
WO 2006/005720 PCT/EP2005/053266  -1 COMBINATION OF ANTI-H1V REVERSE
TRANSCRIPTASE AND PROTEASE  INHIBITORS  The present relates to an anti-WV
combination of a reverse transcriptase inhibitor and  5 two protease
inhibitors. BACKGROUND OF THE INVENTION Among the anti-HIV drugs which have
been developed are those which target the HIV  reverse transcriptase (RT)
enzyme or protease enzyme, both of which enzymes are 10 necessary for the
replication of the virus. Examples of RT inhibitors include
nucleoside/nucleotide RT inhibitors (NRTIs) and non-nucleoside RT inhibitors
(NNRTIs). Currently, IRV-infected patients are routinely being treated with
three-drug  combinations. Regimens containing (at least) three NRTIs; two
NRTIs in combination  with one or two protease inhibitors (PI)(s); or two
NRTI5 in combination with a 15 NNRTI, are widely used. When two or more PIs
are used in these combinations, one of  the PIs is often ritonavir, 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 H1V infections. The name now  commonly given to
combinations of anti-H1V 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 fmnarate (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 WO 2006/005720
PCTIFP20051053266  -2 quantitatively converted to the parent analogue,
tenofovir, and phosphorylated to  mono- and diphosphate metabolites. The
cellular enzymes that are responsible for  phosphorylation of this drug are
adenylate kinase and nucleoside diphosphate kinase  [Robbins et al.
Antimicrobial Agents and Chemotherapy 1995, 39 :10 (2304-2308); 5 Robbins et
al. Antimicrobial Agents and Chemotherapy 1998,42:3 (612-617)]. Unlike
other nucleoside analogues, such as zidovudine or stavudine, both of whose
phosphorylation is cell cycle-dependent, tenofovir is efficiently
phosphorylated in  resting as well as cycling peripheral blood lymphocytes
[Robbins et al. 1998].  Tenofovir can inhibit HIV-1 replication in different
cell types that may target HIV, 10 including primary human blood lymphocytes
and macrophages [Pemo et al. Antiviral  Research 1992 (289-304); Perno et
al. Molecular Pharmacology 1996, 50:2 (359- 366)]. The primary target of
tenofovir diphosphate is reverse transcriptase (RT).  Tenofovir diphosphate
is a competitive inhibitor for the incorporation of deoxyadenosine
triphosphate into nascent proviral DNA chains. Inhibition of HIV-1 15 RT by
tenofovir diphosphate has an inhibition constant of approximately 0.9 pM,
and if  the analogue is incorporated into the growing viral DNA chain it may
terminate further  chain elongation. Tenofovir inhibits viral RT much more
effectively than it inhibits  cellular DNA polymerases [Suo et al Journal of
Biological Chemistry 1998, 273:42  (2750-2758)]. The concentration required
to inhibit the replication of various HIV-1 20 strains by 50% (EC50) in
lymphocyte and macrophage cell types (MT-2, CEM, ACHE)  ranges from 0.2 to
10 M. 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 P450
cyclooxygenase enzyme, increases the plasma 30 levels of lopinavir. Tanaka
et al. Q. Clin. Pharmacy Therap., 1998,23,403-416)  describe some anti-HIV
protease inhibitors whose metabolism may be dependent on  isoforms of
cytochrome P450. Hsu et al. (Clin Pharmacokinet. 1998, 35, 275-291)
describes the pharmacokinetics of ritonavir, including its effect on
cytochrome P4%  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 WO
2006/005720 PCT/EP2005/053266  -3 lopinavir/ritonavir combination, can
decrease when the drug is combined with  tenofovir. Thus, co-administration
of lopinavir/ritonavir (400/100 mg twice times daily  for 14 days) and
tenofovir (300 mg once daily) was investigated in 21 healthy  volunteers.
The AUC, Cmax and Cmin of tenofovir increased by 34%, 31 % and 29% 5
respectively. The AUC and Cmax of lopinavir both decreased by 15% and there
was no  change in lopinavir Cmin. The AUC and Cmax of ritonavir decreased by
24% and 28%  respectively, with a 7% increase in ritonavir Cmin (Vlread SPC,
21R Gilead Sciences  International Ltd. Viread Product Information, 20Q2
Gilead Science Inc). A similar effect was observed with another protease
inhibitor, namely atazanavir. Co- 10 administration of ritonavir (100 mg
once daily, given with atazanavir) and tenofovir  (300 mg once daily) was
investigated in 10 male HIV+ subjects. In the presence of  tenofovir, there
were decreases in ritonavir AUC (7011 to 5217 ng/ml.h), Cmax (886 to  642
ng/ml) and Cmin (43 to 39 ng/ml). Atazanavir concentrations were also
decreased  in the presence of tenofovir (Pharmacokinetic parameters of
atazanavir/ritonavir when 15 combined to tenofovir in HIV-infected patients
with multiple treatment failures: a sub- study of PUZZLE2-ANRS 107 trial.
Taburet AM, Piketty C, Gerard L, et aL 10th  Conference on Retroviruses and
Opportunistic Infections, Boston, February 2003,  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 f 3033 to  3443 f 1412 ng/ml (mean  sd), AUC decreased from 53761
35255 to 39276 t  23034 ng/ml.h, and Cmin decreased from 862  838 to 577 f
367 ng/ml (Taburet AM,  Piketty C, Chazallon C, et al. Antimicrob Agents
Chemother, 2X)4, 48.2091-2096).  The coadministiation 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 WO 2006/005720 PCT/EP2005/053266
-4 significantly different compared with day 1. Geometric mean ratios (95%
confidence  intervals) for the AUC on days 3 and 14 were 1.16 (0.97, 1.59)
and 0.99 (0.87, 1.30) for  saquinavir and 1.05 (0.92, 1.28) and 1.08 (0.97,
1.30) for ritonavir (Bofto At, Back D,  Stainsby-Tron M, et al. Br J Clin
Pharmacol, ZX 5& 3M. 5 Coadministration of hard gel saquinavir/ritonavir
(1000/100 mg twice daily) alone and  with tenofovir disoproxil fumarate (300
mg once daily) was studied in 40 healthy  subjects. The pharmacokinetics of
tenofovir were not substantially effected by  saquinavir/ritonavir (Cmin,
Cmax and AUC increased by 23%, 15% and 14%  respectively). Ritonavir
exposure was slightly increased; Cmin, Cmax and AUC 10 increased by 23%, 10%
and 11% respectively. Saquinavir Cmin was moderately  enhanced (47%
increase); Cmax and AUC increased by 22% and 29% respectively. All  subjects
achieved a SQV Crain above 100 ng/ml (ZongJ Chittick G, Blum , et al.  44th
Interscience Conference on Antimicrobial Agents and Chemotherapy, 



Washington, October/November 2(10'1; abstract AA44). 15 Other
pharmacoldnetic studies of combinations of tenofovir disoproxil f nnarate,
ritonovir and either fosamprenavir or atazanavir are described respectively
in Abstracts  10 and 16, 6th 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 be
reduced, 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 P.'.O
I N NH2  H OH O H3C 25 CH3  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 WO 2006/005720 PCT/EP2005/053266
-5 immunodeficiency virus type 1 (HIV-1) protease inhibitor containing a
3(R),3a(S),6a(R)-bis-tetrahyd ofumnylurethane (bis-THF) and a sulfonamide
isostere  which is extremely potent against laboratory HIV-1 strains and
primary clinical isolates  (50% inhibitory concentration [IC50],
approximately 0.003 M; IC90, approximately 5 0.009 pM) with minimal
cytotoxicity (50% cytotoxic concentration for CD4+ MT-2  cells, 74 M).
International patent specification WO 03/049746 describes combinations of a
therapeutically effective amount of a hexahydrofuro[2,3-b]furanyl HIV
protease  inhibitor, including TMCI 14, and a therapeutically effective
amount of a cytochrome 10 P450 inhibitor for example ritonavir,
ketoconazole, cimetidine or bergamottin. In view of the reduction in plasma
concentrations noted for the above tenofovir/  ritonavir combinations with
such protease inhibitors as lopinavir or atazanavir, there is  



a need for a tenofovir/ ritonavir/protease inhibitor combination where the
plasma  concentration of the latter protease inhibitor is not reduced to the
extent of the 15 combinations noted above. 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 andretroviral 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.
WO 2006/005720 PCT/EP2005/053266  -6 Thus the present invention provides an
anti-HIV combination comprising (i) tenofovir  or its disoproxil fimrarate
derivative; (ii) ritonavir; (iii) and TMCI 14. The above combination will be
referred to hereinafter as the combination according to  the invention. 5
The use of TMCI 14 in place of lopinavir has been found to result in an
advantageous  improvement in terms of the plasma concentration of this
protease inhibitor upon  administration of the combination. A further
embodiment of the present invention provides for the combination according
to the invention for use as a medicine. In another embodiment, the
combination 



10 according to the invention can be used in the manufacture of a medicament
for the  treatment or prevention of an HIV infection. A further embodiment
provides a method  for the treatment or prevention of an HIV infection in a
human which comprises  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 flimarate; ritonavir: generally 100 to 1200 mg, preferably
100 to  400 mg; and TMC114: generally 400 to 1200 mg. 35 WO 2006/005720
PCT/EP2005/053266  -7 In a preferred embodiment, each of the ingredients of
the combination according to the  invention can be co-formulated in one
pharmaceutical form and do not have to be  administered in a separate
pharmaceutical form. The daily therapeutic antiretroviral  amount of the
ingredients of the present combination of such co-formulated single 



5 pharmaceutical form may then be given in a single unit dosage form or even
in multiple  unit dosage forms, such as two, three, four, five or even more
unit dosage forms. Such unit dosage forms unit may contain for example about
300 mg of tenofovir  disoproxil fumarate; for example 100 to 400 mg,
preferably 100 to 200 mg of ritonavir;  10 and for example 400 to 1200 mg,
of TMC114. Thus, in one embodiment, a pharmaceutical composition is provided
comprising a  pharmaceutically acceptable carrier and as active ingredients
a combination according  to the present invention. 15 The compounds of the
combination according to the invention may be administered  simultaneously,
concurrently or sequentially. Simultaneous administration maybe  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 WO
20061005720 PCTIEP2005/053266  



-8 usually employed for being applied to the vagina, rectum, mouth and skin
such as for  example gels, jellies, creams, ointments, films, sponges,
foams, intravaginal rings,  cervical caps, suppositories for rectal or
vaginal application, vaginal or rectal or buccal  tablets, mouthwashes. To
prepare such pharmaceutical compositions, an effective 5 amount of each of
the particular compounds of the combination as the active  ingredients is
combined in intimate admixture with a pharmaceutically acceptable  carrier,
which carrier may take a wide variety of forms depending on the form of
administration. In order to increase the residence time of such
pharmaceutical  composition at the site of administration, it may be
advantageous to include in the 10 composition a bioadhesive, in particular a
bioadhesive polymer. A bioadhesive may be  defined as a material that
adheres to a live biological surface such as for example a  mucus membrane
or skin tissue. Thus, the present invention also relates to a pharmaceutical
composition comprising a  15 pharmaceutically acceptable carrier and as
active ingredients an effective amount of  each of the compounds of the
present combination characterized in that the pharmaceutical composition is
bioadhesive to the site of application. Preferably, the  site of application
is the 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 I received 300 mg TMC 1141100
mg ritonavir bid from day 8  until 14 and cohort 2 received 300 mg TMC
114/100 mg ritonavir bid from day 1 until  7. TMC1 14 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%s 16% and 21 % for Cmm, Cm= and  



AUCtw, 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 TMC 114 was excreted unchanged in
urine in the  presence and absence of tenofovir. Plasma concentrations of
tenofovirwere increased when TMC1 14/ritonavir was co- administered. Based
on the ratio of LSmeans, tenofovir Cmm, Cmax and AUCMh WO 2006/005720
PCT/EP2005/053266  -9 increased with 37%, 24% and 22%, respectively. These
results were statistically  significant. The urinary excretion of unchanged
tenofovir during one dosing interval  was approximately 36% in the presence
and absence of TMCI 14/RTV. Administration  of 300 mg TMC114 and 100 mg
ritonavir in healthy volunteers with or without 5 tenofovir was well
tolerated.  Conclusions:  The results of this trial demonstrate that the
systemic exposure of tenofovir when co- administered with TMC1 14/ritonavir
increased by 22%. Tenofovir did not have a 10 significant influence on TMCI
14 exposure. It notable that the plasma concentrations of  TMC 114 were
maintained during exposure to tenofovir compared with a reduction in
lopinavir levels noted in the discussion of the prior art. 15 _10_  CLAIMS I
. An anti-HIV combination comprising (i) tenofovir or its disoproxil
fumarate  derivative; (ii) ritonavir; and (iii) TMC1 14. 2. A combination as
claimed in claim 1 wherein the components of the combination  are in the
form of a unitary or separate pharmaceutical compositions. 3. A combination
as claimed in claim 1 wherein tenofovir disoproxil fumarate is in a
pharmaceutical unit dosage form containing about 300 mg of tenofovir
disoproxil  fumarate per unit dosage form. 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
TMC1 14 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 I for the manufacture of a medicament  for the prevention
or treatment of an HIV infection in a human, said prevention or -11-
treatment comprising administering to said human a therapeutically effective
amount of a  combination as claimed in claim 1. 11. Use as claimed in claim
10 wherein tenofovir disoproxil fumarate is administered  in a daily dose of
about 300 mg. 12. Use as claimed in claim 10 wherein ritonavir is
administered in a daily dose of  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. 




