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UNI TARY PHARMACEUTI CAL DOSAGE FORM Background of the
I nvention This application relates to products for the
wonremiise3s of viral infections, in particular PCYUS2006/023223
i nfections, using the known antiviral conpounds
efavirenz (tradenane Sustiva, also known as EFV),
entricitabine (tradenane Entriva, also known as FTC)
and tenofovir DF (disoproxil fumarate, also known as
TDF) (tradenane Viread, sold in conbination with
entricitabi ne under the tradenanme Truvada). The
Truvada product is produced by wet granul ati on of
entricitabine and tenofovir DF (WO 04/64845), which
under t he UNFIARYtBIHARMACHIVEESADL ROSAGEIHQRM abl e
dosage form This product does not contain efavirenz.
H V t herapy using ef avirenz as vvel | as entricitabine
and tenof ovir DF hBackgsew Lt Iz
(hereafter "trlple conblnatlon"' see MD 04/ 64845) .

ManufTags applitg tisnaelme 1ol protyictsi faptie: frédtilcit @ WhiaDaifb@ibns,
product, however, would require that the final product

inpeaticeler FHYeimfeqtons exing thedsnewnfantiviiad eouipeainds efaitenz

(agfenf e st o150 RS s RV SRt PAShE Veha Rl ERiva,
alé@kﬁé{‘bvh%zf)TC)aeﬁﬂj Eewmhh BH @gévgfiroi@ﬁ f@hafith! A8 &nSWvAGs TDF)

for patients to easil
(tradename Viread, sold in combmatlon with emtricitabine under the

tradename Truvada).

The Truvada product is produced by wet granulation of emtricitabine
and tenofovir DF (WO 04/64845), which under the circumstances produces a

chemically stable dosage form. This product does not contain efavirenz.

HIV therapy using efavirenz as well as emtricitabine and tenofovir DF
has been considered desirable (hereafter “triple combination”; see WO
04/64845). Manufacturing a commercially viable triple combination product,
however, would require that the final product meet stringent FDA requirements
for bioequivalence to the commercial products, Viread (tenofovir disoproxil
fumarate), Emtriva (emtricitabine), and Sustiva (efavirenz), and that the tablet

be of suitable size for patients to easily swallow.

Initial efforts to simply combine the three drugs (active pharmaceutical
intermediates, or APIs) into a unitary, essentially hombgeneous composition
manufactured by wet granulation failed to produce a chemically stable tablet.
The tenofovir DF in this combination tablet was highly unstable and rapidly

degraded in stability studies. The efavirenz formulation was unexpectedly
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Initial efforts to sinply conbine the three drugs

(active pharmaceutical intermediates, or APIs) into a
waonidsasyszessenti al | y honpgeneous conposition PCT/US2006/023223

manuf actured by wet granulation failed to produce a
irclopapad il witit @blofotiabiFet redillenbenat@ivited %tlhé‘sﬁlgf?c;ant

mbi nation tablet was highly unstable and rapiadl
(ség&“lﬁ gﬁll’}flﬁui;fﬁ% ifpynd, ifsth@gﬁfégi.reﬂhpoﬁfcuvd)ﬁtémzformula’cion.

formul ati on was unexpectedlyi nconpatible with
tenofovir DF, a result now attributed to the

f i I f ' ) i
S ! Asofni: AEa U AU BRI U Rk NEop o ime
using arduyegraoujartivtuniehe tereeriapt eombiratioatindromithing th me
using a.dry gr ngl_atio of the three part conbination
sU ?ﬁf‘f%’rﬁ tﬁ}l%@ealﬁf@ dn ﬁftagkeamat faihecs ta achigvedeiopquiv alemiok etith
i ' . b ui val.ence .wi th. respect to .
A R R T N T
inctho brdd stréan and tohe RLgest ééﬁ&é{@%@aﬁ&@c%% both below
exposure (Cmax and AUC) vve?e bot'’h bel ow the ‘paraneters
thgeasametess deterntined fuortire |Cohahemmimanqiaoiitogﬂgﬁst&iﬁ\af(efayirenz)
| blets. .The inventors concl ude at a
tap L€V TG Bkl PP Toachtdrasg toe somstaat indhe rpl
i ¥ di soRr.oxi
RN NP AT AR i 300 ko) v
wis negesarglteackieve bRusuivaendet Sustioabi nati on tablets

were manufactured by wet granulating the efavirenz
conponent with the surfactant and ot her excipients,

ngé}g%,ﬁ% ap?w%#fo?lﬁr]g]%rei;ﬁgv%fﬂ%,?gr%ag{llflavc?gl%dcb%rn\gfgp gpafliulfastlir?g the
efavirenz component with the surfactant and other excipients, separately
manufacturing the Truvada component using dry granulation, mixing the
granulates together, compressing the mixture into tablets, and then film-coating
the tablets. Unexpectedly, this approach also failed to produce the desired
bioequivalence in between the commercial product, Sustiva (efavirenz), and
clinical trial material (i.e., proposed commercial triple combination product). A

novel and inventive step was needed to overcome the shortcomings of more

straight-forward approaches to a triple combination dosage form.

Copending U.S.S.N. 60/771,353 (filed of even date and expressly
incorporated herein by reference) is directed to solving another obstacle
encountered in the preparation of the triple combination dosage form, that of
reducing the size of the combined product. While the prior art reports the
successful manufacture of chemically stable Truvada preparations
(WOO04/64845), these preparations contain relatively low proportions of
excipient to APL Increasing the proportion of excipients and wet granulating

the three API combination unexpectedly resulted in a preparation in which the

2



10

15

20

25

30

granul ates together, conpressing the mxture into

tablets, and then filmcoating the tablets. .
wahneospesa3edl y, this approach al so failed to predoms2dhe23223

desi red bi oequi val ence in between the conmerci al

ten%ff&ﬁiHDF w%ﬁighw rRtadyb f [ nﬁgﬁ@@l iR I.BICR 667781353, it was

material (i proposed rcial triple combination
belpveditha) useﬁofmxfﬁtleahWalter/mmacom}sliséﬂhmeﬁ@adalhtimn of
overc he sh rtc f. nmore straight-forward
efaypeng D hich lias 41ty HEEY Bheerpagecn & gantricitabine
| and
an@&?}@é’@? g)lé’ﬂncgg?e&gl’rd}j‘eﬁ%’ce;er s %Pgsf o & gséo?\fé% gl‘le ?% edt?t%gtlc mnixture.

Thélt leﬁ@@h@ ﬁukalr@@ryedwau@ﬁgt glﬁhumﬁﬂ@ Rrane gla@é)%legm'oﬁ?hous
the preparation of the triple conbinati oh dosage f

prachet infvhiduthe tegofdier Bl is abemibaly unmabkednp]ompmuson to the

R O
4
oAk LR R Nl

compbipladbhioral dbsagedbah@ftibanngeabis pasdttioasi ng the three
APl conbi nation unexpectedly resul ted in a prepar ation
in which thetenofovir DF was highly unstable.

oS PEe e P S BT B aiShee 8 one
by Q[‘)iagiﬂﬂrﬁﬂé@ﬁ‘ the EhENFRRe W BRORAS DE! c%tn'q.’/c?éﬂoﬁ q¥.,

|ty n conparison to entricitabine ‘and
grangtedirgyihe OB pesiticewitieut atrttactingenmeindth o ddsiabilisneg

into eutectic xture. The eutec xt ur e dr| ed
amQypt Al RRLeE; ﬁmt’c@ng&m% (@fpré@slia gsf gl or reducing
the presence of water to an insubstantial amount ehmmates the
disadvantageous formation of a eutectic mixture and enhances the stability of

the resulting pharmaceutical product.

Despite the advantages conferred by dry granulation of the
emtricitabine/ tenofovir DF component, it was still necessary to overcome the
unexpected incompatibility of tenofovir DF and the surfactant used in the

Sustiva formulation.

Summary of the Invention

In accordance with this invention, the stability and bioequivalence objectives for
the triple combination product have been achieved by providing a
multicomponent dosage form, one component comprising tenofovir DF and,

optionally, emtricitabine, and the other comprising at least efavirenz. Another



product in which the tenofovir DF is chemcally
unstable in conparison to the crystalline API.

wauppl1psazg enough exci pient to aneliorate the e€CTas006023223
t he excess water was not consistent with the objective

egtoodimanhphieanyentive ico dbsayat foom c@wriﬂﬁ% AGBNHRK/T OF
nanaggﬁFle gropprtions. As described further in
CYNBORER} apha pritagmt coppongBEhakinedastabibizing conadbyvith the
téﬁﬁ@ﬁ}@ﬁﬁ&gnbgﬁa%ntricitabine and tenofovir DF
conposition,“I. €., granulating the conposition wthout
contacting sane with a destabilizing anount of liquid
water. Omtting water (particularly, liquid water) or
reduci ng the presence of water to an insubstantia
anount elim nates the di sadvantageous formation of a
eutectic m xture and enhances the stability of the
resul ti ng pharmaceutical product. Despite the
advant ages conferred by dry granul ati on of the
entricitabine /tenofovir DF conponent, it was stil
necessary to overcone the unexpected inconpatibility
of tenofovir DF and the surfactant used in the Sustiva
formul ati on. Sunmary of the Invention In accordance
with this invention, the stability and bi oequival ence
obj ectives for the triple conbination product have
been achi eved by providing a
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mul ti conponent dosage form one conponent conprising

tenofovir DF and, optionally, entricitabine, and the
wothesr13ssspri sing at | east efavirenz. Anot her erboMiSE®AN23223

of the invention is a dosage form conprising a

tenof ovir DF conponent and a surfactant conponent not

in destabilizing contact with the tenofovir DF

conmponent . Det ai )

DethilpellPesaniption offthe favdnticent i on The
dosage formof this invention conprises efavirenz,
entricitabine and tenfovir DF. As noted, tenofovir DF
and [ o . e s
it ¢ FaSflopRrcRbol (P ERRNALE LAMRAE Ridiirens empricitabine and
teDfowio O ndahptdal) tenafooirieF ardietdiiraatae ih 8eparate components.
entricitabine is present in _its own conponent, or is
Emtrigigaline gepprallyrisineluded énhsoieantoviy DY einpomart; ot inother

Lt 1 . L f this i tion. Al .,
Sl R S R A T e g
whthehd @$a8 ferf-0¢dh tthats di?ﬁ(})éiﬁ'@ﬁ fONG criffeat AR }ﬁ%ti&eof

substantially separated fromthe surfactant 1n the
thés wiention. ddhfimriénnecessaryriethmemaititabinede jrecaietsia r;che
o dptingreCBt U EROIGHE BHGHaRORY bubsiagtn PR Pl
. Co . o , "
RS ROk L YRR T B S RONRR) poces

featurass @ohfiachtiiftytae slityblyirhthidfiges the €BAtREbf Whrlidbtant with
ot her conponents. This does not nean that the units or

teppfayar D syitalble ipihe peagdticy of thisimverdiomact . I n fact,
it generally is preferred that they are in physical
contact and forma unitary

The term “component” means a physically discrete unit or compartment

which is associated physically with and in contact with other components. This
does not mean that the units or compartments are physically not in contact. In
fact, it generally is preferred that they are in physical contact and form a unitary
device, article or composition. The degree of association is only that which is
needed to facilitate the oral consumption of the composition as a single dosage
form. This invention does not include, for example, patient packs with the
Sustiva and Truvada products in separate wells or containers, or other
associations which are essentially packaging solutions alone (although, of
course, the compositions of this invention optionally are packed or packaged in

any conventional fashion suitable under the circumstances).

Typically, the components of the dosage form of this invention
conveniently are organized in multiple layers, ordinarily a bilayer as shown in
the exemplified embodiment. However, if emtricitabine is present in its own

component then the dosage form will constitute at least a trilayer structure.
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device, article or conposition. The degree of
association is only that which is needed to facilitate

wohesassd3z consunpti on of the conposition as a BCIEIS2006/023223
dosage form This invention does not include, for

Tlexanpédnopbe behiglp askponehhfdraciPdstis (Rr %&Qm-fﬂé‘ Vcﬁg Aosage
products in separate wells or containers,

f01d§§ eptianpldninaide R layess éysachiodithy ccpxapbagmsgfoml ﬂa)talcv%)
rse, the conpositions of this

Tt OB 4 abE A neiRiosS B RRued emeRy ﬁalsw@@afﬁ g do not
ne€@MY BB teqaﬁﬁllmfn%%fﬁ é’i‘vbaﬂ[‘l'cBﬁ{ﬂ eﬂ@dee gg{s for each drug or drug

ci rcunstances). Typica
coudsizajeort sy fongf astthi sotab desﬁge%'f albcfbiﬁpbﬁéﬁtb ¥n 848 is the desired
organized in multiple |ayers, ordinarily a bilayer as
amMBn in the exenplified enmbodi nent. However, if
entricitabine is present in its own corrpo_nent then the
dosage formw || constitute at least a trilayer

t t
e ST ROk B SRS e cotong
as thﬁt(ﬂ@ﬁ@ll@dzdftg?e P sd}mrraie@m bf ta&mdfhar@ﬂmmh@ﬂifﬁctaﬁﬁfs a
tot Thus, Is1 unit includes |amnates -
h%éﬁh?dc ?r?ﬁ@ﬁ@’ﬁﬁ’ée’ rg uwgé:ganqrolaﬁgrseﬁg@% t}:je axis of
. er.s r u
atmfﬁgc@%ﬁéﬁﬁzssﬁ%%gaﬁme Syl Eh s A e
eadoripgoe nyEnder cumaingng Heeplastd @hmpomsit -ALStASF aH@f’i’ﬁﬁve is
for spatially organizing the conponents are suitab

to %@Pi%ﬁ@ PaessCRating sroesds Hegisosiaté threpanponaents.of
tenofovir DF and surfactant is

The cofnponents generally are in direct contact with one another, i.e., no
barrier or protective layer is present between them. In other embodiments, a
barrier is introduced between the incompatible components. A suitable
example of this embodiment of the invention would be a multi-compartment
capsule in which the incompatible components are distributed into separate
compartments. Alternatively, a tablet is optionally provided that contains one
encapsulated component disbursed or distributed within the incompatible
component. In general, intimate, direct admixture of the incompatible
components is undesirable unless means are provided to protect the tenofovir

DF component from surfactant.

In typical embodiments the components of the dosage form of this
invention are spatially organized so as to not place the tenofovir DF component
into destabilizing contact with the surfactant in the efavirenz component.

“Destabilizing” means any contact between tenofovir DF and the surfactant that

is capable causing pharmaceutically unacceptable degradation of tenofovir DF.
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acconpl i shed. For example, rather than form ng pl anar

| ayers along the axis of a tablet, the conponents
wopbiecansdsBy are organized in an annul ar fashi oRCTAIS2(¥6/023223

each ring or cylinder containing a separate conponent.
Aﬁ’f@‘t’lﬂi@mgamfrgmﬂm id anyt spatindlooyareizpti @ 8f ﬂ{éatfehﬁ%wr DF and

ggocess to assoc a@the conponents. The conponents

SHERE FPVP%nFSrF 18? % n‘é“d‘#ﬁ%ﬁn e geraretianof her
“Prtmac QPN ihcBbrE L EhY P ot S bne b i ifbhng

etween t

l;
degrarlation pdodettwe Ardddpebilins ema& ifa %ggﬁﬂfkﬁgaﬁlz n that

suj tabl e exanple of this nment o nven on

regBlis i the geneugtion ebampaot ﬂmfbllowmsgt degratlasdincprddiRts in a
s are djstributed into separate

”1%1%%%;5]%?%%1]37 nc‘gg]ir)lﬁgiq Q}QP}}M a tablet is optionally

provided that contains one encapsul ated conponent
di sbursed or distributed within the inconpatible

co tial ge@@Baland doHdiBhEof e iAAEI KO & H 8w een
Mpteesyta i

the inco atl bl e conponents is unde e unl ess

tengfavig P @dowré@:damocqm@mamg compohenpdie\dsseri¥fally unlimited.
RARANENT from surfact I.n_typical enbodllpents t he

goln'pg glt%eoél? r&%és t§H08 é‘ ﬁ&hﬂlémgtqw@gum@m | o stated

GipRbdraly, Ys 9681@P%ﬁ1%§10§1Qh 5& ARl I (?t C%]ﬁe{ %%%Vcontact” as

DF conponent sta | zi'ng con

ci@fmeajdtedow iTherb ereafnaviiyveanys iBOTRRAGAE cen@gpéﬁééwé&drpsf this
ns 2ny contact between t enof ovir DF and

1§1merf1té%q at ispthat sodium lauryl sulfate destabilizes tenofov1r DF) can be

harnessed to prevent the generation of pharmaceutically unacceptable levels

of degradation of tenofovir DF.

In addition, when emtricitabine is present in the tenofovir DF
component, the permitted contact also that which does not produce
pharmaceutically unacceptable amounts of emtricitabine degradation

product.

“Degradation” of tenofovir DF is the generation - in pharmaceutically
unacceptable amounts - of at least one of the degradation products mono-POC
PMPA, dimer or mixed dimer. “Degradation” of FTC is defined as the
generation — in pharmaceutically unacceptable amounts, of FTU. These

degradation products are shown below.



i s capabl e causi ng pharmaceutical ly unacceptabl e

degradation of tenofovir DF. A stabilizing
woanfei1gsa3at i on is any spatial organization of PO®US2006/023223

tenof ovir DF and efavirenz conponents that does not

result in the generation of a "pharmaceutically

unacce mount” of any one of the follow ng

degraﬂgéggﬁﬁggoducts. A destabilizing contact is a

spati al ﬁﬁganization that results in the generation of

any of e“foll ow ng degradati on products in a

i cally unacceptabl e anbunt”. The spatia

geo%ét Y,th condltkgn f the pern1tted cont act

bet en Kenér OVIr ‘Tfiurfactant cont ai ni ng

conp unlimted. This spatia
geonetgy i's ﬁrned a stabllizing configuration" or,
statedCdifferently, is a configuration that does not
contain a "destab|I|2|ng contact" as defined bel ow.
There ar emaadfORBBMPAN whi ch the central observation
of this invention (that is, that sodium/lauryl sulfate
destabilizes tenof ovir DF) can be harnessed to prevent

naceutlcally unaccept abl e I evel s
etk i n%@%& vir DF. In addition, when

entr|C|tab|ne IS present in the _enQL vir DF
conmponent, the pernitted contac al s that which does

not produce pharnac utlcally pe?e@ ve anountsoou\
entri I ne degradatio ro
Dith&Di Jlati '?\/p Yﬁi b-ov%_o/\o)ko
AL A
HN-" NH
0 < | J >
: ; 0O N N~ N 0
Mixed Dimer )\ O)J\o /\O—I'f\/o \‘) N K_/OVB—OH
o 0 CH3 5H3 Q 0

A A

FTU has the structure
b e
O
FN N\(‘WOH
S

A “pharmaceutically unacceptable amount” is defined as the following

amounts of each degradation product. Degradation products optionally are



"Degradation” of tenofovir DF is the generation - in

phar maceutical |l y unacceptabl e anobunts - of at | east
wonecaBsashe degradation products nono- POC PMPAPCTiUS2006/023223

or m xed dinmer. "Degradation” of FTC is defined as the

geasgkadtih ither bl aBESIL RGO GAbK ] HRBEHE p’m@ hBs HIRMK tal
of FTU. These degradati on products are shown

ammmtwmgmm@mdmms ROGpBMVRE Dhoent imlﬁi:eigmatﬂa&es:n Aarticle.

Di FTU t t
TR S raEts Py R s e el %@%&5}? of leSmeefiapradact

B Be s PR rer e R R BB BARR APt g

atartihg ohattdalo MorRev & Eid &noaf® dﬂ&e?ﬁﬂﬁh@ﬁ%ﬁbéﬁ@t cgiftlonally is
total amount of degradation product is sifply th

Hrﬁ@émed Humep pointhis tinnet Qnetis @t ghe time dfreleaseintalthe

anount, o radat.i on prod
B EEIaG: (R fEeh i sl i Slorans Ehrikonp rBdanthe
&éﬁdlﬁam d'e&ﬂB?e%l }ﬁs%wsfé‘r{l g'%eﬂfﬂfg ls%‘!e OMHEQMW the
amount of degrad at 1 oh pfoduct ona y I's neasured
at two points intinme. One is at the tinme of rel ease
into the marketplace. The other is after exposure to
storage conditions under the
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condi tions described below, i.e., the shelf life as

set forth below Total anobunts at rel ease (first
woansassd3al sale) No nore than about 3 % or di R@TiUSY006/023223

about 1.5% of nono-POC PMPA, No nore than about 1%

ordinarily about 0.5%of D ner, No nore than about

0.5% ordinarily about . 0.25% of M xed Dinmer. Less than
Tetabamountwat nelaise i 's vwm‘ltl"" of FTU Tot al am)unts

t shel at 250C/ 60% RH for 24 no.)
]ﬁﬂrnéo% n@@@b‘g 9%1” aﬂlmbpuylé%lﬂf ns@zaq:i’%ff%ﬂp?c
By Re Bt dPm st e ¥y about - 19 of
Wb X&SrehAR abol¥P 0594, %Iraﬁﬁ?ﬂz QBUE’% 6% 56 chf%ﬂ%}d ﬂ)é?grbout

ease

2% of FTU Increrrenta anou
Ieesrttan abatit (55 erdMaripaut bank cﬁtmw 2 % ordinarily
about 0. 5% of m)no POC PMPA, No nore than about 0.6%
) ‘ facpfe aﬂ%&@/m% Ridfer 2haw.Jabout

3% o d|n r|I bout. 0.05%01‘ M xed Dinmer. Less than
ﬁﬁéﬁh@red 494 BPﬁlmgr oudinambyabanit Bk of mPEng-PQE RMEAL, al

SR ERInES AROR o bisBueAbOR R Phaf PRetbout. o6 of
NB AR al ¥BOut Q‘% QleﬁaﬁE)aﬁbcﬁqu% of MiXRd Pifflepar iy

about 0.6% of Di mer
No more than about 4%, ordmarﬂy about 2% of FTU

Incremental amounts at release (first commercial sale)

No more than about 2 %, ordinarily about 0.5%, of mono-POC PMPA,

No more than about 0.6%, ordinarily about 0.1% of Dimer,
No more than about 0.3%, ordinarily about 0.05% of Mixed Dimer.
Less than about 0.4%, ordinarily about 0.1% of FTU

Incremental amounts at shelf life (storage at 25°C/60% RH for 24 mo.)
No more than about 9%, ordinarily about 4% of mono-POC PMPA,

No more than about 1.6%, ordinarily about 0.6% of Dimer,
No more than about 1.8%, ordinarily about 0.8% of Mixed Dimer.
No more than about 3.9%, ordinarily about 1.9% of FTU.

The percentage of degradation products is the amount of degradation
product as measured by HPLC retention time comparison. In the HPLC
retention time comparison, the retention time of the main peaks observed in the
tablets is required to be within 2% of the retention time of the main peaks in the
a reference standard preparation containing efavirenz, emtricitabine, and
tenofovir DF in an assay which has been shown to be specific for efavirenz,
emtricitabine, and tenofovir DF. The percentage is determined by dividing the
total amount of tenofovir DF plus the three degradation products into the

10
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No nore than about 1.8% ordinarily about 0.8% of
M xed Dinmer. No nore than about- 3.9% ordinarily about
w0 2006108935 TU. The percentage of degradati on preduaiSs006823223
the armount of degradation product as nmeasured by HPLC
an{ceiueindf iadividie]l degmdatisAprolict ALddBiinelIBNMHOAPEL M Rsay.
conparison, the retention tinme of the main “peaks
observed in the tablets is required to be within 2% of

th tention tinme of the main peaks in the a .
o GHIEHE BALTRRIEET GBI 1RO & IS oEA ot amposition
e . . .  oh has

haf S SRR A AR SRRl A SR Bl

comitinaiioh dobage foantop8odldyis'ddfgnethe DsHagraAlA4eld ®mprising
determ ned by dividing the total anount of tenofovir

slugs qfl qeanpressachgrndespiabgttereiopidadli compoment disparsedrwithin a

AL £ e Rl
ma‘gﬁggﬁﬁé c8miRBitidi "R cbhQR1188Sn EBFEo{egﬁita; ?mﬁc@%‘c‘wfgﬁld be

abilizing contact. For exanp
testadhlinwivTechundearaiie choditiopt eihmaldnfyi ﬂhSnd&é@,rtgdisé@y &}e
haped article caonprisjng _slugs of conpresse ranul es
gﬂi?r%‘@}?@ QBRI D%Far@a/r% feghasipipsaaoditeti i the resulting
prdB il DAL SRR B BB e

lim@ &6t &1y ahé B ntireRILROL icBht-RARARES Bstbd @RAIWPHh{ oPthe 4 assay
tested, or stored under the conditions above and then

pataskigms, ahayeathemythelrontps avautlide whsidened stebiliRg.ad course,

the/a?rrtis'azgci\'ng}? 388? o8 s rgr?gelfi ts’?ainofafrdg,rﬂ)%t 't lill\lfltul bea matter of

choice and shall not limit the scope of this invention.

In preferred embodiments the emtricitabine and tenofovir DF are
combined and this component is prepared by dry granulation (U.S.S.N.

60/771,353). In preferred embodiments, a composition comprising dry

. granulated tenofovir DF and emtricitabine is employed in one component of the

dosage forms of this invention.

Dry granulation is a well-known pharmaceutical manufacturing process
per se. In general, APl is combined with excipients and lubricant excipient and
then compressed to form a mass. This mass typically is then comminuted or
milled, then sieved to obtain the desired size of particle. The granular product
is compressed into tablets, filled into capsules or otherwise formed into a

unitary dosage form in conventional fashion.

Compression into a mass is accomplished by conventional equipment.
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product upon release did not contain nore than the
specified approximate Iimts of any one or nore of the

wa ewnssassnants |isted under any of the 4 assapCT/US2006/023223
par adi gns above, then the contact woul d be considered

Typticetily, tlzd APl all ©eipisris drbPassdd Sadushy RUPhpPRIGus for
stringent standards, but this will be a matter” of

cogmsictena hlpveRize, oflerr mpans forleempaspimgdhe tAdfrIsm1><ture6 e.g.,
invention. hn preferred epbodinments the entricitabine

Cogﬁﬁ %ﬂéiﬁ gl%tgvﬁlhllg%ﬁorarséu%%lﬁgi é’é’t]é)ﬁ’&hytﬁlgué onent is
prepared by dry granulation (U S.S. N 60/771,353). In
preferred enbodi nents, a conposition conprising dry

gr anubaf gﬂmh?é‘ﬂf)ﬁ?r&c i996e E{Twﬁ&{ 5%19#7 %?ﬁp%sﬁ%q{ Y& AP
i n one “‘conponent of the dosage fornms 0 IS
and sekeatadonxciden t(g) Bn:;mlnqbﬂeei,éd B forneh mdssowhich ils comminuted or
i cal t rocess per se. In
it acessaey, 3720 SbbPRKANSHY lesedip pendaceng dwbei i
L Di . dto.f ...This
LR, e B O R S o B LD deB i
eqéipevad. Uypahlig Ahé PPIdeSI &xRehiehitarHaRd ﬂh(fbﬁgh AnS1rer
granul ar "prodict is conpressed into“tablets, Pille

apparatusippsongmationotewever dthenmaannfor cnymidtaigythe APT
.dosage formin .convggéi on?l S ashion, Conpression into
miXE e 1 oG HAR R IUEY (220 MAsEING sFan be used.
equi pnent . Typi cal 'y, the APl and excipients are passed
through a roll er apparatus for conpaction. However,

. ti the APl m xture, e.g., i
ot hgrcorlrr?pa@s?tlcfn? rco%r?p 1sa11(r:1g d granulated emiricitabine agd tenofovir

DF is the product of a dry granulation process. This composition essentially
retains the crystalline APIs and is substantially free of dried eutectic
emtricitabine/tenofovir DF. It typically will contain less than about 15% by
weight dried eutectic mixture, ordinarily less than about 10% and generally less

than about 5%.

The dry granulation process is conducted in the absence of a
destabilizing amount of water, “destabilizing” being that amount of liquid
water that is capable causing pharmaceutically unacceptable degradation of
tenofovir DF and/or FTC as defined herein. If the dosage form of this invention
includes a dry granulated emtricitabine/tenofovir DF component, then the
amount of permitted degradation product in the final dosage form is still the
same as that which is set forth above, i.e., the amount of water exposure and
contact, together or alone, are not to result in degradation products failing to
meet the standards described above. It is an option, of course, to test the dry
granulates for their level of degradation product first, and if they pass, then to

formulate them into the dosage form of this invention and then determine if the
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conmpaction into slugs (or "slugging"), optionally are

used. A dry granulation process is one in which a dry
woanpasseson of the APl and sel ected exci pi ent PEY/UIS3006/023223

conpressed to forma mass, which is conm nuted or

contakt egdulth inaagdsaesse andesheintion! hoRRickythak eMed the resulting
produce the desired size granules. Conpression into a

dogggasfors eisishpthiegtramnstersrpiablishedal equi prent .

Typically, the APl and excipients are passed through a

roller apparatus for conpaction. However, other neans

f or by Bl i i

L7 gEmmpehepRcing R 8 oy BRI i
Thisowpter svilinatrsygigfiamntigtaety eesdly infetihientalsiney bERALEWF DF

i s the product of a dry granul ation process. This

and shwsisinatsrchledfrom the dit gransilates optipaaly lisad inhesdosage

' tival |y fr of .dried ctic o

rorBe e AR IR bl B S eraiiniv
froheasy bbaitepb oy chdm¥eMyrenlli Gy, cHhieSRIHEE *rﬁir[gdxitcéj,rcﬁ’the like

ordinarily | &8ss than about 10% and genefal [y [ess 1t han
is tatheuaxcBgdedrirenihe Qraafndamm.ofﬂqwmsmhh?r aaodued &diduid

the ab f tabilizing amount of water,

Waie&éﬁ%?i‘i%ﬂ&%rg@d%g? @ﬁ?ﬁa&rma\%%@ﬁp- othese gmanniatipicallawould

i [ r npeeul.i.cal naccept.abl e .
e Y Py R G TRERAL R ol REER 0 B Geien
howevei the Whtet egetasagel bosapplied. NN tbMEgIHeb@it in the final
granulation product up to about 10% by weight (Karl Fischer), but preferably is

less, as low as 0.1% by weight. However, permitted quantities of water may
vary depending upon other factors in the granulation, e.g., excipient type,
temperature and so forth. For example, if a hygroscopic excipient is included
this will convert added water into a bound form. All that is necessary is that the
water not result in degradation of tenofovir DF and/or emtricitabine in the final
product. In general, water is excluded both from the pregranulation stage
(preparation of the composition to be used directly in the granulation) as well as

during the granulation process itself.

Absence of water or “dry” does not mean the absence of liquid.

- Granulations with organic solvents are also feasible provided that destabilizing

amounts of water are excluded.

Dry granulation results in a product that contains minimal amounts of
water. The amount of water in the product granulate or dosage forms made
therefrom are measured by loss on drying (LOD) or by the Karl Fischer method.

The LOD of compositions of this invention are about 15%, about 10%, about 5%

13
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includes a dry granul ated entricitabine/tenofovir DF
conponent, then the anount of permtted degradation

worowucs93sn the final dosage formis still thePeams2ms/023223
that which is set forth above, i.e., the anmount of

or tppienllye ke Sherealsne 3% blyactight OYRE ek Fﬁecl?épﬂz%teﬁﬁ ﬁbee{ from

to result in degradation products failing to neet

0. 13110é1r9(‘:’(abﬂ aight visvally iﬂ&@\tban hbois5%byopeighrt, onfess dums ebout
| evel of

f th
2% t%%bpﬁ%ﬁo@v%&% AU ficg? %o{i‘rf“ﬁgllﬂﬂ{nﬁ oppeseditadhe t o
gr eflﬁﬂmé's Ak fLhefdh Bt grailﬁﬁﬁ Es%éﬁ gﬁf Ell?(!)f‘ ah{b\{&% bPRrater
and then determ ne®i econ resu
usédh dumagesubaecpmjﬁ atatdss rstqws@iiﬂéhtas cbhahg! ?B‘K@Se hﬂfbun’cs of water

re i ng dosage form outside the pararreters
ad@%‘i &biﬁ %I%?égps @%@Wﬁfﬂf@lﬁﬂ%‘i genrrolly il oo etfegh ther stabiity of the

e SRR B LA BB Lo Y 0 BBl

peﬁlﬁﬂg@‘cpydrgat@% and thus is not excluded fromthe dry
granul ates optionally used in the dosage formof this

invention. In general, liquid water (added or
generated in situ) from any source, e.g., chem cal

r eaThé aifufS@RERBSHOCEd, dBBEDAN BERW &edir& e theke 1S
to be excluded fromthe granul ati on. However, m nor

pr %@Wrs Ofﬁ tmpl@mommatabon dahlebeaithining efaiidet, durtriniabine
a“‘??w %16 51% ‘E\}SSB\%’T‘& ar}tensﬁlﬂ ‘E‘éﬁ?‘?al}ltlyﬁﬁﬁ L‘%ﬁ i&?a%‘%&%ﬁ"ﬁ 1%
em Yatc\gﬁ'nlg'gt Fg)rlggigﬁ);feﬂlien tca?:ﬁef’\? ﬁ.’h] is §e§%§? ?IE)%% ‘tg%t &gl{'@?&%cg%ith,
thetpwréibowtf tHeeabigt aveitgining &awireﬁz sthetl) be i epstobal Rbivkver,
that the emtricitabine and tenofovir DF component of the tablet, which is an
embodiment of this invention, optionally is manufactured as a stand-alone
product and not necessarily in assembly with an efavirenz component. In this
option, the emtricitabine /tenofovir DF dry granulation intermediate described
below is simply compressed into tablets or conventionally processed into other

conventional unitary dosage forms such as capsules, cachets, suppositories, or

the like.

The dosage forms of this invention are stored in containers, preferably
under desiccant such as silica gel in amounts generally sufficient to maintain the

RH over the dosage forms at under about 10%, preferably uinder about 5%.

Materials

The quantitative compositions of the efavirenz powder blend, FTC/TDF
powder blend, and film-coated bi-layer EFV/FTC/TDF tablets are listed in Table

1, Table 2, and Table 3, respectively. The quantities of efavirenz, emtricitabine,

14



| ess, as low as 0.1% by wei ght. However, permtted
guantities of water may vary dependi ng upon ot her
woaoteaB38n t he granul ation, e.g., excipient tpPOeUS2006/023223
tenperature and so forth. For exanple, if a
ahylgensfooi DF evett Ridfted forlditlsudeterdtthtors IDCEPMYRE Lalue was
added water into a bound form Al that is necessary
lgsg thayn-99 meitlnacencomitaniradiuction tdéhe qdantigrofohicrocrystalline
c ﬁgofovlir ﬁF and, /or entricitabine in the final
% GRCH cach &faRBAtON wat er is excl uded both from t he
pregranul ati on stage (preparation of the conposition
to be used directly in the granulation) as well as
during the granul ation process itself. Absence of
OR. iy . . of, 4. qui d.

S TR SQusRtuppEomBeLiest LTI AR aE el b
provided that destabilizing anbunts of water are
excluded. Dry granulation resujts in a prodﬂ?ﬁtt a
contfains m ni mal anounts of wal ey, e [anount of ter
in tlhe producingyediusitat e or dopage for Fod@ula
t herlefrom are neasured by | oss| af Ttal ng (LOD) or by
the [Karl Fischer method. The L{OD of conpdéigltiablet) o

o) i 0

t hi S—+=-eriit-of—are~about 15% ahout 100 abhout 5%
typi|E@hiiYed£ss than about 3%y| wegghi. (Thegkas!
Fi sgher water is about fromO.[1 to 10%|by Wwel ght,
usugtty—tess—than—apbout—5%by—welght—or—less—t han |
aboytMizsgerystallinedueliulose,wat er |in the filnal
pr epg@rﬁﬁns, as opposed to the gthPl dt esl’86 a
fungti of granul ate water as| well as |m nor anounts
of tet
Hydroxypropyl cellulose, NF/EP 2.48 38.4
Sodium Lauryl Sulfate, USP/EP 0.77 12.0
Croscarmellose Sodium, NF/EP 3.87 48.0
Magnesium Stearate, NF/EP 0.58 9.6
Total for Tablet Core 57.94 898.0
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used during subsequent process steps such as coating.
These anmobunts of water added in |ater steps than

wareosuBsa3z on generally wil |l

t he

enti citabine/tenofovir

DF APl s,
subj ect to considerable permtted variation.

The

not affect the stabCriusyoe023223
and therefore are

Tahhe2.ac Qurantigative campositinr dHFICHEDEW dedeli BrRaded to
the preparation of a triple conbination tablet

cont hine and tenofovir .
In this partlcular enbodi ment the |ast tw drays afe
enpllaced in a t|on of the tabl 8 wiliaicph is seggrate
from but in nfith, the %é on o f Formukb| et
contlai ni ng efaV|renz |t will /tfﬁﬁb er,
t hat| the entricitabine and teno ovir DF ﬁﬂ%& Df
t he apl el W CIiT TS amembodrment—of—tr<s—trvertis n,
optidhnﬁkﬁabﬂunanufactured a s @ stand-al ongoppoduct
and |not necessarily in assenmbly/w th an efavirenz
congonent. ITn this option, the enmTicitaprme/tenofjvir
DF driengfesitPisapanxil Fueraredi at e| ded2Bbbeld bB0AW i s
singly conpressed into tablets pr conventionally
prodessed into other conventionhl unitarly dosage fjor ns
suckﬁ@%ﬁ%@ﬁgﬁ,g@i}@ﬁ%%}lﬁs@ﬁp bsi tdr7 es?l g i ke.
The |dosage forns of this invent]on are stored in
cont|ai ref epi cc sjuch silfica
gel {ﬁr Ja% Qsﬁgﬁw’lﬁﬁﬁf entfm nai nt%S e

Magnesium Stearate, NF/EP* 0.94 14.5

Total for Tablet Core 42.06 652.0

" To be incorporated into both the intragranular and extragranular portions of

the formulation during the manufacturing process.
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RH over the dosage forns at under abo

ut 10%

preferably under about 5% Materials The quantitative

woanpassesons of the efavirenz powder
powder blend, and fil mcoated bi-Iaye
tablets are listed in Table 1, Table

bl end, FPCL/TBE006/023223

r EFV/I FTC/ TDF

2, and Tabl e

3,

Tablpdct Qranfitatine compositidrest filmefoatéd Bilayer EFV/IETC/TDF
entrici &gg%ne, and tenofovir DF were adjusted for drug

cont ent _
with a concomtant reduction to the ¢

uantity of

m crjocrystartine certurose i each gt
1. Quantitative conpositi.on|of%eabhwvir
bl endTabl e Anggedientt ati ve ¢onpositid
powder bl end To be incorporaté€ Tioﬁﬁlo_
intrlagrapul ar and extragranul ar porti

atrat-at+oh-

eUAitTFOMIAILa
n of FTC/ TDH
bdng/tdhdet)

ons of the

[ dur.i th facturing
Qe BOBBROBEN 1 on of |1 IHokoat

EFV/[ETC/.TDE Tablets Water renoved dur

process. rani
ed B38.Q ayer
ing filmco

et dr sl SRR B, "G B30 on.

mat 6 avirénz Wet G anul on

grarlll ated dsing-3 Niro-Fielder PMA-4

endial gra
Ef a4 %nz ?@
n

00 equj pne

tr ai| PotEf R ThbRPErH! Crocrystallpg cel 'dgée@.e and

sodijum [ auryl sulfate (Tablpg wer e
PMA469 A bl Andadd fcr 3. putes C

a oth
oscarnell ose

\3"4

U0V dAdltu  orcitacyT

sodi I byalr oxyl propyl cell yhgse
addeg]p?g@?he pre-m x and bl ended

124

(Taq6% 1) w

Purified Water, USP/EP*

Total for Film-Coated Tablets

1596.5

fbrs (DCF) if the value was |ess than 0.99

abl e

e 3.

#ting

S wet

er e

* Water removed during film-coating process.

The excipients were all compendial grade materials:

Efavirenz Wet Granulation

Efavirenz was wet granulated using a Niro-Fielder PMA-400 equipment

train. Efavirenz, microcrystalline cellulose and sodium laurylh sulfate (Table 1)

were added to the PMA-400 and blended for 3 minutes. Croscarmellose sodium

and hydroxyl propyl cellulose (Table 1) were added to the pre-mix and blended

for an additional 2 minutes. Purified water was added to form a suitable

granulation followed by additional wet massing after water addition. Table 4

lists the summary of granulation parameters used for two representative lots

and sub parts. All sub parts used a water to efavirenz ratio of 1.30 except for

AB509 Mix C which used a 1.25 ratio of water to efavirenz.

17



for an additi onal

woebosnasssng after water addition.

2 m nut es.

Purified water was added
to forma suitable granulation followed by additional

summary of granul ati on paraneters used for two
representative |lots and sub parts.

water to efavirenz ratio of

AUsub parts used a

1.30 except for AB509 M x

C which used a 1.25 ratio of water to efavirenz. Tabl e

Tdblet. avEfaienzew egganul #ioroprvess pasarpeed SRinehaisU

M xes A B, and C for each | ot were conbi ned before

Tabl e 4 | i sPeTUS2006/023223

nary

dry: ng A ybner al . the et ﬂr anules were mJll Qd then
dried tp an LOD | ess than or ABSE7 to 1.53% TheAiBSwJI
Ryoeessl es weParamdtéred apd bl epded with magnesi um
stearatp (Table 1). ThemvaulAk| deRSs t Wixb@rtved & SVMEEB | Mix C
and noisture content by LOD pf thejefavir|enz
) Ul af i Toted Ve Addsd ed in_the first_thrde I nes of
Gl%@e{ﬁé% (the Bt®t nunb r"élggr e%eq’fggvi r%ggpré%lﬁn@ts,%éﬁe 32.18
C lot nunbers are entrjcitab] ne/tefpofovir DF).
Par ti cl |e Retigef Watst:B&Y er mi-3ed| by.38i { t 13§ 10-Igh0am 1.30 1.25
sanpl es hEPHGH. 3—+-nch-dianeler scifeens (sing g sonic
sifter 'IE gEpdqitios Tigmg Car.por pto.00, | Mobwaykeg; W.o.30 | 9.02
USA) . Thgl flg n-\lchgn UY Standard Mesh sizes (aopdnj hgs) )
wer e usietif2 #peleEg SeV) | 10#130 (6Q0 Mg 5 #40 (425 ,
260 (250 % b (18 b [ 3,y | o9
WelHhiBlilon afelaldlimse wer g, set and phe siftilng tine
was SS% ﬁgtléMmSEh)a amgunt__of g%%ge' 90 néé)foor tglhlfaSI 2:00
si eves |akidaltlipeller Pewer dol | ect or s Hy
calcul at] ng (Yoevad)i f f er enlégci n %A‘%evk?g %Zf( rgggn dftler| 105
[ﬁ&ifngd ng. Inlet T?g;erature 70 0
Time
(Hr:Min) 1:45 1:51
Final O;)t(lje;t Temp. 50 50
Final LOD
(%) 0.3 0.8

* Mixes A, B, and C for each lot were combined before drying.
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The geonetric nean particle size was cal cul ated by

| ogarithm c weighting of the sieved distribution. Bulk
wdensiBypssas determned by filling a 100-nl gr aduaseme/023223

cylinder with sanple and cal culating the difference in

wei ght between the enpty and full graduated cylinder
per unit volune. Misture content neasurements by | oss

on dn)@eﬂ@rd])—t@@)wﬁﬁg@nﬁ%sfx@éﬁqﬂﬂféﬂ, eat 1Rgq go énﬁé%l? less than

sanpl e at 85 degrees C for 15 m nutes usIn
or eghpl foohd %n dhesdied grimldeverPAEIBHMAA, blended with magnesium
l\/bttlgﬁr-T Ledo, Col unbus, OH, USA). The granul ation

Steﬁﬁ%te ?r]iﬂle “bulk densities (0.54 to 0.56 g/nL) and
simlar geonetric nmean particle size distributions

(215 to 268 nm. The LODval ues OL thedfi _ngl IbI end \gere

' .1.80% T ndi vi dual_ si ev
G TP ELT GRES b Heledi FRdmofunsoalenb iy 149D of the
efavirghegrafulhtibhg afe TaRlSn Ihe oL %éé&ﬁ{egg \{3@)5{? @1‘5 Qe

bl end and entricitabine/teno _ \
nupess atd efpyisper predudsithe Glot Paimiberk ars b@ericitabine /tenofovir

[ L but.i for efavirenz and FTC/ TDF powder bl ends.P
DFgIOE%]rltl %%1%8 %Y as ‘%FFFmE}QdM PiEnT ASfZseinr saDEp1Bs through 3-inch

dia@i&@#é&bé&nuﬁﬂgrahﬂnti@ghgg MIaEl E?ﬁ,yﬁrﬂ &Bplsorgﬁlolln,u 0se
tenofovir DF, dn
Milwaukee, WI, USA). The following US Standard Mesh sizes (openings) were
used: #20 (850 pm), #30 (600 pm), #40 (425 um), #60 (250 pum), #80 (180 pm), and
#250 (63 um). The agitation and pulse were set at 7 and the sifting time was 5
minutes. The amount of powder retained on the sieves and the fines collector
was determined by calculating the difference in weight before and after sifting.

The geometric mean particle size was calculated by logarithmic weighting of the

sieved distribution.

Bulk density was determined by filling a 100-mL graduated cylinder
with sample and calculating the difference in weight between the empty and

full graduated cylinder per unit volume.

* Moisture content measurements by loss on drying (LOD) were
performed by heating a 2.5 g sample at 85 degrees C for 15 minutes using a heat
lamp /balance system (Model LP16/PM400, Mettler-Toledo, Columbus, OH,
USA).

The granulations had similar bulk densities (0.54 to 0.56 g/mL) and

similar geometric mean particle size distributions (215 to 268 um). The LOD
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croscarnel l ose (Table 2) were blended i n a 650 L tote
bin using a Gallay blender for 10 m nutes. Magnhesi um
woetewriasss ( Tabl e 2) was added and bl ended for 2aT/US2006/023223
additional 5 mnutes. This pre-blend was then
valuesrdftee fizvhl bterad 820 todistenn o0 DB b aBowd, tﬂm@uﬁﬁ{?ﬁlual
val ve ]gl scharging station to assist with materi al
siey e hsipibutionsdor fae PEIVLEnZ gsrpalations Roplisted iff Mable 6.
pre-blend was roller conpacted using a Gerteis
Macr o- Pact or nodel 250/25/3 with 250 nm di aneter by 50
m m w de snooth rolls. The roll gap thickness (2 mm,
roll speed (10 rpm, conpaction force (4 kN cm,
oscillating mll speed (75 rpm cl ockwi se and
countercl ockwi se), and oscillating ml|l screen opening
(1.25 mm) were kept constant for all batches. The
oscillating mll angle of rotation was al so the sane
for all lots at 150 cl ockwi se and 140
countercl ockwi se. There was no material handling
i ssues anong all three batches while feeding into the
roll er conpactor. The entire roller conpaction process
proceeded wi thout any apparent sign of heat
accumul ati on on the equi pnent, product buil d-up, or
~nelting. The granul ations then were bl ended with
extragranul ar croscarnel |l ose sodi um (34% of total
anount) and magnesi um stearate (47% of total anount).
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The particle size,
entricitabinel/tenofovir
wei2mel1a5938or the three batches and are |i sted
5 (bottom 3 conpartnents).

il 66 2t B PIERA e o

Tal18S
ensi t

Wl rfim

ie

bul k density, and LOD of the
DF dry granul ati ons were al

The geonetric particle
Bul

fi nal bilER@older abnd phyielaopestant from0.91 to

1. 02%

consistent

The fi nal
physical propertijes

bl ends™ have remarkably
The efavirenz

powder
and

PaT/Ta06/023223

k
ne/tenofovir

tenof ovir DF granul at GeemetiihMearn geggltg]tfri d nmean
parficl e Gilexwl t hat opti Mialmeter ange aboul frion &y tjo
600 | MM LogNurdBBSi ti s PRifi@ediby r AnGIAEIHEbuL (Brom
0.1|to 1 g/nL and LOD val ugs, opti onal [{g/mBhgilng "about
f r ofFFb—t—to—0%by—weight——na—Bends—Tho—rnss of
ef ayi renz AB&¥ul ati opn and e4Fr agr anpl ar0.3sagnesi umo
stearate were adjustpd appropriately based on the
yield of efqgggscitabipe/ tenggovir dryyssgr anul gtjoon.
Ef ayi renz granul ati oh and entricitabi ne/tenofiovii DF
dry|granul al%;{ﬂ n_wer e[ birended 11 a 3 cubic fopt
V-bl ender 481710 minutes. M&8nesi unp st ddkat e |wad-98dddd
and itional 5 m nutes Qarrlnl eslof the
final powdars50sl end were takgn from(10 @idof er ént goq
| ocations after bl ending and anal yzed for bl ¢nd
uni formty e efavjrenz entrifci tab,ne’{enoi QviT
DF fi nal &)CS er bl ends sho%gg accept abl%gobl end 03
uni form ty andhomnmogeneity

AC509 343 0.59 0.99

Table 6. Particle size distribution for efavirenz and FTC/TDF powder
blends
. % Weight Retained on Screen®
Gilead :
Lot US Standard Screen Size (mesh opening)
Number 20 30 40 60 80 230 pan
(>850 pum) | (600 pm) | (425 wm) | (250 pum) | (180 pm) | (63 wm)|(< 63 um)
ABS507 59 10.9 16.2 22.2 11.4 22.6 10.9
AB508 6.1 10.4 15.8 20.0 9.0 20.8 17.9
ABS509 9.6 133 17.4 20.1 8.9 17.2 13.3
AC507 22.0 19.8 15.2 11.2 4.6 10.5 16.6
AC508 22.1 20.1 15.4 11.6 5.1 10.6 | 149
ACS509 224 19.7 15.3 11.7 4.8 11.1 14.8
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for all three active ingredients indicating the

. l f Pthm52006/023223
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i i # bul k density of
P i Canl ey ¢ ir DF dry granul ati ons and _

i Ci ne/ t enof ovi r y _ -
gggczfgagbéranulations. The granul ati ons and bl endi ng

ion on
~procedure woul d be satisfactory for the fornul at

i on
Brteiciabine A éhofpfif Bip PRLECCOMPIOSST on powder

[ ricita _ .
tE)}c g\r/]:jr\igé/ ggtn'pressed into tablet cores using a Stoke

' ' bl et press
' 41 station bllayer"ta |
ot Nbde!n??;éed upper/ enbossed "123" | ower,

i . A _ ar get
L (26 it N e el mungBo DG a7 9
crasarnélldRYThER! AR i a 508 oisite by 26ingGU@hIIYy blender

core tablets were tal i on._run and
f%rﬂé)d@éjlute? alagmesida 6 erdiD PTABIPHRaL SRded Andaflended for an
a%%k\%é 5?% PURHtese Shisreddend atehfﬂfﬁﬁe ?é%gsaf?fcﬁ?ggcg AR Matcon bin
: Sy Lh.respect to ta . 1 .
O aih Pebe il it BRGebs iondblastisemmeaansa i ine

the abllet commpathor Mapbat | ON.

imately 500 tablets
at a rate of approxi ma ( g
llore}i”;]S{ ren:)((j12 rpm press speed) or approximately O

| i tabl et weight
kg/minute to deliver satlsfactoryit e film coatings

uni f%@m;bleﬂ%y?grggga% gﬁf@%&%gﬂg@ BrsENdpetio-Pactor model

25(2/\/ 2§i| /l%:vlgﬁg&gg Q@@r@lﬁmﬂﬁ@‘ byT50 snacividé 5¥ooth Y8, i%et Pcllp gap
thitlaeess k2 h{mﬂfroﬁ I@ﬁe&ﬁ ?id’] r?)rn){), compaction force (4 kN/ cm), oscillating
mill speed (75 rpm clockwise and counterclockwise), and oscillating mjll ‘screen
opening (1.25 mm) were kept constant for all batches. The oscillating mill angle
of rotation was also the same for all lots at 150° clockwise and 140°

counterclockwise,

proceeded without any apparent sign of heat accumulation on the equipment,
product build-up, or melting. The granulations then were blended with
extragranular croscarmellose sodium (34% of total amount) and magnesium

stearate (47% of total amount).

The particle size, bulk density, and LOD of the emtricitabine /tenofovir
DF dry granulations were alj similar for the three batches and are listed in Table
5 (bottom 3 compartments). The geometric particle sizes were very similar at

from 330 to 344 um. Bulk densities ranged from 0.59 to 0.60 g/mL. The final
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artisan. Each lot of tablet cores was divided into two
coating sub-lots that were filmcoated in a 48-inch
wohasassBagi neeri ng COVMPU- LAB coati ng pan usi ngC&US2006/023223
ual -nozzl e spraying system Al the tablet cores were
biendh @Bt duesiwieng C@nsiﬁ%w\irmm@;%wﬁ .Oadgnggimw ?)B?\Rférckﬂ'ends
i nk, .whic s . used wthin ours o
hé?%gé{%{%]{lﬁlag& g%)llﬁlggig%ﬂ? mﬁ%&’é@P%}e@ coated to a target
wei ght gain of 3.0%using a target spray rate of 180

g/ mn, which corresponds to a nornalized spray rate of
pegr SHaE A Pl B BUCOR arshblione Sha e sepmesia mean
Do R e cetangy Rl AR fm DG sdpATLRE Utk dehiies
NDF ‘arc. dot e ned by o1 oo Bor TS Ry

raging abautdrows0.1 & 0%y weightnse factors, as
appropriate. The identity of EFV,FTC, and TDF are

faqt by conparison of their retention tinmes with
Flﬁ%‘gsﬁeleg?gt hé ref erence standards. STANDARD AND SAMPLE
SOLUTI ON PREPARATI ON St andard and Sanpl e Sol vent 25 nmM

PhoshMatassof elavireprigeandation and extragsdrerlaBndhghesilim stearate

i ' into a
wlRd aﬁ:ﬁﬁ§tgg]a?)r}])98}9rqgtte?y g:‘a)sne%boanS the yig{H1 g errg’tjr?citabme/ tenofovir DF

dry granulation. Efavirenz granulation and emtricitabine /tenofovir DF dry
granulation were blended in a 3 cubic foot V-blender for 10 minutes.
Magnesium stearate was added and blended an additional 5 minutes. Samples
of the final powder blend were taken from 10 different locations after blending
and analyzed for blend uniformity. The efavirenz and emtricitabine /tenofovir
DF final powder blends showed acceptable blend uniformity and homogeneity
for all three active ingredients indicating the robustness of the formulation
regardless of the particle size or bulk density of emtricitabine/tenofovir DF dry
granulations and efavirenz granulations. The granulations and blending

procedure would be satisfactory for the formulation on a larger scale.

Tablet Core Compression

Efavirenz/emtricitabine/tenofovir DF final powder blend was
compressed into tablet cores using a Stokes Genesis Model 757, 41 station
bilayer tablet pres‘s equipped plain-faced upper/ embossed “123” lower,
capsule-shaped (20.0 mm x 10.4 mm) punches. The target mass of the tablet
cores was 1550 mg. Samples of the core tablets were taken from a minimum of
20 equally spaced locations during the compression run and analyzed for

content uniformity. In general, all powder blends compressed satisfactory on
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1L volunetric flask. Add about 800 nlL of water and

mx until dissolved. Adjust the pHto 3.0 0.1 with
wohowmpbs3sc acid, then dilute to volunme wth WRCEMUS2006/023223

Sanpl e Sol vent (40:30:30 25 nmM Phosphate Buffer, pH

th3rhast rabldt Eiré@: whth raspac} tCaibbetrtenrdOesspiriafili®h tathlet thickness,
Phosphate Buffer, pH 3, 300 nL of acetonitrile, and,
tatdeiappeasanaeetind tahtletawaighit variatippw e cemnressienoperasion was

ient . tenperature.. 5Q: nitrile; hanal
peliifet st b Ruardrpe T Eb R BT P s e
apPArd¥ihatdll DB%d Ak kb BeBYEr §0is8{¥0b:Sablc@ VWRAERE Whiiformity.
ors?gﬁdglérg ol ut f%ﬁnAccuratel y wei lgsh aplgﬂtgxi mat egy 601 %mty
of EFV reference standard, 20 ng of FTC reference
TadlehBdntCanting0 ngy of TDF reference standard and
transfer into a 100 nLvolunetric flask. Add

* heShaER it L AR By e iR gty
avérigaemg :pﬁg[l?arﬂ‘iibﬁs. SPRB 811 $RY YEWell (AR B3R 1RO HHE ordiveiry-

concentration of each conponent is
artigapr Beichrddtediytabled conpsasodividted irdo tworpoatingfsubiiols thatiwere

ﬁlr?f c%a’rch(:{ irglLa gll‘-lrc ThoS gé ﬁﬁg%é'e}l%g'ébfv}h}i%a %841%1‘1% 1821‘? using a
dual-nozzle spraying system. All the tablet cores were film-coated using a

15% w /w aqueous coating suspension Opadry II Pink, which was used within
24 hours of preparation. All tablet cores were coated to a target weight gain of
3.0% using a target spray rate of 180 g/min, which corresponds to a normalized

spray rate of 1.5 to 2.3 g/min/kg tablets.

HPLC Assay for Degradation products

Efavirenz/emtricitabine/ tehofovir DF tablets (EFV/FTC/TDF tablets)
are assayed by HPLC for EFV, FTC, and TDF using externai reference
standards. The degradation products of EFV, FTC, and TDF are determined by
area normalization with the application of relative response factors, as
appropriate. The identity of EFV, FTC, and TDF are confirmed by comparison

of their retention times with those of the reference standards.

STANDARD AND SAMPLE SOLUTION PREPARATION

Standard and Sample Solvent
25 mM Phosphate Buffer, pH 3

Weigh and transfer 3.4 g of potassium phosphate monobasic, anhydrous into a
1 L volumetric flask. Add about 800 mL of water and mix until dissolved.
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Sensitivity Check Standard Prepare a 10 ng/niL FTU
stock sol ution by accurately wei ghi ng out
wapmenssasat el y 10 ng of the FTU aut hentic subsPamas2006/023223
into a 100 nL volunetric flask. Add sanpl e sol vent
AdjaQh3pIBe) 3.0¢ Bpwitdxphesphoricitdd ohevalilie t@ndlutha with
sonl cate until dissolved. Dilute to volunme with sanple
watel vent (40:30:30) and nmix well. Pipet 10 mL of this
solution into a 100 nL volunetric fl ask. Di‘I ute to
SanypleS8l vidrit (46308 (225 M IVERho6 pRatd Baldfern
wel | . Prepare the sensitivity check stan d cont ai ni ng
3:A0et2’mgfﬂe|.l\/la‘thﬁiﬁﬁtl)and 0.2 nmg/ nmL of FTU (O 10%re| ative
to FTC). Accurately weigh out 20 ng FTC into a 100 nL
Cmfﬂs&he q@@ WAIG of bRRIA PisdeieBiFeASH 8, FO0RAL. oftakaidi@lle 2arl
of the FTU stock solution into the same flask. Add
300 mIdof m&adnoé any neixs gt Nawtto e40ildoadp anabiehttehpeiataired
m x or sonicate until dissolved. Dilute to volume wth

50: W&l@)tﬁﬁ'll@Metﬁﬁﬂoﬁo 30) and mix well. Aternately,
.0 nm. of the 10 rrg/rrL FTU st ock sol ution may be added

conlg S8 B L A i, ST
equﬁﬂo&@t@qbanﬂﬁénﬂ@ﬁ{;@@mr@n product content of
EFV/ FTC/ TDF tabl éts is determ ned by the analysis of a
conposite solution prepared fromten tablets. The
final concentration of each conponent in the sanple

Stalﬁﬁlratsbgﬁldrﬁ approximately 0.6 ng/nmL of EFV, 0.2 ng/nL
of FTC, and 0.3 ng/nL of TDF.

Accurately weigh approximately 60 mg of EFV reference standard, 20 mg of

FTC reference standard, and 30 mg of TDF reference standard and transfer into
a 100 mL volumetric flask. Add approximately 80 mL of sample solvent
(40:30:30) to the flask and mix or sonicate until dissolved. Dilute to volume
with sample solvent (40:30:30) and mix well. The final concentration of each
component is approximately 0.6 mg/mL of EFV, 0.2 mg/mL of FTC, and 0.3
mg/mL of TDEF.

System Suitability Test Solutions

Sensitivity Check Standard

Prepare a 10 pg/mL FTU stock solution by accurately weighing out
approximately 10 mg of the FTU authentic substance into a 100 mL volumetric
flask. Add sample solvent (40:30:30) to approximately 80% of volume and mix or
sonicate until dissolved. Dilute to volume with sample solvent (40:30:30) and mix
well. Pipet 10 mL of this solution into a 100 mL volumetric flask. Dilute to

volume with sample solvent (40:30:30) and mix well.
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a) Place ten tablets into a 1 L volunetric flask and

wo 206kh346Q mL 25 mM phosphate buffer, pH 3 to pb§us2006/023223

volunetric flask. b) Mx by stirring vigorously for
about 75 mnutes. c) Add 50:50 acetonitrile.-nethanol
to the flask to approximately 2 cm bel ow t he vol une
mark. d) Equilibrate the solution to anbi ent
Pﬂﬁ%@%@&kﬁiﬁzg dRedi Neh s caitaliGHE 0. Dlolnel, bOFYQl 4H¥ED.2
~whth 50:50 acetonitrile:methanol.” Mx well by
p%/’rﬂﬁfdf Py (010% kelakveto BTC).r Aoguraidlh weighone 2D ang FITC into a
ar. e) Using a 0.45 nmsyringe filter with a syringe
1ogm|nL eclappirndlask dising e (Fassof pipel traapter @0 IrﬂeOf}:fbﬁtP%U
ilution. Discard t inst, 2 of . filtrate. f j
stalesoludoningpgbe simp ek e Acl GdioBal sals A (-t
nt o i ct¥: 1
(g KRB Al G SR S DL BUS I ES o TRt Wil
solvehl (ACHRCGIPIAERARNYeIL . ARBridREIg, B Guhpud dhavil® pgd mVFTU stock
detector and an el ectronic data acquisition systemis
soljgtéen nRy herpdqriddodbe sifrdardgofiion. RFlop dibing{q vHyme-
packed with Cl2 reversed phase, 4 mmparticle size, 80
A pore size material is used. 3. Mbile phase buffer:

Prepare a 20 mM anmoni um acetate buffer, pH 4.6;
Sample Preparation for EFV/FTC/TDF Tablets

The strength and degradation product content of EFV/FTC/TDF tablets is

determined by the analysis of a composite solution prepared from ten tablets.

The final concentration of each component in the sample solution is

approximately 0.6 mg/mL of EFV, 0.2 mg/mL of FTC, and 0.3 mg/mL of TDF.

a) Place ten tablets into a 1 L volumetric flask and add 400 mL 25 mM
phasphate buffer, pH 3 to the volumetric flask.

b) Mix by stirring vigorously for about 75 minutes.

¢) Add 50:50 acetonitrile:methanol to the flask to approximately 2 cm

below the volume mark.

d) Equilibrate the solution to ambient temperature by mixing for an
hour. Dilute to volume with-50:50 acetonitrile:methanol. Mix well by

inverting the flask or stirring with a magnetic stir bar.

e) Using a 0.45 pm syringe filter with a syringe, filter approximately 10
ml of step (d) for the next dilution. Discard the first 2 mL of filtrate.

f) Using a Class A pipet, transfer 5.0 mL of the filtrate from step (e) into
a 50 mL volumetric flask and dilute to volume with sample solvent

(40:30:30). Mix well.
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adj ust pH with acetic acid as needed. 4. Mbile phase
gradient: Elute with Mbile Phase Buffe acetonitrile

wobnraw19®331 to 1:99 over 67 minutes. 5. Peak dePeTiiSzns/023223
UV at 262 run 6. Injection volune: 10 ni. Under the

CGHR r conditions, the retention tines
of tﬁ%l\gfwc?@rgélléﬁ peaks are typically 11, 33,

d ] nut es, respectively. | NJECTI ON SEQUENCE ,
1-?%%?&’%@1%%@@% P dedectorand anwlactroaic datalaagiisttton
ensue, & Edthe colum is equilibrated and to identify

an? Sgl e% al artifact peaks. Inject the sensitivity

2.chrac R IGaslanth 26 miand Q{ygz\?;)gg\% lrdé%l, %2912@& Wlf{l]\?g/}% gpvgirsed

approxi mat el y 0. 10% ETU _ € Sens| _
5 dehesd,idgnm planiieletside, 88 Arpplei oo @at@ialsd agdard sol ution
1 , followed by a single injection of standard
3-351&51?11%@6@1&5&1*1 ¢rare at29) mive attreonietn eedtate aufée, pREL6;
t alqd. ors..fromthe standard solution injections.
Fg!rﬂdlsgglﬁ{‘l%?ﬁl,ac?il?gﬁl ar?,negaﬁgdegradati on product
ABAGHITE Hids : In i ni 86l ior t he ,
e B R R MBS PR R ROl feom 091
b{o &PAesar 67 sdhutason i nj ecti ons.

10 5. Peak detection: UV at 262 nm

6. Injection volume: 10 pL.

Under the stated chromatographic conditions, the retention times of the

FTC, TDF and EFV peaks are typically 11, 33, and 50 minutes, respectively.

15 INJECTION SEQUENCE

Inject the sample solvent at least twice as a blank to ensure that the column

is equilibrated and to identify any potential artifact peaks.

Inject the sensitivity check standard or standard solution containing

approximately 0.10% FTU to measure the sensitivity of detection.

20 Inject five replicates of standard solution 1 (R1), followed by a single
injection of standard solution 2 (R2). Calculate the theoretical plates and tailing

factors from the standard solution injections.

For identity, strength, and degradation product determination, perform

duplicate injections of the sample solution.

25 All sample solutions must be bracketed by standard solution injections.
Generally, not more than ten sample solution injections between bracketing

standard injections is recommended.
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Generally, not nmore than ten sanple solution _
i njections between bracketing standard injections is
woeewmsssied. SYSTEM SUI TABI LI TY Theoretical Pl aCeasand/023223
Tailing Factor Cal cul ate the nunber of theoretical
SN STEEMMN BIFABELIAYi ng factors (T) for the EFV,
FTC, and TDF peaks fromthe Standard Sol ution .
chromat ogram The fornulas for N and T determ nation
Tl@éc&ed@flil’ll@tfésiaﬁdtlf’aq‘liﬁglFa&B} Uni ted St ates Pharnacopei a.
The val ues of these paranmeters nmust conformto the
criteria :N < 40,000 and 0.8 < T > 2.0. Sensitivity

Cadgulae thenwahet of theoyetidabplates (N) artd theztilirtpefabitlds PRRdor the

L o e LY Rrekbe %ﬁnecéqaaﬁgar% r»%ZwSpTé@%mgmm The
i

applied for the sensitivity c

Pleaheicbpeia0 THeGFalR& SaRbsd lﬂﬂ'a‘.t’ﬂé%é'ﬁ' mﬂ%o@@@ﬁﬁ o) the criteria :N <
product. Conpare this result to the eoretlca

40@9@@'@0&5?21200r the sensitivity check standard as
foIIovvs . . . FTUDeterm ned Sensitivity r 1 U

Sehs %Vli%/'t (liﬁéiclk

The sensitivity check will utilize the FTU peak in the sensitivity check standard
present at approximately 0.10%. Calculate the area percent of the FTU peak
with the appropriate RRF (listed in Table 2) applied for the sensitivity check
standard using the calculation for percent individual degradation product.
Compare this result to the theoretical percent of FTU for the sensitivity check

standard as follows:

FTUDetermined

Sensitivity =
ty FTUTheoretical
Where: FTU,,.... = areapercentof FTU determined for the sensitivity check
standard or standard solution
FTU,, i theoretical area percent of FTU for the sensitivity check

standard or standard solution

The sensitivity must be between 0.70-1.30.

EVALUATION AND CALCULATIONS

Identification of Degradation Products

Employ the appropriate detection parameters (such as peak threshold,

minimum peak area, etc.) to allow detection of peaks present at 0.05% or less.
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Where: FTUD term ned = area percent of FTU determ ned
for the sensitivity check standard or standard
weabwstBsI3FTUj 1 On 1 = theoretical area percenPCofuSEiDt023223
for the sensitivity check standard or standard
Idegafifi thenimmpreritienand idegradaticst pxtwlmfea amv,melf'),-athDDF present
. ATI AND LATI | dentification o L.
mn %}% AR r%‘f%d%?&% SEEHE 89 tipe ﬂHﬁﬁF%ﬁr‘%Ya@%ﬂl@&ﬂtﬂﬂﬁﬂﬁwe
RRE ;00 UM pe ar ea,
e (R LA PrRBtv e SR atl p B, MU R 355 Peals
not eckitddiantlief santble. imﬂyrdetgirﬁatﬁnﬂ]ﬁﬂﬁg;@gj@tel IRAY Rt Sculate
of EFV, FTC and TDF present in the chromatograns of
the auexagenthe seswlisdromrlbemmnsolijomipiéatigns Ih(etlteejhmreilce).m%.
' imes (R of the observed secondar eaks,
In SESEIHER ST diidn Rindud oot drtened Sl i
i i 1 e e
B orage ooy e e dh e IV b8 S Bt BB 0 uantified

resihfseivtthe wslaudatidre (s atoasst et o ddroGanes. where the
degradati on product was not detected or was bel ow the

t hr elshol d ongi%Enleg.r q&ﬂaﬁ[bﬂ;t!ﬂp@&ﬁ‘gﬂﬁé&ﬁhélgmeggE{\or
Ine. AT L CU 1T Court-o 1+ttt
iglmguleét .“iﬁ (i . ZF%’teﬁbo‘ﬁanPe lr 5 fongdovir @&Péwbwqalé) .

retention tine of the secondary peak KKI

The RRTs and the relative response factor (RRF) values of the potential

‘impurities and degradation products for EFV are shown in Table 1, and the

degradation products are shown in bold-face. The impurities and degradation
products for FTC are shown in Table 2, and the degradation products are in
bold-face. The impurities and degradation products for TDF are shown in Table

3, and the degradation products are in bold face.

As the RRT may vary, the identity of impurities and degradation products may
be confirmed by comparison to authentic substances (or to impurity and

degradation product peaks in the reference standard), if required.

Degradation Product Content Determination
Quantification of FTC Degradation Products
Determine the level of each degradation product of FTC observed in the
chromatograms of the sanmple solution injections using the following

formula:

Degradation Product (%) = L x RRFx100
TPA
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retention time of the tenofovir disoproxil peak The

RRTs and the rel ative response factor (RRF) val ues of
woheospossat i al inmpurities and degradation prodeCTA/SE@®G/023223

EFV_are shown in Table 1, and the degradation products

ar e Veheygh In bot d-Argeef thb elegraxiiticr g@@ﬁgpg@gradati on
products for FTC are shown in Table 2, and the

degr adat i oPpy cduliosalgsenld &veRPhidaf FFEC I0E afITRMEL] | €S
ang degradatia{)n produ?jtss for TDF are s%ovvn In %a%#e 3,
and the degradat | gprdatiot pradwects, exbhiding gﬁpurﬁﬁs the
RRTmay vary, the identjty of inpurities an .
degragati o% produ%ftétn r GRTR b}’lﬂ?é@ by conparison to
aut hentic bstances (or to inpurity and degradation
product pelg m Relatierissponse @t’aqrd/art_h)respe‘ct teHUCr ed.
Degradati on Product Content Determ nation

i o ; Det er ni ne
QuaBtisf | Qathdficafion HETHE n&%%ﬁ[g;@%tf&%

the | evel of each degradati C observed

i of, the sanpl e sqlution injections
usi RorerREhe B BREREPedon ipa0hnauakeroi o8 @(‘jﬁ“”i’i 12 the
: = ; : s uc
e e T P e R S
relf@lﬂ@dﬂ@egradati on products, excluding inpurities and

Degradation Product (%) = —I—x RRFx100
TPA

Where: 1 = Area of the degradation product peak or unassigned

peak

TPA = Total peak area (area of the TDF main peak, all related
degradation products, and all unassigned peaks,

excluding impurities and artifacts), corrected by RRF

RRF = Relative response factor with respect to TDF

Results and reporting
Degradation Product Content

Report individually the avérage of the results for each degradation product
observed to the nearest 0.01%. Report the total degradation product content of
EFV, FIC, and TDF respectively to the nearest 0.1%, as the sum of the average
levels of all degradation product peaks observed. For degradation products

- found at levels less than 0.05%, report their levels as trace and do not include

their levels in the calculation of total degradation product content.

References
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artifacts), corrected by RRF RRF = Rel ative response

factor with respect to FTC 8.4.3 Quantification of TDF
woegeadsu3z on Products Determine the | evel of elCiVUS2006/023223

degradati on product of TDF observed in the

ch | e solution injections using
Um%%%ggg%ﬁo%\r}mﬁg%a@he%%%ﬁ%% radati on Product (%9J = -
Ph&lrmcﬁ\Peiai(FM%@WQr e: | = Area of the degradation

product peak or unassigned peak TPA = Total peak area

(area of the TDF mai n peak, all related degradation

products, and all unassigned peaks, excl uding

inmpurities and artifacts), corrected by RRF RRF =

Rel ati ve response factor wth respect to TDF Results

and reporting Degradation Product Content Report

i ndividually the average of the results for each

degradati on product
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observed to the nearest 0.01% Report the total
degradati on product content of EFV, FTC, and TDF

woespactizsel y to the nearest 0.1% as the sum BETHISE006/023223
average |l evel s of all degradation product peaks

Toblely eBF Virelateid gmpuaitiesmngt degratiativnyrddatts! evel s

tess—than—6-05%—+eport—thet+—tevels—astrace gnd do

not include their |evels | Appexizadteyl ati on of [total

degFE¥Ré¢laredCanipoundont gnt . R&TEr endes URRFed St at es

Phar maco Q21> Pharmgcoperal—Fortuym—26(4—2g00Tabl e

1. ERV rESZ?E&?i nmpuritieg and 1cf’égr adat i orl-proddct s

" Appr oxi mgRegdRRTs, and the val L{:%S arg relative|to the

TDF peak bRRFs for EFV rgl at e&' egradati on products

are rel ati ¥\ o EFV EFV flel at éd0degr gdati on praducts

dSR- 695 el g bef ore EF\ (apgltrsgd matiely 0.1 mfn

separat i or%f; 4gradati on produ are (marked in|bold

face Tabl 812965 TC rel ated degragati on product

aApproxi mate RRTs, and the values are relative|to the

TDF peak BBRIS3 for FTC rél at ed.78egr adati on product s

are rel atglmegg.;g FTC FTC r(rel gﬁ%@degr adat i&)?g‘;dati
—product-stabl

1 Tenof avi | at ed de on
;ﬁgpm@r@ﬁ@%mﬂm@s dibkrelRBk &t e TOPpRAUNd RRT" RRFb
Fs for EFV related degradation products are relative to EFV

‘EFV related degradation products
5 “SR-695 elutes before EFV (approximately 0.1 min separation)

Degradation products are marked in bold face

Table 2. FTC related degradation product

Approximate
FTC Related Compound RRT* RRF
FTC 0.33
FTU* 0.38 0.7

- 10 :Approximate RRTs, and the values are relative to the TDF peak
RRFs for FTC related degradation products are relative to FTC
‘FTC related degradation products
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Di mer
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‘TDF related degradation products

Y
n fi r@t4 corrpcnento- nd tlhe
ant apegi || g secppd

ion of claim3 wherein the

33



10

15

20

25

30

adm nistration. 7. The conposition of claim5 which is
a bilayer tablet weighing | ess than about 2.5 grans.

w@ .2006h85938nposi ti on of claim3 wherein conponeRCTAIS2®6/023223
produced by high shear wet granulation. 9. The
conposition of claim lwherein the detergent is sodium

Whaatriy Claimedat e. 10. The conposition of claim 3 wherein
conmponent 1 is produced bydry granul ation. 11. The
conposition of claim2 wherein the total anount of

efavirenz é?nricgtabine and ten fovtgzDF IS %{eater

t han'about* THEFIRFYRPIISIG RotyHH L andya sustpctamhwhereby
tHeoRaRtdrt@9irPd sabiih cmigﬁka]ftﬂwiltxpﬁﬁ t}é@ HHOESEE DF.

magnesi um st earate, croscarnell ose sodi um

m crocrystal line cellul ose and hydroxypropyl
cel lulose, 13. The conposition of claim 12 wherein the
apprgxi mat i€ genparitiaged clymikpdditionallpfiadidang efavirenz and
ethiQlpyid DF, entricitabine, magnesium stearate,

croscarnel | ose sodium mcrocrystalline cellul ose,

sodium lauryl sulfate, and hydroxypropyl cellul ose

are, respectively, about 39, about 19, about 13, about

2. 3. The composition of claim 2 wherein the tenofovir DF and

emtricitabine are in a first component and the efavirenz and the surfactant are

in a second component.

4. The composition of claim 3 wherein the first component and the

second component are physically discrete but are in contact with one another.

5. The composition of claim 4 wherein the components are layers.

6. The composition of claim 5 which is suitable for oral
administration.

7. The composition of claim 5 which is a bilayer tablet weighing less

than about 2.5 grams.

8. The composition of claim 3 wherein component 2 is produced by

high shear wet granulation.

9. The composition of claim 1 wherein the detergent is sodium lauryl

sulfate.

10.  The composition of claim 3 wherein component 1 is produced by
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about 7, about 17, about 1 and about 2. 14. The
conposi tion of claim2 wherein efavirenz,
wembesiiesesabi ne and tenofovir DF are provided teC®&US2006/023223
patient upon oral admi nistration at substantially the
dspigarda@tiand Cmax as the FDA approved products Truvada
and Sustiva. 15. The conposition of claim?7 which
wei ghs about from 1200 ng to 2300 ng (i ncludi ng any

fil ti hat _i.s_optianall resent), . 16. The g
corpbt 11 ahespigiosi bl giREe whdiely G ablel aiiowstodafrsirenz,
etnaricRabihakhyl t8hSRRGHraDF ddRal thAS bt &% Pg.z/vei ht of the

cont ai ner conprising the conposition of claim¥ and a
cerapeitignt . 18. A met hod conpri sing preparing conponent

1 conprising tenofovir DF, preparing conponent 2
conprising efavirenz and a surfactant, and pl acing

bot h [ S iLiZl confiquration with |
e LEorRIREE S 2R G s
stearipg nesdcaimallse welih, f88Er0RFFdtAllink 2BIMBse gﬂg W oxypropyl

thod of claim 19 wherein conponent 1 1's nmade”by
Ce@ﬁ‘%ﬁeanul ation and conponent 2 is nade by wet

granulation. 2 1. The nethod of claim 20 wherein dry
granul ated tenofovir DF and entricitabine are conbi ned

Wit h13TRgnEsd ehpb&RbAE claifl 1%?\@%13%1’?&1}%1%\>/<ii1{welpezpercentages
by weight of efavirenz, tenofovir DF, emtricitabine, magnesium stearate,
croscarmellose sodium, microcrystalline cellulose, sodium lauryl sulfate, and
hydroxypropyl cellulose are, respectively, about 39, about 19, about 13, about 2,
about 7, about 17, about 1 and about 2.

14. The composition of claim 2 wherein efavirenz, emtricitabine and
tenofovir DF are provided to a patient upon oral administration at substantially

the same AUC and Cmax as the FDA approved products Truvada and Sustiva.

15. The composition of claim 7 which weighs about from 1200 mg to

2300 mg (including any film coating that is optionally present).

16.  The composition of claim 7 wherein the layers are oriented

horizontally along an axis of the tablet.

17. A container comprising the composition of claim 1 and a

desiccant.

35



10

15

20

25

30

i's conbined with magnesium stearate and the two

magnesi um st earate conpositions conpressed into a-
woizbmyiesoss abl et . 22. A nmethod conprising oral | pCT/US2006/023223

adm ni stering the dosage formof claiml to a patient

in nédd oA methad cahptibizgamepadifg cbhgdiehbodoripredigd M

22 wherein the dosage formis adm nistered only once
teQfpYAr 5%4 PrepRring copRoBeNi gemppigingwrfrwirens fied a surfactant,

i1V: ' tioH.V therapy. 25. A.product
S o A S M N S AP B, Bl SO e
a surfactant, and a neans for preventing destabilizing
contact between the surfactant and tenofovir DF. 26. A
conpb3i t i Bhe owthod of nlgimriiSrivheteabtawpotenof alb coRipraas
efavirenz which is free of pharmaceutically
e RSl e concentrations of FTU, mono- POC PMPA, .
di mer and m xed diner. 27. The conposition of claim 26
wherein the concentrati ons of FTU, nono- POC PMPA,

di me20.andThé xedhell BEElaBhE9 WRSRECEIMBbN YL 106h S b9
30 0 16 and 18 a8 e et pery i b¥iry

giamaation and comperant hisimade by aveterenviatied. af t er
storage of the conposition at 250C/ 60% RH for 24

mont hs.
21. The method of claim 20 wherein dry granulated tenofovir DF and

emtricitabine are combined with magnesium stearate, wet granulated efavirenz
is combined with magnesium stearate and the two magnesium stearate

compositions compressed into a bilayer tablet.

22. A method comprising orally administering the dosage form of

claim 1 to a patient in need of antiviral therapy.

23.  The method of claim 22 wherein the dosage form is administered

only once daily.

24. The method of claim 23 wherein the antiviral therapy is anti-HIV
therapy.

25. A product comprising emtricitabine, tenofovir DF and efavirenz, a
surfactant, and a means for preventing destabilizing contact between the

surfactant and tenofovir DF.

26. A composition comprising emtricitabine, tenofovir DF and

efavirenz which is free of pharmaceutically unacceptable concentrations of FTU,
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29. A unitary dosage form conprising conponent 1
conprising tenofovir DF, and entricitabnme and
woaopansa3s 2 conprising efavirenz and a surfacPamius2006/023223
conmponent 1 being spatially disposed in stabilizing
moonfRFQUrRNVIPAY) divnieh andnpiedrntimr. 30. The dosage form of
claim29 which is suitable for oral adm nistration.

27.  The composition of claim 26 wherein the concentrations of FTU,
mono-POC PMPA, dimer and mixed dimer are, respectively by weight %, 3.9, 9,
1.6, and 1.8.

28.  The composition of claim 27 wherein the concentrations are

determined after storage of the composition at 25°C/60% RH for 24 months.

29. A unitary dosage form comprising component 1 comprising
tenofovir DF, and emtricitabine and component 2 comprising efavirenz and a
surfactant, component 1 being spatially disposed in stabilizing configuration

with component 2.

30.  The dosage form of claim 29 which is suitable for oral

administration.
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