; } ~e3e0Tov86TT 2 May 2003 WO 00/ 2s797 PCT/ US99I Z5673 Conbi nat i 2Mayi2ébapy to
Treat Hepatitis B Virus ' This invention is in the ar ea of nethods for the
treatment of hepatitis B virus (also referred to as "HBV') that includes
adm ni st eri ngwb@oas#9st in need thereof, an effective 5 corrbrp@-} ngg.,s
nucl eosi des whi ch have known anti-hepatitis B activity. HBV is second only
to tobacco as a cause of human cancer. The nmechani sm by whi ch HBV i nduces
cancer is unknown, althaughbinatiers Thepy/taTeeartt titls BWifugli rectly trigger
tunmor devel opnent, or indirectly trigger tunor devel opnent through chronic
I nfl ammat i on cirrhosis, and cell regeneration associated with the

I nfection. . e.
Ater & two Lo f‘t‘zt'?%%r‘?““.'ﬁ%ﬁ'e?l??sfﬁﬁfégt‘ﬁ%m%ﬁ% sLRkBNRs BVRSHIET . o
t he i nf ectrcfongdtdeas‘mﬂ% Oxthatrinaludesladmihisteringtotachoseipakeed thereaf, iad effestve danmage,

t hat causes nal and el ed_bload | evels of certain
enzyne E?ﬁoﬁgﬁg‘éaﬁﬂdnf@ﬁ?‘%%ﬁﬁw %n? -EepIaé ?Blaﬁt tﬂ ogressive) often
fatal form of HBV d¢ seandonly toMobadtorss a ghuse of BGinh® Bancef. THaGndchXEsm 8% €
destroyed. 15 Pat ients tg&ycal I recover fromacute hepatitis. In Sone

patients, WGBY indpeps caragsisuinkpown.althoughyit ’Qéﬁ“ﬁ@r‘@r@%‘ it may disecHy §ageef or an
ext ended, gGhot arﬁgtggm&? ohﬂﬁfﬂ:&ﬂ' mggeﬁmer r?ehv‘éf&gﬂﬂhﬁh} ﬁ%fn’oﬂ{& én

i nfections can to chronic pe t ent titis. Patlen ec%ed with
chroni ¢ psirdiasiscand crqtlt\remrameassoglmdr\wmhdmfedtmp: ng countries.

md-1 t her | i, on car of HBY i n
reia Pone. "andidiEbi AR R BRI cAfel ikid P Pafti, ApEh beq ol mon
ersiste ntndﬂbﬂﬁénwmdﬁwmhehdsatsr @awardnfnhdﬁmﬁc&oﬂfHBVaned:ﬁbﬁrcan poad to
Hat ocel lul ar carcin F(B rIE?éy | iver, cancer, In vvestern i ndustrialized
count ri es 3CHf ﬁParqt’éli‘“g Bifdg"gg? gavsss abdomipal;pain, javadice, 9ad °‘°Ma‘%hl98€t wi th
HBV carri ¢&@)s9f ceRfinenBhéd mt@@auséf hﬂmﬁﬁhﬂl‘i‘éﬁaﬁh?ghﬁﬁl s§wx ecr
simlar to that of acquired inmune def |C|encxé syndrone Xt

account s fasal fany of herdiseaseinavhictomassivecsetings o ﬂtsrlglepanerdemoyedu th AI DS or

Al DS | ated c

nmor e rgcent ly, %%’@?W@M@‘&E’Vﬁ’so éétﬁ@]?é% ucglg:as%h%;ﬁm mglﬁgute%c" ]g%\ﬁ\('g%rr ng
and are cof viraltdnyigerspatsist id ¢iejbloddfoo at uxtamdeldyor mdﬁﬁnmepermammtsmgelchrohiwse

al ready i nf cted th H nents with a- f.eron .

genet i Zal Il ré%?‘gﬁ "BF%P@F ﬁa'y]ﬁﬁims‘%"%’%ﬁe@ﬁtﬁ%h?%?ﬁ ?@}‘C’Hﬁt&fcﬁ‘?dsw%er apy
is only s Uﬁl@ﬂﬁﬁﬁd&stbﬁt H@Wﬂ'e ) cbﬁtm"dil 1ﬂﬁe¢dlcﬁﬁh§90lm&‘idse BySnidF1991 NBérk were

i nterferon cannot be al | &3 2 May 2003 WO 00l 15797
~ PCT/ USQ@Pproxtmately rra warc %etqreo @Ve‘Bs"rséﬁe%hPFa%d weéﬁwrdaeatepﬁ@&

whi chogxh 'nmlfon%}rie\‘é tdhr@ﬁﬁ'p@x%fstéﬂﬂ{epa?h? cdr aau%‘Pa'ﬂbhé’ IH‘t‘-l:hogifs o?gé‘l%xg an&nNown as

3TC, clained U S. Patent 5,53 16 to Liotta, et beén approved
by the U. heoatmuulaanacmm&mmwdtwa@mw for the treat rrent of hepatitis B.

See al'so EPA 044 %%st%%n@t}strgil&gdjc&%n%sﬂ%ﬁ 1YY E\aoruﬂ?for 'HBV infection include those

in contdct with HBV carriers or their blood samples. The epidemiology of HBV is very

similar to that of acquired immune deficiency syndrome (AIDS), which accounts for why
25 HBYV infection is common among patients with AIDS or AIDS related complex. However,
HBYV is more contagious than HIV,

However, more recently, vaccines have also been produced thro-ugh genetic
engineering and are currently used widely. Unfortunately, vaccines cannot help those already
infected with HBV. Daily treatments with a- interferon, a genetically engineered protein, has

30 also shown promise, but this therapy is only successful in about one third of treated patients.

Further, interferon cannot be given orally.
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5 p- 2- Hydr oxymet hyl - 5- (5-f [ uor ocyt osi n-1-yl ) -1, 3- 0. ~at hi ol ane Naym?3) )
clainmed in U S. Patent Nos. 5,814,639 and 5, 914 331 to Liotta, et al.,
exhi bi ts PO agai nst HBV. See Forman, et al., "The AnPCTASA56TI s B
Virus Activi t| es, Cytotoxicities, and Anabol | c Profiles of the (-) and (+)
Enanti oners
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to Enor Unlﬁve‘r}‘??t Xtyang@ThggUm ve(?gl ty c))l) éeorgl a lg%Resear chl Fou"r}datl on,

I nc. diSsPreneNondf 141630 @pd 893438 bikioktad atyl its agjivityosgairshiB Vi igee osi des

or 1 K RbEhshakonte Al e VR Abies CHAbSUUATRE) At £i60s o

and FTGfilke ©) a:dr(&;i Endimidme& ofR4¢-8+Riudo-i- [5(Bgdrp@ymahyp ll;'ﬁwmhtd»ldﬁe sSApi nazi .

(P gn;hlcﬂésr"y‘ 2t &m%l%%?@s%ﬁéﬁﬁéa?mde one;

P h t i - | X nt Nos.
5. 00, 37T el UL ‘i @FB‘“‘*E""’“‘ exthis’, Donpie T LSIR1V0R (RBtent tox
(9-[ 2- (phoshdh anhway)seﬁtﬁwpaﬁéﬁl 688 and| 55387 362(Chucetiab) disclpseihe use of

2(6- Q-9 - t
ki ool erpge s R GBI ol fhineno Bt Bt nos.
5, 641, 4ad EpedinBarddir@d1. Yal e University and The University of Ceorgia
Research Foundation) ] n¢ | ose t use, of . . .
(5-f 1 uoro- 3 Ui Raterit No. 5Jpgégi§f’(§¥"Pﬁ'hﬁ%')’e’F’&’ a?*ﬁ?%’é’?ﬁgﬁpfﬁeqﬂ?patl tis B
vi rgs 'Kbséépcﬁﬁéwéa&} NG Risdfo8édumd oS bhanffonidtically it BIS-dldkelanye Of the
L- enant 1 oners ' uoro-nodified [1-2"-deoxyri’bonucl eosi de
5' -t ri miuclepsidesad tieoformhla: i nhi bi ti on of hepatitis B pol ynerases (J. Med.
Chem, 1998, 41, 2040-2046). Specifically) the 5 -triphosphates of
3' -deoxy-3'-fluoro 10 p-L-thym dine ([err]-L-FTTP),
2',3 -dideoxy-3" -fluoro-(3-L-cytidine ([3-L-FdCTP), and
2',3" dideoxy-3" -fluoro-[err]-L-5-nmethylcytidine ( j3-L-FMethCTP) were
di scl osed as effective inhibitors pol ynmerases. It has been

recogni zed that drug-resistant i V can energe after prolonged
treatment with an antiviral age 1 Drug| resi sy ance nost typically occurs by
mut ati on of a

H,N F N

wherein R is NH;, OH, C], or H. A method for treating HBV infection using a combination
20 of DAPD and FTC is claimed in U. S. Patent No. 5,684,010 to Raymond F. Schinazi.
Penciclovir (2-amino-1,9-dihydro-9-[4-hydroxy-3-(hydroxymethyl)butyl]-6H-purin-
6-one; PCV) has established activity against hepatitis B. See U.S. Patent Nos. 5,075,445 and
5,684,153,



15 'gene that encodes for an enzyme used in the viral lifecycl & Mapd0dbst
typically in the case of HBV, DNA pol ynerase. Recently, it has been
denonstr at e‘goto?{?#;he ef ficacy of a drug agai nst HBV infection can_be
augment ed BYCAUM Al stering the conpound in conbination wit PSRBT and
perhaps third, antiviral conpound that induces a different nmutation from

t hat caused ics,

bi odi stri but %dﬁ?&/?r @%[@ﬁﬁgﬁo%ﬁ%ﬁg eih%{)‘? @%mﬁ’e, }ébdgtggﬁ&)g’ as% ﬁéy such
corrb: tnat(6-@ﬁnxidlt9rlé}mmn-9-yﬂ)gm)fyl]méthylpbﬁdgh&ﬁé glcid), hlserrﬁgyswmﬁmm "5 A 040

si mul t aneous, stresses on rus ni_t e t at es Pat ent

di scl os &6patitisB. | Seenpr examp ‘b@ Sahﬁ‘FWi@‘?seﬁéﬁ 7?513 adhdildd@ilon with FTC, 3TC,

carbovir, ac
(5 P9 i doohEWhiybrelrflid THE Ofiveflf] of Belrglakstrch EUGNABR TR WRbos e
No. 5, 6Tde &fo-FINRC (B fuerotYishiad,3bHidaoxyeptiding)i fdethertreatmmdnit ofhépatitis® wirugin

ol i gonucl % 9@ éﬁ the treatnment of a viral disease. United States Patent
No. 5, 68% §2d8 oses a nmethod for the treatnent of hepatitis B that

i ncl udes ad mvBh Sirﬂé-L nski et rdiscicae ithbrhsebf@ahﬂﬁéﬂﬁhbﬁ@rs%fgﬂﬂ‘lﬂ%%&ﬁe& he
formul a: 30 003 V\DOO/25T97 HzN wherein Ris NH2, OH or Cl, with

FTC, 3762 wmsmbqnuclseswiqﬁ dripbosphatesfor lisdrhibition of bepatitis 8 prkyresases 6| oses a
t hod f t h

ret hod M. then 1998 InkuenpR o R, 6k SheRmlbhdeRes iyl GRLONS 11

ef f @0t i \Bd.-drymdupm&-ILaETTB), 3.T,ﬁ3bdld®x¢-f3 oo+ B-Lecyitidifeo(f- Ia-FHCﬂ)'B) emdﬁ’s:ﬁx t her eof
h f t light. of th t that

hepat | Aty BlomaEmenR TPt B WECTD wat et SRR has severe

an oftmlg,[@gbpmﬁ/fpmsp@ymémsl nfected patient, there remains a strong
need to provide new effective treatments for humans infected with the virus

that have | oW haskeen regognized ﬁl@t deigresistpet varignts of HBY eansainesgy after prolonged

present .Qyen ﬂgﬂé
patlentélJ or okh'g'?aﬁggﬁ&lyh cte f}2§§, e%ﬁ?ﬁlﬁg&w rus gn reﬁgf%d I
condbt i gerse uhmmlcbd:isrfg anhnizymsusndnnmeanayh&cxpls,tandahdsytyepidaﬁyiﬁ thecasewfint . of a

conbi na |-HBV ent ry, of the Jnventi | t been
di scovew'tlﬁé{ tﬁra{tﬁ&. geeg?ﬁcraaxéshqageq,\ﬁﬁ{gﬁg%%q@a%x%m ivity
are 20 ayfipiHBY h:ffectﬁmaﬁ Belsughidntdd v detiiniste A arccongidahd irsconbidatien pat i ent

when adm nistered in an
with a second, and perhaps third, antiviral compound that induces a different mutation from

that caused by the principle drug. Altematively, the pharmacokinetics, biodistribution, or
20  other parameter of the drug can be altered by such combination therapy. In general,
combination therapy induces multiple simultaneous stresses on the virus.

United States Patent No. 5,808,040 discloses that L-FMAU can be administered in
combination with FTC, 3TC, carbovir, acyclovir, interferon, AZT, DDI (2°,3’-
dideoxyinosine), DDC (2’,3’-dideoxycytidine), L-DDC, L-F-DDC, and D4T.

25 United States Patent No. 5,674,849 discloses the use of a nucleoside in combination
with an oligonucleotide for the treatment of a viral disease.

United States Patent No. 5,684,010 discloses a method for the treatment of hepatitis B

that includes administering in combination or alternation a compound of the formula:

30



effective conbination or alternation dosage pattern. In one pPd¥iex QB
enbodi nent of the present invention, .a nethod for treating HBV infection
and rel at ed ¥O®2§Pdns in humans is disclosed, conprising admCTUSoeRS6Yy a
synergistically effective anmount of

[err]-2-hydroxynet hyl -5-(5-fluorocytosin-1-yl)-1,3 25 oxat hi ol ane (FTC),
preferably substantially in the fogn of the (-)-optical isonér, or a 4 2
May 2003 WO OOr Z5797 PCTNS99125673 Jpharmaceutically acceptable salt, ester
or prodrug thereof with Pencicl qefr no-1, 9

di hydr o- 9-[ 4- hydr oxy- 3- ( hydr oxynet hyl )jputy -6H— purin-6-one, also referred
to as "PCV'). Fanticlovir) or a ot hgr bi gprecursor of Penciclovir, can be
used in place of PenciclovirHing a nbodNment of this invention. Another
preferred enbodi nent of the present invention is a nmethod for treating HBV
infection and rel ated conditi on#H , conprising adm nistering in
conbi nation or alternation a syner dyy effective anount of

p- 2- hydr oxymnet hyl - 5- (5-fl uorocyt o 1-y)) 1, 3-oxat hi ol ane (FTC), preferably
substantially in the formof the (-)© cal isomer, or a pharnaceutically
acceptable salt, ester or prodrug thereof, with 9-[2 10

(phosphononet hoxy) et hyl ) adeni ne (PVEA, al so referred to bel ow as

Bi s- POM PMEA or BP-PMEA ), or a pharmaceutically acceptable salt, ester or
prodrug thereof, optionally in a pharmaceutically accept able carrier. In

anot her ferr i.nventi a nmet hod for

treati ng \!E" lﬁf J@g})’gﬂ{’aﬂgi lgﬁ‘g: Brgﬁd?atr i O H‘“ﬁ s is disclosed,
rissing adnmvo 98/232854isdloskd a apiitid o thefire@imdd bEprophyids of ﬁéb‘aﬁﬁQB Shiusal 1y

ef ective amount of 2'-fluoro-5-nethyl-~-L arabinofuranolyluridine

(L- FVAU) , infactionsoin grhvemasiariapimal pamaﬂvﬁmoelpsﬁpi administering to theqatiery t her eof
th
350 D (2R RPHOE obrobacitindis ITpERAEIMIr Yo a bigprecuror thoreotsughes o g

( DAPD) , whiamieiclavir) aad aelphbligterfebonni st er ed in substantiall y pure form or a
phar maceut i cal y. ccegptable salt.. dr.u her ally in a
phar naceut i cal E'S‘Fg t@“&ﬁ?%“é‘ﬁ Y‘H“s&@'fp glbetdrfg llséY?pI[Q%%d nt of
the preesemis sewf@md Sfften gw&m drPthe lififatbd ﬁ&ﬁ%&:@f&mmﬁm ne&d @t ed
conditions in humans is disclosed, conpri S|ngmm nistering a

syner gi stl?f@‘é‘IdP pewreflgetive reaypents fasthuganginfoct the yirus theti havedpw toxicity to
2' -fluor g%ithyl ~3-L 25 arabi nofuranol yluridine (L-FMAU), or a
pharmaceutrcally acceptable salt, ester or prodrug 5 2 May 2003 WO
00n5797 Therefore, it is an object of the present invention to provide new methods for the

treatment of human patients or other hosts infected with hepatitis B virus and related
15 conditions comprising administering a synergistically effective amount of a combination of

anti-HBV agents.

Summary of the Invention
It has been discovered that certain combinations of agents with hepatitis B activity are
20  synergistic, and thus can provide enhanced benefits to the patient when administered in an
effective combination or altermation dosage pattern.
In one preferred embodiment of the present invention, a method for treating HBV
infection and related conditions in humans is disclosed, comprising administering a
synergistically effective amount of B-2-hydroxymethyl-5-(5-fluorocytosin-1-yl)-1,3-
25  oxathiolane (FTC), preferably substantially in the form of the (-)-optical isomer, or a

4



PCTI US991 25673 thereof, with Penciclovir, or a pharmaceutical |Mag26@3 abl e

salt, ester or prodrug thereof, optionally in a pharnaceutically acceptable
carrier. In still another preferred enbodi nent of the present invention) a

met hod for tWR8257§7 HBV i nfection and rel ated conditions in PCFUSPI2EE3

di scl osed, conpri si ng adm' nistering a 5 synergi stically effective amount of
2'-fluoro-5-nmethyl-Jerr]- -a bi nofuranolyl uridine (L FMAU), or

phar macegharmaceutically acceptable saly, esteror pradryg theregtiwiry H‘H@Fl@&lﬂ' (i-amw-l 9-
9-[2(pho 0 Yox§t gﬁ.@” . |, ,

accept abﬁ@%{aﬁ é"f& riQt er ?oféﬁkbgggﬁgm? Ré‘? B tn gr?gﬁ ;@%ﬁg& %Eogérsrrégggut) ically
accept ablFemcmkm:enr aﬁ;nolhtrdnom:afrmméﬂemndiadr,mbe afedtih plape efSPeiciclovirdnt i on
corrprlses a anqt] od fo 10 treating HBV infection and related conditions in
humans, 8BHER H&"& i "BYEPPRg a synergistically effective amount of a
conpogind of  t hgofter Fréferred nb¥dirhert thhe?rés‘énﬂ‘ilh%nngihs ér!me%d ®r theafthg ARV Vel y
referred to herein as the DAPD conpounds), | preferably,

p- D- ( 2R, infpctipnnd related|condiigns ighymans, gomprising administeringdn pombinationcor( DAPD) ,

whi ch

o L AP AP L o e S B Sl o,

pﬂar rracelml-@aalkﬂlwlanedé’m)a preferalzly substantially iw the forahrafghé (popival nsam]‘?xi eﬂal ly in a
' . 2Q De t t

Pvent | oRhaEagetisallE AeRab e8I Sler b PIOOrBbete IR SEer - 1 of ers o a

nucl ¢@si %o@ﬂ{meﬁiemdwm Jadérifid GUESA 208 AR LS bmo%@mpé@@m ofTOr €

preferabl y) over 97% 0O singl e enanti oner of that nucleoside. The terns
I)JbSt anBPaPMEAp) e anobarmac@mcgubgqcmblmsaly esteper prpdiugshesenfoeptiopalbsriargt i oner

25’ refer ition of one enantioner that includes no
nor e thaﬁhﬁgufﬁg%lggé%gab&%%g 2003 wo oons797 PCTNS99nsG/3 the ot her
enanti oner, m enqeherfpeefedred/embodimene of tizerpredeatinvéifonaa chethod foruweating HBV | ess
t han about % i ent ... The nergi sti nbi nat.i on, of , coppqunds or
thot r _phitriiionand cBpieg Saaditiphiin Pimats Alscfysed Spmensing BBtFTiRaR i i n t he
prevent i egmpingtidd 624IERRbtioR b sylRYgisidafig effentiveaintbunt BEY -fuor&bah&RyIgepdi ti ons

such as anti-HBV anti body positive and HBV-positive conditions, chronic

liver i nmmmmmmuwﬂw or @jpherpaseutically aceeptablsasalt; ester of prodrugant
hepatiti r ﬁQ%e itis, and fatigue. These synergistic
fornulat?gﬁgﬂégﬁﬁgfso sed prop ytactically to prevent or retard the
progression of clinical |IIness i n | ndividuals who are anti-HBV anti body or
HBV anti gen positive or who have begen exposed to HBV. 10 The active
conpound can be converted into a nfically acceptable ester by
reaction with an appropriate est g agents, for exanple, an acid
hal i de or anhydride. The

rifyi

3 iy
A H

preferably B-D-(2R,4R)-2-amino-9-[(2-hydroxymethyl)-1,3-dioxolan-4-yl]purine
20  (DAPD),which is preferably administered in substantially pure form, or a pharmaceutically
acceptable salt, ester or prodrug thereof, optionally in a pharmaceutically acceptable carrier.
In yet another preferred embodiment of the present invention, a method for treating
HBYV infection and related conditions in humans is disclosed, comprising administering a
synergistically effective combination or alternation amount of 2’-fluoro-5-methyl-p-L-

25  arabinofuranolyluridine (L-FMAU), or a pharmaceutically acceptable salt, ester or prodrug

5



conpound or its pharmaceutically acceptable derivative can béMampB3ted
into a pharmaceutically acceptable salt thereof in a conventional manner,
for exanpl YO #2579%eat nent with an appropri ate base. The est peTassosygdets of
t he corrpound can be converted into the parent 15 conpound, for exanple, by

hydrolm mI ‘synergj stic conpination’ refers to a conbi nati on of
drugs vAFEeRfs mﬂ tr@@tc %ers9hépt54@1apen@1= Yeqceptablgisglh ester opprodrugthereef,y, in
vitro s described herein. 20 I. Active
Conpoun Smag%r Physi o oegllhg% %gécse}%]gg%lgggal ts Thereof The active conpounds
di scl osed hehgetill anpthet mfmdwmbodnnmit ebthe pessentrineentibn,ca Méthaa Y61 tréatin

| i [, ith t { i t h tit B.. It h g
i scov o HBY RGHiOR Bnd teafed GiRATRS i F Beslaesd: GRPrl RS AdRRIniSter BNt age
- f th
overs Mogg fgﬁs’é% efféctio¥ Qﬁto@ﬁthﬁ'? FRGRY- St LJMbm%?&raﬁ&gme cmasée(?‘tn?tat) dr ugs

known anti rugs provide a benefit; it 25 is oftent
act ant BMevii)set a:alnarylacemealbchvmable sb esar oprodrug theneaf| witk Oed- as any

deri vat | e
or ovt i pgSeenEBimt B85 B MeRPMED ), 6r d PErbEEMREI acctlptiERAD SeRbr ¢ o
aclti Vi E yrlodtt@ehéreoft\bmtonmw umgptwaﬁpémalwacéﬂlmblpb&rxlaaceutl cal Lly accept a;)I e
salts (alternpat re to a si ol ogi,cal |y acceptable salts'
and the 5 afBot %’[‘H& ﬁ?F’OfgmeébOﬁs\!be Bﬁ% ¢iit igMention comprises a methqd fog )
derjo/at gritipg BV fifedfdniang rER ebadiéf ih Bfdhd, ¢6in n%ﬁéé&rhﬁﬁistﬁ €2
phy5|olog|§a Ty active derivatives"). In oné e nt cyl group is
a car bosypesgistisaliyleffective amountiof alcomripoundef-thefdsomle: noi ety of the ester group
is selected fromstraight, 7 2 May 2003 WO 001 25797 PCTNS99115673
anched, or cyclic alkyl or |ower alkyl, alkoxyal kyl including
met hoxynet hyl, aral kyl including N| oxyal kyl such as
phenoxynet hyl, aryl including phenyl optfionaNy substituted w th hal ogen,
C, to &4 alkyl or C to 4 aIkoxy, or i fonate ester such as al kyl or

aral kyl sul phonyl including ey, 3% N phosphate, including but not
limted to nono, di or tri phosphate ter, ri tyl or nononet hoxytrityl;
substituted benzyl, trialkylsilyl ¢ o d| thyl -5-butylsilyl) or

d|phenylnethyIS|IyI Aryl groups in € es BhS optionally conprise a phenyl
group. Modifications of the active c% oun and especially at the N4
cytosinyl or N6 adeninyl and 5 -O posio+eHds, can affect the bioavailability
and rate of netabolismof the 10 active species, thus providing control
over the delivery of the active species. Further, the nodifications can
affect that antiviral activity of the conpound, in sonme cases increasing

t he actwheértin Rois@VHS, IGH,Hyroe 1Cl (aﬂltpﬁvaiyl reférfédsto hereireathé PARD asmpsmeﬂ) by

F e et SR RS- anino-sGRouw A ePbel HisefRrd imbice TS |
the artwhitRidF r@féféb%saﬁﬁ%s@red fesuBSthhtidNg Pakd fobrh ﬁa%ﬁﬂ'hﬁceﬂﬁéﬂr fRebtAgEei N

can be adm ni'ster as a Fro rug to increase the dcti vi ty, bi'oavailability,
st abi | i sait, esteror naqdmsréexap ewtltlFMEpr op@ phirmaceinicallycacgeptplle salgeestenonunber  of

hydr oxy, al kyl ati on, acylation
or oth rro&i%gg]g:nrﬁf?%hno RARS\REY o ‘ﬁ?ﬂ%cc}&tﬂ%ﬁﬁn@ﬂno di or tri phosphate
of the 20 nucl eoside will increase the stabl lity of the nuclcotide.
| es of substituent hat can r ce gne or nore hydrogens on
rEﬁydroxyl or phosphatgb ﬂ%‘! e&‘f’épéﬂWItgeg?t‘fe'mg'Eerm ds, carbohydrates,
' nc' udi g SUGALRA hirehs, Hheeih Olsyafld¥namiihnd f03hSa mt@éas,&rc%nsm fonlgd in R
Jones and N. Bischofbérger, Antiviral Research, 27 (19 95) 1-17. Any of

includes approximately 95% to 100%, or more preferably, over 97% of a single enanttomer

of that nucleoside.
The terms “substantially pure form” or substantially free of its opposite enantiomer

25  refers to a nucleoside composition of one enantiomer that includes no more than about 5% of



t Hese can be used in combination with the disclosed nucl eosi eMayd0@thi eve
a desired effect. 25 Nonlimting exanples of U 'S, patents that disclose
suitable lipophilic substitueats that can be covalently incorporated into

t he nucl eoMW25M7ef erably at the 5 -OH of the nucl eosi de ®CThysd928693 of

t he acyclic nucl eosi de anal ogs (such as PVMEA or Penciclovir), include U S
Pat ent Nos,.5,149..794 (Sep. 22.,,1992 Yatvi : al .); 5,194,654 (pmar. 16,
1003, H1ISPLR Epantigmies more pectershyy 58 shors Hal ahep e God masTirsferenly lesithan )

5, 256, 68douf Mtis predent. 1993, Yatvin, et al.); 30 5,411,947 (May 2, 1995,
Hostetler, et aF. ); .S 463,092 (Oct. 31, 1995, Hostetler, et al.); 5,543,389
(Aug. 6, 199Bhe syaesgistic cambination ofcomppundsorthgipphasmaceygeallyvaccapitable et al . ) -

5,5-13, ' : ' 728 (Sep. 1996,
Basava, ST f s ofe i B BvsBlioR o et SR ekl o o

appli catelavsdscontinionslsihlas anti{HEN pittibodg pesitied ardUEBVspdshtbie corditidf, erémiehed to

| o oS catied 0 K 3o, o441 bopadis b ety 00910, 10
94/ 262 TbrsiMBit hrepatitis, &M fAtigr) Fidde ﬁ@lﬁ%@ﬁ%t%@&ﬁal Sdded9721. 5 1.

Preparation of the Active Conpoun _therapeutic nucleosides used in the
syner gi prophylactiepldsiotpirenent of retand the pregreasianef chinicalrillpesd imindividisksvifocare

prepari 1N, )

(3- 2- T 6@@%@9&4’}3&?@%“&%@{3&%@& Yhojhave been exposed R HBY- (FTO), and its
10 ¥nant i onmeTls, actiadicdmpqundzan bel cdnyettédintes pladmachutichlbysfdeptabléesté.byPat ent
Nos. 5, 204, 466, 5, 700,937, 5,728,575 and 5, 827, 727., . .

2'})}- FI udieaktion yath an anpropriate; estArityipg pBENGS, $9r sxamplsean acidhalide of anhydeide, Bhtr ed by
t he rretgy;,q,% j tpﬁﬁgm' : - acE&HtEYM ; , e h 688 and

5, 587, 362 tgﬂ& Cﬁﬁi) et a?d.%uﬁ/gatlﬁoaoclg for ?ﬁ?ﬁ?ﬁ%ﬁ’%&t#’gﬁ"%ﬁﬁ '?ﬁeﬂ DAPD conpounds,
i ncl udi pharmasutelly acenptable spltitherpgfin ja\canvenyinnal manner] f@-cyample) byrtreptmertpur i ne

( DAPD) e disclos ' 7 ; 6 1Q0: 5. 444, 063,
nd 5, (96F a6 RO, The Suer 580 be B8 SomBoid cad B comveld e e saisa’ 0 s
Patint ddaspound, ¥dbexaripleabd h§do84is153. PMEA can be prepared by the methods

di sclosed in U S. Patent .Nos., K b, 641, 763 and 2(Q0.5,142, 0Q51. no, di, and

tri phocphat glméFWJ;qtyP?@?“SFW‘h@aﬁ%’f i '\9%’51'8& oFIRAton @53“’(3@ ‘@[Pé?@&‘sas

descri bpgdnagidc dEes ik 9ivB Ut diehReveIRlinoflfo asthéasiied ABERSIAR X Me Gitthdds Pr epar ed
according to the procedure of Imai, et al:, J. Og. Chem, 34(6), 1547-1550

(June I1desgibedhereindi phosphat e can be prepared according to the procedure of
Davi sson, et al., J. Org. Chem, 52(9), 1794 25 1801 (1987). The

tri phosphate can be prepared according to the procedure of Hoard, et al.,
J. 28m IChemAG&ibe Comdpquiids, ivBBhyisid6gicd)o%6ccpptabld SaltSchlireaft i on Ther apy

The active compounds disclosed herein are therapeutic nucleosides or cyclic or

acyclic nucleoside analogs with known activity against hepatitis B. It has been discovered

that certain combinations of nucleosides provide an advantage over monotherapy, or over

other combinations. Not all combinations of the known anti-HBV drugs provide a benefit; it
25  is often the case that drugs act antagonistically.

The active compound can be administered as any derivative that upon administration
to the recipient, is capable of providing directly or indirectly, the parent compound, or that
exhibits activity itself. Nonlimiting examples are the pharmaceutically acceptable salts
(alternatively referred to as “physiologically acceptable salts™), and the 5° and N* cytosinyl or

30  N®-adeninyl acylated (esterified) derivatives of the active compound (alternatively referred to
as “physiologically active derivatives”). In one embodiment, the acyl group is a carboxylic

acid ester in which the non-carbonyl moiety of the ester group is selected from straight,
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It has been recognized that drug-resistant variants of HBV c@rM@h%Q(Ee aft'er

pr ol onged ment with an antiviral agent. Drug resist
typically %ébcotgr S%tt;y nmut ati on of a gene that encodes for an'e W%é%d in

the viral lifecycle, and nost typically in the case of HBV, DNA pol ynerise.

Recent |Manéﬂedh@ﬁ:gr@lriﬁ ElécSﬁéﬂBﬁ&rrﬂﬁ)ﬂQalkMaMyhﬁcﬁfdﬁﬂﬁ@ﬁﬁoﬁ’}fm&hﬂ{ ?5311:21 2 May

2003 wo oons~9~ 9nss~a agal nst HBV i nfectlon can be p nged,

augnent iasdluding beagyloamipxpalkplivein pss phenoxymethyl, ayvhinsinding pheoyindritionallyon or
| t t] ot , d ' tj Vi | | ~ d that
" nduceoupsieféioRufpaggRes «PEFaRA P Chnlidey A ¥ bl fmaleiser Bl

Al t er nadlkyledriaralkylssulphafiyldnclding inettanesulforly1s plidsphéte,dicludihg Bhihwot lindead et er of
the drug can _be altered by such conbination thera

. ¢ ) py. In general, .
conbl nakPaey di REERPSPhate AStes thiN oF mogomethaxytahd.cubstituted berzyl drialkplsilyli r us.
Exanpl e T _Igﬂﬂhly ; skl vl <o ssay
contr ol g?g'ljﬁtﬁl%g‘g?e cgﬂﬁ'sl) Rﬁ@?%&‘\‘/\ﬂf'&@) ?}geg-rg@pg:’%w r 5 #Oc?ﬁ%l’g | s of
t he asseompriselaghbehylgroupan be found in: Korba and Gerin, Antiviral Res. 19:
55-70 ( 1992 orbg.,., Antiviral Res. 29: 49:5 996) .. The antiviral
eval uati ons W&Pcagp?soq?fﬁl&a%we §?‘}?Pg'ﬂ'ﬁ’;f"§f%sl°5ﬂ&%?2‘é‘ée er‘éﬁeﬁp 95113 four test
conecnt sdehifNand 510 positibsis, caaffdck thebisdvalldtslitynd eate Q€ ArRthbalisth Bethe ane
density and at the sanme tinme. Due to the inherent variations in the |evels

of Ubt hadtive spesigs) thus proyiding.cantrat everghexdelivesy ofithe aqtive ppesissy Facthernthegr eat er
h 3. 0- . et ] : . ; BV DNA
than 3. Qoﬁmcgng rcg.ﬁggfﬁf 'tﬂdt%n%aétﬁwﬂ{?y&f@lgentgo‘ﬁ?oﬁgg, 'ngﬁé %g{eg’ Encﬁ*{%?}%g FFy

forms in untreate s are general I dere at'l's
si gni f i aAvity oPethe parefitcoripound dThis cam easily be assessed Bg prepafing Hie-défiyarive9?2) .

Typi cal val ues .for 20 extracel | ular V Vi rio jn untreated cells range
{7 om BORKEIeTEg H3 v Te AE PG asS R 1o 6 BFLOGES SrseBis BretRerat e g m )

For ref gheR thédesskilRa Aethelar. Whi ch the hybri di zation anal yses were
perfornmed for these experinments results in an equival ence of approximately

1. 013g Brodrugs aceilular HBVY DN/ Ml culture nediumto 3 X 105 viral

et her 2y 4028 SR 1N NOFR JSLRATEIN B RpliRicd B KRG, oy

whet her any erve S are due to a genera
vi abi | i toyincrélwe theadvivity Lisieavaiiabsilityy stakidityér otherivisz| alteethe pyapertiesaif thedar d and

i del d f | .viahili ' . | et f vi - hgst t ,
Fncl us RS ber i o -t Heo v etk o8 SR Sl
t0Xi Cl  deylatfohPr bREPTIS6phiIROmBHABRIMRYEAL hyR W B HiploapRAbIOftEe icr ©

received as solid material at _roomtenperature in good package condition.

Tes20 conysdensids willincrease the stability of the tide, sExamaples of subsjituent gravpethess gnm,
10 2 W:aé%%%?&%ﬁ%@?@ﬁﬁ? hgcﬁ'@@ o??ﬁgsg%afétméiggm ‘.I.Pﬁ,: Q’\l FTC’

L- FMAU) or al 1 quots of” test conpoundS were nmade in
i ndi vi dstedoidsyitarboleyddates; chulingt sug@81,2 Qiacylgiyced pnd Alcohalat Many aredai | y

rermer atssrdbediiR Fapesand L s RotiRtate SR e a2 TR BTy ™ oo
anti vi r flesd @htbeaised S@mbinatioh Mithithe distlosddatuclvotide s athirvaia desired 3ffestel | f 1 at

bottonmed tissue culture plates. Two separate (replicate), plates were used
for2%ach dr ubjorlimaiingexemplas obUd. patents thay disglose suitablelinephiligsubstityegtsthat ot o
with ea f i | LMLk ad: | sb | (a | on) .
Cul tur e"gﬁv\%rcgk' rg%tgf gngﬁwﬁieagktggtﬁgggﬂ%ﬁ%@ggﬁ’%@blg%gg{s 533;6 }?%E‘?élggbé:ﬁpounds.
Medi um ewsydedxyhgfthedaydli nuclebside amsliogsdsuch@s PP o Pe@idlgvin))inshude 6B | ul ar

(Vi on e o 614846} Toepess 1685, PGS etaly; 5,194,654 (mar. 16, 1993, Hostetler, et
al.); 5,223,263 (June 29, 1993, Hostetler, et al.); 5,256,641 (Oct. 26, 1993, Yatvin, et al.);
30 5,411,947 (May 2, 1995, Hostetler, et al.); 5,463,092 (Oct. 31, 1995, Hostetler, et al.);
5,543,389 (Aug. 6, 1996, Yatvin, et al.); 5,543,390 (Aug. 6, 1996, Yatvin, et al.); 5,543,391
(Aug. 6, 1996, Yatvin, et al.); and 5,554,728 (Sep. 10, 1996, Basava, et al.)_.
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Toxicity analysis were perforned in 96-well flat bottoned ti May 209 ure
plates. Cells for the toxicity anal yses were cultured and treated wth test
conmpounds with the sane schedul e and under identical culture conditions as
used for WRO0AZ$7I%iral eval uations. Each conpound was t estRGF/S9925673
concentrations, each in triplicate cultures. Uptake of neutral red 15 dye

Bat T eat EREIET RN BRI s PE FRopit Hbsjendy ot B acedovay
used f fe dctife SoHAPSRNGS VEHR BRéskAt iﬁven\é@h,@ﬁip@ﬁlﬁli@i&ﬁﬂ'ﬂg@rﬁ, felude RO CENt age of

the average As, o0 values (t standard deviations) In separate cul tures of

untreaB%’@g%@.IVéorﬂQi/Q%éﬁn @ D{16%28, WHB1/3801eMO P3/AOY 02 W@ R4/2627Y, conpounds.
20 Conti i i th i lysis f t
excont WP £ EE EL0TRL EPMATIGCO0LMRL W0 SENORY 10 PLLCR U g conbi natt on

andsa total of 8 separate cultures were used for each dilution of the
conbi nati ons. CorrPoung?h vgree\rkaed at. nol ar ratios designed to give
approx?hatepyel&fﬂ guioldclileg SHvesompoundse i o based on the ECM val ues. Three
di fferent ny}aiherfHeli@E nIERidAS B8kd\iR thedy ke SR LoMAdsiRIAs bPtR!dr&8nd OF

variability In the 25 estimates of relative potency. These 'nolar ratios
wer e miivendomad processeyfor preparingdhem aredmonvmrin ghe artThe cor r espondi ng

monot her api ckod 4 Lelnho. . j i freatnments

Usi ng 't ho. sPaHpERPANES 5 duldtploite i WIBGRRP Y B TRC' S
ECHD, Edhtiomery cdilseoprepdred by thepmethads disziosedin U SriPatent Nog) 5{20466pnt s are
those of the first fon%%g@wsted for the conbination mxture. 30 The
c:zncentsf7991957rss'y§i5 éla,“ :2€690, and CCso val ues of the second conpound
in the m xtyf, legepl hoW1 L j ' for that
particul ar ?n g{lﬁfdgsh&@“% %%gbﬁm%hgglaé@%e P%uTﬁS %ﬁg%%b%ﬁ?%gg}e details
on t henmgtwidgdiscloseinil).rfaPatent Rins 556843855, H6R8xnd §,58313621%0 €hneppal.t can be

found in BE,Korb J Vi Fal - 49 .S | .9l §m
ddi 1 vi ¢y, Mol B8 Prepfillbi of e DD oGpdiites BB AESREAATINBT] g ¢ e
Caf § u Sy HydpsxggietiylX- BB aliadolan-4-ytipurine (D APy avg disctoseddh U SeBateitiNps. .
interactions_b se of t i dely. .accepted nmet hod of Chou and Tal al ay
combi nedSvilé# %Gg‘\’(gltq;ét“!"ggpyf"g\;d@a@?on using the Monte Carlo statisti cal
package. Theegl3tRviicin Bé Pﬁ!pﬁﬂéﬂd)y'tﬁb methedsdisdédell i BN, PaRhiRbS 5107514481 Ng

medi an-effect and dose-effects plots, isobolograns, and conbi nation index
[ClJ phed §,684.453.5t andard deviations. For the latter analysis, a Cl greater
than 1.0 i ngj i | 3 INGTol rgi sm
10 For the Ths ERyBIbERREL O Heiods dicclBfa LS. Ry SR TGTURECD, O

t heo expdn2@8ht al design was limted by either/or the toxicity of the nore
toxic conpoupd in the mxture or. the stock concentr.ation e.q. . .related to
the total vBlmediomibpaE Bviten s 88 datHeRhbat A0 be lertietas

i nduci BgsckiBed &dcbadi %Bli%@?a@%ﬂsn%e nitRopiabhate oMb [ epareddiicbidingab

Eval uations 15 ASS Wthin normal variations, |evels o

: , f
ext r acthelprpeedusemf Imgi, £t n Y. OrenGhema 3 QelP4dtIFSP hlune i1 R6Dn d hg diphesrhats cel | s

over t P thd b bf BEvib{oR BN, CRBNEHe S52(8) $794-

(1 ani vgﬁ’u6&‘%‘?kéa?%@%fgﬁégﬁ,‘ggﬁﬁ’fg@gxy-13' lt{??hct)% i t}r'rrgir—@veﬁ{'d T Svi [ POV
(b25 h p80lct1a8Bd The ariphdsphatecdn i prepazed aczbrling ta tir paceddsd of Hoatd.tdl., J.

signifi cagi! depr essi \Y replication at the concentrations used.
The ac A g s@l‘(gﬂi"?{iﬁg}(l%l n these anal yses were consistent with
previ ous experinments where approximtely 0.15 to 0.2pM 3TC i nduced a 90%
depression of HBV virion DNA relative to average levels in untreated cells
after Hld&emhinatiomTheraPds treatment of 2.2.15 cells [EC90J (for exanple,
see Korba a : ) A V anlaad ' :ohd84) .
The acti vi tli}g??g esé?%hl%?{aggvﬁggﬁs@gﬁgwggs \é/\%]re h%egﬂ%rr%’tgﬁ%}é é

pr3yi ouedtinenewit areahtivirabDageaf. Dhigapystandempdst typidall® ocaurObPoitatisnioba and Boyd,

br epar GG SHoy B nPRe LeE R HEHTS At NOIBTEH! 1 OB Shucea
pr epar 4 uce
anti - Fﬁﬁ\ﬁ}%wa(r Egllyﬂﬁrésg RREent9NH Bad BRAdeRdnitRta thit tEE¥Ecaly atah@ﬁgNiAndependent

experinments. OUNDS: "~ Test conpaacel lul ar (virion) HBV | evel s
produced by 9



2.2.15 cells. 12 2 May 2003 WO 00l 15797 PCTNS99/ 25673 The ahMayi2063
activity of DAPD was enhanced by co-treatnent with F'|:C The antiviral
activity oWODMREIas synergistic at a 3:1 or a 1:1 nol ar rgdpussensd’d but
t he highest concentrations tested. As the relative concentration of FTC

I ncreased, the co- operatlve effects of the two agents decreased. At the 1:3
mol ar ragaiest HBY in fomsionan be prlgnasd cangmsnisd, OBeaﬁEd@Mradsmmstenﬂg\&D and PCV

D eant orhfod i RoaBaliqH 4 EingBh phll el Bhd bR 208 ird Rropamt o co
t 0 be atianipdncesta differdht mtnmndn fronthatrcansedi by thapﬁmipﬂle dRdge | Ateifiativen, afet
pot enci es bas d on the E the 10 i nterac thﬁgs of the two agents were

nor e coH‘b‘?r&Qm AHedigtr » Q% ST PAIRMEIERs fug cay e aligrad by 3!"8‘ addi tive
i nt ey ackéfiRatin dheee@ ROBAERAL, CBHbatioH el ARBGHE TRAGIL ArlEhaS s %Lé(s mor e

antagoni stic interactions at higher conce tratlons sequen
however on thediimiat ed that DAPD is synergistic with L-FMAU. The anti vi raI
activity of L-FMAU was enhanced by co-treatnent with FTC. The 15 antiviral
activity of DAPD and FTC was noderately synergistic at a 3:1 or a 10:1

mol ar rBkample Bt all but the hi ghest concentrations tested. As the relative

concentration TC incre cooperative effects of the two agents
decreas EF“’%&’P?‘H'Azl 1 nol a?ﬁ b)?@ E\FJ Wppeared to be

ant ggon ;hﬁoxﬁ% vi ral EMQH d by
co-ft%rgealt)ye%:as\im i The ggﬁgdrﬁq %/él“rs g?Tégt I VI tdzliQpr% Eﬂ@g@ﬁ' was weakl y
synergistic at a 1:1 or a | :3 nol ar ratio at all concentratlons tested. As
the rel ativeLco ration of P e,Co ratjve ects of
tae t wo agenpgtaa fé’ﬁﬁs&y "}E@m[dﬁg/ 2 i) %Frg?“é‘g 1%11??’8“? W@Véﬁié S ppear ed
to be ans:a3070 @H9Z) andKokb iATitiviraFR &Y. 06t 4953 (19963 | THY dnkiviallevhaRmtisisiwere
(greater than 50% depression of thehdé Eﬁsake evel s observed in untreated
o

cel | s) Rexformed epsixsepyateFpiturepper eag t eonsenteations o ovellgsinall t he
congent Ly %&EQV&eEE&gdfaPﬁueE%ﬁ tX'aﬁ&‘Btﬁl’?A:H@hin@”s None of the conbi nation
nhance

treatrrets appear to e e toxicity profiles of either 30 agent in
the differ enDuerioctheinderenT hariations i thy leyelsfof beth iafracetiniar arid dxveceltudriHBVI on

m xt ur arent | h KL es not her ap si nce
The. var R 3pB PRt byt Rho, o D3BId 1% HEEV LERBAN WIbrE Thecherae ove
conpounfbr khesé HBV DN foeis i dittdated cells Sreigen€ralig eordideyed to be statistically
significant [P<0.05] (Korba and Gerin, Antiviral Res. 79: 55-70, 1992). Typical values for
20  extracellular HBV virion DNA in untreated cells range from 80 to 150 pg/ml culture medium

(average of approximately 92 pg/ml).

For reference, the manner in which the hybridization analyses were performed for
these experiments results in an equivalence of approximately 1.0 pg of extracellular HBV
DNA/mI culture medium to 3 X 10° viral particles/ml.

25 Toxicity analyses were performed in order to access whether any observed antiviral
effects are due to a general effect on cell viability. The method used was uptake of neutral
red dye, a standard and widely used assay for cell viability in a variety of virus-host systems,

including HSV and HIV. Details of the procedure are provided in the toxicity table legends.

30 EXPERIMENTAL PARAMETERS
Test compounds were received as solid material at room temperature in good package

condition. Test compounds were solubilized in 100% tissue culture grade DMSO (Sigma,
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13 2 May 2003 wo oons~9~ PCTNS99n5673 notabl e for the ni xtud May@8ed ai ni ng
PCV. However, recal culation of the toxicity profiles on the basis of the
second conglound §e g. PCV) in the mxtures revealed that all of the
apparent t¥9®257%s were due to the nore toxic conpound an®@CTRIEIRAET3
enhanced toxicity was present in these conbinations. 5 Exanple 2 Test

(1 o wit A = SOFEM (BAPP [ Bk PR R FERAIMIBR S iy alovei #6s1 gy wer e as
gi ven agsipounds Were MM A vidailqubel aRd Wiefbdas - 200t | On 'Eﬁéhe&d f iRhtridap M
tenperature in good package condition. Test compounds were sol ubi I'i zed in

100% t i é@uealtguptsmf é*\egtrza@emmms (vargsmpenéed fntg culture medinm abadom al i quot s of
t est CO%@&Q%% V\ﬁ{dq t#!g&& ;@l c{:l‘tm-ﬁ and stored at -20C TEST
N uce

COMPQOUN est’ conmpoun signiticant and sel ective 15
depriessi ons For the antadeal lest snalyses, cmmu)snﬂ-dﬁuuﬁklhekemein&mwdmﬁlﬂﬁedelbﬂatl 2.15

cells. The ar&ttw ral, actjvity of s enaS co-treatment with PCV.
The ant PRHQmad tissps ¢hltwe plptes. Weéfﬂﬁ’ﬂ% P)‘H’af 8[;56 used\foreach drugc at al |
mol ar 1 gédient S5 idsl of Acultlies Bﬁké’éh' plfte %&q?eaterd%up&c%fﬁa%msﬁ ed, the
cooperative effects of the two agents decreased. 20 Toxicity Evaluations No

si gni f i ativiral agentsi (ﬁyuttlg\esamrehlutl n Cudromed avsretedteshwith 9 comseoytivedatlpke | evel s
observe FTC of the
combi nedaighot B 368 bhfiedips el QLR doBh il fosh o4 ceimmndl; 08

evaliat exaragel{uladivirionpHBV DNA Jevelbloveee foflowed: conbi nation treatments appeared
to enhance the toxic rofiles aqf. eith int edlfferent

myxt ures. ThEOXiGHy E‘?ahXFYsp‘p?fF PF‘@%‘“EF% ‘§§ fﬂafg%“‘gmpto'i'ﬁﬁ'éﬁ? wreplates eellsias
ag)pare”fdr%eﬂbﬁi&ﬁ{rﬁﬂ%s%&%ﬁ%@%ﬁt@&%ﬁ%@&h $ wihh&s val ues are
reported as a factor of the concentration of the Tirst conpound |isted for

each ni scheduwe andjundep identicap ouiire,gongiitions apuseddonbe gntdsil gvalvatiops.cE&h
COMDI N drOhuhf e Reeet ot § cbhehiradd i eab IIPRMERe BURKS htal Neutrarked - FTC

DAPD,
15  dye was used to determine the relative level of toxicity 24 hours following the last treatment.

The absorbance of internalized dye at 510 nM (As;o) was used for the quantative analysis.
Values are presented as a percentage of the average As;o values (+ standard deviations) in 9
separate cultures of untreated cells maintained on the same 96-well plate as the test
compounds.

20 Combination treatments were conducted using the primary analysis format except that
6 serial 3-fold dilutions were used for each drug combination and a total of 8 separate
cultures were used for each dilution of the combinations. Compounds were mixed at molar
ratios designed to give approximately equipotent antiviral effects based on the ECg values.
Three different molar ratios were used for each combination to allow for variability in the

25  estimates of relative potency. These molar ratios were maintained throughout the dilution
series. The corresponding monotherapies were conducted in parallel to the combination
treatments using the standard pﬁmary assay format. .

For reporting purposes, the SI, ECso, ECg9, and CCsq values reported for the
combination treatments are those of the first compound listed for the combination mixture.

30  The concentrations and SI, ECso, ECgg, and CCsp values of the second compound in the

mixture can be calculated using the molar ratio designated for that particular mixture.
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DWI assay controls: Untreated cells, 3TC (lamivudine) 5 Det3iMay2603the -
assay net hodol ogy were as gi ven above. Test conpounds (except for

bi s- POV PV®X) 00425797 r ecei ved as powdered nmaterial on dry icepgrusm®asspackage
condition and stored at -20C. Test conpound bis- POV PMEA was received as a
1 OOmM solution in DVSO. Daily aliquots of test conpounds were nade in

i ndi vi difartherdetails spdhedesigapf sembingtion awmnlyses aseanduetod fir this ezportean be dai | y

al i quot . e pended into culture nediumat room
t enper a?%%,l}’%%dklsmydl a!? gﬁggg%{g%é' {%‘vghe cell cultures. TEST COMPOUNDS

( PRI MARY ANAAYiSHS)s.of Afriergism| dddlitiviny, ocanpmniaswenrdereslimet 6piahalgaobf med

sel ective depressions,i pyext racg_él ul ﬁlr gvi rion) HBV DNA | evel s produced by
2,21 5 awiusingthecalsNsyn h@regseBABIs N .o Shis PEogsam syalugtes drug imterapsigms and

L- FMAU wer ' =Y ; - Thlg, was nost
appg/rg\ e n?@fugef &%Ré%%héﬁﬂﬁg%ﬂhé{agﬁ%ﬁ\(ﬁ %nNgZat(%%f dﬁm@%ﬁ%ﬁ@% xture of
BP- PVEAewaluatish@singatie Medtefbarkonstatiskigal packagei The datatarendisplayededn séveta)

syner gi §td.C erall. .The potencyeof t m xtures increased as fhe relative
o orort Rlffefert ey incPAfeRRRAREN R phd Fosk Kokt Bhost dfokERR S B o |

| Nt er actbMbma@erindes [CI\pRtLwith stafidi?é devihdrsO Fopihe Takfer Widlysis, QT dréeiat el y

| ower. The sane rel ative degree of synergi sm was general{y observed at all

concent F}_}i’ﬂi Ifhindigates gatagenism and a G dess thangh.Q V’éic?teﬁﬁ)"_tﬂ&i%er gistic
| Nt gpact | ons pUeHe (NS a8 ackfiiatk @ Yith (BOQRRSTRAIR REnds, pggexk%.ﬁeefg@d 31

m xture and noderate t'o strong antagoni sm was observe
concent dedigrowas biited by 8ithierfor shieuoxdicity 6f AP mdvErxic codipiound iretheimikmrecorahe

BP- PMEA and DAPD produced ,an ,ant,i - HB cti vi t wa d tely to
Phakly SPRBrEIcemriian (& 6 einlen 30 e oY vdliins o7 DS M SO0 RRBSES Wb ot ol
t o strog@lePWitREA Mhdicing teskicity @leto DISE dndaof theaest tompddas). of DAPD. The
potency of the m xtures al so decreased as the relative proportion of DAPD

i ncr eas dtivival Evaluatignspr e synergi stic interacti ons were observe at the

| o concentylq@tal | . 173 ﬁg{-‘_g’% +H?,F J \The

m \Q?ﬁre of B&%%%%%géﬁﬁog%ﬁgﬁ’ﬁm activi tyar at M\?\\gosn) i
nmoder at BINA senmaineyi cinstantdh theowntreated icells aver tderoheliengaipenod The posid\U 15 2
May 2003 wo oons~9-~ SO9Nns67 ,tive tq,weakl.y. antagonistic at

i sher  PERTERU@nERl. AT (BT ORee D v Atk BResyoline SRRl VE S s

| onest EFCVE ot fiiretsdsed Rbm IVMAvEk BioBlianaitals) La BrelACAY, induéediEipaificdrdt i 0) . The
nost favorable overall interactions were observed at the 3;1 polar, ratio of

the twodersessinms @E HBY-DN seeliationab the\cqpeeatrations ysed.oFhgactiyities qhsegvediferer ved
at A _ . ; : vt Cons No
Si g%d?f [ égﬁﬁﬁ%h c?g?m t SE%F‘%&? 3‘? {1{3 ﬂ;ﬁﬁgg&o&é@fﬁm ontso t‘-ﬁgB %?gﬁgdt)ét@ﬁ'ggl Zvel S
obser vetb 0.2uMNI T intdaceda90% YeprassiarbefB ¥ vifien DYPOrelative todverage levedstin

conmpounds r, a f e C und m res e e atjons. used for
her ant Forsaafd U4 afend oie SPRBREIG LbHER R 3o B TRGH TR E B 080"
si gni f i Karta andBuydnAstimieiol: i AgentsTOBercthérc(1996040.1282-1284y. Dhe adtivitibsf or t he
conpound m xtures was simlar to, %r;dhconsistent Wt h, t opserved for
t he nonebwéveérfpre%CVwmem@ﬁiwsa% wexe highepithan predos!y epo ef ons

25  approximately 0.7 to 0.9uM, Korba and Boyd, Antimicrob. Agents Chemother. (1996)
40:1282-1284). However, the preparation of PCV used for these experiments has
consistently produced anti-HBV activities in the range reported here in several other

independent experiments.
TEST COMPOUNDS: Test compound DAPD, FTC, DXG, and L-FMAU induced

30 significant and selective depressions in extracellular (virion) HBV DNA levels produced by

2.2.15 cells.
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15 Hunans suffering fromany of the di seases described herei n? May208% out”
of HBV infection, can be treated by adm nistering to the patient an

ef fective anmount of identified synergistic anti-HBV agents in a conbi nation
or i ndepen¥«0/258%7age form for conbination or alternati on tPoINE9Y25673
optionally in a pharmaceutically acceptable carrier or diluent. The active
mat eri al s can_be adm ni stered by any appropricate route, for exanple,
orally, paredheaapyial anU”‘D’r?g%ﬁ/é?iMF‘}hanF byLhetreatment with JBEGt Bheousl y, or
t opi cal Lyl [HePRR { Jans . | V. J i ncluded in
the phartdlseet Aty of DXPD s Eplerfithe £33 PEHA T o ARBHOUNE e SQBET o
to del i vencentationsaestesintAszthe telativeconcentrhtion eff AT increasedmhe kb-opératieerpound t o
inhibit wiral .replication in vivgp,. especiall V replication,, wthout
causi ng et of & up agenss festepsed. Ry hE T THe Braile e pisilaenss pempaso ey

anount " ahghlt an amount of 25 active ingredient sufficient to exert an

inhibitory effect as_neaswed by, for exanple, an assay such as the ones
descri bed hePARP and Pe¥rappeased igdscantazonistic at@Hihnge molasiratigs|and atall

above- mé{%éeﬁ@f&n‘éondi tions will be in the range fromabout 1 to 50 ngl kg,
preferably 0 20 ng/ kg, of body wei ght per day, nore generally 0.1 to
about 100 nyApdre ki eyl hinnindatyraties, AP and hEFMAUiappeandd pde adegonidiie 30

ffective d f the ph ticall t ab i vat i
be. cal O 5ok Rl TagH PR cabporHLP eIt b cReBeEGu Do del i ver od.
| f 1he sReravidns b€ Rt la'ﬁéxﬁs Wete torelcohiplek® DAFD My L 209 RUMGNHNRA 5797

PCTNS99115673 itself, the effective dosage can be estinmated as above using
t Ee wei federstely snerristicita additive interagtions plowereansentrations which progeess¢d tol ed i n
t

e art, . bSqiGOL.en] inj LN ' ny. suitable
dosage. {isFASnEYIRGH el iR RhcRioh: i tpher Sheiionk.slikduc e "
pr ef er ahbweved, indicdtéd thanDAPD Baynergistingithdi-EMAlher unit dosage form An oral

dosage of 501000, i s. usuall veni ent, re typicall, - 300 ny.

| deal |y the ?Wévq%hﬁﬁné{ﬁ?'é’ﬂ"%mm H%M:B&ﬁ%ﬁ"?%‘%%f&/egﬁeak pl asma
congent hadviactivityldf ©AFD Mmmmefﬁtel% Eﬁi&%_ﬁ% a8:Por £10° P mioMr ratio -
preferably about 1.0 to 10 ~tM Thi s na e achi eved, for _exanple, by the

i nt r aveAblkbyt thehigheshcancentragions testedoAs the rejasive gencentration of FTC incressgdedi ent |

opt i Onameycobgﬁr?tg\}qei égfects%?ﬂﬁ:qw‘o@#%ﬁtg H@&g%@?.ﬁép U4S1 @blak pﬁioaﬁ)teit%aa#%edi ent.

The concentr active corpound in rug conpositron w epend on
absor pt appearedrtabe antagonistic. and excretion rates of the drug as well as other

factors kno to those .of skild, n.the art. It s tq be note t ~dosage
Values i1 are DSy of hernafLb ATy R rnaadenied codhetpPBNARP R THE

al | gyi ahmihiral hctivitylof DAPD atid PEV whdedaklyosyelerigiséit af O1: 10 15mbiae pdtiarat aNbj ect ,
, _ specific dosage regi nens_shoul d be adjusted, over tinme according to the
i ndi vi de%z}cea%wna?fawﬁhgs&w&w sengenirapnRf FiC Yo incraaged, e SOrPPSEVI st eri ng
Or Supegi§i Htht Ko Afblsiestenddidi At (R 1:1 D Sndt ARG it N¥Sagert ppeardd tb BE
concentration ranges set forth herein are exenplary only and are not

i 'nt endeadntagoristiei t t he scope or practice of the clainmed conposition. The
active ingredient 20 nay be adm nistered at once, or may be divided into a
nunber of snmaller doses to be adm nistered at varying intervals of tinme. A
pr ep®er r Fdxieirgd Evafuatidns ni stration of the active conpound is oral. Oral

conpositions_w ||  general | y=i ncl ude ipert diluent, or an edible carrier.
They may be BRcieailant xigef é&f_r"ﬁ"'c‘gb% 3%&3#5%%535 Qéﬂumﬁsfp'cvﬂﬁpﬁcg{edpor
Lhe Pur RPiRfireaied CEIRY walBERRRULLIPE, FEV 8 dhlyloRHiedbut cbRifoudiRls ¥ heconpound can

be incorporated with excipients and used inh the formof tablets, troches,
or capsaressntrloas nweddortthe abtivirat evgluatiopb.e bi ndi ng agents, and/ or adj uvant

None of the combination treatments appeared to enhance the toxicity profiles of either

30 agent in the different mixtures. The toxicity profiles of some of the combination mixtures
was apparently higher than the corresponding monotherapies since the values are reported as

a factor of the concentration of the first compound listed for each mixture, This is especially
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materials can be included as part of the conposition. The taBIMa%2003;||s;
capsul es, troches and the |ike can contain any of the follow ng

i ngr edi enW® 0057990 npounds of a simlar nature: a binder suptT/es»9125673

m crocrystalline cellulose, 30 gumtragacanth or gelatin; an excipient such
as starch or |actose) a disintegrating agent' such as al gi nic acid,

Pri mogaetablgforde mixtusgscontaining, Bgvc Haweyer necalsulatign of thertoxicity prafitesam

St er ot t eni ng agent
ueh ol as S URARboR Cobyind 0. B jn he e o OKAIGE gl 80 Spparch
PCTNS9 WxPdfigsSwire alveto thg nage uuxusmhpmd RADTHAL fid Bihanted BXicits Hak 9&%&&% or
orange fl avorgggﬁ%ﬁenl the dosage unit formis a capsule, it can contain,
ria

i n addtheseeem of the above type, a liquid carrier such as a fatty

oils In addition, dosage unit forms can contain various other materials

whi ch nodify the physical formof the dosage unit, for exanple, coatings of

sugar Eshmlpllal or other 5 enteric agents. The conpound can be admi ni stered
onent ensi on, syrup, wafer, chewi ng gum or the

I | ke 3?9{5’8"%‘{? H:'BW?%‘# n) (Prl? ition to the active conpounds, sucrose as
a sweeDRMWVDaksapeslitradid Cer untréatdd RESITT 1laiﬁﬁmdﬁi¥)3?eﬁdiaoﬁ?kFEVP95 and
flavors. The conpound or a pharmaceutically acceptable derivative or salt

t hereof can al so be 10 m xed with other active materials that do not inpair
t he, desi red I ed action,
sug}% as ant ID%I&E)] ?gghe%s y'#' g@@%@ﬁﬁ?&%%ﬁ%g&m ro eas%eerl nhi bi tors,
or ot hexeeived hesdidimaterialrad noune teenperatiare amgood paakagcgmndmpnaﬂ‘eﬂlcampsmﬁﬁ in nore

detail abov Sol.ut i or s Si for n al, . intrader mal
shibcut ¥AER i“b‘Wdt'BﬂB@I“sﬁ‘ffp‘?‘ﬁ?@ 5’5‘%@%&63@& Sa ﬁm r‘-&”&orrponent s:
a lst er hlh@odsl 6M@§ifcoﬁ1'p6ﬁ1d%5wé£@hﬂﬂe frﬁhdﬂ/fddar\lueéstdnﬂrstorﬁdi&t' J2eecsol ution, fixed
oi l s,

et hyl ene cols, glycerine, Tpropyl ene glycol or other synthetic
sol vent s; aﬁﬁé&&@_@i’ﬂgﬁ FQ%C@UMSF KKeindyeed-significant and selackiyé par abens;
ant 4 oxj F%[m ; ating agents
su!: alsi&g né#g Iam ne?’o@r aa @ﬁ\ﬁpﬁﬁ%@{)% cgyéiigqass&gget ates, citrates
or phosphat @'he antiVirad) ectivity fof FTCheasaniharted by tcoafeatnoent evithyPGVIC ﬂ‘heaanmi:dl um
chl oride, or trose. The parental preparat can be, epclosed.in
poul ol T camanasin sy Wes raPreriR ot i Bi1eF el it 05 g FelSivepy
pl ast i gonckhtrafb JTIPE\EirRfbakdl, HR\OOFIative effecBiof TleaWotapkfits Absreaes.
physi ol ogi cal saline or phosphate buffered saline (PBS). In a preferred
errbodi ment, the active conmpounds are prepared with can-iers that will 25

ggainst rapid elimnation fromthe body, such as a

con FF&% tg(iﬁgase ormul ation, including inplants and m croencapsul at ed
del i ver y sbeesrguﬁmt)magmadmbb@xtbbhé@%rmtdssibe ofythieydye nptake kevile obsesvied such

pol yor Prierss s S Bt e Br ¥V, KRG o KB o B b

f or nul ﬂfek@ﬂ@en‘ﬂ"ahbnshﬁe@&ﬁ&ﬁ@ﬂﬁwﬁr@l évahRfdoss(Tabks S1THhe art. The material s

clan al so be 30 obtai ned commerci al | y from Al za Corporation. pasonal

suspensi onsNepsef thecagbinaien eatments apesasd 1o snhance é‘l‘-’e‘ﬁx‘éé}' PEOfWStq{ eithefocl onal
ang4 b Ogéb F-'z? i tge YiffeRint A tuBR he bicifl) ROl OF SSthe6f @E cBMBIMIRGEMbERS | Y

accep

was apparently higher than the correspondmg monotherapies since the values are reported as

a factor of the concentration of the first compound listed for each mixture.
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2 ‘May 2003 wo oons797 PCTNS99ns673 carriers. These may be prepbiard003
according to nethods known to those skilled-in the art, for exanple, as
described in U S. Patent No. 4,522,81 1. For exanple, I|posorre formul ati ons
may be prep¥P¥BY di ssol ving appropriate Iipids) such as sPEHP8IS673
phosphati dyl ethanol am ne, stearoyl phosphatidyl choline, arachadoyl

phosphatg dyl oli hol est Lkn an inorganic solvent that is
t hen eva‘éﬁ#’?ﬂlég @%?'ﬂ@g%ﬁﬁﬁnqvﬁf‘%ﬁ? fim of dried |ipidon the surface
of the container. An aqueous solution of the active conpound or its
nonophosphat e, di phosphate, and/or trii hos hate derivatives is then

i nt r oduck t ¢ompoundeprevidedi nAMEAnE)-BdH D,ilsFMAA swirled by hand to
free | | Vﬁ%s%& gllm(;l%?m ﬁlgq{ﬂ‘leeqféﬁ cgﬁs tﬁ? (Fa?rmu?d H'e%r and to disperse lipid

aggr egates I posSona suspe sivon. 10 This invention has
beensdescri bed W|th reference to its preferred enbodi nents. Variations and
I fi ' w |l be obvious tq.those skilled in the art

nodi fi cati on e i nvent |
From the 1 o ARG 8 5L DBRIPRY e s Vep EO e Bt SBAPOURES (e56aphEnded

that al lpiQ érétré&iv%d%ﬂ WRasted hiatdriaPotSdiyScd i e Scope
of this |ln€8¥1?g%% go WO oor?s~ f?,c 1‘“doHS|EQc IUSS&E‘%?S 1.

Use of andptesedyt 320°6a|’ne§¢ ngp@gnq'l b@-%QMtRMEAfw& recewed as a lOOmM solution in

Lﬁarzngé’gbj % %ﬁ%&]@u&ﬂ A& ;Eo%ihé‘ drethalde n HiRiN WOl fdda Bl T @

e sa ester, or prodrug ,
ef f a0t i \@n edvhday obtfreaamenac; daity aimuntsroe‘mttest icomPowgie Werssispenided irdts Otniréie gr oup

consi sting. of penciclovir | clqvir Bi s- PMEA in the
nuf actmyFdiyg a gm&‘%@%@ figym P&YP&%QH B’&thmmBe%i rus infection. 2.

| somer. 3. pmwd:emvouﬂnsf@wwlm wmévs@\/lﬂwéme T&?c&ﬁﬁouﬂ&ﬁﬁﬁgéé&g to
cIa|m1 wh %/l% tical e use
accor di rsggmfncam aridrselzctivehdepsesaions in exaraeelplagfyirioniBY PNA lgvelgpaduded byhe use
accor di e The use
accor di %ltsgcegf’al m g‘,’“\%ﬁgﬁ’ géeﬁc‘%ﬁgfégggﬁg %Ir%{soﬂfpa ’ilt) g"@g“eﬁwﬁ YBi% 15
6. UWsSe déwer thamthaotservediin sarkidrianalysese Thisowas madt apparent for DAPDand L- ]

2' -1l uth hyl - 13- Lar abi nof ur anol yl uri di ne (L-FMAU) or a

phar mac al |y acceptable salt, ester, or prodrug thereof with an

effective amyapoM-FMEAC@IEPMEA) MFRC. ThémRagerBPIVEALRE FTCOM t he goup
consi sting of a conpound of the formula 20 a ~, ~r~H wherein Ris NHS, OH,

C, or roducedamnii-HBYcastivitythay was sodertaly synsraisticayerafl. Jhe potency of the
mixtures increased as the relative proportion of FTC increased. However, the most favorable

20  overall interactions occurred where the concentration of FTC was proportionately lower. The
same relative degree of synergism was generally observed at all concentrations of the 30:1
mixture. Relatively more synergistic interactions were observed at the lower concentrations
of the 10:1 and 3:1 mixture and moderate to strong antagonism was observed at the highest
concentrations of the 3:1 mixture.

25 BP-PMEA + DAPD. The mixture of BP-PMEA and DAPD produced an anti-HBV
activity that was moderately to weakly synergistic at lower relative concentrations of DAPD
and moderately to strongly antagonistic at higher relative concentrations of DAPD. The
potency of the mixtures also decreased as the relative proportion of DAPD increased.
Relatively more synergistic interactions were observe at the lower concentrations of the

30 different mixtures.

BP-PMEA + L-FMAU. The mixture of BP-PMEA and L-FMAU produced an anti-

HBYV activity that was moderately synergistic at lower relative concentrations of L-FMAU
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prodrug thereof, penciclovir, and 9-[2-(phosphononet hoxy) et h?ll\faé’d@tq?ne
(PMEA), or a pharmaceutically accept.able salt, ester or prodrug thereof in
t he manuf acY@M2g%bf a nedicanent for treating hepatitis B PETHY§992868%t i on.
20 2 May 2003 WO 001 25797 PCT/ US99I1 25673 7. The use according to claim
6, wherein the. second antji-hepatitis B agent is a conpoynd of the forrmula R
N~ N 3chadiitye s preakiy sptagpnifiiashygher felatig comgenalipnsiohl CEMAL oThe,

accepta | df 4 : ; Gl I im6,
whor 61 n TS ERbRined kap AN (NERA reldive EORRIGPEFMADY UnEleE (TN
wher ei n Mty Thd mossfavorgiieovaralbintéractiony weorehservot ot thaBt] mekat mtiowf ther odr ug
thereof. 9. The uae ﬁécor lng to cl ai.m.q V\$1erei n tgue %%c?@d ]anti-hepatitis
B agent T GUROMAGT FGaiively mgre syereldis miRRgUS WFre 8O A B I0We ei n t he
secoryd ardnicemeiohs bf differeag@midtures. PVEA, or a pharnaceutically acceptabl e
salt, ester or _prodrug thereof. 11. Use of a synergistically effective

anount of oXicity EvalwetioBs t he formula 21 2 May 2003 wo oons~9~ R N\ N HzN

\N ~N HO O pré@nfﬁéigﬁgg{cﬁgéﬁg tﬁax‘(‘@@%@eﬂreggiéﬁomg ﬁé%%‘flgv&eYﬁg gﬁger%d a

phar maceuti ca accept a ester or prodrug t
ef f ecti via wanmeated celis) avas ebsemeedfnt 3 TGamytaf theste campoundsebreatyad tercompdnadgr oup

i St i f PNEA, h i cal.l t abl | t d
Cher eof  Pkbiss akhn cogrenBaline PP ety Eel SEAIRRI - NodRel thg RmRawd i & B
Vi rug) | Nin®&hied Bppehred td lai%nmw&ﬂfadémm&é.cm Patlelnsérab@tity bbsefvePfbr hd. The

use according to claim Il wherein Ris NH2., )
compound mixtures was similar to, and consistent with, that observed for the monotherapies.

)

IV.  Preparation of Pharmaceutical Compositions

15 Humans suffering from any of the diseases described herein arising out of HBV
infection, can be treated by administering to the patient an effective amount of identified
synergistic anti-HBV agents in a combination or independent dosage form for combination or
alternation therapy, optionally in a pharmaceutically acceptable carrier or diluent. The active
materials can be administered by any appropriate route, for example, orally, parenterally,

20 intravenously, intradermally, subcutaneously, or topically, in liquid or solid form.

The active compounds are included in the pharmaceutically acceptable carriers or
diluents in amounts sufficient to deliver to a patient a therapeutically effective amount of
compound to inhibit viral replication in vivo, especially HBV replication, without causing
serious toxic effects in the patient treated. By “inhibitory amount” is meant an amount of

25  active ingredient sufficient to exert an inhibitory effect as measured by, for example, an assay
such as the ones described herein.

A preferred dose of the compound for all the above-mentioned conditions will be in
the range from about 1 to 50 mg/kg, preferably 1 to 20 mg/kg, of body weight per day, more
generally 0.1 to about 100 mg per kilogram body weight of the recipient per day. The

30 effective dosage range of the pharmaceutically acceptable derivatives can be calculated based

on the weight of the parent nucleoside to be delivered. If the derivative exhibits activity in
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22" 2 May 2003 WO 00/ 2S797 . PCTI US99r 15673 A phar maceut i cal 2848t i on
conprising an effective anount of :

~- 2hydrox (5 fluorocytosin-1-yl)-1, 3-oxat hi ol ane (~i - ra
phar maceut | ca&#ywaccept able salt, ester, or prodrug ther eoé S%%”

synergi stic conbination wth an effect i ve ampunt of a second anti-hepatitis

B t. . | St f I
oo i B FE Rl Mshe b URARE o0y it BEMeidhn BV peduad BTRUSL Y
antl-heqnhénmcmslknagamdioseﬂelmﬂiinlﬂwdrr 1.6 . The conposi tion of claim1l. 4,
wherein the second anti,- %ﬁat.it ent,.is fanticlovir. a 1.7 The

conposi tion V1€ ‘Eﬂ'%'?%"ﬂ&s %‘?‘%‘Tdﬁ' ﬂdm-i-“’ tered imyunih oy a"ﬂe‘H'é‘!h'? fl%saaaéqm is
Bi sPOV IRMEA\n but Rot lirhitéd BloRBEEAnMR!7 16 B0DP ! prefer NS i051408 %{ciﬁst lve

amount of -fI uor o- 5net hyl - ~i - L- arabi nof uranol yl uri di ne (L-
pharSrraclened@at per unitcdogagsfpam.sAhoral desage of 30-1900bue isusually emvenientamore

syner gi ic@lf 1 P@%ﬁq on with an effectlve anount of a second anti 15
hepat i t g ected fromthe group consisting of a conpound of the

fonnul a 23 1déaliybthe 200 iddebiohiShétld be admifistérelbeDichieod pedk pllaiei N R is NH ,
OH d, or H or a harmaceutlc accept 3 )HQ ester or prodru

t her eof°°nﬁ%’@F‘€P§)9€ e acihg CQ“"[PQ""ﬁp‘Pfy 'l’f‘g’l‘r@ >Z§ wysferably abaet 1. ¢ a
phar maceyt ipa ,!nx,{ B@S@ﬁ’é@b' for éﬂrﬂgle %‘iwmeave%egifn}&u&h@ﬂ“ae@i to E%O ?ﬁltﬁonThe

conposition of clainmB, wherein conposi tion aim. 8,
wheliOei rofithé activelingredient, @tmnaﬂymlcﬁehm,@aadmmmﬁaamlmfpm aitivg an effective
anount g;wéegrrpound of the formula . I 0 wherein Ris NH, OH d, or H,
o} a ph ¢8 tically acceptable salt, ester or prodrug thereof in a

syner gi sti ¢ Tiedonoaitiation Mﬁ@vanomﬁémﬂnnwa@wmpmnoa VﬁﬁQﬁﬁd’ld&iﬁt | hepatitis

B agent _selected fromt he cons a pharmaceutically
accept APSPEgR,;Inactivation, gpd %F dalghgftég)a%gaszweyEAo %Eﬂ%b‘iﬂw t8n of claim
24 MSgeedf@kiﬁ xh&hé\m It 1&0%% notEthaam%s 'v&l'u@@wﬁf awd W%h AN i a‘?A' SAS_IA
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15 6. Use of a synergistically effective amount of 2’-fluoro-5-methyl-8-L-
arabinofuranolyluridine (L-FMAU) or a pharmaceutically acceptable salt, ester, or prodrug
thereof with an effective amount of a second anti-hepatitis B agent selected from the group

consisting of a compound of the formula

H,NZI>

N )
H\ H

20

o

wherein R is NH,, OH, Cl, or H, or a pharmaceutically acceptable salt, ester or
prodrug thereof, penciclovir, and 9-[2-(phosphonomethoxy)ethyljadenine (PMEA), ora

pharmaceutically acceptable salt, ester or prodrug thereof in the manufacturing of a medicament

for treating hepatitis B virus infection.
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wherein R is NH;, or a pharmaceutically acceptable salt, ester or prodrug thereof.
9. The use according to claim 6, wherein the second anti-hepatitis B agent is
10 penciclovir.
10. The use according to claim 6, wherein the second anti-hepatitis B agent is
PMEA, or a pharmaceutically acceptable salt, ester or prodrug thereof.

11. Use of a synergistically effective amount of a compound of the formula
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12. The use according to claim 11 wherein R is OH.
13. The use according to claim 11 wherein R is NH,.
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10 1 G 1 TG B R
penciclovir.
16. The composition of claim14, wherein the second anti-hepatitis B agent is
famciclovir.
10 17. The composition of claim14, wherein the second anti-hepatitis agent is Bis-
POM-PMEA.
18. A pharmaceutical composition comprising an effective amount of 2'-fluoro-5-
methyl-pB-L-arabinofuranolyluridine (L-FMAU), or a pharmaceutically acceptable salt, ester,
or prodrug thereof in a synergistic combination with an effective amount of a second anti-

15 hepatitis B agent selected from the group consisting of a compound of the formula
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20. The composition of claim18, wherein R is OH.

21. A pharmaceutical composition comprising an effective amount of a compound
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of the formula

10 wherein R is NH;, OH, CJ, or H, or a pharmaceutically acceptable salt, ester or
prodrug thereof in a synergistic combination with an effective amount of a second anti-
hepatitis B agent selected from the group consisting of PMEA, or a pharmaceutically
acceptable salt, ester or prodrug thereof. '

22. The composition of claim2 1, wherein R is NH,.

15 23. The composition of claim21, wherein R is OH.
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