nent, the rel ease-retardi ng agent i s
contiiipesoryhe wgs/of hvdratipn, while thie paashoxybrubskitution iprelagivelyihydrophobic
backbone of cellul ose, a natural carbohydrate that
in nagwyert Fheramauitaisabstibsatigionps en the @nhydrogiicenawpits ofi¢alivtese can be
units. The solubility of (e.g., hydration rate), and
designated by the average number of substituents groups attached to a single anhydroglucose

ring, a concept commonly known to those skilled in the art as ‘degree of substitution”. See
METHOCEL® Cellulose Ethers Techniéal Handbook, Dow Chemicai Company (Published
Sept. 2002, Form No. 192-01062-0902 AMS); and Using METHOCEL® Cellulose Eithers
for Controlled Release of Drugs in Hydrophilic Matrix Systems (Published July 2002, Form
No. 198-02075-0702 AMS). In one embodiment of the invention, the HPMC release-
retarding agent has a methoxyl degree of substitution of about .1.2 to e;bout 2.0anda
hydroxypropoxyl molar substitution of about 0.1 to about 0.3, preferably a methoxyl degree
of substitution of about 1.4 to about 1.9 and a hydroxypropoxyl molar substitution of about
0.19 to about 0.24, more preferably a memoxyl degree of substitution‘of about 1.39 to about

1.41 and a hydroxypropoxyl molar substitution of about 0.20 to about 0.22, more preferably a
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strength of the gel |ayer formed by, HPMC i s infl uenced
by the proportion of two chem cal substituents,
whyaroxseF opoxyl (sonetines referred to as PCT/US2007/004105
hydr oxypropyl ) and net hoxyl (sometines referred to as
met hyl ) substitution, attached to the cellul ose
backbone (cellul ose being a natural carbohydrate that
contains a basic repeating structure of anhyrogl ucose
units) of HPMC. The hydroxypropoxyl substitution is
relatively hydrophilic in nature and greatly
contributes to the rate of hydration, while the
nmet hoxyl substitution is relatively hydrophob| cin
methexy} degree i substintion offabeytist and ahydrgxypreroxyhmojas substitution of
anhydrogl ucose units of cellul ose can be deS|gnated by
aboug ﬁél aMFEIO CRL® Kr 1 9¥1 (2\ailsble dioanPewdrhamjsal &qr@mad "tqbudmg
a singl e anhydrogl ucose ring, a concept commonly known
spectfis K+l dbsubrbrandsguch ag Kel 53M presmjumcang fked SHE premium CR) is a preferred
substitution". See METHOCEL(r) Cellul ose Ethers
felewwagmndbook Dow Chem cal Conpany (Published
Sept. 2002, Form No. 192-01062-0902 AMS); and Usin ) )
NEJFIE‘@@EDQ'I}), hydtoxyprepsl Eethyleseluloss petymersaire e@nmer%lgfeavallable in
of Drugs in Hydrophilic Mtrix stens (Published July
diffepqmo yiscqsityrgrades. TheseOnrcyde, mamé) 40Qthansinks 09 fHnalts b rentipoise
of the invention, the HPMC rel easeretardi ng agent has
(cpsk= e RraoMlillipageal Seotnd) Niseosity giades of MEBHACEL® K. d.c.
about 2.0 and a hydroxypropoxyl nolar substitution of
METHOGEL® K4AManddMETHOGEL® Ka5dt, avhijabde fremnithg Plowdehgneieal Co,
of substitution of about 1.4 to about 1.9 and a
USAhypuod 6068021 5,068 phd 32000 mBasogsdosity gradesodt Metalase 0 B81, awnilable from
about 0.24, nore preferably a nethoxyl degree of
ShingitgssLid IApannIrpdn ethbedimenGy thainygmsion, HPMC xisdosity (measured at a 2%
hydr oxypr opoxyl nolar substitution of about 0.20 to
concahtoationOin2atemasi26° B efze AN D368 hisrapoutdd fiifgo @bout 22,000 mPas,
substitution of about 1.4 and a hydroxypropoxyl nol ar
preferalily aboustlB0dd abdy UB8,000 2iPasVETHOCEL(r) K-1 5M
(avail abl e from Dow Chem cal Conpany, including
s p&oidtieomifiec M peoificlvhamadisristics meesssdty Toi\dupstgniiomobsuitable
K-15M premum CR) is a preferred
polymers other than HPMC, one of skill in the art can vary the degree of substitution of the

" polymer (e.g., hydroxypropyl cellulose) and identify a substitute that matches the dissolution
profile of a formulation utilizing HPMC according to the invention (e.g., a formulation
according to Example 1 or 2).

The tablets of the present invent.ion further comprise a binder. The binder may be any
conventionally known pharmaceutically acceptable binder, such as polyvinylpyrrolidone (also
known as PVP, povidone, polyvidone), hydroxypropy! cellulose, hydroxyethyl cellulose,
ethylcellulose, polymethacrylate, waxes and the like. Mlxtures of the aforementloned binding

agents may also be used. In an embodiment of the invention, the binder comprises about
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rel ease-retardi ng agent. Additionally, hydroxypropyl
nmet hyl cel lul ose polyners are commercially avail abl e
WO noodi12@3e3 ent vi scosity grades. These incl ude, P€DUS2007/004105
exanpl e, 4000 and 15000 nPas ( 1 Centipoise (cps) =1
nmPa s (MIIlipascal Second)) viscosity grades of
METHOCEL(r) K, i.e. METHOCEL(r) K4M and METHOCEL(r) Ki
5M available fromthe Dow Chenical Co, USA; and 4000,
15, 000 and 39000 nPas viscosity grades of Metal ose 90
SH, available from Shin Etsu Ltd, Japan. In an
enbodi nent of the invention, HPMC viscosity (neasured
at a 2% concentration in water at 20 C e. ASTM
0.1%p36¥p W/ efishetotal weight of thedpklet preferably ahwaso 2% to 3.25% w/w, more
preferably about 13,000 to about 18,000 nPas. To
prefesehly pbout@. 3% &0 39% WW.c characteristics necessary for
substitution of suitable polyners other than HPMC, one
of Insaddition, thertpklets of the:nreseat ipventionsempeise afubricant. The lubricant
substitution of the polymer (e.g., hydroxypropyl
can bechydgephobic qahardiogbiiciang inclugdeublicantsecommenl yrknewe to thase in the
di ssolution profile of a fornulation utilizing HPMC
art, syefrag, bunheptiimitdddo tale.anagnesiumnetegrate, galcmyslearatep stearic acid,
according to Exanple 1 or 2). Excipients The tablets
hydrogenated vseetsllnioils anvdiheilisn. Rraferahdy, tholubricans issterriechsid. Addition of -
The bi nder may be any conventionally known
lubricanthiecbe farowldtipn geduses fiistien betiveen thegdie waland tablet formulation
pol yvi nyl pyrrol i done (al so known as PVP, povi done,
duringodopyiressinm) aidk yroithe flopr Qfmqwd@e(ile,mbsﬂgwwﬁuﬁmq/@rmy]ation into the
cel lul ose, ethylcellul ose, polynethacrylate, waxes and
hoppehand dikk and/hglps preyentfadhéseorad ftnblrematedalad the prdcesging equipment. In
" agents may al so be used. In an enbodi nent of the
one ¢mbastimenty thettitdetformidatiarsof thesipyertivncomptiss alout 03% o/ W% wiw
of the total weight of the tablet, preferably about
of a ubgieantoprefepaisly abont 0176V eto 1.25% w/w, more preferably, about 0.85% to 1.15%

w/w, more preferably, about 0.95% to 1.05% w/w.
* Coatings

The extended-release tablet formulations of the invention may further include a
coating, as are known in the field of pharmaceutical solid dosage forms to provide a color
coat, enhanced visual characteristics, act as a moisture or odor barrier, protect against
deterioration by environmental factors like sunlight, temperatufe variétions, or to taste mask
the tablets. Such coatings, as are known to those skilled in the art, may contain a polymer,
plasticizer and/or color pigment. Examples include OPADRY® coatings The coating can be
applied from solution (e.g., aqueous), solvent or suspension using any known means, such as
a fluidi.zed bed coater (e.g., Wurster coating) or pan coating sy;tem. fn one embodiment of

the invention, the coating is a color coating, specifically an OPADRY® coating. In a further

13



preferably about 2.5%to 3.0%ww. In addition, the
tablets of the present invention conprise a |ubricant.
wab@7heisss cant can be hydrophobi ¢ or hydrophi | PCT/@RZNO7/004105
i nclude lubricants comonly known to those in the art,
such as, but not limted to talc, nmagnesium stearate,
calcium stearate, stearic acid, hydrogenated vegetabl e
oils and the like. Preferably, the lubricant is
stearic acid. Addition of a lubricant to the
formul ati on reduces friction between the die wall and
tabl et fornul ation during conpression, aids in the
fl ow of powder (i.e., the flow of m xed fornul ation
embedimgnt, the qelnssentingig agplied to shntablst panamapat tfrog pkait dH to about
of tablet material to the processing equipnent. In one
8.0%:Yypight gaimtandpreferably feam pboyhll %t to @hautcY. 0%ptvecighteain. i on
conprise about 0.5%to 1.5% w w of a |ubricant,
preferably about 0.75%to 1.25% w w, nore preferably,
about 0.85%to 1.15% w w, nore preferahly, about 0.95%
to 1.05% w w. ivi d800 mg|tablets t abl et
formul ati ons of the invention nmay further include a
codt fevigw of paevdods olimicalrstedies feveildd dhatpver (RCNIASRAN® 1000 mg
solid dosage fornms to provide a color coat, enhanced
tablets @ablet wieight d283.6sng)k wereanet bisequivalérsttorfoun(4)ONHASPAN® 500 mg
barrier, protect against deterioration by
tabletsy\andomineint releaserc fastes frotaeths UNTASRAN®t Ki9Pemgt wblets than from the
variations, or to taste mask the tabl ets. Such
NIASBAN®NHY), megs tabless. kirother tstudy hdesmonstcated dbiati mia¢iheERr 1000 mg tablets
may contain a polyner, plasticizer and/or col or
(tablesi werghtt 14 19xCanmg) wsithi doobledthe @RGDRY(frepmpongrity getheMASPAN® 500 mg
coating can be applied fromsolution (e.g., aqueous),
tableg slevee aliso opt bigsgpeimalentn Inughierlgttarrmasd miawin disselstions weh skesven from the
fluidized bed coater (e.g., Wirster coating) or pan
1000cmgttablets slyat from the NIASPANT0#I0nmgttatdéts in vitro, and niacin was absorbed

more slowly from the niacin ER 1000 m>g tablets than the refefence pfoduct (500 mg) in vivo.
A further study demonstrated that reformulated niacin ER 1000 mg tablets with the tablet
weights of 1300.0 mg and 1280.0 mg were algo not bioequivalent to NIASPAN® 500 mg
tablets due to their slower release rates.

In order to formulate niacin ER iOOO mg tablets bioeql;ivalen’; to two NIASPAN® 500
mg tablets, the inventors prepared and tested multiple niacin ER 1000 mg formulations in
vitro to predict in vivo release and absorption characteristics. The test niacin ER 1000 mg
tablets were further reformulated based on the fact that dissolution decreased with increased
polymer (release regarding agent) levels in the tablet (w/w). Accordingly, evaluation
included new ingredients (such as different types of polymer), and analysis of alternative
manufécturing technology (such as direct compression or roller compaction) |

Table 1 illustrates various test formulas for 1000 mg tablets having varying total tablet

weight.
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the invention, the coating is a color coating,
specifically an OPADRY(r) coating. In a
wo orheseibodi ment, the color coating is appliedr/us20pe4105
tablet in an amount from about 1.5 to about 8.0%
wei ght gain, and preferably fromabout 1.75 to about
5. 0% wei ght gain. Equival ency to NI ASPAN(r) 500 ng
tabl ets A review of previous clinical studies reveal ed
that two (2) N ASPAN (r) 1000 ng tablets (tabl et
wei ght 1203.6 ng) were not bioequivalent to four (4)
NI ASPAN (r) 500 ng tablets, and niacin rel eased faster
fromthe N ASPAN 1000 ng tablets than fromthe N ASPAN
(r) 500 ng tablets. Furtheﬂ"ablﬁddy denonstrat ed t hat
nmaci m ER 1IP00Tg tabtets—(tabtet ht—141901m)
(omponenibl e| t he anount of con‘b’@r@ﬂt@b?qii(mgb NI ASPAN(T )
500 Ty tabtet—were Fso ot Thi Ueqm valemt—— T the
Nipgip Gepnuwatse|  noewon |dilesmbut i avooas §l wmofronomme 1000.0
ets thag fromthe N ASPAN(r) 500

1004458y t ah)
R dinp Vit I,aLi n bspr
eie?% %,tiaﬁe gl ac:llr?gESR 100@3% 1a\k/)\?9§r€ tha%??ﬁe ef%b ncH
‘—‘p‘m%um C Vivo. A[further stud den’mnsr rare
Paiaane; OSor il 2868 11 [aCBROER] 1006 [antbis 4t MSne | 345
tablet weir gnts_ of 1300 0 _mgjand 1230[ 0 WETE al SO
Stewtc Aciddifui val 8P t 4 NIASPAN(r)12800 hy -{gﬁl els Y48 tp 13.0

tnelr SIowef refeasq ratres. {In order [O formJi ate

rylgtionR 1 t bl bi oeqyj
TRP‘ASWRW}‘) 82%% abllgéi‘? 1 h:lqlﬂ{)]\\? ﬁ%é A epall"e%o'ocmH 1300.0
t edM8Y milt plp ni adin FR1)00rrgfokmllat|nnq in
vitro to predict in vivo rel ease and absorption

Ch?&i@?bﬁ ag,t Svahuatidh %f"nﬁﬁtt. 1@'vaﬁéﬁkﬁﬁne%gpfdmmi%h?héscnbed below

were furth reformul at ed based on the fact that

weredéecié:‘?édj?dr%rtﬂ@xcém Wi {/Qnét ?15 &8 ég tf&?‘lu)’d\}ﬁ)ﬁ Meﬂv@%@e analyzed

regarding agent) levels in't e tab

based\6h Uit RBioH r@le@luls';ﬁ‘l '% rhg NIH@?QN@WS L3 Féiinhg gltlé en(‘nﬁl‘b%th‘ng a USP

as dlfferent types nmer), and anal ysis of
Type APpBAhisiR 250 m! of simulated gastric fluid maintained at a pH of 1.2, 37°C for 60

U

252.5
d

minutes followed by 250 ml simulated intestinal fluid maintained at a pH of 6.8, 37°C, for all
time points.

() METHOCEL® E10M prepared using wet granulation (WG
Niacin granular, METHOCEL® E10M, Povidone K90, and stearic acid were weighed

according to the formulas designated for 1240 mg, 1260mg, 1280 mg and 1300 mg
formulations, and then granulated in a high shear granulator utilizing deionized water as the
granulating solution. The wet granules were dried, milled, and then blended with
extragranular METHOCEL® E10M and stearic acid. The final well-blended mixture was
compressed into tablets using a BWI Manesty Beta Press (Thomas Eng, Hoffman Estate, IL)

at the speed of 500 tablets per minute for a target tablet hardness of 16 to 18 Kp.
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manuf acturi ng technol ogy (such as direct conpression
or roller conpaction) Table 1 illustrates various test
wo ooork@ss f or 1000 ng tabl ets having varyi ng tPCEUS2007/004105
tabl et weight.Table 1 After primary eval uation of
mul tiple variables, the four fornulations descri bed
bel ow were selected for further evaluation. Variations
to the formul ati ons bel ow were anal yzed based on
di ssolution profile using 500 ng NI ASPAN(r) as a
ref erence and enpl oying a USP Type 3 Apparatus in 250
m of sinulated gastric fluid nmaintained at a pH of

1.2, 37C for 60 n1nutes follomed by 250 n1 S|nulated
i nfidst i METHOGEL® E] OM prepaned ysing dirg n :o.y C netho

al Nn&ld@aﬂﬂhﬁmTﬂObEWEmLﬁéoxd&lmw faﬁ@ aieﬁﬁ’c btﬁdi Wére weighed
wet granulatlon (WX N acin granular VETHOCEL(r)

accofdifdMo ROUESARREdBHnuR SuthhEP I TabRC1 Bnd'\BeR al®id9RR%n 8 gt blender
according to the fornulas designated for 1240 nuy,

(LB-b380 mueé&ﬁﬁeﬂp IBROSHAMRLUR, BRY, AHY Bte'ne&ﬁlo A ThRSR11-blended

granul ated in @ hi gh shear granulator utilizing

mixt@@ @Jyc%ﬁﬂ,rygéé@fnt@ébk&%sg{gamwmmséﬁéé& PRI (ﬁfb%a‘é@ng, Hoffman

granul es were dried, mll and th bl ended wth

Estat%XfLr) APt '}»Pleéy of Yo &k %)Ex) mAutdMor B rgEG 81 OhaRdiiels of | fbeto 18 Kp.

final wel | ended m xture was conpressed Into tablets
usi ng a EMfiy MARASINOBELE Y SN HréoHROMR W mtHol™an
Est at e, )" at € Spee ets per mnuate for

a ﬁ?arcﬂleltj %&@EE@%& farﬂi(i’ofvgilo}xg KI89-Wdrk Weighed according to the

NETHOCEL prepared usi ng rect conpression

desigg(%:,ih i) %j%lhlllﬂ&i A SR AR %ra}}{ﬁlt'ém (1@1 d%%ngrlaéor utilizing

and stearic acid were weighe
deioni E ed \Qgt

gatl];lg rswhgﬁ? tvl'ét %ﬁ% geg gge?ph ed1 nﬂﬁgd and then

en aaded to an et ' er son

blené\;eg \llzgl%f;ﬁ%gadlﬁﬁ{r%iﬁ?ﬁw&L@ ﬁ)lslvf‘&}% QLERARHA. e BhiY wellblended

mixture was compressed into tablets using a BWI Manesty Beta Press (Thomas Eng, Hoffman

Estate, IL) at the speed of 500 tablets per minute for a target tablet hardness of 16 to 18 Kp.

(ivy METHOCEL® K15M prepared using DC method

Niacin granular, METHOCEL® K15M, Povidone K90, and stearic acid were weighed
according to the designated formulas outlined in Table 1 and then added into an 8 qt blender
(LB-9322, Petterson Kelly, East Stroudsburg, PA), and blended 10 min. The well-blepded
mixture was compressed into tablets using a BWI Manesty Beta Press (Thomas Eng, Hoffman
Estate, IL) at the speed of 500 tablets per minute for a target tablet hardness of 16 to 18 Kp.

Analysis included process machine tooling changes; variation in polymer levels (see
Table 1); interchange of wet granulation, direct compression and roller compaction methods;
variation in PVP levels; changes in tablet hardness; weight variation (+/- 5%); reproducibility;
tableting speed variation and tablet stability (release rate after storage, moisture absorption,

etc.) Targeted drug release profile was achieved for the three following formulations: (i) -
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m xture was conpressed into tablets using a BW
Manesty Beta Press (Thomas Eng, Hoffnman Estate, |L) at
wo b@7apsesl of 500 tablets per mnute for a tarBer/us2007/004105
tabl et hardness of 16 to 18 Kp. (iii) METHOCEL(r) Ki5M
prepared using WG nethod Niacin USP, METHOCEL(r) K15M
and Povi done K90 were wei ghed according to the
designated fornulas outlined in Table 1 and granul at ed
in a high shear granulator utilizing deionized water
as the granul ating solution. The wet granules were
dri ed m' I | ed, and then bl ended wi th extragranul ar
K15M and stearic acid. The final . .
METm¢EFe® a wietgraudatinas (EHMETEHQERL®K d SManplegranylatiqngand (iv)
a BW Manesty Beta Press (Thomas Eng, Hoffrman Estate,
METHOCEL®KISM 95@@ cempERS8iopa bThetthreg dprmylatians furgher gemonstrated
target tablet hardness of 16 to 18 Kp. (iv)
favorglleisabiity rosults Stlopringa theee menthgtabditstudyd Ni aci n
granul ar, METHOCEL(r) K15M Povi done K90, and stearic
aclPtyqu@p@pWéwgh tablesz using METHOCER® KdoMwareselectsdras fapseferred
outlined in Table 1 and then added into an 8 qt
embaslimentder furtBeroarlysisphe te eeanomie and statpilitt adgantagrsdgentigied in the
PA), and blended 10 min. The well-bl ended m xture was
analysisrdgsaibsd dbovet cAdcatlingly, with regpect Bvihe vefioarnulateBdi080 Praacin DC
(Thomas Eng, Hoffrman Estate, |IL) at the speed of 500
tablet, gi4luationpeas firithertraadeovittaraspecy a the anpaat ofi gragnlation size;p@rticle size
to 18 Kp. Anal ysis included process machi ne tooling
distribh@ergefeacly eeperieoh butk gudl tgprdensity o€ bach(cosworerts! diffeient lots of each
i nt erchange of wet granul ation, direct conpression and
compopkhte corgentpaifomuity; raukerdad Gaar indices dlowabibitfs doepegdssibility and
changes in tablet hardness; weight variation (+/- 5%;
friabiligyr Bahle 2 outliney thetspédific primpagpmetdrigla used inoariawsexpatimental
stability (release rate after storage, noisture
formalagongot DME, isetRrug Masterdiiled drug rel ease profile was
achieved for the three followng formulations: (i)

Table 2. Materials Used in Niacin ER 1000 mg DC Tablets

Material Regulatory Status Manufacturer
Niacin Granular, USP DMF Lonza, Ltd,

No DMF - material conforms| The Dow Chemical
Methocel® K-15M ; w Chemi

to USP/NF * Company
No DMF - material conforms| ISP, , New Jersey 07470
® 2
Plasdone™ K-30 to USP/NF USA
.. No DMF - material conforms . .
Stearic acid to USP/NF Witco Corporation

Table 3 illustrates reformulated test 1000 mg DC tablets containing various levels of
excipients and associated physical qualities. These formulations were prepared as described
above with the w/w % of each component as described in Table 3.

Table 3:
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16 VMETHOCEL(r) E-10M wet granul ati on,
METHOCEL(r) K-1 5M wet granul ati on,
WORBIAOLERY r) K15M direct conpression,.

(ii

and (i

i)

v)

The t hr R€r/US2007/004105

formul ations further denonstrated favorable stability
results followng a three nonth stability study.
Direct conpression tablets using METHOCEL(r) K-1 5M
were selected as a preferred enbodi nent for further
anal ysis due to econom c and stability advant ages
identified in the analysis descri bed above.

Accordingly, with respect to the refornulated 1000 ny

_niacin DC tablet,

evaluation was further

made _with

Item 5P g} to the inpdct _of granulati oW/Wi(¥®: particle
M %e P8Pl i on ¢fi280ety ,qna@mgn 1240uinlg a0z20 @ | 1200 mg
o Nl R AR s, | S7bay o 8%~ T §5° | 8333
ot oy
i ndi g|edethdaebgHisM fly: 1P| esfd Hi | tylsa@d friabililtyis79
Tabl gPgenniutd i nes the specific prinary matefpials uged
i N vaPolidsnexperi mgnt @7 f of ma. 241 ons. 28VF § s Aa8Dryg 2.88
VBST fGtdalik Geid a0 € [Z. _yate[ialp Used T N|pci iy ERJI00Y
Mg DLl €tS rabt & 31phT UFTTeh@S F e PigTlt B efhof €37 100
NlaCWER fUd)OLlﬁgT%btglb L,Ulll al II 'y Ydll us 1 evel S UI \
Har n}élsasl NnNtS adrfu asSdo\ bl a1|.8l:'u 0 t C 18
(Tar Ztlons wer e prepag d e _ {quz)
ThncknEssgmne) 1 provideg as-bxa 8.4
(Targetsﬂmﬂdmhss()n pr ofl I E$8 0990.) {(®d-9.0)
Frla llﬁ Id.UI € 9 flbl dl. Ubl UI DUI btl ] dyli <1
(Ta’ﬁe‘ ..‘?Th. 2?4«.1”: Ly dafado g o8lo3y E’ﬁﬂ VG B3 ®- 03
clinical studies. D ssolution

Figure 1 provides an example comparison of the dissolution pfoﬁles for the

formulations illustrated in Table 3.

Table 4 illustrates dissolution and bioavailability data of multiple 1000 mg

experimental niacin formulations versus 500 mg Niaspan® in clinical studies. Dissolution

was calculated using USP Apparatus 1, With 900 mL deionized water,' at 100 rpm (basket

method) at 37°C.

Table 4
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was cal cul ated using USP Apparatus 1, with 900 nL
dei oni zed water, at 100 rpm (basket nethod) at 37C.

wa awba2088epr oduci bility of the refornmul ated 10BOT/D§2007/004105
niacin ER direct conpression tablets was investigated
by varying the follow ng paraneters: Fornul ation
paraneters: Viscosities and hydroxypropoxyl content of
METHOCEL(r) K-15MP CR Particle size of METHOCEL(r)
K- 15M Particle size of niacin granular Stearic acid
content Sieving of PVP K-90 Processing paraneters

M xi ng sequences and tinme Tabl et hardness Tabl eti ng
speedTable S helow and Figures 2-4 jllustrate data

fa)

Beseer ot BatchNo.np_t he Pisselatiortipie] j 1y dr udiFeresyltsfor NB#y | BE
above.| Tabl e 5:| Anmic3ht | [Ghe § Shoi{ 1 20m[20 hg R0 0 Gegfidencs dritenval

EBRobabll es contaj ning V4riolis Slzes| of [N acinf Ganul ar

NiaspdR 400 ngefersicag] 1089 2pRascd] 48.61 60spd3ijf i catijons

DCl1@28cr i joedRabave) 9.2Up0oh |36:Tphen] 69 | B4 [aDRD9S) 512052 | 184.65| Fail

DC2a0! abl eErRapave] 93ppR2 436i6$48.5UB9 h84dI 0L+ [ca0l.1 | 120.78 | Pass

DCI240T erfen®RN-2 n| 83 241|356 W7 91571 | 981]108.06€0/96106 [TAUL.9 | Pass

[NiaspB€ 5006 [N€ T OT T OW 100 Va4 1[3D14¢51 W¥Te1 FBa]geq: tolpe

Hou@%%S@Si trgfe%gcnyororyp_ OpOoXyl _$ubSfrtrgrion
DCI1 t 1N Y9'["32 | 43 | 52 | 74 [80.18**] 72.54 | 88.63 | Fail

WG1300 Test 2 9 19| 32| 44 | 54 | 74 |80.78**] 73.1 89.27 | Fail
WG1280 Test 3 10 | 21 ] 34| 45| 56 | 77 |80.73**| 72.97 | 89.32 | Fail
Hollywood niacin repeated dissolution results 1 ‘

DC1220 ERN-3 9.3 121.0]35.0}147.1]57.6|80.7

DC1240 ERN-1 9.3 |21.2|35.1] 46.8|56.9]| 78.0

DC1240 ERN-2 8.8 [19.9]33.3| 44.8|54.9]75.5

All clinical doses were 2000 mg i.e 4x500 mg or 2x1000 mg

Reproducibility of the reformulated 1000 mg niacin ER direct compression tablets was ‘
investigated by varying the following parameters:
Formulation parameters:
Viscosities and hydroxypropoxyl content of METHOCEL® K-15MP CR
Particle size of METHOCEL® K-15M
Particle size of niacin granular
Stearic acid content
Sieving of PVP K-90
Processing parameters
Mixing sequences and time
Tablet hardnes§

Tableting speed
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(CR), niacin granular wth different particle sizes,
sieving PVP K-90 through 40 nmesh screen, stearic acid
weomranidsd rom 0. 5% to 2. 0% m xing steps, and PERURP07/004105
time. The larger particle size of METHOCEL(r) K-15M
prem um (CR) and tabl et hardness (especially | ower
than 8 kp) increased the niacin dissolution. The
smal l er particle size of niacin granular and
METHOCEL(r) K-1 5M prem um CR exhi bi ted hi gher
conpressibility. The ejection force decreased
significantly as the stearic acid content increased in
the formul ati ons. A higher tablet hardness was
acFabde & belomt andriigires 2-dolpstete dasa génprated deringthe cerireducibility
force and a hi gher conpression force was needed to get
studiehdestabegatbovebl et har dness (18 Kp) when the tableting
speed was increased. According to the above, the
Tableg f eN@rin Dissadutidnofiore 1 000mestiacin ZRigbley containingi \aricys Sizes of
Niacoh Geotlac G190 engdivsing LIRRA pparaiuadi (spesificatiorscleseribed above).
(FR) tablet formilation conprising: (a) about 7001tQ
Niacyh GmanuderboByteh N6. ni acl n: {b) Abolit o6 th aBout] 256 wiw 290
of a rel eTaI'gegame‘iOQrdiMaglgentBha/i 38.1a edhdxyl 62drde 86.6
40-60fmeshbst | t uti on of|l aBdut |1.20.3 0| a3 P. @3dnd a514 69.8
60-80yaeshx y pf opoxy! ndl ax0.bulpst P ut { o33 hbéd# 0l 1 320 70.6
80-18banidsh0. B; (c) abdqut1s 1% to aboudR.84. BY%adbw jof SRl 70.1
100k70desh pnd (d) aHouf110. $% 2 abowi.2l. p%tiw Jof 532 72.3
fubricant. I'n a preferred enbodl nent, the tornulation ;
| SUBBElGomplefifg heldnaBils FORPHEASBIONaBBVEeNAlicBAS FBAR dd@gnificant
1000 ng extended-rel’'ease niacin fornulations of the

diffeRin€s §RthjddhY ARkHIAR0A RN LRtk nfiak Wiken! M@ fHOWIHE variables were
NI ASPAN(r) tablets, they would be expected to share

chang&f: Rhd bi%cosity and hydroxypropoxyl substitution of METHOCEL® K-15M premium

(CR), niacin granular with different particle sizes, sieving PVP K-90 through 40 mesh screen,
stearic acid content from 0.5% to 2.0%, mixing steps, and mixing time. The .larger particle
size of METHOCEL® K-15M premium (CR) and tablet hardness (especially lower than 8 kp)
increased the niacin dissolution. The smaller particle size of niacin granular and
METHOCEL® K-15M premium CR exhibited higher compressibility. The ejection force
decreased significantly as the stearic acid content increased in the formulations. A higher
tablet hardness was achieved with higher compression force and ejection force and a higher
compression force was needed to get the target tablet hardness (18 Kp) when the tableting
speed was increased.

According to the above, the present invention encompasses a wet granulation or direct
compression 1000 mg ﬁiacin extended-release (ER) tablet formulation comprising:

(a) about 70% to about 92% w/w of niacin;
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sanme efficacy and toxicity profile. Thus,
adm ni stration of 1000 ng extended-rel ease niacin
wo ooomk@Bs ons of the present invention can proRCTES2007/004105
simlar treatnent benefits to that of two 500 ng
NI ASPAN(r) without giving rise to treatnment-limting
hepatotoxicity or treatnent-limting elevations in
uric acid or glucose levels to an extent which woul d
require the use of the fornulation of the invention to
be di scontinued. Toxicity problens associated with
sust ai ned rel ease niracin fornul ati ons are well known
to those skilled in the art. See for exanple "A
cobpar i hent 3% tolgbort25Pewiy ofim telepsgiretadingagent gving a methoxyl
Sust ai ned- v. | medi ate-Rel ease Ni acin
Hygreresaf] substitvtigneghiabowtal. 2 taabsut 2-9@!@ aregroxypropoxyl Jmmlar
Vol . 271, No. 9, Mar. 2, 1994; and "Hepatic Toxicity
of substirgtipn pEeboan@. 110 Abou@idease Pr epar ati ons of
Ni acin", Rader, et al., The Am Jour. O Med., Vol.
92(0)Janabol!QQ-Z%MQUW-?'%Mmfcﬁbigﬂ%art!he embodi nment of
the invention conprises adnmi nistration of the
phi@) maceheut 0.2P oabpuisi-SYeonsv effa lubkcantventi on to treat
a patient in need thereof, wherein the treatnment can
r elscpreferred embotlinging the fomyulatige iromadd ysingaidireny compression
treatment-limting (i) hepatotoxicity and (ii)
methedevations in uric acid levels or glucose levels or
both, follow ngadm nistration to said patient that
vxoﬂt@ustetqg 11000 mgaixtendedrtaiense niaginforrdulgtonst afepressne imvention are
said conposition is ingested by said patient once per .
bioeqiayalerit to tvd HEQ mgNINSPAN ®eablicts, dbky wowlt batekpertédstoshare both the
per day, during the evening or at night (for exanple,
samegfffieacy dind texicigr pro§ieo rﬁlub,exdtmmstyatm@mfdlommgxxtﬂrdedvm niacin
The once daily niacin formul ati ons of the present
formulatiemt ¢fche p@seryénveotitn candprowitié sinrilarbiEatBrAt badfict tagkat of two 500
inhibitor. As used herein, "conbination therapy" and
mg NIASPAIN®R without giemignisatd tremmmentplie ingdhepatotixicityi oo treadneat-limiting
niacin formulati on of the present invention and at
elevations in uric acid or glucose levels to an extent which would require the use of the

formulation of the invention to be discontinued. Toxicity problems associated with sustained
release niacin formulations are well known to those skilled in the art. See for example “A
comparison of the Efﬁéacy and Toxic Effects of Sustained- v. Inmediate-Release Niacin
Hypercholesterolemic Patients”, McKenney et al., JAMA Vol. 271, No. 9, Mar. 2, 1994; and
“Hepatic Toxicity of Unmodified and Time-Release Preparations of Niacin”, Rader, et al.,
The Am. Jour. Of Med., Vol. 92, Jan. 1992, page 77.

Accordingly, ot.xe embodiment of the invention comprises administration of the
pharmaceutical compositions of the invention to treat a patient in need thereof, wherein the
treatment can reduce a serum lipid without generally causing treatment-limiting (i)

hepatotoxicity and (i) elevations in uric acid levels or glucbse levels or both, following
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| east one additional active agent in the sanme or
separ ate pharmaceuti cal dosage forns. Conbination
wo e@atiaesst , as used herein, includes sinultaneRCBUS2007/004105
adm ni stration of the active agents and sequentia
adm ni stration of the active agents as part of a
treatnment regi nen. Exanpl es of HMG CoA reduct ase
i nhibitors include, but are not limted to, |ovastatin
and rel ated conpounds as disclosed in U S. Pat. No.
4,231,938, pravastatin and rel ated conpounds as
reported in U S. Pat. Nos. 4, 346, 227 and 4, 448, 979,
nevastatin_and rel ated conpounds as disclosed in U'S
admipjgfratipgto sgicppsienyhat yeuld sequiresughhdeadmertde Ps@r%qoratﬁuwd when said
rel at ed, conpounds as _di scussed in U S. Pat.
comppsition iy gpesird by said patient oneg prf 4ay-aln mﬁm&%wva@qlm‘h adm'mstratlon
rivastatin and fluindostatin (Sandoz XU-62-320) .
is onp/prrclsy, dustngche greningenAt night (fonetample. aBeat digner qxcbsfore bedtime)
limted to, pyrazole anal ogs of neval onol act one
derivatives as disclosed-in U S. Pat. No. 4,613,610,
i ndent anal ogs of meval onol actone derivatives as
disclosed in PCT appl £embinationjreatment3433,
2- (substituted-pyrrol-1-yl)al kyl] pyran- -2-ones and
de he,ende\dally nipsinelormulationssef the prgsent inyestiorpean benggmbined with an
4,647,576, Searle's SC45355 (a 3-substituted
HMG@&Anreductasedinhibitgr. das hsedihierady), “gombinatieroéerapy’ and “combination
i m dazol e anal ogs of neval onol actone as disclosed in
treatmeIyt” £peampass adminjgragen 0F @ ipcin formulation of the present invention and at
3- car boxy- 2- hydr oxy- propane- phosphori c aci dderi vati ves
least pge @dditipaal agtivepgeptindhe sameonseparate phaggacgotdcal dosage forms.
2,3-di-substituted pyrrole, furan and thi ophene
Comyjinatiomireatmenta gs U$esld16c9mdn¢lnde§l§m\|d@anomnnlstratlon of the active
Application No. 0221025 Al4, naphthyl anal ogs of
agentseand|sequential asiministratifinsef] the adtivie ngentsas paat of aNceatment regimen.
4,686, 237, octahydronapht hel enes such as disclosed in
U. Bxarpples oNdMGFCodored@@aselinhibitem ancugle, bt arenetdimit¢dtoakovastatin
di scl osed in European Patent Application No. 0142146
and rajatedacompoiuhdsas disdiesed om bvih Pavoo A,23¢9381 praeastatin and related
i nhi bitors, such as those disclosed in GB Patent Nos.
compound$ ag@pordgrtin).SOBatg§8s. 4,346,227 and 4,448,979, mevastatin and related

compounds as disclosed in U.S. Pat. No. 3,983,140, velostatin and simvastatin and related
compounds as discussed in U.S. Pat. Nos. 4,448,784' and 4,450,171, fluvastatin, atorvastatin,
rivastatin and fluindostatin (Sandoz XU-62-320). Other HMG-CoA reductive inhibitors
include, but are not limited to, pyrazole analogs of mevalonolactone derivatives as disclosed
in U.S. Pat. No. 4,613,610, indent analogs of mevalonolactone derivatives as disclosed in
PCT application WO 86/03488, 6-[2-(substituted-pyrrol-1-yl)alkyl]pyran- -2-ones and
derivatives thereof as disclosed in U.S. Pat. No. 4,647,576, Searle's SC45355 (a 3-substituted -
pentanedioic acid derivative) dichloracetate, imidazole analogs of mevalonolactone as

disclosed in PCT application WO 86/07054, 3-carboxy-2-hydroxy-propane-phosphoric acid
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and in U S Pat. Nos. 5,217,992; 5,196, 440; 5, 189, 180;
5, 166, 364; 5,157,134; 5,1 10,940; 5,106, 992;
wG20092085; 5,081, 136; 5,049, 696; 5,049,577, SpORESDOT04105
5,01 1,947; 5,010, 105; 4,970, 221; 4,940, 800;
4,866, 058; 4,686,237. Optionally, the pharmaceuti cal
formul ati ons of the present invention can al so be
adm ni stered in conbinations with other anti-|ipidemc
agents. Specific exanples of antilipidemc agents
i nclude, but are not |imted to, bile acid
sequestrants, e.g., chol estyram ne, col esti pol
DEAESephadex (Sechol ex. RTM and Pol i dexi de. RTM ),
derivgtivgsasclisclosed rreFrgneuPatentpiy 296393 o2, uli-substityted pyrgle, furan and
Pat. No. 3,674,836, |ipostabil (Rhone-Poul anc), Ei sai
thiophsasder{vatives asidiscldsed incldurepéraRatentiApplicasion\Na. 0821025 A 14,
i mani xi | (HOE-402) tetrahydrolipstatin (THL),
naphthyil anajegssefangMapinotastrme ps disolosedein((EPP RV NA,686,237, octahydro-
am nocycl odextrin (Tanabe Seiyoku), Ajinonoto A J-814
naphthelanes suehde disghased) ) UJ. SaBat. hand. 489,28 ketomamslogs Sfileastatin as
58- 035, Anmerican Cyanimd CL-277,082 and CL-283, 546
disclpstiddn BFuropean Eatent Applitation Noi Q2] 46 AQoas/welhas other known HMG-
pam nosalicylic acid, aspirin, quarternary am ne
CoApeducfase intilyitats,rsucthgd those disnloserhin BiBoPatehd Nasn2i20 583 harsd 2,205,838;
such as disclosed in U S. Pat. No. 4,027,009,
and ipdJ.§( BataNbs:|S:a37L PR 2 Hil G4 QLS 1 891 §0y 84 66,364 b5 7l Xl 5d40940;
in US. Pat. No. 4,759,923, onega-3-fatty acids found
5,106,892, 099,03 5 58 1.dB6; SO0 X01049,577] RO2G0EL5¢011,947; 5,010,105;
derivatives, e.g., genfibrozil, clofibrate,
4,970,224, 000, 4/866,068:01,6866237%i prof i brate and
clinofibrate, and other known serum chol est er ol
| o@etiomadlyathe phasurchutics] farnmstatides of the rksémt itkeBtiolPaan also be
No. 5, 200, 424; European Patent Application No.
admid 3688 Bvidomtinatimpe svithRalter ahtilipidebGd agihds. /SpeGfis.exRaples bf anti-
No. 1,586,152 and G B. Patent Application No.
lipidéd B2 géntS-include, buthae nodimieat topbideiddid sdquesirants, egi, choledtyramine,
the present invention can be adm nistered in
colestipol DEAESephadex (Secholex.RTM. and Polidexide.RTM.), probucol and related

compounds as disclosed in U.S. Pat. No. 3,674,836, lipostabil (Rhone-Pou]anc), Eisai ES050
(an N-substituted ethanolamine derivative), imanixil (HOE-402) tetrahydrolipstatin (THL),
isitigmastanylphosphorylcholine (SPC Roche), aminocyclodextrin (Tanabe Seiyoku),
Ajinomoto A J-814 (azulene derivative), melinamide (Sumitomo), Sandoz 58-035, American
Cyanimid CL-277,082 and CL-283,546 (disubstituted urea derivatives), neomycin, p-
aminosalicylic acid, aspirin, quarternary amine poly(diallyldimethylamm- onium chloride)
and ionenes such as disclosed in U.S. Pat. No. 4,027,009, poly(diallylmethylamine)
derivatives such as disclosed in U.S. Pat. No. 4,759,923, omega-3-fatty acids found in various
fish oil supplements, ﬁbric acid derivatives, e.g., gemfibrozil, clofibrate, bezafibrate,

fenofibrate, ciprofibrate and clinofibrate, and other known serum cholesterol lowering agents
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conbination with a flush-inhibiting agent.
Fl ush-inhi biting agents include, but are not |imted
w0 2007120383 er oi dal anti -inflammatory drugs SucPCEHES2007/004105
aspirin and salicylate salts; propionic acids such as
I buprofen, flurbiprofen, fenoprofen, ketoprofen,
napr oxen, sodi um naproxen, carprofen and suprof en;
i ndol eacetic acid derivatives such as indonethacin,
et odol ac and sul i ndac; benzeneacetic acids such as
acl of enac, dicl of enac and fencl of enac; pyrrol eacetic
acids such as zonepirac and tol nectin; pyrazoles such
as phenyl butazone and. oxyphenbut azone; _oxi cans_such_as
such 35 thoge deseribedhin Yrs Ratahor 3,800,474 Eveopenn ReterAPBli@HamOe
and nmefenam c_acid., A flush-inhibiting- -agent can also
006584541 Jrusepengthatent Nopp64-62%& 61 B ofatery &%I 4158652 and (B Patent
but. not limted to, the conpounds disclosed in the
Appligaton hex 2H2-BlbA cat i on Nos. 2004/ 0229844 and
2005/ 0154044. A preferred prostaglandin D2 receptor . i
anbudfsni apharmaggution) farmuylationofghepreyent fpsjentjenicandpecagdaninistered in
The present invention enconpasses del ayed-rel ease o
combjpatiopewitiyp fhysh-inhibjtag amﬁ-egg,sh-ﬂdveblayg aganes inglyde, bypatgot limited
that [ittle or no release occurs for a period of time
to, nerfstaspidalantininflamamatary doigs syelt aseaspiripjand saliqylate galts; prepionic acids
A niacin fornulation of the present invention can be
suchgs dhyipeefen,i flurbiprefon denaprefgn detaprofen.snapraxengogivag napraxen,
agent in a pharmaceutical conposition or as one of a
carproifery apidi suprodén; andaleasetinpaid derivatiszespivgh anindomeetharingeledejac and
form (the other active agent(s) nmay or nay not be
sulindeg; Hgnzeneadetia oeifs suphas aclofmaedigipfenac and fenclofenac; pyrroleacetic
phar maceut i cal conpositi on can conprom se an-
acid§ sueh db zormepiticaad ¢olfriegtini-pyrdzolss suchppsadenylbuternerradt
conbined with a del ayed-rel ease ni aci n conponent. For
oxypbgrimtdzone; qxicamschvch aspirenticanm apfl apthranilic acids such as meclofenamate

and mefenamic acid.

A flush-inhibiting agent can also be a prostaglandin D2 receptor antagonist including,
but not limited to, the compounds disclosed in the U.S. patent Publication Nos. 2004/0229844
and 2005/0154044. A preferred prostaglandin D2 receptor antagonist is MK-0524 (Merck & ‘
Co.).

Delayed-release

The present invention encompasses delayed-release dosage forms. As used herein,
“delayed-release” means that little or no release occurs for a period of time after
administration to a patient (i.e., a lag time). A niacin formulation of the present invention can
be provided in delayed-release form as the only active agent in a pharmaceutical composition
or as one of a plurality of active agents in a pharmaceutical dosage form (the other active

agent(s) may or may not be delayed-release). Thus, for example, a pharmaceutical
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phar maceuti cal conposition of the invention to a
patient, the imedi ate-rel ease flushinhibitiing agent
WO 2002a285 | nredi at el y and t he del ayed-rel ease PCHUBI007/004105
conmponent rel eases after a lag tinme (e.g., at |east
about 30 m nutes to about 40 m nutes). Del ayed-rel ease
can be provided using materials and net hods wel | - known
in the art. These materials and nethods include the
followi ng. Single-unit, capsular drug delivery
systens, which include an insoluble capsule housing a
drug and a plug. The plug is renpoved after a
predetermined lag time due to swelling, erosion, or
comppsiia qFnicompromise my immadiate(releasn RushrinkiiSitingragentppmponent
Ltd) is an exanple of such a system wherein the body
combiged wWith aglelayed-neleasg @iacinepmpaninty Fonexaraple cupepddoyeistration of a
pl ug. Upon contact w th dissolution nmediumor gastro
pharmgeaqusicalrgmppopigion of thetinvention te apatient, thejimhmedjatetrslende fhish-
of the capsule after a lag time. This is followed by a
inhibitiipg dgentuejeases nmediatphanidahe delagedereleabeniooin comipbrent pgleases after
mani pul ati ng the di mension and the position of the
a laggime(e.g5eat least ghout YOMInyteOtoadoutd miimitesbt al , Pharm
Res. | 992; 9: 654-657. The plug material can be nmade of
i nBelayéd-eeledse capls prodisied using marerialssdyidangthodameelb-kf@wny in the art.
pol ynmet hacryl ates) (see Krogel |, Bodneier R, Pharm
ThesRamaterid9&1diiB¢Bpdslindludg the fisHoyimlg. ISingbordniti capsulyr dPagdetivery
Res. 1999; 16(9): 1424-1429) erodi bl e conpressed
systepasl, yiniohsin¢ladeyan inkgldbleycapsubplydusimgtadrug end & plugsEhe plug is removed
pol yvi nyl al cohol, polyethyl ene oxide), congeal ed
afterragiredederpohednteg imealug to swelling,zresiorp of igbolatidrat Bek Pulsincap®
gl ycerides, glyceryl nonool eate), and enzymatically
systego(Rcheter BIDS; Lod)i ib e exaohplerof sucha systempetitiein) the Boédy is closed at the
potential problem of variable gastric residence tine
opengad With wweeltabieehylyogehpugi Upomwedritay wWithelisphttiomnsadiim or gastro-
that dissolution only occurs in the higher pH region
intesthalsimads, therpiles swells, p&hageitseH, out/of the gipsulidfier adagidme. This is
Mac226: Pul sed- Rel ease Dosage Form Product .
followedl by marhpidrirtg rieaSe [Thedag time can be controlled by manipulating the

dimension and the position of the plug. See, e.g., WO 90/09168; Wilding et al, Pharm
Res.1992;9:654-657. The plug material can be made of insoluble, but permeable and
swellable polymers (e.g., polymethacrylates) (see Krogel I, Bodmeier R, Pharm Res.
1998;15(3):474-481; Krogel I, Bodmeiel; R, Pharm Res. 1999;i6(9): 1424-1429) erodible
compressed polymers (e.g., hydroxypropyl methyl cellulose, polyvinyl alcohol, polyethylene
oxide), congealed melted polymers (e.g., saturated polyglycolated glycerides, glyceryl
monobleate), and enzymatically controlled erodible polymers (e.g., pectin). The potential
problerﬁ of variable gastric residence time can be overcome by enteric coating the system

such that dissolution only occurs in the higher pH region of small intestine. Saeger H, Virley
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DDS, Ltd; 2004. The Port(r) System (Port Systens, LLC)
is a capsul ar system based on osnobsis, which consists
w@booa/1gsBat i n capsul e coated with a sem per meabtBUS2007/004105
menbrane (e.g., cellulose acetate) housing an
i nsoluble plug (e.g., lipidic) and an osnotically
active agent along with the drug formulation. Crison
et al., Proceed Intern Synp Control Rel Bioact Mater.
1995; 22: 278-279. Upon contact w th aqueous medi um
wat er di ffuses across the sem perneabl e nenbrane,
resulting in increased inner pressure that ejects the
plug after a lag time. The lag tine is controlled b
P. Plé%map&thaeRM( Rulsed-ReleaspdDospge Fome Ripdist mfomlajmncfr%%ﬁherer
an osnotically driven capsul ar system can be used
DDSwhtsk @09#.t he |iquid drug is absorbed into highly porous
particles, which release the drug through an orifice
of The Bat® Sestema(Bbe Syatems] ELE)Lispaapadartsystam tasgsberdesmpsis, which
osnotic layer after the barrier |ayer is dissolved.
consiSsafld.g8latirzhpsule tdmtedSvid 8 sGbipernidablecmembiane (6g.stalulose acetate)
delivers drug by osnotic infusion of noisture fromthe
housmgdlyn_ins'bhd)lc gbgl_(b.g.,\l\ipidic)iasd mi@gng@cqbl& agtiveeigest along with the drug
mat eri al and possesses an orifice. As the osnosis
formplatioeditisontehel.,Arecesd dmern $smmCohteol Ragh Bidast Masaers] 995;22:278-279.
causing the wall to stretch. The orifice is small
Uporecotiagit with dgbeduswhestiurhheatet diffuses asedsh thecsleanssmestiie mieminane,
of the drug through the orifice essentially stops, but
resultihgin inbreaselddsdrpresairk tha ejpcstitheplad afieyolagd tinkr. dbbddgdime is
val ue, the orifice expands sufficiently to allow drug
controéd b coamingahickwpss.r ed rate. El astoners, such as
styrene-but adi ene copol yner can be used. See U. S
PaTe délivde thexdriz® in Rgifd fdsta, Babamotiddtly dniZen capsulad kysteh oan be used
G ock(r) system (West Pharmaceutical Services Drug
wherBinl the Bayid 8infgd israbsabed into highly porous particles, which release the drug

through an orifice of a semipermeable capsule supported by an expanding osmotic layer after -
the barrier layer is dissolved. See U.S. Patgnt No. 5,318,558. The capsular system delivers
drug by osmotic infusion of moisture from the body. The capsule wall is made up of an elastic
material and possesses an orifice. As the osmosis proceeds, the pressdre within the capsule
rises, causing the wall to stretch. The orifice is small enough so that when the elastic wall
relaxes, the flow of the drug through the orifice essentially stops, but when the elastic wall is
distended beyond threshold value, the orifice expands sufficiently to allow drug release at a
requiréd rate. Elastomers, such as styrené-butadiene copolymei- can bé used. See U.S. Patent
No. 5,221,278; US Patent No. 5209746.

The Time Clock® system (West Pharmaceutical Services Drug Delivery & Clinical
Research Centre) is a solid dosage form coated with lipidic barriers containing carnuba wax

and bees wax along with surfactants, such as polyoxyethylene sorbitan monooleate. Wilding
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Research Centre) is a solid dosage formcoated with
lipidic barriers containing carnuba wax and bees wax
w@bk@ng20s8i h surfactants, such as pol yoxyet hyl eP€r/US2007/004105
sorbitan nonool eate. Wldinget al., Int J Pharm 1994,
111: 99-102; Niwa et al., J Drug Target. 1995; 3: 83- 89.
This coat erodes or emulsifies in the aqueous
environnent in a tinme proportional to the thickness of
the film and the core is then available for
di spersion. In a study of human volunteers, it was
shown t hat the Iag time was independent of gastric
residence ti t he hydrophobic_fil mredi spersion
et algfry Jr?&en%rp‘ﬁéérl 1%8%‘82; NivaeidediDoye Tﬁée‘pﬂ%%%%@g -83t This coat
intestinal enzymes or mechanical action of stomach, or
erod@%&ft%'?lﬁﬁse@ﬁhwueaw ert\;arfzalﬁn'g‘a adimepropogtignal fo the-thigkness of the
1994; 2(108);77-83. The lag tine increased with
film,; and thexeqre i themavailgble rfwcdemsg%on The stydy 9f bumap velupteers, it was
systemis a drug-containing core coated by hydrophilic
sho“gxxeépq the lag timeivaxipderapdentakeastric sesidenpoimey aqpiiny hydipphabic film
is responsible for a | ag phase prior to rel ease.
redlsearzmrJo i¢jnoteappedr to beinflugneiddptthe presawgof sestinabengymsgper
Gazzaniga et al., Proceed Intern Synp Control Rel
meclginisal ctivntod stompob or gastosintestiml pHPGzzigag 2., InhEPharm.
|lication of an outer gastric-resistant enteric film
1994@&30%9«737&% nEhelag bimenpcneaded twithyinersasing ceaging slckness: j n
gastric enptying tine. Sangalli et al., J Contr Rel.
208he CBrono@opic®Gystemds k dpg-tansainiog coreqoateddn hygraphlic swellable
thickness and the viscosity grades of HPMC. The system
hydrpsypsmxl a!ﬂtlylfcelrlulbm(ﬁﬂ’d‘éﬁ), ethichiisdespapsibledar a iagphaseqrior to release.
al . Dev Ind Pharm 1989; 15(14- 16):2583-2596. A
Gazzmlaauelt aly, usd Biephagm, liﬁﬂrﬁ%ﬁm‘&ﬁgﬁwa&mgﬂeﬂ abdifrogeeddnggrn Symp
be formed froma threel ayered tablet construction -
Controldtal Bieagt Materat?95u2: %'egﬁ% EBr{ 2127429 Thaigenlicakerpeli ant quter
by a drugfree gellable polyneric barrier layer. U S.
gastritaresistanienteric 865 c@vioveromg problems|relatifgito the Parigbitity 19 9astric
38(6):209-212; Krogel I, Bodneier R Int J Pharm
emptydpxim@ BangHli £84l., JTantr Reir 204 Ia'&Be}Qg":'dl 10. The lag time is controlled by the

thickness and the viécosity grades of HPMC. The system is suitable for both tablets and
capsules. Conte et al., Drug Dev Ind Pharm. 1989;15(14-16):2583-2596.

A multilayered tablet, containing two active agents, can be formed from a three-
layered tablet construction including two active agent-containing layers separated by a drug-
free gellable polymeric barrier layer. U.S. Patent No. 4,865,849; Conte et al., Eur J Pharm.
1992;38(6):209-212; Krogel I, Bodmeier R, Int J Pharm. 1999;187:175-184. This three-
layered tablet is coated on three sides with in impermeable ethyl cellulose, and the top portion
is uncoated. Upon contact with dissolution medium, the dose incorporated into the top layer
releases rapidly from the non-coated surface. The second dose releases from the bottom layer ‘

after the gelling barrier layer of HPMC erodes and dissolves. The rate of gelling and/or
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tablet is coated on three sides wth in inperneable
ethyl cellulose, and the top portion is uncoated. Upon
w@omwrazi3sivi t h di ssol uti on nedi um the dose i nCRCPURRNBN4105
into the top layer releases rapidly fromthe
non- coat ed surface. The second dose rel eases fromthe
bottom | ayer after the gelling barrier |ayer of HPMC
erodes and di ssolves. The rate of gelling
and/ ordi ssol ution of the barrier |ayer controls the
appear ance of the second dose. The gelling polyners
can include cellul ose derivatives |ike HPMC, nethyl
cel lul ose, or polyvinyl alcohols of various nol ecul ar
dissojutiagrafshe barrerciayericaptrols therapRrarangeqfithe segord fgse. The gelling
cel lul ose, cellul ose-acetate- ionate, methacrylic
polymetsyeap includecqellploge darivatisestiker EM% msthyd celilese, ompiyvinyl
pol yal cohols. Pulsatile s ms wWith rupturable
alcoholef] vagious melasylap weights, mcggmang oratesfaly ineludingiathng celyrose,
rel ease of the drug. The pressure necessary for
celIUIQ§91a9¢tetedfromlh@ate,cmth¢cgylmplmelécaqrbmdbye%ﬁcfrﬁh@/@%p@lﬁmers and
exci pients, swelling agents, or osnotic pressure. An
polyaleshalyescent nixture of citric acid and sodi um
bi carbonate can be incorporated in a tablet core
coBuleatilewsystenes Wigh rupsirable goatingsaeprnd ah disintégradion ¢fithecboating for
after penetration of water into the core results in
releasedicthe drugft THe pressufre pecessapy for supstiretdféheaating gan Buachegved by
T, Bodneier R, AAPS Pharm Sci. 1999; 1(4 suppl):434
efferyeso@8)excipiyts, swelling agents esosmatic prassuea SAmeffervescentgnixture of
t hi ckness and i ncreasi ng hardness of the core tablet.
citricHicgthand sodein hivshibonate narsbe akeporaiéd wmah tablet core coated with ethyl
superdi si ntegrants, can be used to design a
cellubmpsCdrbondiosle pyadused aftarpenetratipnf dvatay intewled ¢dre gesults in release
agent, and rupturable polymer |layer. US Patent No.
of drig 202¢r, rugture eixthepbdatimgoBussaper Tj Bodmegr Ry APS Phhoml 8ci. 1999;1(4
cross carnell ose, sodiumstarch glycollate, and | ow
suppBu34t(il P eldagtyrde mcyqasezspynlth mstelasulngseatmmbxcknsls lahdh incodasing
these materials
hardness of the core tablet.

Highly swellable agents, also called superdisintegrants, can be used to design a
capsule-based system comprising a drug, swelling agent, and rupfurable polymer layer. US
Patent No. 5,229,131. Examples of superdlsmtegrants include cross carmellose, sodium starch
glycollate and low substituted hydroxypropyl cellulose. The swellmg of these materials
results in a complete film rupture followed by drug release. Lag time is a function of the
composition of the outer polymer layer. The presence of a hydrophilic polymer such as
HPMC reduces the lag time. The system can be used for delivery of both solid and liquid drug

formulations.
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results in a conplete filmrupture followed by drug
release. Lag tine is a function of the conposition of
wo b@7oizes pol yner | ayer. The presence of a hyeeDpkio7/a4105
pol ymer such as HPMC reduces the lag tine. The system
can be used for delivery of both solid and |iquid drug
formul ations. Multiparticul ate systens (e.g., beads or
pellets in a capsule) can be used to provide
del ayed-rel ease of one active agent and del ayed, or
other type (e.g., immedi ate) rel ease of a second
active agent. See, e.g., US Patent No. 4,871,549. The
Ti me- Control | ed Expl osion System (Fujisawa .
Phiuifipagtiqulate pystssns (ej2-cbepds of pgllptsin  sapsuled gambeused 4 prpvide
in which drug is coated on non-pareil sugar seeds
delayedtrelsagafipne aetiveeagenioind delayed, agothes typie{e gl imediats) release of a
" layer. Ueda et al., J Drug Targeting. 1994; 2: 35-44;
secondbapiivetagent. SeeChgmUshBatent®ig. 4,871999: 42( 2) : 359- 363; Ueda
et al., Chem Pharm Bull. 1994;42(2):364-367; Hata et
al The Time-Coftnoliesh Expiepion Syseem (Fujisawe Phamiaceutigablgentul.) is a
can include superdisintegrants |Iike sodi um
multipartisulajgmsststept incwhich dowgds ceasel] ommert-pareth segay sedds doléowed by a
Lhydr oxypropyl cellul ose, polyners |ike polyvinyl
swellabletlayes ang) eh yrsolupld top dayied, Ugda ley alt, HyPrug d atgeiogl 199412:35-44; Ueda
Al ternatively, an effervescent system conprising a
et al.p{Chem Phawh Bully 1 204;42(3:339-36% Usdaletah, GhemrtiemtBulican be
used. Upon ingress of water, the swellable layer
199464262034 -3G76 Haka ¢trady, Iy J Phatnurl@945f 19:i1+ 1riThe sWwelinp sgepseedn include
rapid drug rel ease. The rel ease is independent of
supegtisintegran®iiikalsodiaot arrlsoxyimethyp Etlhrickedsadinng stardhi glydollateThe
lag time can be varied by varying coating thickness or
hydrexigiropy! keliii osnpelymersdikel pofyopdy] lacetate) pelyaceyliveacid, potyethylene
outernost |ayer. US Patent No. 5,508,040. A
glycéteetaedherhativel Can teffohVesanSsysteanconspriciisgeal mituee of tartaric acid and
conbi nation of osnotic and swelling :
sodium bicarbonate can be used. Upon ingress of water, the swellable layer expands, resulting

in rupture of film with subsequent rapid drug release. The release is independent of
environmental factors like pH and drug solubility. The lag time can be varied by varying
coating thickness or adding high amounts of lipophilic plasticizer in the outermost layer. US
Patent No. 5,508,040.

A Permeability Controlled System is based on a combination of osmotic and swelling
effects. The core contains the drug, a low bulk density solid and/or liquid lipid material (e.g.,
mineral oil) and a disintegrant. The core Ais then coated with ce!lulose acetate. Upon
immersion in aqueous medium, water penetrates the core displacing lipid material. After the
depletion of lipid material, internal pressure increases until a critical stress is reached, which

results in rupture of the coating. U.S. Patent No. 5,229,131.
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effects. The core contains the drug, a | ow bul k
density solid and/or liquid lipid material (e.g.,
worRewen3sdi | ) and a disintegrant. The core i s PEENS2007/004105
coated with cellul ose acetate. Upon inmersion in
aqueous nedium water penetrates the core displacing
lipid material. After the depletion of |ipid material,
internal pressure increases until a critical stress is
reached, which results in rupture of the coating. U S
Patent No. 5,229, 131. Anot her systemis based on a
capsul e or tabl et conposed of a |arge nunber of
pellets consisting of two or npre pellets or parts
(i Amothersysigmyis ibeﬁ—'g)qn agapshle or wblekrempessd @fia lange nurabgrof pellets
Rel. 1997;47:181-189. Each pellet has a core that
consisting af two eryaorepelietpeuparts (He-uporildtionshaelutzdy Klpnebudde P. J
osnotic agent. \Water-perneable, water-insoluble |
ContpBely 4297;4 71181 -4 82| Eash peldat bas 2 spre that cry@ing theothprapeutic drug and a
wat er -i nsol ubl e agent that alters perneability (e.qg.,
wategrsglnble psmetiel ggqm&atgf-pmb]p, wpter-ﬁsp&nbkm@gmq:rsﬁlm encloses each
incorporated into the polynmer film The rate of water
core.j Ahydrephehic.araser-insalublg ageny that akters peimeasbidisw(d.g1ga ity agidh wax, or
popul ation to differ fromany other pellet coating in
a salt offaiy acidkis fimponporatad inde thetpodymereiins The sate by waten inflyx and drug
wat er causing the pellets to swell, thereby regul ating
efflux gausesithe fidm apating of ¢ach pppulatiorhie differfcom any ethenpeller reating in the
popul ation releasing its drug content sequentially '
dosagg forindEhe asmetiqd agenisidisselve i the waterghaugjng therpeliets it gvell, thereby
dosage form The coating thickness can be varied
regulating thetratetod dpd diffugion. Giheffectof eaclpelley popwjatinnsrelensing it drug
not undergo swelling can al so be used to provide
contefé sequentialbl pravides Sednigh pfredgases of drug ftomt a sipgle dosege form. The
47:191-199; US Patent No. 5,260,069. The pellet cores
coatipg Hutlgrespfandrelngrigs dmongiit thepehlesr i de. The cores are
coated with a sem perneabl e cellul ose acetate pol yner.
ThOsmputajlyectiveageatsabatidpaioy updeargaesiling canglsabe vaed to provide
i nperneable to the drug. Lag tine increases with
delayederekase Stimleaaal.,dgCerit Bln&3%/; 4id Oht 1§AEYS DatenhiNe. $260,069. The
talc
pellet cores consist of drug and sodium chloride. The cores are coated with a semipermeable

cellulose acetate polymer. This polymer is selectively permeable to water and is impermeable .
to the drug. Lag time increases with increase in coating thickness and higher amounts of talc
or lipophilic plasticizef in the coating. Sodium chloride facilitates fast release of drug. In
absence of sodium chloride, a sustained release can be obtained after the lag timé dueto a
lower degree of core swelling that resulted in generation of small fissures.

A system containing a core of drug and osmotically active agent (sodium chloride)
coated with an insoluble permeable membrane can be used to provide delayed-release. US
Patent No. 5,260,068 The coating materials include different types of poly (acrylate-

methacrylate) co-polymers and magnesium stearate, which reduces water permeability of the
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or lipophilic plasticizer in the coating. Sodium

chloride facilitates fast rel ease of drug. In absence
w@toosaei3esn chl ori de, a sustained rel ease can bRCT/US2007/004105

obtained after the lag tine due to a | ower degree of

core swelling that resulted in generation of snal

fissures. A systemcontaining a core of drug and

osnotically active agent (sodiumchloride) coated with

an insol ubl e perneabl e nenbrane can be used to provide

del ayed-rel ease. US Patent No. 5,260,068 The coating

materials include different types of poly

acrylatenethacrylateé@so- ol yners and magnesi um, :
memBrage, thysallqyring frriuse g @inngafilps. Jbjckenitins 41§ te,be avoided because

t hemenbrane, thus allowing for use of thinnéer filns. .
they may aRemuptyre gempletely. Ysing %gﬂice%wom@@t% Bptsigl, itgpossible to
rupture conpletely. Using ethyl cellulose as a coati ng
affectg jagrtjmg forthe ¢ndericpalymerdopghigys pipturg afterp predgtenmyjped tige.
enteric polyner to achieve rupture after a
Bodmgiersd aby PhasicRes; 96; B89 et al ., Pharm Res. 1996;
13(1):52-56. The pernmeability and water uptake of. )
acki peemgahilityeand wigterptakgod perahg PalymsH With grdemarycammonium
be influenced by the presence of different )
groupsgp beioflennsed by thepressprenhdifiRrentsounter-ions in thorpedivg. Beckert et
Int'l Synp Control Rel Bioact Mater. 1999;26: 533- 534.
al., Pmoged Hit'l §emp/eonjrol Rel Bipgeiidater 18A9:20i533158A. tswerad dglévery systems
have been devel oped. Eudragit RS 30D is a preferred
basehom thieionfegehanige bays haso devdleneduEedragit RSA0R) 15 pgeferred polymer for
_ positively polarized quaternary anmoni umgroup in the
this pyspasabdecayse s containg a napitivplyipslagized Apaternacy Jsymeriyex growp in the
hydrochl oride counter-ions. The ammoniumgroup is.
polymemidsetiain, svhielisfageqmpanieddy negativerhydreshlarisle cofintgpjopsekhe
w th water, thereby changing its perneability and ‘
ammghiugygragp vidiydrophdligandfacititatasike intaracrioned pelymer avith water, thereby
controlled manner. The pellets can be coated with
changinpiita GrrmebPTDEng allowing water topemiegietthe agtive core in@gontrolled
di fferent |ayer thicknesses. Lag time correlates with
manrfer | Thetpelletsican be cqated with @UDRAGIT RS30D® (10% to 40% weight gain) in

four different layer thicknesses. Lag time correlates with film thickness. The drug
permeability of the EUDRAGIT film depends on the amount of sodium acetate in the pellet
core. After the lag time, interaction between the acetate and polymer increases the
permeability of the coating such that the entire active dose is liberated within a few minutes.
Guo X. Physicochemical and Mechanical Properties Influencing the Drug Release From
Coated Dosage Forms. Doctoral Thesis. The University of Texas at Austin;1996.

A Sigmoidal Release System includes pellet cores comprising drug and succinic acid
coated with ammonio-methacrylate copolymer USP/NF type B. Narisawa et al., Pharm Res.
1994;11(1):111-116. The lag time is controlled by the rate of water influx through the

polymer membrane. The water dissolves succinic acid and the drug in the core. The acid
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perneability of the EUDRAG T fil m depends on the
anount of sodium acetate in the pellet core. After the
wo 271120385 | nteracti on between the acetate andP@DUSI08T/004105
i ncreases the perneability of the coating such that
the entire active dose is liberated within a few
m nutes. Qo X. Physicochem cal and Mechani cal
Properties Influencing the Drug Rel ease From Coat ed
Dosage Forns. Doctoral Thesis. The University of Texas
at Austin; 1996. A Signoidal Rel ease System i ncl udes
pell et cores conprising drug and succinic acid coated
wi t.h anmoni o- net hacryl ate. copol r USP/ NF type. B. .
solutjqR,in LupAncEeasss Pemph@%m Hhe hx@e%ggem fi rmltf-i%dmn tgjuccinic
aq tine is controlled by the rate of water influx

I
acid, petic AgH, eHBansAdrtsrtariaasida malic R Qiitsic agidcag begsed. The

. succinic acid and the drug.in the core. The L

increaser pepneabiliy cam be explained by imereverthygeatian qfifijmg phighdncreases free
hydrated polynmer film In addition to succinic acid L

volurgg.ckhese findings wergrused to desien a qoated gefivery sysiem with an agid-gontaining
or citric acid can be used. The increased perneability

core. Nagispwa el EhaayRes: 19 b(1ad 1 dpiNarisawaret al.| JgoniReln
I ncreases free volune. These findings were used to ) .

1995@@32%2@. dbafrevitredag Ugey:og‘y@{eém/w with fgvivo data when tested in beagle
aci d-contai ning core. Narisawa et ah, Pharm Res. 1994;

dogs Narisppagt gh, JICaer Rela 1 995%53283-2€0-. , J Contr Rel. 1995;
33:253-260. The in-vitro lag tine correlated well with
i NTR preseaphinyeniieyencempasses & PRATEgratigalrompsitios saaPEFing a niacin
al., J Contr Rel. 1995; 33: 253-260. The present

formplatiam of & Pesseriripyension ina gplayerirelasss foam copmbyend witha flush-

_.conprising a niacin fornulation of the present o

inhibjitingeagento N herfelaygdirelpasg niacincansdsthe Suph-inbikitingeeant ean be provided in
fl ushi nhi biting agent. The del ayed-rel ease ni acin and

one dojsegef fremlor senardie dosage fymmt Thus foeexample, deeophapmageutical
dosage from or separate dosagg forms. Thus, for

compositioplcan comprigghmsatidoiogageciarm hevipe gh ohisn imaredisterpaiease flysh-
solid dosage form having an outer, inmediaté-release

inhibftingsAgient¢apipongnt and an inner, delayed-release niacin component. In a preferred

embodiment, the flush-inhibiting agent is released about 30 minutes to about 40 minutes

before the niacin is released.

The following examples serve to better illustrate, but not limit, multiple embodiments of

the invention.

EXAMPLE 1

The following formulation was used in this example:

TABLE 6
Ingredient Mg/Tablet Y% wiw Functionality
Niacin granular, USP-
gr 1000 mg 80.65 Active drug
(NLT 85% (w/w) for
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agent conponent and an inner, del ayed-rel ease niacin
conponent. In a preferred enbodi nent, the

wo basgh2a3shi bi ting agent is rel eased about 30 MPEMUSE0T/@4105
about 40 minutes before the niacin is released. The
foll owi ng exanples serve to better illustrate, but not
limt, nmultiple enbodi nents of the invention. EXAVPLE
1 The followi ng formul ati on was used in this exanpl e:
TABLE 6Preferably, where METHOCEL(r) K-1 5M Premiumis
enpl oyed, the particle size specification for
METHOCELCg) K-1 5M Premumis that a m ni num of 90%
passes through a 100 nesh US standard sieve. For

sievi/EERIRAELQQ-) K- 15M Premi um CR| preferably a |m ni num of
425@9%nd ddds t hr ough a 40 nmesh| US standard sileve, and a
10%¢imwniomdust 90% passes t hrough a 100 nmesh US standard
<l0@pmye. For a [20 kg batch sizp, del unped nidcin

MEGHOGRL® Kand |t he exci pi ents hwere wei ghed acc
e above forlmul a 183d ®&en afided i ¥ an 8- q{eq%agg'ré&dmg

IS%Preﬂ‘der and bl ended for 10 njnutes at 24 rpm Inagent

PovnhhéKGQO aISPa 12 asio g 68 ) scaﬂsn was’ seI ecBmﬂeto

THOCE (r) K

T P e LT NN PO A R o

Totdll aci n granuljar anr24Bayg done| K- 90 foopg | onal{ly sieved,

r ¢ nglflnn
+—G t

LN S A=A

was di rectly conpressed into tablets using a BW
Manesty Beta Press with a 19 mmlength oval tooling at
30prkfirablpblifire METHIOEEL® K&.5M PRénilimds 6MPIYYES the/ Farticle size

strength of the tablet, as nmeasured by standard

specnﬁ@é'an%ﬁN[E‘I’H@@EL@gKmSM Pebnium is that a minimum of 90% passes through a

100 mesh US standard sieve. For METHOCEL® K-15M Premium CR, preferably a

minimum of 99% passes through a 40 mesh US standard sieve, and a minimum of 90% passes

through a 100 mesh US standard sieve.

For a 20 kg batch size, delumped niacin granular and the excipients were weighed
according to the above formula and then added into an 8-quart blender and blended for 10
minutes at 24 rpm. In particular, a 12 mésh (1.68 mm) screen'was seiected to delump the
METHOCEL® K-15M and stearic acid and a 16 meéh (1.19 mm) screen was selected to
delump the niacin granular and Povidone. K-90 (optionally sieved, milled, or both). The
resultant granular composition was directly compressed into tablets using a BWI Manesty
Beta Press with a 19 mm length oval tooling at 30 kN. Tablet hardness (i.e., the the -

compressive strength of the tablet, as measured by standard compression testing methods

known to those skilled in the art) was controlled within a range of 16 kP (kilopound) to 22 kP

using a standard tablet hardness tester for a target tablet hardness of 18 kP. Optionally, the

stearic acid or povidone can be screened through a mesh screen, such as a 40 mesh screen,
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known to those skilled in the art) was controll ed
within a range of 16 kP (kilopound) to 22 kP using a
wat@ndases t abl et hardness tester for a target PebiUs1007/004105
har dness of 18 kP. Optionally, the stearic acid or
povi done can be screened through a nesh screen, such
as a 40 nesh screen,and m xi ng steps (one or two) and
mxing tinme (10, 15 or 20) can be varied in alternate
enbodi nents. The resulting conpressed tablets were
coated with a 2% wei ght gain col or coat of OPADRY(r)
Orange 03B93 199. The coating conditions mere as
follows: TABLE 7 The coated niacin 1000 di rect
and neigingrsteps i(ene erdpodard wiing fimg ;18 %éokeaabheevam# in pltespate
nmonths at 40C/ 75% rel ative humdity (RH and 25C 60%
eIanltHnﬁyScorrparlng the niacin assay, niacin dissolution,
moi sture of the tablets and the physical appearance of
t hEheresuléaz camipressed tabiless were coatgd fvdil Aterweighicgain color coat of
stability study. Figure 5 illustrates a fl ow di agram
OPABRYAR iranget03893b9% sEherpating odnaditiansiweage ps todlows: f or
preparing the tablet fornmulations in accordance with
an enbodi nent of the invedABAMETUnl ess ot herw se
indicated. the 1000 nmg extended-rel ease niacin

f or mu| at iGmgradfTesh€hprassaistici nv entBatoh €daecad¢tpestiésn { he
f ol | o\ ng pynrml es_were pr pnarpﬂ in_accordance with
ExanplLe_1__ExANBateh Sizeisi ng t he pr oceske®7dabletsi hed
her ei p,_S&tartigg Gare YS!Ehh%éé)xt entled- r el E36a3 BBy ect
conpr psEinghCpatpd dablet Weight may (incoat etB86ehmehe
. pr epar edVestoritiCaaart(¥aetorGoment [ at i onsHO-#8(60rat ed | n
Tabl es_8 an¥@idnelAWModedM E 8 : [500 M G TABLETS
Equipment # 002852
Gun to Bed Distance -6
# of Spray Guns 2
Nozzle Size 1.2 mm
Atomization Air 150 L/min
Pattern Air 75 L/min
Process Air Volume 170 CFM
Spray Rate 60 g/min 59-64 g/min
Pan Speed (10 RPM) .10 rpm
Inlet Temperature TBD 67.9-72.2 °C
Exhaust Temperature 43°C 42.0-44.8°C
Weight Gain: 50 mg 51.1
Spray Time (Report) 87 minutes

The coated niaéin 1000 mg direct compression tablets were found to be stable for
three months at 40°C/75% relative humidity (RH) and 25°C/60% RH by comparing the niacin
assay, niacin dissolution, moisture of the tablets and the physical appearance of the coated
tablets prior to and following the stability study.

Figure 5 illustrétes a flow-diagram of a direct compression manufacturing process for

preparing the tablet formulations in accordance with an embodiment of the invention.
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Table 9 : 750 M G TABLETSFor the 500 ng and 750 ng
tabl ets, delunped niacin granular and the excipients
wae@7mui3ghed according to the conmponent concenPCHUBZINE004105

illustrated in Tables 8 and 9 and then blended in a

suitabl e bl ender or m xer for an appropriate tine to

adequately m x the conponents. The resultant granul ar

conpositions can then be directly conpressed into

tabl ets using a suitable press, such as the BW

Manesty Beta Press descri bed above, to forma 500 ng

or 750 ng tablet strength as desired. Optionally, the

500 ng and 750 tabl et strength can be coated, such

asUnlesshotherpviscoindicatad,, the 400@mg extondedirelense piacin fermiplatiqns of the

3 Conparative |ncidence of Flushing Between Coated, .
presemy inveaEen qrsrrbesidn twnllaying exemples wese prepeyisg inacsogiance with

Matri x Tabl ets and 1000 ng NI ASPAN(r) Method The study
Exampplg la r andoni zed, doubl e-blind, doubl e-dumy,

si ngl e-dose, pl acebocontrolled, three-way crossover,

flush provocation study coEXAMPLE2 a single center.

Subj ects were al so precluded fromusing aspirin or

NSKsibg thi prioeggsestdeseribed yereith $08 mgignd 1Ol mgl extendedtrelepse direct

non- snoki ng mal e vol unteers between 18 and 70 years
comprkspion tablets (bertgd erancoatad)ecan bBipkgparsfd agingogtent Quispntrations

were confirnmed as healthy by a conpl ete physical exam
illustmased palabidsst and9 beddwct r ocar di ogram and results from

clinicallaboratory testing conducted at the screening

visit or at the first EaBiEB8:00iMG TABKLESSi on visit.

Subj ects were excluded if they had allergy or

hyipgredimgi ti vty Mg/Fabletn off r el atewAderi vali veanctionality
Nia°#1b°£n°h'l'é‘rc li*.” e—of—dependency wthin—thetast—3years;

ﬁ|§¥ory OPgnlgra|ne headacheg, di abetes, gal | bl adder
(NL 8%2agw/w) fovef di sease, severne hypertension ¢r
sic VRRLENTHEN. - par di ac
425um and NMT 500 mg 70.47 Active drug
10%(w/w) for dust
<100pm)
METHOCEL® K- 1852 mg 26.1 Release-retarding
15M » agent
Povidone K-90, USP 172 mg 2.42 Binder
Stearic Acid, NF 7.1 mg - 1.00 - Lubricant
Total 709.5 mg 100.0 -

Table 9: 750 MG TABLETS
Ingredient Mg/Tablet % wiw Functionality

Niacih granular, USP . |
(NLT 85% (w/w) for
sieve fraction 100- 730 meg 774 Active drug
425pm and NMT
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abnormality, renal disease, or drug-induced myopat hy.

Subj ects could not have taken any prescription
wore@raa3sdns within 2 1 days or over-the-count BET/US2007/004105
medi cations, vitamns, or herbals within 10 days prior

to entering the study. Screening procedures were
conpleted within 2 1 days prior to clinical adm ssion
into Study Period 1 (Figure 6). For each of the three
study periods, subjects remai ned sequestered from
approximately 7:00 AMon Day 1 until the conpletion of
all study procedures on the norning of Day 2 (between
7: 00 _AM and 10: 00 AM) Meal anposition and start tine
10%(aéw) fos dystne |f or each study period. During epch study
<10Bf) 0d, subj ects received meals according to|specific
trolled for nihcin and fat content No
MEETHREFH® Ent di catiqns, vitanns, her bal & [ :
(sMputritional suppl glr’}éﬁt'ggv\ere per mi t?’{e%l durin Rﬁlgéfg:?rdmg
Study. Study ftreatnents The fornulations admnistered

Povidong Ke90, /SR |[5t udy2p8mgds afe desc2.bbed i n Fi gur Biader
: et —t-wo—tHHmrcoahrd— 1000 ny—taktet
Ste 1(ﬁzr"s‘n‘ﬂl ’atll:ons of the?wljﬁ1 entioh (see Eggnpl e 1 (Te%{%-am

Totalef or mul at ed |ni acig68ERngabl efs), wioD® t he reference

troant mmnt LG QO Foaam o ~~ot o 1000 e —aon rhi ol
crrcactireiTrt UuS T C VWU LILAYA N vcuUudul © LOUUUVU ||9 CUITITCI Al

niacin ER tablets (Reference-N ASPAN(r)). The contr ol

( i PER0 MEEny rPR i GG btiaBe R 8 s wE i B agipiens are
weishighfespiihe g S m el CORFura8® HBSEHEN InEARTY S ppgen
vlend A BATY PR o e gR eLaroir s B phE i
comREtAr Th AL eramylE eampRR AR JRrTIE eeit EoTRipst o ables
using P e B o8 FFa R Rt B S Sc Rrae SO0

mg otr 9% re;ltgstag]g s%rre(rj'nlgt?msa% d?:giretdh e();}tlroggﬁ)qt%hnet 500 mg and 750 mg tablet strength

|\
~—+

can be coated, such as with a color coat, as is known in the art.

EXAMPLE 3

Comparative Incidence of Flushing Between 'Coated, Extended-Release 1000 mg Niacin
Direct Compression Matrix Tablets and 1000 mg NIASPAN®

Method

The study was ;1 randomized, double-blind, double-dummy, single-dose, placebo-
controlled, three-way crossover, flush provocation study conducted at a single center.
Subjects were also precluded from using aspirin or NSAIDs during the study.

The study included healthy, non-smoking male volunteers between 18 and 70 years
old with a body mass index (BMI) of 22 to 31. Subjects were confirmed as healthy by a

complete physical exam, medical history, electrocardiogram, and results from clinical
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Al so, study nedi cation was adm nistered to subjects
from non-transparent dosing cups and subjects were
whbiondewBsied during study drug admi ni strati on. PATES2007/004105
pl acebo-control treatnent was included in the study to
correct the flush results for an antici pated pl acebo
response. A single dose of study nedication was
adm ni stered at each study period at approxi mately
11: 00 PMon Day 1, in a crossover manner according to
t he random zati on schedul e. There was a m ni mum
washout period of 7 days between each treat nent
period. lInvestigators and site personnel were blinded, .
laboratory festing eepdyetet abibgiserepming visitias guthe {ixgt sidy psripd admission visit.
personnel involved in treatnent assignment preparation
Subjegtsiwere exghvidad ifitheyt hagdrallgegy qrhoynetsensitivityrte miasy) orgglatedglerivatives;
or assessing treatnent-energent adverse events. Each
subsi@pescatse ondRpendency Madirothg|lasy 3 wiears; ligtoryef rofgraine beadaches,
after a lowfat snack. The snack was consunmed in its
diabeses;, igakbblgdder diseasealivies diseangt sevprerhypertensiasrar hypolgysigm, sgrdiac
adm nistration. Tablets were either taken together
abnogmalitycreenalrdissase, onfimigrindudey niysipathyi Hepiedtiecotid pet hayp gpken any
each subject was instructed to take no longer than 1
presqription anedicationpwvishia 2d slayngr o\Gnahd-epngar medi¢atigng fvitamins, or herbals
tablets was prohibited. If a subject required
withinddl days peibr \neentaringtheostady. t o swal | ow t he tabl ets,
addi tional water was provided in increnments of 120 nL.
EaStreenibg prcedurepwers opaplatedswishingd days prior to clinical admission into
adm ni stration of the study dose to verify consunption
StudgpPetihe 1 (Bigere G| Eortvachy oftheitisot studi perigulsi subyacts emained gequestered
vari abl e was the occurrence of a subject-reported
fromf dppehiimgtebvE00 AM or Playddentil thef donsghiétivg af\alstudyrpregidesd en the
was descri bed as one or nore of the follow ng
morrdng ofiDay A i(bdtivaerh7:00 AdM apd 360 Alddideal comppsitibn and start time was
tingling, and itching. During each study
the same for each study period. During each study period, subjects received meals according

to specific menus that controlled for niacin and fat content. No concomitant medications,
vitamins, or herbals and/or nutritional supplements were permitted during the study.
Study treatments

The formulations administered in the three study periods are described in Figure 6.
The test treatment used two film-coated 1000 myg tablet formulations of the invention (see
Example 1) (Test. - reformulated niacin ER tablets), while the reference treatment used two
non-coated 1000 mg commercial niacin ER tablets (Reference-NIASPAN®). The control
treatment used two non-coated placebo tablets (Control). As this study focused on subject-
reported flushing, it wés important to completely blind the subjects and study personnel as to
the identity of the formulations administered in the treatments.-Blinding was accomplished

through several methods. In each active treatment, two film-coated placebo or uncoated
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period, subjects were pronpted to assess the presence
or absence of flushing synptons on anhourly basis for
waipoora2Bshours after study drug adm ni strati onPCTH82007/004105
subj ect was pronpted to record start and stop tinmes of
the flushing synptomand to rate the intensity
(severity) of each synptom by marking a vertical |ine
on a horizontal, 10-centineter visual anal og scale
(VAS), anchored from "none" (0) on the left to
"intol erable” (100) on the right. The information was
recorded in an electronic flushing diary. Secondary
flushing variabl es included the nunber of flushing
placebp tahlete sesemhling tietagtiveabletsoyere Fondpinistered pyiththe getivsdabiets so
- overall flushing events and for individual synptons of
that al} sybjscisgeqaieadiaodfilmmpaatadanditve gneogied ghigts TF%*HEE@ of the treatment.
Each subject rated overall intensity of the first,
Alsof studshnedjcaticarivaspdmipistsrrdeo sukit¢ts iemaronyagfispancpiglogingtcyps and
start tinme of the first of one or nore concurrent
subjectsyxre bljndfpldsd diuring study dmg administsatioy The plagepo-aqanirobtygptment
time of the flushing epi sode was defined as the |ast
was igtlugded inthe studp teecasrechthe dlugl rasults fonan antieipated plagehstresponse.
occurring in that episode that was also followed by a
syfpinghe dose of plady owedication was admingsteredratofacisstudy pemiedsat
Statistical analysis It was determ ned that a sanple
apprapiimatedy 11:00 PMibj Bay 4, incudrdssbeermaanmer agtordingltonthe sandgmézation
a statistically significant difference in flush
scheduiei Thercwahe mimierunt weshontpeariodaf 7adays betivgerq egchgfeagnent period.
using the McNemar's test (nQuery Advisor(r), version
Inves§igdlors am Btegersonuel yese blinded a¢ thertreatheent assgnmeny eehepfe, and any
subj ects woul d conpl ete the study and provide
site pevsohueliheolded in tfaatmend assigrensnt preparatiom and/ot admigisbpieert was
that discontinued early were replaced. The prinmary
prohibited froycadkesesgsomasses§ing tieateneotembrgehtmiversemsentompar ed
bet ween treatnment groups using McNemar's test of
e gBadhi doge ofas pdmirdsenpd opdlytwitn240 mhefwaterafigr a low-fat snack. The

snack was consumed in its entirety within a 15-minute period before study drug
administration. Tablets were either taken together at-once or one immediately following the
other, and each subject was instructed to take no longer than 1 minute to complete dosing.
Chewing or biting of tablets was prohibited. If a subject required additional water in order to
swallow the tablets, additional water was provided in incremerts of 120 mL. Each subject’s
mouth was inspected after administration of the study dose to verify consumption of the dose. -

Flushing variables

The primary flushing variable was the occurrence of a subject-reported flushing event
or episode. A flushing event or episode was described as one or more of the following
concurrent flushing symptoms: redness, warmth, tingling, and itching. During each study

period, subjects were prompted to assess the presence or absence of flushing symptoms on an
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conpari son was between the Test and Reference
formul ati ons of niacin ER anbng subjects who received
wa@toozaasss one dose of study nedication in at |PEEUSI00D004105

study periods. Conparisons between niacin and pl acebo

were al so perfornmed. Secondary assessnments were

conpared using either McNemar's test (for categorica

vari ables) or the matched pair t-test. Al conparisons

were two-tail ed and conducted at al pha (a) = 0.05.

Results A total of 156 subjects were enrolled in this

study and received at | east one dose of study

nmedi cation. Their nean age was 33.5 years, and their
hourlyyibasis BNupta $ hpersafienswdyrdrugadafinistatian: Thel sihjegt ayasipeynpted to

is presented below in Table 10. TABLE 10. BASELI NE
recor§sRItROT sPPViDERAHIth< Bpshingwmntorganfl éxrate thrrnteswdty (spvgebp of each

Mal e 156 (100% Race/ Ethnicity Caucasian 124 (79.5%
sympBpm bl matking a0gtidal Epeaen @ hadeongl 49-centimeter ¥isual @gyog scale (VAS),

Oher 6 (3.8% Age (y) Mean 33.5
anchored from “none” (0) on the left to “intolerable” (100) on the right. The information was

recorded in an electronic flushing diary.

Secondary flushing variables included the number of flushing episodes, intensity, and
duration of flushing for both overall flushing events and for individual symptoms of flushing
(redness, warmth, tingling, and itching). Each subject rated overall intensity of the first
flushing event or episode, defined as beginning at the start time of the first of one or more
concurrent flushing symptoms to occur in a study period. The end time of the flushing episode
was defined as the last stop time of one or more concurrent flushing symptoms occurring in
that episode that was also followed by a symptom-free period lasting a minimum of 30
minutes.

Statistical analysis

It was determinéd that a sample size of 144 subjects would be required to demonstrate
a statistically significant difference in flush incidence between treatments at an alpha (o) of
5% using the McNemar’s test (nQuery Advisor®, version 5.0). In order to assure that an .
adequate number of subjects would complete the study and provide evaluable data from at

least two treatments, subjects that discontinued early were replaced.
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SE 13.1 Height (in) Mean 71.2 SE 2.8 Weight (Ibs) Mean
188.8 SE 26.9 BM Mean 26.2 SE 2.9 BM = body nass
WO p@es2038% 156 subj ects received study nedi cat PONUSI007/004105
Period 1, 143 subjects (92% received study nedication
in Period 2, and 131 subjects (84% received study
nmedi cation in Period 3. Atotal of 130 subjects (83%
conpl eted dosing in all three periods. Twenty-siXx
subjects (17% prematurely discontinued fromthe
study: 8 (5% w thdrew consent, 3 (2% were lost to
followup, 2 (1% had an adverse event, 2 (1% had
prot ocol viaglations, I% had a posijtive dr ug

scT‘é%ﬂnma%ef’f FASY 2STERTTTE Gingidenesonf sbmmmwed Retwesn
reasons. Of the subjects who prematurely discontinued

treatnep SropRs usingfyicNemar g fegt ofsquality @f pairest pigportigns Jog pemary
suf ficient power. Flushlqus i nt ended, fl ush

comparison was befvegm theakast anddRefersgcq fasmplations ofiigacie FReamang subjects

the active _
who received at least one dose of study medication in at least two study periods. Comparisons

between niacin and placebo were also performed. Secondary assessments were compared
using either McNemar’s test (for categorical variables) or the matched pair t-test. All
comparisons were two-tailed and conduc.ted at alpha (o) = 0.05. |
Results

A total of 156 subjects were enrolled in this study and received at least one dose of
study medication. Their mean age was 343.5 years, and their mean BMI was 26.2. A summary
of subject demographics is presented below in Table 10.

TABLE 10. BASELINE SUBJECT DEMOGRAPHICS
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treatnments was approxi mately four times higher than

that of the control treatnent. Table 11 depicts the
WO p@rderss®, intensity, and duration of the firBCT/US2007/004105

flushing event in the intent-to-treat (ITT)

popul ati on, defined as the subjects who received at

| east one dose of study nedication and conpl eted at

| east one study period, but did not include subjects

that were replaced. The placebo response seen in this

study is typical of placebo responses in general.

TABLE 11. | NCI DENCE AND OVERALL | NTENSI TY AND

DURATI ONOE_THE FI RST FLUSHI NG EVENT I N I TT PCOPULATL ON.

Tr Berametet Ref or mul at ed Conmerci al Cont r&bjédtsaci n ER

(Test) N acin ER (Reference) Incidence @f=15kyshing N

145 140 140 Incidence (% 127 (88% 137 (98% 33 (24%

| nGemdert y of Fi r sMalel ushi ng Event (VAS6N104) 137 33

Meppcelitihicy- 4 (21.67) 50.1 (24.24) 17.3 (14.06)

Medi an 33 54 16 I\én, Max 0.0, 99.0 0.0,..95.0 0.0, 60.0
; : c 124 (79.5%)
Durati on of Fi rstBi’}iicl?g?ﬂ ng Event (min) 14 (9.0%)
Hispanic 10 (6.4%)
Asian 2 (1.3%)
Other ' 6 (3.8%)
Age (y)
Mean 335
SE 13.1
Height (in)
Mean 71.2
SE 2.8
Weight (lbs) '
Mean 188.8
SE 26.9
BMI
Mean 26.2
SE 2.9

BMI = body mass index

All 156 subjects received study medication in Period 1, 143 subjects (92%) received

study medication in Period 2, and 131 subjects (84%) received study medication in Period 3.
A total of 130 subjects (83%) completed dosing in all three periods. Twenty-six subjects
(17%) prematurely discontinued from the study: 8 (5%) withdrew consent, 3 (2%) were lost to
follow-up, 2 (1%) had an adverse event, 2 (1%) had protocol violations, 1 (1%) had a positive
drug screen, and the remaining 10 (6%) withdrew for “other” reasons. Of the subjects who
prematurely discontinﬁed from the study, 11 were replaced in order to ensure sufficient

power.

Flushing
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N 127 137 33 Mean (SD) 125.3 (94.07) 184.1 (133.24)
106.5 ( 119.87) Median 98 168 60 Mn, Max 9.0, 473.0
wWh207/19845 0 4.0, 432.0 Incidence and overal | i PCEOSI00Y004105
and duration of the first flushing event in subjects
who received at | east one dose of study nedication in
at least two study periods for Test(refornul ated
niacin ER) vs Reference (comrercial niacin ER)
(Reference): A) Incidence of first flushing event (p =
0.0027); B) Intensity of first flushing event based on
VAS; nedi an > val ues depicted [nean val ues were 35.6
22.78 (mn, max: 0.0, 99.0) with Test and 52.8 23.86
(s intgpded, flugh poovagation s pashieveshcas, the fush ppidpncegin the active
Duration of first flushing event (mn); mnedian val ues »
treatryeris vyas APpipimately| fous timss Righgp thanghateof tbwwtrqms@at@erm Table 11
473.0) with Test and 195.7 136.32 [nin, nmax:
depl%weo}mdm% densitynand dyratiomofhe first Aushingoewent i m ﬁiegmeet—to-treat
for the primary efficacy assessnent, anong subjects
UTTW!%@@» definestas| thg sybjeste whe geceiied it lrest opecdasa ©of sdy mnedication
at | east two study periods, 118 (89% subjects
and completed Aicleast fong shidy periad.i by did wetringlnde wbmtq that wexgtreplaced. The
formul ation and 130 (98% subjects experienced
placebp gesppisg sgen inthiststuskytiniipicahpf plaedhe rexppases i general.
formul ation. This difference was statistically
TABLE b1 {INCIPENGE AND QVERALA} NTFENSITY ANDDURAFIQN OE THE FERRT FL.USHING
depi ct the nedi an iEMENTINAFTaHePULATHON.ON of the first
flushing event Conparison of the nean values for
i ntensi ty and duration with thei Mreaga@act i ve medi ans

suggested that The undertying dirstripbutton of these
data was skewed. The Test treatnent

Reformulated Commercial Control
Niacin ER (Test) Niacin ER
(Reference)

Incidence of Flushing
N 145 140 , 140
* Incidence (%) 127 (88%) 137 (98%) 33 (24%)

Intensity of First Flushing Event (VAS)

N 124 137 33
Mean (SD) 35.4 (21.67) 50.1 (24.24) 17.3 (14.06)
Median 33 - 54 - ' 16
Min, Max 0.0, 99.0 0.0, 95.0 0.0, 60.0

Duration of First Flushing Event (min)

N 127 137 33
Mean (SD) 125.3 (94.07) 184.1 (133.24) 106.5 (119.87)
Median 98 - 168 - ' 60

Min, Max 9.0, 473.0 5.0,984.0 4.0,432.0

Incidence and overall intensity and duration of the first flushing event in subjects who

received at least one dose of study medication in at least two study periods for Test
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resulted in a 42% reduction in nedian flush intensity
(33% reduction in nean flush intensity) and a 43%
wo e@aarizeh i n nmedian flush duration (33% r educP@DOS2007/004105
mean duration of flush) relative to the Reference
treatnment. The paired t-test denonstrated
statistically significant inprovenents with the Test
treatnment for both nean intensity (p < 0.0001) and
mean duration (p < 0.0001) of the first flushing
event. There was a | ower incidence of each of the four
flushing synptons (redness, warnth, tingling, and
itching) with the Test versus the Reference . .
('efor'(if‘h’{ﬂ‘gftl?‘aﬂ ERDj vy raferenge (commercigipniacia FR) (Referance)idh) Incidence of
formul ations was significantly different, in favor of )
first flyghing svent dp TU0-807 Dh B) datersityrofofirst Aushing evenh basgd Gna¥AS; median
flushing synptonms for the first flushing event using .
valuestidepiaiod Fragansvaluest werrd§rfe 52288 (min, avpx: 9.0z 8% 0)i with Ths and 52.8 +
Test versus 86% with the Reference fornulation (p =
23.8¢ (mon ayax: Qe rASKHD) ovighy Reteterica, B8YA-AP1In O Haurgiden of, Birss flyshing event
80% with the Reference formulation (p = 0.0163); :
(min;j mediam yalyes denieted imean7valugst WereH30Pet95. Qe fmins nex9P@ #13.0) with
the Reference fornulation (p = 0.0039); itching
Test gad LPY-éd 1360-32dmin max: Sk 95461 with Refere8B9p wi0: 000 he
Ref erence fornulation (p = 0.0015). The data
i | Aasshpwneint Riguret e fdrothmuprimaryneffiodcyt rsessmeatitamang subjects who
decrease the incidence, intensity (severity), and
receipied at ilepst ofe fdiosss of stpdy onpdicasidonwnint &t tehss xonstady ipatibgs, 118 (89%)
available . formulation. Overall, there was a A
subjestsaexperienedd| flushing) diing trea@nt ovithe theolest fotrhielation and 130 (98%)
i nci dence of flushing wwth the fornulations of the
subjéctsy enpéréamcéd Mgshingndaringl tatinenth avitho e rRéfalence foimml&ion. This
formul ati on- Nl ASPAN(r) (98%, even though the study
diffeygmse vias bigtigibally significaitevith aplvalug of P.088%i ni stering a
single large (2000 ng) dose to subjects who were
t r Eguten handh9\depico the medien intersltyi andsduratidnoof e firkteflushing event.
formul ati ons of the invention in this flush :
Comparispocefl thenmsaruogluas for intensity and duration with their respective medians

suggested that the underlying distribution of these data was skewed. The Test treatment
resulted in a 42% reduction in median flush intensity (33% reductionv in mean flush intensity)
and a 43% reduction in median flush duration (33% reduction in mean duration of flush)
relative to the Reference treatment. The paired t-test demonstrated statistically significant
improvements with the Test treatment for both mean intensity (p < 0.0001) and mean duration

(p < 0.0001) of the first flushing event.
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resulted in highly statistically significant decreases
in flush intensity and duration. Median flush
WO paoensi3sy and duration were decreased by 42% pemud8®G/004105
respectively, relative to the commercial niacin ER
treatnment. Also, the duration of first flushing event
was nore than 1 hour shorter wth the fornul ati ons of
the invention. EXAMPLE 4 The puf ose of this study was
to determ ne the bioequival ence (BE) of the 1000 ng
ext ended-rel ease niacin tablets of the invention
(referred to hereinafter as "refornul ated"tabl ets)
(Test) versus commrercially avail able 1000 tng
NI Tseanes 3 lovwgs lingidencrpfgachiof thefgns Rushing syinpiems (rednegs, avarmth,
_ dose of 2000 ng. Study Design The study was a
tinglipg,angdiiching) wath/the Test ¥prsuy @eMcm%HewuléqleegtaeéQ),- The
two-way crossover study in 44 healthy, nonsnoking male
compgrigory efithe Bve frmylasieps wapsignificanthydiffgrent; iy faypgobthe Jget
i nclusive. Drop-outs were not replaced. Each subject
formylatien fos gachyef the frur individngl fhwshing sympems fanthe BEs flyshing jgxent
~ sane single dose of 2000 on two separate occasions,
usingfhe pciNemasisdest. Rednesspcgprred in Ais withghejZgss vprsusgeie with the
doses. The Test product was refornul ated 1000 ng ]
Refergpecclonaulation (us 8-001 6% iwarmgthessurregh in §8%e witthe dagteversus 80% with
product (REF) was 1000 ng NIASPAN(r) tablet. Each dose
the Regfesengd fonmudationd@ <#.0 o) Aingling ofcc n 4394 with the Trat versus 62%
snack begi nning at approximately 22:00 hours (hrs) on
with thg\Refergficecfaohulpten (o= 099BP) dtchingeeeurtedin 48% with the Test versus
study site during each study period (5 days for period
65% Ivité‘mée Befgrapce famuiasiondp =20.08%0 r ecei ved neal s
according to sponsor-provided nenus. No ot her
mekhec data oHustrage tthati the, formulatibnsopf ithe inventeraldecrease the incidence,
suppl enents were permtted during the study.
intensity (severity), and duration of flushing compared with the commercially available .

formulation. Overall, there was a statistically significant 9% reduction in the incidence of
ﬂushing with the formulations of the invention (89%) compared with the commercial niacin
ER formulation-NIASPAN® (98%), even though the study was designed to provoke flushing
by administering a single large (2000 mg) dose to subjects who were treatment-naive to .
niacin. Administration of the formulations of the invention in this flush provocation study also
resulted in highly statistically significant decreases in flush intensity and duration. Median
flush intensity and duration were decreased by 42% and 43%, respectively, relative to the
commercial niacin ER treatment. Also, the duration of first flushing event was more than 1 -
hour shorter with the fqrmulations of the invention.
EXAMPLE 4
"The purpose of this study was to determine the bioequivalence (BE) of the 1000 mg

extended-release niacin tablets of the invention (referred to hereinafter as “reformulated”
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Serial blood sanples were collected fromwithin 30 mn
prior to dosing out through 24 hrs post dose after
walomingp3at the intervals: -30 mn (pre-dosi ng) PCLPSRN7/004105
3, 4, 4.5, 5 6, 7, 8 10, 12, 14, 16, and 24 hrs
(post-dosing). Uine was collected from24 hrs prior
to dosing until 96 hrs after dosing at the intervals:
-24 to -18, -18 to -12, -12 to -6, and -6 to O hrs
(pre-dosing); O to 6, 6 to 12, 12 to 18, 18 to 24, 24
to 48, 48 to 72, and 72 to 96 hrs (post-dosing).
Pl asma was anal yzed for niacin, and nicotinuric acid
(NUA). Uine was anal yzed for niacin, %
tablets { Eisb| viersus commarcialiynistatgblail 000 F\SMA( })letsa%‘ifz) when
(N-net hyl - 2- pyri done-5- carboxanm de).N acin is
admigistesersasaedingledosenf|208@eheand pl asma concentrati ons show
much hi gher variability conpared to NUA, one of its
Studyd)esignnet abol i t es. Hence maxi mum pl asnma concentrati on
(Cmax) for NUA has been used to determ ne the rate of
ni Hod rstudys ovgst iaomandamizbdiosisgle-wentdr,i nperklabel] Adapisddpde, two-way
NDA, total urine recovery is a nore accurate neasure
crossoert $tadye i dit heafthybsmspioking mhlgnandUemads vélu@tees suljeas, 40 to 70
suscepti bl e to non-linear pharmacokinetics. Therefore
years-dfcageo timdlusiven u Rropoutsi werenn@xepkret] dmchisabjent emgdived two niacin -
three of its metabolites NUA, MNA and 2PY in urine
formelatives Tast andnREE,Unghofarmhd singletdmsé 062000 ag an two separate occasions,
absorption. The primary vari ables to eval uate NUA
with i veeshoutvyzried of atkhstnikdoddys betveeprdosesc The dest predice wak eeformulated
CnBx for NUA and total urinary recovery of niacin and
1000t mge extamtedireleasec fiaciNUthbldvNhd thedreZdrdfice - plodudie@EF) was 1000 mg
medi cation consisted of two tablets of refornul ated
NIASEOR® igblex Eactil deeelensdminibired sithf240haLioTwenéd 4fter alb®-fat snack -
REF nedi cati on consisted of two tablets of 1000 ngy
begldwnﬁsﬂﬁgf&xl&&@y@iﬁ(m Ho B {HB $rSDYE | &f 8 perioad SﬂBje@ﬁs were housed

| east days. Subjects began neals at the sane tines

in th@ktu@RGlte davinyRadh §th@Y p¥RSE(SCaYsifBLPeridd 1 BRd 6 days for period 2) and
received meals according to sponsor-provided menus. No other medications, vitamins, herbal
or nutritional supplements were permitted during the study.

Serial blood samples were collected from within 30 min prior to dosing out through 24
hrs post dose after dosing at the intervals: -30 min (pre-dosing), 1, 2, 3, 4,4.5,5, 6, 7, 8, 10,
12, 14, 16, and 24 hrs (post-dosing). Urine was collected from 24 hrs prior to dosing until 96
hrs after dosing at the intervals: -24 to -18, -18 to -12, -12 to -6, and -6 to O hrs (pre-dosing); O A
to 6,6to0 12, 12 to 18, 18 to 24, 24 to 48, 48 to 72, and 72 to 96 hrs (post-dosing). Plasma
was analyzed for niacin, and nicotinuric acid (NUA). Urine was analyzed for niacin, and its
metabolites: NUA, N-methylnicotina;nide (MNA), and 2-PY (N-metﬁyl-Z-pyridone-S-

carboxamide).
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clinic during each period. Meals were held at the sane
for each period, and the entire contents of each nea
wowooe/12igui red t o be consuned. Breakfast, | unchCT/US2007/004105
di nner, and an eveni ng snack began at approxi mtely
07:00, 12:00, 18:00, and 21:45, respectively. The
actual neal or snack tinme for each subject was
schedul ed relative to the actual dosing tinme. Subjects
were required to drink a mninmmof 720 nL of water on
Day - 1 and 1440 nL of water on Day 1 through 5 in
addition to the 240 nL of mater given with the study
nmedj cat.i on on Day -1, dinner and an eveni ng
sARRINGS pYeRslysf% wewllmdplmﬁe@mt@%%&wwch higher
| unch, dinner, and an_evening snack were served. The
variapijity, rorpp e it WAs oee pEitBaionmerabalitss thienee esa’qlrugm DiasMs;
to dosing on. Day 1 in each period. On Day 6 in Period
concentragign ﬁ%wkfm bay been used @ dsfesming the Fate of riagin ahiagption. As
fromthe clinic after the conpletion of all clinica
demqnstated uy the NIASEANIT NBA. ¢9talPitine reeaykivis aimeere accupitg sreasure of the
Col | ection and Analysis Serial blood sanples were
extent of bsormntharhAC38s AUC ismare sosseptdsie rgndnhlimeag phdtthabolgnetics.
after dosing in each period (15 sanples/treatnent).
Ther¢fautthp kasalcinsampbniacis egakled @b sticinrend thee ofl Bs metabolites NUA,
vacut ai ner contai ni ng sodi um heparin and was al | owed
MNA andc2RY in wrimenseres-as binpeasurd ofithtecaxtdmabfinicin absarptiomlie pfimary
5 mn after collection. Sanples were centrifuged at 4
variableato eyapratxNbigk eioyqud Gdénceplefifiat inlbe protocbbaredpaceathe Cpdor NUA
pl asma. Each plasma sanple was divided into two
and tetal ouinexrg recAbergwdhiadircand thiree anetiatiolisess SNEIA, ANAD ind 2B0).
pre-chilled, appropriately |abel ed pol ypropyl ene
tubes. Sanples were then stored frozen at
approximately -20 C
The Test medication consisted of two tablets of reformulated 1000 mg extended-

release tablets of the invention. The REF medication consisted of two tablets of 1000 mg
NIASPAN® tablets. Treatments were separated by at least 10 days.

Subjects began meals at the same times of each day when they were confined to the
clinic during each period. Meals were held at the same for each period, and the entire
contents of each meal were required to be consumed. Breakfast, lunch, dinner, and an
evening snack began at approximately 07:00, 12:00, 18:00, and 21:45, respectively. The -
actual meal or snack time for each subject was scheduled relative to the actual dosing time.
Subjects were required to drink a minimum of 720 mL of water on Day -1 and 1440 mL of
water on Day 1 through 5 in addition to the 240 mL of water given with the study medication
on Day 1.

On Day -1, dinner and an evening snack were served. On Days 1 through 5, breakfast,

lunch, dinner, and an evening snack were served. The evening snack was consumed within
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Ni aci n and NUA concentrations were anal yzed by
validated |iquid chromatography tandem nass
wa@p@atizisstopy (LC M/ MS). N aci n and NUA concePCT/a820076804105
were obtained fromthe same injection. The lower limt
of quantitation (LLQ for both niacin and NUA was 2
ng/mL in plasma. Quality control sanples were
eval uated with each analytical run. b. Urine
Col l ection and Analysis Urine was collected.for the
following intervals: -24 to -18, -18 to -12, -12 to
-6, -6 to O hrs (prior to dosing), and O to 6, 6 to
12, 12 to 18, 18 to 24, 24 to 48, 48 to 72, 72.to 96
15 mppes ipstayrion idosipg IoPa ! fieagh period-1 OpPpayek i l%ﬁﬁ?ﬂ 2, no meals were
Urine was collected and transferred into pl ast
servedopt aHbiests wergi dipdarasdt fiomi Hhet Fijnie after rfbemowletwn of all clinical
Col l ected urine was kept refrigerated or in an
procgdugesyat er bath during the collection interval. The
col lection containers were |abeled to identify the
Evalyationof Phanmacokinetics ni tj al s, col | ectioninterval, and
protocol nunber. The enpty contai ners were wei ghed to
a. Playrea Gellecsion and Amalysts a gram (e.g. 100.1 g) and this
was witten on the container and docunented on the
Serig) blogd gample prarereniieciask withine3® miptprion do dasingfthronetm 24 hrs after
interval, the total weight of the container and the
dosingoin| eagh peried (fesamplesfieatinerdll Each blood samplstwaseneilpcted into one 10-
gramrecorded. The weight of the urine was derived by
mL vaghtainge coniginingesadiing tepain ak wampllgwed tn aveldn anrigernchipeand water
total weight of the container plus urine. In sone
bath dfas es mibimeury odfufremor afier wellettilonng Samgles ewereobdneifugedh at 4° C at
i nterval exceeded the capacity of a single container;
appréxXimaely3@00arpaeforrld miardaeparateulsplagtali Each plasmsanplie avas divided
conpl ete urine collection. The start and stop date(s)
into swidaliquoess Adiquetaa land B, asd aahifertd imto twid previtlillet apprabdately labeled
recorded. Two aliquots (approximately 2.5 nL each)
polypropyefatubes. Bdngsléd Were ithidnestorad fioRératlapproximiteed20NCo
two appropriately |abel ed pol ypropyl ene tubes. If nore

t hRRCciNSnd NUA concentrations were analyzed by validated liquid chromatography
tandem mass spectroscopy (LC/MS/MS). Niacin and NUA concentrations were obtained
from the same injection. The lower limit of quantitation (LLQ) for both niacin and NUA was
2 ng/mL in plasma. Quality control samples were evaluated with each analytical run.

b. Urine Collection and Analysis

Urine was collected for the following intervals: -24 to -18, -18 to -12,-12t0 -6, -6 to 0
hrs (prior to dosing), and 0 to 6, 6 to 12, 12 to 18, 18 to 24, 24 to 48, 48 to 72, 72 to 96 hrs
after dosing (for a total of 11 collections).

Urine was collected and transferred into plastic containers equipped with tightly fitting
lids. Collected urine was kept refrigerated or in an ice-water bath during the collection interval.

The collection containers were labeled to identify the subject number and initials, collection
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container was required during a particular collection
interval, the urine fromboth containers was m xed
wo ogetisss bef ore the aliquots were taken.. SanptEESWeT/@4105

stored frozen at approxi mately -20C until analysis.
Urine sanples were anal yzed for concentrations of
ni acin, NUA, MNA and 2-PY by validated LG M5/ MS. Ui ne
ni acin and NUA concentrations were obtained fromthe
same injection while MNA and 2-PY concentrations were
obtained fromthe sane injection. In urine the LLQ
val ues were 20 ng/nL for niacin and 200 ng/ nL for NUA
MNA and 2PY had LLQ val ues of 500 ng/nL and 2500 ng/ nL

interyals prsk piofasioy nudbed. iThg empty containarspivers wikighedetpathg ateangst tenth of a
wi th each anal ytical run. c. Plasma Phar macoki netic

gramP@rga180.4r) aad dhishwas avrjtteReancthe cpntBmen arid- dequsnentedoansthe lab’s source
providing sufficient information to cal culate PK

docupntmetksheet$.oAt the dndaaft eaginantenvah tthee tritalweeight of thecdwdtainer and the
the PK analysis. The follow ng PK paranmeters were

collectztl cwina tved nieasured ¢h theuizasest tehthl dfagrag mdended.SEheaveigitt of the urine
of each treatnent: Cmax: the maxi mum concentration

was dérdedvieyd subiragsing ttine wieighe o fthe braptyacontainerofremr the dotal weight of the
concentration AUC ast: the area under the

containercElng ueine.oln- $ame ces)f the evofunmarof uriee duting tahgivérmsollection interval
nmeasur abl e (non-zero) concentration by the |inear

exce¢dedphe capdeity ofid singlaldainthinet; higerefossa stecdrd cdriaingd wasraquired to obtain
concentration-tinme profile fromtine O to infinity;

a completetiueihe dotectione TFharstaft 2AdGtas data(s)l abtl towey of eadheurine collection
Ct is the |l ast observed concentration and | is the

intervad rwara alsoabdordetat Ted alighets Cappsdxdmutebb? &i mE Gaél)dborh lkech collection
pl ot of natural-log concentration versus tinme plots

interval were transferred into two appropriately labeled polypropylene tubes. If more than one

container was required during a particular collection interval, the urine from both containers
was mixed together before the aliquots were taken.. Samples were stored frozen at
approximately -20°C until analysis.

Urine samples were analyzed for concentrations of niacin, NUA, MNA and 2-PY by
validated LC/MS/MS. Urine niacin and NUA concentrations were obtained from the same
injection while MNA and 2-PY concentrations were obtained from the same injection. In
urine the LLQ values were 20 ng/mL for niacin. and 200 ng/mL for NUA. MNA and 2PY had
LLQ values of 500 ng/mL and 2500 hg/mL respectively. ‘Qualify control samples were
evaluated with each analytical run.

c. Plasma Pharmacokinetic Parameters and Urinary Recovery

Data from subjects préviding sufficient information to calculate PK parameters for at

least one treatment were included in tﬁe PK analysis. The. follow.ing PK parameters were

calculated for each subject following administration of each treatment:
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T 1 : the apparent termnal half-life; calculated as a
ratio of 0.693 over the | Fromthe urine data of
woe@citz3shd its netabolites (NUA, MNA and 2- PMT/URE07/004105
foll owi ng paraneters were conputed: CumXu: cunul ative
anmount of each netabolite recovered fromurine fromoO
to 96 hrs after dosing. %-e: fraction of each
net abolite excreted in the urine relative to dose of
niacin after correction for baseline recovery and
nol ecul ar weight in 96 hrs after dosing. Total %-e:
total fraction of the four netabolites in 96 hrs after
dosi ng. The %-e, for each analyte in urine cal cul ated
® Gai thetmaximpu@eoicentratiblf obsedved Ni acin x t10n nO Dose MW
of Anal yte Concentrations below the limt of

o Tjanhé fink bPheWRh@mbmasadedBorc@hwatidnior Pl asma anal ysi s
actual sanple collection tines were used to conpute PK

L &amethg gfea u-BIaE t%@%ﬂéen%u& ﬁ[h'e :])rrngpn df’rc%rﬁ tim:" Poo P{e 1§ measurable

recé%er urlne was de |p yi ng

volune of wurine

(ﬁ&f?:&?&%ﬁ?@%ﬁggc p %ggkﬂg? bn?a annuntrecovered
in urine for each 24 hour interval after dOS|ng

* ldfust & 167 ugderethe Rlasma conceptiptiqnnyme peofladme time 0 to infinity;
recovered in the 24 hour pre-dose interval. If any
calslataskss the Sy A4 (Y Lifvmr And e VETG SYhersces 1 st abserned concentration
anount was set to zero. The nol ecul ar wei ghts of
andakiis thedermimal nedinzibaticnt exte @pestdr? oblaindB oy the3Plot , of natural-log
and 153.1 for niacin, NUA, MA and 2- PY,
coesqntration e¢ryus tihepktsm of - %-e from t he f-our urine
anal ytes, was cal cul ated and designated as total %-e.

® Tn: the apparent terminal half-life; calculated as a ratio of 0.693 over the A

From the urine data of niacin and its metabolites (NUA, MNA, and 2-PY) the
following parameters were computed:
e CumX,: cumulative amount of each metabolite recovered from urine from 0 to 96 hrs
after dosing.
e %pFe: fraction of each metabolite excreted in the urine relative to dose of niacin after
correction for baseline recovery and molecular weight in 96 hrs after dosing.
e Total %Fe: total fraction of the four fnetabolites in 96 hrs aﬁer doéing.

The %Fe, for each analyte in urine calculated as:

CumXu y MW _of _ Niacin
Dose MW _of Analyte

%Fe = =x100

Concentrations below the limit of quantitation were treated as zero. For plasma
analysis actual sample collection times were used to compute PK parameters. The amount of
niacin and its metabolites recovered in the urine was determined by multiplying each

metabolite concentration by the volume of urine collected for each interval. The total amount
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Bi oavail ability paraneters (as descri bed above) were
cal cul ated using WnNonlin Linear M xed Effects
woba@el120383 bi oequi val ence, Version 5.0.1 (July P6&1/US2007/004105
2005). Statistical Analysis Statistical anal yses of
the bioavailability paraneters cal cul ated above were
perfornmed using a SAS (r) Systemfor Wndows(tm,
version 8.2. Plasna pharnmacoki netic paraneters (Crax,
TnBx, T1/2, AUQa* and AUC inf), their natural
| og-transfornmed val ue (except for Tmax and T1/2), and
sunmary statistics (n, nean, std, nmedian, mn, nax,
Cv%. were cal culated by treatnent and period. Plasm
recovesi?é@ vring £orsagh &f hayripiervah aBendgaing veasadinsted; forbrspline by
time and treatnment. For the niacin and NUA PK i
subtragtingyihe amoynt reeovazed ifthe A4hour preedesainterypl. tIf any) pestndgsing
| ogtransfornmed C nax and AUC ast follow a normal )
measyregpent Wt leshthan daselise thecpsprantiwas saide gasenl hemolegpjar weights of
. treatnments. The data were fitted to an ANOVA nodel
niacipapditsinetabolites ate k23us 1892933 . ProE 1 /3. X oy nipgip, NUA, MNA, and 2-
treatnment, period, and sequence as fixed effects and
PY, rgsnsptvaly wilhe sym of elierfran the faur uninecanabtdsewes cafgdated and
Test/REF ratios of C 13x and AUC ast and their
designated as fatal oy 90% confi dence interval s were esti mated
based on this nodel.The nean recovery of niacin and
i tBiopeailability paremetepnias deseeibedhgbays) wetezialsylatedqusing WinNonlin
summari zed by treatnent and by interval. The CunXu and
LineaygMixed Effedis\Wodelingtbioequivalenee, fedsiom .0t lofally 2602@8)hr s
after dosing were cal cul ated and summari zed by
treatnment. The 90% confidence intervals (Cls) for the
StatistisghAmiysispean rati os of total %e was cal cul ated by
fitting the sane ANOVA nodel as used for plasnma PK
arSthystical ar@ipyspeof the bilewaidphilitlyiparansatéralohleslatedgbpve were performed
gender, race, weight, height, and el bow
using a SAS® System for Windows™, version 8.2. '

Plasma pharmacokinetic parameters (Cpax, Tmax, T12, AUCls and AUCiy), their
natural log-transformed value (except for Tmax and T2), and summary statistics (n, mean, std,
median, min, max, CV%) were calculated by treatment and period. Plasma concentrations of
niacin and NUA are summarized by time and treatment.

For the niacin and NUA PK analysis, it is assumed that the data of the natural log-~
transformed C.ax and AUC, follow a n'ormal distribution and are independent between the
two treatments. The data were fitted to an ANOVA model with mixed effects using SAS
PROC MIXED with treatment, period; and sequence as ﬁﬁed ef'f;ects and subject within
sequence as a random effect. The Test/REF ratios of Cnxx and AUC,s and their.

corresponding 90% confidence intervals were estimated based on this model.
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breadth) were summari zed by gender. The nean, standard
devi ation (SD), nedian, m ninmum and nmaxi num of the
w@omriienssus denogr aphi ¢ vari abl es were conput ePiCT/US2007/004105
Resul ts Subj ect disposition is summarized in Table 12.
A total of 44 subjects were enrolled in the study
after they net the protocol inclusion and excl usion
criteria. All the subjects received at |east one dose
of study nedication, and 4 1 of them conpleted the
study. Fortyfour subjects received study nedication in
Period 1 according to the random zed treatnent
assj gnment in the protocgl; whereas 4 1 subjects
r e LR PEIN ERNFFY RERRERENE itsmetaholites drom uring Uﬁsawwatsd and
subj ects discontinued fromthe study Subj ect 0012 and
S“mfﬂﬁfw"\kﬂr‘%’aﬂ?@é and Prdnservaln TheGusmXpandSeke eJE indiytidyml components
drew consent in period 2. The nunbers of subjects
and %@tﬁulg 86 hs #ies dosing weraealaaterd andesummayized by treatrens
pre-al | owed_ 10% dropout, and were not considered to
af Tae:90% isenfidenge interypls (6l farshe FestBEF mean ratipgisf totahHiFs was
12. Sunmary of Subj ct D sposition Subject nunmbers (N)
calcutated by fittingythepameg A | sompd &argdasa R agalysi93. 2
Received at |east one dose 44 100 Recei'ved nedi cation
at Sykieqty) dlemogrpphFvariables (agd, gradere eack.oneight, eightoandelhoy
93.2 Discontinuation 3 6.80 the enrolled forty-four )
breadihhyveresymmpgized, by gendsr.wEhemgam stendard deviatien (§)e medigheminimum,

and maximum of the continuous demographic variables were computed.
Results

Subject disposition is summarized in Table 12. A total of 44 subjects were enrolled in ‘
the study after they met the protocol inclusion and exclusion criteria. All the subjects
received at least one dose of study medication, and 41 of them completed the study. Forty-
four subjects received study medication in Period 1 according to the randomized treatment
assignment in the protocol; whereas 41 subjects received study medication in period 2. A
total of 3 subjects discontinued from the study. Subject 0012 and 0039 were disconfinued in
periéd 2. Subject 0038 withdrew consent in period 2. The numbers of subjects who
discontinued from the study were in the range of pre-allowed 10% dropout, and were not
considered to affect the results or conclusior;s of this study.

Table 12. Summary of Subject Disposition

Subject numbers (N) Percent (%)
Enrolled 44 100
Completed study - 41 : : 93.2
Received at least one dose 44 100
Received medication at Period 1 44 100
Received medication at Period 2 41 93.2
Discontinuation 3 6.8
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nmean age was 54.5 years; the nean wei ght was 169.8

pounds; the nean hei ght was 68.0 inches; and the nean
webdomeseadt h was 2.6 inches. Thirty-seven of P€T€S2007/004105

subj ects were Caucasi an, 6 Bl ack, and one was Anerican

I ndi an. The detail ed denographics are summari zed in

Tabl e 13. Table 13. Summary of Subject Denographics

Al'l Subjects By Gender Mal es Femal es Characteristic

(N=44) (N=25) (N=19) Age N 44 25 19 Mean (SD) 54.5 (

8.1) 52.8 ( 8.1) 56.6 ( 7.8) Median 56 52 58 M ni num

Maxi mum 40.0 , 69.0 41.0, 69.0 40 0, 68 0 Cender

0,

19 43.2) 0 ( O. O) 19 (100 O) Race Caucasian N (%9 37

( é% H)Jé)eﬂrcg leé fcgn% %Lﬂrssrﬁlé}%? I3 %c%cwlgergl n%x a@g (lgd}e(% gemén The
mean age) was 54.5 years; the mean weight was 169.8 pounds; the mean height was 68.0
inches; and the mean elbow breadth was 2.6 inches. Thirty-seven of the subjects were
Caucasian, 6 Black, and one was American Indian. The detailed demographics are

summarized in Table 13.

Table 13. Summary of Subject Demographics

All Subjects - By Gender
Males Females
Characteristic (N=44) (N=25) (N=19)
Age
N 44 25 19
Mean (SD) ; 545( 8.1) 52.8 ( 8.1) 56.6 ( 7.8)
Median 56 52 58
Minimum, Maximum 400, 69.0 410, 69.0 400, 68.0
Gender . . .
Male N (%) 25 (56.8) 25 (100.0) 0( 0.0)
Female N (%) 19(43.2) 0(00) 19 (100.0)
Race
Caucasian N (%) 37(84.1) 23(92.0) 14(73.7)
Black N (%) . 6 (13.6) 2( 8.0) 4(211)
Hispanic N (%) 0(¢ 0.0) 0( 0.0) 0( 0.0)
Asian N (%) 0( 0.0) 0( 0.0) 0( 0.0)
Other N (%) 1(2.3) 0( 0.0) 1(53)
Height (in) ‘ ' '
N 44 25 19
Mean (SD) 68.0( 3.9) 70.2( 3.6) 65.2( 2.1)
Median 68 70 65
Minimum, Maximum 61.0, 76.0 61.0, 76.0 61.0, 70.0
Weight (Ib)
N 44 25 19
Mean (SD) 169.8 ( 20.1) 180.9 ( 15.7) 155.1 (15.2)
Median 166.5 . .180 . 154
Minimum, Maximum 133.0,207.0 155.0 , 207.0 133.0, 190.0
Elbow breadth (in)
N 44 25 19
Mean (SD) 2.6( 0.3) 2.7( 0.2) 25(0.3)
Median 26 27 25
Minimum, Maximum 21, 31 23, 31 21, 30
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Asian N (% O ( 0.0) O ( 0.0) O ( 0.0) Gher N (% 1 (
2.3) 0 ( 0.0) 1 ( 5.3) Height (in) N 44 25 19 Mean
W@ 3y/1e8sd ( 3.9) 70.2 ( 3.6) 65.2 ( 2.1) Medi pem/682000004105

65 M ninum Maximum61.0 , 76.0 61.0 , 76.0 61.0 ,
70.0 Weight (1b) N 44 25 19 Mean (SD) 169.8 ( 20.1)
180.9 ( 15.7) 155.1 ( 15.2) Median 166.5 .180 154
M ni nrum Maxi mum 133.0 , 207.0 155.0 . 207.0 133.0 ,
190.0 El bow breadth (in) N 44 25 19 Mean (SD) 2.6 (
0.3) 227 ( 0.2) 2.5 ( 0.3) Median 2.6 2.7 2 5 M ni num
Maximum 2.1 , 3.1 2.3, 31 2.1 . 3 0a. Assessnent of
Bi oequi val ence For urine analyses, a specific gravity
of 1 g/nmL was used to convert urine weights to
vol unes. This was based on a previous study wth

a. Aggesemeniel Biogmtivalende nean specific gravity neasured in

962 sanples was 1.009 g/nL and the maxi num specific .
ngé)giquye analyses, a specific gravity of 1 g/mL was used to convert urine weights to

volumes. This was based on a previous study with NIASPAN® where the mean specific -
gravity measured in 962 samples was 1.009 g/mL and the maximum specific gravity
measured in 962 samples was 1.025 g/mL.

The plots of mean plasma concentrations of niacin and NUA by treatment are shown

in Figures 11 and 12, respectively. Mean urinary recovery data is shown in Figure 13.

b. Plasma NUA and total amount excreted in urine

Table 14 shows the mean (SD) and statistical results for the two primary variables
(Cmax for NUA and total urinary recovery of niacin and three metabolites) and for NUA
AUC .5 The table gives results of BE analysis with and without the reference treatments for
subjects 0001, 0003, and 0014 who had episodes of vomiting following dosing.

Subject 0001 had a vomiting at 7 hrs and 20 min after dosing REF product in period 2.
Subject 0003 had two episodes of vomiting at 8 hrs and 34 min, and at 9 hrs and 20 min after
dosing REF product in period 2, respectively. Subject 0014 had vomiting at 11 hrs and 20 min
after dosing REF product in period 1. The vomiting onset time for all the three subjects was at
least 7 hrs and 20 min after dosing. The T,.,ax for both NUA and niaciﬁ were within 6 hrs after
doing. Therefore, the vomiting was not considered to affect the PK parameters of these

subjects.
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measured in 962 sanples was 1.025 g/ nlL. The plots of
nmean plasma concentrations of niacin and NUA by

WO e@atiaess: are shown in Figures 11 and 12, PCT/US2007/004105
respectively. Mean urinary recovery data is shown in
Figure 13. b. Plasma NUA and total anmount excreted in
urine Table 14 shows the nean (SD) and statistica
results for the two primary variables (Cnax for NUA
and total urinary recovery of niacin and three
met abolites) and for NUA AUC ast The table gives
results of BE analysis with and without the reference
treatments for subjects 0001, 0003, and 0014 who had
epi sodes of vomiting foll ow ng dosing. Subject 0001
had a vomiting at 7 hrs and 20 min after dosing REF
produ%t in perlode Subjech 0003 had tmo e |sod§s of

after dnm ng REF pr ndurt in peri od 2 resoect|v9I y

Subj ect 0014 had vomniAliswbjectst 11 hrs anBxcR@ingiubjeet 008}, 0003, 0014,
dosi ng REF ¢ irem ~(#2; =43) ot | BNges 5rfd plrer =40)
time for all| the three supjects was at | east 7 hfs and

202 RHaf t erl-dodfAySPrhe T4 RIGQGI%LD L NMsan SR n} 2iRapo (90%C) |
L wero withinlg hrg aftor Lﬁoung Thereflore the vo 'ting
NUAVES, *imLgoNnsi dered to affect the PK paraneters of

thacn Qllhl ects-Table 14 S||mxa[¥ of NUA Pl asms
Test Par aneters dnd Faralsardnary Regovery *BAPtrs used,

to defiie Njaci m_bioequivial Qf:‘-; 6 freClo b5 & RCiéb.87, 74.64
FEF NUA, WNA, and 2876261 Hed gl B m%gdA&%s'ts} bwn 1 )
rotal hc% aho%e) table the 90% Cl for the rrean Test/ REF ratio

of "NUA €”113x was out of the bi oequival ent range of
Test 80- 125% but} t hes;9Q8a)Cl flor t90e93Test/REP67rVE(&ﬂ) ratio 90.02

87.62, 94.37) (86.84, 93.32)

. , __
F 74.3 (8.3) (87.62, 94. 74.9 (8.3) 84, 93.
A AUC,, °(ng*hr/mL) :

12468.3 (6731.8) 64.78
63.99 (60.10, 69.82)
(59.24,69.12) | 18790.4 (8576.8)

Test 12468.3 (6731.8)

EREF 18917.3 (8502.5)

? Parameters used to define Niacin bioequivalence
b Recovery of niacin, NUA, MNA, and 2PY combined
°N =42; ‘N=39

As shown in the above table the 90% CI for the mean Test/REF ratio of NUA Crax
was out of the bioequivalent range of 80-125%, but the 90% CI for the Test/REF mean ratio
of niacin and metabolites .recovered frémi urine were within 80‘-125%.. The results were
similar with and without the REF treatments for subjects 0001, 0003, and 0014.

The terminal elimination rate was calculated for each subject by treatment. Mean
NUA T, were 3.16 and 3.47 hrs, mean NUA Tpax were 5.55 and 5.80 hrs, and mean NUA

AUC;, s were 12510.8 and 18980.8 ng*hr/ml, for Test and REF, respectively.
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of niacin and netabolites recovered fromurine were
within 80-125% The results were simlar with and
wowvahou3st he REF treatnents for subjects 0001, POD0S2007/004105
and 0014. The terminal elimnation rate was cal cul at ed
for each subject by treatnment. Mean NUA Ti/2 were 3.16
and 3.47 hrs, nean NUA Tnmax were 5.55 and 5.80 hrs,
and mean NUA AUC, nf were 12510.8 and 18980.8 ng*hr/m,
for Test and REF, respectively.c. Plasma Niacin Mean
PK paraneters for plasma niacin along with statisti cal
anal yses are presented in Table 15. The table gives
results of BE analysis with and without the REF
c. PlasmayNigSit for subjects 0001, 0003, and 0014. The
Test/ REF nean ratios of niacin C 3x and ,AUCi ast were .
| e1¥1§alt P& panasepsers foreplasma iagip along gvidiosatistical gpalysgs are presented in

ti os were outside the 80-125%interval due to hig

Table, b Tsitadle giveyrrsulteet BE analriewith and yrithpt the REE twaf"mm ffor

the REF treatnents for

subjepia08 10903 anet 1. Bhe Ty
T\a of niacin were 5.46 and 4.42 hrs,
less thars 500¥hd The serrespending 0%l fontbewatins eere sgelﬂesh%\%‘m% interval

respectively.

35296. 6 n|
due tojhjghavayialby

of the individual.

*hr /m,

for

subj ects 0001, 0003,

Frmeangatios ¢fmagie Comcn

Test and REF,
\Télpye&yits wigEr simgaayith aed wtégunth@wmammﬁ%for

anal ytes is given in Table

mean Tnax.

and 0014.

last WErIe€

_ recoveb%/
subjegts 0092410031 8d @dnary of Urinary Excretion of N acin

and its I\/btabolltles AII

0001, 0003,

Sub ects Excl ud| ng subj ects

NREF=39) " Recovery as %of ni_ aci n_dose As shovved in the

above tabl e, nmean uriMlanbjectsecovery wasExchding sujieaisq00f, 8903, 0014,
2PY (Nrey =42; Nrer = 43) (Nreg =42 ; Nrer =40)
Parameter Mean (SD) % Ratio (90% CI) Mean (SD) % Ratio ( 90% CI)
Niacin C,,, (ng/mL)
Test 5210.3 (4969.5) 34.01 5210.3 (4969.5) 34.93
_ | (26.22, 44.11) ‘ ' (26.58, 45.90)
F 12563.5 (9228.5) 12253.1 (9294.4)
Niacin AUC,,, (ng*hr/mL)
Test © 12637.4 (14810.9) 33.02 12637.4 (14810.9) 33.74
(26.94, 40.46 (27.31, 41.68)
[REF 36307.8 (32486.7) 355032 (32645.0)

Mean T, of niacin were 5.46 and 4.42 hrs, mean Tma Were 5.56 and 5.55 hrs, and

mean AUCi,r were 13987.8 and 35296.6 ng*hr /ml, for Test and REF, respectively.

d. Urinary Recovery of individual analytes

The mean urine recovery of the individual analytes is given in Table 16.

Table 16. Summary of Urinary Excretion of Niacin and its Metabolites

All Subjects

Excluding subjects 0001, 0003, 0014

(Nrex=42, Nrpr=42)

(Nres=42, Nger=39)
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foll owed by MNA, NUA and niacin. e. Conclusions of the

Bi oequi val ent Assessnent Bi oequi val ence was eval uat ed
whamed2m85 t he 90% CTs for nean Test/ REF rati ospof/Us1067/004105

NUA Cmax and urinary recovery of niacin and its

netabolites (Total %-e). The 90% Cls of Test/REF nean

ratio for Total %e were within the required BE range

of 80-125% but for NUA Chax were out of the

bi oequi val ent range. The 90% Cl of Test/REF nean

rati os for supportive neasurenents includi ng NUA AUQ

3St, also fell out of the 80-125%range. Thus the

rpfnrmll ted 1000 nmm ER niacin tablet (Tpcf) shows a
| ower rate of absojpti on fend 8 conpalr abl e ex ent 9f

absgr pt| g AI\I/r\ 1()
Nac"h@elgj,,)g,ty- ( REFteatmdring Test tr@atumnt is hot _bi oefed (\IaB)ent
to t he REFTteamattBent. EXAMPBEEIS The st udy wass4@sotned

beua tsgw‘%g%ce)r M RadnBiR ADIjOEqUI ¥3kpnGe of three for gy @khons

_ 0 1fg_exTendeq-Teregse niacin bl ers of, The

HrveRt-ot \I?e%t?gllgef—t—e—h%g ter—a 14.12(.52)
MNA Re@l@ynullalsaimeni Bl gt ) r M%7 t o conmer ci al45§G27)
avai | abl ¢ eAmEAB( 1) 50014ay@3.28l et s after a BBE.B)

by 2000 ng i dehRedRSE. St ughnaldpsdhgn The st udy a3 Fos)
PPY Recq\Ef¥ni z 60 SingLejcenter,  open-Tabe|, s nglﬁjogg N

w%l 9 U uuy4l; T = IICG: t Iy, LILAA N DITYU 1 IIU
"Recoyeny 5 "e°BIR%° Mf e vol unt eer subjects, 40 to 70

year s- of -age, inclusive.. Dropouts were not replaced.
Each subject received the same dose of oral st udy

i O FOMR I T o516 Peat oSl Y00 Dbl BB A ror 20y
follog@ﬁsg/ggﬁcﬂﬂua&dema Jeceived two tablets of a 1000 ny

e. Conclusions of the Bioequivalent Assessment

Bioequivalence was evaluated based on the 90% ClIs for mean Test/REF ratios of the
NUA Cax and urinary recovery of niacin and its metabolites (Total %Fe). The 90% Cls of
Test/REF mean ratio for Total %Fe were within the required BE range of 80-125%, but for
NUA Cmax Were out of the bioequivalent range. The 90% CI of Test/REF mean ratios for
supportive measurements including NUA AUC,,4, also fell out of the 80-125% range. Thus.
the reformulated 1000 mg ER niacin tablet (Test) shows a lower rate of absorption and a
comparable extent of absorption as compared to the NJASPAN® 1000 mg tablet (REF). The

Test treatment is not bioequivalent to the REF treatment.

EXAMPLE 5
The study was designed to determine the bioequivalence of three formulations of 1000

mg extended-release niacin tablets of the invention (referred to hereinafter as “reformulated”
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formulation (ERN-I, ERN-2, ERN-3) and four 500 ng
NI ASPAN(r) tablets. Each dose was adm nistered with
wao®d7mo3ed water after a | owfat snack begi nni PQI/as2007/004105
approxi mately 2200 hours. Subjects received neal s
accordi ng to sponsor-provided nenus during each
treatnent period. No other nedications, vitamns,
herbal or nutritional supplenments were pernitted
during the study. Blood sanples were obtained prior to
dosing and at frequent intervals for up to 24 hours
after dosing; urine was collected for 24 hours prior
to and 96 hours after dosing. Plasma was anal yzed for
tablets) kelative to camimercially availekle NIASPANEGSG00ng tabiass afterracsingle 2000 mg
three major netabolites, NUA, MNA, and 2PY. Subjects
niacindpe. housed during the 5-day study period of each
treatnment. Meals controlled for niacin content
Study Myesighnf ast, | unch, di nner, and eveni ng snack) were
provi ded during each treatnment period. The Reference
t r'Hat stedyt wass randemtzedysingle-aéntor, apani-lahél, singlodiosgy four-way
NI ASPAN(r) (NSP) fornul ation that consists of a
crosshvertstyalytie dd yhegittan nbssmoking feraglie land pee ddur@earsdbjects, 40 to 70
hydr oxypropyl nethylcellulose [HPMC]) that is
yearssofbapesinehisivg. Diapodsdvene hot sdpéed.c Each shibjentreacided thersaie dose of
HPMC before conpression into tablets. The test
oral dtiidamedioation\20@0 inlgméir] ioh ffeursepararefoetasidnatveth dMdimun washout
NI ASPAN(r) formulations (ERN-1, ERN -2 AND ERN - 3)
periodad @ 0 dlagobdivagh d@ed albdch shBjebiatecsivedlinll tabldié ofiad©00 mg ER niacin
granul ar, METHOCEL(r) KI5M Povidone K90, and stearic
formalation (ERN- WERN2 (ERNE3)raflt furt 500tnhe NI AS PAN@Stabiless. gnat ed
in Table 17 above and then added into an 8 gt bl ender
( LBach3fdde wide hdmintsiredelithy300 mals bf Guted uﬂﬁbi.lbgl-faPﬁ)apk béginning at
bl ended for 10 mn. The well-bl ended
approximately 2200 hours. Subjects recetved meals according to sponsor-provnded menus

during each treatment period. No other medications, vitamins, herbal or nutritional
supplements were permitted during the study. Blood samples were obtained prior to dosing
and at frequent intervals for up to 24 hours after dosing; urine was collected for 24 hours prior
to and 96 hours after dosing. Plasma was analyzed for NUA and niacin. Urine was analyzed ‘
for niacin and its three major metabolites, NUA, MNA, and 2PY. Subjects were housed
during the 5-day study .period of each treatment.

Meals controlled for niacin content (breakfast, lunch, djnner, and evening snack) were
provided during each treatment period.

The Reference treatment was the commercially available 500 mg NIASPAN® (NSP)
formulation that consisfs of a high-potency granulation (niacin, povidone and hydroxypropyl
methylcellulose [HPMC]) that is subsequently blended with stearic acid and additional HPMC

before compression into tablets.
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m xture was conpressed into tablets using a BW
Manesty Beta Press (Thomas Eng, Hoffnman Estate, |L) at
wo b@7apsesl of 500 tablets per mnute for a tarP€r/US2007/004105
tabl et hardness of 16 to 18 Kp. Al neals and
beverages were al cohol - and xanthine-free. Since
niacin is available in the nornmal diet, the study diet
was controlled to nmaintain a niacin intake of
approximately 25 ng a day while subjects were confined
to the clinic. Each dose was adm nistered at
approxi mately 2200 i medi ately followng a | owfat
snack. Subjects began neals at the sane tine duri nl%
ealle (Setrtregtmens were Yespdierpntaefosmylatpd k008 eoNIABRYNRY
the clinic. Meals were the sane for each period, and
formulgtiors(ERN:-1c ERNeRt ANBER c 1) medsl acgendingto Tableclinbalomad.
Breakfast, |unch, dinner, and an eveni ng snack began
at appr oxi mat el y 0700, 1200, Tabled7 and 2145,
respectivety—The actugt—mea—or —spack—time—foreach
subj ecComponegdhedul ed rlel aERMNe3t o { he ERNt3l ddsi ngERN-1
te,—Subjects were requiTed todrnk a ot —726
L Nfacinferapulgn USR, - 1 [and 19440 ni | of 19@mgon |Dayl90Q.0 mg
WTHQ(EEI?% 5@5[&1%m tTonto the 300 nt—of —waterJgrven
S gieat i|o Day 1 y -1, [din
and an evegp Nng snack wer 12513\7%% Dnoéggg e 2, S,Pglet{'kmg
5 breakfast, |lunch, dinner, and an|evening snadk vwere
servefyidife, ©6@Ni Ng snack 3pseonspmed; Hg N 15 345mg

mnutes on Day 1 in eagh period. O Dav6|neach

Peri OffearROAKBAIS Were servg;lzﬁ,% supj ecisq Wer e rlel eq?gdmg

fromthe clinic after flhe conpletibn of all” clilnica

PrReAdubRS Wdid A{H@?I on |of 1 73ay BCOKi nﬁdo@@mg-bt 2" aslgao.Omg

Collection and VSi 9 BI ood sanples were i he
within 30 mnutes prior to dosing (i.e., pre-dose) and

1, Niacin granular, METHOCEL® K 15M, Povidone K90, and stearic acid were weighed

accbrding to the formulas designated in Table 17 above and then added into an 8 qt blender
(LB-9322, Petterson Kelly, East Stroudsburg, PA), and blended for 10 min. The well-blended
mixture was compressed into tablets using a BWI Manesty \Beta Press (Thomas Eng, Hoffman .
Estafe, IL) at the speed of 500 tablets per minute for a target tablet hardness of 16 to 18 Kp.
All meals and beverages were alcohol- and xanthine-free. Since niacin is available in
the normal diet, the study diet was controlled to maintain a niacin intake of approximately
25 mg a day while subjects were confined to the clinic. Each dose was administered at
approximately 2200 immediately following a low-fat snack.
Subjects began meals at the same time during each period on all days subjects and
were confined to the clinic. Meals were the same for each period, and the entire contents of
each meal were to be consumed. Breakfast, lunch, dinner, and an evening snack began at

approximately 0700, 1200, 1700, and 2145, respectively. The actual meal or snack time for
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2, 3, 4, 4.5, 5, 6, 7, 8 9, 10, 11, 12, 14, 16, and

24 hours after dosing in each period. Sanples were
waele@nn2i3es t he testing area with subjects seat eBCT/ps2ogh04105

in a chair. Blood was collected into 7-nL vacutai ners

cont ai ni ng sodi um heparin and was allowed to cool in

an ice chip and water bath for at |least 5 m nutes

after collection. Sanples were centrifuged at 4C at

approxi mately 3000 rpmfor 15 mnutes to separate the

pl asma. The plasma fraction was transferred into two

chilled, pre-I|abel ed pol ypropyl ene tubes. Sanples were

staqred froze t approxjmtely -700C until ) A
cact S s GRS By S Sybbotsprere require to arin
.concentrations were carried out by HPLC chromatography _.
a miRdmum WE’/%QSHH_@? BEter O Da-hand 1440 TPt [ gnd 4 & S in

.were obtained fromthe sane injection. The |ower limt
addityn 1g,the,$0Q mfof vager ryjenswith ggishidyimgdication AniRaX Were 2
ng/nm._in plasma. Quality control sanples were
evan Payed, dipnes apd ap cysping snagk wepqserved. QyPays 1,2,3,4 &5
Col  ection and Anal ysis Urine will was collectedin
breakfpst, lupeh, Gingt and ae evening snaghk wege serged. Thg eyening snack was

to -6, -6 to 0 hours (i,e., prior to dosing) and O to
consgmegwithim 15 minpitasonilaay 1 i qagh pariod 40p Pay § in gech Reripg, apgneals

72 to 96 hours after dosing (for a total of 11 o
were sgIved @s Ptiects versiraisasey frgm %@ aljaic aftsr thecompletiog of all clinical
transferred into plastic containers equi pped with
procedugast |y fitting lids. Collected urine was kept
refrigerated or in an ice-water bath during the
Evaluation-of Pharmagokingtics The col | ecti on contai ners were
| abel ed to identify the subject nunber and initials,
a. Plagma eellecsioniand &nglysis and prot ocol nunber. The tot al
‘wei ght of urine collected during each interval,
ne%g’é?fi camples weee ehizipeds withimhminutes psientp qosing (i.9.0preidagy) and 1,
was recorded. The start and stop date(s) and tines of
2,3, 8ath, U6, e, Goll 0.cldt 1314 hé.cand A4 haurscafigr desinginmadk geriodacSamples

aliquots (approximtely - : :
were drawn in the testing area with subjects seated upright in a chair. Blood was collected

into 7-mL vacutainers containing sodium heparin and was allowed to cool in an ice chip and
water bath for at least 5 minutes after collection. Samples were centrifuged at 4°C at

approximately 3000 rpm for 15 minutes to separate the plasma. The plasma fraction was
transferred into two chilled, pre-labeled polypropylene tubes. Samples were stored frozen at

approximately —70°C until analysis.

59



2.5 nL) fromeach collection interval were transferred
into two appropriately |abel ed pol ypropyl ene tubes.
wab@7apesss mrens for anal ysis were | abel ed to i deet/uf3007/004105
Kos, protocol nunber, subject nunber, date, collection
interval, study day, and period. The aliquot was
stored at approximately -20C until ready for shipnent.
An addi tional aliquot was obtained for specific
gravity determ nation by the clinical site. Uine
sanpl es were anal yzed for niacin, NUA, MNA and 2-PY.
Bi oanal ysis of urine niacin, NUA, MA and 2-PY
concentrations were carried out by HPLC chromat ograpgg
wi Bieanalysisotilasea nigein angl A A cenrgnimiions oyrse parriad petrhy HPLC
were obtained fromthe sanme injection.In urine the LLQ
chromatpgraphyeiith M8/MS detectian: Nicavand A comgentrptions were atained from
MNA and 2-PY had LLQ val ues of 500 ng/nL and 2500 ‘
the samye injectionpdbe lapedrlimiCpfquantitatiom (I IgQ) gallvpﬂweziaqm aed NUA were
eval uated with each analytical run. c. .Plasm
2 ng/pilainrplasoia. Ruelity doatrahsamples vearel evaluated witRgadh/analytiocak ran.
from subjects providing sufficient informat ion to
cal cul at e pharmacoki netic paraneters for at |east one
treatment was included in the pharmacokinetic
b. UninglGallestiorTéral Andlysisi ng phar macoki neti c paraneters
were cal cul ated for each subject after adm nistration
Wrineemitihwasrcodlected in therfollowing smtarvialsa e24ntoah8, 1Bjto ek, al2 to -6, -6 to 0
Craax: the maxi mum pl asnma concentration observed
hoursT¢imx prioh o dosimg)@hd Oite 6naxe AR 20tosks; 18 tio 24 r4ctot48at8 tm72 and 72 to
the area under the plasma concentration-time profile;
96 haas aftdr aoeid g (fopmtotahef 10 doble¢timsitstmentlasur abl e
concentration by the Iinear trapezoidal rule
Urine was collected and transferred into plastic containers equipped with tightly fitting

lids. Collected urine was kept refrigerated or in an ice-water bath during the collection interval.
The collection containers were labeled fo identify the subjcci numbér and initials, collection
interval, and protocol number. The total weight of urine collected during each interval,
measured to the nearest tenth of a gram (e.g. 100.1 g) was recorded. The start and stop date(s)
and times of each urine collection interval were also recorded. Two aliquots (approximately
2.5mL) from each collection interval were transferred into two appropriately labeled
polypropylene tubes. The specimens for analysis were labeled to identify Kos, protocol
number, subject number, date, collection interval, study day, and period. The aliquot was
stored at approximately -20°C until ready for shipment. An additional aliquot was obtained for
specific gravity determination by the clinical site.
Urine samples were analyzed for niacin, NUA, MNA and 2-PY. Bioanalysis of urine

niacin, NUA, MNA and 2-PY concentrations were carried out by HPLC chromatography with

MS/MS detection. Niacin and NUA concentrations were obtained from the same injection.
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Addi tional PK paranmeters were al so cal culated fromthe
NUA data: AUCo-inf: the area under the plasm
wa@oencani3sati on-time profile; cal culated from tPEEUS2000004105
infinity as AUCo-iast + QK where, C is the |ast
observed quantifiable concentration and Kei i the
termnal elimnation rate constant. Tin- term nal
elimnation half-life calculated as 0.693/ Kei From
niacin, NUA, MNA, and 2PY data in urine: CunX u:
urine recovery for each analyte individually, (i.e.,
t he anobunt of each anal yte recovered in urine) Fe:
fraction excreted in the urine calculated as%. , Fe_ =
In uring the LLQ ypiugt WeragOpg/mLyfor niggin and 200 pginl. farMfA. MNA and 2-PY
Anal yte Total %e: total recovery of niacin, NUA
had IpQ\valyerrfA00 ngfRE end 2aPq Be(mlprespaftively. LQualiResentiol samplgs were
as zero, and actual sanple collection tines were used
evaluated Jyith gash analytieal irdual pl ots of plasna ni acin and NUA
concentrations were generated using WnNonlin
Prof essi onal Network Edition, Version 4.1. Mean plots
of plasnma niacin and NUA concentrations and urine

c. HesopRhaymagokinefic Peragaters apdbripgry\ReeRRYi n 4. 1 and
M crosoft (r) Excel 2000. Plasma pharmacokinetic o
Dt ofrem e pubiopss eprawidingi wéliciento infempdtiopr ¢ | talcylgte pharmacokinetic
W nNonlin. Term nal phase sl ope and apparent half-life
paramgters foptat degst ghaiteeg@tment was included in the pharmacokinetic analysis. The
following pharmacokinetic parameters were calculated for each subject after administration of
each treatment:
From plasma niacin and NUA data:
e Cmna: the maximum plasma concentration observed
® Thna: the time of the maximum observed concentration
o AUCy. o5 the area under the plasma concentration-time profile; calculated from time O to
the last measurable concentration by the linear trapezoidal rule
Additional PK parameters were also calculated from the NUA data:
® AUCq.ins: the area under the plasma concentration-time profile; calculated from time O to
infinity as AUCy 1. + C/K¢1 where, C, is the last observed quantifiable concentration and
K, is the terminal elimination rate constant.
e T,»: terminal elimination half-life calculated as 0.693/K,
From niacin, NUA, MNA, and 2PY data in urine:
e CumX,: urine recovery for each analyte individually, (i.e., the amount of each analyte

recovered in urine)

e Fe: fraction excreted in the urine calculated as
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pl asma niacin data due to the small nunber of
guantifiable niacin concentrations in each plasm
w@ewlitkessand | ack of clearly defined term nal PEEES2007/004105
Al'l urinary pharmacokinetic paranmeters were determ ned
using WnNonlin 4.1 and Excel 2000. The anmpunt of each
anal yte recovered in the urine was determ ned by
mul ti plying the anal yte concentration by the vol une of
urine collected for each interval; the anount
recovered in urine for the 24-hour intervals after
dosi ng was then corrected for baseline recovery by
subtracting the anount found in the 24-hour pre-dose
interval . The gpi,ectaXuyeMift ofof N aned ytes are:
niacin, 123.1; NUA, D8&. 2 s MINAof 13habite 2PY, 153. 1.
Percent recovery of the individual anal ytes was sumed

o Tl 9HC hAEcdvBS JfRHidtlin, RO A ENIN Ofanlid@ydose recover ed.

Statistical Analysis Denogr aphi cs were sunmmari zed

Ustdtehtifionéd Belowsthe ELWerWtEQQH@Q L8, aﬁ(f—‘z[c%.la@ &r&)l@ 2ollection

Conti nuous dermgrap ic data were summari zed y nmean,

tlmessxtv@t@ L lindiRYlyeis! m:&:@@l gl&? 8F ABsmAThiab MU NUA cOReEh s were

val ues. Bi oequi val ence paraneters were eval uated by

penetd®idNR i QRAPYREGOEE NIk EdR ], Vebdion¥ B N‘Rﬂ!ah Ibidts &f plasma

using the natural |og-transformed data. The nodel

niacih Q&& NUSH cSROMERRRSs ard /i %A@ vfe‘?ag&{egﬁebd REWilenlin 4.1

and treatnent. B oequival en S asse

and l\si c?gs%h@’ %xcgl(b(%ﬁoﬂas g%@%ﬂk&%ﬁﬁ]!&é %&%%W%ﬁg °t%r¢'mfng& from each

ratlo of t t est O rererenc

I
profi Fgﬁy rf 1@1 ﬁ\l-grn) gf‘f"\lg? aslgg%e gné al;fpg.lrJ &Eﬁlﬁ? ?rg no"f" cu%]ted for
consi d e b| U|val 0%

d .
plasnyg Biaci %rg% fug % B e GhinneLof taphiabie Siagiy combensafio g o cach

plasrrtxahproﬁle and lack of clearly defined terminal phase.

All urinary pharmacokinetic parameters were determined using WinNonlin 4.1 and
Excel 2000. The amount of each analyte recovered in the urine was determined by
multiplying the analyte concentration by the volume of urine collected for each interval; the
amount recovered in urine for the 24-hour intervals after dosing was then corrected for
baseline recovery by subtracting the amount found in the 24-hour pre-dose interval.

The molecular weights of the analytes are: niacin, 123.1; NUA, 180.2; MNA, 137.1;
2PY, 153.1. Percent recovery of the individual analytes was summed to calculate the total

percent of the dose recovered.

Statistical Analysis

Demographics were summarized using the SAS® System for Windows™, version

8.02. Continuous demographic data were summarized by mean, standard deviation (SD),

median, minimum, and maximum values.
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paraneters used were Cmax for NUA in plasma and total
amount of niacin and netabolites excreted in the

waeioia203€nfi dence i nterval s were al so det er m PedusmN7/004105
ni acin plasma (Cmax and AUCo-i ast) and individual % Fe
(Niacin, NUA, MNA, 2PY) for urine data. Results
Forty-four healthy, nonsnoking wonen and nen, 40 to 70
year s- of -age, inclusive, who nmet the protoco
inclusion and exclusion criteria, were enrolled in the
study. Subjects were sel ected based on no tobacco use
for at least 120 days prior to receiving the first
dose of study nedication and the ahsence _of an
c| Bifieguivplgnes pasametersiyere pYaivatersby uaing thediogayivalgnce wizard built in -

. hlstor¥ physi cal exam nation, electrocardi ogram

WinlNerliyy 4.1 ysinedhs pateral logdmastermed dasa ol heampdsi dncligedspquenge, subjects
subj ects who were enrolled, 4 1 subjects conpleted the
gﬁﬁawencervpsﬁpgba@ﬂgfwtmj ects were nen, and 16 subjects
were wonmen. The nmean age was 5 1 years, the nean
weBgmuwalgnmaﬁo@me@i byelassiaakb90% sanfidangp intewal (§1) estimates for
inches. Thirt i X subjects were Caucasian, 6 were

the rggjgefithe gegtitoze e (ERNZMNSP, ERN-3/NSB, BRNo3/NSE) pE leasisguare
illustrated below in Table 18. Table 18. Summary of

means, bised on patwstirlag pesformeddata: chreatmentgoysre sensidesed to be

. AUSubj ects Male Femal e Nunmber of Subjects 44 28 16Age

bioequiyle®of the 8% Glsywera wishim 80;to1126%0 Fox bipgquinalienge deerminations the
56 M n"Max 40, 67 40, 67 44,67

parameters used were Cpax for NUA in plasma and total amount of niacin and metabolites

excreted in the urine. Confidence intervals were also determined for niacin plasma (Cmax and
AUC.1ast) and individual % Fe (Niacin, NUA, MNA, 2PY) for urine -data.
Results
Forty-four healthy, nonsmoking women and men, 40 to 70 years-of-age, inclusive,
who met the protocol inclusion and exclusion criteria, were enrolled in the study. Subjects
were selected based on no tobacco use for at least 120 days prior to receiving the first dose of
study medication and the absence of any clinically significant findings from the medical
history, physical examination, electrocardiogram (ECG), and clinical laboratory evaluations.
Of the 44 subjects who were enrolled, 41 subjects completed the study. Twenty-eight
subjects were men, and 16 subjects were women. The mean age was 51 years, the mean
weight was 171 pounds, and the mean height was 68 inches. Thirty-six subjects were
Caucasian, 6 were Black, and 2 were Hiépanic. Detailed demdgraphiés are illustrated below

in Table 18.

Table 18. Summary of Subject Demographics

Parameter Category  Statistic  All Subjects Male Female
Number of Subjects ' 44 ‘ 28 16
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Gender Male n (%9 28 (63.6% Female n (% 16 (36.4% -
- Race/Ethnicity Caucasian n (% 36 (81 .8% 23

WO 2@73%3813 (29.5% Black n (%9 6 (13.6% 3 ( PCBY$2087/004105
6.8% Hspanic n (% 2 ( 4.5% 2 ( 4.5% 0 Height (in)
Mean 68.3 70.3 64.9 SE 0.63 0.71 0.52 Median 68 7 1 65
Mn,Max 61,76 6 1,76 62,70 Weight (lbs) Mean 170.5
179.7 154.5 SE 3.36 3.26 5.35 Median 169 178 146
M n. Max 134,206 155, 206 134, 204 Frane Size Small n (%
6 (13.69%9 5 ( 11.4% 1 ( 2.3% Mdiumn (% 3 1
(70.5% 2 1 (47.7% 10 (22.7% Large n (% 7 ( 15.9%
2 ( 4.5% 5 ( 11.4% ElIbow Breadth (in) Mean 2.7 2.8
gA%SSE 0.04 0.04 0.06 Nedian 3 3.3 Mn, Maye 2. 13, 3-5§_§

,3.25 2.13,3.00 ¢ 111 1.25 1.60
Median 50 46 56
Min,Max 40,67 40,67 44,67
Gender Male n (%) 28 (63.6%) — —_
Female n (%) 16 (36.4%) — —
Race/Ethnicity Caucasian n (%) 36 (81.8%) 23 (52.3%) 13 (29.5%)
Black n (%) 6 (13.6%) 3( 6.8%) 3( 6.83%)
Hispanic n (%) 2( 4.5%) 2( 4.5%) 0
Height (in) Mean 68.3 70.3 64.9
SE 0.63 . 0.71 0.52
Median 68 71 65
Min,Max 61,76 61,76 62,70
Weight (Ibs) Mean 170.5 179.7 154.5
SE 3.36 3.26 : 5.35
Median 169 178 146
Min,Max 134,206 155,206 134,204
Frame Size Small n (%) 6 (13.6%) 5(11.4%) 1( 2.3%)
Medium n (%) 31 (70.5%) 21 (47.7%) 10 (22.7%)
Large n (%) 7 (15.9%) 2 ( 4.5%) 5(11.4%)
Elbow Breadth (in) Mean 2.7 2.8 C 25
SE 0.04 0.04 0.06
Median 3 3 3
Min,Max 2.13,3.25 2.253.25 2.13,3.00

a. Assessment of Bioequivalence

Forty-three subjects provided plasma and urine data for the reference (NSP) treatment.
Forty-two subjects provided plasma and urine data for the ERN-1 and ERN-2 test treatment.
Forty-one subje;:ts provided plasma and urine data for the ERN-3 test treatment. Nominal
times were used for mean tables, mean piots, individual plots and con;:entration listings. Fox-'
PK analyses the following rules were used:

For sampling times from 1- 10 hours (inclusive): Actual times were used for deviations

of 5 minutes or greater. For deviations less than 5 minutes, nominal times will be used.

For sampling times greater than 10 hours: Actual times were used for deviations of 10
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a. Assessnent of Bioequival ence Forty-three subjects
provi ded plasma and urine data for the reference (NSP)

WO e@atinesst . Forty-two subjects provided pl asnaPends2007/004105

urine data for the ERN-1 and ERN-2 test treatnent.
Forty-one subjects provided plasma and urine data for
the ERN-3 test treatnent. Nom nal tines were used for
nean tabl es, nean plots, individual plots and
concentration listings. For PK anal yses the foll ow ng
rules were used: For sanpling tinmes from1- 10 hours
(inclusive): Actual tines were used for deviations of
5 mnutes or greater. For deviations less than 5

minyiesRrreseatern o dryiationgdess than [10 minutss dontiyl tiszesyyill g used.

inT

times greater than 10 hours: Actual tines were used
f oPumEarastatistics &ir plasmamiacis and N§iAephasmacdkinetigegarameters gre shown
| ess than 10 minutes, nomnal tines will be used.

y statistics for plasma niacin and NUA
phar macoki netic paraneters are shown in Table
18A. Tabl e 18a: Summary of Plasnma Bioavailability
Paranmeters and Statistics Each treatnment consists of
2000 ng niacin, N =42 for ERN-1 and ERN2 , 4 1 for
ERN-3, and 43 for NSP NSP is the reference treatnent
*Ratio of the | east square neans of the natural -1Iog
transforned Niacin and NUA Crax and AUCo-i ast- Medi an
and range are presented for T 1 xMean plasma profiles
for niacin and NUA are' shown in Figures 14 and 15. b.
Plasma Data Plasma Niacin Al subjects had a pre-dose
val ues below the LLQ AlIl subjects had neasurabl e
ni acin concentrations from4.5 to 12 hours post dose
after each treatnment. Mean niacin Crax was 5288, 4223,
5671 and 4707 ng/nL for ERN-1 , ERN-2, ERN-3
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and NSP, respectively. Mean niacin AUCO 1 was 13896,
10207, 13507 and 12315 ng*hr/nL for ERN-1, ERN 2,

WERN732@88 NSP, respectively. Median Tn2x for PCHUB2007/004105
was 6.0 hours for ERN-I and ERN-3, and 5 hours for
ERN-2 and NSP. The ratios for natural-1og transforned
Cmax and AUCo-iast were greater than 100% for all
three-test treatnments when conpared to NSP. The ratios
for niacin Chmax were 139% 116% and 166% for ERN-1I,
ERN-2, and ERN-3, respectively. The ratios for niacin
AUC 0- iast were 137% 112% and 151% for ERN-I, ERN 2,

and ERN- 3, respect |Pvel y. The l90% CI S for nat ur aI - og

able 18a: ary 0k H e ary 1 2

and 135 to 203% faor FF\’I\I-I FRN-2 3 d ERN—S
respectlivel y__ ForPlasme MNiagin. | aog transformed nj Rissma NUA
AUCO-1g ,, the 90% Cl s weStatisticst t 0 (164% 94 to 1B4% Statistics
and 126 to 181% for E @ d ERN- 3, 509509
arkSsdpect|i y. The 908 " 1 e, O X BNd % [ 0ivs op °
i AUCf.g |as¥1€%/’\l/ere sgﬁt sFHi&l /e ggi&vj egnhge ranglgl oﬁV?Gt-'o(/") Lo(i[,e,uger
125% The niacin datal was highly variable wth CVS
Coo. @) Ng from 76 to 170% for Crax and AUCo-iast fpr all
EROUr t rleatsmentsass Pl a5 messlds COBI2OLI0I26] 266170 TL86  SUPjH A0S 101.10120.78
Eked pogidiie prssdose] NUAsconsennabb@ns. 1265858 Vesss 96.06 114.90
EENBj ect| RORB (sBevd 0ds P165ERNY 89 Z0aRE8647Isat 149934 .44 123.09 112.52134.65
NEP/ L) ,| a0 ecksa30 (eri-od 2,- ERN- Jos@encephsatsypn . . -
AULS5 ng/ mL), and subject 33 (Period 2, ERN 2,
(mg*tvmbent|rati on 3.26 ngf ). No corrgction was madg to
ERYrdse pl38fd Bi7871 | B3| Li6/8d ol 10AR16380/1366%% 76515 56| 103.70 96.46 111.48
ERNAcent|1 %07 Bndl5iks e”énl‘y? 128419 B424268F 0698 and4 D 9332, 88.06 101.89
ERY-3t he [&r8%0 1 §149%tib}08c 15868012867 BOJY!3aPRL OT¥ZB3 53| 109.27 101.57117.55
Y¥spect|il¥dty. 2105 b}j ects had neadliféhi e75SRRA 58| - - -
Tegthcent{rati ons from 3 to 16 hours gost dose aftef each

D

ERN-¢at NgN6.00 (1.00-9.08) 6.00 (2.00-9.08)
ERN-2 500 (2.00-8.00) 5.50 (2.00-9.00)
ERN-3 6.00 (1.00-8.00) 6.00 (1.00-8.00)
NSP 500 (2.00-8.00) _ 5.00 (2.00-9.00)

Each treatment consists of 2000 mg niacin, N =42 for ERN-1 and ERN-2 , 41 for ERN-3, and 43 for NSP
NSP is the reference treatment

* Ratio of the least square means of the natural-log transformed Niacin and NUA Cmax and AUC aqt-

®Median and range are presented for Ty
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Mean NUA Cmax was 2822, 2616, 3058 and 2540 ng/nL for
ERN-1 , ERN-2, ERN-3 and NSP, respectively. Mean NUA
weRIONASN38Was 13664, 12069, 13960 and 13070 ng*PeT/mk2000004105
ERN-1 , ERN-2, ERN-3 and NSP, respectively. Median NUA
Tmax was 6.0 hours for ERN-1 and ERN-3, 5.5 hours for
ERN-2 and 5.0 hours for NSP. The termnal elimnation
rate was cal cul ated for each subject and treatnent
when possible. Mean t ]/2 was 3.4 hr for ERN-1, ERN-2
and ERN-3 respectively and 3.1 hr for NSP. Mean AUC f
was 13602, 11913, 14136 and 13009 ng*hr/nlL for ERN-1,
ERN-2, ERN-3 and NSP, respectively The ratios for
natural -1 og transformed Crax and AUCwast were greater
than 100% for treatnments ERN-1 and ERN- 3 when conpared
t oMeapPlagpa profestor piasinand NYAare shoya iy Rigures 14 anchlS.
100% whi l e the AUCo-iast ratio was | ess than 100% The
ratios for NUA Cmax were 111% 105% and 123% f or
ERN-1, ERN-2, and ERN-3, respectively. The ratios for
b. Plagna Rat2 0-1a were 104, 95% and 109% for ERN-I, ERN-2,
and ERN- 3, respectively. The 90% Cls for natural -1 og
Plas rmed NUA Cmax were 101 to 121% 96 to 115% and
113 to 135% for ERN-I, ERN-2 and ERN- 3 respectively.
Fofllsubigets had a gra-dess yrlyesrbelowtae AUOD All subjectsthiad ng@gerable niacin
Cls were 96 to 111% 88 to 102% and 102 to 118% for
concertyations frppg-45 s 2 RIS post degreafier gaghytreathentp0% Cl s f or
both the Cnax and AUCo-iast were within
t hidsan BigainGr.e Wee 5288 48255630 and 4707 ng/mEre ERMq L ERN-2, ERN-3
ERN-2. For ERN-3, the 90% Cl for Crmax was outside the
and MBP, regwetivalyyeMsan niahist AUG L. WRICH3§9%6s 1 020s 1 3%47hind 12R &S ng*hr/mL
80-125% range. The NUA data was highly variable with
for ERDG 1 olBRWN 2, FRN-Gwnfl HISPCrebpectivaly. Medimni Bat for miacil waf @0hours for
treatnents.
ERN-1 and ERN-3, and 5 hours for ERN-2 and NSP.

The ratios for natural-log transformed Cpax and AUC.j,s; Were greater than 100% for
all three-test treatments when compared to NSP. The ratios for niacin Cmax were 139%,
116% and 166% for ERN-1, ERN-2, and ERN-3, respectively. The ratios for niacin AUC,.
last Were 137%, 112% and 151% for ERN-1, ERN-2, and ERN-3, respectively. The 90% Cls
for natural-log transformed niacin Cpax were 113 to 170%, 94 to 142% and 135 to 203% for
ERN-1, ERN-2 and ERN-3, respectively. For natural-log transformed niacin AUCo,,,, the
90% ClIs were 114 to 164%, 94 to 134%, and 126 to 181% for ERN-1, ERN-2 and ERN-3,
respectively. The 90% Cls for both the Cmax and AUCo.1u Were outside the equivalence
range of 80-125%.

The niacin data was highly variable with CVs ranging from 76 to 171% for Cpnax and
AUCq a5 for all four treatments.

Plasma Nicotinuric Acid
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c. Uinary Recovery of Niacin and Metabolites A

specific gravity of 1 was used to convert urine
wowighesst o vol unes. This was based on a previ BUBUS100T§04105

with NI ASPAN(r) where the nean specific gravity

measured in 962 sanples was 1.009 g/tnL and the

maxi mum specific gravity neasured in 962 sanpl es was

1.025 g/ L. Mean urine recovery data are shown in

Tabl e 19 and depicted in Figure 16. Table 19. Summary

of Urinary Bioavailability Parameters and Statistics

Uri ne Recovery Statistics (% of dose) Lower O@bUpper

90% Mean, SD Rati o( ¢ Cl ERN-] 241 2 08
3 Fhipegubieqs pag Rosgys BY-desabii Eraesmiratiops 1 hesq grepsublect 0028
112 07.92 30 136 07 Recovery ERN-3 2 37 1 74 73 6 147
(Pertpdy2, ERN-, congergragion 4eif rgé/m&y sutpgct3poPeriod 2, ERN:3, conagtration
4 39 44 4 100 17 92 03 109 02 NUA ERN-2 8 96 4 16 46 4
2.75gw/mL) apd subject 3 (Reriqebd,didN¢. camqengratipn .26 ug/mla. N cprrection
105 99 97 3 1 115 45 NSP 9 88 4 52 45 7 _ _ _ ERN-l 14

was madg tqythesegplgsmy profilesgingg thpoprgglose concentrations were only about 0.24%,
0.06% and 0.53% of the Cnax for subjects 0028, 0030 and 0033 respectively. All subjects had

meaéurable NUA concentrations from 3 to 16 hours post dose after each treatment.

Mean NUA Cpax Was 2822, 2616, 3058 and 2540 ng/mL for ERN-1, ERN-2, ERN-3
and NSP, respectively. Mean NUA AUC,,., was 13664, 12069, 13960 and 13070 ng*hr/mL
for ERN-1, ERN-2, ERN-3 and NSP, respectively. Median NUA T Was 6.0 hours for
ERN-1 and ERN-3, 5.5 hours for ERN-2 and 5.0 hours for NSP.

The terminal elimination rate was calculated for each subject and treatment when
possible. Mean t;, was 3.4 hr for ERN-1, ERN-2 and ERN-3 respectively and 3.1 hr for NSP.
Mean AUC;;s was 13602, 11913, 14136 and 13009 ng*hr/mL for ERN-1, ERN-2, ERN-3 and
NSP, respectively

The ratios for natural-log transformed Cpax and AUCp 1. Were gréater than 100% for
treatments ERN-1 and ERN-3 when compared to NSP. For ERN-2, the Cax ratio was
greater than 100% 'while the AUCMm ratio was less than 100%. The ratios for NUA Cmax
were 111%, 105% and 123% for ERN-1, ERN-2, and ERN-3, respectively. The ratios for
NUA AUC.1a5t were 104, 95% and 109% for ERN-1, ERN-2, and ERN-3, respectively. The
90% ClIs for natural-log transformed NUA Cpax were 101 to 121%, 96 to 115% and 113 to
135% for ERN-1, ERN-2 and ERN-3 respectively. For natural-log transformed NUA AUC,.
s, the 90% Cls were 96 to 111%, 88 to 102% and 102 to 118% for ERN-1, ERN-2 and

ERN-3 respectively. The 90% CIs for both the Cpax and AUCq.jast Were within the
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MNA ERN-2 14 52 4 51 3 11 93 26 88 10 98 71"

Recovery ERN-3 14 90 5 18 34 8 96 35 9 1 0 1 102 or
wWOSP7420385 3 50 23 3 - - - ERN-I 37 17 6 4 1 1RCRUSBO1LGI4105

88 90 97 64 2PY ERN-2 38 06 5 95 15 6 94 89 90 52 99

47 Recovery ERN-3 38 49 7 9 1 20 5 94 9 1 90 52 99 50c

NSP 40 0 1 7 84 19 6 - -ERN 63 91 9 34 14 6 94 79 90

85 98 90 Total ERN2 63 44 9 36 14 8 94 28 90 35 98 39"

Recovery ERN3 66 16 12 12 18 3 97 70 93 60 101 97 NSP

67 14 9 47 14 1 - - - Each treatnent consists of 2000

mg niacin, N =42 for ERN-1, ERN-2 and NSP, and Fl 1hfor

RN-3. NSP is_the reference treatment a Ratio of the

b‘°¢ﬂ'é‘éf§'?“%‘q‘iﬁ‘3$“e°§1éﬁi K& 78 for RNl ang BRNt 2 Eor ERN3.3her8P6 CI for Crnax

R f Ni NUA, MNA, 2 and Tot al Recover
was s%@’efs@%?@la?%?{%%w R A e o D S B0y 635 range.

bi oequi val ence e., 90% Cl within 80-125% '
&%ﬁm Spta s highly yar vﬂtkw(w s ghoyt £8:88%fPy Cmagd AUCo.1ast for
Tot al Recovery). Total Recovery Total recovery of
all foyrdreatments.t he” uri ne as niacin, NUA, MNA, and 2PY was
67.14% f or

¢. Urinary Recovery of Niacin and Metabolites

A specific gravity of 1 was used to convert urine weights to volumes. This was based
on a previous study with NIASPAN® where the mean specific gravity measured in 962
samples was 1.009 g/mL and the maximum specific gravity measured in 962 samples was
1.025 g/mL. | |

Mean urine recovery data are shown in Table 19 and depicted in Figure 16.

Table 19. Summary of Urinary Bioavailability Parameters and Statistics

Urine Recovery Statistics
(% of dose)

Lower90%  Upper 90%

Mean SD % CV Ratio(%)* CI CI

ERN-1 241 208 863 13491 111.24 163.60

Niacin [ERN-2 191 170 891 112,07 92.30 136.07

Recovery ([ERN.3° 237 174 736 147.01 121.01 178.60
NSP 211 273 1293 - - -

ERN-1 990 439 444 100.17 92.03 109.02°

NUA |ERN2 896 416 464 9201 8449 100.19°

Recovery [ErRN.3 1041 481 462 105.99 97.31 115.45°

Nsp 9.88 452 457 - - -

ERN-1 1442 405 281 94.22 89.04 99.69°
MNA |ERN2 1452 451 311 93.26 88.10 98.71°
Recovery |ErN.3 1490 518 348 96.35 91.01 102.01°

NSP 1505 350 233 . - . - . -

ERN-1 37.17 641 172 93.16 88.90 97.64°
2PY ERN-2 3806 595 156 94.89 90.52 99.47°
Recovery |ErRN-3 3849 791 205 94.91 90.52 99.50°

NSP 4001 784 196 - - -
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NSP and 63.91% 63.44% and 66. 16% for ERN-1, ERN- 2,
and ERN-3, respectively. The |east square neans ratio
wo@Roorhzo3Boge transforned %e for total recoverBCTES®07/004105
95% 94% and 98% respectively for ERN-1, ERN-2 and
ERN-3. The 90% Cl for the ratios were 9 1 to 99% 90
to 98% and 94 to 102% respectively for ERN-1, ERN-2
and ERN-3 indicating that the total amount excreted in
urine by the 3 test fornul ations were equivalent to
NSP based on the 80-125% confi dence interval. d.
Concl usi ons of the Bioequival ent Assessnent
Phar macoki neti c anal ysis of NUA data indicated that
pejak expqFBrie dlastredrby Crax wa®thi gheposfor al |l #boe
3 |t epdeall QrERREl adshaonsss ( BRN- |, ERN- 29428RN- 33038 conpag g
t Ol Rebt®erty's Skl Qs fU 1L Qs NSP by 5 §,9, 23% g.khe 90% Y, o

for the Iel%§t squay e nean ratios for the loge
tr o8y wele "l thin the 80-125% range faor -

ERRPCP trepiBenERREIDs qf A0 matnjapip N T3 HorERN<eERNR pad N§P} g1 for
Blo UI vaI ent to NSP with respect to NUA For
‘St outS| e the 80-125% r nge for

Cn'ﬁ}&cm eas square rﬂj& 3&, E tlaﬁs ml’g%ﬁg

bi oeqw val’ ent to NSP. T n total anount of n| acin

andRm‘tea/kPéhlP*t"eélUéxWét@d2Phcqmblnn@ was 63 to 66% for

t hesuggese Bibeqhivilendt at.| WasCIandin §0-Y05hofr dRI-I0ET act i on

extmeformd NNA, SPAR¢cewty, indTotalRecqyeyent ni aci n f ol | owed

by NUA, MNA and 2PY (37.2-40.0% . Total recovery

WE@SM[RchA@EEZ to 6% | ower for the test fornul ations
as conpare o NSP. The 90% ClI for the | east square

MeqBtal @cb&k?r% SF niab ih A%eurtdeaR SIRHTRA raﬁ? 9}50 i ﬁv@?sl 4% for

within th 0- 125% r ange, and tfws eqw va en

NSP%nH 8310150651443} | 6% ¢S BT ad ERN-DSRd Eﬁ@@%r fsp&lidely. The

one enbodi ment of t i nventi of conprises
least's§hAE MEard Selo LHOR lgEe transformed %Fe for total recovery were 95%, 94% and

98% respectively for ERN-1, ERN-2 and ERN-3. The 90% CI for the ratios were 91 to 99%,
90 to 98% and 94 to 102%, respectively for ERN-1, ERN-2 and ERN-3 indicating that the
total amount excreted in urine by the 3 test formulations were equivalent to NSP based on the

80-125% confidence interval.

d. Conclusions of the Bioequivalent Assessment

Pharmacokinetic analysis of NUA data indicated that peak exposure measured by Cpmax
was higher for all the 3 test formulations.(ERN-l, ERN-2, ERN-3) as éompared to the test
formulation NSP by 5 to 23%. The 90% CI for the least square mean ratios for the log.
transformed Cpmax Were within the 80-125% range for ERN-1 and ERN-2 indicating that these
formulations were bioequivalent to NSP with respect to NUA. For ERN-3, the 90% CI were
outside the 80-125% range for Cyax, indi-cating that formulatioﬁ ERN-.3 was not bioequivalent

to NSP.
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ext ended-rel ease ni acin pharmaceutical conposition
whi ch when adm ni stered to subjects in a bioequi
wQ adoenemsst udy conparing a single dose of fourP&D0S2007/004105
NI ASPAN(r) tablets to a single dose of to of said
reformul ated 1000 ng ng extended-rel ease niacin
conpositions provides 90% Cl's for a natural -1 og
transforned ratio of the appropriate bioavailability
paranmeters within a 80%to 125% interval. In a
preferred enbodi nent, the bioavailability paranmeters
are NUA Crax (ng/m ) and Total Recovery, or N acin
Cmax (ng/m) and Ni acin AUC.- EXAMPLE 6 The purpose_of:
t Fihe rgqalndgta?mow of etaemmqlénetawlm%%ﬁtﬁtﬁﬁpéﬁee Q‘(aeé? 13 66% for
the coated versus uncoat ed, - 1000 ext ended-r el ease ..
the 3 tgshfarmulatipnend 1% fordNSPnEaagtion exereidayassgnallgst for the parent niacin
herei nafter as "reformnmul ated" tablets), when o ~
followethby NS MY Acend 2R3 (71 2:40:8%- Tetabrgeryerymeauieel Wasd a7 lower
The study was a random zed, single-center, open-|abel, |
for the test Faymudasiens asyeprpaged: tog¥§B\Ehe e Y faritheileastsgparg gnean ratios of
nonsnoki ng nal e and fenal e vol unteer subjects, 40 to
the log0 trgmsforsnedf togajaecavan! web wathirshg §0d26% faage apd thus equivalent for
repl aced. Each subject received two , ‘
the 3 néshGarmiubations as ¢ammparedfoNSBnd REF, in the same single
dose of 2000 ng on two separate occasions, with a
was trondinglyr orecenafodientanf sheiavention compeises anigformadated 1000 mg
consisted of two tablets of coated refornulated 1000 =
exteriigd-eeltasa détin plarmsesuticalciompasition dichErhenpdsyigisegedstp subjects in a
two tablets of uncoated refornulated 1000 ng .
bioeqivaacte dtudg comparimg asingle dose bf Hus 800 me NIAHPANPD dabdets to a single
wth 240 nL of water after a |l owfat snack beginning .
dose af teagizanhieframelape 000N g g extgnided-yelease Diaginicaptpasiions provides
period. Subjects were housed during the 6-daY st udy
90% (GH1si forla hatayal-logl trans fatmed 53tioéf theappropriate bioavailability parameters

within a 80% to 125% interval.
In a preferred embodiment, the bioavailability parameters are NUA Cmax (ng/ml) and

Total Recovery, or Niacin Cmax (ng/ml) and Niacin AUC.

EXAMPLE 6
The purpose of this study was to determine the bioequivalence (BE) of the coated
versus uncoated, 1000 mg extended-rélease niacin tablets‘ of the; invention (referred to
hereinafter as “reformulated” tablets), when administered as a single dose of 2000 mg.
Study Design
The study was a randomized, single-center, open-label, single-dose, two-way
crossover study in 44 healthy, nonsmoking male and female volunteer subjects, 40 to 70

years-of-age, inclusive. Drop-outs were not replaced. Each subject received two niacin
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treatnment and received neals according to
sponsor-provi ded nenus during each treatnent period.
wOloosiksss nedi cati ons, vitam ns, herbal or nutPCT/USVAT/004105
suppl enents were permtted during the study. Seri al
bl ood sanples were collected fromwithin 30 mn prior
to dosing out through 24 hrs post dose after dosing at
the intervals: -30 mn (pre-dosing), 1, 2, 3, 4, 4.5,
5 6, 7, 8, 10, 12, 14, 16, and 24 hrs (post-dosing).
Urine was collected from24 hrs prior to dosing until
96 hrs after dosing at the intervals: -24 to -18, -18
to -12, -12 to -6, and -6 to O hrs re-dosing); O to
formglatigns, Jestzand]REF gin the sarge sipglg dose of &50‘2@% %BW%Sepzrate occasions,
and 72 to 96 hrs (post-dosing). Plasma was anal
with g gyashout pieriod 9 40 Mays batvesredases Bhal gt sansigged pf %ntq ﬁ%blets of coated
and its netabolites: NUA, MNA, and 2-PY. Subjects
refortnadpted 18Q0 dngtextendedsralense inigsin gndethe hREEyCOWHé‘ﬁdtheS)W tablets of
were confined to the clinic during each period. Mea
uncogied aefoanulated 1008 mg eitended-telgare piacinodl aﬁhfépssn&aSeaﬁmm'étered with
contents of each nmeal were required to be consuned.
240 BELafifasertafter adew-fatginasiebeginmieg atrappraximatglys? 2@k hoprs dys) on Day 1
at approxi mately 07:00, 12:00, 17:00, and 21: 45,
of eack peried. | Sultiscts Whes housedduringthe 6rday study periag (day—1daday 5) of each
subj ect was scheduled relative to the actual dosing
treatiinteandSedseived aneady ecooeding te gpensortpiavided memisndurings eaghgreatment
nm. of water on Day - 1 and 1440 nL ofwater on Day 1
periadhr Nogithér ingdigaldinsi gitaminsst herbaldor niktrlﬁpnaalmueplegﬁem?nwefe permitted
with the study nedication on Day 1. On Day - 1, dinner
durirgrttle sledpveni ng snack were served. On Days 1 through 5,
breakfast, |unch, dinner, and an evening snack were
seSerad bloﬂiesampmlwage soitectedyfeam wathisudRaimptior ta dosing out through 24
m nutes just prior to dosing on Day 1 in each period.
hrs pOst @@y aGer dositeg atatle Mtemvals S winnpreedosing), 1, 2, 3,4, 4.5, 5,6, 7, 8, 10,

12, 14, 16, and 24 hrs (post-dosing). Urine was collected from 24 hrs prior to dosing until 96
hrs after dosing at the intervals: -24 to —1'8, -18 to -12, -12 to -6, and -6 to 0 hrs (pre-dosing); 0
to 6, 6 to 12, 12 to 18, 18 to 24, 24 to 48, 48 to 72, and 72 to 96 hrs (post-dosing). Plasma
was analyzed for niacin, and NUA. Urine was analyzed for niacin, and its metabolites: NUA,
MNA, and 2-PY.

Subjects began meals at the same times of each day when they were confined to the
clinic during each period. Meals were held at the same for each period, and the entire
contents of each meal were required to be consumed. Breakfast, lunch, dinner, and an
evening snack began at approximately 07:00, 12:00, 17:00, and 21:45, respectively. The
actual meal or snack time for each subject was écheduled relative to the actual dosing time.

Subjects were required to drink a minimum of 720 mL of water on Day -1 and 1440 mL of
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served as subjects were discharged fromthe clinic

after the conpletion of all clinical procedures.
weeaaaBsdn of Pharmacoki netics a. Plasma Col | BCT/US2907/004105

and Analysis Serial blood sanples were coll ected

within 30 min prior to dosing through 24 hrs after

dosing in each period (15 sanples/treatnent). Each

bl ood sanple was collected into one 17-nL vacut ai ner

cont ai ni ng sodi um heparin and was allowed to cool in

an ice-chip and water bath for a mnimumof 5 mn

after collection. Sanples were centrifuged at 4 C at

t el 00
eSO T 379 e 0 1 SRR Sy mecicton
aliquots, Aliquot A and B, and transferred into two '
OnDﬁbfé-—chilled appropriately | abel ed polypropylene t ubes

nples were then stored frozen at approxjnatel

un(t)i‘ Paynk| djanes andpn eyening snagk W ereIeEE%: .Qﬁb T fiko ‘ég% 5, Breakfast,
anal yzed by valjdated |iquid chronatography t andem

lunchyglinp g,Ff@étqncfg/@BW SPE@ wemg}'ve Ni BRS $VeRHE W was consumed within
concentrations were obtained fromthe sanme, injection

15 mirpges|justeprior tqﬁqsnworqlaam iR gachgsriog. Op Day 6 pokeriodiZ ap ﬁneals were
and NUA was 2 ng/nL in plasma. Quality control sanple

serveglppse sehiggts Vg qhar&eécﬁoalnﬁ}eyeﬁl@awﬂ%rfhe rompletinn of all clinical
Col l ection and Analysis Urine was collected for the

procgdyrdsowi ng i ntervals: -24 to -18, -18 to -12, -12 to
-6, -6 to O hrs (prior to dosing), and O to 6, 6 to
12Evalpatien ofPharmacekineticss to 48, 48 to 72, 72 to 96
hrsafter dosing (for a total of 11 collections). Urine

a. Plagma Eollecsiopand Amglysisansferred into plastic containers
equi pped with tightly fitting |lids. Collected urine

neSeried blood spmplss Pyare gollpctqdnwishini30dninaRriar t dpsing Hypygh 24 hrs after
dosir}gh?n 2a§)<:|hI Egr}oldo(nISI snz:n?prl(\e/s?tlreatment). Each blood sample was collected into one
17-mL vacutainer containing sodium heparin and was allowed to cool in an ice-chip and water
bath for a minimum of 5 min after collection. Samples were centrifuged at 4° C at
approx-imately 3000 rpm for 15 min to separate the plasma. Each plasma sample was divided
into two aliquots, Aliquot A and B, and transferred into two pre-chilled, appropriately labeled
polypropylene tubes Samples were then stored frozen at approximately -20° C until analysis.

Niacin and NUA concentrati(.)ns were andlyzed by validated liquid chromatography

tandem mass spectroscopy (LC/MS/MS). Niacin and NUA concentrations were obtained
from the same injection. The lower limit of quantitation (LLQ) for both niacin and NUA was
2 ng/mL in plasma. Quality control samples were evaluated with each analytical run.
b. Urine Collection and Analysis

' Urine was collected for the following intervals:~-24 to -18,-18 to -12, -12to -6, -6 to O

hrs (prior to dosing), and 0 to 6, 6 to 12, 12 to 18, 18 to 24, 24 to 48, 48 to 72, 72 to 96 hrs
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The coll ection containers were |abeled to identify the
subj ect nunber and initials, collection interval, and
wW@e@ra2BBs number. The enpty contai ners were weP@hes2000004105

the nearest tenth of a gram(e.g., 100.1 g) and this
was witten on the container and docunented on the
| ab' s source docunment worksheets. At the end of each
interval, the total weight of the container and the
coll ected urine was neasured to the nearest tenth of a
gram and recorded. The wei ght of the urine was derived
by subtracting the weight of the enpty container from
the total weight of the container plus the urine. In

after dosing (fas @ totalidfd l\wolleation®® urine during a given
collection interval exceeded the capacity of a single )
codting wes colidrtadeindrteanaferred ntd plastic aprtainerseequipped widdightly fitting
to obtain a conplete urine collection. The start and )

lids. €pUectethurix{es)ashkept tafrigerated oe ircan igeiwaterdath dugingghe collection interval.:
interval were also recorded. Two aliquots :

The ¢alpotion comtainkss Rers latielahitonidentifyrthe subjeesorumber japd initials, collection
interval were transferred into two appropriately

interval padepkopuwiol puobsrl eTie ¢mptyscontainarpmsre waigheho the nearest tenth of a
container was required during a particular collection

grami (etger ML 1 g) dnel thisi was Written dothe cootainer aed doqwment¢dcernthe lab’s source
toget her before the aliquots were taken. Sanpl es were

docustent edrshesten Aattheappd ok eavht ieteyval 2(he Gotahwielghtinfikhes¢ontainer and the
Urine sanpl es were anal yzed for concentrations of

collenied airing WdsAnedshiad ao the2ndayesbyenttabf &l grand ahdCrdeBrdeB. Thei waight of the
ni acin and NUA concentrations were obtained fromthe

urineswaeddrivied by isobtrasting eheviiéighinet tRe ENpycvatiiier ditomothe toel weight of the
obtained fromthe sane injection. In urine the LLQ

contaiad¢rysias thenein20 Im gomé_cdses, the aclumearfoirid® durigg aigivenrcoNkttion interval
MNA and 2PY had LLQ val ues of 500 ng/nL and 2500

exce&dpdrthe capasipe of a viagly cofdailet;itherefond a e¢cosd nuitemenwasrequired to obtain
eval uated with each analytical run.c. Plasma

a cohplutérmcink icolédtion PaTheredafr sndastdp dateirandRéraes/ of gach urine collection

interval were also recorded. Two aliquots (approximately 2.5 mL each) from each collection
interval were transferred into two appropriately labeled polypropylene tﬁbes. If more than one
container was required during a particular collection interval, the urine from both containers
was mixed together before the aliquots were taken. Samples were stored frozen at
approximately -20°C until analysis.

Urine samples were analyzed for concentrations of niacin, NUA, MNA and 2-PY by
validated LC/MS/MS. Urine niacin and NUA concentrations. were obtained from the same'
injection while MNA and 2-PY concentrations were obtained from the same injection. In
urine the LLQ values were 20 ng/mL for niacin and 200 ng/mL for NUA. MNA and 2PY had
LLQ values of 500 ng/mL and 2500 hg/mL, respectively. 'Qualify control samples were

evaluated with each analytical run.
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Data from subjects providing sufficient information to
cal cul ate PK paraneters for at |east one treatnent
woweroe/12038% uded in the PK anal ysis. For niaci n pemuBtdaz/004105

in plasma, the follow ng PK paraneters were cal cul at ed
for each subject followi ng adm nistration of each
treatnent: Cma : the maxi num concentrati on observed
Tmax: the tinme of the maxi num observed concentration
AUC ast the area under the concentration-tine profile
fromtinme O to the | ast neasurable (non-zero)
concentration by the i near trapezoidal rule AUChf:
t he rea un er .t | asma ncen?% ation-time profile

c. PlagmPhrmRstoRigtt br efeywv amgythe sum of
AUC ast and C over  wher LS. the. | ast
coHpta A ShyRCts REPYiging §“§"ﬁéenf é'}fﬂmﬂm ﬁﬁ?f%*iﬁ? ﬁﬁd?%?'se‘efs for at

const ant obtalned from | ot, of t ur,al, )
least QB dERAPEt WeTe vasluded 1 'ﬁ?@e"d{) nalysify OTtMFI%ﬁBg%% in plasma, the

rm nal -
following PRrarimsters ol s aAveen 1 cRach SHRIEH, TRLICH 2 @0 pisration of cach
nmet abolites (NUA, MNA, and 2-PY) the follow ng
treatygRtanet ers were conputed: CunX u: cunul ative anmount
of each netabolite recovered fromurine fromO to 96
ohr Emaf thermaddmiunyconv@mration mbsdrved of each netabolite
excreted in the urine relative to dose of niacin after

oCOT[ £CHHeQiiné 6f thE R%Rirhila obSGOdEEdhcamtehtizhl ecul ar wei ght
in 96 hrs after dosing Total %e: total fraction of

thRdel)mr o %pe(?al hﬁ&? t!h@ &gcé}{tlsatlaﬁ Litfe %9(%1@ gfrom time O to the last

measurable (non-zero) concentration by the linear trapezoidal rule

e AUCiys the area under the plasma concentration-time profile from time 0 to infinity;
calculated as the sum of AUCpy and C: over A, where C; is the last observed
concentration and A, is the terminal elimination rate constant obtained from the plot of
natural-log concentration versus time plots

e Tip: the apparent terminal half-life; calculated as a ratio of 0.693 ovef the A,

From the urine data of niacin and its metabolites NUA, MNA, and 2-PY) the
following parameters were computed:

e CumX,: cumulative amount of each metabolite recovered from urine from 0 to 96 hrs '
after dosing

e %Fe: fraction of each metabolite excreted in the urine relative to dose of niacin after
correction for baseline recovery and molecular weight in 96 hrs after dosing

e Total %Fe: total fraction of the four metabolites in 96 hrs after dosing

The %Fe, for each analyte in urine calculated as
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The %-e, for each analyte in urine calculated as"%, F
" e = CumXu x MVW- of - N acin x n0O0O Dose MNof _
we\e@bgesstoncent rati ons below the limt of quaPCT/U8100D004105
were treated as zero. The anmount of niacin and its
net abolites recovered in the urine was determ ned by
mul ti plying each netabolite concentration by the
vol une of urine collected for each interval. The total
anount recovered in urine for each 24-hour interval
after dosing was adjusted for baseline by subtracting
t he anount recovered in the 24-hour pre-dose interval.
I f any post-dosi ng neasurenent was | ess than baseline
of, g _hwakn W sef _Miacierq.,The ol ecul ar wei ghts of
n| aci rhased |Wr@¢aha&@kes are 123.1, 180.2, 137.1,
and 153.1 for niacin, NUA, MA and 2 PY,

I e@BREhirdEdng: beld e tlﬁ:qm)ﬁfof%ﬁntftﬁﬁﬁﬁ Whe tteatdd 4¢'2eR®  The amount of
anal ytes, was cal cul ated and designated as total %-e.

niacif 5}@/ s ﬁ@ﬂabblﬁtlfs RESARBRUES tHe2trideSwid BeWrminey ey Whil@plying each
cal cul ated using WnNonlin Linear M xed Effeécts

memygﬁt‘élcbﬂwn%@@rgw ! \%‘ﬂﬁﬁe olV&firsd QMebrel f3r dadhitertBl. The total amount .
2005). Statistical Analysis Statistical anal yses of

recovet€d Th QRHR! tRbddch  Y4-RAra R GAISa e gégm"%v a@ﬁt‘!ﬁed"@éte baseline by
performed using an SAS (r) System for ndows(tm

subtr\éﬁﬁ ot Ak Brdunt'BoVerd ifiOthe 984-RodtNpleYdise - infr@IMBIf any post-dosing
ar macokl netic paranmeters (Cmax, Tmx, T /2, AUQast

meaé'(i’x lkss thhe! 'bﬁseﬂﬂé lt“@!lml)ﬁ}g \I/e{s%ﬂcpﬁé'[%d Ml MBlecular weights of
except or Tnmax and Surmary statistics (n mean,

macnﬁtaqm its metabolites are 123.1, 180.2, 137.1, and 153.1 for niacin, NUA, MNA, and 2-

PY, respectively. The sum of %Fe from the four urine analytes, was calculated and
designated as total %Fe.
Bioavailability parameters (as described above) were calculated using WinNonlin

Linear Mixed Effects Modeling/bioequivalence, Version 5.0.1 (July 26, 2005).

Statistical Analysis

Statistical analyses of the bioavailability parameters calculated above were performed
using an SAS® System for Windows™, version 8.2, was used éor data analysis.

Plasma pharmacokinetic parameters (Cmax, Tmax, T12, AUCpnst and AUCing), their
natural log-transformed value (except for Tmax and T12), and summary statistics (n, mean, std,
median, min, max, CV%) were calculatgd by treatment and pgriod. Plasma concentrations of
niacin and NUA are summarized by time and treatment.

For the niacin and NUA PK analysis, it is assumed that the data of the natural log-
transformed C.,;ax and AUC), follow a normal distribution and are independent between the

two treatments. The data were fitted to an ANOVA model with mixed effects using SAS
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medi an, mn, max, CV% were cal cul ated by treatnent
and period. Plasnma concentrations of niacin and NUA
w@e@74e038®ri zed by tine and treatnent. For theP@I/a81007/004105
and NUA PK analysis, it is assunmed that the data of
the natural |ogtransformed Cnmax and AUC ast follow a
normal distribution and are i ndependent between the
two treatnments. The data were fitted to an ANOVA nodel
with m xed effects using SASPROC M XED wi th treatnent,
period, and sequence as fixed effects and subj ect
W thin sequence as a random effect. The Test/REF -
-ratios _of Chrax and AUQast and their correspandi ng, 90% s
PROEO MIXED veith freatmesf.sPefiofle 2Bd SPRHENEs aﬁéi’@g %ﬂecfsh d subject within
nodel . The nean recovery of niacin, and ioés met abo(hét es .
sequencgnpyra rrandems effckul dhedTeRET AASi PECery et and their
and by interval. The CunXu and, %-e of i ndivi dual
correspoRsing:$0% canfidence intervals wege ogtimyted based pn s medeluer e
- calculated and sunmarized by treatnment. The 90% '
c oh¢ mear Eecomeryof ajasin anddts mesabaliigs frere pripepaggalpulated and
ratios of total %-e were calculated by fitting the .
summarized AnCxeatmentand by intsag! f Bire GuraXnandieFgp4(indiyigual components
Subj ects' denographic vari abl es (age, gender, race,
and theitethk in 96dirg after dosingevese sadculated and pyramarired hyrfrcatinent.
were sunmmari zed by gender. The nean, standard
deThePPBreop8ncenntdivals, (C) derthenT estRERmepmiatios pf ol %eFe were
cont i nuous denographi c vari abl es were conputed.
calciteted by Sittughihe same iAYI¥ At thede! s usedifarplasag PKramelysise 20
A total of 44 subjects were enrolled in the study ]
af Subjectiegemegraphie variablescage, izgndarstage, weighte heighs ifigme size, elbow
criteria. All the subjects received at | east one dose .
breadth, and B Drsdre sunmarizedrhy gendesf Thgensanospndard deyipiion (SD), median,
study. Fortyfour subjects received study nedication in
miniRem,add maxdwomdifitbe cantinheusrdenpgraphicdvariablgs merg computed.

Results

Subject disposition is summarized in Table 20 A total of 44 subjects were enrolled in
the study after they met the protocol inclusion and exclusion criteria. All the subjects
received at least one dose of study medication, and 42 of them completed the study. Forty-
four subjects received study medication in Period 1 according to the randomized treatment
assignment in the protocol, whereas 42 subjects received study medication in period 2. A
total of 2 subjects discontinued from the study. The numbers of subjeqts who discontinued
from the study were in the range of pre-allowed 10% dropout, and were not considered to

affect the results or conclusions of the study.

Table 20. Summary of Subject Disposition

Subject numbers : N __Percent (%)
Enrolled 44 100
Completed study 42 95.5
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assignnment in the protocol, whereas 42 subjects
recei ved study nedication in period 2. Atotal of 2
wa@ adyy7aei3s8s di sconti nued fromthe study. The nunber/ESmD7/004105
subj ects who di scontinued fromthe study were in the
range of pre-allowed 10% dropout, and were not
considered to affect the results or conclusions of the
study. Table 20. Sunmary of Subject D sposition
Subj ect nunbers (N) Percent (% Enrolled 44 100
Conpl eted study 42 95. 5Recei ved at | east one dose 44
100 -Recei ved nedi cation at Period 1 44 100 Recei ved
dication at Period 2 42 95.5 Discontinuation 2 4.5
i"ﬁ?a aheredosts subj ect s3420 subjects were mif0and
FENES B op atferiogdan age#has 53.1 years; thelf®an
FiyRd medicaien atesioditds: ¢ hd&2nean hei ght was 65985
HERE8Uat®e nepan el bow breadth was 2.7 inches; fe
mean BM was 26.3 kg/ n2. Frane size was graded as
small, nmediumand | arge. Ni ne subjects had a small
fra size, 20 subjects had nedi um and 15 subjects had
| apggqudsﬁ%@ectﬁh?? pubigstyereanen nd 24 were dyamee fEhe mean age
hi spanic, 4 were Caucasian, and 2 were black. The i
was ddilaY9eEy) Hfemsan aysightsvasy 161t panndsy the mepnTheigkt was 65.6 inches; the
Tabl e 21. Sunmary of Subject Denographics Statistic
mealp\quogl%?aéig} g/aggﬂmg;rthmegg, BvEw .3 kg/m’. Frame size was graded as

small, medium and large. Nine subjects had a small frame size, 20 subjects had medium and

15 subjects had large frame sizes. Thirty—eight of the sdbjects were hispanic, 4 were

caucasian, and 2 were black. The detailed demographics are summarized in Table 21.

Table 21. Summary of Subject Demographics

Statistic All Subjects By Gender
) Males Females
Number of Subjects 44 20 24
Age(yrs) Mean 53.1 517 54.3
SE : 74 © 94 ’ 5.2
Median 54 49 55.5
Min, Max 40.0, 70.0 40.0, 70.0 420, 65.0
Gender Male N (%) 20 (45.5) 20 (100.0) 0( 0.0)
Female N (%) 24 ( 54.5) 0( 0.0) 24 (100.0)
Race/Ethnicity Caucasian N (%) 4( 9.1) 4 ( 20.0) 0( 0.0)
Black N (%) 2( 4.5) 1( 5.0) 1(4.2)-
Hispanic N (%) - 38 (86.4) 15(75.0) - 23 (95.8)
Asian N (%) 0( 0.0) 0( 0.0) 0( 0.0)
Other N (%) 0( 0.0) 0( 0.0 0( 0.0)
Height (in) Mean 65.6 68.7 63.1
SE 35 26 16
Median 65 69 63
Min, Max 60.0, 72.0 64.0, 720 60.0, 66.0
Weight (Ib) Mean : 1615 1773 148.3
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Nunber of Subjects 44 20 24 Agb(yrs) Mean 53.1 51.7
54.3 SE 7.4 9.4 5.2 Median 54 49 55.5 Mn, Mx 40.0 ,

w(Q@ 0001240380 , 70.0 42.0 . 65.0 Cender Male N ( %CR0S1007/004105
45.5) 20 (100.0) O ( 0.0) Female N (% 24 ( 54.5) 0 (
0.0) 24 (100.0) Race/Ethnicity Caucasian N (%9 4 (

9.1) 4 ( 20.0) 0 ( 0.0) Black N(%9 2 ( 4.5 1 ( 5.0
1( 4.2 Hispanic N (% 38 ( 86.4) 15 ( 75.0) 23 (
95.8) Asian N (% O ( 0.0) 0 ( 0.0) O ( 0.0) Gxher N

(% 0 ( 0.0) 0 ( 0.0) O ( 0.0) Height (in) Mean 65.6
68.7 63.1 SE 3 5 2.6 1.6 Median 65 69 63 Mn, Max 60.0
, 72.0 64.0 , .0 60.0 ) 66 0 Veight (Ib) Mean 161 5
177.3 148. 3SE 20 2 6 12.7 wb&P n 159 7 144. 512
Max 130.0 , 210.0 167 2101g i 13,0 ss.0] 2 ,0 F&@yqno
Size Small N (% 9 (20 5) § 4%
Frame Size Small N (%) 9 (20.5) 5 (25.0) 4(16.7)
Medium N@©) 20 ( 45.5) 10 (50.0) . 10 (41.7)
Large N (%) 15( 34.1) 5(25.0) 10 (41.7)
Elbow breadth (in) Mean 27 29 25
SE 03 0.2 0.2
Median 2.7 28 25
Min, Max 22, 31 25, 3.1 22, 28
BMI (kg/m?) Mean 26.3 26.5 26.2
. SE . 22 22 . 22
Median 285 26.5 26.4
Min, Max 22.2, 303 222, 30.3 226, 299

a. Assessment of Bioequivalence

Data from 42 subjects in Test treatment and 44 subjects in REF treatment were
analyzed to determine the bioequivalence. Actual times relative to dosing time were used in
all analyses.

For urine analyses, a specific gravity of 1 g/mL was used to convert urine weights to
volumes. This was based on a previous study with NIASPAN® where the mean specific
gravity measured in 962 samples was 1.009 g/mL and the maximum specific gravity
measured in 962 samples was 1.025 g/mL.

The plots of mean plasma concentrations of niacin and NUA by treatment are shown

in Figures 17 and 18, respectively. Mean urinary recovery data is shown in Figure 19.

b. Plasma NUA and total amount excreted in urine

The primary variables to evaluate Niacin bioequivalence were defined as Cpmax for

NUA and total urinary recovery of niacin and three metabolites (NUA, MNA, and 2PY).
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Medium N (% 20 ( 45.5) 10 ( 50.0) 10 ( 41.7) Large N
(%9 15 ( 34.1) 5 ( 25.0) 10 ( 4 1.7) El bow breadth

w@erwyaMsan 2.7 2.9 2.5 SE 0.3 0.2 02 Medi an 2. FCRUS2087/804105
Mn, Max 2.2, 3.1 2.5, 3.1 2.2, 2.8 BM (kg/nR)
Mean 26.3 26.5 26.2 SE 2.2 2.2 2.2 Median 26.5 26.5
26.4 Mn, Max 22.2 , 30.3 22.2, 30.3 22.6, 29.9 a.
Assessnent of Bi oequival ence Data from 42 subjects in
Test treatnent and 44 subjects in REF treatnent were
anal yzed to determ ne the bi oequival ence. Actual tines
relative to dosing tine were used in all anal yses. For
ur,Lne anal yses, cifi¢c gravity of 1 nL. was used

Tably g2 e o S AR ristie eritar theth Bvagarabiesoq e 22 also

revioys study with N ASPAN(r) where the nean

Sho“é*.&g%mm %‘?)a‘(ﬂhee;i apd statjstina! anploed fas M A UGies 1. 009
g/ mL and the maxi mum specific gravity neasured in 962
sanples was 1.025 g/nL. The plots of mean plasma
con I‘Iltré’:ltl ons of n| aC|r11 and NUA by trgrat rlrent ar e

recovery data is shown in l:| gure 19
All Subjects

(Nreus=42, Nree=44)

Parameter Mean (SD) "% Ratio (90% CI)
INUA C,,," (ng/mL)

Test 2437.0 (1080.71)

96.21 (89.28, 103.67)

REF 2513.2 (1151.38)

Total Recovery™® (%)

Test 54.04 (13.10)

101.49 (93.89, 109.69)

REF 53.64 (14.60)

NUA AUC,,,° (ng*hr/mL)

Test 11198.9 (6227.64)

97.87 (89.81, 106.66)

[REF 11472.1 (6119.71)

# Parameters used to define Niacin bioequivalence
b Recovery of niacin, NUA, MNA, and 2PY combined.

¢ Supportive data for bioequivalence

As shown in the above table the 90% CI for the natural-log transformed test to
reference ratios of the primary BE variables, NUA Cpa, and total recovery of niacin and
metabolites were within 80 to 25%. The test over reference ratios for natural-log transformed
NUA AUC.s was also within 80 to 125%.

The terminal elimination rate was calculated for each subject by treatment. Mean
NUA T, were 3.16 and 3.04 hrs, mean NUA Tpax were 4.90 and 4.80 hrs, and mean NUA

AUCys were 10914.7 and 11770.6 ng*hr/ml, for Test and REF, respectively.
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b. Plasma NUA and total anount excreted in urine The
primary variables to evaluate N acin bi oequi val ence
woweeg/ 1285 ned as Cnmx for NUA and total urinaryP€EUS206T/§04105
of niacin and three netabolites (NUA, MVA, and
2PY) . Tabl e 22 gives the nmean (SD) and statistical
results for these two variables. Table 22 al so shows
the nean (SD) val ues and statistical analyses for NUA
AUQast. Table 22: Summary of NUA Pl asna Paraneters and
Total Urinary Recovery a Paraneters used to define
Ni aci n bi oequi val ence b Recovery of niacin, NUA' MNA,
and 2PY conbi ned. ¢ Supportive data for bioequival ence
As shown in the above table the 90% Cl for the
natural -1 og transformed test to reference rati os of
ﬂﬁ%@ig%ry BE vari abl es, NUA Cmax and total recovery
iacin and nmetaboljtes were within 80 to 25%_ The
\C}J PP@FE’F%%? ma gy} along wish statistical aplysse g given in
NUA ast was also wi thin 80to 125%_ The term nal
Tablg Hﬁrﬁrﬁa&e?tower A¢fereRes ratios dor aptugplfog transfoymedy)iacin Gy and AUCq
tret%l 3 Mean NUA Ti/2 were 3.16 and 3.04 hrs, nean
werenjess tham,l 00 eThe Yo Ldon theratips of Baturalriog{raqsformed nigein Crex and
were 10914.7 and 11770.6 ng*hr/nl, for Test and REF,
AUq"ae‘sﬁé’@tql‘\tfé‘Fe)/-hE 80t LeSrintgry %lq‘fe tahigh prrishiliret ers f or
plasma niacin along with statistical analyses are
given in Table 23 The test over reference ratios for
natural -1og transformed niacin Crmax and AUCQ ast were
| ess than 100% The 90%CI for the ratlos of

natural -1 og k wer e
out sjide_the 80 tol ?RO/nl nt pr\/al dup t Q h| gh
varifability. Table 3: Sunmary ofﬂﬁ“%’ﬁ‘h Pl asma
Par ajnet er s (Nrew =42, Nagr=44)
[Parameter Mean (SD) % Ratio (90% CI)
[Niacin C,,,, (ng/mL)
Test 5052.4 (5209.48)
- : 94.13 (76.66, 115.58)
F 5021.2 (5041.08) '
Niacin AUC,,,(ng*hr/mL)
Test 12444.2 (15616.99)
91.99 (76.31, 110.88)
REF 12887.8 (15170.37)

Mean T, of niacin were 4.73 and 2.94 hrs, mean Ty, were 4.68 and 4.64 hrs, and

mean AUCiys were 11553.1 and 16134.3 ng*hr /ml, for Test and REF, respectively.

d. Urinary Recovery of individual analytes

The mean urine recovery of the individual analytes is given in Table 24.

Table 24: Summary of Urinary Excretion of Niacin and its Metabolites
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Mean T\ of niacin were 4.73 and 2.94 hrs, nean Tnkx

were 4.68 and 4.64 hrs, and nean AUC i nf were 11553.1
wae@7AsB83. 3 ng*hr /m, for Test and REF, respRCT/USBOY004105

d. Urinary Recovery of individual analvtes The nean

urine recovery of the individual analytes is given in

Tabl e 24. Table 24: Summary of Urinary Excretion of

Niacin and its MetabolitesMean urinary recovery was

the highest for 2PY followed by MNA, NUA and ni aci n.

e. Conclusions of the Bioequival ent Assessnent

Bi oequi val ence was eval uated based on the 90% Cl's for

mean—Fest/REE ratios of the NUA Cheax_and uri nary.

recovery of niacin and its netabolites (Total 0AFe).

The P0% Cl's of Test|REF mean r |‘ﬁ_’§“§f‘ﬁ ural -1 og

tranbu ormed-Tate(NgA-Cmx)—and-¢> i
urine) of niacin ab:.orptl y € wifhint ui red
BE rjgngeof 80~ to0 1p5% dl-llggtlm:%ﬁl catetthat—te gllg)bl an
REF NokinReavérgns ar p—bioegifsal ent The 90%9 CHAf or NUA
AUC 831 were also Wthin Reee 80 tof125% riangss)
suppL ti the BE cpncl usi @y For nfacin +a8d
AUG Egjf“{l%é’e'agper | i Ts of_90% CI's|of Tescjtfz((t{géz mean
ratips for—botirTmacin uwuf. Pmu fet .V\II Lm‘ébs(l‘(]gbﬂ

bi oe®NA/ BEOMI¥ r angpand—t RE T OVWET [T T TS, BT, b0t h

very[ close to the Tpwer Iigmf of the bioe U|va| ence
range PYSMveEXAI\/PLE ‘

168.64

6 of i NUA (ng/m), total urine
reco\/ery (% Ni aci n Cmax (ng/mM) and Niacin AUC are
Mean prigary reqoxelryi wasThd highes fared Xl lmsact iyt i MY AR A pod aibtie.

25: I\/ban Bi oeqw val ence Variables for 1000 ny
e. Canglusioing pf the Biod pent Agsessent *( ) = standard

devi ati on

Bioequivalence was evaluated based on the 90% Cls for mean Test/REF ratios of the

NUA Cpax and urinary recovery of niacin and its metabolites- (Total.%Fe). The 90% ClIs of
Test/REF mean ratios of natural-log transformed rate (NUA Cpmax) and extent (Total %Fe in
urine) of niacin absorption were within the required BE range of 80 to125% and indicate that
the Test and REF formulations are bioequivalent. The 90% CI for NUA AUC,,« were also
within the 80 to125% range supporting tile BE conclusion. | |

For niacin Cpax gnd AUC,as the upper limits of 90% CIs of Test/REF mean ratios for
both niacin Cnax and AUC,, fell within the bioequivalence range and the lower limits were

both very close to the lower limit of the bioequivalence range, 80%.

EXAMPLE 7

For the 1000 mg formulations of the invention analyzed in Examples 4, 5 and 6, the
average mean for Cmax for NUA (ng/ml), total urine recovery (%), Niacin Cmax (ng/ml) and

Niacin AUC are illustrated in Table 25 below (excluding ERN-3).
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Accord

i ngly,

a 1000 ng extended-rel ease ni aci n pharnmaceutica
W@ 093020385 on whi ch when adm ni stered to a pat i BPEI/US2007/004105
need thereof as a single dose of two 1000 ny tablets,
provides an in vivo plasma profile with a 90% Cl for a
natural -1 og transfornmed ratio within 80%to 125% f or

at
par ame

ters:

| east one of the follow ng bioavailability
(a) NUA Cmax of 2601 .8 ng/ni;

(b) total

recovery of urinary niacin 60.5 % (c) niacin Crax of

4958. 9

Tabl e 25a below illustrates the upper and | ower

ng/ m_;

and (d) niacin AUC of 12414.5 ng/nL.
limts

of selected bioavailability paraneters from Table 25
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in vivo plasma profile wth a 90%
*( ) = standard deviation

Accordingly, one embodiment of the invention comprises a 1000 mg extended-release

niacin pharmaceutical composition which when administered to a patient in need thereof as a

single dose of two 1000 mg tablets, provides an in vivo plasma profile with a 90% CI for a

natural-log transformed ratio within 80% to 125% for at least one of the following

bioavailability parameters:

(a) NUA Cmax of 2601.8 ng/mL;

(b) total recovery of urinary niacin 60.5 %;

(¢) niacin Cmax of 4958.9 ng/mL; and

(d) niacin AUC of 12414.5 ng/mL.

Table 25a below illustrates the upper and lower limits of selected bioavailability

parameters from Table 25 taking into consideration standard error (shown in parentheses). In

particular, the lower limit was calculated by identifying the lowest mean from Examples 4, 5

and 6 above for each parameter identified above in Table 25 and then subtracting two standard
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Cl for a natural-log transfornmed ratio within a 80%to
125% interval for at |east one of the follow ng
whr@auziBabi | ity paraneters: (a) NUA Cnax of abomiuS®o07/004105
111.0 ng/nL to about 3253 ng/nlL; (b) total recovery of
urinary niacin of about 49.24%to about 70.23% (c)
ni acin Crax of about 3096 ng/nL to about 6750 ng/ni;
and (d) niacin AUC of about 6723 ng/nlL to about 18643
ng/ m.. EXAMPLE 8 Conparative | ncidence of Flushing
I nduced by 2000 ng Dose of Extended-Rel ease Ni acin
When Pretreated or Co-Adm nistered with Aspirin This
study was a random zed, dguble-blind, double-du
errové.fwg'l* thatimean tq gangratem [Pwer Hat\Ssanderd eryor WL@!@?’ byt dixiding the
single center and designed to study the effect of
standpgd) ﬁwamm x the savase foos afithespmplersizco (Banexampler H304N44 326).
flushing reactions resulting fromoral adm nistration
Likeyfisee theatpperlimi repgesentsitbe highesh piean &ropt exampld.sand; 6 for each
i nvention. The study design and treatnents are shown
paramgterplustwo sind®digirers: s al so abst ai ned from using
non-study-rel ated aspirin or other NSAIDS at any tine
during the study. The study was approved by the
-clinic's Institutional Review Board, and each subject
TablgR8%i Hegenandilicaver Limiss MIMBmvglabdrty Parameters
participation. The study included healthy adult males

para;[,gtgro 70 years o'lg?v%rtﬂnﬁt )ﬁrg'asc W‘im tﬁ'e stu 22

to 1 kg/nQ Fe es were excl ddeg y to

av0| d confusi ng N act i nduced - ust events wth

NUAemax gimdbausal [f31Ud10@BE0) Subj ect s |B@FR(3dMfirned as

healthy by a conplete physical exam nedical history

Totaleft&p(t%)ocar di ogr amg. ﬁr@ 4r)esul ts fr orn—,glxr&q—,g;

Niacin Cmax (ng/ml) 3096 (1126) 6750 (1462)

Niacin AUC 6723 (3484) 18643 (4747)

Acco;dingly, a further embodimént of the invention co;nprises- a 1000 mg extended-
release niacin pharmaceutical composition which when administered to a patient in need
thereof as a single dose of two 1000 mg tablets, provides an in vivo plasma profile with a 90%
CI for a natural-log transformed ratio within a 80% to 125% interval for at least one of the
following bioavailability parameters: | | |

(a) NUA Cmax of about 2111.0 ng/mL to about 3253 ng/mL;

(b) total recovery of urinary niacin of about 49.24% to about 70.23%;

(c) niacin Cmax of about 3096 ng/mL to about 6750 ng/mL; and

(d) niacin AUC of about 6723 ng/mL to about 18643 ng/mL.
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| aboratory testing conducted at the screening visit

and at clinic adm ssion for the first study period.
w@a7aei3ss wer e excl uded if they used any tobacPOI/ug2007/004105

ni coti ne product within 4 nonths of entering the

study; had allergy or hypersensitivity to niacin,

aspirin, or related derivatives; substance abuse or

dependency within the last 3 years; or history of

m grai ne headaches, diabetes, gall bl adder di sease,

l'iver disease, severe hyper- or hypotension, cardiac

abnormality, renal disease, or drug-induced nyopathy.

Subj ects abstai ned fromany prescription medication
within 2 1 days before eEXé@ﬂB@Edhd duriing the study,
and from any over-thecounter nedication, vitamn, or
Compapptive fncigenca of Glyshing induced by 20€0 magse of ExiendedyRelqase Niacin
during the sWhey Pretxeated or fg-Aiminisiered withekwirdonpl et ed
within 2 1 days prior to clinic adm ssion for Period
For each of the three study periods, subjects

1.
regai ned, sequestered fo PRrOXi ly 24 hqurs,
! aBis i S an g SouPBIPIRE. dablerdutihy ShElE ose, throe-way
and subj ects recei ved neal s accor.di to specific ..
°’°5?Pé’ﬁﬁ§‘“i?;h é’P“‘i‘!ffﬁdr%Ial sl rentsr ﬁ"‘ﬁ@?ﬁgqﬁ sty E‘%e. effqetpf aspirin
conpositjon.and start ti.ne re.the sane for.each
Pre‘@?‘gfg?‘ f)‘@r?SBH?" - lnt%a%ﬁﬁgﬁs%ﬁyﬂm ir l‘f“@%%?’a‘
adm ni st ered or.al in a crossover nmanner accorgdjn o. .
adminysiratign g Fﬁ“z‘%ff‘ﬁdtfﬁiegi"tﬂéﬁ‘iw tabless gh1be BIFSE dmvEaHPR ﬂh‘z 5@5&) design
and pl acebo dosi were different in each stud
and {reatmgnfs apboupaR Hipure 8&%&4% LrAdeined from esvng gen-spudy-related
.t.abl ets he invention (also referred to herein as a
aspitin 0t GIFAINSALIOE 2f S e Rrina e prud, The syske yas apptyod Sy ghe clinic’s
) ,tqsgg;s - were the sane. In _one period, subjects .
Instifiiops igwBoad, pnd ¢ach subiagt proyifded wrigen infermed copsenpprior to
to reformul ated niacin ER 2000 ng coadmi nistered with
participgtin-acebo tabl ets ("ASA

The study included healthy adult males 19 to 70 years old with a body mass index
(BMI) of 22 to 31 kg/m>. Females were excluded from the study to avoid confusing niacin-
induced flush events with peri-menopausal flushing. Subjects were confirmed as healthy by a
complete physical exam, medical history, electrocardiogram, and results from clinical
laboratory testing conducted at the screening visit and at clinic admission for the first study
period. Subjects were excluded if they used any tobacco or nicotine product within 4 months
of entering the study; had allergy or hypersensitivity to niacin, aspirin, or related derivatives;
substance abuse or dependency within the last 3 years; or history of migraine headaches,
diabetes, gallbladder disease, liver disease, severe hyper- or hypotension, cardiac abnormality,
renal dise:ase, or drug-induced myopathy. Subjects abstained from any prescription

medication within 21 days before entering and during the study, and from any over-the-
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Pretreatnment”). In another period, subjects received
two placebo tablets 30 mnutes prior to refornul ated
wo@citzo3ER 2000 ng coadmini stered with two aspPeT/nSBAE004105
ng tablets ("Concomtant ASA"). In a third period,
subj ects received a control treatnment consisting of
two placebo tablets 30 mnutes prior to refornul ated
ni acin ER 2000 ng coadninistered with two pl acebo
tablets ("R-Niacin ER Alone"). Since evaluating flush
events is subjective, study personnel and subjects
were blinded by several nethods to the identity of the
medi cati ons administered. In each dosing period,
countgy imasiqation.cyitamindor hesbal preparatiop avithin 10 dayebeforegnteringiand during
dose (see Figure 21). Wile the placebo and aspirin
the studly| ets were sinilar in appearance, they were not
identical; thus, study nedicati on was adm ni stered
f r Sereening peocgduries gvere gemaleteds wishinc2 b daes pripn 1 alinie cidepission for
during study drugadm nistration. The control
Periqdr ke &ionesrh, of thenfhzgsi studymperiods subjgets rémainedoredu¢stered for approximately
study to assess flushing reactions in the absence of
24 heurpi tréatmeinds | were radminigtg@sedsasolessthr7 days apast, @ad svhjests rgeeived meals
the clinical site preparing doses for each period had
accofdimgmocspgeifio fmemine that eertrodied niagitdand fatedntent Adsalgpomposition and start
during the study. Investigators, site personnel, and
time Wege thesame fendaclystude peridsl. i nded to the treatnent
assi gnnent schene, and any site personnel involved in
Study treatmentst preparati on or administration were
pr %hg':ﬁgﬁcgtfogmv&o %Jirﬁﬁﬁét&gd Q;rzg@s ﬁsérgﬁouruﬁ%l{% according to the
ers

event or treatnentener e events

ona3H DA, SRS AL, RPLIRI (58504 Ao W i i
each | acg)gbg}l%or 3 'og Qgglfﬁr %%P%n’é l;@? rF?éjdlr? ?%Hléw o‘” ‘hi’lf‘eofn%rﬁlon (also

Iy "W

pyr.oxi at el y. fol SN }
referPe{a trooﬁ(eﬁgﬁa % pr%foé% lr% ﬁlla&%%%k%he Sr%bif& - t%\?o 1000 mg tablets
weretctﬁg Sathe, (in bile pcl.rlode rslltjﬂjer:c%s Yecg%gé) fWo ‘Iisr;]nenns % mgttableetg %b mmutes prior to

reformulated niacin ER 2000 mg coadministered with two placebo tablets (“ASA
Pretreatment”). In another period, subjects received two placebo tablets 30 minutes prior to
reformulated niacin ER 2000 mg cc;administered with ‘two aspirin 325 mg tablets
(“Concomitant ASA”). In a third period, subjects received a control treatment consisting of
two placebo tablets 30 minutes prior to reformulated niacin ER 2000 mg coadministered with
two placebo tablets (“R-Niacin ER Along”).

Since evaluating flush events is subjective, study personnel and subjects were blinded
by several methods to the identity of the medications administered. In each dosing period,
subjects received the same number of tablets for each dose (see Figure 21). While the placebo
and aspirin tablets were similar in appearance, they were not identical; thus, study medication

was administered from opaque dosing cups and subjects were blindfolded during study drug
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remai nder of the assigned treatnent at approxi mately
22: 00 with 240 nL of water. Each nedi cation dose
wo e@aiteeses mul tiple tablets and was consuned w PHI/DSIHNB004105
m nute, as tablets were taken either together at one
time or one imediately foll owi ng another. If needed
to swal l ow tablets, additional water was provided in
increnments of 120 nli; chewing or biting a tablet was
prohi bited. Each subject's nouth was i nspected after
adm ni stration of the study dose to verify that the
entire dose was consuned. Flushing assessnents A
flushing event was defined as_the subject reporting
admigjsgragion. copfrolitpgatment, %\Mw‘gn ﬁRu@mnﬂ,g\’V%Sylﬁﬁlpé%l:n the study to assess
redness, warnth, tingling, and itching; these synptons
flushing regctinns in the)absgnep @l aspirsy. Qnd ther sadit spPnsen Andrife @arspn(s) at the
_.study period, subjects were pronpted to assess the o
clinigpl s pEepappg Alosesnior cagh peripdhhadoknopedasraf the tigaurany randomization
intervals, for up to 8 hours after refornulated niacin
assigrmentdringsthe studprinvestippters; sitaparsonpelo and the stuslyrraenitog were blinded
the start time, stop tine, and intensity for each
to the prgatrientjassigmpenhsghgmgnans anyt site pecsonnel igvatyrehingraajragnt preparation
rated their perception of synptomintensity by both
or adspipisiratieru svesshprobibited drane gpllacting or @ssessng flushing guenisegr treatment-
intensity with a vertical line on an electronic
emergentiagdyersafvepissual anal og scal e (VAS), anchored from
"none" on the left to "intolerable” on the right, and
al Eeshr subdert trieeci vghprevigatmentrinpedlicagipn candt @ snapk prigre fee reformulated
Synpt onms whi ch were easily tolerable and did not |imt
niacip &R dosing: Subjeets reksiveddbe assignid dretregtmenbmsdicatinn (agpirin or placebo)
difficulty in conducting activities were severe. Each
orally withe B0 mLnof] water/atrappeakimbfelyf 21:39, follewed by allowihaingpack starting at
event, defined as the first of one or nore concurrent
appréximeteingl 4§ nphesnack was congumedtin tsrentivity béfRraiths isnbjectTigeeived the
start tinme for the
remainder of the assigned treatment at approximately 22:00 with 240 mL of water. Each

medication dose required multiple tablets and was consumed within one minute, as tablets
were taken either together at one time or one immediately following another. If needed to
swallow tablets, additional water was provided in increments of 120 mL; chewing or biting a
tablet was prohibited. Each subject’s mouth was inspected after administration of the study
dose to verify that the entire dose was consumed.

Flushing assessments

A flushing event was defined as the subject reporting one or more of the following
flushing symptoms: redness, warmth, tingling, and itching; these symptoms could occur
individually or concurrently. During each study period, subjects were prompted to assess the
presence or absence of flushing symptoms at hourly intervals, for up to 8 hours afier
reformulated niacin ER administration. Subjects were prompted to record the start time, stop

time, and intensity for each flushing symptom in an electronic diary.
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first synptomwas also the start tinme for the first
overall flushing event; the overall event ended when
w0 b@7has85 synptom in that event resol ved and apPCT/@8207/004105

30 mi nutes el apsed wi thout any additional flushing
synptom occurring. Statistical analysis A total of 164
subj ects were planned for enrollnent to assure at
| east 144 subjects would conplete all three
treatnments. Subjects that discontinued early were not
repl aced. All conparisons were conducted as two-tail ed
with alpha (a) = 0.05. The primry endpoint was the
nunber of subjects who experienced at | east one .
f | Gadhi sipiest aated dheir Rgrespiion 1o Fymptom JRteRsjty Y i kash cgatinuous and
wer e conpared between between "ASA Pretreatnent” and ]

categogisalc geapuses. 1 Pakieete marke. infeasity with 4 yagical iiengn an electronic
McNemar's test. This test requires subjects to react

horizoptgl visna) apalog scale (NAP).anchared iom ‘incaeit oncthe defi to fiatolerable” on the
i ncluded in the conparison. Conparisons of flushing

rightj and alehrated e sympton as mjldpymederstet apsayereh Symptpmsowhich were easily
ASA" and "RN acin ER Al one" treatnents, and between

toleratyle anddid ppetimitaactivities wierd defioed asimikdtsymgmms causing difficulty in
treatments. Secondary endpoi nts included the nunber of

condittinghactiyitiey svetessevened the intensity, time of onset, and
duration of first overall flushing events as well as .
i nBach sybiect similarly mefed yheplitsheverath Bushimg evenpfdefinedhasthgfirst of one
summari zed by frequency count and conpared using

or mpteNeonaurrent flushing wyrgptomsctagiceyr aftes ainsindiR dosirg.clhe start time for the
converted from graphic to nunerical data by expressing

first syrapwonbpves alse thestarctimerfar kheafirst owerdil Stushing eventntheheverall event
| eft end of the VAS |line (standardized to 100 nm).

ended iwhenghe lastrssampromdinithat\év@ntaresolvied and atrieast 36 mionisackgsed without
bet ween treatnents using paired t-tests for neans and

any afiditoorbflushingrsychptemlocewsing. f or nedi ans, while
intensity neasured

Statistical analysis

A total of 164 subjects were planned for enrollment to assure at least 144 subjects
would complete all three treatments. Subjects that discontinued early were not replaced.

All comparisons were conducted as two-tailed with alpha (o) = 0.05. The primary
endpoint was the number of subjects who experienced at least one flushing event during the
study. Flushing incidences were compared between between “ASA Pretreatment” and the
control treatment, “R-Niacin ER Alone”, using McNemar’s test. This test requires subjects to
react (in this case, flush) after both treatments to be included in the comparison. Comparisons
of flushing incidence were similarly made between the “Concomitant ASA” and “R-
Niacin ER Alone” treatments, and between the “ASA Pretreatment” and “Concomitant ASA”

treatments.
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by categorical scale was conpared using Bowker's test
of symmetry, a generalization of McNemar's test that
W@b®o/1288ui res subjects to have data for both PCT/US2007/004105
treatments in the conparison. Conparisons between
treatnments for secondary endpoints were made for the
sane treatnent pairs as for the prinmary endpoint.
Adverse events (excluding flushing) were coded using
the Medical Dictionary for Regulatory Activities
(MedDRA, Version 7.0). Adverse events were not
conpared between treatnents. Results A total of 164
nmen, wi.th mean age 29 years and BM of 26.5 kg/ ng, .
wereeonaryepdppiats dngluded the pumber| of flushigg gvents, @nd thedntgpsity, time of
medi cati on. Subject denographics are summarjzed in,
onsety 2pd duasion gf firgeoverall Hushing peents agwel @sgindigidesl, fushing symptoms.
three treatnments and were evaluable for flushing .
The pwaperpfeyentsiwassgmmagizpd by Jrequengy qoerlmﬁia%%p%ig psjng ycNemar’s
ggo .W thdrew consent, 4 (2% were |ost to follow up, .
test. A( ipfensity) asRSSIPRES Were gg@medjrqnz ggapmgcyo nggpg@qﬂdata by expressing
viol ations, 3 éZ@@ had a positive drug screen and 1 .
the se&%t’mlgﬁldw @s G%dlﬁ@n%gpmghg lefen & VAS line (standardized to
BASELI NE. SUBJECT DEMOGRAPHI CS Par anet er Subj ects .
100 manqltensily nersyred by yAS anrhdyratian wep epmrared batwgenmeatments using
N (9% 140 (85% Black N (% 6 ( 4% Hispanic N (% 9 (
pairedgytesss fo meang afd Wilcoxop signed-rank tests for medians, while intensity measured

by categorical scale was compared usihg Bowker’s test of ‘symme‘try, a generalization of
McNemar’s test that also requires subjects to have data for both treatments in the comparison.
Comparisons between treatments for secondary endpoints were made for the same treatment
pairs as for the primary endpoint.

Adverse events (excluding ﬂusﬁing) were coded usiﬁg the'Medical Dictionary for
Regulatory Activities (MedDRA, Version 7.0). Adverse events were not compared between
treatments.

Results

A total of 164 men, with mean age 29 years and BMI of 26.5 kg/m?, were enrolled and
received at least one dose of study medication. Subject demographics are summarized in
Table 26. Of the 164 subjects, 148 (90%) received all three treatments and were evaluable for
flushing responses. Sixteen subjects (10%) terminated early: 4 (2%) withdrew consent, 4 (2%)
were lost to follow-up, 1 (1%) had an adverse event, 3 (2%) had prdtocol violations, 3 (2%)

had a positive drug screen and 1 (1%) was dropped due to dosing error.
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Oher N(% 3 ( 2% Age (y) Mean (SD) 29 (12) Height
(in) Mean (SD) 71.2 ( 2.7) Weight (Ibs) Mean (SD)
waowra20381. 6) BM (kg/m) Mean (SD) 26.5 (2.4)prP@MIS2007/004105
Body mass i ndex Flushing Anong the 148 subjects that
received all three treatnents, flushing incidence was
significantly higher after "R-Niacin ER Alone" (77%
than after "Conconitant ASA" (61% pO 001) or "ASA
Pretreatnment” (53% pO Od; Table 27). TABLE 27:
EFFECT OF ASPI RIN ON FLUSHI NG | NCI DENCE Tr eat nent ASA
Pretreat ment Concom tant ASA R-Ni acin ER Al one N
Subj ects Dosed 148 148 148 N Iush 79 (5399 *t 9
1 (619 * 114 FABIRH26y N?&LWU&QW RIHESy 57
( 39P@radétef 2399 *p <0.001 versus R-N acl BuEEtNl one t p
=0. 8@fHeyersus Congahlet ant  ASANNeL) her 154(100%)
aspRhdFEBARIR NI NACquchA4TENt WE®4)ST gNi flae
di fferent than thegggher "in f\yeh ng incg 641%)5‘ As

illustrated in Figyisgantd. then@gy dence of 4opg

i ndi vi dual synpt onggjan N (%) 6 ( 4%)
Other N (%) 3 ( 2%)
Age (¥) Mean (SD) 29 (12)
Height (in) Mean (SD) 71.2(2.7)
Weight (Ibs 5) Mean (SD)  191.6 (21.6)
BMI (kg/m®) Mean (SD) 26.5 (2.4)

BMI = Body mass index

Flushing

Among the 148 subjects that received all three treatments, flushing incidence was
significantly higher after “R-Niacin ER Alone” (77%) than after “Concomitant ASA” (61%,
p<0.001) or “ASA Pretreatment” (53%, p<0.001; Table 27).

TABLE 27: EFFECT OF ASPIRIN ON FLUSHING INCIDENCE

Treatment
ASA Pretreatment Concomitant ASA  R-Niacin ER Alone
N Subjects Dosed 148 148 148
N (%) Flushing 79 (53%)*t 91 (61%)* 114 (77%)
N (%) Not Flushing 69 (47%) 57 (39%) 34 (23%)

* p <0.001 versus R-Niacin ER Alone
1 p = 0.090 versus Concomitant ASA

Neither aspirin-containing treatment was significantly different than the other in
flushing incidence. As illustrated in Figure 21, the incidence of the individual symptoms
(redness, warmth, tingling, and itching) in the first overall ﬂusiling event was reduced by 30%
to 50% after “ASA Pretreatment” compared with “R-Niacin ER Alone”. The least number of
subjects reported all four symptoms after “ASA Pretreatment”, and by the most subjects after
“R-Niacin ER Alone”. The individual symptoms were not compared between treatments. The

number of ﬂushiﬁg events followed the same trend as flushing incidence, with the highest
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(redness, warnth, tingling, and itching) in the first
overall flushing event was reduced by 30%to 50% after
WO A®1R3et reat ment " conpared with "R N aci n ERP&I/08®07/004105
The | east nunber of subjects reported all four
synptons after "ASA Pretreatnent”, and by the nost
subjects after "R-Niacin ER Al one". The individual
synptons were not conpared between treatnents. The
nunber of flushing events followed the sane trend as
flushing incidence, with the highestnunber reported
after "R-Niacin ER Alone" and the | east nunber
reported after "ASA Pretreatnment” (data not shown). In
numberbieperted wher {ReNinei BRt Afonghtand” theAemt arumhgr repartedaafier “ASA
"R-Niacin ER Al one" treatnents (Table 28 bel ow), "ASA
Pretrpatgten®’Adatemot shovmanki f i cant |y decreased the intensity of
first overall flushing events, measured either by
c alre ghjéatm WhasBeshedrafier (bpth\mss(\eal@trb&mcnﬂ ml)‘R-N‘mBn ER Alone”
28. EFFECT OF ASPI RIN PRETREATMENTON THE FI RST OVERALL
treatmetISIT NG EY/BADW)T ‘S ArPretreadien®’ significantiRIcDrdadest thn dwensity of first
P val ue Pretreatnment Al one Incidence N (% Flushing
overall flashimgpevents; maasvest eithenbye pategarica Cssesgmentoar| YA Si(¢avh p < 0.001).
MId 6 1 (86% 45 N (% MdVSevere 10 (14% 26
TA@(-ﬁZ&M):T OF GG CRODHEA TMENTSON yH(: WIRST QVIERANB ANUSEBSY EVENT

203152308 (1% ‘)Treﬁﬁfnehfou 00t

ASA R-Niacin ER Difference * P value'

Pretreatment Alone
Incidence
N (%) Flushing after o
both treatments 71 (48%) : T -
Intensity (Categorical) *
N (%) Mild 61 (86%) 45 (63%) 36% <0.001
N (%) Mod./Severe ¢ 10 (14%) 26 (37%) -62% '
Intensity (VAS, mm) 3
Mean (SD) 20.3 (15. 2) 30.8 (19.2) -34.1% <0.001
Median 18 33 ' -45% <0.001
Min, Max 0,71 0,90
Duration (min) ¥
Mean (SD) 82.7 (100.5) 99.3 (91.1) -16.7% 0.171
Median 37 65 -43% 0.008
Min, Max 2,393 5, 400

* Percent difference is relative to Niacin ER Alone. , ,

T From McNemar’s test for incidence and intensity (categorical); for intensity (VAS) and
duratlon from paired t-test or Wilcoxon signed-rank test (mean or median data, respectively).

Denommator is the number of subjects flushing after both treatments.

¥ Moderate and severe categories were combined to allow 2 x 2 comparisons. No subject
reported a severe event after ASA Pretreatment treatment; one subject reported a severe event
after R-Niacin ER Alone treatment.

For both treatments, most of the flushing events were rated as mild, and only one
(after “R-Niacin ER Alone”) was severe. The number of subjects with events rated as mild
was 36% greater after “ASA Pretreatment” compared with “R-Niacin ER Alone”;

correspondingly, the number of subjects with flushing rated as moderate or severe was 62%
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Median 18 33 -45% O. 001 Mn, Max 0, 7 1 0, 90 Duration

(mn) Mean (SD) 82.7 (100.5) 99.3 (91.1) -16.7%0.171
wo/rw7a2038Y 65 -43% 0.008 Mn, Max 2, 393 5, 40PCT/US2007/004105

Percent difference is relative to Niacin ER Al one.

From McNemar's test for incidence and intensity

(categorical); for intensity (VAS) and duration, from

paired t-test or WIcoxon signed-rank test (nean or

medi an data, respectively). Denom nator is the nunber

of subjects flushing after both treatnments. Mbderate

and severe categories were conbined to allow 2 x 2

conmpari sons. No subj ect reported a severe event after .
less. AYASPrasinge avere rinorer han 39K lowercallerh|'ASA Prepsatment athan after “R-

NiachEER! £lof¥€ ¥or @lifaBbn &Me%&%ﬁﬁlﬂ]%@hé &AL, T neart &d median data
both treatnents, nmost of the flushing events were

werer drog deansistant.d sumerlrtmlrynwelafdﬂ%rlbutwnr\r Medign ppuration for “ASA

Prett%;;l 2”) »\)ﬁ@%ﬁ‘?’eYegg glanTi%? “RUNBan ]?li ASIHIQ” {-S 0‘“0%;1 I%qu ?ndrvrdual

- as m was 36% greater Pr et reat nent

symret@ms,arreénem,t watrithij andi finglitvga veare " mgmﬁwéb'péwm imggnge after “ASA

Pre e e S S0 8, ALY Yy (R L0 dolkBfh B RARIALS berween

treattmmsrforatﬂmbednratlASAf Enetymgaoment " t han af t er "RNi aci n ER
A Prp?ubjf{tg h%uhggheg rllﬁ% b%fheaf:éﬁc%'in &n? A » | l&J Sﬁll\ﬁ]’g‘f'm ER Alone”

a were no consi Sten
treatnmgge@ablegzm belom)y rmdnsniy of the fiir st ayverdlke flushingl aventt iveas significantly

diffe1r.$?t ’Kér thE\ pﬁ%%}nrcggéag%% _ 0]\@9 ?ﬁo?g Ifc' t\'/olrganQYAg w Nacin

TABLE 29: EFFECT OF ASPIRIN COADMINISTRATION ON
THE FIRST OVERALL FLUSHING EVENT

Treatment
Concomitant R-Niacin ER Difference * P value '

ASA Alone
Incidence
N (%) Flushing after
both treatments 80 (54%) - -
Intensity (Categorical)?
N (%) Mild 62 (78%) 51 (64%) 22% 0.028
N (%) Mod./Severe § 18 (23%) 29 (36%) -38% :
Intensity (VAS, mm) * ' '
Mean (SD) 27.1 (19.4) 31.0(18.4) -12.6% 0.107
Median 23 33 -30% 0.213
Min;/Max 0, 85 0,90
Duration (min)*
Mean (SD) 90.6 (109.6) 100.6 (96.8) -9.9% 0.428
Median 43 . 68 . -37% 0.354
Min, Max 3,432 5, 400

* Percent difference is relative to Niacin ER Alone.

T From McNemar’s test for incidence and intensity (categorical); for intensity (VAS) and

duratron, from paired t-test or Wilcoxon signed-rank test (mean or median data, respectively).
! Denominator is the number of subjects flushing after both treatments.
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synptons, redness, warnth, and tingling were
significantly less intense after "ASA Pretreatnent” (p
w02@2820388t a not shown); there was no signifi cCREI/US2007/004105
di fference between treatnments for the duration of any
synptom |In subjects who flushed after both
"Concom tant ASA" and "R-Niacin ER Al one" treatnents
(Tabl e 29 below), intensity of the first overall
flushing event was significantly different for the
categorical data (p = 0.028), though not for the VAS
data. TABLE 29: EFFECT OF ASPI RIN COADM NI STRATI ONON
§ s HE FI RST OVERALL FLUSHI NG EVENT Treat nent_Conconit ant
Mederptg and s ERED) qajegpEft were gombined tngJlow| 4)¥e2 CARP#AIRE Np subject
repo ASEYRIG F t after A S@d’rftg,eatment tygatment; Qneisybigeisreported a severe event
aften RyNigin £R pAleedgetment ) N (%9 MId 62 (78% 5 1 (64%
229%0.028 N (%9 Mod./ Severe 18 (23% 29 (36% -38%
Intensity (VAS, mm Mean (SD) 27.1 (19.4) 31.0 (18.4)

- 1 2Bkt dihibdyRAtisabjects wiB mikd Hushirdplévents after “Concomitant ASA” was
22% higher than after “R-Niacin ER Alone”, and the moderate or severe events were 38%
less. The difference in duration of first overall flushing events was not significant. For the
individual symptoms, the intensity of redness and warmth was significantly less after
“Concomitant ASA” treatment (p < 0.024, data not shown); there was no significant
difference in the duration of any symptom.

In subjects who flushed after both “ASA Pretreatment” and “Concomitant ASA”
treatments (see Table 30 below), differences in intensity of the first overall flushing events
were not significant by categorical measure, but the 20 % lower VAS scores for “ASA
Pretreatment” was statistically significant.

TABLE 30: EFFECT OF ASPIRIN (BEFORE OR WITH REFORMULATED NIACIN ER) ON THE
FIRST OVERALL FLUSHING EVENT
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Mn/Max O, 85 0O, 90 Duration (mn) Mean (SD) 90.6
(109.6) 100.6 (96.8) -9.9%0.428 Median 43 68 -37%
w0283420885, Max 3, 432 5, 400 * Percent differreres1i087/004105

relative to Niacin ER Alone. From McNemar's test for

i ncidence and intensity (categorical); for intensity

(VAS) and duration, frompaired t-test or WI coxon
signed-rank test (mean or nedi an data, respectively).
Denom nator is the nunber of subjects flushing after

both treatnments. Moderate and severe categories were

conbined to allow 2 x 2 conparisons. No subject
nt

treatnent; one—subject rEAmeERly 3 severe event after
R-Niaci n ER Al one A%t nent. (epeomitant nyHjfferegse * P value
subj ect s with niPretreatipeni ng everd8Aaft er "Conconitant
ASA" was 22% hi gher than after "R-Niacin ER Al one",
Incigdece he noderate or severe events were 38% Il ess. The
N (%) Flushoeadier n duration ofp fisgt overal | flushing .
botletreatmgntgas not significant. For the individual
synptons, the intensity of redness and warnth was
Intgislgzli(CPtesnrilcyl)fess after "Concomtant ASA" treatnent
N (¥ Mid 024, ?Iata ndt (8Fown) ; t hdbd76las no si ghl¥icant ¢ 97
N (¥ Mad-/Sgeerer n t he dUbPW i on of dAY24%phpt om | 1B6%ubj ect s
who flushed after both "ASA Pretreatnent” and
Intengsity (¥AS; mm) ASA" treatnents (see Table 30 bel ow),
Meati ¢SI0r ences in i RAAdPBY of t RY.FI(¥&SD over at22.1%ushi n@031
Medigent s were not sigdPficant by ca&3egorical mdd%ure, 0.048
MirbMax he 20 % | ower OVAB scores f o, 85ASA

*

Duration (min)*

Mean (SD) 86.9 (105.6) 99.1 (114.3) -12.3% 0.354
Median 35 _ 48 ‘ -27% 0.226
Min, Max 2,393 4,432

. * Percent difference is relative to Concomitant ASA.

! From McNemar’s test for incidence and intensity (categorical); for intensity (VAS) and
duration, from paired t-test or Wilcoxon signed-rank test (mean or median data, respectively).
! Denominator is the number of subjécts flushing after both treatments.

¥ No severe events were reported for these treatments.

Duration of the first overall ﬂﬁs‘hing events was not significantly different between
these treatments. For the individual symptoms, neither intensity nor duration was significantly
different between the two treatments.

The results above demonstrate that 650 mg (2 x 325 mg tablets) of aspirin taken 30
minutes before the extended-release tablets of the invention, significantly reduce the
incidence, intensity, and duration of subject-reported flushing compared with the use of the
tablets of the invention alone. Concomitant administration of aspirin 650 mg and the tablets
of the invention reduced flushing incidence, intensity, and duration to a lesser extent.

Flushing incidence and intensity results from Exémple 3 and Example 8 are

summarized and illustrated together in Figures 22 and 23. These Figures show that the
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Pretreatnment” was statistically significant. TABLE 30:
EFFECT OF ASPI RIN ( BEFORE OR W TH REFORMULATEDNI ACI N
WER)07O3FHE FI RST OVERALL FLUSHI NG EVENTTr eat neeit/USEAT7/004105

Concomtant Difference * P val ue Pretreatnent ASA

I ncidence N (% Flushing after 60 f41% both treatnents

U (4] /0) Intensity (Categorical) i N(% MId 5 1

(85% 46 (769 11%ft , Q7 N (% Md./Severe 9 (15%

14 (24% -36% Intensity (VAS, mm x Mean (SD) 21.1

(15.3) 27.1 (19.2) -22.1%0.031 Median 19 23 -17%

0.048 Mn, Max O, 7 1 0, 85 Duration (mn)* Mean (SD)

86.9 (105.6) 99.1 ( 114.3) -12.3%0.354 Median 35 4 8 | .
extendedeppigaserphapmaceutisal comprpgions of yhe sinyestion fectspse Bpdhing: intensity

is relative to Concom tant ASA.
and duration (~40%) compared with the original 1000 mg tablet (Nisapan®) — see Example 3,
although there is a small reduction in flushing incidence. Example 8 demonstrates that aspirin -
taken 30 minutes prior to or with the extended-release pharmaceutical compositions of the
invention can reduce the incidence of flushing and further provide reductions in flushing
intensity and duration. In Example 3, nearly all patients (98%) reported flushing (incidence)
with the single 2000 mg dose of original 1000 mg tablet (2 tablet dose). In Example 8, only
50 — 60% of subjects flushed with a single 2000 mg dose of the extended-release tablets of the
invention (2 tablet dose) plus aspirin. Median intensity with original 1000 mg tablet in the
previous study was 54 mm on the VAS. In the current study, median intensity was only 19 —

23 mm with the extended-release tablets of the invention plus aspirin, and the vast majority

(about 80% or more) reporting flushing to be ‘mild.’

While the invention has been described above with reference to specific embodiments
thereof, it is apparent that many changes, modifications, and variations can be made without
departing from the inventive concept disclosed herein. Accordingly, it is intended to embrace
all such changes, modifications, and variations that fall within the spirit and broad scope of
the appended claims. All patent applications, patents, and other publications cited herein are

incorporated by reference in their entirety.
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From McNemar's test for incidence and intensity
(categorical); for intensity (VAS) and duration, from
w@aioraen3ss t est or W I coxon signed-rank test (neErus2007/004105
medi an data, respectively). Denom nator is the nunber
of subjects flushing after both treatnments. No severe
events were reported for these treatnents. Duration of
the first overall flushing events was not
significantly different between these treatnents. For
t he i ndividual synptons, neither intensity nor
duration was significantly different between the two
treatments. The results above denpbnstrate that 650 ng
We Chim: 325 rng tablets) of aspirin taken 30 minutes
before the extended-rel ease tablets of the invention,
significantly reduce the incidence, intensity, and
duration of subject-reported flushing conpared with
t hé. vs H008fmg hiacin pharmaceusicalk dompiopitiemcoraprisingne.
Concom tant adm nistration of aspirin 650 ng and the
t ald) etboubT8% teeabiouy 82 wiw efodasiesd f | ushi ng i nci dence,
intensity, and duration to a | esser extent. Flushing
i nGh)crbaukel 4% to abroue h8%etw/w efShyldraxyprapyl Eethyjelul®sahaying a
Exanple 8 are summarized and illustrated together in
Fi gurreeth@Rylangre 8f sublisawigiofriofabmy 1 9dwabdatl .41 and a
t heext ended-r el ease pharnmaceuti cal conpositions of the
i nverttydorxygeposps moldr gsbstingidnifahettO2nocibdur®22.0n
(~40% conpared with the original 1000 ng tabl et
( N(® sgbani( 2.5%o to abews 3% vpivepdlyviayltpyootjtlortehand i s a
smal|l reduction in flushing incidence. Exanple 8
de (drabbned.85%tth abows d {154 w/w atearic 83d.m nutes prior to or
wi th the extended-rel ease pharnmaceutical conpositions
of the invention can reduce the incidence of flushing
and further provide reductions in flushing intensity
an@d. dAipbdrmaceutital cBmaosgifien @mprismgt y al | patients (98%
reported flushing (incidence) with the single 2000 ny
doé® abbuTd%tonaboul OB wrgyy dfalidet; (2 t abl et dose). In
Exanpl e 8, only )
(b) about 7% to about 25% w/w of a release-retarding agent;

(c) about 0.1% to about 4.3% w/w of a binder, and
(d) about 0.5% to about 1.5% w/w of a lubricant;
wherein following administration to a patient, the composition results-in reduced flushing

compared to administration of a comparable dose of NIASPAN® tablets.

3. The pharmaceutical composition of claim 2 wherein said composition is a 1000 mg

extended-release niacin tablet formulation.

4. The pharmaceutical composition of claim 3 wherein said composition is effective

in reducing a serum lipid without causing treatment-limiting (i) hepatotoxicity and (ii)
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50 - 60% of subjects flushed with a single 2000 ng
dose of the extended-rel ease tablets of the invention
W@ 2o0vaizet dose) plus aspirin. Median intensitRCHMIB1007/004105

original 1000 ng tablet in the previous study was 54
mmon the VAS. In the current study, nmedian intensity
was only 19 - 23 mmw th the extended-rel ease tablets
of the invention plus aspirin, and the vast mgjority
(about 80% or nore) reporting flushing to be "mld."’
Wil e the invention has been described above with
reference to specific enbodinents thereof, it is
apparent that many changes, nodifications, and

elevations in wrihacid dgvelseor glugeselievéls ot bathpfallowing administration to said patient
i nventive concept disclosed herein. Accordingly, it is

that vouldirelquiret such trigatansot ) e discohtinuedrgen saidonfpositioh dhingested by
and variations that fall within the spirit and broad

said patigmé onde pendayppended cl ai ns. Al |l patent applications,
patents, and other publications cited herein are
i ncorporated by reference in their entirety. W Caim
1. A 1000 nmg ni acin pharmaceutical conposition
c ohpiThe phaymagenticabenmpozBiintod chiro Yt wig2einwdming$trationdd sgid patient
(b) about 14%to about 18% w w of hydroxypropyl

is patientippice pérl dayckieing s evgnimgoeatwight. degr ee of
substitution of about 1.39 to about 1.41 and a
hydr oxypr opoxyl nol ar substitution of about 0.20 to
about 0.22.; (c) about 2.5%to about 3.0% w w
poby The pharpacewicabameposiivd of daim [2ovberéin $hdteleasatrtarting agent is
1.05% w w stearic acid. 2. A pharnaceuti cal

selegahfiomithé group sopmistigrod hy dmxypriopyltcellORss¢ (HRD)O bydrofypropyl methyl
of ni aci n;

cellulose (HPMC or hypromellose), methylcellulose (MC), hydroxyethyl cellulose (HEC),

~ polyvinyl pyrrolidone (PVP) and xanthan gum, and a mixture thereof.

7. The pharmaceutical composition of claim 6 wherein the release-retarding agent is ‘

hydroxypropyl methylcellulose.

8. The pharmaceutical composition of claim 7 wherein the hydroxypropyl
methylcellulose has a methoxyl degree of substitution of about 1.2 to about 2.0 and a

- hydroxypropoxyl molar substitution of about 0.1 to about 0.3.
9. The pharmaceutical composition of claim 8 wherein the hydroxypropyl

methylcellulose has a methoxyl degree of substitution of about 1.4 to about 1.9 and a

hydroxypropoxyl molar substitution of about 0.19 to about 0.24.
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(b) about 7%to about 25% w w of a rel ease-retarding
agent; (c) about 0.1%to about 4.3% w w of a binder,
wae@7(apsabout 0.5%to about 1.5% w w of a | ubPCT/ER1007/004105
wherein follow ng adm nistration to a patient, the
conposition results in reduced flushing conpared to
adm ni stration of a conparable dose of N ASPAN(r)
tabl ets. 3. The pharmaceutical conposition of claim2
wherein said conposition is a 1000 ng extended-rel ease
niacin tablet formulation. 4. The pharmaceutica
conposition of claim3 wherein said conposition is
effective in reducing a serum/!ljpid wthout causin
t r &4t Heseharmageuticg) compositipn phelaim 8 whgreim the hydroxypropyl
(ii)elevations in uric acid |l evels or glucose |evels
methylceHplope has g meghpxy] dsarer of substitutign of abaud il ¢ 39413 hyidroxyreapoxyl
woul d require such treatnent to be di sconti nued when
molag spbstipiep & pPeWA-31s | ngest ed by sai d patient once per
day. 5. The pharnmaceutical conposition of claim4
wherein adm nistration to said patient is patient once
per day during the evening or at night. 6. The
phh}-rhlerharmaceutiohsomiposisan of clainy 8 wherejm thediydraxypropyl
rel ease-retarding agent is selected fromthe group
methylneHloss bag agfisdeyidy okahoub pl.00@ t 4bgnbzH0q0HMESs.
hydr oxypropyl nethyl cellul ose (HPMC or hypronel |l ose),
nmet hyl cel | ul ose (MC), hydroxyethyl cellul ose (HEC),
pol yvi nyl pyrrolidone (PVP) and xanthan gum and a
m X&-uTle phaamaesutical compesipina pfieleionl | edererotig by droxypropyl
claim®6 wherein the rel ease-retardi ng agent is
methiy{agHulosphaspNisaesith of eheiut §3,64@to gbouThs0¢hmPasceut i cal
conposition of claim?7 wherein the hydroxypropyl

13. The pharmaceutical composition of claim 2 further comprising a coating.

14. The pharmaceutical composition of claim 13 wherein said coating is a color

coating having from about 1.5 to about 8.0% weight gain.

15. The pharmaceutical composition of claim 14 wherein said coating is a color

coating applied to provide about 1.75 to about 5.0% weight gain to the tablet.
16. The pharmaceutical composition of 7 wherein said binder is selected from the

group consisting of polyvinylpyrrolidone, hydroxypropyl cellulose, hydroxyethyl cellulose,

ethylcellulose, polymethacrylate and waxes, or a mixture thereof.
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met hyl cel | ul ose has a net hoxyl degree of substitution
of about 1.2 to about 2.0 and a hydroxypropoxyl nol ar
W@ ewsti2@3es i on of about 0.1 to about 0.3. 9. ThRCT/US2007/004105
pharmaceuti cal conposition of claim8 wherein the
hydr oxypr opyl nethyl cel |l ul ose has a net hoxyl degree of
substitution of about 1.4 to about 1.9 and a
hydr oxypr opoxyl nolar substitution of about 0.19 to
about 0.24.10. The pharmaceutical conposition of claim
8 wherein the hydroxypropyl mnethylcellul ose has a
nmet hoxyl degree of substitution of about 1.4 and a
hydr oxypr opoxyl nolar substitution of about .0.21. 11.
Th é7-p”ﬁg<? phareacqutisal coppesitirn obelaim 16 Mdicraigsaigh bindprist he
hydroxyFropyI met hyl cel | ul ose has a viscosity of about
polyvinylpyrrolidonghout 22, 000 nPas. 12. The pharmaceuti cal
conmposition of claim11l wherein the hydroxypropyl
met hyl cel | ul ose has a viscosity of about 13,000 to
about 18,000 nPas.. 13. The pharnmaceutical conposition
of 18| Fherplrarmagequtical comppsition n§claine davhengjn said lubrisant is selected
pharmaceuti cal conposition of claim 13 wherein said
fromcthe gravg cogsistingafdalc.anagriepigmhsicdraty, dalowm stearate, tegrie acid and
about 8.0% wei ght gain. 15. The pharnaceutica
hydregenated vegerablefoils, and @ mixturp theegof. sai d coating is a
col or coating applied to provide about 1.75 to about
5.0% wei ght gain to the tablet. 16. The pharnmaceutica
conposition of 7 wherein said binder is selected from
t h&9.gThepharmmassusicalrpgmppsition v tlaim B § whetdinlsaid Jubricant is stearic acid.
hydr oxypropyl cell ul ose, - hydroxyet hyl cell ul ose,
et hyl cel | ul ose, pol ynethacryl ate and waxes, or a
m xture thereof.17. The pharmaceutical conposition of
c| 39.nThepheimpacsiticat eorapdsitivdef clagm 2alopprisippyr r ol | done.

(a) about 76% to about 88% w/w of niacin;
(b) about 11.0% to about 20.0% w/w of a release-retarding agent;
(c) about 0.2% to about 3.25% w/w of a binder, and

(d) about 0.75% to about 1.25% w/w of a lubricant..

21. The pharmaceutical composition of claim 20 comprising:
(a) about 78% to about 82% w/w of niacin;

(b) about 14% to about 18% w/w of a release-retarding agent;
(c) about 2.5% to about 3.0% w/w of a binder, and

(d) about 0.85% to about 1.05% w/w of a lubricant.

22. The pharmaceutical composition of claim 21 comprising about 0.95% to about

1.05% w/w of a lubricant.
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18. The pharmaceuti cal conposition of claim7 wherein
said lubricant is selected fromthe group consisting
wo@Roorakm@ss nagnesi um st earat e, cal ci um st ear at ePCHUSZNT/G04105
acid and hydrogenated vegetable oils, and a m xture
t hereof. 19. The pharmaceutical conposition of claim
18 wherein said lubricant is stearic acid. 20. The
pharmaceuti cal conposition of claim2 conprising: (a)
about 76%to about 88% w w of niacin; (b) about 11.0%
to about 20.0% w w of a rel ease-retarding agent; (c)
about 0.2%to about 3.25% w w of a binder, and (d)
about 0.75%to about 1.25%ww of a lubricant.. 2 1.
The pharmaceuti cal conposition of claim20 conprising:
(a) about 78%to about 82% w/ w of niacin; (b) about
14% to about 18% w w of a rel ease-retarding agent; (c)
about 2.5%to about 3.0% w w of a binder, and (d)
about 0.85%to about 1.05% ww of a lubricant. 22. The
phar maceuti cal conposition of claim2 1 conprising
about 0.95%to about 1.05% w w of a l|ubricant.23. A
met hod of reducing flushing associated with niacin )
t r 83t fenethedef edycing Hushingasseciated Nithj niaqig treatment therapy, said
adm ni stering a once daily pharmaceutical dosage form
method pepipsising adpynigsriog a v’(;%g y #bamacgptigalAosage formpeamprising
(b) about 7% to about 25% w w of a rel ease-retarding
ag &N taboptc]0% knahoup 9% Wiy efiidapinid. 39 w/ w of a bi nder,
n : , :

(b) about 7% to about 25% w/w of a release-retarding agent;
(c) about 0.1% to about 4.3% w/w of a binder, and

(d) about 0.5% to about 1.5% w/w of a lubricant.

24. The method of claim 23 where said once daily dosage form comprises two 1000

mg tablets.

25. The method of claim 23 whercin said tablet is a IOQO mg t_ablet comprising
(a) about 76% to about 88% w/w of niacin;

(b) about 11.0% to about 20.0% w/w of a release-retarding agent;

(c) about 0.2% to about 3.25% w/w of a binder, and

(d) about 0.75% to about 1.25% w/w of a lubricant.
26. The method of claim 25 wherein said 1000 mg tablet compﬁses

(a) about 78% to about 82% w/w of niacin;

(b) about 14% to about 18% w/w of a release-retarding agent;
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(d) about 0.5%to about 1.5% w w of a |ubricant. 24.
The nmet hod of claim23 where said once daily dosage
wo coomieBepri ses two 1000 ng tablets. 25. The neeTos2001/004105

claim 23 wherein said tablet is a 1000 ng tabl et
conprising (a) about 76%to about 88% w w of niacin;

(b) about 11.0%to about 20.0% w w of a

rel ease-retarding agent; (c) about 0.2%to about 3.25%

w w of a binder, and (d) about 0.75%to about 1.25%

w w of a lubricant. 26. The nethod of claim25 wherein

said 1000 ng tabl et conprises (a) about 78%to about
82% w/ w of ni aci n; about 14%to about 18% w w of a

r e(“éa@@é“‘r%?%r‘ﬂlawtédb/ﬁﬁ“/vﬂf adingler. ands5o6 t 0 about 3. 0%

w w of a binder, and (d) about 0.85%to about 1.05%

w (D dbout 0-815pite abrut 195%wév pbe ibicant- ¢l ai m 26wher ei n

said 1000 ng tabl et conprises about 0.95%to about
1.05% w w of a lubricant. 28. The nethod of claim 23

wherein the rel ease-retarding agent is selected from

t a7 Ghheupetbeshef deinnaswiersin sHEPE By Bbletsanrisse akaupes% to
hydroxypro yl nethyl cellul ose (HPMC or hypronell ose),

aboutd {(04Y% woy plia bibsicadC) | hydr oxyet hyl cel | ul ose (HEC),

pol yvi nyl pyrrol idone (PVP), nethacryl ate copol yners
with trinmethyl amoni oehtyl nethacrylate (EUDRAG T

RS(r), EUDRAG T RL(r)), and xanthan gum and a m xture

t he8.e&he method Dh elair 28 gthersin dearleasesreianding agent freselected from the

rel ease-retarding agent i s hydroxypropyl
group consisting of hydroxypropyl cellulose (HPC), hydroxypropyl methyl cellulose (HPMC

or hypromellose), methylcellulose (MC), hydroxyethyl cellulose (HEC), polyvinyl
pyrrolidone (PVP), methacrylate copolymers with trimethyl ammonioehtylmethacrylate

(EUDRAGIT RS®, EUDRAGIT RL®), and xanthan gum, and a mixture thereof.

29. The method of claim 28 wherein the release-retarding agent is hydroxypropyl
methylcellulose and the hydroxypropyl methylcellulose has a methoxyl degree of substitution

of about 1.2 to about 2.0 and a hydroxypropoxyl molar substitution of about 0.1 to about 0.3.

30. The method of claim 29 wherein the hydroxypropyl methylcellulose has a
methoxyl degree of substitution of about 1.4 to about 1.9 and a hydroxypropoxyl molar

substitution of about 0.19 to about 0.24.
31. The method of claim 30 wherein the hydroxypropyl methylcellulose is a has a

methoxyl degree of substitution of about. 1.4 and a hydroxypropoxyl molar substitution of

about 0.21.
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nmet hyl cel | ul ose and t he hydroxypropyl nethylcellul ose
has a net hoxyl degree of substitution of about 1.2 to

w@bwat12@89 and a hydr oxypropoxyl nolar substi t BCT/082001/004105

viscositp of abowt ¢

about 0.1 to about 0.3. 30. The nethod of claim 29
wherei n the hydroxypropyl nethylcellul ose has a
nmet hoxyl degree of substitution of about 1.4 to about
1.9 and a hydroxypropoxyl nolar substitution of about
0.19 to about 0.24. 31. The nethod of claim 30 wherein
t he hydroxypropyl nethylcellulose is a has a net hoxyl
degree of substitution of about 1.4 and a
hydr oxypr opoxyl nolar substitution of about 0.21.32.
The met hod of claim 29 wherein the hydroxypropyl
met hyl cel | ul ose has a viscosity of about 11,000 to
ab¥ht Theomethgd epelgim 33 wherein the hiydroxypropy ingthgizelplesedias a
t he hydroxypropyl methyl cellul ose has a viscosity of
é@o‘@ép zhowti22,9¢) mBas.nPas. 34. The net hod of
cl ai m 23 wherein the pharnmaceutical dosage form
further conprises a coating. 35. The nmethod of claim
34 wherein said coating is a color coating applied to
pr 3% i Dhe mpibad of clgim 32 &gtsmin @c(h@’dwe&b'gﬂwﬂgaeﬂmy{zellmlh@ has a
pharmaceuti cal dosage form 36. The nethod of claim 35

viscagite pEaboug 43,80 emationt) 18,860amPas.or coating applied to

provi de about 1.75 to about 5.0% weight gain to the
phar maceuti cal dosage form 37. A nethod of preparing
a direct conpression niacin tablet conprising the

st ¥psThe methpd of elath 23 whereiinthe phamiacqutinal d7@gs famafycher
92% w/ w of niacin, about 7%to about 25% w w of a

compriseeaceatingt ar di ng agent, about 0.1%to about 4.3% w w

of a bi nder,

35. The method of claim 34 wherein said coating is a color coating applied to provide

about 1.5 to about 8.0% weight gain to the pharmaceutical dosage form.

36. The method of claim 35 wherein said coating is a color coating applied to provide

about 1.75 to about 5.0% weight gain to the pharmaceutical dosage form.

37. A method of preparing a direct compression niacin tablet comprising the steps of

(a) blending a mixture of about 70% to about 92% w/w of niacin, about 7% to about
25% w/w of a release-retarding agent, about 0.1% to about 4.3% w/w of a binder,
and about 0.5% to about 1.5% w/w of a lubricant;

(b) compressing the mixture of step (a) into a tablet.
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and about 0.5%to about 1.5% w w of a |ubricant; (b)
conpressing the mxture of step (a) into a tablet. 38.
wab@7meskdd of claim 37 wherein said niacin tabCEUS2087/604105
1000 ng ni aci n dosage fornul ation. 39. The nethod of
claim 37 further conprising coating the tablet. 40.
The method of claim 37 further conprising coating the
tablet with a color coating to provide about 1.5 to
8.0% wei ght gain to the tablet. 41. The nethod of
cl ai m 40 wherein said color coating has from about
1.75 to 5. 0% wei ght gain. 42. The nethod of .claim40
wherein said release-retarding agent is selected from
t h38-gFhmethod of clajm d7 ythergjry ﬁ%&p&ﬁ@@ble@é 21908 &g pipprdosage
H%¥roxypropyl met hyl cel |l ul ose (HPMC or hypronel | ose),
formplatingy cel | ul ose (MC), hydroxyet hyl cellul ose (HEQC),
pol yvi nyl pyrrolidone (PVP), nethacrylate copol yners
with trinmethyl ammoni oehtyl met hacryl ate (EUDRAG T
RS r), EUDRAG T RL(r% and xanthan gum _ or a mxture
-eBhe mathod P elajre BR derthsr cemarising coating ths Wblssi d
blnder is selected fromthe group consisting of -
pol yvi nyl pyrrol i done, hydroxypropyl cellul ose,
hydroxyet hyl cellul ose, ethylcellul ose,
poﬂ@#mﬁl’ haethed of elaim a7 fershees comprlanmtmgéhq tableg piithgseolor coating
The net hod of claim40 wherein said |ubricant is
to prowide abaut 1i5y o8- %evaight gpindtothd 9blehg of tal c, nmagnesi um
Stearate, calciumstearate, stearic acid and
hydr ogenat ed vegetable oils, or a m xture thereof. 45.
The method of claim 40 wherein said tabl et conpri ses
ab#lt Theniethod o olaim g8osherein ofid polat coating bes fromlaboes 1.5 to 5.0%
about 20% w w of a rel ease-retardi ng agent, about 0.2%
weighpgain.

42. The method of claim 40 wherein said release-retarding agent is selected from the
group consisting of hydroxypropy! cellulose (HPC), hydroxypropyl methyl cellulose (HPMC
or hypromellose), methylcellulose (MC), hydroxyethyl cellulose (HEC), polyvinyl
pyrrolidone (PVP), methacrylate copolymers with trimethyl ammonioehtylmethacrylate

(EUDRAGIT RS®, EUDRAGIT RL®), and xanthan gum, or a mixture thereof.
43. The method of claim 40 wherein said binder is selected from the group consisting

of polyvinylpyrrolidone, hydroxypropyl cellulose, hydroxyethyl cellulose, ethylcellulose,

polymethacrylate and waxes, or a mixture thereof.
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about 3.25% w w of a binder, and about 0.75%to about
1.25% w w of a lubricant. 46. The nethod of claim45
wob@raresssai d tabl et conprises about 78%t o abpCr/USRMGE/004105

w w of niacin, about 14%to about 18% w w of a

rel ease-retardi ng agent, about 2.5%to about 3.0% w w

of a binder, and about 0.95%to about 1.05% w w of a

| ubricant. 47. The nmethod of claim 37 wherein said

rel ease-retardi ng agent is hydroxypropyl nethyl

cellul ose, said binder is polyvinylpyrrolidone, said

lubricant is stearic acid and wherei n hydroxypropyl

nmet hyl cel | ul ose has a net hoxyl degree of substitution

of44aShetmathod pfclaipodl whegimsaid lubrigant dxsetactaddiram thegravp

substitution of about 0.1 to about 0.3. 48. A direct
consistingoefdslci magESlinmstearatecealciumt steatiasel-staaric acid and lhlydrogenated

formul ati on conprising: (a) about 65%to about 85% w w
vegetablewilacorra mixre slevenf. 20% t o about 32% w w of a

rel ease-retarding agent; (c) about 2% to about 3% w w

of a binder, and (d) about 0.75%to about 1.25% w w of

a lubricant.49. The direct conpression 500 ng niacin

ex&Serithednetbbd afdaima#l eherfeor said @ablebcoroprisss abont 78% to about 88%

conprising: (a) about 68%to about 75% w w of ni acin;
w/w éfx)iacihcabiou® HPH %o about20204wibfia ofleaae-rehdagagent, abalit 02% to

agent; (c) about 2.25%to about 2.75% w w of a binder,
abouh 25 %0y/wadftabhinGerOarid dbout @54 td aB&NOIVISH of waf b litdricanint .

50. The direct conpression 500 ng niacin

ext ended-rel ease tablet fornulation of

46. The method of claim 45 wherein said tablet comprises about 78% to about 82%
w/w of niacin, about 14% to about 18% w/w of a release-retarding agent, about 2.5% to about

3.0% w/w of a binder, and about 0.95% fo about 1.05% w/w of a lubricant.

47. The method of claim 37 wherein said release-retarding agent is hydroxypropyl
methyl cellulose, said binder is polyvinylpyrrolidone, said lubricant is stearic acid and wherein
hydroxypropy! methylcellulose has a methoxyl degree of substitution of about 1.2 to about 2.0

and a hydroxypropoxy! molar substitution of about 0.1 to about 0.3.

48. A direct compression 500 mg niacin extended-release tablet formulation
comprising: | | |

(a) about 65% to about 85% w/w of niacin;

(b) about 20% to about 32% w/w of a release-retarding agent;

(c) about 2% to about 3% w/w of a binder, and

(d) about 0.75% to about 1.25% w/w of a lubricant.
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claim48 further conprising a coating wherein said
coating has fromabout 1.5 to about 8. 0% wei ght gain.
wW®2007A2@38% ect conpression 750 ng niacin PCT/US2007/004105

ext ended-rel ease tablet fornulation conprising: (a)
about 74% to about 80% w w of niacin; (b) about 16%to
about 22% w w of a rel ease-retarding agent; (c) about
2.5%to about 2.75% w w of a binder, and (d) about
0. 75% to about 1.25% w w of a lubricant. 52. The
direct conpression 750 ng ni aci n extended-rel ease
tablet fornmulation of claim5 1 conprising: (a) about
76% to about 79% w w of niacin; (b) about 18%to about
21% w w of a rel ease-retarding agent;(c) about 2.5%to
about 2.7% w w of a binder, and (d) about 0.95%to
ab#ut The dis9 vemprossicn $00ong viacin ex©BdedTglsassi taklet formulation of claim
conpression 750 ng niaci n extended-rel ease tabl et

48 cdmprisirigat i on of claim 52 further conprising a coating
wherein said coating has fromabout 1.5 to about 8.0%
we(a) labousi8fe tosaboufT e Wiwrafendasirt;i cal conpositi on of
claim2 further conprising an antilipidem c agent. 55.
Théb) phautPddetot aboat 29%6 wiwftaireleassfretardingagehtvher ei n t he
anti-lipidemc agent is an HVG CoA reduct ase
i n(w) labbwr2.25% to about 2.75% w/w of a binder, and

(d) about 0.95% to about 1.05% w/w of a lubricant.

50. The direct compression 500 mg niacin extended-release tablet formulation of
claim 48 further comprising a coating wherein said coating has from about 1.5 to about 8.0%

weight gain.

51. A direct compression 750 mg niacin extended-release tablet formulation
comprising:

(a) about 74% to about 80% w/w of niacin;

(b) about 16% to about 22% w/w of a release-retarding agent;

(c) about 2.5% to about 2.75% w/w of a binder, and

(d) about 0.75% to about 1.25% w/w of a lubricant.

52. The direct compression 750 mg niacin extended-release tablet formulation of claim
51 comprising:
(a) about 76% to about 79% w/w of niacin;

(b) about 18% to about 21% w/w of a release-retarding agent;
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56. The pharmaceutical conposition of claim55 further
conprising a flushinhibiting agent. 57. The
w@barmeseut i cal conposition of claim2 furtherPCT/US2007/004105

conprising a flushinhibiting agent. 58. The
pharmaceuti cal conposition of claim57 wherein the
flush-inhibiting agent is a non-steroidal
anti-inflammatory drug (NSAID).59. The pharnmaceuti cal
conposition of claimb58 wherein the flush-inhibiting
agent is aspirin (ASA). 60. The pharnmaceuti cal
conposition of claimb57 wherein the flush-inhibiting
agent is a prostaglandin D2 receptor antagonist. 61.
Thée) phavtridad’éde rbout 2c8npowiofiadindst, asdai m 60 wherein t he
prostagl andin D2 receptor antagonist is M-0524. 62.
Thésd) rabowrdli9 96 tanalyoup A 5% wiw af atubpigant37, 48 or 5 1
wherein the niacin is granular niacin. 63. The nethod
of claim®62 wherein the granular niacin particle size
for is NLT 85% (ww) for sieve fraction 100-425mm and
NVE3.1 0% dirggt dompression 740 orgmiacie £xtendadi@leaagtablet formulation of
ext ended-rel ease niacin pharmaceuti cal ‘conposition

clainni2 Girthen eompuising a soatingdvherein spidtcoating has frooeabaquit ér5¢ofabout 8.0%
as a single dose of two 1000 ng tablets, provides an

weighhgainvo pl asma profile with a 90% Cl for a natural -1 og
transforned ratio within 80%to 125%for at |east one
of the follow ng bioavailability parameters: (a) NUA
Cmax of 2601.8 ng/mni;

54. The pharmaceutical composition of claim 2 further comprising an anti-

lipidemic agent.

55. The pharmaceutical composition of claim 54 wherein the anti-lipidemic agent

is an HMG-CoA reductase inhibitor.

56. The pharmaceutical composition of claim 55 further comprising a flush-

inhibiting agent.

57. The pharmaceutical composition of claim 2 further comprising a flush-

inhibiting agent.

58. The pharmaceutical composition of claim 57 wherein the flush-inhibiting agent

is a non-steroidal anti-inflammatory drug (NSAID).
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(b) total recovery of urinary niacin 60.5 % (c)
niacin Crax of 4958.9 ng/nL; and (d) niacin AUC of
wa2er4288hg/ nL. 65. The 1000 ng ext ended-r el easECTHUSOTI004105
pharmaceuti cal conposition of claim64 wherein the
natural -1og transfornmed ratio is within 90%to 115%
66. The 1000 ng extended-rel ease niaci n pharmaceutica
conmposition of claim64 wherein the natural -1 og
transfornmed ratio is within 95%to 110% 67. The 1000
ng extended-rel ease ni aci n pharnmaceuti cal conposition
of claim64 further conprising at | east on additiona
t herapeutic agent selected fromthe roup,consisthgb“
of 5% f | Thsphasmasautical gompasition afclaim égwh@rq"pﬂ'eéhv'é-mhl iting agent
_agent. 68. The 1000 ng extended-rel ease niacin
is aspjHR(ARAut i cal conposition of claim 77 wherein said
conposition is effective in reducing a serumlipid
wi t hout causing treatnentlimting (i) hepatotoxicity
and (ii%helevations inuric acid levels or glucose
| e§@| s ‘bhe pharmacautigal opmpositipe gfiflain 87 svhereintheflush-inhibiting agent
be di sconti nued when said conposition is ingested by
is a progtaplandin BRtreeaptar aptagoniaty. 69. A 1000 ny
ext ended-rel ease ni acin pharmaceutical conposition
whi ch when adm ni stered to subjects in a
bi oequi val ence study conparing a single dose of four
5001.ng Fhesiptmacduticalisionposition of elaing 6@ whersin the prestaglandin D2
sai d 1000 ng extended-rel ease ni acin conpositions
recepioANtaenisg MIEFSSHMor a natural -l og transformed ratio
of the appropriate bioavailability parameters within a
80%to 125%interval .70. The 1000 ng extended-rel ease
ni aci n pharmaceuti cal conposition of claim®69 wherein
sab bi Shemiethadiof any opmefaiaims 23, 37, ¢ 8MWA1 @vhexeig thy/nidc)in is
and Total Recovery, or
granular niacin.

~63. The method of claim 62 wherein the granular niacin particle size for is NLT

85% (w/w) for sieve fraction 100-425pm and NMT 10%(w/w) for dust <100um.

64. A 1000 mg extended-release niacin pharmaceutical composition lwhich when
administered to a patient in need thereof as a single dose of two 1000 mg tablets, provides an
in vivo plasma profile with a 90% CI for a natural-log transformed ratio within 80% to 125%
for at least one of the following bioavailability parameters:

(a) NUA Cmax of 2601.8 ng/mL;

(b) total recovery of urinary niacin 60.5 %;

(c) niacin Cmax 0f 4958.9 ng/mL; and

(d) niacin AUC of 12414.5 ng/mL.
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Niacin Crax (ng/m) and Niacin AUC. 71. A 1000 ny
ext ended-rel ease ni aci n pharnaceuti cal conposition
wohkioch2088En adm nistered to a patient in need POEUSINT/004105
as a single dose of two 1000 ng tablets, provides an
in vivo plasma profile with a 90% Cl for a natural-1Iog
transfornmed ratio wthin a 80%to 125%interval for at
| east one of the follow ng bioavailability paraneters:
(a) NUA Cnmax of about 2 111.0 ng/nL to about 3253
ng/ m.; (b) total recovery of urinary niacin of about
49. 24% t o about 70.23% (c) niacin Crax of about 3096
ng/ m. to about 6750 ng/nmi; and (d) niacin AUC of about
6723 ng/nL to about 18643 ng/nL. 72. The 1000 ng
ext ended-rel ease ni aci n pharnmaceutical conposition of
cl &3.m 7The {}0rrog axtgrded-re iagin pharmmacesticabeqmypositipn of claim 64
reducing a serum|lipid wi thout causing. _
whereingthe netntal-log transfprinedl ratinpigvithox PeYettq lgﬁ’é. (ii)
el evations in uric acid levels or glucose levels or
both, that would require such treatnment to be
di sconti nued when said conposition is ingested by said
pab6.ent Tont@0pug extaydedz@leastmiagih phammasenticab¢omposition of claim 64
conposition of claim3, wherein niacin release is
whemginl thy egtural-dog tFamsforined matoeiswithan 95%tpd40%i on of claim
: 73 further conprising an. i nmedi aterel ease flush
i nhi biting agent.75. The pharmaceutical conposition of
claim 74 wherein the flush inhibiting agent is a
pr 63t dhk 4000 mgPItandedplease niagin phasnadeaticad cempositidn of claim 64
conmposition of claim75 wherein the prostaglandin D2
furtheecemprining & 1é4st @badtitional therapeutic agent selected from the group consisting

of a flush-inhibiting agent and an anti-lipidemic agent.

68. The 1000 mg extended-release niacin pharmaceutical composition of claim 77
wherein said composition is effective in reducing a serum lipid without causing treatment-
limiting (i) hepatotoxicity and (ii) elevations in uric acid levels or glucose levels or both, thaf
would require such treatment to be discoﬁtinued when said cor.nposition is ingested by said

patient once per day.

69. A 1000 mg extended-release niacin pharmaceutical composition which when
administered to subjects in a bioequivalence study comparing a single dose of four 500 mg
NIASPAN® tablets to a single dose of to of said 1000 mg extended-release niacin
compositions provides 90% CI’s for a natural-log transformed ratio of the appropriate

bioavailability parameters within a 80% to 125% interval .
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77. The pharmaceutical conposition of claim74 wherein
the flush inhibiting agent is a non-steroidal
w@nio7A2038% ammat ory drug (NSAID). PCT/US2007/004105

70. The 1000 mg extended-release niacin pharmaceutical composition of claim 69
wherein said bioavailability parameters are NUA Cmax (ng/ml) and Total Recovery, or

Niacin Cmax (ng/ml) and Niacin AUC.

71. A 1000 mg extended-release niacin pharmaceutical composition which when
administered to a patient in need thereof as a single dose of two 1000 mg tablets, provides an
in vivo plasma profile with a 90% CI for a natural-log transformed ratio within a 80% to
125% interval for at least one of the following bioavailability parameters:

(a) NUA Cmax of about 2)1 11.0 ng/mL to about 3253 ng/mL;

(b) total recovery of urinary niacin of about 49.24% to about 70.23%;

(c) niacin Cmax of about 3096 ng/mL to aboqt 6750 ng/mL; and

(d) niacin AUC of about 6723 ng/mL to about 18643 ng/mL.

72. The 1000 mg extended-release niacin pharmaceutical composition of claim 71
wherein said composition is effective in reducing a serum lipid without causing treatment-
limiting (i) hepatotoxicity and (ii) elevations in uric acid levels or glucose levels or both, that

would require such treatment to be discontinued when said composition is ingested by said

patient once per day.
73. The pharmaceutical composition of claim 3, wherein niacin release is delayed.
74. The pharmaceutical composition of claim 73 further comprising an immediate-

release flush inhibiting agent.
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75. The pharmaceutical composition of claim 74 wherein the flush inhibiting agent

is a prostaglandin D2 receptor.

76. The pharmaceutical composition of claim 75 wherein the prostaglandin D2

receptor is MK-0524.

77. The pharmaceutical composition of claim 74 wherein the flush inhibiting agent

is a non-steroidal anti-inflammatory drug (NSAID).
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