‘1 4 DEC 2006 WD 2004/ 002433 PCT/ SE2003/ 001100 1 Synergistic interaction of
abacavir and al ovudine Technical Field 5 This invention rel ates t'a DB 2005
unexpected | evel of synergy exhibited between the H 'V and HBV antivirals
al ovudi ne v@@ﬂ)oﬁiﬂﬁg?\’i r against nmultiresistant H V. The invention provides
novel pharnaceutical preparations conprising the tvRCTAFeM98/80110n adm xt ure
or separately for concomtant or sequeﬁti al adm nistration and net hods of
treatnment involving them 10 Background to the Invention Al ovudine

(3' -deoxy- 3' - f Bymrgisticymterdttion,of Bbathvii shddesaaihded i n W88/ 00088 as an
antiviral active against HV and HBV. Al ovudine is a prodrug which is 15
converted in vivo to the active triphosphate. Abacavir ((1

R, 4S) - 9- [ 4- ( hy dlechwigaieffi¢ig| ) - 2- cycl opent en-1-yl ] guanine, carbovir) is
described in EP 0434450 as having potent activity against HV and HBV.
Abacavir is also a prodrug which is converted in vivo to the active 20

t_ritﬁhosp{]a_t 8. I\hiléwtdamtger@latelsmbp@m@(pedtmi\Aeyetlailtﬁyn@ghbmim@tdb@mtgﬁz s%/nerg]}/

Wi certain gglpgLe L especi a ininwvitr ests (see for
exanple US 5,571, 798 gﬁg%&@ﬂ%k%@”%&df%% rqgawgtrwg{l;%sn ¥ di scovered in
the 25 clini cal\edhe Exention grovidae ngyst nhatudcenticabprisparating comprisiigovudi ne and
abacavir produeese agdhedh 88mBfur@hisbyd Y. A ich is.significantly
greater than thg_e, ,ug%al Ievrgl u(;f séfﬁéer?tgl)xf‘grh%ﬁn&l 'glaw{]ﬂeseﬁ"éegﬂicti ve active
agent. Brief dB¥BpiSERiosandMmetheds pifieaimenbinvolgag thefi r st aspect of the

i nvention pfoovi des a pharnmaceutical preparation conprising a synergistic

conbi nati on of ~a acavi{ ﬁnF al ovudi ne and a
Backaround to the Invention

Alovudine (3'-deoxy-3'-fluorothymidine, FLT) is described in WO88/00088 as
an antiviral active against HIV and HBV. Alovudine is a prodrug which is
15 converted in vivo to the active triphosphate.

Abacavir ({1 R,48)-9-[4-(hydroxymethyl)-2-cyclopenten-1 -yl Jguanine,
carbovir) is described in EP 0434450 as having potent activity against HIV

and HBV. Abacavir is also a prodrug which is converted in vivo to the active
20 triphosphate.

Alovudine and abacavir have each exhibited modest synergy with certain
selected nucleosides, especially in in vitro tests (see for example US
5,571,798 and WO 00/16779). However, we have now discovered in the

25 clinical context that the particular combination of alovudine and abacavir
produces a degree of antiviral synergy which is significantly greater than the
usual level of synergy shown by the respective active agent.

Brief description of the invention

30

A first aspect of the invention provides a pharmaceutical preparation

comprising a synergistic combination of abacavir and alovudine and a
pharmaceutical carrier therefor.
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- 'phafmaceutical carrier therefor. [ITIITIIT1I] Frrrrrrrerrrrrrrrrrrrend
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*1661 66* 11111111 ~~~~ ~~ P~ 1iii liii ~Fiii e e 11 *000002* 11 4 OBEC006
2006 WD 2004/ 002433 PCT/ SE2003/ 001100 2 A further aspect of the invention
provi des the use of abacavir and al ovudi ne together for the treatnent of
HBV or esPO3M0I35ltiresistant H 'V, wherein the wse/SEmnpmimes conbi ned,
concomtant or sequential admnistrati én of al ovudine and abacavir. 5 The
i nvention further provides a patient pack conprising al ovudi ne and/ or
abacavir and an furtfeoasgect afthe indention [(HOVIEEY thé 0% SHab&Slit APaRRghee use of both

al ovudi ne and ' her ombi nation. 10 The unexpectedly

prof ound degr egoggﬁggr?[ fhégfggﬁtmegg,ﬁg{bxprgppch@y MHfieesistaphHIVpwhareides such

benefits as nothe usesphprises eombihed; opromitaitensequbrhtal admiRBFasShon over | onger

periods, limtgt r of drug-escape nutations and thus the

devel opnment of r?urbﬁéreée@iag)tgg% "H'V and HBV and al |l ows better managenent of

drug related toxicities. The use of this drug conbination may, 15 in sone
ent and

ci rcunmst ances gggj; pLlls taken by the patj
therefore increas é’ef)'gtﬁf‘ zﬂfe%ﬁm};ﬁsgﬂ%&&tlpgaqurpnﬂgg é'B}S‘fdéf@iaQE’}@H that the
al ovudi ne and APRFEYTARd dviffermation dwerbeortaining directiortsionnhemme dpBotadmi ni st er ed

si mul t aneous! y aloRidifteand dbabdVit tGaer iR oflbinkfinent 20 phar maceuti cal
conposition, or sequentially. In the case of sequential adm nistration, the

delay in adm nistering the second active ingredient should not be such as
to | ose theiosymes ghekbecedhepefouhd grdd s ahﬁWrﬁlrté/h&g of é’fnS%&r?; sequenti al
adm nistration wll not involve del ays of greéat ¥ than” ours,
. provides such benefits as more complete viral suppression, viral suppression

over longer periods, limits the emergence of drug-escape mutations and thus

the development of multiresistant HIV and HBV and allows better

management of drug related toxicities. The use of this drug combination may,

15 in some circumstances decrease the number of pills taken by the patient and

therefore increase patient compliance.

It will be appreciated that the alovudine and abacavir combination of the
invention may be administered simultaneously, either in the same or different

20 pharmaceutical composition, or sequentially. in the case of sequential
administration, the delay in administering the second active ingredient should
not be such as to lose the synergistic benefit of the invention. Typically
sequential administration will not involve delays of greater than 12 hours,
preferably less than 1 hour, such as before and after a meal.

25
Due its good tolerability, once day dosing and very small dosage/day,
alovudine can advantageously be administered as an add-on to existing
HAART regimes, such as therapies comprising one or two nucleoside
analogues and a protease inhibitor and/or one or more NNRTIs. Such

30  permutations can be chosen from conventional HIV antivirals such as 3TC,
ddi (2',3"-dideoxyinosine), nevirapine, delavirdine, efavirenz, ritonavir, kaletra,
saquinavir, amprenavir, amprenavir phosphate, indinavir etc. Preferably the
preexisting regime or concomitant antiviral does not include d4T.



preferably less than 1 hour, such as before and after a neal. 25 DugDEtS)gs
good tolerability, once day dosing and very snmall dosage/day, al ovudi ne
can advant ageously be adm nistered as an add-on to existing HAART regines,
such as th‘ﬁha@i es conprising one or two nucl eoside anal ogues and a

prot ease i NAFDM%B#3and/ or one or nore NNRTI's. Such 3fcpsmembatjons can be
chosen from conventional HV antiviral s®such as 3TC, ddl

(2', 3" -di deoxyi nosi ne), nevirapine, delavirdine, efavirenz, ritonavir,

kal etra, saquifeaeass ofadpinistration the SloVIdRRANH BbRAAS HBbEvanidAfl gavi r etc.
Preferably the 1Sk | or.concaom tant antiviral® does not
include d4T. 1 p&%@%ﬁé’gg’%ggﬂéﬁ%ﬁla%@%é“@ pAfansYlg@Btab@La00aFor ease of
adni ni strat i on fuiecontabingdippeopeate carizantzations it HERLRRIRBALY Presented in
the sane unit dosage form such as a capsule or tablet or ina fluid

cont ai ni ng agpr gpriate concentrations of the two active agents. 5 The
amount of ~ al dvUdRRECHAL! aloseding andrabecs argestary fob Bpr@SRNAH orHl V O HBV

will, of courseiprawi, dficBirs®adr t] and (s ultimately at the
di scretion of yne medi callJ pr_adélﬁ?ﬁtni?g%en?%tdgﬁ‘%Sn%ﬁé‘h'm#e%?tt%ch wel | known
factors as bodyISHSHGRPf the pgdieal praciiinmeriiaking atcount of aene@irikhewit nedi cati on,
ag, gender andades@sdbdyopdight {rb@B pgg.. nat nd severity of the
di sease. 10 I n general abacavirr,_ig os@%ﬁaltlﬁﬁtcgﬁeceépéﬂ én%i'ica %ég' 3 to about
120 ng/ kg/ day 50195 234 9¢nasel capdition/and ihe netuss encsivrit oftbe digédsg/ day .
Preferably the abacavir is present in an anmount of 200-800 ng per unit
dose, nore pref"? gpe% gOO-. 5(3’0 %g er unit dose. 15 In general alovudine is
dosed in the ranée 7' BRHAUT 'SFOBRAIN (e angs) of gheis B to ahnaub 120 rapkg/ddy. 005- 0. 15
my/ kg/ day. Favusteas 1-89mytks/dajyyseferably 536 nykta). ﬁefe@ﬁg}(?{e%%'cavﬁmh as
.05-0.12 k f I
0-05-0. 12 Mo/ ke ia¥ent I ! 4Rt of 2b6:6od? mg\ég%nri]t%olses: more preferably 300-
500 mg per unit dose.
15

In general alovudine is dosed in the range of about 0.001-0.5 mg/kg/day,
preferably 0.005-0.15 mg/kg/day. Favoured regimes thus inciude 0.01-0.5
mg/kg/day, such as 0.05-0.12 mg/kg/day. Preferably the alovudine is present

in an amount of 0.1-20 mg per unit dose, such as 0.5-10 mg per unit dose,
20  especially 0.5-5 mg/unit dose, such as 2-5 mg per unit dose.

Alovudine and abacavir are conveniently administered once or twice a day
H
especially once per day.

25  The alovudine and abacavir are conveniently administered and/or presented

in a weight ratio corresponding to their respective EDs, for example in the
ratio 1-10:200-800

Abacavir is commercially available and its production is extensively described
30  inthe patent and academic literature. Alovudine is conveniently prepared as
described in EP 495 225 and EP 470 355,

Abacavir and alovudine, particularly at the dosage rates herein described,
are readily formulated in conventional pharmaceutical carriers and with



‘inar nt of 0.1-20 er unit dose, such as 0.5-10 ng per uni.t 06
|28 22p2(r:rioglly 0.5-5 ng/un?nlto dose, such as 2-5 ng per unit dose. Alo’v&g ?I
and abacavir are conveniently adm nistered once or twice a day, especi ad y
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ni stered al ope instance In a capsu SWenera
ggm n: stered i MeHGH} ORBTEePEInGA Rhﬁfﬂﬁcemkcmemhomﬂpﬁsua@m@ngbl e carrier or

maceut i cal
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unction or
onposition co s bring |n I ne an \ |

gngC|at|on wi B eBabﬁgﬁﬁﬁE@U@Wéally acceptable carrier or vehicle. 10 Oral
formul ations are convenlently prepared in unit dosage form such as
capsul es or taB conventional carriers or binders such as

nmagnesi um st eara °’m‘é'ﬁ@3"ﬁ aY%T%YW“tlY BeP#8@in upk dosagerforoy supblaat i n. Li posones
or synthetic oeapssiesiorthblpis) gmmsyingsaavenasna-EMier®br YR IEéL e used to

magnesium stearate, chalk, starch, lactose, wax, gum or gelatin. Liposomes
or synthetic or natural polymers such as HPMC or PVP may be used to

15 afford a sustained release formulation. Alternatively the formulation may be
presented as a nasal or eye drop, syrup, gel or cream comprising a solution, .
suspension, emulsion, oil-in-water or water-in-oil preparation in conventional
vehicles such as water, saline, ethanol, vegetable oil or glycerine, optionally
with flavourant and/or preservative and/or emuisifier.

20

Brief description of the drawings

An embodiment of the invention will be illustrated by way of example only
with reference to the drawings in which:

25  Figure 1 depicts median reduction in viral load in patients treated with the
synergistic combination of the invention comprising alovudine added to an
abacavir-containing regimen; in contrast to patients treated with alovudine
and a non-abacavir-containing regimen.

Figure 2 depicts reduction in viral load in a comparative experiment in which

30  an alovudine /ddl-containing regimen is plotted beside an alovudine/non-ddi
regimen.

Figure 3 depicts HIV suppression as a function of antiviral concentration for
alovudine, abacavir or the 1:200 combination.



' afford a sustained rel ease fornul ati on. Al ternatively the formjat 2006
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The patients wiy s Admihatered ad Lo o alovt Fb;]g@mmks_ oM ent
regi mes i ncl udretidedanzus pereutatibrit of O5sHIV anBvirdistdbi¥c@i kb aral g sel ected from
3TC, ddl, D4T, nevirapine, DMP, ritonavir, kaletra, saquinavir, amprenavir and
indinavir, administered in their conventional dosage forms and regimens.
15 Antiviral load evaluation was performed weekly and then four weeks after
discontinuation of alovudine. The alovudine addition was generally well
tolerated and there was no withdrawal from therapy and no serious adverse

events. A fransient mean increase in CD4 counts of +52 counts/mm® was
detected.
20

The results are plotted in Figures 1 and 2. Referring initially to Figure 1, it will
be apparent that the alovudine/abacavir-containing regimen results in
significantly lower median viral loads compared to patients administered with
alovudine but whose concomitant regimen did not include abacavir. This

25 profound reduction in viral load with alovudine/abacavir of the invention is
surprising when contrasted with the performance of alovudine and dd|
(didanosine) regimes in Figure 2, plotted against non-ddt containing
regimens. Alovudine and ddl show clear synergy in in vitro tests (Cox et al
AIDS Res Hum Retrovir. 1994 (12):1275-9). As is seen in Figure 2, this

30  known synergy translates in the clinical setting to a 0.2-0.3 log reduction, In
contrast the combination of the invention consistently resulted in 1-1.5 log

reductions, which is a quantum jump in synergy bearing in mind the
logarithmic scale used.
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' A S0k ' Aok M he eci at ed that
the. a ovudine g wos s ot or et s giEre bl Woocs % BREITo the
abacavir (typi g@f}%crﬂ)%@ aiq8° BRdamixiye piihe diugs in(aroppstantiratip vemleri ni st er ed 2- 4

ti mes per day) .seally diluted in 2-fold steps and added to the wells in quadruplicates. The
constant ratio is selected to reflect the relative potency of the drugs. For
15 example the potency of abacavir in cell culture is 200 times less than the

potency of alovudine. Accordingly, within a mixture, the relative contribution
of abacavir would be drowned by the potency of alovudine if the mixture was

equimolar. At a ratio of 1:200 abacavir:alovudine the respective contributions
of the two drugs become apparent and the additional activity due to synergy

20  is measurable. The anti-viral effect was measured day 5 using the XTT
colorimetric method.

Figure 3 plots antiviral activity against concentration for alovudine ,
(abbreviated to FLT on this graph) and abacavir (abbreviated to ABC on this
25  graph) or and the mixture of the two at 1:200. Dissecting the points of the
alovudine: abacavir 1:200 curve, especially those around the EDs;, it is
readily apparent that the antiviral activity of the mixture is greater than the
sum of the contributions of the respective parts. For example, the triangle at
65% inhibition at 0.63uM reflects a mixture where the abacavir component is
30 at 0.63 micromolar and the alovudine component is 1/200 of that, ie 0.003
micromolar. However, abacavir alone (diamonds) at 0.63 uM produces an
inhibition of just 10%, whereas alovudine alone (squares) at 0.003 uM
produces an inhibition of 27%. The sum of the components is thus 37%. In



"Exanple 2 Cell culture experinments The antiviral effects of MV-SI? i[ﬂ?
conbination with other NRTIs on HHV-1 replication in M4 cells we 4 DEC 206
exam ned by the nedian effect nmethod (Chao 1o and Tal al ay 1983). The assay
was perforped in mcrotiter plates with each well containing 105 cells and
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15 co.mbination indices for the combination of the invention in comparison to
prior art combinations is tabulated in Table 1 below. Once again, the

combinations have been tested at molar ratios reflecting their relative EDsgs

in cell culture.
20 Tabie 1
Combination Molar Combination Index
ratio
50% 75% 90%
: inhibition - | inhibition inhibiti
FLT + stavudine (d4T) 1:40 0.94 0.96 lnhll())ltlgc;n
FLT + zidovudine (AZT) | 1:1 0.70 0.71 0'72
FLT + didanosine (ddl) | 1:250 0.95 0.76 0.61
FLT + abacavir (ABC) | 1:200 0.74 0.57 0.47

The preferred alovudine combination in the prior art (US 5,571,798) is

25 AZT/alovudine which in this experiment produces an average Cl of 0.71
across the three levels tested. In contrast the combination of the invention
produces an average Cl of 0.59, ie a significantly more profound degree of
synergy than is demonstrated in the prior art combination, Similarly, another
favoured combination in US 5,571,798, ddi in conjunction with FLT produces



‘The effective dose giving 50%reduction of virus replication, ED50 Q
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0.61 FLT + ab&¥éaits syeisticpedonnanide & tSrhighef énd ditiee Sicefr@h hskha! ovudi ne
combi nati on | ngfdafesPidahags.\t B orafehe £ el 135 e aBhOiAT e Vi ch

this experinment produces aver a MBLEEELlt hree | evel s
tested. In contb%%@?“fh?éioﬂ"bmtlmfltwnwhﬂmrimdlmumrt¢cmb|na|ﬂﬁrﬁdslces an average

G Of 0. 59,1 o chersiens &1 xadiodiBY 6 1 RRUDTEOLEE Phe pUOERSY Lhan 1

denonstrated in th@ £r| or art conbl nati on avour ed
conbi nati on i nPESSENERArAGER. ddl in conjunction wt h FLT produces

Consistent with the clinical trial of Example 1, Table 1 indicates that
stavudine (d4T) is a less favoured component to combine with alovudine and
15 did not exhibit any significant degree of synergy as measured by Cl.
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once again showi ng that the conbination of invention produces synéﬁg %§2m6
significantly nore intense than the | evels of synergy previously seen. 5
As the goal of nost antiviral therapies is to maintain serumtrough |evels
corresponding at least to an EDBO to preevent the devel opnent of resistant
mut ants, synergistic perfornmance at the higher end of the spectrum has the
greatest advanCegges It will be apparent from Table 1 that the relative C
bet ween the conbination of the invention and prior art conbinations is 10
even better at ED90 conpared to the average figures cited in the

i medi atel y pnecedlrlﬂ@rﬁacre@ﬁﬁaﬁ e clinical trial of
Exanple 1, Table r apars?tﬁzdvu |ﬂ;ég 32{%9}'*?@'& cambipation of  our ed

conponent to cd |Wrar\'/d?q \“S@UQIFHB”H’@QEU“E@J calirigr thetefoex hi bi t any si gni fi cant
degree of synergy as neasured by . 1 4 DEC 2006 9 Clains 1. A

phar maceuti cal pre ation conprising a synergistic conbination of

abacavir and a?ovud 8”%%*&5’”&%{?%&2% lo¥iereimiheialavudineeis fesent s 2. A
preparati on aca&vamoury of 1€ hgiper dnivdeesei N the al ovudine is present in an
anount of 1-10 ng per unit dose. 3. A preparation according to claim?2
wherein the alovudine is present in 1o an amount of 0.5-7.5 ng per unit

dose. 4. A prepar ath mepasatooradtanding o cidimioiy ne i s
present in mana@%w}& %59 SsmgPﬁnEg%'um tf%&ééﬂﬁ'@%!oguaémiﬁegééﬁggi i on

according toclaim1l erern vir is present in

4, A preparation according to claim 3 wherein the alovudine is present in
an amount of 0.5-5 mg per unit dose.

15 5. A preparation according to claim 1, wherein the abacawr Is present in
an amount of 200-800 mg per unit dose.

6. A preparation according to claim 9, wherein the abacavir is present in
an amount of 300-500 mg per unit dose.

20
7. A preparation according to claim 1, wherein the alovudine and

abacavir are presentin a weight ratio corresponding to their respective EDsgy.

8. A preparation according to claim 1, wherein the alovudine and
25  abacavir are present in the ratio 1-10:200-800

9. A patient pack comprising aiovudine and/or abacavir and an
information insert containing directions on the use of both alovudine and

abacavir together in combination.
30

10. A pharmaceutical preparation as claimed in any one of claims 1 to 8 or

a patient pack claimed in claim 9 for use in the treatment of multi-resistant
HIV.



‘an anmount of 200-800 ng per unit dose. 6. A preparation according to claim
5, wherein the abacavir is present in an anpunt of 300-500 ng per T4nDEC 205
dose. 20 7. A preparation according to claim1l, wherein the al ovudi ne and
abacavir are present in a weight ratio corresponding to their respective
ED50. 8. A preparation according to cli@im1, wherein the al ovudi ne and 25
abacavir are present in the ratio 1-10:200-800 9. A patient pack conprising
al ovudi ne and/ or abacavir and an information insert containing directions
on the use of Qo alovgdine and abacavir together in conbination. 30 10.

A phar maceuti cat pFOSaPRETRAceREcal pEspaEEon as alaimeshia 2oy oot af cleinis t @ B or a

pati ent pack cl aigpgehatisht Ghatt FladndLih Mk d e t nent. of | ti-resistant
DIV, 1 4 DEC 2006 Lol Padt of a prfarﬁlagc@lﬂmc“é%‘{“g?%%rgroﬁtai ImeYf e i n
any one of cl ai néheltreagmgnt afmdtipegistemtHpPpack claimed in claim9 for the
manuf acture of a nmedi canent for the treatnent of nmulti-resistant H V.



