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nucl eosi de/ nucl eotide RT inhibitors (NRTIs) and non-nucl eoside RT inhibitors
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suppression of the virus and thereby reduci ng the emergence of resistance.
Clinical studies have shown that three-drug conbi nati ons of these anti-HV
drugs are 20 RACKERPEND PEIHEINVENIIONhe drug used al one or two-drug
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conbi nat i ons ofnuécleésideldhbleotidedST inBibité\BNR TS fhidmyn-Aaéleosile RT inhibiddrs Ret r ovi r al
Therapy). A pardg r L ri LAk R t has
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admi ni st er ed anrisXIs }s(ﬂﬁelaggwpvu, given at a low sub-therapeutic dose, which acts as an effective

inhibitor of the elimination of the other PI(s) in the regimen, resulting in maximal

suppression of the virus and thereby reducing the emergence of resistance.

Clinical studies have shown that three-drug combinations of these anti-HIV drugs are
20 much more effective than one drug used alone or two-drug combinations in preventing

disease progression and death, Numerous studies of drug combinations with various

combinations of such drugs have established that such combinations greatly reduce

disease progression and deaths in people with HIV infections. The name now

commonly given to combinations of anti-HIV drugs is HAART (Highly Active Anti-
25  Retroviral Therapy).

* A particular nucleotide reverse transcriptase inhibitor that has been found to be
effective in anti~HIV therapy is tenofovir which is also used in the form of its prodrug
tenofovir disoproxil fumarate.

30 Tenofovir is an adenosine nucleotide analogue currently commercially available with
activity against retroviruses. Tenofovir disoproxil fumarate (tenofovir DF) is a once-
daily, orally administered prodrug of the intravenously administered antiviral agent
tenofovir (PMPA). For antiviral activity, tenofovir DF needs to be hydrolysed to the
ANP analogue and then phosphorylated to the active diphosphate moiety [Arimilli et al

35  Antiviral Chemistry and Chemotherapy 1997, 8.6 (557-564); Fridland et al. Antiviral
Research 1997, 34]. After entry in to lymphocytes or macrophages, the prodrug is
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protease inhibitors tq e ‘1 ndi naviy avij.r onavir _and
ritonavir/ (2750-2758)]. e concentration required to lnhlblt the replication of various HIV-1

20 strains by 50% (ECS0) in lymphocyte and macrophage cell types (MT-2, CEM, ACHS8)
ranges from 0.2 to 10 pM. The antiviral effect is achieved at non-toxic doses of
tenofovir (selectivity index ranging from 100 to 2000). Tenofovir DF is currently
available as 300 mg tablets to be taken once daily.

25  Tenofovir is commonly used in combination with other anti-HIV drugs, especially one
or more protease inhibitors for example indinavir, atazanavir, ritonavir and ritonavir/
lopinavir The latter is a combination of two protease inhibitors which has been found to
have a favourable pharmacokinetic profile when used together in that ritonavir, which
is an inhibitor of the cytochrome P45y cyclooxygenase enzyme, increases the plasma

30 levels of lopinavir. Tanaka et al. (J. Clin. Pharmacy Therap., 1998, 23, 403-416)
describe some anti-HIV protease inhibitors whose metabolism may be dependent on
isoforms of cytochrome Paso. Hsu et al. (Clin Pharmacokinet. 1998, 35, 275-291)
describes the pharmacokinetics of ritonavir, including its effect on cytochrome Pysy

isoenzymes.

35 Combinations of tenofovir with protease inhibitors usually result in improved anti-HIV
therapeutic efficacy but there may be undesired interactions between the drugs. For
example, plasma levels of lopinavir, one of the two-protease inhibitors in the above
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Abstract 537).

There have been various other pharmacokinetic studies of combinations of tenofovir
20 disoproxil fumarate, ritonovir and protease inhibitors such as atazanavir or saquinavir
as discussed below.

The pharmacokinetics of atazanavir/ritonavir (300/100 mg once daily) with tenofovir
disoproxil fumarate (300 mg once daily) were investigated in 10 HIV-1 infected
patients. After the addition of tenofovir disoproxil fumarate, both atazanavir and

25 ritonavir exposure were reduced. Atazanavir Cmax decreased from 5233 + 3033 to
3443 + 1412 ng/ml (mean + sd), AUC decreased from 53761 + 35255 to 39276 +
23034 ng/ml.h, and Cmin decreased from 862 + 838 to 577 + 367 ng/ml (Taburet AM,
Piketty C, Chazallon C, et al. Antimicrob Agents Chemother, 2004, 48:2091-2096).

The coadministration of tenofovir disoproxil fumarate (300 mg once daily) was

30 investigated in 18 HIV-1 infected individuals receiving saquinavir hard gel/ritonavir
combination (1000/100 mg twice daily). On day 1, 12 h pharmacokinetic profiles for
saquinavir and ritonavir were obtained, tenofovir disoproxil fumarate was then added to
the regimen and blood sampling repeated at days 3 and 14. Following the addition of
tenofovir disoproxil fumarate, saquinavir and ritonavir plasma concentrations were not
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10 and 16, 6 International Workshop on Clinical Pharmacology of HIV Therapy:
April 28-30, 2005, Quebec, Canada.

From these studies it is clear that plasma concentrations of lopinavir or atazanavir may
20 bereduced, which can result in a reduction in the efficacy of the relevant component of
the combination and are therefore generally undesirable.

Another protease inhibitor which has been identified for clinical use is the compound
herein designated TMC114, which is disclosed in international patent specification
WO 95/06030 as compound (4), and has the formula

25 CH;

Koh et al (Antimicrobial Agents and Chemotherapy (2003), 7(10), 3123-3129) discuss
the antiretroviral activity of TMC114, which is described as a non-peptidic human
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An object of the invention is to provide a combination of tenofovir with ritonavir and a
further protease inhibitor which provides an improved plasma concentration of the
latter protease inhibitor compared with the tenofovir/ritonavir/lopinavir combination
discussed above.

20 A further object of the invention is to provide a combination of more than one
therapeutically active antiretroviral drug wherein each of the active antiretroviral drugs
of the combination can be co-formulated.

Yet a further object of the invention is to provide a combination of more that one

25 therapeutically active antiretroviral drug wherein a therapeutically effective amount of
each of the active antiretroviral drugs of the combination can be co-formulated in one
single pharmaceutical formulation.

All references cited herein are incorporated by reference.
30

DESCRIPTION OF THE INVENTION

We have now found that the replacement of lopinavir in the above-described
tenofovir/ritononavir/lopinavir combination by the protease inhibitor TMC114, referred
to above, results in an improved pharmacokinetic profile.
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administering to the human a therapeutically effective amount of the combination
according to the invention.

15
The combination according to the invention is especially useful for the treatment of
various HIV infections including AIDS and related clinical conditions such as AIDS
related complex (ARC), progressive generalised lymphadenopathy (PGL) or AIDS
related neurological conditions such as multiple sclerosis. The combination according
20  to the invention may be particularly useful for the treatment of drug-naive HIV infected
patients.

It will be understood, however, that specific dose level and frequency of dosage of the
combination according to the invention for any particular patient may be varied and

25  will depend upon a variety of factors including the activity of the specific compound
employed, the metabolic stability and length of action of that compound, the age, body
weight, general health, sex, diet, mode and time of administration, rate of excretion,
drug combination, the severity of the particular condition, and the host undergoing
therapy.

30
In general, for oral administration the components of the combination according to the
invention will be administered in the following daily dosages; tenofovir: typically about
300 mg as disoproxil fumarate; ritonavir: generally 100 to 1200 mg, preferably 100 to
400 mg; and TMC114: generally 400 to 1200 mg.

35
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dosage of the D&I n | on coﬁ2 ng to i nve t1 on c@f;umgﬁa hk&grt | cul ar
T

patient may be agaapq tof Iﬂfeﬂﬂ%“ﬁ'ér?ﬂmhﬁﬁ‘i‘f’nao ¥
i ncl udi ng t e @hmduﬁcabformrmysthmagmndmmgladethMbdn ot éven mhalhpllei c

stability and luﬁi@%sﬁge?oﬁgﬁcﬂgse ﬁgﬂéat Upgren%?elﬁﬂ?dos%éq'&msmi ght,

general health, sex adm nistration, rate of
excretion, drug conbination, the severi ty of the particular condition, and
the host under gochmtdohuge&mmsuﬁiﬂniaycgﬂﬁnfcﬁlexmc aboue300angoftemdfowt | on t he

conmponent s of i
adm nistered in tg% ﬂrh :‘&%&v(/?L (r%‘gr Salﬁ 5@%@@458 ef;lo vflvr()tgtﬂypl kloﬂqt?naévgbut 300
ng as di sopfPoxand @FFW&@WHQ?%&? Fl‘ér ally 100 to 1200 ng, preferably
100 to 400 ng; and TMC114: generally 400 to 1200 ng. 35 WD 2006/ 005720

PCT/ EP2005/ 053388, ini ozlgIe&bwﬁhgﬁﬂw%@gmggg?po‘?({egtrcmgﬁgﬁﬁgaed| ents of

the combination, atcor I n one
phar maceut i cal phweaﬂefﬂaacwatablﬁav@qa& 38 actiye FpefRdisptsasgmbiationacsording o
phar maceut i cal td the presechhimvelstiony t her apeutic antiretroviral anount of the
i ngredi ent §50f the present conbination of such co-formulated single

The compounds of the combination according to the invention may be administered
simultaneously, concurrently or sequentially. Simultaneous administration may be
effected by employing a unitary pharmaceutical formulation or separate pharmaceutical
formulations. In general, the combination may be administered by the topical, oral,

20 rectal, intravenous, subcutaneous or intramuscular routes. For first line therapy of HIV
infection, simultaneous administration .employing a unitary pharmaceutical formulation
is preferred.

For these purposes, the compositions comprising a combination of the present

25 invention, whether co-formulated in a single formulation or formulated for
simultaneous, separate or sequential use, may be administered orally (including
suspensions, capsules, tablets, sachets, solutions, suspensions, emulsions, parenterally
(including subcutaneous, intravenous, intramuscular, intrasternal injection or infusion
techniques), by inhalation spray (including nasal sprays), or rectally (including

30 suppositories)in dosage unit formulations containing conventional non-toxic
pharmaceutically acceptable carriers, adjuvants and vehicles.

The present invention also relates to a pharmaceutical composition in a form adapted to
be applied to a site where sexual intercourse or related intimate contact can take place,

35  such as the genitals, rectum, mouth, hands, lower abdomen, upper thighs, especially the
vagina and mouth, comprising a pharmaceutically acceptable carrier and as active
ingredients an effective amount of a combination according to the present invention.
As appropriate special adapted compositions there may be cited all compositions



5 pharmaceutical formmay then be given in a single unit dosage formor even
in multiple wunit dosage fornms, such as two, three, four, five or even nore
unit dosage forms. Such unit dosage forms unit may contain for exanple about
300 ng of tenofovir disoproxil fumarate; for exanple 100 to 400 ny,
preferably TRNE'PEY ng of ritonavir; 10 and for exanpPETABYOEESZEH0 Ny,
of TMC114. Thus, in one enbodi nent, a pharmaceutical conposition is provided
conprising a pharnaceutically accept abl e8carrier and as active ingredients
a conbi nati on according to the present invention. 15 The conpounds of the

conbi nati on acc I, nvent.ion ma be adm ni stered.. si nul t aneously,
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fornul ati ons. &ﬁ;r egésa%uppééqﬁn%pfe&ﬁtdr E%HQX%QE MydPirpdl 6 Retald¥ bh&al

topical, oral, I ntyavenous us or, |ntra scul ar routes.
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enpl oyi ng aSunammm]of)éuah nfalheparnctﬂércbmpmﬂaoﬁthmcomlnnqnbnh&atheachveFor these

pur poses, the fn%%% ftifda 5%%
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(i ncl uding suacpmnstramm Imaxpisubwreasabémldmcsmafa;chs;bammcmsal suspensi ons,
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phar maceuti cal | ye @%&Rkﬂ%‘&sﬁﬁﬁﬁéu@rs adj uvants and vehicles. The present

I nvention also relates to armaceutical conposition in a form adapted to
be applied to a site where sexual I ntercourse or related intinmate contact
can t ake pl aceThus3the presént invention alpomelsted to a pharotaceuticatoonpositiarcdmprisingve r

abdomen, upper ﬁd?in%ﬁtxcaﬁ B@&bﬁtlb%ﬂ%&%ﬂhd&%ﬁ:@fédﬁ%%ﬂeﬂwﬁ%ﬁﬁﬁﬂ?%a

phar maceuti cal g ept abl Cgﬁrthl er and as actl 1.N gﬁ?&ts an effective
amount of a coﬁ%”ﬁ aﬂma%‘&? RPTERFE 69 H?’E%‘b‘mami” ip ®As appropriate
speci al adapt epharmaqeotidal campositior iscicadhesive tathe sitk eflapplivatipo Sreferably, O
20061005720 PCIifdrapiiRaAm3< BR vagina, rectum, mouth or skin, most preferred is the vagina.

20 Experimental part
The improved pharmacokinetic profile of the combination according to the invention

was demonstrated in the following volunteer study.
Methods: 13 healthy volunteers were randomised into 2 cohorts. In session 1, both
cohorts received 300 mg TMC114/100 mg ritonavir bid for 6 days, with one dose on
25  day 7, followed by a wash-out period of at least 6 days.
In session 2, both cohorts received 300 mg tenofovir disoproxil fumarate qd for 14
days. In addition, cohort 1 received 300 ing TMC114/100 mg ritonavir bid from day 8
until 14 and cohort 2 received 300 mg TMC114/100 mg ritonavir bid from day 1 until
7. TMC114 was administered as oral solution.
30
Results: Mean plasma concentrations of TMC114 tended to increase in the presence of
tenofovir. The increases in LSmean ratios of 24%, 16% and 21% for Cmin, Cmax and
AUC:2, respectively, were not statistically significant.
Co-administration of tenofovir did not influence the urinary excretion of TMC114.
35  Approximately 7% of the total dose of TMC114 was excreted unchanged in urine in the
presence and absence of tenofovir.
Plasma concentrations of tenofovir were increased when TMC114/ritonavir was co-
administered. Based on the ratio of LSmeans, tenofovir Cmin, Cmex and AUCz24n



-8 usually enployed for being applied to the vagina, rectum nouth and skin
such as for exanple gels, jellies, creanms, ointnents, filns, sponges,
foanms, intravaginal rings, cervical caps, suppositories for rectal or
vaglnal application, vaginal or rectal or buccal tablets, nouthwashes. To
prepare suchVORAFPAIEOt i cal conpositions, an effective 5PSHEEMOSBP2Sach of
the particul ar conpounds of the conblnatlon as the active ingredients is
conbined in intimate adm xture with a phasraceutically acceptable carrier
which carrier may take a wide variety of forms depending on the f or m of

adm ni stration., In der t he re nce tinme of suc
phar naceut i cal ‘i‘fﬁq'?f)‘{) ?'27% %‘{Jfﬁﬁ@ig(’feép%fw e e ULt MY, Stqt’ft“ﬁ]%’/ be
advant ageous tmxgnuﬂdantdﬁhe mﬂabeextﬁhmfpmshahg&metmfdmmmﬂngswdnsmgnnmﬂl cular a
bi oadhesi ve pol‘ydggé @%rg?eﬁapﬁld % @We&d@bs&g h
€. Suc

dh I nb
or Skin ti seue.Of Tﬁ\ﬁéﬁ% ﬁmsmaww e%}@yaoﬁe@"@ae@qsnﬁlﬁéﬁirﬁceL?? cal

or skin tissue.®
conposition Scortmqumgasawell:ltﬁlepm maceutically acceptable carrier and as
active ingredients an effective anount of each of the conpounds of the
present conbi ng |op characterized in that the pharmaceutical conposition is
bi oadhesi ve to ¢MEWSIOPE of application. Preferably, the site of application
i s the vagi na, Theae¢sults ofithistrial demaristrate thatothe systeafieexpesire of tbindoviaghenzo- 20
Experi mental - Pajhyinkéred GRH TVRI AR Bl g*b z@%ofre4 o aid B rgUi nat i on
h oW ng Vo

according to the vent | on rmnstrate e unt eer

study. Met hBy W%WF U oo fagiabls v 1o DIAHEI8 CORKERFRIORO |
session 1, bot WCdebmmam«hdhﬁﬁ@@mﬂiﬁtﬂﬁbﬁﬁébmmmdmdrmducubnm for 6
days, with one gﬁﬁgmq , @rtVash-out period of at |east
6 days. In sessll on 2, eﬁ%ﬁé@tdgggg%g%ﬁe%%%o ng tenofovir disoproxil
fumarate qd for 14 days In addition, cohort | received 300 ng TMC 1141100
ng ritonavir bid fromday 8 wuntil 14 and cohort 2 received 300 ng TMC

114/ 100 ng ygtonavir bid fromday 1 until 7. TMC1 14 was adm nistered as
oral solution. 30 Results: Mean plasma concentrations of TMCl14 tended to
increase in the presence of tenofovir. The increases in LSmean ratios of
24% 16% and 21 % for Chm Cr= and



AUCtw, respectively, were not statistically significant. Co-adm nistration
of tenofovir did not influence the urinary excretion of TMC114. 35

Approxi mately 7% of the total dose of TMC 114 was excreted unchanged in
urine in the presence and absence of tenofovir. Plasma concentrations of
tenof ovirwere increased when TMC1 14/r|1 onavir was co- adm ni stered. Based
on the ratio of LSneans, tenofovir ‘Cmax and AUCVh WO 2006/ 005720

PCT/ EP2005/ 053266 -9 i ncreased vvith 37% 24% and 22% respectively. These
results wefleAMatistically significant. The urinary excretion of unchanged
tenofovir during one dosing interval was approximately 36%in the presence
and absence of TMCl 14/ RTV. Adm nistration of 300 ng TMC114 and 100 ng
ritonavir i.n heel diyHiAd bombiaaticn cmint;inisimg (MtdrioGovtir &r itselsopoxilrfumwamtene! |

tol erated ncl ysi ons The .1 of this trial denonstrate that the
system ¢ é?b‘&%tﬁ’reetjgfm?r@%f%I\?il(l‘”)mﬁ ﬁ‘b administered with TMC1 14/ritonavir
i ncreased by 22% Tenofovir did not have a 10 significant influence on TMC
14 exposure. It notable that the plasnma concentrations of TMC 114 were

mai nt ai ned®.dur imgorebdpaimras cta(imtdahnﬂa:im lrthmipalnes@bmﬁmhntaOf thd gombimatiom

| opi navir Ievehs notg ﬂ L SCUSS ion L! Br or art. 15 _10_CLAIMS |
. An anti -3F O 0oL a%'ooﬁﬁ?ﬁaéqtﬁﬁ FinpegH ﬁ%f’%‘ PSIONS; t s di sopr oxi |
fumarate derivative; (ii) ritonavir; and (iii) TMCL 14. 2. A conbination as
claimed in claim1 wherein the corrponents of the conbination are in the
formof a 3un| t ak gorabinatigneas stadmprhir dltimeluyherain tensipidsdisersps! fumargte ésdn®i nat i on
as clalme afc'el%éil %;.M&E f&rﬁl%%ﬁnd ab‘élh%ﬂﬁ%‘bgt %6{*8%&58 foRill N @

phar maceutl c unit dosa e orm con § ng o 8ot ovi r

di sopr oxi Ifumfatamapsemmgltﬁes'agulfbrtn.dosage form 4. A conbination as clained in
any of the preceding clains wherein ritonavir is in pharmaceutical unit
dosage formcontaining 100 to 400 ng of ritonavir per unit dosage

4. A combination as claimed in any of the preceding claims wherein ritonavir is in
pharmaceutical unit dosage form containing 100 to 400 mg of ritonavir per unit dosage

form.

5. A combination as claimed in any of the preceding claims wherein TMC114 is in a

pharmaceutical unit dosage form containing 400 to 1200 mg of TMC114 per unit dosage

form.

6. A pharmaceutical composition comprising a combination as claimed in claim 1.
7. A combination as claimed in any of claims 1 to 5 for use as a medicine.

8. A combination as claimed in claim 7 for use in the prevention or treatment of an

HIV infection.

9, Use of a combination as claimed in claim 1 for the manufacture of a medicament

for the prevention or treatment of an HIV infection.

10. Use of a combination as claimed in claim | for the manufacture of a medicament

for the prevention or treatment of an HIV infection in a human, said prevention or



)

form 5. A conbination as clainmed in any of the preceding clains wherein
TMC114 is in a pharnmaceutical unit dosage form containing 400 to 1200 ng of
TMC1 14 per unit dosage form 6. A pharmaceutical conposition conprising a
conbination as clainmed in claiml1l. 7. A conbination as clained in any of
clainms 1 to 5 for use as a nedicine. 81 A conbination as clainmed in claim?7
for use in the prevention or treatnent Bf an HV infection. 9. Use of a
conbination as claimed in claim1 for the nmanufacture of a nedicanent for

t he preverftep@enbeomprisatenasministering to-aid humasc themapeutigally gféecive amewitef Aat i on as
clainmed i L.al : acture of a nedicanent for the prevention
or treatngﬁﬁmo H%#a{ﬁ@n%ﬁﬁég?ﬁ@i'in a human, said prevention or E)11-
treatment conprising admnistering to said hunan a therapeutically effective
amount of copbinatjon .as clainmed in claim]l. 11, Use as clajnmed {n claim
10 wher oi 1t endft 3&%%@&@%}130 B jeBoloXI SEsRpIgl FBpEate ' AANETPd, dose of
about 300 iy dailyZdostREaltit Gh@med I n claim 10 wherein ritonavir is

adm nistered 1n a daily dose of 100 to 400 ng. 13. Use as clained in claim
10 wherein TMC114 is adm nistered in a daily dose of 400 to 1200 ng. 14.

Use as ol gted Lo ¢l al L pher Bl e EQUR! RAb bR TuBPASESH T the

form of a‘pharihestipimeding
100 to 400 mg.

13.  Use as claimed in claim 10 wherein TMC114 is administered in a daily dose of
400 to 1200 mg.

14. Use as claimed in claim 10 wherein the combination is administered in the form

of a pharmaceutical composition.





