WO 2007/ 120385PCT/ US2007/ 004105 LOW FLUSH NI ACI N
FORMULATI ON Field of the Invention The

WO moentdzes rel ates to an extended-rel ease mat rPEI/US2007/004105
formul ati on capabl e of being directly conpressed into
tabl ets conprising niacin, a release-retarding agent,
and other excipients. The resulting tablets of the
i nvention denonstrate inproved manufacturing
characteristics, favorable release characteristics and
a reduction in the duration, severity and the
i nci dence of cutaneous flushing comonly associ at ed
with niacin treatnent. Background of the |Invention
Ni aci n (ni cot LOW EeUSH BMIAGINX FORMAILATION
3-pyridi necarboxylic acid, chem cal formula C6H5NCZ)
is known to have benefits associated with the
treatment of hyperchghagts cause it increases
| evel s of high- den5|?§ fgggéggkﬁﬁgﬁ(HDL) and | owers
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process is one that has the ability to reproduce a
target endpoi nt under varying ci rcunst ances or

condi tions, such as small changes in raw materials or
manuf acturing processes) or commercial desirability
(e.g., size). Because two 500 nmg NI ASPANO t abl ets are
bel i eved to be characterized by |ess flushing than one
1000 g NIASPAN(r) tabl et, one object of the invention
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A pharnmaceuti cal conposition according to the present
i nvention can include an i medi ate-rel ease
w0 baeshza3gdhi bi ti ng agent conponent anda del ayedPCBUSRSE004105
ni aci n conponent, wherein the niacin has a
del ayed-rel ease (i.e., the niacin is released after a
lag tine). In a preferred enbodi nent, the niacin is
rel eased at | east about 30 minutes to about 40 m nutes
after release of the flush-inhibiting agent. Brief
Description of the Drawings Figure 1 is a graph
showi ng nean ni acin dissolution from 1000 ng niacin
ext ended-rel ease tablets caontaining various |evels of
leadigg to-themees for spagighbatehpredustion frama cammergial sepRlisbif g internal
the effect of varying the viscosity of METHOCELS
specificatias. CR on ni aci n di ssol ution from 1000 rrg ni aci n
ext ended-rel ease tablets (1240 ng total weight).
Fi Gherefose, ithere isr rasH in swphargnackitic ars fvrangg@néﬁd gigase nicotinic
profiles from 1000 ng ni aci n extended-rel ease tablets
acid ﬁrw@m@e that ipreyidesi rrdusad levelsipf sutapsgms Hluslning pyef gxéstupg ingacin
graph showi ng the niacin dissolution profiles from
formmtmens, wdhilsiatseiallowsingefer @ gobust manufagturipgprocessishatagteriagidyy
total weight) produced using different m xing
imprgyestizhysicaly ghemisali andandchayvical ipsepesifits howi ng t he 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 show ng the incidence of
flushing followi ng Summarytof sh¢ bnventionwo fi|l m coat ed
1000 ng extended-rel ease niacin fornulations of the
present invention (Test) and two non-coated 1000 ny
N1AsPpregan) inveiticatproyidestfor amextended-rilepag ERD tabjetfoxmaylation
graph show ng the nedian intensity of the first
comprisingmiagin endehteldasd-tetanfling agadhi I enerembagimentt, thmvmtiqmprowdes a
coated 1000 ng extended-rel ease niacin formul ati ons of
1000 thg ERrndanamtableh foemulation with smprogediflowabilitycompaessability00
nmg NI ASPAN(r) tablets (Reference). Figure 9 is a bar
compactability rslhhandneshthamexisting 1009 atg prescoptionmiadin fgmulations. In addition,
flushing event follow ng-admnistration of two film
the 1006 tngERL 6i@Cintaplex bfthel eulreng inver®niieamnsiratoamaliility todpliohte the
the present invention (Test) and two non-coated 1000
releangjraddlahgRARGsdrptitinatts of Rehwewintly availablp 00 M@NIASRAN®Ytablets,
graph show ng the incidence of individual flushing
witheytrapy cadection in meanfifaceiring kabsiktnesy (2xobost praxebsigong)that has the ability to
admnistration of two filmcoated 1000 ng
reprasiucea thegbt emlpoas @ndsr yeryingfancnmbtandes nscayilitions, speheaseamall changes in
invention (Test) and two non-coated 1000 ng N ASPAN(r)
raw inaletials or (MRedfactaricg)rocdsegliorcoirimérsiabdegirability{&:gvsing). Beeause two
mean plasnma concentration of niacin after
500 mg NIASPANS tabletodre believed Bberhanstenreddy-less| fluisising than one 1000 mg
fornmul ati ons of the present invention ("Test" or
NIASPAN@ tablet paelobject iof thevinvehG@0is gy praivikiSRARDO mgt B hiatio tablet
("Refl. Figure 12 is a graph show ng the nean pl asma
formalatior tiat Btbiaequivhlehid tad 680 mgiNFASPAN® tablats. of t wo 1000
ny extended-rel ease formulations of the present
| nireprriiadar( th¥ patsént gnvehiRef providesd plitiacentical mnﬂz@sﬁl&bmgmpnsmg
NI ASPANO tablets ("Ref"). Figure 13 is a bar graph
shai abgut T08% neabout P2Yvaw/w ofadaoimer y of niacin and its
nmet abolites (as a percent of niacin dose) 96 hours
af (rabadni%its abait 269 wiw ofwreldddSretardimgtagented- r el ease
formul ati ons of the present invention ("Test" or
"Reformul ated”) and two 1000 ng NI ASPAN(r) tablets
("Ref'). WD 2007/ 120385PCT/ ¥S2007/ 004105 Fi gure 14a
is a graph showing the |linear nmean plasma niacin
profile for three test extended-rel ease niacin
formul ations (ERN-1, ERN-2, ERN-3) and a reference
extended-rel ease niacin fornulation (NSP); 14b is a
gr aph ShOWI ng the sem -1 og nmean pI asma. n| acin profile
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formul ati ons of the present invention (Test) and two
uncoated 1000 ng extended-rel ease niacin formnul ati ons
wotoorh®m3gs esent i nvention (Ref). Figure 20 is BCT/US2M07/004105
di agram showi ng the Exanple 6 study design. Figure 21
is a bar graph showi ng the incidence of individual
flushing synptons for the first flushing event
foll owi ng adm ni stration of two 1000 ny
ext ended-rel ease niacin fornul ati ons of the present
invention ("N ASPANS CF') when: (1) the subjects were
pretreated with aspirin (ASA), (2) ASA was -
adm nistered with the niacin forrmulation, and (3) the
ni @Y iabout @ e taaboun 41366 wad of abatder,@dd al one. Fi gure 22
Is a bar graph illustrating the incidence of flushing
evidhtabouft @ 5% od bk 415P6 w8 ofindubtiticampl e 8. Figure 23 is
a bar graph illustrating the intensity of flushing
eviarung efrodinadnin tHexsdhaphaeSticah thblfet asp Hize @ compteasibe thblet.
Descri ption The extended-rel ease matrix tabl et
f oFurtHeatthopesatt inveetign poeides imetheuds bbpreparing ttie ektehded-release
niacin as an active ingredient and (2) a hydrophilic
niacip tdbjete whivhtcomprisexs thastepeof: ng ext ended-rel ease of the
active ingredient, i.e., a release-retarding agent. As
us@y bleadngra, mixture eihhmni g0% tolabaste92% ovwoff atacimn abves %6 t@ about
formul ation that provides effective treatnent for
dysl| i25%aew af a releaspadtarditig agent) abbowe 6-1d4atd abotio43Ligw/w of a binder,
Ext ended-rel ease niacin formnmul ati ons of the present
I nvemhd about d(B% esabdut # 3%aw/w opa bubedantt imdl profile in a
patient. For exanple, adm nistration of an
ex(bd rRemgressihg asanixinae ofistep (d)ihtata tablenf t he present
invention to a patient can |lower total cholesterol,
| okt Llpreferteyl elboainicnt,@hdextbtdelireleadedliycin tabite $s preputed by blending
| i poprotein A (Lp(a)), and increase high density
grandlapgipéial ein (HDL) in the patient's bl oodstream A
condition, which requires treatnent to WO
20R 10 p238&AE B/ rhERENIT Q@D AL hiv ask@disted Gl ngdie frédtment
LDL, triglycerides, ancUor |ipoprotein A (Lp(a));
theraﬁ?dﬁ @ patidh€, @ASRin daidHAkthod campatdseidmisisioting thetextmdbd-telease
erein referred to as a "dyslipidema." Accordingly,
niacih igb1@E SRRl fithjRBienOMveRich B aSHbient!if Bedd sfidtimtrestnent. Ina
dysl i pi dem as by adm ni stering an extended-rel ease
prefeiied @nibolihdit) Bdibéln férmul it nRicesaig tb theSpttieaninl/entdon is administered
patient in need of such treatnent.
onceRiaflg Giithédvemag ot &t difig. absence of a significant
difference in the rate and extent to which the active
i NOhednBBdineht éthe Wveitibreéomprisep b a¢foRmelaed 1000 mg extended-release
equi val ents or pharmaceutical alternatives becones
niacid\phhinadeetticl céhipositicrewhith Whidf) adiniQerediesubjebis ini ssHicdg@ivalence
at the sane nol ar dose under simlar conditions in an
studPEdthpdingad sthgle d6sel (FFeh SHOUGY NIASPATE® taplets tb a single dose of to of
sufficient to denonstrate that the 90% confidence
said tefbiulatkd 1600 mEesichied-RIQRE Riat ih&dhiPositionaprovle®H0% CI’s for a
natural |og-transforned C. and AUC or any appropriate
natul sy trdnidfoemb@ katid uFike Sipréptiaad Bidawiiabilivy pah@eees within a 80% to
paraneters fall between 80% and 125% i nclusive, to
125% @dtetvdde that the two fornul ati ons are bi oequival ent.
Formul ati ons within the scope of the invention are
those that are deened bi oequivalent to formnul ati ons of
the invention when 90% Cl's for test/reference
treatnent ratios of natural |og-transforned
bi oavail ability paraneters fall within standard 80%to
125% intervals (See for exanple, Guidance for
I ndustry: Bioavailability and Bi oequi val ence Studi es
for Orally Adm ni stered Drug Products- Gener al
Consi derations, U S. Departnent of Health & Human
Servi ces, Food and Drug Adm nistration, CDER, March
2003; GUI dance for I ndustry Food Effect

~ ' L ol =l o~ I ~: 1



1. 41 and a hydroxypropoxyl nolar substitution of about
0.20 to about 0.22, nore preferably a nethoxyl degree
wotoosabsss t uti on of about 1.4 and a hydr oxypr opOrRY$2007/004105

nol ar substitution of about 0.21. METHOCELO K-1 5M
(avail abl e from Dow Chem cal Conpany, i ncluding
specific K-15M sub-brands such as K-15M prem um and
K-15M premium CR) is a preferred rel ease-retarding
agent. Addi tionally, hydroxypropyl nethyl
cellul ose polyners are conmmercially available in
different viscosity grades. These include, for
exanpl e, 4000 and 15000 nPas (1 CBnt|p0|se cp
PACCOTdiRg kg ths pegsant inkention) flushing 3uibe further g 6‘? Rw administering
METHOCELC K, i.e. METHOCEL(r) K4M and, METHOCELO_ K15]
an exiengpd-seleasemiasin formulation of tipEesenicipvention in gembingfien with a non-
15, 000 and 39000 i nPas viscosity grades of Metalose 90
sterogpﬂ argiyuyflaymatony dspg SRS AL dpy agﬁen%?}ghodlpﬁntaﬁle NSAID is aspirin.
enbodi nent of the invention, HPMC viscosity. (rreasur ed
at A @haupacewicah eompositipn arcopdingto she prgsant invgntiomeanypclude an
D2363) is about 11,000 to about 22, 000 nPas
immegliate-selgase flushdnhibiting gt compersat arlciaa deJayqdrrelmgse niacin component,
To determ ne the specific characteristics necessary
wherpigrthe pigsinihag gidglayed-release bist.ahppiaginds eeleasedaftarigdag Hipg):, In a
one of skill in the art can vary the degree of .
prefesigd smibpdiment, the niapin ipmlggqg} at(lgasgabouhg'@ MHRYLES @mbput 40 minutes
cellulose) and identify a substitute that matches the
after g¢lease ofthedtusprinhibltimga@gent. f or mul ation utilizing HPMC
according to the invention (e.g., a formrulation
according to Exanple 1 or 2). Excipients The
tabl ets of the pBeisEPesdriptiontdfshe Prawings conprise a
bi nder. The bi nder may be any conventionally known
Flgupthmsmgx@gh slmwmg mean @mcgtmgsob;tmé’rom éQQ(hmgguacm extended-release
pol yvi nyl pyrrol i done (al so known as PVP, povi done,
potableisiontaining yahiaus\lenedpsfi MEEHO( Es® K-mwrmmm.y |
cel lul ose, ethylcellul ose, polynethacryl ate, waxes and
Figuréizida gxaph Mhowing dse affect bevagyiog treevisdosite df MET(HQ@EL@ K-15MP
agents may al so be used. In an enbodi nent of the
i NGBruini roagin tissolbiiordfromd®P mgsmacinlenighdeddreldsse tabkets33240 mg total
w w of the total weight of the tablet, preferably
abwgighf). 2% to 3.25% ww, nore preferably about 2.5%to
3. 0% w w. In addition, the tablets of the
Figupe 3 s$engraph slowing thecwiagin idiseolatidoniprofidesftom THRO nglnidcimentended-
can be hydrophobi c or hydrophilic and include
| utsldaserabletcproduned wsing btk and 40hroesh BVIP K0.art , such
: as, but not limted to talc, nmagnesium stearate,
Figuca# i aignaph elrowing thesniecin idisselotion piofidesdtpam 4 0@@mgaygariméntended-
oils and the like. Preferably, the lubricant is
st edease tableit (1240 digt toah weight) paodugkd using tiffegerttimeixing steps.
formul ati on reduces friction between the die wall and
FigureBliea flowrdiagramisbowihgrthedirest npmpressiemmanufdsturing phagess.
flow of powder (i.e., the flow of m xed fornul ation
Figure 6 s 4 Aewhiiggram odith dlinéda] stadiyldésstibed wrkExample Adhesi on
of tablet material to the processing equi pnent. In one
Figueer dsla bargraph shewimgthe tindidence b flusivinsg followireg admieistration of two
conprise about 0.5%to 1.5% w w of a |ubricant,
pr fifne caditd/ 1 G00omg eBterddd-teteade @BEm iprmulations of thef presebt ipyvention
about 0.85%to 1.15% w w, nore preferably, about 0.95%
t o(Tes0) a%d twonorCoedtedi 300 mg NIASPAN® gbilatn (Referen¢adase
tabl et fornul ations 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
noi sture or odor barrier, protect against
deterioration by environmental factors |ike sunlight,
tenperature variations, or to taste nmask the tablets.
Such coatl ngs, as are knovvn to those Skl l[led in the

e R 1 o N T o - I I N



1000. 0 1000.0 1000.0 1000.0 1000.0 1000.0

Rel ease-retardi ng agent 153.5 173.3 193.1 212.9 232.7
w@a7420883/i done, USP 34.5 34.5 34.5 34.5 34.5 Bdr/6S2007/004105

Stearic Acid NF. 12.0 12.2 12.4 12.6 12.8 13.0

For nul ati on

' Figure 8 is a bar graph showi_ng the median intensity of the first flushing event 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 9 is a bar graph showing the median duration of the first flushing event 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 10 is a bar graph showing the incidence of individual flushing symptoms in the first
flushing event 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 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™).



Tabl et Wi ght (ng) 1200.0 1220.0 1240.0 1260.0 1280.0

1300. 0 After primary evaluation of nultiple
woanrabizes, the four formul ations descri bed bePomusmnr004105

selected for further evaluation. Variations to the

formul ati ons bel ow were anal yzed based on di ssol ution

profile using 500 ng NI ASPAN(r) as a reference and

enpl oying a USP Type 3 Apparatus in 250 nl of

simul ated gastric fluid maintained at a pH of 1.2, 37C

for 60 mnutes followed by 250 ml sinulated intestinal

fluid maiintained at a pH of 6.8, 37C, for all tine

oints. (i)METHOCELC EI OM prepared using wet
Figurg kdauk atgranh showjng the linedxinagan plagmamigcdn prO%Emo@EE«( teyt extended-
El OM Povi done 1 C90, and stearic acid were wei ghed
acelgasti migcin dormhwdations (ERM <!, ERN-GnERNeB )fand axefttenge extended-release
1260nmg, 1280 ng and 1300 ng fornul ati ons, and then
grrazaih firovhlationANSPYH 4blisagraph showvimgdhe semitlpg imegn plasma niacin
dei oni zed water as the granul ating solution. The wet
grranfileder the tlreel tastahd arielréference fatmulagiond| ended wit h
extragranul ar METHOCELC E1OM and stearic acid. The
Figuid Ifml is agrdphirhewiterthelinearmecanpdasoaipd Agsefileifor threeabrt extended-
using a BW Manesty Beta Press (Thomas Eng, Hoffnman
Egtlebe, niadip farmuldtions GERN- 10 ERDOQ, ERNF-Btand paeferdnce tetefided-release
a target tablet hardness of 16 to 18 Kp. WO
20040l foBREHeon/ (NSPNAEbA9 4 gtkph (show g TMOSRi(lpg michtiplasma NUA
prepared using direct conpression (DC) nethod
Nipofile fgr theuhrae testand-§pireferoncEfibMuldtions.done K90, and
stearic acid were wei ghed according to the designated
Figufeol6isladsr graphishedtingnhelmbareurdinany cecbiary ofidiheth andtits mgtatidblites as a
gt bl ender (LB-9322, Petterson Kelly, East
Stpreocetis bfmigein [da3e foa ttediestrkenhdidretease nilcin faehulatibres(ERN-1,
m xture was conpressed into tablets using a BW
VHERN 2y EBN-3) &hides eeféréineraxeentedrelédsé hisein fhahalbtion (NJP)at
the speed of 500 tablets per mnute for a target
Figutalilach ahppaphndesvingf thd Ginéay nidan lhasmaidiacin MoTiH G hSo ad4iéd 1000 mg
prepared usi ng WG net hod Ni aci n USP, METHOCEL(r)
Kléddndad ie B¢ infkeirefolka0lavienisofithe preseht vveatioh (IEst)@nd beo uncoated
designated fornulas outlined in Table 1 and granul at ed
I NLODO@exteidddrreRasenihdih Grmildtiong bNithe hedsonti idashtion (ReR); 17b is a
as the granul ating solution. The wet granul es were
drgregh showihgthe 18g-trahiferndd mewhadasmd Miaci prafilé ftithatest and
METHOCEL(r) K15M and stearic acid. The final
wereferdrice dotathlatiotisur e was. conpressed into tabl ets using
a BW Manesty Beta Press (Thomas Eng, Hoffnman Estate,
Figutd. }8a0ik atgnephsheadngthe Tidartnadah pll &N UAI profile footweacoated 1000 mg
target tablet hardness of 16 to 18 Kp. (ivV)
VEekiténdedl-feélask hiddirpforialaddnsisfl the pidcenviriveaton (Test) ahil ag6 dncoated
granul ar, METHOCEL(r) K15M Povi done K90, and stearic
aciadourg extesdeghrebaseatiadinl farthulatiohk of the preyonttincention (RER;SI8D is a
outlined in Table 1 and then added into an 8 qt
bl gasleshowify theddg-tkrifbrtiaianedngdlhyma RUN profileofoel eeuésy and
PA), and bl ended 10 m n. The well-bl ended m xture was
c qeferare dormulatiorisabl et s using a BW Manesty Beta Press
(Thomas Eng, Hoffman Estate, IL) at the speed of 500
Figutel® Blashap graphi shoivingfthe mean atigey récdbégtof htucihnelstsahetdfolites 96
to 18 Kp. Anal ysi s included process nachine
t d@urgfted hdm@tistrationrof avo ovated 1000 nigextehdadedeeafstiacin
Table 1); interchange of wet granul ation, direct
conpression and roller conpaction nethods; variation
in PVP | evel s; changes in tablet hardness; weight
variation (+/ - 5%; reproduc%bi lity; tableting speed
variation and tablet stabilitly (release rate after
storage, noisture absorption, etc.) Targeted drug
rel ease profile was achieved for the three follow ng
formulations: (i) WD 2007/ 120385PCT/ US2007/ 004105
I\/ETH(I:EL(r) E— 10M vvet ar anul atl on, (| i ) I\/ETH(I:EL(r)



Ni acin Granul ar, USP DVF Lonza, Ltd, Methoceloi) K-15M

No DMF - material conforns to USP/NF The Dow Chemni cal
wEooupargsl asdone(r) K-90 No DVF - material copdDUSE01/@04105

USP/ NF | SP* New Jersey 07470 USA Stearic acid No DWVF

-material conforns to USP/NF Wtco Corporation

Table 3 illustrates refornmulated test 1000 ng DC

tabl ets containing various |evels of excipients and

associ ated physical qualities. These fornul ati ons were

prepared as descri bed above with the ww % of each

conponent as described in Table 3. Table 3. WO

2007/ 120385PCT/ US2007/ 004105 Item No. Conponent w w
( oformulntigns fthe present invention (Test) and two uncoated 1000 mg extended-

release niacin formulations of the present invention (Ref).

Figure 20 is a flow diagram showing the Example 6 study design.

Figure 21 is a bar graph showing the inc'idence of individual ﬂ.ushing'symptoms for the first
flushing event following administration of two 1000 mg extended-release niacin
formulations of the present invention (“NIASPAN® CF”’) when: (1) the subjects were
pretreated with aspirin (ASA), (2) ASA was administered with the niacin formulation,
and (3) the niacin formulation wﬁs administered alone. |

Figure 22 is a bar graph illustrating the incidence of flushing events for both Example 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



1260 ng 1240 ng 1220 ng 1200 ng 1 Niacin G anul ar
78.13 79.37 80.6 82 83.33 2 Methocel (r) K-15M Premi um

wd 8001820885 9 15.6 14.2 12.79 3 Povidone 2.7 2. THCRUS20R7/@4105
2.88 4 Stearic acid 1 1

lower total cholesterol, LDL, triglycerides, and/or lipoprotein A (Lp(a)); and/or increase in
HDL in a patient’s bloodstream is herein referred to as a “dyslipidemia.” Accordingly, the
present invention encompasses the treatrﬁent of dyslipidemias By administering an extended-
release niacin formulation of the present invention to a patient in need of such treatment.

Bioequivalence is the absence of a significant difference in the rate and extent to
which the active ingredient or active moiety in pharmaceutical equivalents or pharmaceutical
alternatives becomes available at the site of drug action when administered at the same molar
dose under similar conditions in an appropriately designed study. Typically, it is sufficient to
demonstrate that the 90% confidence intervals for Test/Reference treatment ratios of natural
log-transformed Cmax and AUC or any appropriate substitute fqr these calculated
bioequivalence parameters fall bétween 80% and 125%, inclusive, to conclude that the two
formulations are bioequivalent.

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
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(e.g., analytical and technical conditions analysis) using relevant bioequivalent parameters
wherein the reference formula is used as a control.
Niacin

Niacin, a water-soluble medicament, is commercially available as fine white crystals,
granules, or white crystalline powder. Pharmaceutical compositions of the present invention
can be produced using niacin crystals, granules or powder. In a preferred embodiment, the
pharmaceutical compositions are produced using granular niacin, which has greater
flowability compared to niacin powder. Flowability is a critical processing parameter for
tablet manufacturing. The use of granular niacin according to the present invention improves
flowability and renders direct compression of niacin tablets feasible at production scale. Any
granular 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% (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 rrig, 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.
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Extended-release from a polymer matrix system will typically involve polymer
wetting, polymer hydration, gel formation, swelling aﬁd polymer dissolution. With respect to
soluble drugs, these drugs become wet, dissolve and diffuse out of the gel layer formed by the
polymet; matrix. Although the mechanisms by which soluble drugs are released in matrix
tablets are dependent on many variables, the general principle is that a water-soluble polymer,
present throughout the tablet, hydrates on the outer tablet surface to form a gel layer. As
water permeates into the tablet, the gel layer increases in thickness and the soluble drug
diffuses through the gel layer. During the life of the ingested tablet, the rate of drug release is
determined by diffusion of the soluble drug through the gel and by the rate of tablet erosion.

The release-retarding component of the present invention r;lay be any agent known to
those skilled in the art demonstrating favorable swelling and gelling properties. Examples of
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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total weight of the formulation), preferably about 11.0 % to about 20.0 % w/w, more
preferably about 14% to about 18% w/w.

In one embodiment, the release-retarding agent is hydroxypropy! methyl cellulose.
HPMC has a polymeric backbone of cellulose, a natural carbohydrate that contains a basic
repeating structure of anhydroglucose units. The solubility of (e.g., hydration rate), and
strength of the gel layer formed by, HPMC is influenced by the proportion of two chemical
substituents, hydroxypropoxyl (sometimes referred to as hydrdxypropyl) and methoxyl
(sometimes referred to as methyl) substitution, attached to the cellulose backbone (cellulose
being a natural carbohydrate that contains a basic repeating structure of anhyroglucose units)
of HPMC. The hydroxypropoxyl substitution is relatively hydrophilic in nature and greatly
contributes to the rate of hydration, whilé the methoxyl substitution is- relatively hydrophobic
in nature. The amount of substituent groups on the anhydroglucose units of cellulose can be
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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methoxy! degree of substitution of about 1.4 and a hydroxypropoxyl molar substitution of
about 0.21. METHOCEL® K-15M (available from Dow Chemical Company, including
specific K-15M sub-brands such as K-15M premium and K-15M premium CR) is a preferred
release-retarding agent.

Additionally, hydroxypropyl methyl cellulose polymers are commercially available in
different viscosity grades. These include, for example, 4000 and 15000 mPas (1 Centipoise
(cps) = 1 mPa s (Millipascal Second)) viscosity grades of METHOCEL® K, i.e.
METHOCEL® K4M and METHOCEL® K15M, available from the Dow Chemical Co,
USA; and 4000, 15,000 and 39000 mPas viscosity grades of Metalose 90 SH, available from
Shin Etsu Ltd, Japan. In an embodiment of the invention, HPMC viscosity (measured at a 2%
concentration in water at 20° C e.g., ASTM D2363) is about 11,000 to about 22,000 mPas,
preferably about 13,000 to about 18,000 mPas.

To determine the specific characteristics necessary for substitution of suitable
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).

Excipients

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 énd the like. Mixtures. of the éaforementioned binding

agents may also be used. In an embodiment of the invention, the binder comprises about
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0.1% to 4.3% w/w of the total weight of the tablet, preferably about 0.2% to 3.25% w/w, more
preferably about 2.5% to 3.0% w/w.

In addition, the tablets of the present invention comprise a lubricant. The lubricant
can be hydrophobic or hydrophilic and include lubricants commonly known to those in the
art, such as, but not limited to talc, magnesium stearate, calcium steer'ate, stearic acid,
hydrogenated vegetable oils and the like. Preferably, the lubricant is stearic acid. Addition of -
a lubricant to the formulation reduces friction between the die wall and tablet formulation
during compression, aids in the flow of powder (ite., the flow of mixed formulation into the
h(?pper and die), and helps prevent adhesipn of tablet material to the processing equipment. In
one embodiment, the tablet formulations of the invention comprise about 0.5% to 1.5% w/w
of a lubricant, preferably about 0.75% to 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
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embodiment, the color coating is applied to the tablet in an amount from about 1.5 to about

8.0% weight gain, and preferably from about 1.75 to about 5.0% weight gain.

Equivalency to NIASPAN® 500 mg tablets

A review of previous clinical studies revealed that two (2) NIASPAN® 1000 mg
tablets (tablet weight 1203.6 mg) were not bioequivalent to four (4) NIASPAN® 500 mg
tablets, and niacin released faster from the NIASPAN® 1000 mg tablets than from the
NIASPAN® 500 mg tablets. Further sfudy demonstrated that niacin ER 1000 mg tablets
(tablet weight 1419.0 mg) with double the amount of components in the NIASPAN® 500 mg
tablet were also not bioequivalent. In the latter case, niacin dissolution was slower from the
1000 mg tablets than from the NIASPAN® 500 mg tablets 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.

14
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Table 1
Component Weight/ Tablet (mg)
Niacin Granular, | 10000 | 1000.0 | 1000.0 1000.0 | 1000.0 | 1000.0
USP
Release-retarding 153.5 1733 193.1 212.9 232.7 252.5
agent
Povidone, USP 34.5 34.5 34.5 34.5 34.5 34.5
Stearic Acid NE' 12.0 122 | 124 126 .| 128 13.0
Formulation
Tablet Weight 12000 | 12200 | 1240.0 1260.0 1280.0 | 1300.0
(mg)

After primary evaluation of muitiple variables, the four formulations described below
were selected for further evaluation. Variations to the formulations below were analyzed
based on dissolution profile using S00 mg NIASPAN® as a reference and employing a USP
Type 3 Ap;;aratus in 250 m! of simulated gastric fluid maintained at a pH of 1.2, 37°C for 60
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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according to the designated formulas outlined in Table 1 and then added into an 8 gt blender

(LB-9322, Petterson Kelly, East Stroudsburg, PA), and blended 10 min. The 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.
(iii) METHOCEL® K 15M prepared using WG method

Niacin USP, METHOCEL® K15M, and Povidone K90 were weighed according to the
designated formulas outlined in Table 1 and 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® K 15M 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.

(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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Table 5: N acin D ssolution from 1000 ng ni acin ER
tabl es containing Various Sizes of N acin G anul ar
w@ 1420389 usi ng USP Apparatus 1 (specificati oPGI/US2007/004105
descri bed above). N acin Ganular Batch No. 1 3 6 9
12 20 Niaspan 500 10.3 23 38.1 51.3 62.7 86.6 40-60
mesh 9.1 20.3 32.9 43.1 51.4 69.8 60-80 nesh 10.1

METHOCEL® E-10M wet granulation, (iii) METHOCEL® K-15M wet granulation, and (iv)
METHOCEL® K15M direct compression,. The three formulations further demonstrated
favorable stability results following a three month stability study.

Direct compression tablets using METHOCEL® K-15M were selected as a preferred
embodiment for further analysis due to economic and stability advantages identified in the
analysis described above. According.ly, with respect to the reformulated 1000 mg niacin DC
tablet, evaluation was further made with respect to the impact of granulation size; particle size
distribution of each component, bulk and tap density of each component; different lots of each
component; content uniformity; Hauser and Carr indices; flowability; compressibility and
friability. Table 2 outlines the specific primary materials used in various experimental

formulations. DMF is a Drug Master File.

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 to USP/NF © Company

No DMF - material conforms | ISP, , New Jersey 07470
Plasdone® K-90 o materi rm ew Jersey

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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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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EXAMPLE 1 The follow ng fornulation was used in this
exanpl e: TABLE 6 Ingredient My/ Tablet % w w

wao-nctizossml ity Niacin granular, USP (NLT 85% (m¢miysi007/004105
1000 ng 80.65 Active drug WO
2007/ 120385PCT/ US2007/ 004105 si eve fraction 100- 425pm
and NMI 1094w w) for dust <100pm METFI OCEL(r) K15M
Prem um 193.1 ng 15.57 Rel ease-retardi ng agent
Povi done K-90, USP 34.50 ng 2.78 Binder Stearic Acid,
NF 12.4 ny

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

(©) 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.

In a preferred embodiment, the formulation is made using a direct compression
method.

Because the 1000 mg extended-release niacin formulations of the present invention are
bioequivalent to two 500 mg NIASPAN® tablets, they would be expected to share both the .
same efficacy and toxicity profile. Thus, administration of 1000 mg extended-release niacin
formulations of the present invention can provide similar treatment benefits to that of two 500
mg NIASPAN® without giving rise to treatment-limiting hepatotoxicity or treatment-limiting
elevations in uric acid or glucpse 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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1. 00 Lubricant Total 1240 ng 100.0
Preferably, where METHOCEL(r) K-15M Premiumis
we@pphaysss the particle size specification forpCT/us2007/004105
METHOCELS K- 15M Premiumis that a m ni num of 90%
passes through a 100 nmesh US standard sieve. For
METHOCELO K- 15M Prem um CR, preferably a m ni num of
99% passes through a 40 mesh US standard sieve, and a
m ni mum of 90% passes through a 100 nmesh US standard
Si eve. For a 20 kg batch size, delunped niacin
granul ar and the excipients were wei ghed according to
t he above fornula and then added into an 8-quart
admipjsaden tosaid patiendbat weld renuife sughstseaiment o bp giscopfinued when said
particular, a 12 nmesh (1.68 nm screen was selected to
comppsitiangs ingestREnHeRE Patignt Rnaepar day Bt aBwrther ebefiment, admigistration
mesh (1.19 m‘rg?screen was_sel ected to delunp the
is ONRE PRY| 44yqila evaningreat ighe(fre gampls afterdinner ofibefase bedtime).
mlled, or both). The resultant granular conposition
was di rectly conpressed into tablets using a BW
Manesty Beta Press with a 19 nmlength oval tooling at
30 IcN. Tabl et har dneGembination treatmenthe - conpressi ve
strength of the tablet, as neasured by standard
cohlpe enesidetly niasin ﬁq’gnnbtlhml@f theprepent invehigenecaniliel dombinad with an
the art) was.controlled within a range of 16 kP
HMG o orsduetase inbibitor. kies useidhgrein, Stembliaatior thbtapy™ ard theabination
tester for a target tabl et hardness of 18 IcP.
treati@pny’ gnedmpass adroingstration of a oiadindormetietoefethe preserg invention and at
screened through a nesh screen, such as a 40 nesh
least ope additiona\@ctPEHEEN IO 3BS FAAR WSLHIFE PHarhGBeutivdl dosage fprms.
steps (one or twd) and mxing time (10, 15 or 20) can
Combpmation treaimient, a$ usedhgreain,dndjudhs simultaneous adminiftration of the active
resulting conpressed tablets were coated with a 2%
agentgeind Isequgatial adolinistratioa ofdhe [PRPRZYENY asPasinefer DS@BEIEgimen.
The coating conditions were as follows: TABLE 7
CobxamplesTeSHMCh&oActedudtaseiichiBitors incliiwter buttase nettlingited to, lovastatin
Batch Size 12,097 tablets Starting Core Wi ght (ng)
and re288l @mpyufdsas diQbesed in Ush [Pat. Noe #ZR1,988;pravil@86in anduglated
HC- 48/ 60 Vector H Coater (Vector Corp., Marion, |A)
compivhwlds asirepéited rhb St Pat. Nos. 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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002852 @un to Bed Distance 6 'A" ft of Spray Guns 2
Nozzle Size 1.2 nm Atom zation Air 150 L/mn Pattern
WaR007/712038F M n Process Air Vol une 170 CFM Spr ayp@aUs2060004105
g/mn 59-64 g/mn Pan Speed (10 RPM . 10 rpmInl et
Tenperature TBD 67.9-72.2 C Exhaust Tenperature 43C
42.0-44.8C Wight Gain: 50 ng 51.1 Spray Tine (Report)
87 m nutes The coated niacin 1000 ng direct
conpression tablets were found to be stable for three
nont hs at 40C175%rel ative humdity (RH) and 25C 60%
RH by conparing the niacin assay, niacin dissolution,
_moisture of the tablets and the physical appearance of
derivatieesas alisstbsed bl BreachpPatent Nap 2:696,398] 2.3wi-sgbstineed pyrrole, furan and
stability study. Figure 5 illustrates a
thiophkms dativatjvesrasalisciosed melcuropeamtatent iApplication N 0821023 A4,
process for preparing the tablet fornulations in
naphthyt analegsodf mevatonalactomb esldiselosedoin U.8ePatiNe 686237, octahydro-
naphthelenes such as disclosed in U.S. Pat. No. 4,499,289, keto analogs of lovastatin as
disclosed in European Patent Application No. 0142146 A2, as well as other known HMG-
CoA reductase inhibitors, such as those disclosed in GB Patent Nos. 2,205,837 and 2,205,838;
and in U.S. Pat. Nos. 5,217,992; 5,196,440; 5,189,180; 5,166,364; 5,157,134; 5,110,940;
5,106,992; 5,099,035; 5,081,136; 5,049,696; 5,049,577; 5,025,017; 5,011,947; 5,010,105;
4,970,221; 4,940,800; 4,866,058; 4,686,237.

Optionally, the pharmaceutical formulations of the present invention can also be
administered in combinations with other anti-lipidemic agents. Specific examples of anti-
lipidemic agents include, but are not limited to, bile acid sequestrants, e.g., cholestyramine,
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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WD 2007/ 120385PCT/ US20) 7/ 004105 Unl ess
ot herwi se indicated, the 1000 ng extended-rel ease
woe@ciizn3godr nul ati ons of the present invention PEeBUS100BE)4105
in the foll ow ng exanpl es were prepared in accordance
with Exanple 1. EXAMPLE 2 Usi ng the processes
descri bed herein, 500 ng and 750 ng extended-rel ease
di rect conpression tablets (coated or uncoated) can be
prepared having content concentrations illustrated in
Tabl es 8 and 9 bel ow. TABLES: 500 MG TABLETS
I ngredi ent My/ Tabl et % w w Functionality N acin
granul ar, USP (NLT 85% (wW V\(%| for sieve fraction 100-
such a5 those dengrikpdrind sy RataNor 2044 EutensanatspioA prjication Ho.
Active drug I\/ETH(I:EL&& K15M 185. 2 n‘gﬂ 26.1 -
0065835 A hdurpraanrhatang Nog d6t-6280i GoBPaeny do- U8B6,192 andyfs.B. Patent
2.42 Binder Stead& Acid, NF 7.1 ng 1.00 Lubricant
Apphggtign Neg31&2-1{P-400. 0
Further, a pharmaceutical formulation of the present invention can be administered in
combination with a flush-inhibiting agent. Flush-inhibiting agents include, but are not limited
to, nonsteroidal anti-inflamnmatory drugs such as aspirin and salicylate salts; propionic acids
such as ibuprofen, flurbiprofen, fenoprofen, ketoprofen, naproxen, sodium naproxen,
carprofen and suprofen; indoleacetic acid derivatives such as indomethacin, etodolac and
sulindac; benzeneacetic acids such as aclofenac, diclofenac and fenclofenac; pyrroleacetic
acids such as zomepirac and tolmectin; pyrazoles such as phenylbutazone and
oxyphenbutazone; oxicams such as piroxicam; and anthranilic 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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- Table 9: 750 rt4G TABLETS | ngredi ent My/ Tabl et %
w w Functionality N acin granular, USP (NLT 85% (w w)
wo 00782088 fracti on 100- 425gm and NMI 750 ng W@1/482007/004105
Active drug WO 2007/120385PCT/ US2007/ 004105 10% W w)
for dust <I 00gm METHOCELO K15M 183.1 ng 18.9
Rel ease-retardi ng agent Povi done K-90, USP 25.8 ny
2.66 Binder Stearic Acid, NF 9.7 ng 1.00

composition can compromise an immediate-release flush-inhibiting agent component
combined with a delayed-release niacin component. For example, upon administration of a
pharmaceutical composition of the invention to a patient, the immediate-release flush-
inhibitiing agent releases immediately and the delayed-release niacin component releases after
a lag time (e.g., at least about 30 minutes to about 40 minutes).

Delayed-release can be provided using materials and methods well-known in the art.
These materials and methods include the following. Single-unit, capsular drug delivery
systems, which include an insoluble capsule housing a drug and a plug. The plug is removed
after a predetermined lag time due to swélling, erosion, or dissolution. The Pulsincap®
system (Scherer DDS, Ltd) is an example of such a system, wherein the body is closed at the
open end with a swellable hydrogel plug. Upon contact with dissolution medium or gastro-
intestinal ﬂuids, the plug swells, pushing itself out of the capsule after a lag time. This is
followed by a rapid drug release. The lag time can be controlléd by ménipulating 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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Lubricant Total 968.6 ng 100.0 - For the 500
mg and 750 ng tablets, delunped niacin granul ar and
wo b®7ex38pi ents are wei ghed accordi ng to the ceopusEnt/004105
concentrations illustrated in Tables 8 and 9 and then
bl ended in a suitable blender or m xer for an
appropriate tine to adequately m x the conponents. The
resul tant granul ar conpositions can then be directly
conpressed into tablets using a suitable press, such
as the BW Manesty Beta Press descri bed above, to form
a 500 ng or 750 ng tablet strength as desired.
Optionally, the 500 ng and 750 ng tablet strength can
P. Pubsincap&: Mdc226; EhisedrRelepse Rosage borne.duoducs infomndtiopfreni Hcherer
the art. EXAMPLE 3 Conparative Incidence of Flushing
DDSBbtdn@ed#. Coat ed, Ext ended- Rel ease 1000 ng Niacin Direct
Conpression Matrix Tablets and 1000 ng N ASPAN(r)
MVeTheoRprt® SystemRert SystemnsilalsC pis agapondrsgsiem based on osmosis, which
doubl e- bl i nd, doubl e-dunmy, singl e-dose,
consisisad algolatio chpsmld @itediwitles samipennaablkouenbrahé (ssfh, cellulose acetate)
provocation study conducted at a single center.
housiBglanentofubleplagde.go lipidic) land anl ofmoticalliyiangveasgent alongwith the drug
NSAlI Ds during the study. The study incl uded
formblatdbn.[Grison enals Arédeed InmerineSyng) Gontes Re] BadaceMatel 81 W (R271Y8-279.
years old with a body mass index (BM) of 22 to 31.
UporSudmtaet tvithvagneouws oinddiumpslatasdiffasdstaoyosh thesemipypinesbde membrane,
physi cal exam nedical history, electrocardi ogram and
resultieg inl inerehsedimmdripréssiak thal\Eje2B e AlNY ARER(Tak HER0 TRé Cig4ibis
| aboratory testing conducted at the screening visit or
contratled becdatingtthisknedy. peri od adm ssion visit. Subjects
were excluded if they had allergy or hypersensitivity
t oTomdelbientierdrogimliqdd e, umbsmeticallg dbisemeapRulabsigeenoEan be used
dependency within the last 3 years; history of
wheriinghaliqed degsliz abasbedlinaieighly, podals| pattikttdewhith s€lasse the drug
liver disease, severe hypertensi on or hypotension,
through lafl iotifice bNa semipeinyeablecsapsul €l suppaed b hn expipdingdemeric layer after -
myopat hy. Subjects could not have taken any
the bprries fayepisidivsolvedli Szetl. S Bateit ING. 5,318,538y BPheddapsular system delivers
over-the-counter nedications, vitamns, or herbals
drug bl lobin6tid fhfiakiyrs oPrhbRturé frofrthe bodyg Thb @agssulethyall is made up of an elastic
Screeni ng procedures were conpleted within 21 days
matefial 20d poSsesdes ah GaificeldNE the bSifosiNpoc&iddddie Pesssiad within the capsule
(Figure 6). For each of the three study peri ods,
rises,Sdal$ifg the wahw gtetths Thelekfic ie dmbll enowhoakitviealtlye eladiie wall
AM on Day 1 until the conpletion of all study
relaxpg, Gigcloiv @8 therdri g throdphithé grifife ¢33sntidll{ Repsyetain wheh theAldstic wall is
and 10: 00 AM. Meal conposition and start tine was the
distesdudebelyorid thaesho kit watle, therdrifide ekptinids guffiaiehtl s todllovpaitug @€lease at a
subj ects received neal s according to specific menus
requikdirtateC Blistoddr€ Guétnds styrage-butadiend edpoly@idreah be Meed. See U.S. Patent
concom tant nedi cations, vitam ns, or herbals and/or
No. 522 1,218; DisaPat&itNd. 50@9M4%. wer e permitted during the
study. Study treatnents The formul ati ons
admheTizieCldk®Ryited (WesePhaindchutipalr SepelsesdDmgd®ediveiyn® Clinical
in Figure 6. The test treatnent used two fil m coated
Resedi@h Cenle) ialalsolid Hosagw farin aasedofith lipidicbagridrs 6ontdining camuba wax
Exanple 1) (Test - refornulated niacin . ER tablets),
and bels vax hlvag watheduefac@ants) stigh a® polyosythylewe sothitag mdnodleaf0Wilding
ng comercial niacin ER tablets
(Ref erence- Nl ASPAN(r)). The control treatnent used two
non- coat ed pl acebo tablets (Control). As this study
f ocused on subj ect-reported Jé ushing, it was inportant
to conpletely blind the subjects and study personnel
as to the identity of the fornulations admnistered in
the treatnents: Blinding was acconpl i shed t hrough
several nethods. In each active treatnment, two
filmcoated placebo or uncoated WO
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Statistical analysis It was determ ned that a
sanpl e size of 144 subjects would be required to
waolervonsBsat e a statistically significant differenus200mo04105
flush incidence between treatnents at an al pha (a) of
5% using the McNemar's test (nQuery Advisor(r),
version 5.0). In order to assure that an adequate
nunber of subjects would conplete the study and
provi de eval uable data fromat |east two treatnents,
subj ects that discontinued early were replaced. WO
2007/ 120385PCT/ US2007/ 004105 The primary
ef fi cacy assessmnent él nci dence_of flush) was comgared
et al bt b bame- 188t HPIJ0dupiva Fighg) mwge'sl?%%% 83189. This coat
equal ity of paired proportions. The pri-mary conpari son
erodeieay egudsiierintthreadneqys efvirormealria 3ding propentianalda sheghickness of the
ni aci n ER anong subj ects who received at |east one
film, p9d ghexors is lagn availpbladoratisnersion. In e 58y ofbumen yglunteers, it was
peri ods. Conparisons between niacin and pl acebo were
shovgy| thet the lagdimewas indersndentypf gastes sasidence tior.cand dhphydsephobic film
using either McNemar's test (for categorical
redispensioasliéngt appear [ie berinflileperddyi the presense of mtestr@equsmmssam
were two-tail ed and conducted at al pha-(cc) = 0.05.
meclRaing| aasion of stomackyor gastrio-iptestirgd pEL Sjawmgawé e lat} Bhdre
in this study and received at |.east one dose of study
1994244078 . Thenlag timednereasgd WithsingRBading ecatiog thipkheshiei r
mean BM was 26.2. A summary of subject denographics
i sThe €bonpecpip®|systemris TdblgecontainingBple cbated BxdFdtopkilic swellable
SUBJECT DEMOGRAPHI CS WD 2007/ 120385PCT/ US2007/ 004105
hydrexypaopst aregut iceldulgse((RPME), Whichie rédpbusible f¢riiaggphase prior to release.
Race/ Et hni city Caucasi anl24 (79.5% Bl ackl14 (9.0%
Gazzahigp ghalc E) 6 Biopharmi Hi9A(40(8R246c2 I Gaggniid)et AycPrpgeed Intern Symp
Mean33.5 SE13.1 Height (in) Mean7l1.2 SE2.8 Wi ght -
Contfol %} BiteshVRe:r 8199522 428 3; EP 0 572 942. The application of an outer

gastric-resistant enteric film can overcome problems relating to the variability in gastric
emptying time. Sangalli et al., J Contr Rgl. 2001;73:103-110. The lag ;ime 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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Mean26.2 SE2.9 BM = body nmass i ndex Al'l 156
subj ects received study nedication in Period 1, 143
we nbyensss (92% received study nedi cation in PeeT/os2027/004105
and 131 subjects (84% received study nedication in
Period 3. Atotal of 130 subjects (83% conpleted
dosing in all three periods. Twenty-six subjects (17%
prematurely discontinued fromthe study: 8 (5%
wi t hdrew consent, 3 (2% were lost to foll owup, 2
(1% had an adverse event, 2 (1% had protocol
violations, 1 (1% had a positive drug screen, and the
remai ning 10 (6% w thdrew for "other" reasons. O the
dissodutigineafithe birgeplnrarapntrels thedippeasandernfdhe secord dose. Thagpling
11 were replaced in order to ensure sufficient power.
polymgrsshan ingludgeliviowy deriyagwmdike BHIMG, metwl ogllulose, or podgvinyl
i ntended, flush provocation was achi eved, as the flush
alcotolrofoManions melechlar weightseand eoating maserwéﬁsmalpgm@@itlw&pelllyose
four tinmes higher than that of the control treatnent. -
celluipspriaectdte-pleppreate, mdtkackylis phdyroers, donylerandimethagmylic co-polymers, and
duration of the first flushing event in the
polydlepheds. -t o-treat (I TT) popul ation, defined as the
subj ects who received at | east one dose of study
melileatilé systeamowitho mplturalle caatirige dependmn disindgration iobthe coating for
but did not include subjects that were replaced. The
releapd eftbbdruge Thopeesuseneressaryt for suptunedf thescaatipg cal beodchieved by
pl acebo responses in general. TABLE 11. | NCI DENCE AND
effer@deévilekcip NSNS aINng\henB R ATIntiNi cGiresEhike. FARSTeriFesoSiinN@ure of
EVENT I N | TT POPULATI ON. Treat nment
citricRefdan Hod upa Beatvenatt akrlonincaipobdtatinm tEiRe(dEmsb«)d‘tkchwnth ethyl
ER (Reference) Incidence of Flushing Incidence (% 145
cellulo2g. 8884 divdde pB{ue8dYfict pOnGtatioh HF)vatentingn shet gorefeshiiy intrelease
Fl ushi ng Event (VAS) N 124 137 33
of drug after rupture of the coating. Bussemer T, Bodmeier R, AAPS Pharm Sci. 1999;1(4

suppl):434 (1999). Lag time increases with increasing coating thickness and increasing
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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Mean (SD) 35.4 (21.67) 50.1 (24.24) 17.3 (14.06)

Medi an 33 54 16 Mn, Max 0.0, 99.0 0.0, 95.0 0.0, 60.0
wornoatizesss of First Flushing Event (min) N 127 A@GUSH07/004105

Mean (SD) 125.3 (94.07) 184.1. (133.24) 106.5 (119.87)

Medi an 98 168 60 M n, Max 9.0, 4710 5.0, 984.0

Multiparticulate systems (e.g., beads or pellets in a capsule) can be used to provide
delayed-release of one active agent and delayed, or other type (e.g., immediate) release of a
sec.:ond active agent. See, e.g., US Patent No. 4,871,549.

The Time-Controlled Explosion System (Fujisawa Pharmaceutical Co., Ltd.)isa
multiparticulate system in which drug is coated on non-pareil sugar seeds followed by a
swellable layer and an insoluble top layer. Ueda et al., J Drug Targeting. 1994;2:35-44; Ueda
et al., Chem Pharm Bull. 1994;42(2):359-363; Ueda et al., Chem Pharm Bull.
1994;42(2):364-367; Hata et al., Int J Phérm. 1994;110:1-7. The sweliing agents can include
superdisintegrants like sodium carboxymethyl cellulose, sodium starch glycollate, L-
hydroxypropyl cellulose, polymers like polyvinyl acetate, polyacrylic acid, polyethylene
glycol, etc. Alternatively, an effervescent system comprising a mixture of tartaric acid and
sodium bicarbonate can be used. Upon iﬁgress 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 ,5A08,040.

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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4.0, 432.0 I nci dence and overall intensity and
duration of the first flushing event in subjects who
wo emeiiwsss at | east one dose of study nedi cati OPCT/OSADT7/004105
| east two study periods for Test (refornulated niacin
ER) vs Reference (commercial 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 depi cted [nean val ues were 35.6 22.78 (mn,
max: 0.0, 99.0) with Test and 52.8 th 2186 (m n, nmax:
0.0, 95.0) with Reference, p < 0.001]; C Duration of
first flushing event (mn); nedian val ues _depicted
[ ndBetheraysiem igbpsed pB@ 3pgie ontablet pompgsed oba fprgeymunipr of pellets
with Test and 195.7 th 136.32 [min, max: 5.0, 984.0
consigfingofMogranese peliets or pasts(j.¢., populationg)s SemulizgP, ikdeipehpdde P. J
7, for the primary efficacy assessnent, anpbhg subjects
ContpRetl. 1 8% 12481 -489. | Eagh pellat bagip seredhat sonigins theghergpeusie dryg and a
at | east two study periods, 118 (89% subjects
wategsqieble epmetic agent W atgr-permieabjes watgr-nsalublg nohymerdilmeancloses each
formul ati on and 130 (98% subjects experienced
core.fA hydrioplpbiei vyates-inscdubleragant hiat hlterk perReeiabilign(eeg., a fatty acid, wax, or
formul ation. This difference was statistically
a saltzdfdaiity acidis ingorgpratedh ingathgepotyfmer. o The rate of watei iflus ang drug
and 9 depict the nmedian intensity and duration of the
efflux causes thie fdimi qogtimg efisach copylationstordiffér frame ame atherpéligbcoating in the
for intensity and duration with their respective -
dosagefiinanThe ogamist agdnts [dissolve in the daténcangingithetpellégtat ovelbthereby
t hese data was skewed. The Test treatment resulted in
regulatidg® tieratg of diugrdiffusion dihgreffebuafleacnpelles populdtBaseleasing its drug
reduction in mean flush intensity) and a 43% reduction
content senuditiallyfprogideshiseaics ofirel<@Sesn afalgug fromra simgledesage form. The
duration of flush) relative to the Reference
coating ducknest canfieevaped amdngse tite pllatsnst rat ed statistically
significant inprovenents with the Test treatnment for
b o©smoticatlyiantienagents tligs da@oO @iy gaswiellegicanchiscalie wsed (pprovide
<0.0001) of the first flushing event. WO
delay2d6¢led0 SSuMZEL AISAMTHHORAL 097; 47:191- 19808 Pamst Nol H260,069. The
i nci dence of each of the four flushing synptons
pellef cardneassist obdmt bnd sodigrh ichlpridenbhe dotds ang yoated with hsemigetmeable
versus the Reference fornulation (Figure 10). The
cellutbsapentate polynfert Tigs polgmeoissaleati vaby perwasbleitg miafer @adhis| isnpermeable
different, in favor of the Test formulation for each )
to thefdrughbad tme inarelises withinckdass in cogting thi¢lowess dndrhighes amonsts of talc
flushing event using the McNemar's test. Redness
or lipppbilicrpdabticizer/ihYharcdabing [ipdites chivede 6xildsies fust feldabeof drug. In
Ref erence fornulation (p = 0.0016); warnth occurred in
abser§8%f\spdibm dhdorides & sustarinedsreBa36 sainttie dbtenddadfer gredag time due to a
formulation (p = 0.0163); tingling occurred in 47%
lowenil¢gred bfEcofe swelling thas re8@iéedvin tgenerheorReff smnadinfissures.
formulation (p = 0.0039); itching occurred in 48% wth
t hA s¥stein opetasnisg 8 56tcwif diug dnd dRefoticalhcastivo aganit fgodom ¢ldoride)
= 0. 0015). The data illustrate that the
coatefdowithy hm insolublegferthéablé membtane wanl be nsealde pravide delayddirelease. US
intensity (severity), and duration of flushing
Patergd¥ip ;260,068 Thetchatingmmaterials andlydeadiffedeattypes afpoly Gcrybate-
Overall, there was a statistically significant 9%
methaeylate)icorpalymers end magoeshoe stearafd, whinhrgdwies vaten germeability of the
formul ati ons of the invention (89% conpared with the
comercial niacin ER formul ati on- NLASPAN(r) (98%,
even t hough the study was desi gned to provoke fl ushing
by adm ni stering a single Iag(pe (2000 ng) dose to
subj ects who were treatnent-nave to niacin.
Adm ni stration 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
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a. Plasma Col |l ection and Anal ysis Serial bl ood
sanples were collected within 30 mn prior to dosing
wo oougizs24 his after dosing in each period (1BCT/US2007/004105
sanpl es/treatnent). Each bl ood sanple was coll ected
into one 10- nL vacutai ner containing 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 approximately 3000 rpmfor 15
mn to separate the plasma. Each plasma sanpl e was
divided into two aliquots, Aliquot A and B, and
transferred into two %re-chi |l ed, appropriately . :
membrape,|this gllowjpe e atthinasellmssTickestiips ase tlsaveidsddgeause
frozen at approximately -20 C. Ni_aci h and NUA
they may st ruptie sprapigtelya Usiig spbyd gelyloseasiaroating matgrialy it is possible to
chromat ogr aphy tandem mass spectroscopy (LC/ M5/ 1\4S).
affectp lagitimedeq thasmterisrralymerde P%QVWPE“‘%JBE% FRsedatergined fgme.
same injection. The lower limt of quantitation (LLQ
Bodmeier g3 gl hPharmdRes. B¥9:; NOR: #6862 ng/mL in plasma. Quality
control sanples were evaluated with each anal yti cal _
r ubhe permepbiliy and|waseriuptake gf acrrlia pylymsrs with quatesmpryanyggnium
collected for the following intervals: -24 to -18, -18
groupscran bg influepcediby the pregencs of differentisoppter-tans dntiepgdiumnBeckert et
Oto 6, 6to 12, 12 to 18, 18 to 24,24 to 48, 48 to
al., Progeed/Intl §yop Gonsroh RebBiogesdylargr. (1999:26:583153#. Srveral delivery systems
col |l ections). Urine was col |l ected and
based pmhis ionreachange baysi kesn develenedaEwdrpgit R§IA0Bhis @ prgfeired polymer for
tightly fitting lids. Collected urine was kept
this puggase Yeauseil containg apesitivelywalagized audteraanyi amgmernivm group in the
collection interval. The collection containers were
polymersidecchaing whiinis iatsompaaied hiyjnegativelhydeachlonidleicaimteryjogs. The
collection WD 2007/120385PCT/ US2007/ 004105 i nterval, ‘
ammemigmygroep tsdlydrephidéa andihciliatasthe intanactionof polyares Wik witerthereby
to the nearest tenth of a gram(e.g. 100.1 g) and this
changing itypeimeahiligy anhallayoing aates to perthedgdiasiive gorgnintapentrolled
| ab' s source document worksheets. At the end of each
manrient Ehe\pgl letsichm be goaied with FRIDRA GIH RS30REH[1 A% tozAdde whight gain) in
coll ected urine was neasured to the nearest tenth of a
four diffgrant ayer thidknesshs Lagitigiet coofelatdsevith filme thigkameske The dahgoy
subtracting the weight of the enpty container fromthe
permtattility ofighgRUDRA GHefilbndepgndseon fhie @sount p€sodivmsgetate in the pellet
cases, the volune of urine during a given collection
core.Adfter thealag dixaee derdctidnebetwigrache geetdte andpelyiner ingreasdsiibe ;
therefore a second container was required to obtain a
permeahilityatfghaigdatiog sudh thatttheoentirg hetivetdose isdihgratedyithimtasfew)minutes.
and tinmes of each urine collection interval were al so ~
Guo Xe Bhysiieagherigal and Mechasicabmepersiesrinfhieycing therrugRefigase From
fromeach collection interval were transferred into
Coated\Bosggp Fopns.dPasitgral Hizsise theUhiyprstp pf daxastay besstin;l $9Gror e
than one container was required during a particular o
c o ISégmoidal ReleaseBastemt ineludesinellet qogen dempmisigrdrag ard succinic acid
was m xed together before the aliquots were taken..
coategawith erymgeicemsthoerytatd sappbimentUSHINF dypeBt Blagisavget alynPharm Res.
anal ysi s. Urine sanples were anal yzed for
1994¢1d6Dehtlr bit6i. The lagftimé iscontrolkddy theratepfiwatepinfiux through the
validated LC/ M5/ MS. Urine niacin and NUA
polymermembraat. Dreswater diswivesisneaini¢ peihand thesdme in thesore. dhe acid
whil e MNA and 2-PY concentrations were obtained from
the sane injection. In urine the LLQ val ues were 20
ng/ m. for niacin and 200 ng/nL for NUA. MNA and 2PY
had LLQ val ues of 500 ng/ nL gnd 2500 ng/ nL
respectively. Quality control sanples were eval uated
Wi th each anal ytical run. c. Plasnma Pharmacokinetic
Paraneters and Urinary Recovery Data from
subj ects providing sufficient information to cal cul ate
PK paraneters for at |east one treatnment were incl uded
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Bi oavail ability paraneters (as descri bed above) were
cal cul ated using WnNonlin Linear M xed Effects
wobmeth2a3gy bi oequi val ence, Version 5.0.1 (July B61/US2007/004105
2005). Statistical Analysis Stati stical
anal yses of the bioavailability paraneters cal cul ated
above were perforned using a SAS(r) System for
W ndows, version 8. 2. Pl asnma pharrnacol ci netic
paranmeters (Cma", T,1 Tin, AUCKist and AUC "f), their
natural |og-transforned val ue (except for T'. and
T12), and summary statistics (n, nean, std, nedi an,
mn, max, CV9% were cal culated by treatnent: anﬂ,, .
solutign in gy insreasprmprmsali i ofithe hxdrated pelymen ﬁfmdlnm itigndo succinic
_ sunmarized by tinme and treatnent. .. For the
acid, aretici agida glptanigracik tatasicyagids malie acid, QrcdtEiggid qanbeused. The
. data of the natural |og-transforned C. and_AUC ast
increpsgf |psyneabiisy Gen beiexnizined by smprayied hydsatjonpf fidme which increases free
between the two treatnents. The data were fitted to an _
volumgyIheshBiadingsavens wsed xdesighacqosted siehvergAstarReith\amecis-containing
w th treatnent, Eeri od, and se(iuence.as fixed effects
core. A¥agisawdplealt, PhamnRes. d 894id hde: 14L-146;Marirewn 6t alo JiComRel.
Test/REF ratios of C. and AUCI ast and their ) .
199533123583 ¥n dhe ip-gowleptime gerelated nyadk wish g1-vise data sthepagstqd in beagle
based on this nodel. WD 2007/ 120385PCT/ US2007/ 004105
dogs TNerisgaiet aladdvantyReJf 1995533355400 t s met abolites from
urine was cal cul ated and sunmmari zed by treatnent and o
byThepresephinventinn engampasspgia psmageutigeli opmpgaition comprising a niacin
conponents and the total in 96 hrs after dosing were
formulagtien pEthe @resert isvantign iin @ delyed-releasqrfosm combined witina flggy,
confidence intervals (Cis) for the Test/REF nean I
inhibjting agento fTheleldyeddreleasg niasa and the Busthiphihiting agent ean begrevided in
ANOVA nodel as used for plasnma PK anal ysis.
one dogigecieem 'or skparage dpsage formsi e Jor exgmpley thedharmaceutical
wei ght, height, and el bow breadth) were summari zed by
compysitigarcan Toraprisgomsolidtdonaizer fdrmd beviag ao putesDnmediati-talease flush-
m ni mum and maxi mum of the continuous denographic
inhibiting aglehtcmpenentcodpo timer, dedaygtlirelease niacin Gupparent. In a preferred
di sposition is summarized in Table 12. A total of 44
embasiitbemtcthe flush-éntdbitiog kgeht iigreldasedsabout/3 tininartestth @houted0 mingtes
protocol inclusion and exclusion criteria. Al the
beforsuhg miatis is mbmisecbd at | east one dose of study
medi cation, and 41 of them conpleted the study.
Forty-four subjects received study nedication in
Period 1 according to the random zed treat nent
asEhafolfewingiemamples garet wdwiter illistrateabutsdt kmisj wultiple embodiments of
recei ved study nedication in period 2. A total of 3 )
the ipghtienct s di sconti nued fromthe study. Subject 0012 and
0039 were discontinued in period 2. Subject 0038
wi t hdrew consent in peripgaggpflfq nNunbers of subjects
who di scontinued fromt re in the range of
pr Ehexfollowing fooouigtionwas usedni thie exarrple: consi dered to
affect the results or conclusions of this study. Table
12. Summary of Subj ect Di sksBiiE6 on Subj ect nunbers
(N) Percent (% Enrolled 44 100 Conpleted study 41
93ngreRmei ved| at Ma(¥ablehe dgse 446M® Rece| veRunctionality

NORERIuo0ss | PerT ot
Niaci r. US 1000 mg 80.65

(NLT 85% (w/w) for

Active drug
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WO ororm2038ur subj ect s,

44 100 Received nedication at Period 2 41 93.2

Di scontinuation 3 6.8 O the enrolled

25 subj ects were nmen andPdBUSBDE004105
wonen. The nean age was 54.5 years; the nean wei ght
was 169. 8 pounds; the nean height was 68.0 inches; and
the nmean el bow breadth was 2.6 inches. Thirty-seven of
the subjects were Caucasi an, 6 Bl ack, and one was
Anmerican I ndian. The detail ed denographics are

summari zed in Table 13. Table 13. Summary of Subj ect
Denogr aphics Characteristic Al Subjects By Gender
(N=44) Males (N=25) Fenmles (N=19) Age N 44 25 19

sievé/BractiqnSI9)0-
425um and NMT
10%(w/w) for dust
<100pum)

METHOCEL® K-

15M Premium

193.1 mg

15.57

Release-retarding

agent

Povidone K-90, USP

34.50 mg

2.78

Binder

Stearic Acid, NF

12.4 mg

1.00

Lubricant

Total

1240 mg

100.0

Preferably, where METHOCEL® K-15M Premium is employed, the particle size

specification for METHOCEL® K-15M Premium 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 mesh (1.68 mm) screen was selected 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,




54.5 ( 8.1) 52.8 ( 81) 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
waeendezosss MaleN (%9 25 ( 56.8) 25 (100.0) 0 (rOr/0%2007/004105

FemaleN (%9 19 ( 43.2) O 0.0) 19 (100.0) Race

Caucasi anN (% 37 (84.1)

and mixing steps (one or two) and mixing time (10, 15 or 20) can be varied in alternate
embodiments.
The resulting compressed tablets were coated with a 2% weight gain color coat of

OPADRY® Orange 03B93199. The coating conditions were as follows:

TABLE 7
Control/Test Characteristic Batch Characteristics
Batch Size 12,097 tablets
Starting Core Weight (mg) 1236.3 mg
Final Coated Tablet Weight (mg) 1286.3 mg
Vector Hi Coater (Vector Corp., HC-48/60
Marion, IA) Model #
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 niacin 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 illustrates 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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23 ( 92.0) 14 ( 73.7) BlackN (% 6 ( 13.6) 2 ( 8.0) 4
( 21.1) HispanicN (% O ( 0.0) 0 ( 0.0) 0 ( 0.0)
w@Asioan23§99) O 0.0) O 0.0) O 00) OherN (% HBCT/UK08)/004105
0.0) 1 ( 5.3) Height (in) N 44 25 19 Mean (SD)
68.0 ( 3R) 70.2 ( 3.6)

Unless otherwise indicated, the 1000 mg extended-release niacin formulations of the
present invention described in the following examples were prepared in accordance with
Example 1.

EXAMPLE 2

Using the processés described herein, 500 mg and 750 mg exténded-release direct
compression tablets (coated or uncoated) can be prepared having content concentrations
illustrated in Tables 8 and 9 below.

TABLE 8: S00 MG TABLETS

Ingredient Mg/Tablet % wiw Functionality
Niacin granular, USP
(NLT 85% (w/w) for
sieve fraction 100- 500 0.47
m : .
425um and NMT g Active drug
10%(w/w) for dust
<100pm)
METHOCEL® K- 185.2 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
Niacin granular, USP
(NLT 85% (w/w) for
750 m 77.43 i
sieve fraction 100- g Active drug
425um and NMT
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65.2 ( 2.1) Median 68 70 65 M ni num Maxi num 61.0 |,

76.0 61.0, 76.0 61.0 70.0 Weight (Ib) N 44 25 19
wokmn1£088) 169.8 ( 20.1) 180.9 ( 15.7) 155.1 (pdBUN07/004105
Medi an 166.5 . .180 154 M ni num Maxi num 133.0 , 207.0

155.0 .207.0 133.0 , 190.0

10%(w/w) for dust

<100pum)

METHOCEL® K- . .
183.1 mg 18.9 Release-retarding

15M agent

Povidone K-90, USP 258 mg 2.66 ' Binder

Stearic Acid, NF 9.7 mg 1.00 Lubricant

Total 968.6 mg 100.0 -

For the 500 mg and 750 mg tablets, delumped niacin granular and the excipients are
weighed according to the component concentrations illustrated in Tables 8 and 9 and then
blended in a suitable blender or mixer for an appropriate time to adequately mix the
components. The resultant granular compositions can then be directly compressed into tablets
using a suitable press, such as the BWI Manesty Beta Press de_scribed‘above, to form a 500
mg or 750 mg tablet strength as desired. Optionally, the 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 a 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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El bow breadth (in) N 44 25 19 Mean (SD) 2.6( 0.3)
2.7 ( 0.2) 2.5 ( 0.3) Median 2.6 2.7 2.5 M ni num

wo/moormezs2. 1 3.1 2.3 ,3.1 2.1 ,3.0 W PCT/US2007/004105
2007/ 120385PCT/ US2007/ 004105 a. Assessnent of
Bi oequi val ence For urine anal yses, a specific

gravity of 1 g/nL was used to convert urine weights to

vol unes. This was based on a previous study with

NI ASPAl s& where the nean specific gravity neasured in

962 sanples was 1.009 g/nL and the maxi mum specific

gravity neasured in 962 sanples was L025 g/ ni.

The plots of mean plasma concentrations of niacin and .
laboraggny Eepting eendueted abthe serRening visitor gtithe dirst ptuglypeniod admission visit.

respectively. Mean urinary recovery data is shown in
Subj&itywers ekgluded ifftheyshad allepgyanrdryperserisitiviyia niasinceraelatedidgrivatives;

urine Tabl e 14 shows the nean (SD) and
substanest abuisé edependancy withyy the fast 8 wearpy histaryofumigraing keadaches,

for NUA and total urinary recovery of niacin and three
diabetex, ghliladdss Jliseasd, liver diveise/AtCETe ippertensinincordiypetensiemn, ighrdiac

of BE analysis with and wi thout the reference
abnormalitynesnalglifease, suthjuganduded diyopahy3Sutients onrdingtitave talen any

epi sodes of vomting foll ow ng dosing. Subj ect
presa@iplion hzedicatiomnwithin@ 1 alayy ohover-thedcqudterimedidations, yissining, or herbals

REF product in period 2. Subject 0003 had two epi sodes
withiof 1 Odays priogtozntegingitiee stndy.34 min, and at 9 hrs and 20

mn after dosing REF product in period 2,

r eSgeating plogeduBeryvere codpletedraithin@ti dayspriext to klinigakadarission into

20 min after dosing REF product in period 1. The
Study Betiod h@Fignsef). Forreacli of thathre¢ ktedy herislsssubjeetst remamed a¢questered

|l east 7 hrs and 20 mn after dosing. The T. for both
fromNipprexivdatelya 00 AMe pe Daty t1himtil éhetuosnpddtiomrof@tlisngly procedures on the

Therefore, the vomting was not considered to affect
mortifkgofPBay 2 (arwtar £00AM hed 090124 M} tMeal composition and start time was

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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WO 2007/ 120385PCT/ US2007/ 004105 Tabl e 14. Summary of
NUA Pl asma Paraneters and Total Urinary Recovery
wdaansBes Al l subjects (N -est = 42; NREF = 4B0T/US2007/004105

Excl udi ng subj ects 0001, 0003, 0014, (Ni,,, = 42 ;
NREE = 40 ) Mean (SD) % Ratio (90% Cl) Mean (SD) %
Ratio ( 90% Cl) NUA C, a (ng/nL) Test 2621.0

(1335.6) 66.68 (60.41, 73.61) 2621.0 (1335.6) 67.41
(60.87, 74.64) REF 3776.2 (1606.2) 3729.7 (16218)

placebo tablets resembling the active tablets were co-administered with the active tablets so
fhat all subjects received two film-coated and two uncoated tablets regardless of the treatment.
Also, study medication was administered to subjects from non-transparent dosing cups and
subject; were blindfolded during study drug administration. The placebo-control treatment
was included in the study to correct the flush results for an anticipated placebo response.

A single dose of study medication was administered at each study period at
approximately 11:00 PM on Day 1, in a crossover manner according to the randomization
schedule. There was a hinimum washout period of 7 days between each treatment period.
Investigators and site personnel were blinded to the treatment assignment scheme, and any
site personnel involved in treatment assignment preparation and/or administration was
prohibited from collecting or assessing treatment-emergent adverse events.

Each dose was administered orally with 240 mL of water after 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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Total Recovery' (% Test 67.7 (8.4) 90.93 (87.62,
94.37) 67.7 (8.4) 90.02 (86.84, 93.32) REF 74.3 (8.3)
WO 2004/13¢83)d NUA AUCI .t ¢ (nehrinl) Test 124881/852007/004105
(6731.8) 63.99 (59.24, 69 12) 12468.3 (6731.8) 64.78
(60. 10, 69.82) oREF 18917.3 (8502.5) 18790.4 (8576.8)
Paraneters used to define N acin bioequival ence
Recovery of niacin, NUA, N NA and 21Wconbined N =
42; N=39

hourly basis for up to 8 hours after study drug administration. The subject was prompted to
record start and stop times of the flushing symptom and to rate the intensity (severity) of each
symptom by marking a vertical line on a horizontal, 10-centimeter visual analog scale (VAS),
anchored from “none” (0) on the left to “jntolerable” (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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As shown in the above table the 90% C for the nean
Test/ REF ratio of NUA C. was out of the bioequival ent
w0 a0vge20385 80- 125% but the 90% Cl for the TestPEREESIWBAN4105
ratio of niacin and netabolites recovered fromurine
were within 80-125% The results were simlar with and
W t hout the REF treatnents for subjects 0001, 0003,
and 0014. The termnal elimnation rate was
cal cul ated for each subject by treatnent. Mean NUA
T1,2 were 3.16 and 3.47 hrs, nmean NUA T. were 5.55 and
5.80 hrs, and nean NUA AUC, "f were 12510.8 and 18980. 8
ng*hr/m, for Test and REF, respectively.
2089 RmayHbligacy3swesment finpiderce obiflyshavag c&emared between
I\/ban PK paraneters for plasma niacin along with
treatyenk gravpscitingMaNgmaxs '&F‘é’fﬁﬂlé%lgﬁ et gairgd pramréorl% Thgpeimary
table gives results of BE analysis with and:-w t hout
compagisorppas betveenthet TeshmdRaspreneesfoppptationaniacimEREwIpg subjects
The Test/REF nean ratios of niacin C. and AUCua were :
who ressiyed ghlgast @ggslosernd studyy meesliatiah iyjatdeass tyo study pe¢réods. Comparisons
rati os were outside the 80-125% interval due to high
betwgeyy niagin jand placahnewere plfotpsrigemed. Seedridary asseshmantd were ¢rsmpared
the REF treatnents for subjects 0001, 0003, and 0014.
usingreithice MaNengyisrtest yfop fatpgagise vaviaémorpm matshed pair t-test. All
Paraneter All subjects (NT.., = 42;N= 43 ) Excl uding
comparisprscwere09012ildiGng comd)ME;de(thllbha (a):-tDZ)S Naps = 40 )
.Mean (SD) % Ratio (90% C) Mean (SD) %Ratio ( 90% Cl)
Results Ni acin C',""(ng/ nmL) Test 5210.3 (4969.5) 34.01
(26.22, 44.11) 5210.3 (4969.5) 34.93
A total of 156 subjects were enrolled in this study and received at least one dose of

study medication. Their mean age was 33.5 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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(26.58, 45.90) REF 12568.5 (9228.5) 12253.1 (9294.4)
Ni acin AUC, ""(nehr/nmL) 12637.4 (14810.9) 33.02

W@ 20792038%10. 46 12637.4 (14810.9) 33.74 (27. 31, BtT/68)00P004105
F 36307.8 (32486.7) 35503.2 (32645.0) Mean T
1 /2 of niacin were 5.46 and 4.42 hrs, nmean T. were
5.56 and 5.55 hrs, and nean AUCul f were 13987.8 and
35296.6 ng*hr /m, for Test and REF, respectively. d.
Urinary Recovery of individual analytes The nean urine
recovery of the individual analytes is given in Table
16. Table 16, Summary of Urinary Excretion of N acin
and its Metahalites All Subjects (NT-42 NRFF =42)

Parameter Subjects
(N=156)
Gender Male 156 (100%)
Race/Ethnicity
Caucasian 124 (79.5%)
Black 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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| Excluding subjects 0001, 0003, 0014 (Nrest=42,

NREF=39) WD 2007/ 120385PCT/ US2007/ 004105 Mean
w@ S0y 1dsen (SD) iacin Recover? Treatnment A 1. 98t /@$208)/004105

1.94 (1.73) Treatnent B 4.84 (3.79) 4.94 (3.80) A

Recovery Treatnment A 8.88 (3.54) 8.88 (3.54)

Treatnment B 13.77 (5.53)

As intended, flush provocation was achieved, as thé flush incidence in the active
treatments was approximately four times higher than that of the control treatment. Table 11
depicts the incidence, intensity, and duration of the first flushing event in the intent-to-treat
(ITT) population, defined as the subjects who received at least one dose of study medication
and completed at least one study period, but did not include shbjecté that were replaced. The
placebo response seen in this study is typical of placebo responses in general.

TABLE 11. INCIDENCE AND OVERALL INTENSITY AND DURATION OF THE FIRST FLUSHING
EVENT IN ITT POPULATION.

Treatment
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) 354 (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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14.12 (5.52) | WNA Recovery' i Treatnent A 14.58 (3.27)
14.58 (327) Treatnent B 14.67 (3.23) 14.78 (327) i2
woRezsyer ? Treatnent A 42.24 (7.08) 42.24 (7p©@BYS2007/004105
Treatment B 41.01 (6.13) 41.09 (6.31) 'Recovery as %
of niacin dose As showed in the above tabl e,
mean urinary recovery was the highest for 2PY foll owed
by MNA, NUA and niacin. e. Conclusions of the
Bi oequi val ent Assessnent Bi oequi val ence was
eval uated based on the 90% C s for nean Test/REF
rati os of the NUA C. and urinary recovery of niacin
and its netabolites (Total %e). The 90% Ci s of ) ,
(refomaularedppagip £R) vatRefereete (Fommeragcniggin ER)i(Referencels A) Incidence of
requi red BE range of 80-125% but for NUA C. were out
first Spshing eyeng ép i Q/-gpiél)t B) dmgesity i firg0flysbingogveme baseRop VAS; median
nmean rati os for supportive neasurenents including NUA
values sigpicted [me¢anovaleds| wera 35t £2hé8 §0in 259 104h $8.0) Withs Testland 52.8 +
reformul ated 1000 ng ER niacin tablet (Test) shows a
23.86 omir, maxt @.Qf954D switlp Referengadp & @00ddaCaBPurationt efifirsb flushing event
absorption as conpared to the NI ASPAN(r) 1000 ny .
(min);ghedian y#EEY depidted Taean valecst wematl 308 2510 brieg niaxaP.On#73.0) with
to the REF treatnent. EXAMPLE 5 The study was
Test ded i ¥méd 136-3ddmin,mare 501886 DbwithiRefdrenvecp 5f0.00M be
formul ati ons of 1000 ng extended-rel ease niacin
t abk shewofint FiguienVe firi the frimedryreffidadyoadseasmientafamamgasubjects who
"reformul ated” WD 2007/120385PCT/ US2007/ 004105
receiverblablesst prd dosey ef swmdy onedicationl inyataleast| Mol study Askvddt 118 (89%)
500 ng tablets after a single 2000 ng ni aci n dose. A
subjestsuexpebendegnflushing duriiigh éreatmenty withs the Test formuletion and 130 (98%)
singl e-center, open-1label, single-dose, four-way
subjestsoezparenced Utlyshing ddrilg alr¢adtimentn oviths ik | Referbaeen | fernaudation.  This
mal e vol unteer subjects, 40 to 70 years- of - age,
differencé¢ was statistionlby sighSicamtrveitnop valmplo0®827.Each subj ect
recei ved the sanme dose of oral study nedication, 2000
noFigis i8hando depigt tizepedian énteresity sindduratidnhofathaifinstnflushing event.
washout period of 10 days between doses. Each subject ~
Comparisen vefithewnedralvhines faf imenk@P Gindydueition &dthntheir respective medians
formulation (ERN-1, ERN-2, ERN-3) and four 500 ng
suggliitASHAN(the uhdérlyhg 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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Each dose was admi nistered wwth 300 nL of water after
a |lowfat snack begi nning at approximately 2200 hours.
wloyemi3ss recei ved neal s accordi ng t o sponsor - prDUSIerio4105
menus during each treatnent period. No other
medi cations, vitamns, herbal or nutritiona
suppl enments were permtted during the study. Bl ood
sanpl es 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
dosi ng. Plasma was anal yzed for NUA and niacin. Urine
was anal yzed for niacin and its three_major
mekhesowVag & lowekjincideprpof each of the. foy Bishingsymptems gednegs, warmth,
_during the 5-day study period of each treatnent.
tingling.zand iehing) withdbe Tent versaxtha Refmencstformyilations @égure 1O The
di_nner, and evening snack) were provided during each
comparigat ofethe tyeformylations was sigmificamslycditereat, in fye e lag
the commercially avail able 500 ng NI ASPAN(r) ( NSP
formylation fos eachrofithefour individeal flyshing Rymptopstierid first flushing event
granul ation (niacin, povidone and hydroxypropyl
usingrthe MoNeaiar gltess.Redapsscicpunrehin 718 withdegTiest verpuhBaadth the
with stearic acid and additional HPMC before
Refergnegpiormulation (mt 6-0046); avasmth ayCurred in 68% with the Test versus 80% with
2007/ 120385PCT/ US2007/ 004105 The test
the Refeeencenformulationdp 0. E530j tirfgling occureeiddn dilVaw il the0DBt vagsus 62%
NI ASPAN(r) formulations (ERN-1, ERN -2 AND ERN - 3)
with theReferenxsrfdimgation (Pecb P9039); pchingwocchatsdan 4% wittpthedliest versus
ERN-3 ERN-2 ERN-1 Ni acin G anul ar, USP 1000.0 1000.0
65% with 1xOReforemge feEmEOBh (p =, 0.0005M Preni um USP 173.3 ny
193.1 ng 193.1 ng Povidone, USP 34.5 ng 34.5 ng 34.5
ngliet data i idusicitel thE the . formylationsqofighel invénvign Hetrghse the incidence,
Tabl et Wi ght (ng)
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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1220.0 ng 1240.0 ng 1240.0 ny Ni aci n granul ar
METHOCELO K15M Povi done K90, and stearic acid were
wowdoghadsaccording to the fornmul as desi gnat ed par/Usdeb®004105
17 above and then added into an 8 qt bl ender (LB-9322,
Petterson Kelly, East Stroudsburg, PA), and bl ended
for 10 mn. The well-bl ended m xture was conpressed
into tablets using a BW Manesty Beta Press (Thonas
Eng, Hof fman Estate, IL) at the speed of 500 tablets
per mnute for a target tablet hardness of 16 to 18
Kp. Al'l neals and beverages were al cohol - and
xant hine-free. Since niacin is available én t he nor mal
tablety) €kest)tvigesus comnertiidly avabable h00OMENTASP AN ablets(REF) when
niacin intake of approximately 25 ng a day while
admigigtgrakcass simgle dosendfi288@mgo t he clinic. Each dose was
adm ni stered at approxi mately 2200 i mredi ately
Study dlesigni ng a | owfat snack. Subj ects began neal s
at the same tine during each period on all days
subByeechslyarwhswar eanclonfizede csingle-chmter; | bpenclabdle adimglevdpse, two-way
the sane for each period, and the entire contents of
crossewarhstndyalin Wé rkealtiyy, reonsmokingadale Bimdafehrmdd yolunteeh subjects, 40 to 70
di nner, and an eveni ng snack began at approxi mately
yearsoaTodge, lxﬁﬂ)lﬁ)s,lvelﬂlmpp-ami wéréSnotr eplaeed. | \Eakly. sulﬂ&et mctived two niacin -
meal or snack tine for WO
form@lations] 7633mARE-E)SE Ahe/ skl didpleatmsd of QOYE Iz otarsvo separate occasions,
schedul ed relative to the actual dosing tinme. Subjects
with wavashowqperive df aoledsti I0kdays ibetweon riosds. TR Tedt ppddusaivas reformulated
Day -1 and 1440 niL of water on Days I, 2, 3,4 &5 in
1000ankgi éxtededaclehse B1A0inmtablek andt e @iferencevpriodudth@ER)udEs 1000 mg
medi cati on on Day 1. On Day -1, dinner and an
NIASVANP Rgblan Bakh WesetwECidnaitdisteedtd Wayi240, mB of Ivatér a%e a low-fat snack *
breakfast, |unch, dinner, and an eveni ng snack were

beglmg/ﬁc&pp&emﬁu@mm RARE huw& 120 We&hvysetn’eun Shbjects were housed
mnutes on Day 1 in each period.” On Day 6 in eac

in th?%ﬂ?@ne QQriAE 8hch WBALpSRIVEUAS fouPrfsdl B ax‘M3 BQiaS@ lf@rap%ﬁGd 2) and
fromthe clinic after the conpletion of all clinical

recen%cpﬁgﬂbl B@c%fdlg% % Hﬁ)tnh&fbrgt'ldali" ﬁ{eﬂﬁs’): Oll% Redek ﬁﬁdﬁ:angr{sa5ﬁﬁmns, herbal
| ecti on and Anal ySI S Sanp es Were

or nu%ﬁ&iaﬂﬁﬂ) Wit wae p@hﬂ:‘tﬁe@%mﬁ%g @k sEquyd osing (i.
pre-dose) and 1, 2, 7, 8, 9, 10 11,

123erﬂaflblo$§ safipids drd Qitested ol wﬁﬁﬁn‘ %in‘brﬁfi‘@@d&@ﬂg &H through 24

Sampl es were drawn in the testing area with subjects

hrs p§§%§@aﬁ@@b§h§ at the InteRals! -30BhAQPret@ssingd) 1,8C8.6841 4195506, 7, 8, 10,
- vacut ai nérs Contalnlng SO Un]heparln and was

12, la i@\ﬁﬁ&i 24 Qr§¥?9§t-do§1n§? UfiRe GA4 BolRiEbdiRIng 24 RAL fidr @ d&ding until 96
least 5 minuies after collection. Sanples were

hrs a6 UdsinfgUd 85t idlervhis: 334 AR IR IR R y1231QQ@ 4% k@O hi(pre-dosing); 0
mnutes to separate the plasma. The plasma fraction

to 6, WQ@ 13 rm@cl‘%r (e 24"@@ td 48, Mbbbe&hd B @96 e (godi-dosing). Plasma
pol ypropyl ene tubés. Sanples were stored frozen at

was ﬁﬁ 70X kPR, and Afeotifirid acd ghMW)SUrmMas analyzed for niacin, and its
7/ 120385PCT/ US2007/ 00410 Bi oanal ysi s of

m ta%lﬁéWA Lfeth lcNHAarﬁﬂ@ Lh@®nSp Y"Qf\lem ri -
© by HPLC cﬁl?orratglgr aphy w ?h l\/B)al\/S det ecti oﬁlﬁg’llr\llzgglﬁéﬂes
carb}amhiddyA concentrations were obtained fromthe sane
injection. The lower linit of quantitation (LLQ for
both niacin and NUA were 2 ng/nL in plasma. Quality
control sanples were evaluated wth each anal yti cal
run. b. Urine Collection and Anal ysis Uine wll
was collected in the following intervals: -24 to -18,
-18 to -12, -12 to -6, -6 toQ 45O hours (i.e., prior to
dosi nQg) and Oto6, 6to 12,712 to 18, 18 to 24, 24 to
48, 48 to 72 and 72 to 96 hours af ter dosing (for a
total of 11 collections/treatnent) Uri ne was
coll ected and transferred into plastic containers
eqU|pped mnth tlghtly flttlng |IdS CDIIected urlne

T 1 . 1. .



Cm: the maxi mum pl asma concentrati on observed the
time of the maxi mum observed concentration AUCott:
w0 bw7azmsses under the plasma concentration-ti me peoi$1087/004105
calculated fromtine O to the | ast nmeasurable
concentration by the Iinear trapezoidal rule
Addi tional PK paraneters were also calculated fromthe
NUA data: AUCo-inf: the area under the plasnma
concentration-tine profile; calculated fromtinme 0 to
infinity as AUCo-iast Ct/Kci where, & is the |ast
observed quantifiable concentration and 1Qis the
termnal elinination rate constant. Ti1l2: termna
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conpl eted the study. Twenty-ei ght subjects were nen,
and 16 subjects were wonen. The nean age was 51 years,
the nmean wei ght was 171 pounds, and the nmean hei ght
was 68 inches. Thirty-six subjects were Caucasi an, 6
were Bl ack, and 2 were Hi spanic. Detail ed denographics
are illustrated below in Table 18. Table 18. Sunmary
of Subj ect Denbgraphi cs ParaneterCategoryStatisticAll
Subj ect sMal eFeral e Nunber of Subjects442816 WO

15 mirges/iest poigs tecdysinsapoR#0b i eash pgeiod P Pagsd inReried 2, no meals were
Mn, Max 50.7 1.11 50 40,67 48.1 1.25 46 40,67 55.4

serveqd msgl@eqpq’weggMge%ﬁ@rnnﬂ\e%ligg a(f@g_tb%complction of all clinical

procedures.

Evaluation of Pharmacokinetics

a. Plasma Collection and Analysis

Serial blood samples were collected within 30 min prior to dosing through 24 hrs after
dosing in each period (15 samples/treatment). Each blood sample was collected into one 10-
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
approximately 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.

Niacin and 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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interval, and protocol ﬁumber. The empty containers were weighed to the nearest tenth of a
gram (e.g. 100.1 g) and this was written on the container and. documented on the lab’s source
document worksheets. At the end of each interval, the total weight of the container and the
collected urine was measured to the nearest tenth of a gram recorded. The weight of the urine
was derived by subtra?ting the weight of the empty container from the total weight of the
container plus urine. In some cases, the volume of urine during a-given collection interval
exceeded the capacity of a single container; therefore a second container was required to obtain
a complete urine collgction. The start and stop date(s) and times of each urine collection
interval were also recorded. Two aliquots (approximately 2.5 mL each) from each collection
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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® Cnax: the maximum concentration observed
® T, the time of the maximum observed concentration

® AUC,: the area under the concentration-time profile from time 0 to the last measurable

(non-zero) concentration by the linear trapezoidal rule

® AUC;: the area under the plasma concentration-time profile from time 0 to infinity;
calculated as the sum of AUC, 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

® 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

49



3.36 3.26 5.35 Medi an 169 178 146 M n, Max 134, 206
155, 206 134,204 Frane Size Small n (% 6 (13.6% 5

w@ d0b74%ps8sL ( 2.3% Mediumit (%9 31(70.5% 218&mUTHP7/004105
10(22.7% Large

recovered in urine for each 24 hour interval after dosing was adjusted for baseline by
subtracting the amount recovered in the 24 hour pre-dose interval. If any post-dosing
measurement was less than baseline the amount was set to zero. The molecular weights of
niacin and its metabolites are 123.1, 180.-2, 137.1, and 153.1 fér niaciﬁ, 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 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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The mean recovery of niacin and its metabolites from urine was calculated and
summarized by treatment and by intervai. The CumX, and %I;"e of inaividual éomponents
and the total in 96 hrs after dosing were calculéted and summarized by treatment.

The 90% confidence intervals (Cls) for the Test/REF mean ratios of total %Fe was
calculated by fitting the same ANOVA model as used for plasma PK analysis.

Subjects’ demographic variables '(age, gender, race, we.ight, height, and elbow
breadth) were summarized by gender. The mean, standard deviation (SD), median, minimum,
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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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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a. Assessment of Bioequivalence

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 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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Table 14. Summary of NUA Plasma Parameters and Total Urinary Recovery

All subjects Excluding subjects 0001, 0003, 0014,
(Nreg, = 42; Nrgr = 43) (Ntess =42 ; Nger =40)
Parameter v Mean (SD) % Ratio (90% CI) Mean (SD) % Ratio ( 90% CI)
NUA C,,, " (ng/mL)
2621.0 (1335.6)
Test 2621.0 (1335.6) 66.68 67.41
REF 3776.2 (1606.2) (60.41, 73.61) 3729.7 (1625.8) (60.87, 74.64)
Total Recovery™ (%)
67.7 (8.4)
Test 67.7(8.4) 90.93 90.02
87.62,94.37) (86.84, 93.32)

: : —
E?—' 74.3 (8.3) ( 74.9 (8.3)
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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c. Plasma Niacin

Mean PK parameters for plasma niacin along with statistical analyses are presented in

Table 15. The table gives results of BE analysis with and without the REF treatment for

subjects 0001, 0003, ahd 0014. The Test/REF mean ratios of niacin Cpax and AUC\,5 were

less than 100%. The corresponding 90% CI for the ratios were outside the 80-125% interval

due to high variability. The results were similar with and without the REF treatments for

subjects 0001, 0003, and 0014.

Table 15. Summary of Niacin Plasma Parameters

All subjects

(Nyey =42; Nper = 43)

Excluding subjects 0001, 0003, 0014,
(Nreg =42 ; Npge =40)

Parameter Mean (SD) % Ratio (90% CI) Mean (SD) % Ratio ( 90% CI)
Niacin C,,, (ng/mL)
Test 5210.3 (4969.5) 34.01 521 0.3 (4969.5) 34.93
- 12568.5 (9228.5) (26.22, 44.11) (26.58, 45.90)

12253.1 (9294.4)

Niacin AUC,,, (ng*hr/mL)

Test

© 12637.4 (14810.9)

33.02

IREF

36307.8 (32486.7)

(26.94, 40.46

12637.4 (14810.9) 33.7

(27.31, 41.68)

35503.2 (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
(N1es=42, Nre=42)

Excluding subjects 0001, 0003, 0014
(Nresi=42, Nrer=39)
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Mean (SD) Mean (SD)
Niacin Recovery* Treatment A 1.94 (1.73) 1.94 (1.73)
Treatment B 4.84 (3.79) 4.94 (3.80)
INUA Recovery® Treatment A 8.88 (3.549) 8.88 (3.54)
. Treatment B 13.77 (5.53) "14.12 (5.52)
IMNA Recovery® Treatment A 14.58 (3.27) 14.58 (3.27)
Treatment B 14.67 (3.23) 14.78 (3.27)
DPY Recovery® Tre?Unent A 42.24 (7.08) 42.24 (7.08)
Treatment B 41.01 (6.13) 41.09 (6.31)

*Recovery as % of niacin dose

As showed in the above table, mean urinary recovery was the highest for 2PY

followed by MNA, NUA and niacin.

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 tabiet (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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tablets) relative to commercially available NIASPAN® 500 mg tablets after a single 2000 mg
niacin dose.
Study Design

The study was a randomized, single-center, open-label, single-dose, four-way
crossover study in 44 healthy, non-smoking female and male volunteer subjects, 40 to 70
years-of-age, inclusive. Dropouts were not replaced. Each subject received the same dose of
oral study medication, 2000 mg niacin, dn four separate occasi'ons wifh a minimum washout
period of 10 days between doses. Each subject received two tablets of a 1000 mg ER niacin
formulation (ERN-1, ERN-2, ERN-3) and four 500 mg NIASPAN® tablets.

Each dose was administered with 300 mL of water after a low-fat snack beginning at
approximately 2200 hours. Subjects rccéived meals accordiné to spoﬁsor—proviaed 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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The test treatments were three different reformulated 1000 mg NIASPAN®

formulations (ERN-1, ERN -2 AND ERN -3) made according to Table 17 below.

Table 17

Component ERN-3 ERN-2 ERN-1

Niacin Granular, USP 1000.0 1000.0 mg 1000.0 mg
METHOCEL@, K15M Premium,

USP 173.3 mg 193.1 mg 193.1 mg

Povidone, USP 34.5 mg 345 mg 345 mg

Stearic Acid NF 122 mg 12.4 mg 12.4 mg
Total Tablet Weight (mg) 1220.0 mg 1240.0 mg 1240.0 mg

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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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 wateron Days 1,2,3,4& S in
addiﬁon to the 300 mL of water given with the study medication on Day 1.

On Day -1, dinner and an evening snack were served. On Days 1,2,3,4 & 5
breakfast, lunch, dinner, and an evening snack were served. The evening snac-:k was
consumed within 15 minutes on Day 1 in each period. On Day 6 in each Period, no meals
were served as subjects were released from the clinic after the completion of all clinical
procedures.

Evaluation of Pharmacokinetics

a. Plasma Collection and Analysis

Blood samples were obtained within 30 minutes prior to dosing (i.e., pre-dose) and 1,
2,3,4,45,5,6,7,8,9,10, 11, 12, 14, 16, and 24 hours after dosing in each period. Samples
were drawn in the testing area with subj écts seated upright in 5 chair. A‘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 bolypropylene tubes. Samples were stored frozen at

approximately —70°C until analysis.
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WO 2007/120385 PCT/US2007/004105

Bioanalysis of plasma niacin and NUA concentrations were carried out by HPLC
chromatography with MS/MS detection. Niacin and NUA concentrations were obtained from
the same injection. The lower limit of quantitation (LLQ) for both niacin and NUA were

2 ng/mL in plasma. Quality control samﬁles were evaluated with each analytical run.

b. Urine Collection and Analysis

Urine will was collected in the following intervals: -24 to -18, -18 to -12, -12 to -6, -6 to 0
hours (i.e., prior to dosing) and 0 to 6, 6. to 12, 12t0 18, 18 td 24, 24'to 48,48 to 72 and 72 to
96 hours after dosing (for a total of 11 collections/treatment)

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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5.00 (2.00-9.00) Each treatnent cons'sts of 2000
mg niacin, N =42 for ERN-1 and ERN-2 , 41 for ERN 3,
wan743380r NSP NSP i s the reference treat mentpCRE$1007/004105
of the | east square neans of the natural-Iog
transfornmed N acin and NUA Cnax and AUC. b Medi an and
range are presented for T,""" WD
2007/ 120385PCT/ US2007/ 004105 Mean pl asma profiles for
niacin and NUA are shown in Figures 14 and 15. b.
Pl asma Data Plasma N acin Al'l subjects had a
pre-dose val ues below the LLQ Al subjects had
nmeasurabl e niacin _concentrations from4.5 tq 12 hours
In u"asg%e lefefd ¥alues werefne/mLar mgeip and 200 ng/mL farWUA; MNA and 2-PY
C._was 5288, 4223, 5671 and 4707 ng/nL for, ERN-1
had LifQvaluesr08 ngfaL meb250Qag/ad: resrectvelxe Lpalitpeqnirol samples were
AUCO_, .. was 13896, 10207, 13507 and 12315 ng*hr/niL
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T. for niacin was 6.0 hours for ERN-1 and ERN-3, and 5
hours for ERN-2 and NSP. The ratios for
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C OA dBfibad PKV:PariBER Weéte 1’6 Rl cWaR FonPtRINUAat: NCe t he
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Mean urine recovery data are shown in Table 19 and

depicted in Figure 16. Table 19. Summary of Urinary
wrmanzisabi | ity Paraneters and Statistics RET/U82007/004105

Recovery (% of dose) Statistics Mean SD % CV

Rati o(% Lower 90% Cl Upper 90% CI ERN-I 2.41 2.08

86.3 134.91 111.24 163.60 N acin ERN-2 1.91

CumXu . MW _of _Niacin. <
Dose MW _of _Analyte

%Fe = 100

e Total %Fe: total recovery of niacin, NUA, MNA, and 2PY

Concentrations'below the LLQ were treated as zero, and actual sample collection
times were used in analysis. Individual plots of plasma niacin and NUA concentrations were
generated using WinNonlin Professional Network Edition, Version 4.1. Mean plots of plasma
niacin and NUA concentrations and urine recovery data were generated by WinNonlin 4.1
and Microsoft® Excel 2000. Plasma pharmacokinetic parameters were determined from each
profile by WinNonlin. Terminal phase slope and apparent half-life were not calculated for
plasma niacin data due to the small number of quantifiable niacin concentrations in each
plasma profile 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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1.70 89.1 112.07 92.30 136.07 Recovery ERN-3 2.37 1.74
73.6 147.01 121.01 178.60 NSP 2.11 2.73 129.3 _ - -
weBN7/128890 4. 39 44.4 100.17 92.03 109. 02 PCT/US2007/004105

Bioequivalence parameters were evaluated by using the bioequivalence wizard built in -
WinNonlin 4.1 using the natural log-transformed data. The model included sequence, subjects
within sequence, period, and treatment.

Bioequivalence was assessed by classical 90% confidence interval (CI) estimates for
the ratio of the test to reference (ERN-1/NSP, ERN-2/NSP, ERN-3/NSP) of least square
means, based on natural-log transformed data. Treatments were considered to be
b'ioequivalent if the 90% Cls were within 80 to 125%. For bioequivalence determinations the
parameters used were Cpax for NUA in plasma and total amount of niacin and metabolite_s
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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NUA ERN-2 8.96 4.16 46,4 92. 01 84.49 100.19 Recovery
ERN-3 10.41 4.81 462 105.99 97.31 115.45 NSP 9. 88

wa221488Y _ - - ERN1 14.42 4.05 28.1 PCT/US2007/004105
Age Mean 50.7 48.1 554
SE 1.11 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( 23%)
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. For
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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94.22 89.04 99.67 MNA ERN-2 14.52 4.51 31.1 93.26
88.10 98.71' Recovery ERN-3 14.90 5.18 34.8 96. 35
w®1006420882. 01" NSP 15.05 3.50 23.3 - - - ERNeAT/US2007/004105

minutes or greater. For deviations less than 10 minutes, nominal times will be used.

Summary statistics for plasma niacin and NUA pharmacokinetic parameters are shown

in Table 18A.
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37.17 6.41 17.2 93.16 88.90 97.64 2PY ERN-2 38.06 5.95

15.6 94.89 90.52 99.47 Recover,'
w®200912885 52 99. 50

Table 18a; Summary of Plasma Bioavailability Parameters and Statistics

ERN-3 38.49 7.91 20.5

NSP 40.01 7.84 19.6 _ - PCT/US2007/004105

Plasma Niacin Plasma NUA
Statistics Statistics
% _ 90% 90% % ) 90% 90%
Parameter Mean SD cv Ratio(%)* CI CI | Mean SD cv Ratio(%)* CI CI
Lower Upper Lower Upper
Chuax (ng/mL)
ERN-1 52882 48483 92| 138.88 113.29170.26/2821.7 14299 51| 110.50 101.10120.78
ERN-2 42232 3736.3 88| 115.86 94.39 142.2212616.0 1265.7 48| 105.06 96.06 114.90
ERN-3 5670.7 4295.6 76| 165.68 134.89203.48/3057.5 1474.3 48| 123.09 112.52134.65
NSP 4706.5 5882.7 125 - - - 125400 13742 54 - - -
AUCO—I-n
(ng*hr/mL)
ERN-1 13896.3 15737.1 113| 136.84 114.32163.80{13663.5 7651.5 56| 103.70 96.46 111.48
ERN-2 10207.0 11548.3 113} 112.17 93.59 134.44[12068.6 64582 54| 94.72 88.06 101.89
ERN-3 13507.0 144094 107| 150.68 125.67180.67|13960.2 7411.3 53| 109.27 101.57117.55
NSP 123149 210770 171 - - - |13069.5 75998 58 - - -
Tomax (hr)”
ERN-1 6.00 (1.00-9.08) 6.00 (2.00-9.08)
ERN-2 5.00 (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 5.00 (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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ERNI 63.919. 3414. 694. 7990. 8598. 90' ERN2 63. 44
wW®2061203804. 2890. 3598. 39 ERN3 66. 16 12.12 PCT/US2007/004105
18. 397. 7093. 60101. 97 NSP67 149.4714.1 Each treat nment
consi sts of 2000 ng niacin, N =42 for ERN-1, ERN-2 and
NSF, and 41 for ERN-3. NSF is the reference treatnent
a Ratio of the |east square nmeans of the natural-Iog
transfornmed Recovery of Niacin, NUA, MA, 2Py, and
Total Recovery. Recovery of niacin, NUA, MNA, and 2PY
conbi ned. Suggest s bi oequi val ence (i.e., 90% C
within 80-125%for natural -1og transforned MNA, 2PY
Recovery, and Total Recovery). Total Recovery
Total recovery of niacin in the urine as niacin, NUA
VN¥ean plasmpprofiles fov nipginyand NS arashevasindiggres bt ansbd and
66.16% for ERN-1, ERN-2, and ERN-3, respectively. The
| east square neans ratio of the |oge transfornmed %-e
for total recovery were 95% 94% and 98%  respectively
b. PlagpaPafe 1, ERN-2 and ERN-3. The 90% Cl for the ratios
were 91 to 99% 90 to 98% and 94 to 102% respectively
PlasmgNigci\- 1, ERN-2 and ERN-3 indicating that the total
amount excreted in urine by the 3 test fornul ations
wefB subjgety hpda pre-dosrsplugsbedewdhe LhQ. a0l subjsetsded hcdaumalle niacin
interval. d. Conclusions of the Bioequival ent
concgyeationsrfram 4.5 to 12 heirs nert dose afisr eachdreatmenits - of NUA dat a
i ndi cated that peak exposure neasured by Cm was
hi Mlgat nigein Gk Wa$ 8288, #1223, 5691 and 41070r¥mLERNERN- ERRN-2, ERN-3
ERN-3) as conpared to the test formulation NSP by 5 to
and NP respacti @iy, Mear piacinhdidoeawas 53941 £0205ah3 504tandd 28 bF ng*hr/mL
the log, transforned Cm" were within the 80-125%
for ERA 4, ERNY2, ERW-3 and &N SPRsPedtivellyc Median T.aafor nksegewas 6.0 hours for
formul ati ons were bioequivalent to NSP with respect to
ERNNUMmd ERN-FRM 3 hottsfoOBBINC amiN8Pout si de t he 80- 125%
range for Cm indicating that fornul ati on ERN-3 was
nofheyatesfor natueaitiog oaldBRmed Q. and AUC,.j,5; were greater than 100% for
2007/ 120385PCT/ US2007/ 004105 The nean t ot al
all thegeatestitreafmentawhen comtpanet @NSR. (The ratiasrfot RidcinCriit WereVid9%,
63 to 66%for the 3 test formulations and 67% for NSP.
116%-aral 1 66046 fenER 11 ERMES, anddHRNS| refspectitvbly. Phe Lifibs Firaddcin AUC,.
foll owed by NUA, MNA and 2PY (37.2-40.0% . Total
last Were d 373 1286 and 11§ IP6\TasERNE ) BRN-20uvet ERNE3, trbeétdly. The 90% Cls
formul ati ons as conpared to NSP. The 90% C for the
for natemi{ogstrarafarmied aiacinaC j.Q svesd 1 13e 1170%9€ 94 iansIBang d3$ e 203% for
recovery was within the 80-125% range, and thus
ERNdq ERNa2 @ndl BRN-3} feepedtivelgt Fdr aaniildbg eansfasniiiman adct,Q, the
NSP. Accordi ngly, one enbodi nent of the
90% Cisreerei 1dd tc d64f] 98 EB40ETand 16 ad B8 %4 OPERY-1, ERN-2 and ERN-3,
ext ended-rel ease ni acin pharmaceuti cal conposition
respevtiivetyl Thiec0%a s for botartbelCLQ afd BiIBCY,S, were dutside the equivalence
bi oequi val ence study conparing a single dose of four
rangeSdtfBOAIR SBH.ASPAN(r) tablets to a single dose of to of
said refornul ated 1000 ng ng extended-rel ease niacin
C OFfeatiadin daxa wais hyghthe sarfidie With SI\fsﬁﬁngﬂn% &t 78 tol 199% for Cpnax and
transfornmed ratio of the appropriate bioavailability
AUCpa dorilefdur Wehtitiefitsa 80% to 125% i nterval . In a
preferred enbodi nent, the bioavailability paraneters
Plasnai Nichtihurigraxid( ng/ M) and Total Recovery, or N acin
Crmax (ng/m) and N acin AUC. EXAVPLE 6 . The
pur pose of this study was to determ ne the
bi oequi val ence (BE) of the coated versus uncoat ed,
1000 ng extended-rel ease ni %2I n tablets of the
invention (referred to herei"hafter as "refornul ated"
tabl ets), when adm nistered as a single dose of 2000
ng. Study Design The study was a randoni zed,
singl e-center, open-|abel, single-dose, two-way
crossover study in 44 healthy, nonsnoking mal e and
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WO 2007/ 120385PCT/ US2007/ 004105 fornul ati ons, Test and
REF, in the sanme single dose of 2000 ng on two
WG epanzses occasi ons, with a washout period of HOI/Us2087/004105
bet ween doses. The Test consisted of two tablets of
coated refornul ated 1000 ng extended-rel ease niacin
and the REF consisted of two tablets of uncoated
reformul ated 1000 ngy extended-rel ease niacin. Each
dose was adm nistered with 240 nL of water after a
| ow-fat snack begi nning at approximtely 22: 00 hours
(hrs) on Day | of each period. Subjects were housed
durj ng tg; 6-day study period (day -1 to day 5) of
ead Areesuberts had RaitiyeRrerdpse Nitn sanceptEationp.nihese Were subject 0028
sponsor-?rovided_nenus during each treatment period. )
(PeriQq 2% ERD-1 rhourenttation 4.4 \ng/mh. subieet0nReriest 2,JERIN: 3, icorrghtration
suppl ements were pernitted during the study.
2.755g(mb). apd shiec é&&?@@%m& sanceritation GA6me/mL). DO cerection
prior to dosing out through 24 hrs post dose after
was gyde fythgse plasng profijes singe thegwrediope ¢qmeentrationmygre dnly 2bout 0.24%,
3, 4, 4.5, 5 6, 7, 8 10, 12, 14, 16, and 24 hrs
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(pre-dosing?; Oto6, 6to 12, 12 to 18, 18 to 24, 24
t oMpan MJA §-mpwasdhP2726 16, 3088 ands2 40 melmbl deri FBRYN- 1, BIRAS-Z0ERN-3
was anal yzed for niacin, and NUA. Uine was anal yzed
and N8P, rgspestiviely.avtpan INU fvetlthal WaseE366MUR06ANIS968and 23¢R0 ng*hr/mL
Subj ects began neals at the sane tinmes of each day
for Efiérl , ERBY2, R N-3cand N SR despectively. dMedian NI Thag. weasoth0 hours for
period. Meals were held at the same for each period,
ERNahdnd RRNehtS.7 bowre fiordERN-20dndefe@ houre fibr NgR.e required to
be consumed. Breakfast, lunch, dinner, and an eveni ng
snibkteppgahelanirappn o was edlgul@iéd 66, eadiPsubfect and G€atmantiwhen
21: 45, respectively. The actual neal or snack tine for
possihde Msarbii e wias BashrSohERNH 5 ERN-Ranid \ERN-3 redpectivadiyiand 3.1 hr for NSP.
dosing tine. Subjects were required to drink a m ni num
MeapA U4 wis 13602ydt1813,d4 1 Baignd 13088chgtHrAQL for BRN-MWMERN-2, ERN-3 and
2007/ 120385PCT/ US2007/ 004105 water on Day 1 through 5
NSPj respttivélyon to the 240 nlL of water given with the
study nedi cation on Day 1. On Day -1, dinner and
anThe mtios fpravaarkl-log transformveiiC . Oan DAY o .. tWerd g@ated than 100% for
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treatments ERN-Thed ERN3 whehrtampatsd 3o NSPS BOEERMW-2, thd1C 13 ratio was
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great@nthda \ 06%i whiRethe ddJQ, asiratioreab esywhas 106Y5V The fftios Bd NMIOACmax
were discharged fromthe clinic after the conpletion
weredlf1 134, [105%%i anid A2B%¢foo ERIN+L SBRNEY ahdiBRINGB), redpectively. The ratios for
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prior to dosing through 24 hrs after dosing in each
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water bath for a mnimumof 5 mn after collection.
sy thEDOPA €B were 96 a6 M1 1% 8§ R0 0206 ¢ndQl 02ttod P BYOtst ERINSN YERROand
rpmfor 15 mn to separate the plasna. Each pl asna
ERNshregspeztively. diheio0edCistopbsétivehead g did AU,k e withate B,
and transferred into two pre-chilled, appropriately
| abel ed pol.ypropyl ene tubes Sanples were then stored
frozen at approxinmately -20 C until anal ysis.
Ni aci n and NUA concentratio wer e anal yzed by
validated |iquid chromatography tandem nmass
spectroscopy (LG M/ MS). Niacin and NUA concentrations
were obtained fromthe sanme injection. The lower limt
of quantitation (LLQ for both niacin and NUA was 2
ng/mL in plasma. Quality control sanples were

e a1 S R 1 I 1



CunX": cunul ati ve anmount of each netabolite recovered
fromurine fromO to 96 hrs after dosing %-e:
wo eactizo3ss of each netabolite excreted in the upETES2007/004105
relative to dose of niacin after correction for
basel i ne recovery and nol ecul ar weight in 96 his after
dosing Total %-e: total fraction of the four
netabolites in 96 hrs after dosing The %e, for each
analyte in urine calculated as W)
2007/ 120385PCT/ US2007/ 004105 %-e =CumXu MW _of _Niacin
x100 Dose MW of _Analyte Concentrati ons bel ow
the limt of quantitation were treated as zero. The
bioequxplRRoe fangs o] 234 TarR Nl anddFR N s FpBEBYGY, e PAPoiHdor Cons
uri ne was determ ned by nultiplying each netabolite
was pyfsidethe 89- %Mwaeﬁ@t thet M%&nw | WS widhin dkq §Qt 12356 range.
eacE interval. The total anmpunt recovered in urine for '
ead he D4 data wq#thegmhwarwbtewnh ENsraboid8-a8fafer Seaxd AUCo.ia for
basel ine by subtracting the anount recovered in the
all four tigatments. o- dose interval . |f any post-dosing
measurenent was | ess than baseline the anbunt was set
to zero. The nol ecul ar weights of niacin and its
c. UrinagyBeeawesy af Wiaginand Matgbplites 137, 1, and 153.1 for
ni acin, NUA, MNA, and 2- PY, respectlvely The sum of
054 peeificravityofl wasiused tresiny e srinquasightsl to vohuness. Binig was based
designated as total %-e. Bi oavai l ability
on a pegvigststidy Witlis NEASRANBwherb theeineanespecidialgradittaehsusidrig 962
WnNonlin Linear M xed Effects
samp gy h§0d slodlq end/thk errxémuivespedifin giavily ndasurky 2842 samples was
2005). Statistical Analysis - Statistical
1.023eamlyses of the bioavail ability paraneters cal cul at ed
above were perforned using an SAS(r) System for
W Mgenuring eacevery dgtaZyre stesvnuinelhbfeol9 atelt depivnal inHigure 16.
Pl asma phar macoki netic paraneters (Cvax, Tnax, Tin,
Table\18)] Sus fAlNRary Bloavailhediilit mrameaérsstanaitsf,or rred
val ue (except for TT. and Tia), and sunmary statistics

(r, mean, stdUrimedeasveryri n, max, CVY% wer§agaicsul at ed
by treatent _an@ pedasgd. Pl asma_concentrations of

iaci Mean BINUACPK anal yBewp(%i't | Llassuned dhat
BN-1t [pa naovr &3 | og- t r angf4er ned 1G@rax and 16360
AUCNaSE, fednowea nos mada di stri butiizen andead e 136.07
|ratuetsbeaglea,‘t,\.3be2t3yveer9,,tIglse‘S two treatpgnts. Jhe data gﬁrgoe
fated tofan, Al 2q§)d% W th mxed effects usi ng
PREC-MXE nd seglence _as -
filxed ef 1¥Y's 93?1d “3Ubjdct Wit hin 19d{uencB®as a rafdem
efif oA THRE-2TS9¢ /| REF pett | os of C'eab" andssAUCt ast amndr
t h&eeoverm | eraispacdi RE 90 conf i dena@sd Nt ergsal S wer eq1s5.45

egti mat egl ,,,Ig,ase)q8 on hl,ssv m)del The mean recovery
off Tmact = o S IET potites—fromturre—nwas
cdl cul at b3 and 144& dg:r;ﬂ}zed by treatfrent and by 92967

i nt &N | F¥'He "E&rrﬁ,s‘, drld vFe of % vi duBBI® conponéit’s
anBeorEY { gl 1490 968 hess after doskrg wersocal cul atoed:
and sumThmsz edsoby 3bd eatanent . . The 90% conf i dence
i pterval S S92 1 Q6 T e Test/ REF grﬁsan T LS of tg wel
o%ife were &ﬁl CS’Jo?tEg by fitting the ;same ANO\/A nod el as
uggdor anal’ysi s. ¥ SubjB& s’ 4
denogr aphiR3v a4 aBfles2age, gendéfd! race®swei ght, 950
he¢i ght, [ Nahe4 z@84 eldsow breadth,. and BM) were .
sunmari zed by gender. The nean, standard deviation
(SD), median, m ninum and maxi nrum of the conti nuous
denogr aphi ¢ vari abl es were cgnput ed. Results

Subj ect disposition is su ized in Table 20 A total
of 44 subjects were enrolled in the study after they
net the protocol inclusion and exclusion criteria. All
the subjects received at | east one dose of study

medi cat| on, and 42 of them con‘pl et ed t he st udy
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100 Received nedication at Period 1 44 100 Recei ved

medi cation at Period 2 42 95.5 Discontinuation 2 4.5
w@poovhmsenr ol | ed 44 subj ects, 20 subjects wer ePEEUSANTI004105

24 were wonen. The nean age was 511 years; the nean

wei ght was 1613 pounds; the nean hei ght was 65.6

i nches; the nean el bow breadth was 23 inches; the nean

BM was 26.3 kg/n2. Frame size was graded as snal |,

medi um and | arge. Nine subjects had a snmall frane

size, 20 subjects had nmedi um and 15 subjects had | arge

frame sizes. Thirty-eight of the subjects were

hi spani ¢c,, 4 were caucasi an, and 2 were bl ack. The

det ai | ed [d®Wogpaiphies 1afe summari®ed in Fabl e 21. 8%

Tabl foedl.| ERENTEREY 9k Sub] ect Denogpaphi csiss Statisgie C

A h‘_e‘%“’m&' ) %X.IGqugerl&S Mal eSFﬁ%il es L\J%Tber of 10197
Subj ects | 44 20 :

NSP 6714 947 141

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

NSP is the reference treatment

® Ratio of the least square means of the natural-log transformed Recovery of
Niacin, NUA, MNA, 2Py, and Total Recovery.

® Recovery of niacin, NUA, MNA, and 2PY combined.

© Suggests bioequivalence (i.e., 90% CI within 80-125% for natural-log
transformed MNA, 2PY Recovery, and Total Recovery).

Total Recovery

Total recovery of niacin in the urine as niacin, NUA, MNA, and 2PY was 67.14% for
NSP and 63.91%, 63.44% and 66.16% fqr ERN-1, ERN-2, and ERN—Z}, respectively. The
least square means ratio of the log, 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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24 Afie(Yrs) Mean 531 51.7 54.3 SE 7.4 -9.4 5.2
Medi an 54 49 55.5 Mn, Max 40.0 , 70.0 40.0, 70.0
W@ 2000/120365. 0 Gender Male N (% 20 (45,5) PCT/US2007/004105

The mean total amount of niacin and métabolites excreted in urine was 63 to 66% for
the 3 test formulations and 67% for NSP. Fraction excreted was smallest for the parent niacin
followed by NUA, MNA and 2PY (37.2-40.0%). Total recovery measured was 2 to 6% lower A
for the test formulations as compared to NSP. The 90% CI for the least square mean ratios of
the log. transformed total recovery was within the 80-125% range, and thus equivalent for
the 3 test formulations as compared to NSP.

Accordingly, one embodiment of 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 hlg extended-release niacin cbmpositions provides
90% CI’s for a natural-log transformed ratio of the appropriate bioavailability parameters
within a 80% to 125% interval.

In a preferred e-mbodiment, 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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20 (100.0) O ( 0.0) Fermale N (% 24 ( 54.5) 0 ( 0.0)

24 (100.0) Race/Ethnicity Caucasian N (%9 4 ( 9.1) 4 (
w@00)2038{ 0.0) Black N (% 2 ( 4.5) 1 ( 5.0)pd1/Ug202)/004105
Hi?%anic N (% 38 ( 86.4) 15 ( 75.0) 23 ( 95.8) Asian

N 0

formulations, Test and REF, in the same single dose of 2000 mg on two separate occasions,
with a washout period of 10 days between doses. The Test consisted of two tablets of coated
reformulated 1000 mg extended-release niacin and the REF consisted of two tablets of
uncoated reformulated 1000 mg extended-release niacin. Each dose was administered with
240 mL of water after a low-fat snack béginning at approximately 22:00 hours (hrs) on Day 1
of each period. Subjects were housed during the 6-day study period (day —1 to day 5) of each
treatment and received meals according to sponsor-prdvided menus during each treatment
period. 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 —1'8, -18 to -12, -12 to -6, and -6 to O 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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QO 0.0) O 0.0) 0 ( 0.0) Oher N(% O 0.0 O 0.0)
O ( 0.0) Height (in) Mean 65.6 68.7 63.1 SE 3.5 2.6
wd 207/1208k351i an 65 69 63 PCT/US2007/004105

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
15 minutes just prior to dosing on Day 1 in each period. On Day 6 in Period 2, no meals were
served as subjects were discharged from the clinic after the completion of all clinical
procedures.

Evaluation of Pharmacokinetics
a. Plasma Collection and Analysis

Serial blood samples were collected within 30 min prior to dosing through 24 hrs after
dosing in each period (15 samples/treatment). 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
v Urine was collected for the following intervals:~-24 to-18,-18t0 -12,-12t0 -6, -6 10 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
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Mn, Max 60.0 , 72.0 64.0 72.0 60.0 , 66.0 Wi ght

(Ib) Mean 161.5 ' 177.3 148.3 WD 2007/ 120385
WEEDIMSAR07/ 004105 SE 20.2 15.6 12.7  Medi apc/E920074105

144. 5

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
interval, and protocol number. The empty containers were weighed to the nearest tenth of a
gram (e.g., 100.1 g) and this was written on the container and documented on the lab’s source
document worksheets. At the end of each interval, the total weight of the con‘;ainer and the
collected urine was measured to the nearest tenth> of a gram and recorded. The weight of the
urine was derived by subtracting the weight of the empty container from the total weight of the
container plus the urine. In some cases, the volume of urine during a giveri collection interval
exceeded the capacity of a single container; therefore a second container was required to obtain
a complete urine collection. The start and stop date(s) and times of each 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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Mn, Max 130.0 , 210.0 155.0 , 210.0 130.0 175.0

Frane Size Small N (%9 9 ( 20.5) 5 ( 25.0) 4 ( 16.7)
woemyamsds (%9. 20 ( 45.5) 10 ( 50D) . 10 ( 41.7T/ULADTEN4105

N (% 15 ( 34.1) 5 ( 25.0) 10(41.7) El bow breadth (in)

Mean 2.7 2.9

c. Plasma Pharmacokinetic Parameters and Urinary Recovery
Data from subjects providing sufficient information to calculate PK parameters for at
least one treatment were included in the PK analysis. For niacin and NUA in plasma, the
following PK parameters were calculated for each subject following administration of each
treatment:
® Cpmax: the maximum concentration observed

® Toax: the time of the maximum observed concer;tration

® AUCp..: the area under the concentration-time profile from time O to the last
measurable (non-zero) concentrat'ion by the linear trapézoidal ﬁle

e AUCiys the area under the plasma concentration-time profile from time 0 to infinity;
calculated as the sum of AUCuy 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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2.5 SE0.30.202 Mdian 2.7 2.8 2.5 Mn, Mx
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CumXu " MW _of _ Niacin

%Fe = _
° Dose MW _of _Analyte

x 100

Concentrations below the limit of quantitation were treated as zero. 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 .
recovered in urine for each 24-hour interval after dosing was adjusted for baseline by
subtracting the amount recovered in the 24-hour pre-dose interval. If any post-dosing
measurement was less than baseline the amount was set to zero. The molecular weights of
niacin and 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 tptal %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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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
w®rmearizsal ence Data from 42 subj ects PaT/Te®D7/004105
treatnment and 44 subjects in REF treatnment were
anal yzed to determ ne the bi oequival ence. Actual tines
relative to dosing tine were used in all anal yses.
For urine anal yses, a specific gravity of 1 g/nL was
used to convert urine weights to volunes. This was
based on a previous study with N ASPAN(r) where the
mean specific gravity neasured in 962 sanpl es was
1 , Lo ,
rrof VOREtL i e . grgpecsenes of G YFRCSH] Shies it
mean pl asma concentrations of niacin and_ NUA %y : )
sequencea psreh traadam soffish | Ahei Hes/BEF] 7atigsqof fCmax and’ AUCis and their
respectively. Mean urinary recovery data is shown'in
correspepsting 942 cpnfidenss intervala wereiestimated basedipr tikeedeled i n
urine The primary variables to evaluate N acin -
bi Theymieamresaeeryws niaciteanidrisanegabotites from yringwas galgulptsd and
urinary recovery of niacin and three netabolites (NUA
summvhtigedzrydreamygnt ang\by hgerval SHBIORTK: asbYde pdindigguatsemponents
22 gives the nean (SD) and statistical results for
and thh ¢atel in\R6 hrsiafitertslosing WEahalculated prdsummarzadiiy tragmentsD)
val ues and statistical anal yses for NUA AUC ast Table
2 2Th&0%mopfidéncrlimemaldFls) fen therdetRERLmgaentigh of fotal Jpke were
Recovery Paraneter Al Subjects (NT.,, =42, NREF=44)
calculated by fitting the same ANOVA model as used for plasma PK analysis.

Subjects’ demographic variables (age, gender, race, weighf, height, frame size, elbow
breadth, and BMI) were summarized by gender. The mean, standard deviation (SD), median,
minimum, and maximum of the continuous demographic variables were 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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Mean (SD) % Ratio (90% Cl) NUA C..: (ng/nlL) Test
2437.0 (1080.71) 96.21 (89.28, 103.67) REF 2513.2
w@ 1003120838 Total Recoverr (% PCT/US2007/004105
Received at least one dose 44 100
Received medication at Period 1 44 100
Received medication at Period 2 42 95.5
Discontinuation 2 4.5

Of the enrolled 44 subjects, 20 subjects were men and 24 were women. The mean age
was 53.1 years; the mean weight was 161.5 pounds; the mean height was 65.6 inches; the
mean elbow breadth was 2.7 inches; the mean BMI was 26.3 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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Test 54.04 (13.10) 101.49 (93.89, 109.69) REF 53. 64
(14. 60) NUA AUCI"" (ngehr/nl) Test 11198.9
W@ 6@272084) 97.87 (89.81, 106.66) REF 11472.1 (BALOSIHL)004105

SE 20.2 15.6 12.7
Median 159 177 1445
Min, Max 130.0,2100 155.0,210.0 130.0, 175.0
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 02
Median 27 28 25
Min, Max 22, 3.1 25, 3.1 22, 28
BMI (kg/m?) Mean 26.3 265 26.2
- SE ) 22 22 22
Median 265 26.5 26.4
Min, Max 22.2, 303 22.2, 303 226, 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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Paraneters used to define N acin bioequival ence b
Recovery of niacin, NUA MA, and 2PY conbi ned.
weupporssye data for bi oequi val ence As BEDUS200TI004105
t he above table the 90% Cl for the natural-Iog
transforned test to reference ratios of the primary BE
vari ables, NUA C. and total recovery of niacin and
netabolites were within 80 to 25% The test over
reference ratios for natural-1og transformed NUA AUCL
was also wthin 80 to 125% The term nal
eI imnation rate was cal cul ated for each subject by
at.nen Mean NUA Tla were 3.16 and 3.04 hrs,
TableN grvesvéF
were 10914.7 and 11770.6 ng*hr/m , for Test and REF,
shows dae,mean (Féwaluwée@wtfzbgw@%é%ﬁﬂ%m 05 c.
Pl asnma Ni acin Mean PK paraneters for plasma
niacin along with statistical analyses are given in
Tabl € 23 The test over rleferencetr atlgs fcl)r )

| es thnn 100% ]’hp Q()O/n(‘J for the ratios Of

nat ural -1 og transfofmed niaci n CAlBuBiest)Cl ast, were
5%—|—m—ewa+ﬁ%Fa!éJ

out sl de the 80 t0125%- > Smp i

varilabi | | LY Tabl e P3: Sm’rma of Naci.p

Par ag%t €| o Patr-atrete 2 % )ect S Nr-+ '(qlg —ré,{)T%CI)

NREVNHA)C,..," (ghelr) (SD) % Ratl 0 (90% Cl ) Ni acin Ca,",

(ng/imty Test—565¢ 520948 13—(F666;—115-58)
Test 2537 0 (1080. 7( )

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

gneand8D) fad staseioal sesultn dorbes OAVAIBbIGS Table 22 also

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,, 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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REF 5021.2 (5041.08) Ni aci n AUCI (ngshr/nm) Test
12444.2 (15616.99) 91.99 (76.31, 110.88) REF 12887.8

W@ 101/703857) Mean T12 of niaci n wer epdr/¥Swarna4105
2.94 hrs, mean T. were 4.68 and 4.64 hrs, and nean
AUC, "f were 11553.1 and 16134.3 ng*hr /m, for Test
and REF, respectively. d. Urinary Recovery of
i ndi vi dual anal ytes The nmean urine recovery of the
i ndi vidual analytes is given in Table 24. Table 24:
Sunmary of Urinary Excretion of Niacin and its
Met abolites WD 2007/ 120385PCT/ U S2007/ 004105

c. Plasma Niacin

Mean PK parameters for plasma niacin along with statistical analyses are given in
Table 23 The test over reference ratios for natural-log transformed niacin Cpax and AUC
were less than 100%. The 90% CI for the ratios of natural-log transformed niacin Cpex and

AUC,s, were outside the 80 to125% interval due to high variability.

Table 23: Summary of Niacin Plasma Parameters

All Subjects
(N1es=42, Nrgr=44)

[Parameter Mean (SD) % Ratio (90% CI)
[Niacin C,,,, (ng/mL)
Test 5052.4 (5209.48)
hRE - 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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Al'l Subjects (Nrest=42, Neps=44) Treatnent Mean (SD)

Ni acin Recover? Test 1.59 (1.63) REF 1.81 (2.58) NUA
woemonBRys Test 7.59 (4.26) REF 7.36 (4.09) M&AI/US2007/004105

Recover? Test 12.23 (4D7) REF 11.75 (3.76) 2-PV

Recovery' Test 32.63 (8.65) REF

All Subjects
(N1esi=42, Nppr=44)
Treatment Mean (SD)
Niacin Recovery* Test __ 1.59(1.63)
REF 1.81(2.58)
NUA Recovery” Test 7.59 (4.26)
REF 7.36 (4.09)
MNA Recovery" Test 12.23 (4.07)
REF 11.75 (3.76)
2-PY Recovery" Test 32.63 (8.65)
REF ___32.71(8.64)
° Recovery as % of niacin dose

Mean urinary recovery was the highest for 2PY followed by MNA, NUA and niacin.

e. Conclusions of the Bioequivalent Assessment

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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32.71 (8.64) Recovery as % of niacin dose Mean
urinary recovery was the highest for 2PY foll owed by
wOoR7/1M385 and ni acin. e. Conclusions of the  PCT/US2007/004105
Bi oequi val ent Assessnent Bi oequi val ence was
eval uated based on the 90% Cls for nean Test/REF
rati os of the NUA Cm,, and urinary recovery of niacin
and its nmetabolites (Total %-e). The 90% Cl s of
Test/ REF nmean ratios of natural-log transfornmed rate
(NUA C.) and extent (Total %e in urine) of niacin
absorption were within the required BE range of 80 to
125% and i ndicate that the Test and REF fornmul ations

are bi oequi val ent.
wi_ithin the 80 t0125%  range _su

The 9

0% Cl for

NUA AUCLA were al so

orting the BE

Tablg da Meap d}oequivalence Yarighlgs fos 18P0 me Fprmulatioas of the Inysgtipn

dlimits of 90% s of Test/REF nmean ratios for baoth
ni acin Cgx2ad AUChst k& (o=t hi n [ he bipegusl ence | Average
range |anch=4he [0 mils bpth.very ¢lose tq fhe
Par?%%g!} Iig‘}t ?f tﬁkﬁi'loeqti ‘%ﬁ%ﬁcc ra..g?‘fdySJ, D RPHE
NUACmax | P6R1.0 hd 1Q@8EL.Trg [f or26id.&t i pbn2437.0t he | 26483t i gn 2601.8
(ngimdl yaed in Exqnp(1dd30)4, 5 and 6, }h€l08Q0&r age nean for
TotsP1®YX. flor &JA (r|i 9/¢8lgr, tjotagsayine regewery (%Bes | 605 -
®dkacin Cn@x)(nd/ M) and Niaci n AUC giged)l | Ustrated ijn
Tabl e |25 below]|(excluding ERN-3). WO
200-+320385PCH{US200-+-004+05—TFablp—25+—Meah—
NBrweqyi vatice |Varskeo es| f ar210Q00( nopobaAnul at 54212 off 4958.9
Cmas | jventi on |Ex. (448 n344)3BR) 5| (n=44) EX 6 (n=44)
(mgdy aqge Paranetler  ERN-1| ERN-2 Copt ed Uncoated  NUA
Niacﬁmcﬂngr’mh 262114398821 71426430)| 124442 12887.8 12414.5
(15737 (11548)

*( ) = 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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2616.0 2437.0 (1080.7) 2513.2 2601.8 Total Rec. (%.
67.7 (8.4) 63.91 63.44 54.04 (14.60) 53.64 60.5-
wok@ciizdgax (ng/ m) 5210.3 5288.0 (4848) 4223pOr/US2007/004105

errors from that mean to generate a lower limit. Standard error was calculated by dividing the

standard deviation by the square root of the sample size (For example, 1430/ Y44 = 326).

Likewise, the upper limit represents the highest mean from example 4, 5 and 6 for each

parameter plus two standard errors.

Table 25a: Upper and Lower Limits of Selected Bioavailability Parameters

Parameter Lower Limit (Std Er) Upper Limit (Std Er)
NUA Cmax (ng/ml) 2111.0 (326) 3253 (431)

Total Rec. (%) 49.24 (4.4). 70.23 (2.53).

Niacir'1 Cmax (ng/ml) 3096 (1126) 6750 (1462)

Niacin AUC 6723 (3484) 18643 (4747)

Accordingly, a further 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 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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(3736) 5052.4 5021.2 4958.9 N acin AUC 12637.4 13896.0

(15737) 10207.0 (11548) 12444.2 12887.8 12414.5 *( )
woe2@vAamndss d devi ati on Accordi ngly, one PCT/US2007/004105

enbodi nent of the invention conprises a 1000 ny

ext ended-rel ease ni acin pharmaceutical conposition

whi ch when adm nistered to a patient in need thereof

as a single dose of two 1000 ng tablets, provides an

in vivo plasma profile with a 90% Cl for a natural-Iog

transforned ratio within 80%to 125%for at |east one

of the follow ng bioavailability paraneters: (a) NUA

Cmax of 2601.8 ng/nL; (b) total recovery of urinary

niacin 60.5 % (c) niaci EXAMPRIK8 4958.9 ng,/nL; and

(d) niacin AUC of 12414.5 ng/nlL. Tabl e 25a bel ow
Comparative dncidench of biwsking dmdiicede 2000 mgtDose bf Exteaded=Release Niacin

bi oavai | abi | Whyn Beategated or €ofAdminiwgredwith Aspltimg i nt o

consi deration standard error (shown in parentheses).

In particular the lower Iimt was cal cul ated by

d ng the | owe n from Exa es 4, and
o3l i Sasaopdamanet éipuﬁeawmoaal Ebisvay: Sielape. Ssee-way
and t hen subtractlng wo standard
Crossaygr/ty %erwﬁw&m gng, P?wdft? sty theeffrstef aspirin
enerate alower |imt. Standard error was cal cul at ed
Pfe"% 4 3Birine- adminisrationyen, flushing reggtions gesulfingfeom gel
| e size (For exanple, 1430/ 444 = 326
admm'%&f@ap% af ettrpded 55'@?se| iR tablahy ofdhe present @WP@%ST%%%/ design
fromexanpl e 4, and_6 for each paraneter plus two

and Geatmants areshoypin F‘l%'b‘? 20- Aybieciyahiorabgiatned fingst usmwwysta#y-related

eIecLed Bi oavail abi |l ity Paraneters Paraneter .
aspirin or other NSAIDS at any time during the study. The study was approved by the clinic’s

Institutional Review Board, and each subject provided written informed consent prior to
participation.

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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Lower Limt (Std Er) Upper Limt (Std Er) NUA Cmax
(ng/nml) 2111.0 (326) 3253 (431) Total Rec. (% 49.24
W@ 2004020885 23 (2.53) Niacin Crax (ng/ml) 3096 (AAR6$2007/004105
6750 (1462) N acin AUC 6723 (3484) 18643 (4747)
Accordingly, a further enbodi ment of the invention
conprises a 1000 ng extended-rel ease niacin
phar maceuti cal conposition which when adninistered to
a patient in need thereof as a single dose of two 1000
ng tablets, provides an in vivo plasma profile with a
90% Cl for a natural-log transfornmed ratio within a
80%to 125% interval for at |east one of the follow ng )
countsir areedigationi vitaminerrhenkal preparatign within dhdaysobefatgsntering and during
2111.0 ng/nmL to about 3253 ng/nL; (b) total recovery
the sydyyur i nary niacin of about 49.24%to about 70.23% (c)
ni acin Crax of about 3096 ng/nL to about 6750 ng/ni;
anscr¢efling) prasedurst@esd completedowitBinngl days priemteuelinig@daission for
ng/ m.. EXAMPLE 8 Conparative |Incidence of Flushing
Periddnid Foe eachyof 2g0breeptudyperiofs, Exbjests enaieddeseqeesidred: fon approximately
When Pretreated or Co-Adm nistered with Aspirin
24 haurs,streatments weese admamistereidzadeast| 0L days- 4parthdpd subjects received meals
doubl e-dummy, singl e-dose, three-way crossover study,
accoglingiwcipecifia meaus thay tentmdled eiacamahddeséantend Mealsoogpsitine and start
effect of aspirin pretreatnment and aspirin
time sveredrisame forgaclstudynpériads hi ng reactions resulting from
oral adm nistration of extended-rel ease niacin tablets

Studpfreatmentsr esent i nvention. The study design and
t r%ﬁ?ﬁﬂ%ﬁ? L oﬁ \%glsoxmnfnﬂstg‘%? ¥ daquz% a%%) sg\%rsmgtln'?éQ accordmg to the

abst a m usi ng non-s at e aspirin

randc%l{}g{norl\@éﬁeg@ atAlt?ﬁXght h@e gH'H P’%Ss%?fq"‘f &)qug o égsqn%%gé/ different in

was approve |n| ona

each %ﬁﬁfggpetn%gdth% %lf”%?g& &’tf%}m\(/ieg ?‘Qeé@é ntne;c?rlllﬁébﬂ{tg E)Fﬁ% invention (also

T8 par

o R 6, kedo?laﬁa%\l‘lf%?%?kav A3, S i -
were%%% %a.n‘gee q?]faégén%'sordf E@ﬂecg eﬁ%wc RY%asg)?rPnf % nrgg éabletis 30 minutes prior to

hi n e were. ¢ nfirme heal t h «
reformuﬁjaﬁ de t glac ;i%iircgf)& coa mlsé red . gvtlt(l)lr ytwo e¥>o tablets (“ASA

elect,, rd| utsf C
PrevpAREPSe o Je*ya"e%% iy alfefsersceﬂe‘{we *@f‘?’ ; @lgts fpinutes prior o
clini SI on st u y erio
refmgllﬂlgateect's“a\?\'é're egg} u'c'l‘gd f’S'P hm eregedv l{ahny % ok 0325 mg  tablets

« c ney h|n nths of nterln the
( Cog% rgjté.nt d&gl r thlr erilﬁ/ D Su S)gcl;]tg ireceiye ct: trr%)g ér&atment consisting of

two §gebrol 1e330 lﬁﬁ{eg%ﬁlgxe o re c}réx\{l?a‘?éd i gm%tﬁﬂf&l{ busg?cpministered with

ependency 3 ears,

“NO]FEI&%I etlswg 1R6hss R I%bgtes gal I bl adder di sease,
I'ver dise severe hyper- or hypotension, cardiac

g](r)lgg? al&%inlgrf?usﬁl v?msc‘ %%Bjechive %{ulé? Fs)epsg)ggg%al Ca@ects Were blinded

al ne romany preéscr tron ne

by seve I]' etgf]fd ol t?le geri% o?%[rxeggat?@n% zg rrgllmrg rec{] In ea&hd}ébsmg period,

7 rom any

subje%907ééggd3 t%g ?Cr}l_é bja%gg c(fqgél ggforce%%ﬂ tdﬁ (m{:‘ 1&3 ?lge}ﬁhlle the placebo

amn reparalonvvl

and aesB}rlenr tlagl%tsav[/]eq'e gH‘rru 2% taheea§ance ythey were not identical; thus, study medication

was administered from opaque dosing cups and subjects were blindfolded during study drug
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Screeni ng procedures were conpleted within 21 days
prior to clinic adm ssion for Period 1. For each of
wo be7ntsee study periods, subjects remained sepBEES®BIEW4105
for approximately 24 hours, treatnents were
adm ni stered at |east 7 days apart, and subjects
recei ved neals according to specific nenus that
controlled niacin and fat content. Meal conposition
and start time were the same for each study peri od.
Study treatnents Study nedi cati on was
adm ni stered orally in a crossover manner according to
the random zati on schedul e. Although the aspirin (ASA)
admigiseratior ddp soptealitregtroent.R diagie FRnhlone, wascnclydestip the study to assess
period, the dose of coated, extended-release niacin
ﬂushtrmeéet@néﬂn theoabsaneenef asnlr(nalc%v thef ssudyesponsorrandethe pggsor(s) at the
~ "refornulated niacin ER tablet" or "rNER;L two 1000
clinigpl site\prepeeing dpeasefor kechsparied had kneavigsizei ofthe dngafment gandomization
received two aspirin 325 ng tablets 30 m nutes prior
assignmenieduwsing the study.InvestigatpR, SeOersegnelo anththgisgidy maenitgr wigre blinded
two placebo tablets ("ASA Pretreatnment”). |n another
to thpyreatownt exsignatent saheme; angchny\aife peesoriyd invelbyest iy t@@tment preparation
m nutes prior to refornmulated niacin ER 2000 ng
or adpynigtriatidrs wereeprohibitad tfem gellsicking o 2ssepting Hushing events or treatment-
("Concomtant ASA"). In a third period, subjects
emergert@idverse eventmt rol treat nent consisting of two placebo
tablets 30 mnutes prior to refornmulated niacin ER
208&hnepbiest deeaivest pregrdatwienh megécatipmcadoa tsadskeprior to reformulated
("R-Niacin ER Al one"). Si nce evaluating flush
niacie\F&ndasings Subjiefte cedeinsd tht asdignpd pretraataientmedisatigne(@spirin or placebo)
were blinded by several nethods to the identity of the
orallyradihc 80 mhsofadatematsipproxdmately 2Ja3h fddewergbypadowdat snack starting at
subj ects received the same nunber of tablets for each
apprafomete(ys2b4 5] The satk as Vhnduenetlhin itsleatetiobefor: the pubjeet received the
tablets were simlar in appearance, they were not
remajrdientof ¢hd asdigned, treatmeyt ateatipcatimateld2:08dwithi2d0enle dbf water. Each
from opaque dosi ng cups and subjects were blindfol ded
medidatianndpss treglyireg mgltipWOraB Begs7 Ak 028 SPSTing828Nh Gt Iiithute, as tablets
adm ni stration. The control treatnment, R-Niacin ER
were Ahlosmesithea Sogetisdr Lag ele itime he os¢ irdmediatedys Seksving asbttheg If needed to
reactions in the absence of aspirin. Only the study
swallopotablets, additioied waterseas(gpvidéd inhiacreimentsasf] 120inle; chewing or biting a
preparing doses for each period had know edge of the
tablet mas pnainbiteda h@chrsatyedt srmasth i vasniespectbdrafieg atimdnisttaticy . of the study
I nvestigators, site personnel, and the study nonitor
dose teveiflglthat decentive dése waseahsmmdd. assi gnnent schene, and
any site personnel involved in treatnment preparation

Flus ation were prohibited fromcollecting or
as nt s, qQr ener ge
St Se{}%\/‘weki? UJaE‘ Qe find %:s thg suhj%g EEH edl}rl?e(% thbre of the following

sl SPABPERCeRct A A6, SRAGHLBI betlpmmpporp sould occu
indivﬁ?u%’l? 053 goﬁ) ?}féﬁ?:]!gg&g gﬁ:ﬂe?\ﬁ&tp%ﬁoé aﬁﬁlé’cﬁnw%’e ﬁrﬂétgg ?3 assess the

ora p’rox mat e

ol BB g PG o o R L T e e
refor{n:il?at?s me]l-?tl{ ch S{rn\és?(gﬂért\ (;?Jb?é}%l gﬁrg\rlﬁrgr&pggg ﬁ?r e start time, stop
time,;xgg%mﬁg O B2 J&%ﬁwg@ﬁag& UL e kP! e tabl ets

onsune he' M nut l[ets were
taken either together at one tlne or one i mredi ately
fol lowing another. If needeg-to swallow tablets,
addi tional water was provided in increnments of 120 ni;
chewing or biting a tablet was prohibited. Each
subject's nouth was i nspected after administration of
the study dose to verify that the entire dose was
consuned FI ushi ng assessnents A flushlng
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Bl ack Hi spanic Asian O her Age (y) Height (in) Wight
(1139 BM (kg/mi) BM = Body mass index N (%9 N (% N
W@ 290720389 N (%9 N (%9 Mean (SD) Mean (SD) MearC1/68)007/004105
Mean (SD) Subjects 164(100% 140(85% 6 ( 499 9 ( 5%

6 (499 3 ( 29%9 29 (12) 71.2 ( 2.7) 191.6 (21.6) 26.5
(2.4) Flushing Anmong the 148 subjects that
received all three treatnents, flushing incidence was
significantly higher after "R Niacin ER Al one" (77%
than after "Concom tant ASA" (61% p<0.001) or "ASA
Pretreatnent” (53% p<0.001; Table 27). TABLE 27:

EFFECT OF ASPI RIN ON FLUSHI NG | NCI DENCE .
Each subject rated their perception of symptom intensity by both continuous and

categorical measures. Subjects marked intensity with a vertical line on an electronic
horizontal visual analog scale (VAS), anchored from “none” on the left to “intolerable” on the
right, and also rated the symptom as mild, moderate, or severe. Symptoms which were easily
tolerable and did not limit activities were defined as mild; symptoms causing difficulty in
conducting activities were severe.

Each subject similarly rated the first overall flushing event, defined as the first 6f one
or more concurrent flushing symptoms to occur after niacin ER dosing. The start time for the
first symptom was also the start time for the first overall flushing event; the overall event
ended when the last symptom in that event resolved and at least 30 minutes elapsed without
any additional flushing symptom occurring.

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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Treatment Concomitant ASA 148 91 (61%* 57(39% ASA
Pretreatnment N Subj ects Dosedl148 N (% Fl ushing79
wa@ 289 zass N (99 Not Flushing 69(47% * p <0. 00HCWESBUB004105

R-Niacin ER Alone t P= 0.090 versus Concomtant ASA
R-Niacin ER Alone 148 HA(77% 34 (23%
Nei t her aspirin-containing treatnent was significantly
different than the other in flushing incidence. As
illustrated in Figure 21, the incidence of the
i ndi vi dual synptonms (redness, warnth, tingling, and
itching) in the first overall flushing event was
reduced by 30%to 50% after "ASA Pretreatnment” L
c oP§FRPERTY pdppintRingluded themumbes of flushing eyeass ang, thedatengity, time of
subj ects reported all four synptons after "ASA )

onsepapd duratiop rﬂf-ﬁrstaqqujg,ﬂpq{@ngmgqntss%}vglétag ingdiyidpal flushing symptoms.
"R-Niacin ER Al one". The individual synptons were not

The pynburefeveets weas summagized By frequency ronpeandforipageshising McNemar’s
events followed the same trend as flushing incidence, )

test. \ASintapsity, psgpessents\were gorryerted Sonpermpphisio oumetigal @igta by expressing
nunber reported after "R-Niacin ER Al one" and the .

the sphigetis vritiea mark gs theedistangectrom Alp lafy end: efotherdih S line (standardized to
not shown). I n_subj ects who flushed after both )

100 mmaalntensity eneestred by ¥ amd dgratiom wer ounenpeed betweemiseatyents using

. (Table 28 below), "ASA Pretreatnment” significantly

pairegdriesinfos gneapwand Welsexansigriedirank tesisfer mregnans, il figensity measured
events, neasured either by categorical .assessnent or

by categpricahsealp wasocopapeyed wxipg Bovgker SRESIGT eYmm@Py, R} [Reneralization of
PRETREATMENT ON THE FI RST OVERALL FLUSHI NG EVENT

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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Difference * Incidence N (% Flushing after both
woe@atmssi s | ntensity (Categorical) : 71(48% PC™MUSHP7/004105

MIld N (% Md./Severe * 61(86% 10 (14% 45 (63% 26

(37% 36% -62% <0.001 Intensity WAS, mm) t Mean

(SD)

TABLE 26: BASELINE SUBJECT DEMOGRAPHICS

Parameter Subjects
Gender Male - N (%) 164 (100%)
Race/Ethnicity Caucasian N (%) 140 (85%)
Black N (%) - 6( 4%)
Hispanic N (%) 9( 5%)
Asian N (%) 6 ( 4%)
Other N (%) 3 ( 2%)
Age (y) Mean (SD) 29 (12)
Height (in) Mean (SD) 71.2(2.7)
Weight (lbs 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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99.3 (91.1) -16.7% 0. 1¥dT/WemddEOV4105

number reported after “R-Niacin ER Alone” and the least number reported after “ASA

Pretreatment” (data not shown).

In subjects who flushed after

both “ASA Pretreatment” and “R-Niacin ER Alone”

treatments (Table 28 below), “ASA Pretreatment” significantly decreased the intensity of first

overall flushing events, measured either by categorical assessment or VAS (each p < 0.001).

TABLE 28. EFFECT OF ASPIRIN PRETREATMENT ON THE FIRST OVERALL FLUSHING EVENT

Treatment
ASA R-Niacin ER Difference * P value'

Pretreatment Alone
Incidence
N (%) Flushing after o
both treatments 71 (48%) o -
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 (categorxcal), for mtensnty (VAS) and
duratlon from paired t-test or Wilcoxon signed-rank test (mean or median data, respectively).
¥ Denominator 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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SI gnificantly —eh—f—f—e#—em——ffgr%eax—w dat a
vAS N2 ABl_lg1

0.028), t hough nGPregHtapt 13713 f%E)"“CEIEFE&”I“’alue

FLUSHI NG EVENT Tr eat rrent Concom t ant ASA R— N| acin ER
Incidegge Difference * P value t Incidence

N (%) Flushing after

both treatments 80 (54%) - o
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
Mins/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
duratlon, 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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N (% Flushing after both treatnents Intensity
(Categorical): 80(54% N(%W MId N (% Md./Severe

W®202/1308899 18(23% 51 (64% 29(36% 22% - 38% PCOES2007/004105
Intensity (VAS, m) | Mean (SD) 27.1 (19.4) 31.0
(18.4) -12.6% 0. 107 Median 23 33 -30% 0. 213

$ 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.

Here, the number of subjects with mild flushing events 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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M nfMax O, 85 0, 90 Duration (mn) Mean ( SD)
90.6 (109.6) 100.6 (96.8) -9.9%0.428 Medi an 43 68

wO0 00963864 M n, Max 3, 432 5, 400 *  Per ceneCT/US2007/004105
difference is relative to Nacin ER Alone. t 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 treatnents.

Treatment
ASA Concomitant Difference * P value !

Pretreatment ASA
Incidence
N (%) Flushing after o L .
both treatments 60 (41%)
Intensity (Categorical) 3
N (%) Mild 51 (85%) 46 (76%) 11%. 0.197
N (%) Mod./Severe 9 (15%) 14 (24%) -36% |
Intensity (VAS, mm)*
Mean (SD) 21.1 (15.3) 27.1(19.2) -22.1% 0.031
Median 19 23 -17% 0.048
Min, Max 0,71 0, 85
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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Moder at e and severe categories were conbined to all ow
2 X 2 conparisons. No subject reported a severe event
w@bdoen2088A Pretreatnment treatnent; one subj ectPCEpPSIDEE4105
a severe event after R-Ni acin ER Al one treat nent
Here, the nunber of subjects with mld flushing events
after "Concom tant ASA" was 22% hi gher than after
"R-Ni acin ER Alone", and the noderate or severe events
were 38% 1| ess. The difference in duration of first
overal | flushing events was not significant. For the
i ndi vi dual synptons, the intensity of redness and
warnmt h was significantly | ess after "Concom tant ASA"
extendedselgasst phasmacqwigal epaprositions S g Jinventien gegggasen fushing intensity
significant difference in the duration of any synptom
and duratiam-46%6) comparer ysicbe arigiaal H9Orme mbjet @isapa@incsee Example 3,
and "Concom tant ASA" treatnents (see Table 30 bel ow),
althoygh thereisacssnallrefugtiongn flpshing ingidence. dexagynde 8 dempnsiratgsithat aspirin -
events were not significant by categorical neasure,
takerh 30 minutes privy |t e withathesaxtandsd-fejease pbammiceuticad cpmpeositions of the
was statistically significant. TABLE 30: EFFECT OF
inventm| ¢in\redBetdREincilenger of RREIARY13nATEDhey . provideBRYuctiony e flushing
FI RST OVERALL FLUSHI NG EVENT WD
inten3gy) And da3gemCly BE20PIE/30 0darhsall Fatientsni@8Ye) reported flushing (incidence)
ASAConconi tant Pretreatment ASA Difference * Incidence
with the singlE| 2060 img) desetafroriginah 100G tatiets(2 tablehddse), In Example 8, only
(Categorical): 60(41% N(% MId N (% Md./Severe
50 — 50y 8Eub@cts Tighed)with 2 6iele12000 @ Gose b¥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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-36% 0. 197 Intensity WAS, mm): Mean (SD) 21.1
(15.3) 27.1 (19.2) -22.1%0.031 Median 19 23 -17%
0.048 Mn, Max 0,71 0,85 Duration (mn)t Mean
(SD) 86.9 (105. 6)

WHAT IS CLAIMED 1S:

1. A 1000 mg niacin pharmaceutical composition comprising:
(a) about 78% to about 82% w/w of niacin granular, wherein not less than
85% (w/w) of said niacin granular has a particle size in the range of
about 100 to about 425 micrometers, and wherein not more than 10%
(w/w) of said niacin granular have a particle size of less than about 100

micrometers;

(b) about 14% to about 18% w/w of hydroxypropyl methylcellulose having a
methoxyl degree of substitution of about 1.39 to about 1.41 and a
hydroxypropoxyl molar substitution of about 0.20 to about 0.22;

(c) about 2.5% to about 3.0% w/w polyvinylpyrrolidone, wherein said
polyvinylpyrrolidone has a K-value ranging from about 85 to about 95;

and
(d) about 0.5% to about 1.5% w/w stearic acid;
wherein the composition exhibits bioequivalence to two 500 mg NIASPAN® tablets.

2. A pharmaceutical composition comprising:
(a) about 70% to about 92% w/w of niacin granular, wherein not less than
85% (w/w) of said niacin granular has a particle size in the range of
about 100 to about 425 micrometers, and wherein not more than 10%
(w/w) of said niacin granular has a particle size of less than about 100

micrometers;
(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 comprising a
polyvinylpyrrolidone with a K-value ranging from about 80 to about 100;

and

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

wherein:
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18. The pharnmaceuti cal conposition of claim?2

conprising: (a) about 76%to about 88% w w of niacin

granul ar, wherein not |ess than 85% (ww of said

niacin granular has a particle size in the range of

about 100 to about 425 m croneters, and wherein not
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onder cofiort LR 5 SUAHY ERRIRG P GoRArF e B the range of
K-val ue rapgithtdof fo0iBoabans mierdntetéboatid WhekeinlfotThBre than 10%
phar maceut i cal corygosl tion of claim18 conprising: (a)
about 78%(WHVabbsaid sRwin\granwlpr hasag partigheasizg af les edbaut 100
not | ess trrrﬁr% 86'155{ (ww of said niacin granular has a
particle si St %’he range of about 100 to about 425

i cr ome(by faBoutaMs taMRUER 3V, Mty dTRITelchdtaretatdiYg Gyént) Of
said niacin granular has a particle size o ess than

about 100 2hewr dhtteerts; abeyt abdth WAY, 108 AbokindrsoropRising 2
of a rel e%ﬁ%\f/&ﬁﬁoﬂr&li@?rﬁﬁgﬁﬂégﬁggﬂe gz%l% ilf},bﬁ’bﬁl abom 0+ 8 about 100;

about 3. 0% r risi
pol yvi nyl pudr ol i done wi th a K-val ue rangi ng from about
80 to apout 100 20, The pharaceuti cal
corrposi&iS&f%O‘ﬁfo-%%é‘i’ ﬁlgoqé-S&/pWI\gOéa Cathg about 0.75%

for b OipAB@inglAEhilasstidtlPhii Akcin FhAHENéiage.t 0 about

oru1. 6150/%11% u rgloatcsgntl; or abou%n 0. 95°/Iolto apout 1.05%
w 22.of 'Ehé pliaringcautical dogagk fonu ef dhith 21 prtereicaidtancataily dosage

dosage f.or risjng:. (a) about 70%to about 92% w w
fomﬁmgéﬁwogrogﬁﬁ%{aae erein not less than 85% (ww) of
sap3l ni fRd ghﬁﬁﬁ&dﬁ@ﬁl Jb@ﬁ%@foﬁﬁfdﬂ Hifs 31 $Befeth $di€ dbsaBEForm is a

of about 100 to about 425 mcroneters, and wherein not
1000pg tablet gampasingw/ w) of said niacin granular has a

particlg,sjz b, | €ss thap about. 100 m croneters; )
bpout 760 b5 1S3l Y o By g Aobtess than
agent ; (c)g5ehowitw)Ooflf4id diRRD diandlad HuyvaVpdrficla shienfethe range of
conpri sing a polyvinyl pyrrol irdone with a K-val ue

rangi ng f RBatabute BBut 422 Beiglometes. Adwherpinapefmors, thag 10%
to about 9 of . 9. [ . HYse, d [

f1 ushi ng QMWa%Igé@Bﬁ%ﬂwgﬁlﬁggﬁﬁ%? %{tlﬁ\}sén Z% EQCS%W“ "#bout 100
22. The phamiomoetdrs;,cal dosage form of claim 21 wherein

*abl ot <) shiid (R I ouh 2 PR pL ST PRt

wher ei N5 abGutdassge thouPbhts PowP0Q/ 0 s@b] ehinder comprising a
conprising: (a) about 76%to about 88% w w of niacin

granul ar, paheimipyredidonewith afkanalds vangwgiromfabeeti&d to about 100.
bt | 100C PSR O eE B £E P A UG A0 me tablet

comprizes than 10% (W w) of said niacin granular has a
particle size of |ess than about 100 micrometers; (b)
about 1(R) @beuto/ 8 duebauy 83% W/w odfnizcin graaylas- whergingaqidess than

agent; an 0 %10 , 59

bi nder co%%g‘?’ﬁ‘g (g\ft%ao? éﬁ%@?%?%@%%%%@’ﬁ 8 fh the range of
K- VaLue rhabqiltnn)()f fooiibloagﬂﬂi Iﬁ@l};drﬁbtab,]?aﬂdl Whérein n?/\t/h more than 10%
24. The pharneceutical dosage formof claim?2 erein

sai d 1000 (WgVX %fg%f niagi,graRwar hasy3 paisls: sizgof less g about 100
82% W w of iRl afkdds:9r anul ar, wherein not |ess than 85%
(W w) of sal d niacin granul ar has a particle size in

t he ran(® abéutddbuto 2boGt 1830 aliwoif a4&lBaseirctanieg egenf; aadd
wherein not nore than 10% (ww) of said niacin

granul ar has a particle size of |ess than about 100

m croneters; (b) about 14%to about 18% w w of a

rel ease-retarding agent; and (c) about 2.5%to about
3.0% w w of a binder conprising a polyvinylpyrrolidone
with a K-val ue ranging froniabout 80 to about 100.




25. The pharnmaceutical dosage formof clains 23 or 24
wherein said 1000 ng tablet conprises about 0.75%to
about 1.25% of a lubricant; about 0.85%to about 1.05%
of a lubricant; or about 0.95%to about 1.05% w w of a
| ubricant. 26. The pharmaceuti cal dosage form of

claim ) wh&lteiNsdhaor ehsases. o8l avAl Ngragerdindet comprising a
sel ected” fromthe group consisting of hydroxypropyl

cel | ul ose pohP@YIpympdidone/with pK-valee tapgingdidnm hbeus 80HPMDUt 100.
o 7P B3k e Gl v (15 U reh B 1000 me

tableESrhREsey hisdu® 0CBPRLoYAHRNE1. 96 % b tar lubEdahi labout 0.85% to about 1.05% of
anmoni oet hyl net hacryl at e (EUDRAG T RS(r), EUDRAG T

a lubppauty) or ahaek G XV6 teabayl 05 &nw/va ofd Jubgicentt her eof .
27, The tl.cal, dosage for f [ [ [ .
2. HOPPRAEA S8 w805 5B ol A e ML g

ageniTels hyélegtd ufrome thndglobp byibisting Pl plydroxjprypylelctililose (HPC),

has a nmet hoxyl degree of substitution of about 1.2 to
hydresypapyb . methy; aelhx?%eo%%osem hypsomaellasgh s mathylediylese  (MC),

t . . . i .
hydryRthL Beituibsd BRRGS, plbvdinyipymoliadit (UM, ABBLERERL Liymers with
trimeitigytl ytint@libathylarthaas/lae (EUDRAGITIR§®e EUDR AGDUE RILIB), axdxanthan

of about 1.4 tq about 1.9 and a hydroxypropoxyl nol ar
W@&?ﬂ@t‘?‘?‘&ﬁ&ﬁ@% about 0.19 to about O.24. 29.

They phaf ﬁ@aﬁl%alﬁl'a%lncfio&lﬁ?% fd?ﬁln%fof:laﬂ 3k 'Gllql?&eim% ?éléhstejﬁf&arding

hydr oxypr opyl nethyl ce | ose has a nethoxyl degree o
agent uh dyitourypropylo inetiipdedlulosd anddthe hydtpxyprppydpmethylaetiilase has a

ituti .. ab .21 3 T
met3id~destabl of BuligBO8 0% Byfint-to Abapip Andra hydixyprgpoxyl molar
substitMA6PSYHoaPYh toBbdxbael | ul ose has a viscosity of about
11, 000 to about 22, 000 nPas. 31. The

phéf macBagt phamadaisgle dosagenform off zlaimad7 wrharein rihe tydroxypropyl
metn O RO | SREIN| BRI 0SB ARR of' 25081 1 IbARAS and

hydre¥iprepRgelihblAbubBaaHes of Mdt 0/19G6 absut D24 ur t her
cggrl sing a coating. 33. The pharmnaceuti cal
do¥age Thsr rRhagmageusicah dosage dpran of chaimn 2% arhemgjnthe hydroxypropyl

meth%&%@él\?\e § itar'ﬁieﬁ%? liocf‘e eteoof%{)ﬂéﬂt\gt?onagpeg{ouflli dnf a?i%?ﬁr%xypropoxyl

gain e pharmaceutic dosage
molaBdubsiitutioplofintout O12t1i cal dosage form of claim 33 wherein

sajd cogating is a colQr coating_appli t.o proyi de
abtflt ﬂalm BB de R AP Of G 23 wipabin Hhe ydroxypropyl
methgiégﬂlﬂﬁé‘&% laGAdcoliRB B OHOT 1100 t%gaP&lt@t,dUanPés. preparing

irect conpression niaci'n tablet conprising the
st¥ps ofhe phyrmptentidalndosagerifonurod abdimaBOurher€ins the hadmxypropyl

92 f ni.aci. i | t han 85%
methyfeAlyto s i RRp et AgHL Ao BRbE A SR mERS (%6 T
t hp. r anpig: sHardl@utical @8sdee faut c14idb2 NigtheBdprisingd Eoating.

wherein not nore than 10% (ww) of said niacin o
gr¥hul aFhepharmageaticsl dosagsi foan of clagy S2twhaieialsaig coating is a color

cons L5818 FPipBiiporf 25 %o BBGH s 7L o sty

dosagd foambi nder conprising a pol yvinyl pyrrolidone with a
K-val ue_rangi ng from about 80 to about 100; and ahout
0. Bb t ol BeRftsrmaceytisal dpsage farm @b £lazg 36; whetein(sgid coating is a color

: ' ' r f 02 )y s ik 0 :
couifBESSETRANE Mok 173, JRAPR b lhopd e s
dosagesfoam1000 ng ni aci n dosage formul ati on. 37. The net hod

of claim35 further conprising coating the tablet.

38. The nethod of claim 35 further conprising coating

the tablet with a color coating to provide about 1.5

to 8.0% wei ght gain to the tablet.
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39. The met hod of claim 38 wherein said color coating
has fromabout 1.75 to 5.0% wei ght gain. 40. The net hod
of claim 38 wherein said rel ease-retarding agent is
sel ected fromthe group consisting of hydroxypropyl
cellul ose (HPC), hydroxypropyl nethyl cellul ose (HPMC
or ?i]yprﬂrﬁ%ﬂhgé%)f pr | £ alrkat! rééygn maé’lﬁrtg?ﬂ)é?t:&iﬂbnsmg the
cellul ose (HEC ol yvirnyl pyrrol I"done
stepsdt hacryl at e copol yners with trinet hyI

RS oihh e TR G Ty P AP P22 Wt Ao granular

met hod of \nteaélnhasteébqraal 85% iwtlv) b§di€ Akcirl Sran@laf GhEE particle
fromthe group consisting of talvc, tH1);zgnes| um st ear at e,
ou

cal ci um stiginthe rargecefrabeutakiOcto ahg reigEamaters, and wherein not
veget abl e a e d

cl ai m 38 \ngder% Z]?arlrl {5634’ 3“'?] aﬁ’y a?(clztcr)lrhfl%h g{es é‘bicg%t %QEOSI% of less
about 88%tdnvatdlut MO edicroficind)| abbut 7D IbBut28% lve/ssof a release-
than 85% ( m}i\? of said niacin granular has a particle

size in tFketagdimggreest ahowft1%00 abentshdetw/wef a binder comprising a

m cr onet e '
T 1Ty B AL 0 L3 R o 10
about 100 andl abaBL546 & atmhotm%mm%a tubaioant] ardD% vv/ w of

a rel eaéssr et ardi ng agent; abou 2% tqQ about 3.25%

vv/W of PHAESSIEG S TNIKIUE O stsra,ia,)wtﬂw # ol i done with
a g val 4he MAbAbAGf fc\ilﬁm ??%fere%@ 5519 ﬁQ&Httaﬂigpls QQOE@% niacin
nmet hod of claim42 erein sad et conprises abou
dosag'@ﬂz&mmaabmut 82% w/ w of ni acin gr anuI ar, wherein not
85% i.d niaci.n ranuI r h
'+ ol Dot af o s Riutes Podgutes daRme e 883t %40
m @8 OMETRY fethRACHIVAIBRESS fhtder 'ngn%nh'ﬁgrbol % 916 {(he/ t‘%le@(mth a color
said niacin granular has a particle Size of |ess than
coatinp uproytie ahvwrlohis: &%, weipls grinitodhe @bbbout 18% w w of a

or % o MU SRRCLBERY sy Rebk Pofilidies gl 175 o

5_0%&;@1 tUgin. angi ng from about 80 to about 100. 44. The
od of claim 35 wherein said rel ease-retarding

ag‘éqtt i Showpathod phrlajsy B8 ndersj saidreleasesetarding agep Raglected from

the %?u a?lr)%s\ﬁt&%dﬁy I%ﬁ) mﬁgﬁl chﬁ"gr oxypr ojp %&?E{ﬂpgﬁ F}eﬂfyclascguulose
(HPMEs ax rhyptmuqllosebegmmwxfellala)bst (MGI),I chydodxyathylit cdlhitoseo (HEC),
about and r ox nmol ar substitutipn of
polyRgayalideny afBUE 0. 3 HeBETEIe ot HOROBTIAE o) MG gfrimethyl
amm@t?ho\éﬂ}?f LtRacPAL (E@ﬁl@k@ﬁ'%@s SUTFRAIT RIS ah® xé’tﬁﬁaﬂ ,ora
w w of” a lubricant or about 0.95%t0o about 1.
mixtygeheséofa | ubr i cant 46. A direct conpression 500
iac ext rel tabl et, for.nmul at i
voab Pe RSB GE oain B85¢es R sl BECAA FSftted Gom the group
consBfiAg! ld)'f&ﬁ]c \Mh‘gh@duﬁn N@darateS SaléiliaN st8@ee( Weddic Qlcids and! h ]ydro genated
ni aci n granular has a partlcle size in the range o
vegetbloails) oul a wixdwedherads ni croneters, and wherein not
t f 0
ook 1 Bt ol Hrhoif 362 Rl 864 Rl bMrRieed Bbuf 767 to about

88% aaudf mitin granalaeuvheleibionol Wsothaf 858 @AS4-of edid mikcirggranular has a
c) about 2%to about 3% w w of a b| nder

.agent
paﬂl@% H3E r%fh?ga%seﬁnyvrtrﬁﬁpﬁg APyt 4d o pacipmeters, ard yetrin not more than
o/ I 0
10% (ijg%%écu‘_il ﬂfsg%ﬁpﬁ%ulgpgasl ah ?ﬁgfgnsﬂ% %@#th&gl)alr)@gol% HicPofdeters;
about & hPPe s atmut 200 wiw rif acreteasectetarding- agehtg abeutt @RYeto about 3.25%
formul ati on of claim46 conprising: (a) about 68%to
about 75% w/ w of niacin granular, wherein not |ess
than 85% (w w) of said granul es have a particle size
in the range of about 100 to about 425 mcroneters,
and wherein not nore than 10%(vv/vv) of said niacin
granul ar has a particle si 281 of | ess than about 100
m croneters; (b) about 24%to about 29% w w of a
rel ease-ret ardr ng agent and (c) about 2.25% to about

NN e r——ey oy o




48. The direct conpression 500 ng niacin
extended-rel ease tablet fornulation of claim46
further conprising a coating wherein said coating has
fromabout 1.5 to about 8.0% wei ght gain. 49. The
di rect conpression 500 ng ni aci n extended-rel ease
whv B bfkiel St PoTynfloShPRASR i 4K CARMh g RoAP @t 80 to
aboup105% t o about 1.05% w w of a lubricant. 50.A direct

£ oFr atho Ml rting2 Puapteh S8 Y3016, ERTTiser R0 B 5% p about
82%GW/whbfafihdin @rahn i Avhertiglof 163s b 8595 fw/i) DT sSidMidcM Bhantfar has a

said niacin granular has a particle size in the range
partigl sizigdw therange of 2hpwiuk0040 Bbet 426 maicromsters,pdwrierein nohwere than

o 0% of said. .njiagcin | ar S . .
10%J87F) b Bg Mt Watal hog Ep il L o BleR thef ed B mgrometers;
aboul De%tto 1656t 8YARNOMbf 2 2tedsk-Yetadin dgehte abdrt REUa Eiabbtit 3.0% w/w of

.agent; (c) about 2.5%to about 2.75% w w_of a bi nder
a bindgheamprisieg applyvipylnyyodeneovity e value manging fram about 80 to about
100.r @angi ng from about 80 to about 100; and (d) about 0.5%

‘to about 1.5% w w of a lubricant. 51. The direct
co#r esThonmétodnefnickimn 3Sxtwingeid- rseide askeaseatetaeding agent is

formul ati on of cl]aim50 . .c risjng:. (a).agbou 6% ) )
hydr gD} ey G R TR PIGEE NP ,lgrwhérr%ilﬁorﬁof@ esaid Ribricant is
tearld'2RidB a8 (Wh&inChydkJprBhAC anRAdxyE! f
Ste Si ze1 in the %%lﬁgglyglgkg%rghﬁ Ifg)%&{lgéngkgﬁt H%zé‘ &XIY dgree o
substhiution pEslmus .20 dboute @aml abydroxypeopdxyhmbBisihstitytionfof about 0.1
bsa{)(g ni acin granular has a particle size of less than
to abgpti3- 100 micrometers; (b) about 18%to about 21% w w

of 42 r eTRaRRHOAIGRCHIMNY 42988 wiRRGN 544 tAWOESmprise¥abdut 0.75% to
about 2. 7% w w of a binder conprising a

aboup d2§% WA pla lubricand we abdut B.98%ictovabbutel .0 gv/mopftar lubriednd ut
80,t0 ahouyt 100: . 52. The direct. ¢ r i, O .
758 gty ok Bimpusision 309 B nibE B, PPSRERARS Fi Oprmutation
compﬂsmgn 51 further conprising a coating wherein said
coating has fromabout 1.5 to about 8.0% wei ght gain.

53. Thel(adiabet 6530 i poa i85k MY afgisfimeranular, wherein not less than
t ended- reeb t ' f 08 50:
oot SR OEhgh AU Befls ATl e of

or about @b&H%G0otoadbtaut 425 Ghitvonicters,| atar wherein not more than 10%

54. The pharmacgut.jcal . conpaosition of. claim2 further
conpr i si nEWé%a af t4id Piasir@Antlan fis g partice S5 teph ghan about 100
phar naceutphie@imegqgPosi tion of clai m54 wherein the
anti-lipidemc agent is an HVG CoA reduct ase

i nhi bi t @ .about 20% BEboWI2% Mdwrdeacleascaktacingagint;i on of

| ai m 55, further, i Sj f1 ush-i nhi bi ti t.. .
57 TheChtPHacet: | Fal “Eitmoget i BAY olcl B HIBHF urpRErsng
conpri si NgoBvidylsRrdlidbhdivith AK #6RB ranging from2Bout 8080 about 100;

phar maceuti cal conposition of claim57 wherein the
flush-inhi@gdting agent is a non-steroidal

anti-in t-00o . . 59 The

phar nac@ht%péﬂgl(fiyo"rtr%%@(?ﬁtiﬁgﬁ”o% Of AMRTSB herei n t he

f 1 4&h- i The Birdct BEMPI@EIIdn 560 M Middimextéiad-release tabléOformitiRtion of

. phar maceuti cal conposition of claimb57 wherein the

CIallef‘@%‘HnP%‘i‘%i ting agent is a prostaglandin D2 receptor

ant agon@gagout 68% t& !xb%um%wtb% in ‘g@?ufa?,“%ﬁérb&' i less than

of clai wherei n the prostaglandi n receptor

ant agoni s®85Vs(wWk) 058dd granules h6vk a partileGizegn the range of about 100

ext ended-rel ease niaci n pharnmaceuti cal conposition

conprising niacin granular, wherein not |ess than 85%

(ww) of said niacin granular has a particle size in

t he range of about 100 to about 425 microneters, and

wherein not nore than 10% (w w) of said niacin

granul ar has a particle si 2& of | ess than about 100

m croneters; a release-retardi ng agent; a binder

conprising a polyvinylpyrrolidone with a K-val ue
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(c) niacin Cmax of 4958.9 ng/nL, and (d) niacin AUC of
12414.5 ng/ nL. 63. The 1000 ng extended-rel ease

ni aci n pharnmaceuti cal conposition of claim62 wherein

the natural-l1og transforned ratio is wthin 90%to

115% 64. The 1000 ng extended-rel ease niacin

phar maceut ]

Pt Ur al -1 oy oy eRSicits Yod RedTh REUGR, el 140Gy ) of said
65. The lGG&imgragninchaerbartidlesize ofileacihan phaut ﬂrﬁ@ aucrog®iers;

th t
one a2k doatad s Ny eeherlain peerii
group ceiysibsht 22k o f hbti- m*styhltvmgotigsnbuﬂefi &nprising a
anti-|ipidem c agent 1000

ext ended- rp@he’assépmdnipne erthrariﬁ-(yehl’ﬁ |rmng:ﬂm1p@botm &rto@bout 100.

r e Ci nghc\gg ﬁm?”laeﬁf‘lan ﬁ%{}%écgrgsgﬁ% cged-refease tablep formulation of

claink 4GafurBEt cdrhprisind18 cohtin dgtwaaieﬁt 0aill Cohting?Ash frbin) about 1.5 to about
el evations in uric acid |levels or glucose |evels or

8.0%weight gait woul d require such treatnent to be
Slat&(} g m *rgﬁ glgecwgﬁ F‘e@élgn g8@&%5&1&@)&ﬂsﬁﬁdwﬁ%&%ﬁy fo?t%hﬂmon of

claumztéemdwcdnqir&mmua@ 75%f1b absr A2 8% Setw afartttmoaht @A about 0.95%
) con‘ﬁyl Si n niacin granular, wherein not |ess than 85%
0a

5°6fw BL0icp lybreant granul ar has a particle size in
range
vvhg? o ngngft?écrtm at!r&eiﬂ{rﬁsm)g 1%%}) ?x%)%acﬂ}zéxt@h gfégega?é' $abl&"frmulation
comgtlsmgtl ar has a particle size of |less than about 100

m cronej ers; 0Ieae-r rdi ng. agent; a_binder.

conpri Sl GRRUTU5 RGPS Y e it grarvie, Mfgin not less than
rangi ng frgam e oﬁ%ﬁ Ghi P lg}an%PaQ ha8Wpattitle iz fthe range of
whi ch when adm ni'stered to subjects Iin a

bi oequi valaboatel G Lcdybmmmﬁérmmg)naetsnsngkbwmmm 06t mora than 10%

2ot d 3000 CHOhet e atcin pRadia” high Patilsios of {8 dhan about 100

provi des QlQl%ogét&Sf or a natural-log transforned ratio
of the appropri at € bi oavail abi | i ty paraneters within a

80% t o (ISR taabout 22% wigf aTRlsaseaRrding agent;
ext ende a I a¢i arin?gogut | €0 0
claim 6¢)vﬁ§é§tesé;52a?t gllbgav | Ivi’/t%f/‘ pf;r%pngﬁierlls &mggnsmg a
NUA Cmax (polyvidylpyaralidbné sfithRaC-ovkieyangg flomciboutB0no about 100;
(ng/mM) and Niacin AUC 69. A 1000 ny
ext ended- 8fease ni acin phar maceuti cal conposition
conpris I | ht | ess than 85%
(W w) otﬁggpﬁ?%é%%%% Wﬁogglgbr%grtl cle size in
t hl.r an@he direch lbompreg€ion 750 aigcrum%ﬁﬁmdadrmlmt@hl,& fomaiulation of
1 V\ISQ ein.not nmore than 10% (ww) of said niacin
claim U GOMPHSIAG's a particle size of |ess than about 100
i cr onetf ra%outa76)€|t§ ABSUL! BRARHHYSE A8&A lorarflR] WHErein not less than
conprising a polyvinyl pyrrolidone with a K- val ue
rangi ng f i Wbk oBerid miasin granuio; haQWdP%'tw]GtﬁlZQ:Hhthe range of

whi ch when r atl ent eed t her eof o
1105 s ABHLRL B BN 428 iRt i et hOBR! than 10%
provi des &/ wioF k@ nilcas Banilaphid @ paiticle siz&8%4dsk tharabdut 100

natural -1og, transforned ratio wthin a 80%to 125%
i nterval MYFIOMERTELst one of the foll owi ng

21110 (et oRRLAREL LR e oy Bhe 0O o,

of uri n@)yaboutacl.fi%of toababout 49.7%%ww adfout bBiAd&3%onfm)sing a
ni aci n Cmax, of about. 3096 t o about .675
PnaC () mabiiny I RdoRe Bifh Sad Talun A0S BomBa SAdg sout 100;

ng/ mi. 70. The 1000 ng extended-rel ease niacin
phar maceuti cal conposition of claim69 wherein said
conposition is effective in reducing a serumlipid
wi t hout causi ng treatnent-lWﬁiting (i) hepatotoxicity
and (ii) elevations in uric acid |levels or glucose
Ievels or both that mould reqU|re such treatnent to

. o " g




52.  The direct compression 750 mg niacin extended-release tablet formulation of
claim 51 further comprising a coating wherein said coating has from about 1.5 to about
8.0% weight gain.

53.  The direct compression 750 mg niacin extended-release tablet formulation of
claims 50 or 51 comprising about 0.75% to about 1.25% of a lubricant; or about 0.95% to
about 1.05% of a lubricant.

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).

59.  The pharmaceutical composition of claim 58 wherein the flush-inhibiting
agent is aspirin (ASA).

60.  The pharmaceutical composition of claim 57 wherein the flush-inhibiting
agent is a prostaglandin D2 receptor antagonist.

61.  The pharmaceutical composition of claim 60 wherein the prostaglandin D2
receptor antagonist is MK-0524.

62. A 1000 mg extended-release niacin pharmaceutical composition comprising
niacin granular, wherein not less than 85% (w/w) of said niacin granular has a particle size
in the range of about 100 to about 425 micrometers, and wherein not more than 10% (w/w)
of said niacin granular has a particle size of less than about 100 micrometers; a release-
retarding agent; a binder comprising a polyvinylpyrrolidone with a K-value ranging from
about 80 to about 100; and a lubricant; 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 national-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 of 60.5%;
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(c) niacin Cmax of 4958.9 ng/mL; and
(d) niacin AUC of 12414.5 ng/mL.

63.  The 1000 mg extended-release niacin pharmaceutical composition of claim
62 wherein the natural-log transformed ratio is within 90% to 115%.

64. The 1000 mg extended-release niacin pharmaceutical composition of claim
62 wherein the natural-log transformed ratio is within 95% to 110%.

65.  The 1000 mg extended-release niacin pharmaceutical composition of claim
62 further comprising at least one additional therapeutic agent selected from the group
consisting of a flush-inhibiting agent and an anti-lipidemic agent.

66.  The 1000 mg extended-release niacin pharmaceutical composition of claim
65 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.

67. A 1000 mg extended-release niacin pharmaceutical composition comprising
niacin granular, wherein not less than 85% (w/w) of said niacin granular has a particle size
in the range of about 100 to about 425 micrometers, and wherein not more than 10% (w/w)
of said niacin granular has a particle size of less than about 100 micrometers; a release-
retarding agent; a binder comprising a polyvinylpyrrolidone with a K-value ranging from
about 80 to about 100; and a Ilubricant; which when administered to subjects in a
bioequivalence study comparing a single dose of four 500 mg NIASPAN® tablets to a
single dose of two 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.

68.  The 1000 mg extended-release niacin pharmaceutical composition of claim
67 wherein said bioavailability parameters are NUA Cmax (ng/ml) and Total Recovery, or
Niacin Cmax (ng/ml) and Niacin AUC.

69. A 1000 mg extended-release niacin pharmaceutical composition comprising
niacin granular, wherein not less than 85% (w/w) of said niacin granular has a particle size
in the range of about 100 to about 425 micrometers, and wherein not more than 10% (w/w)
of said niacin granular has a particle size of less than about 100 micrometers; a release-
retarding agent; a binder comprising a polyvinylpyrrolidone with a K-value ranging from

about 80 to about 100; and a lubricant; which when administered to a patient in need thereof
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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.
70.  The 1000 mg extended-release niacin pharmaceutical composition of claim
69 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.
71.  The pharmaceutical composition of claim 3, wherein niacin release is
delayed.
72.  The pharmaceutical composition of claim 71 further comprising an
immediate-release flush inhibiting agent.
73.  The pharmaceutical composition of claim 72 wherein the flush-inhibiting
agent is a prostaglandin D2 receptor antagonist.
74. The pharmaceutical composition of claim 73 wherein the prostaglandin D2
receptor antagonist is MK-0524.
75.  The pharmaceutical composition of claim 72 wherein the flush inhibiting
agent is a non-steroidal anti-inflammatory drug (NSAID).
76.  The pharmaceutical composition of claim 4, wherein administration during

the evening or at night is after dinner or before bedtime.
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