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FUNDAMENTOS DE LA OPOSICION:

Causal: Incumplimiento de requisitos de patentabilidad (Titulo 11, Capitulo |, Decisién 486 de 2000). Se violan los

articulos 14, (las patentes de invencidn deben ser nuevas, tener nivel inventivo y ser suceptibles de aplicacién industrial) 16, 18

(una invencion tiene nivel inventivo si no es obvia para una persona versada en la materia). Articulo 30 (Reivindicaciones) y

articulo 42 (oposiciones) de la Decision 486 de la Comisién de ia Comunidad Andina. [

Justificacion: ver Anexo
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TITULO SOLICITADO: UNA COMPOSICION FARMACEUTICA SOLIDA QUE
COMPRENDE AL TIAZOLIL METIL ESTER DEL
ACIDO [5S-(5R*,8R*11R*)]-10-HIDROXI-2-METIL-5-
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PUBLICACION: Gaceta 588 de 31/01/2008, N° de publicacion 1630.

PRIORIDAD: AR (AR) 20040103504 de 28/09/2004

SOLICITANTE: COLL FARMA S.L.

APODERADO: DANILO ROMERO RAAD

TRAMITE: PRESENTACION DE OPOSICION

JOSE LUIS REYES VILLAMIZAR, mayor de edad, identificado como aparece al

pie de mi firma, abogado en ejercicio, titular de la tarjeta profesional nimero 44655

del Consejo Superior de la Judicatura, obrando en calidad de apoderado de la
sociedad TECNOQUIMICAS S.A., en ejercicio de lo dispuesto por el articulo 42 de

la Decision 486 de 2000, muy respetuosamente me permito formular la siguiente

1. PETICION

Sirvase negar el beneficio patentario a la solicitud contenida en el expediente 07
028.993, por no cumplir con lo dispuesto por los articulos 14, 16 y 18 de la

Carrera 17 No. 88-23 Of. 205 Tels.: +57 1 655 7795, +57 1 621 2631, Fax: +57 1 621 2542
info@reyes-abogados.com - www.reyes-abogados.com - Bogota, Colombia.




Decision 486 de 2000, con base en los fundamentos que se expondran a

continuacion.

Il. LEGITIMO INTERES

Asiste a TECNOQUIMICAS S.A., legitimo interés para presentar esta oposicion,
pues la eventual concesion de la solicitud restringiria injustificadamente el empleo
de ciertas sustancias, derivados y procesos que a nuestro juicio garecen de nivel
inventivo, en detrimento de sus legitimos intereses comerciales. De igual manera
mis clientes estan interesados, por su misma condicion de industrias
farmacéuticas, JZVitar la concesién de privilegios de patente que incumplan los
requisitos materiales de patentabilidad establecidg$ en las normas vigentes, y que

supongan un riesgo para la libre competencia.

ll. FUNDAMENTO DE LA OPOSICION

La solicitud en curso, que reivindica una composicion farmacéutica sélida en forma
de comprimidos (con o sin cubierta), capsulas rigidas o suspensiéon extemporanea,
que contiene como principio activo Ritonavir (en su forma polimorfica 1), solo o en
combinacién con otros agentes tales como lopinavir, saquinavir, indinavir,
tenofovir, amprenavir, fosamprenavir, atazanavir y tripanavir; carece por completo
de los requisitos fundamentales para otorgarsele el privilegio de patente de

invencién, tal y como lo demuestran los siguientes argumentos:

3.1 Siendo Ritonavir un farmaco ampliamente reconocido como antiretroviral
del grupo de los inhibidores de la proteasa' y siendo utilizado en la terapia
recombinante antiretroviral activa de adultos y pacientes pediatricos con infeccidén
por VIH-1 y enfermos de SIDA desde que fue aprobado por la FDA el 01 de marzo
de 19967, la formulacion de dicho farmaco en formulaciones soélidas para
administracion oral se encuentra revelada con anterioridad en el estado de la

técnica, en los términos de las publicaciones que explicaran a continuacion:

' Literature References: Peptidomimetic HIV-1 protease inhibitor. Prepn: D.J. Kempfetal.,, WO 94 14436;
eidem, US 5541206 (1994, 1996 both to Abbott). Antiretroviral spectrum, pharmacokinetics: idem et al.,
Proc. Nat. Acad. Sci. USA 92, 2484 (1995). Structural model for drug resistance: M. Markowitz et al., J.
Virol. 69, 701 (1995). HPLC determn in biological fluids: R. M. W. Hoetelmans et al., J. Chromatog. B 705,
119 (1998). Review of clinical experience: A.P.Lea, D. Faulds, Drugs 52, 541-546 (1996). Clinical trial
with nucleoside analogs in HIV-infected children: S. A. Nachman et al., J. Am. Med. Assoc. 283, 492 (2000).
2 http://www.accessdata.fda.gov/scripts/cder/ob/docs/tempai.cfm
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» La publicaciéon internacional WO 00/59475 publicada el 12 de octubre de 2000
y titulada “COMPOSITIONS AND METHODS FOR IMPROVED DELIVERY OF
IONIZABLE HYDROPHOBIC THERAPEUTIC AGENTS” revela:

The present invention provides pharmaceutical compositions and methods for
improved delivery of ionizable hydrophobic therapeutic agents.

In one embodiment, the invention is directed to a pharmaceutical composition
including an ionizable hydrophobic therapeutic agent and a carrier. The carrier includes
an ionizing agent to ionize the therapeutic agent, and a surfactant. Optionally, the carrier
also includes solubilizers, triglycerides and neutralizing agents.

(...)

11.  The pharmaceutical composition of claim 9, wherein the hydrophobic

therapeutic agent is selected from the group consisting of abacavir, acebutolol,
pramipexol, pranlukast, praziquantel, prazosin, procarbazine, prochlorperazine,
proguanil, propranolol, pseudoephedrine, pyrantel, pyrimethamine, quetiapine, quinidine,
quinine, raloxifene, ranitidine, remifentanil, repaglinide, reserpine, ricobendazole,

rifabutin, rifampin, rifapentine, rimantadine, risperidone, ntonavxr, rizatriptan, ropinirole,

rosiglitazone, roxaditine, roxithromycin, salbutamol, saquinavir, selegiline, sertraline,

.




68. The pharmaceutical composition of claim 1 in the form of a
preconcentrate, a diluted preconcentrat lid

id dispersion, a solid dispersion, or a

sprayable solution.

69. A dosage form comprising

3 fiiiedvmh the pharmaceutical
composition of claim 1.

70. A dosage form comprising ﬁﬁ d with the pharmaceutical
composition of claim 61.

71. A dosage form comprisin
composition of claim 62.

72. A dosage form comprising a solid particulate carrier coated with or
formed from the pharmaceutical composition of ¢laim 1.

74.  The dosage form of claim 69, wherein the capsule is a hard gelatin

En esta anterioridad se puede apreciar claramente la formulacién de ritonavir en
formulaciones soélidas para administracion oral, especificamente en capsulas duras
de gelatina o en suspensiones, tal y como lo reivindica la solicitud colombiana en
tramite, especificamente en sus reivindicaciones 1 a 6. Asi mismo menciona la
formulacion en capsulas blandas, lo cual sobrepasa de manera importante el nivel
técnico de lo reivindicado por la solicitud colombiana (que solo involucra capsulas
rigidas), ya que como toda persona medianamente versada en la materia
reconoce, la formulacion en capsulas blandas de cualquier farmaco, supone
ventajas relacionadas con la biodisponibilidad del mismo.

» La publicacién internacional WO 02/096395 publicada el 05 de diciembre de

2002 vy titulada “SOFT ELASTIC CAPSULES COMPRISING RITONAVIR
AND/OR LOPINAVIR” revela:

The invention relates to a soft elastic capsule, fill and shell compositions of the soft
elastic capsule, and pharmaceutical agents contamed thhm the soft elastic capsules The

invention further relates to soft elastic capsules and HIV protease inhibiting compounds

contained in the soft elastic capsule. The soft elastic capsule can be used with a broad range
of pharmaceutical agents including antibiotics, anti-AIDS pharmaceutical agents, and an

array of other medicinally active agents. Important pharmaceutical agents are anti-HIV
agents.

(..)




The fill composition for the soft elastic capsule of the invention can include a
solubilized HIV protease inhibiting compound mbination o ‘salublhze& HIV protease
’ Preferably, the HIV protcase mhlbmng co pound is a compound of

I;L.ile formula I formula

the compound j

preferably the compound is
protease inhibiting compounds can also be used. Preferably the combination is ritonavir or

pelfinavir and another HIV protease inhibitor, for example, lopmav1r, saquma\nr, mdmawr,

amprenavir, or nelfinavir

Ademas reivindica

22.  The soft elastic capsule of claim 1 wherein the fill in an initial state comprises:
is (28, 38, 58)-5-(N-(N-((N-methyl-N-N-((2-isopropyl-4-thiazolyl)-
methyl)amino)carbonyl)-L-valinyl)amino-2-(N-((5-thiazolyl)methoxy-
carbonyl)-amino-1,6-diphenyl-3-hydroxyhexane (ritonavir) and (28, 38, 5S)-
2~(2,6 dimethylphenoxyacetyl)-amino-3-hydroxy-5-(2S-(1-
“tetrahydropyrimid-2-onyl)-3-methyl-butanoyl)amino-1,6-diphenylhexane
(e ) in the range of 10— 35% by weight of the fill composition;

“-poiyethylene glycol in the range of 3—20% by weight of the fill composition;
oleic acid in the range of 50-80% by weight of the fill; and
wherein the shell in an iﬁitial state comprises:
gelatin in the range of 30-60% by weight of the shell, and
Andrisorb in the range of 4-18% by weight of the shell.

De igual manera que en la anterioridad citada atras, este documento menciona la
formulacién de Ritonavir en capsulas blandas, lo cual sobrepasa de manera
importante el nivel técnico de lo reivindicado por la solicitud colombiana (que solo
involucra capsulas rigidas), ya que como toda persona medianamente versada en
la materia reconoce, la formulaciéon en capsulas blandas de cualquier farmaco,

trae per se varias ventajas a nivel de la biodisponibilidad del mismo. Asi mismo es




importante resaltar que también se menciona la combinacién de ritonavir con la
mayoria de los farmacos que menciona la solicitud colombiana en tramite,

especificamente los mencionados en su reivindicacion 15.

3.2 La combinacién farmacéutica de ritonavir con los demas compuestos
antivirales mencionados por la solicitud colombiana en tramite, especificamente en
su reivindicacion 15, carece por completo de nivel inventivo, ya que se encuentra
suficiente informacién de caracter cientifico con anterioridad, que puede dirigir de
manera obvia a cualquier persona medianamente versada en la materia a asociar

estas sustancias activas en una misma formulacion farmacéutica, veamos:

» La publicacién cientifica “STEADY-STATE PHARMACOKINETIC (PK)
INTERACTION STUDY OF ATAZANAVIR (ATV) WITH RITONAVIR (RTV) IN
HEALTHY SUBJECTS® revela:

Abstract:

ATV is a new protease inhibitor with potent anti-HIV activity. ATV exposure has

been substantially increased when combined with RTV. Objective: To assess the
PK interaction between ATV (CYP3A substrate/inhibitor) and RTV (CYP 3A
inhibitor) at specific doses of 300 and 100 mg, respectively. METHODS: Thirty
healthy subjects received open label drugs with a light meal as follows: 300 mg
ATV QD on Days 1-10 and then 300 mg ATV and 100 mg RTV QD on Days 11-20.
Serial blood samples were collected for PK on Days 10, 15, and 20. RESULTS:
Geometric means and ratios of geometric means (90% confidence intervals (Cl))
for noncompartmental parameters are listed in the table. Steady state Cmax and
AUC(TAU) of ATV after coadministration with RTV were 1.86 and 3.38 fold higher,
respectively, compared to ATV alone. Mean RTV exposure was _similar to
published data from a previous RTV/ATV combination study. CONCLUSIONS: The
combination of RTV and ATV in healthy subjects: substantially increased ATV
exposure, was well tolerated and did not affect RTV PK. The ATV/RTV regimen is
under evaluation in select HIV+ subjects in Phase lll.

¢ State Pharmacokinetic (PK) Interaction Study of Atazanavir (ATV) with Ritonavir (RTV) in Healthy ...
Autores: S AGARWALA; R RUSSO; V MUMMANENI; D RANDALL Fuente: Abstr Intersci Conf
Antimicrob Agents Chemother Intersci ..., 2002 En: Google Scholar
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> La publicacion cientifica “PHARMACOKINETICS AND SAFETY OF
AMPRENAVIR AND RITONAVIR FOLLOWING MULTIPLE-DOSE, CO-
ADMINISTRATION TO HEALTHY VOLUNTEERS”” revela:

Abstract:

Objective: To evaluate the safety and pharmacokinetic interaction between

amprenavir (APV) and Ritonavir (RTV). Methods: Three open-label, randomized,
two-sequence, multiple-dose studies having the same design (7 days of APV or
RTV alone followed by 7 days of both drugs together) used 450 or 900 mg APV
with 100 or 300 mg RTV every 12 h with pharmacokinetic assessments on days 7
and 14. Safety was monitored as clinical adverse events (AEs) and laboratory
abnormalities. Results: Relative to APV alone, RTV co-administration resulted in a
3.3- to 4-fold and 10.84 to 14.25-fold increase in the geometric least-square (GLS)
mean area under the plasma concentrationttime curve (AUCrss) and minimum
concentration (Cminss), respectively. APV 900 mg with RTV 100 mgq resulted in a
2.09-fold and 6.85-fold increase in the GLS mean AUCryss and Cminss, respectively.
On day 14, the geometric mean (95% confidence interval) for 450 mg APV AUCrss
(ig - h/mL) was 23.49 (19.32+28.57) with 300 mg RTV and 35.42 (30.46+44.42)
with 100 ig RTV, and for the 900 mg APV with 100 mg RTV 47.11 (39.47+61.24).
The 450 mg APV Cminss (ig/ml) were 1.32 (1.05+1.67) and 2.01 (1.70+2.61), and
2.47 (2.08+3.32) for 900 mg APV. The most common AEs were mild and included

diarrhea, nausea/vomiting, oral parasthesias, and rash. The triglyceride and

cholesterol increased significantly from RTV exposure. Conclusion: Adding RTV to
APV resulted in clinically and statistically significant increases in APV AUC and

Cmin with variable effects on maximum concentration. The two RTV doses had
similar effects on APV but AEs were more frequent with 300 mg RTV.

» La publicaciéon cientifica “SOLO: 48-WEEK EFFICACY AND SAFETY
COMPARISON OF ONCE-DAILY FOSAMPRENAVIR /RITONAVIR VERSUS
TWICE-DAILY NELFINAVIR IN NAIVE HIV-1-INFECTED PATIENTS® revela:

Abstract:

Objective: To compare the magnitude and durability of the antiviral response to

fosamprenavir (FPV) plus ritonavir (RTV) once-daily (FPV/rQD) with nelfinavir

7 Pharmacokinetics and safety of amprenavir and ritonavir following multiple-dose, co-administration ...
Autores: BM Sadler; PJ Piliero; SL Preston; PP Lloyd; Y Lou Fuente: AIDS, 2001 En: Google Scholar

% 48-week efficacy and safety comparison of once-daily fosamprenavir/ritonavir versus twice-daily ...
Autores: JC Gathe Jr; P Ive; R Wood; D Schurmann; NC Bellos Fuente: AIDS, 2004 En: Google Scholar




twicedaily (NFV BID), each administered with abacavir and lamivudine twice-daily.
Methods: An international, phase Ill, randomized, open-label study in antiretroviral
therapy-naive, HIV-infected adults. Results: Patients with advanced HIV disease
received FPV/r QD (n % 322) or NFV BID (n ¥ 327). At week 48, 69% of patients
in the FPV/r QD group and 68% in the NFV BID group had plasma HIV-1 RNA
(VRNA) , 400 copies/ml, whereas 55% of patients in the FPV/r QD group and 53%
in the NFV BID group had vRNA , 50 copies/ml (intent to treat,
rebound/discontinuation ¥ failure). More patients in the NFV BID group (17%)
experienced virological failure than in the FPV/r QD group (7%). Efficacy of FPV/r
QD was maintained in patients with CD4+ cell counts, 50 3 106 cells/l or vRNA >
100 000 copies/ml at entry. At week 48, median CD4+ cell counts were increased
to 203 3 106 cells/l (FPV/r QD group) and 207 3 106 cells/I (NFV BID group). Both
regimens were generally well tolerated. Diarrhea was more common on NFV BID
than on FPV/r QD (16 versus 9%, P % 0.008). Fasting lipid profile results were
generally favorable in both treatment arms. FPV/rQD maintained plasma
amprenavir (APV) trough concentrations above the mean phenotypic drug-
susceptibility (IC50) for wild-type virus for APV. Conclusion: As a first choice
protease inhibitor with a low daily pill burden, FPV/RQD was well tolerated and
provided potent, durable antiviral suppression.

» La publicacion cientifica ‘PHARMACOKINETIC INTERACTION BETWEEN
RITONAVIR AND INDINAVIR IN HEALTHY VOLUNTEERS? revela:

Abstract:

The pharmacokinetic interaction between indinavir and ritonavir was evaluated in

five groups of healthy adult volunteers to explore the potential for twice-daily (b.i.d.)

dosing of this combination. All subjects received 800 mg of indinavir every 8 h

(q8h) on day 2. In addition, subjects in group | received one dose of 800 mg of
indinavir on day 1 and 800 mg of indinavir g8h on day 17. Subjects in Groups Il
and |V each received one dose of 600 mg of indinavir on days 1 and 17, and
subjects in groups Il and V each received one dose of 400 mg of indinavir on days
1 and 17. During days 3 to 17, ritonavir placebo or ritonavir at 200, 300, 300, or
400 mg q12h was given to groups I, Il, lll, IV, and V, respectively. Ritonavir at
steady state probably inhibited the cytochrome P-450 3A metabolism of indinavir

® Pharmacokinetic Interaction between Ritonavir and Indinavir in Healthy Volunteers Autores: A Hsu; GR

Granneman; G Cao; L Carothers; A Japour Fuente: Antimicrobial Agents and Chemotherapy, 1998 En:
Google Scholar.

1/
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and substantially increased plasma indinavir concentrations, with the area under
the plasma concentration-time curve (AUC) increasing up to 475% and the peak
concentration in serum (Cmax) increasing up to 110%. The Cmax/trough
concentration ratio decreased from 50 in standard q8h regimens to less than 14
when indinavir was administered with ritonavir. For a constant Indinavir dose, an
increase in the ritonavir dose yielded similar indinavir AUCs, Cmaxs, and
concentrations at 12 h (C12s). For a constant ritonavir dose, an increase in the
indinavir dose resulted in approximately proportional increases in the indinavir
AUC, less than proportional increases in Cmax, and slightly more than proportional

increases in C12. Ritonavir reduced between-subject variability in the indinavir

AUC and trough concentrations and did not affect indinavir renal clearance. With

the altered pharmacokinetic profile, indinavir likely could be given as a b.i.d.

combination regimen with ritonavir. This could potentially improve patient

compliance and thereby reduce treatment failures.

» La publicaciéon cientifica “LOPINAVIR-RITONAVIR VERSUS NELFINAVIR
FOR THE INITIAL TREATMENT OF HIV INFECTION'” revela:

Abstract:

Background. Lopinavir is a newly developed inhibitor of human immunodeficiency

virus (HIV) protease that when formulated with ritonavir, yields mean trough

plasma lopinavir concentrations that are at least 75 times as high as that needed to
inhibit replication of wild-type HIV by 50 percent. Methods: We conducted a double-
blind trial in which 653 HIV-infected adults who had not received antiretroviral

therapy for more than 14 days were randomly assigned to receive either lopinavir-
Ritonavir (400 mg of lopinavir plus 100 mg of ritonavir twice daily) with nelfinavir
placebo or nelfinavir (750 mg three times daily) with lopinavir-ritonavir placebo. All
patients also received open-label stavudine and lamivudine. The primary efficacy
end points were the presence of fewer than 400 HIV RNA copies per milliliter of
plasma at week 24 and the time to the loss of virologic response through week 48.
Results: At week 48, greater proportions of patients treated with lopinavir-ritonavir
than of patients treated with nelfinavir had fewer than 400 copies of HIV RNA per
milliliter (75 percent vs. 63 percent, P<0.001) and fewer than 50 copies per milliliter
(67 percent vs. 52 percent, P<0.001). The time to the loss of virologic response

'% Lopinavir-Ritonavir versus Nelfinavir for the Initial Treatment of HIV Infection Autores: S Walmsley; B
Bernstein; M King; J Arribas Fuente: New England Journal of Medicine, 2002 En: Google Scholar.

/
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was greater in the lopinavir-ritonavir group than in the nelfinavir group (hazard
ratio, 2.0; 95 percent confidence interval, 1.5 to 2.7, P<0.001). The estimated
proportion of patients with a persistent virologic response through week 48 was 84
percent for patients receiving lopinavir-ritonavir and 66 percent for those receiving
nelfinavir. Both regimens were well tolerated, with the rate of discontinuation
related to the study drugs at 3.4 percent among patients receiving lopinavir—
ritonavir and 3.7 percent among patients receiving nelfinavir. Among patients with
more than 400 copies of HIV RNA per milliliter at some point from week 24 through
week 48, resistance mutations in HIV protease were demonstrated in viral isolates
from 25 of 76 nelfinavir-treated patients (33 percent) and none of 37 patients

treated with lopinavir-ritonavir (P<0.001). Conclusions For the initial treatment of

HIV-infected adults, a combination regimen that includes lopinavir— ritonavir is well

tolerated and has antiviral activity superior to that of a nelfinavir-containing
regimen. (N Engl J Med 2002:346:2039-46.)

> La publicacién cientifica “SAQUINAVIR PHARMACOKINETICS ALONE AND
IN COMBINATION WITH RITONAVIR IN HIV-INFECTED PATIENTS'" revela:

Abstract:

Objective: The most important hepatic enzyme involved in the metabolism of
protease inhibitors is cytochrome P450 3A4 (CYP3A4). Ritonavir (RIT) is a potent
inhibitor _of CYP3A4 and _inhibits _saquinavir (SQV) metabolism _in _healthy
volunteers. In this study we investigated the kinetics of SQV _when administered
alone and in combination with RIT in HIV-infected patients. Design: SQV

pharmacokinetics were determined in seven patients who had advanced HIV

disease. Steady-state SQV profiles were obtfained on two occasions following
treatment with SQV 600 mg three times daily alone and when administered with
RIT 300 mg twice daily. Methods: Blood samples were obtained at times 0, 1, 2, 4,
6 and 8 h post-dosing. Following centrifugation, separated plasma was heated at
58°C for at least 30 min to inactivate HIV and stored at -80°C until analysis using
high performance liquid chromatography. Results: For patients treated with SQV
alone there was a 12-fold variability in the area under the SQV concentration—time
curve (AUCO-8h) ranging from 293 to 3446 ngh/ml. When combined with RIT
there was a marked increase in the maximum plasma concentration of SQV

"' Saquinavir pharmacokinetics alone and in combination with ritonavir in HIV-infected patients Autores: C
Merry; MG Barry; F Mulcahy; M Ryan; ] Heavey; JF Fuente: AIDS, 1997 En: Google Scholar.
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[median (range), 146 (57-702) versus 4795 (1420—-15810) ng/ml; ~95% confidence
interval (Cl), 2988-6819; P = 0.0006, Mann-Whitney U test]. The AUCO-8h for
SQV was also significantly increased in the presence of RIT [median (range), 470
(293-3446) versus 27 458 (7357-108 001) ngeh/ml; ~95% CI, 16 628-35 111; P =
0.0006]. Conclusions: For some patients, administration of SQV 600 mgqg three

times daily results in very low SQV plasma levels and possibly little antiviral effect.

Combination of SQV with RIT results in a significant druq interaction mediated by

enzyme inhibition which exposes patients to very high SQV concentrations and

potential toxicity. If combination therapy with SQV plus RIT is considered then the

dose of SQV should be greatly reduced.

> La publicacion cientifica “INTERACTIONS BETWEEN ATAZANAVIR-
RITONAVIR AND TENOFOVIR IN HEAVILY PRETREATED HUMAN
IMMUNODEFICIENCY VIRUS-INFECTED PATIENTS'? revela:

Abstract:

The aim of the present study was to assess the pharmacokinetic behavior of

atazanavir-rifonavir when it is_coadministered with_tenofovir disoproxil fumarate
(DF) in human immunodeficiency virus (HIV)-infected patients. Eleven patients
enrolled in Agence Nationale de Recherche sur le SIDA (National Agency for AIDS
Research, Paris, France) trial 107 were included in this pharmacokinetic study.
They received atazanavir at 300 mg and ritonavir at 100 mg once a day (QD) from
day 1 to the end of study. For the first 2 weeks, their nucleoside analog reverse
transcriptase inhibitor (NRTI) treatments remained unchanged. Tenofovir DF was
administered QD from day 15 to the end of the study. Ongoing NRTIs were
selected according to the reverse transcriptase genotype of the HIV isolates from
each patient. The values of the pharmacokinetic parameters for atazanavir and
ritonavir were measured before (day 14 [week 2]) and after (day 42 [week 6])
initiation of tenofovir DF and are reported for the 10 patients who completed the
study. There was a significant decrease in the area under the concentration-time
curve from 0 to 24 h (AUCO0-24) for atazanavir with the addition of tenofovir DF
(AUCO-24 ratio, 0.75; 90% confidence interval, 0.58 to 0.97; P 0.05). There was

a trend for a decrease in the minimum concentrations of atazanavir and ritonavir in

plasma when they were combined with tenofovir, but none of the differences

12 . o . . .. . . .
Interactions between atazanavir-ritonavir and tenofovir in heavily pretreated human immunodeficiency ...

Autores: AM Taburet; C Piketty; C Chazallon; I Vincent Fuente: Antimicrobial Agents and Chemotherapy,
2004 En: Google Scholar.
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reached statistical significance. The median decreases in the HIV RNA loads at

week 2 and week 6 were 0.1 and 0.2 log copies/ml,_respectively. In summary, our

data are consistent with the existence of a significant interaction between
atazanavir and tenofovir DF.

> La publicacion internacional WO 00/25784 publicada el 11 de mayo de 2000 y

titulada “METHOD FOR IMPROVING THE PHARMACOKINETICS OF
TRIPANAVIR’ revela:

novel memod for impro ﬂg{hc ;phéﬁnacbkinetics

tment a combination
ceptable salt
tically acceptable -

,,,,, pared by machine

n 4 Cﬁptdbic inert oil such
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Median plasma ritonavir concentrations following administration of ritonavir 500 mg
BID and either tipranavir 600 mg BID or 900 mg BID are depicted in Figure 3. The
pharmacokinetics of ritonavir derived from individual subject data are summarized in Table
4. For comparative purposes, the pharmacokinetics of ritonavir when administered alone are
included in this table. The combination of ritonavir and tipranavir in this study resulied in an
approximate 4-fold decrease in steady-state plasma ritonavir concentrations compared with
ritonavir administered alone. Median ritonavir Cmax values were more than 2-fold lower,
and Cmin values more than 10-fold lower, when ritonavir was dosed with tipranavir. The
decrease in plasma ritonavir concentrations, and shortening of the elimination half-life, is

consistent with metabolic induction attributable to tipranavir.

(.

Mean (SD) plasma tipranavir concentrations following administration of tipranavir
alone (1250 mg BID) and in combination with ritonavir (200 mg BID) are shown in Figure
7. The pharmacokinetic estimates derived from individual subject data are provided in Tabl
9. Median AUC values of tipranavir were approximately 11-fold higher and median
tipranavir Cmin values were about 75-fold higher in subjects recciving tipranavir with
ritonavir oral solution than in subjects receiving tipranavir alone. Median Cmax values
increased approximately 5-fold following concomitant dosing with ritonavir. As observed in
previous studies in which tipranavir HFC and ritonavir capsules were coadministered, the
apparent terminal half-life of tipranavir was not significantly aftected by ritonavir.

Median (range) ritonavir pharmacokinetic parameters after administration of
ritonavir oral solution 200 mg BID with tipranavir 1250 mg BID arc given in Table 10. The
median ritonavir AUC. Cmin, and Cmax were 12-fold, 54-fold, and 10-fold lower,
respectively, for this combination compared to a 500-mg twice-daily dose of ritonavir
administered alone. The apparent elimination half-life of ritonavir was also decreased

relative to ritonavir given alone, which is consistent with metabolic induction by tipranavir.

(.)

Ademas reivindica:
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tipranavir, comprising

n of  therapeutically

Como se puede apreciar en todas estas publicaciones anteriores a la solicitud
colombiana, la asociacidon de dichos principios activos, especialmente para el
tratamiento de una infeccion por VIH, puede arrojar resultados farmacocinéticos
positivos, especialmente en el incremento de cantidades y tiempo de permanencia
del farmaco en sangre, lo cual favoreceria la alternativa de tratar esta clase de
enfermedades con la coadministracion de los farmacos citados, y por ende, de
asociarlos en una formulaciéon farmacéutica para su administracién conjunta, como
lo hace la solicitud colombiana en tramite, circunstancia que aniquila el nivel
inventivo de ésta.

3.3 Por ultimo, la patente americana US 2004/0024031 publicada el 05 de
febrero de 2004 vy titulada “SOLVATES AND POLYMORPHS OF RITONAVIR
AND METHODS OF MAKING AND USING THE SAME’ revela:

[0010] This invention encompasses novel solvates and
crystal polymorphs of Ritonavir. Specific solvates of the
compound include a formamide solvate and a partially
desolvated formamide solvate. All of the novel forms exhibit
physical and spectroscopic characteristics that differ mark-
and II.

as well as methods of
so encompassed by the
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[0070] Pharmaceutical compositions of the invention that
are suitable for oral administration can be presented as
discrete dosage forms, such as, but are not limited to, tablets
(e.g., chewable tablets), caplets, capsules, and liquids (e.g.,
flavored syrups). Such dosage forms contain predeiermined
amounts of active ingredients, and may be prepared by
methods of pharmacy well known to those skilled in the art.
See generallyy, REMINGTON’S PHARMACEUTICAL
SCIENCES, 18" ed., Mack Publishing, Easton Pa. (1990).

()

[0096]

[0097] NORVIR-brand Ritonavir {Abbott Laboratories,
North Chicago, 11l. USA) oral solution was used to obtain
Ritonavir Form 1. Specifically, approximately 240 mL of
NORVIR solution {the contents of a normal prescription
bottle, totaling about 19.2 g of Ritonavir) were placed into
a 500 mL round bottom flask and vacuum-treated (pumping
at high vacuum} for about 6 hours at room temperature on
a slightly heated water bath to keep temperature constant, 50
mL of ethyl acetate was added to the viscous residue (dark
orange in color).

(..)

Ademas reivindica:

Como se puede apreciar claramente, en esta anterioridad se encuentra contenido
lo que se refiere a la inclusion de ritonavir en formulaciones sélidas para
administracion oral, especificamente tabletas y capsulas; la combinacién de
ritonavir con otros farmacos, especificamente con lopinavir, saquinavir, indinavir,

amprenavir y tripanavir; y la utilizacion (y obtencién) de la forma polimorfica | en
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dichas formulaciones; con lo cual se ve afectado el contenido del capitulo
reivindicatorio que sustenta esencialmente la novedad y el nivel inventivo de la

solicitud colombiana en tramite.

Asi mismo es importante resaltar, que los compuestos que especifica dicha
solicitud colombiana, tales como los silicatos, el oxido de silice, kollidon,
almidones, lauril sulfato de sodio, tablettose 80, estereato de magnesio, lactosa
monohidrato y PVP k30, son excipientes comunes y ampliamente utilizados en el
estado de la técnica para este tipo de formulaciones sélidas orales, y que, como
cualquier persona medianamente versada en la materia reconoce, su eleccion
depende de los resultados obtenidos a través de los respectivos ensayos de
preformulaciéon y formulacién, por los que toda forma de dosificacion de este tipo
debe pasar, para asegurar asi las caracteristicas ideales y de calidad del
medicamento. En el mismo sentido, la eleccion e inclusién en la formulacién de un
polimorfo de un principio activo, en este caso el polimorfo | de Ritonavir, no
sustenta alguna novedad y/o nivel inventivo, puesto que dicha seleccion también
se encuentra ligada a los ensayos de preformulacién y formulacion, en donde el
polimorfo escogido debe ser estable y ajustarse a las condiciones de elaboraciéon
y a los excipientes que lo van a acompafar, para poder ejercer su actividad
farmacolégica dentro del medicamento.

En conclusién, se encuentra suficiente informacién anterior en el mismo estado de
la técnica que desvirtila los argumentos a través de los cuales la solicitud
colombiana busca sustentar novedad y nivel inventivo, especificamente a lo que
se refiere al uso del polimorfo | de ritonavir, solo o en combinacién con otros
farmacos, en una formulaciéon sélida para administracion oral, con lo cual todo lo
contenido en el capitulo reivindicatorio de dicha solicitud resulta insustancial para

el caso de una patente de invencion.

Asi las cosas, y con fundamento en los argumentos expuestos a lo largo del
presente escrito, respetuosamente reitero la solicitud para que su despacho se

abstenga de conceder el privilegio de patente solicitado, y ordene en

consecuencia el archivo del expediente respectivo.

-0
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Iv. FUNDAMENTOS DE DERECHO

Son fundamentos de derecho el Capitulo |, articulos 14, 16 y 18(Requisitos de
Patentabilidad) y el articulo 42 (Oposiciones) de la Decisién 486 de 2000.

V. SOLICITUD DE PLAZO EXTRA PARA SUSTENTAR LA OPOSICION

En desarrollo de lo dispuesto por el articulo 42, inciso 2° de la Decision 486,
solicito comedidamente a su Despacho el plazo adicional de sesenta dias para
sustentar la presente oposicién. Para los anteriores efectos, me permito anexar la
constancia de pago correspondiente.

VI. PRUEBAS

Ruego que se tengan como tales, sin perjuicio de las que puedan presentarse al
vencimiento de la prérroga solicitada, y de aquellas que el Despacho considere

oficiosamente, las siguientes:

» Abstracts de las publicaciones cientificas enunciada en el numeral 3.2 del
acapite de fundamentos de la oposicion.

» La publicacién internacional WO 00/25784 publicada el 11 de mayo de 2000 y
titulada “METHOD FOR IMPROVING THE PHARMACOKINETICS OF
TRIPANAVIR” paginas 1, 12, 15, 18, 19, 25 y capitulo reivindicatorio.

» Impresion de los resultados de la busqueda en el “FDA Orange Electronic
Book” para Ritonavir.

» La publicacién internacional WO 00/59475 publicada el 12 de octubre de 2000
y titulada “COMPOSITIONS AND METHODS FOR IMPROVED DELIVERY OF
IONIZABLE HYDROPHOBIC THERAPEUTIC AGENTS” pagina 3 y capitulo
reivindicatorio.

» La publicacién internacional WO 02/096395 publicada el 05 de diciembre de
2002 y titulada “SOFT ELASTIC CAPSULES COMPRISING RITONAVIR
AND/OR LOPINAVIR” paginas 1, 11, 12 y capitulo reivindicatorio.

> La patente americana US 2004/0024031 publicada el 05 de febrero de 2004 y
titulada “SOLVATES AND POLYMORPHS OF RITONAVIR AND METHODS
OF MAKING AND USING THE SAME” Paginas 2, 6, 9 y capitulo reivindicatorio.




Vil. ANEXOS

Para efectos del tramite correspondiente, me permito anexar al presente escrito

los siguientes anexos

Certificado de existencia y representacion legal de Tecnoquimicas S.A.
Poder para actuar.

Constancia de pago de las tasas de tramitacién de oposicion.

0 b=

Constancia de pago para sustentar la solicitud de prérroga a que se refiere
el articulo 42, inciso 2° de la Decision 486.

5. Copia para correr traslado al solicitante.

6. El mencionado en el acapite de pruebas.

Vill. NOTIFICACIONES

El suscrito recibira notificaciones en la secretaria de su Despacho o en mi oficina
localizada en la Carrera 17 No. 88-23, Oficina 205, Fax (1) 621.25.42 de esta
ciudad. Tecnoquimicas S.A., las recibira en la secretaria de su Despacho o en su
sede localizada en la Calle 23 # 7-39, de la ciudad de Cali.

REYES VILLAMIZAR

C.C. 79'1562.473 de Usaquén
T.P.A. 44.655 del C.S.J.
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LOPINAVIR-RITONAVIR FOR HIV-1 INFECTION

LOPINAVIR-~-RITONAVIR VERSUS NELFINAVIR FOR THE INITIAL TREATMENT
OF HIV INFECTION

SHARON WALMSLEY, M.D., BARRY BERNSTEIN, M.D., MARTIN KING, PH.D., Jost ArriBas, M.D., GILDON BeaLL, M.D.,
PETER RUANE, M.D., MARGARET JOHNSON, M.D., DAVID JOHNSON, M.D., RicHARD LAaLoNDE, M.D.,
ANTHONY JAPOUR, M.D., Scott BRUN, M.D., AND EUGENE Sun, M.D., For THE M98-863 STupY TEAM*

ABSTRACT

Background Lopinavir is a newly developed inhib-
itor of human immunodeficiency virus (HIV) protease
that, when formulated with ritonavir, yields mean
trough plasma lopinavir concentrations that are at
least 75 times as high as that needed to inhibit rep-
lication of wild-type HIV by 50 percent.

Methods We conducted a double-blind trial in which
653 HlV-infected adults who had not received anti-
retroviral therapy for more than 14 days were ran-
domly assigned to receive either lopinavir-ritonavir
{400 mg of lopinavir plus 100 mg of ritonavir twice
daily} with nelfinavir placebo or nelfinavir (750 mg
three times daily) with lopinavir-ritonavir placebo.
All patients also received open-label stavudine and
lamivudine. The primary efficacy end points were the
presence of fewer than 400 HIV RNA copies per mil-
liliter of plasma at week 24 and the time to the loss
of virologic response through week 48.

Results At week 48, greater proportions of patients
treated with lopinavir-ritonavir than of patients treat-
ed with nelfinavir had fewer than 400 copies of HIV
RNA per milliliter (75 percent vs. 63 percent, P<0.001)
and fewer than 50 copies per milliliter (67 percent vs.
62 percent, P<0.001). The time to the loss of virologic
response was greater in the lopinavir-ritonavir group
than in the nelfinavir group (hazard ratio, 2.0; 95 per-
cent confidence interval, 1.5 to 2.7; P<0.001). The es-
timated proportion of patients with a persistent viro-
logic response through week 48 was 84 percent for
patients receiving lopinavir-ritonavir and 66 percent
for those receiving nelfinavir. Both regimens were well
tolerated, with the rate of discontinuation related to
the study drugs at 3.4 percent among patients re-
ceiving lopinavir-ritonavir and 3.7 percent among
patients receiving nelfinavir. Among patients with
more than 400 copies of HIV RNA per milliliter at
some point from week 24 through week 48, resistance
mutations in HIV protease were demonstrated in viral
isolates from 25 of 76 nelfinavir-treated patients (33
percent) and none of 37 patients treated with lopin-
avir-ritonavir (P<0.001).

Conclusions For the initial treatment of HiV-infect-
ed adults, a combination regimen that includes lo-
pinavir-ritonavir is well tolerated and has antiviral
activity superior to that of a nelfinavir-containing reg-
imen. (N Engl J Med 2002;346:2039-46.})

Copyright © 2002 Massachusetts Medical Society.

ROTEASE inhibitor-based combination an-

tiretroviral therapy has led to dramatic im-

provements in morbidity and mortality asso-

ciated with human immunodeficiency virus
(HIV) infection.# However, virologic failure occurs
within 12 months in up to 50 percent of patients in
whom combination antiretroviral therapy is initiat-
ed.>7 Major factors contributing to failure are poor
tolerability and toxicity of the drugs, incomplete ad-
herence to the regimen on the part of patients, and
pharmacokinetic properties that result in trough con-
centrations close to or below the levels required to
inhibit HIV replication effectively.3? Lopinavir is a
novel peptidomimetic protease inhibitor with potent
in vitro activity against HIV10; it has been formulated
with low-dose ritonavir, a cytochrome P450 3A4 en-
zyme inhibitor, to enhance its pharmacokinetic profile.
When administered at a dose of 400 mg of lopinavir
and 100 mg of ritonavir twice daily, the resulting
mean trough lopinavir concentrations are at least 75
times as high as the protein binding—corrected con-
centration needed to inhibit the replication of wild-
type HIV by 50 percent (EC;).)! The combination
of lopinavir and ritonavir was developed to exploit
this pharmacokinetic advantage, with the goal of min-
imizing the risk of treatment failure and maximizing,
the durability of a treatment response.

The activity of lopinavir—ritonavir in HIV-infected
patients was first demonstrated in a phase 2 study of
lopinavir—ritonavir in combination with stavudine
and lamivudine, in patients who had not previously
been treated with antiretroviral drugs. An intention-
to-treat analysis showed that HIV RNA was sup-
pressed to fewer than 50 copies per milliliter in 78 per-
cent of these patients after 48 wecks of treatment .12
On the basis of initial observations from that study,

From Toronto Hospital, University Health Network, University of To
ronto, Toronto (SW.); Abbott Laboratories, Abbott Park, 11i. (B.B., M.K.,
AlJ, 8.B., E.S.); Servico VIH-Medicina Interna I, Hopital Universitario
La Paz, Madrid (J.A.); Harbor UCLA Medical Center, Torrance, Calif.
(G.B.); Tower Infectious Diseases, Los Angeles (P.R.); Royal Free Hospital,
London (M.].); Johannesburg, South Africa (D.].); and Montreal Chest In
stitute, Royal Victoria Hospital, Montreal (R.L.). Address reprint requests
to Dr. Walmsley at Toronto General Hospital, Division of Infectious Dis
eases, Rm. EN G-219, 200 Elizabeth St., Toronto, ON M5G 2C4, Cana
da, or at sharon.walmsley@uhn.on.ca.

*The investigators participating in the M98-863 study are listed in the
Appendix.
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we conducted a randomized, double-blind, multi-
center trial to compare the safety and efficacy of lopin-
avir-ritonavir with that of nelfinavir.

METHODS
Patients

Patients were recruited from 93 centers in 13 countries in North
America, South America, Europe, Africa, and Australia. The patients
were at least 12 years old, had more than 400 copies of HIV RNA
per milliliter of plasma (measured by Roche Amplicor HIV-1
Monitor}, a Karnofsky scote over 70, and no prior treatment with
stavudine or lamivudine or prior treatment with any other anti
retroviral therapy for more than 14 days at any time. There was
no restriction on the CD4+ cell count. The patients had not been
treated for an active opportunistic infection within 30 days before
screening. The exclusion criteria also included pregnancy and ala-
nine aminotransferase or aspartate aminotransferase levels more
than three times the upper limit of normal. All patients gave written
informed consent.

Study Design

We conducted a randomized, double-blind, comparative study.
The primary outcome measures were the proportion of patients
with fewer than 400 copies of HIV RNA per milliliter of plasma
at 24 weeks and the time to the loss of virologic response through
48 weeks. Secondary efficacy outcomes included the proportion of
patients with fewer than 50 copies of HIV RNA per milliliter at
weeks 24 and 48 (as determined with the Roche Amplicor HIV-
1 Monitor) and changes in the CD4+ cell count. To assess safety,
the frequency and severity of treatment-related adverse events,
the incidence of laboratory abnormalities, and changes from base
line in clinical and laboratory values were compared between the
WO treatment groups.

Treatment Regimens

Patients were centrally assigned according to a computer-gen-
crated randomization schedule in a 1:1 fashion either to receive lo-
pinavir —ritonavir (Kaletra, Abbott Laboratories) at a dose of 400
mg of lopinavir and 100 mg of ritonavir twice daily, plus nelfinavir
placebo three times daily, or to receive nelfinavir (Viracept, Agou-
ron) at a dose of 750 mg three times daily plus a lopinavir—ritona-
vir placebo twice daily. No stratification was used in the random-
ization. After approval by the Food and Drug Administration of
the nelfinavir regimen consisting of 1250 mg twice daily, the pro-
tocol was amended to allow nelfinavir to be taken cither three or
two times daily by patients who had completed at least 24 weeks
of study treatment. Thirty patients made this change before week
48. All patients also received twice-daily open-label lamivudine
(150 mg; Epivir, GlaxoSmithKline) and stavudine (40 mg; Zerit,
Bristol-Myers Squibb) (patients weighing less than 60 kg received
30 mg). If adverse events related to stavudine or lamivudine oc-
curred, the drug could be discontinued and replaced with another
nucleoside drug at the discretion of the investigator.

Assessment and Monitoring

The patients were evaluated at base line, every four weeks through
week 24, then every eight weeks through week 48. At each visit
an interim history was taken and a physical examination was per-
formed, adverse events were recorded, nonfasting hematologic
and blood-chemistury evaluation were performed, and the HIV
RNA level and CD4+ cell count were determined. Peripheral fat
wasting, central adiposity, breast hypertrophy, development of a
dorsal fat pad, multiple lipomas, and a cushingoid appearance were
all considered to be adverse events associated with lipodystrophy
or lipoatrophy. Patients’ rates of adherence to the regimens were

2040 - N Engl J Med, Vol. 346, No. 26 - June 27, 2002

determined by pill counts of the active protease inhibitor at each
study visit.

Viral Genotyping and Phenotypic Analysis

Viral genotyping (GeneSeq, ViroLogic) was performed on sam
ples from all patients who had more than 400 copies of HIV RNA
per milliliter at any study visit between weeks 24 and 48. Pheno-
typic analysis (PhenoSense, ViroLogic) was also conducted on sam-
ples from patients treated with lopinavir--ritonavir. For patients with
multiple genotypic results, the latest sample was used for data
analysis. Resistance to nelfinavir was defined as the presence of a
D30ON or L90OM mutation in HIV protease.!3 Genotyping was
also performed on stored isolates obtained at base line from nel
finavir-treated patients with a D30N or .90M mutation at any
time between week 24 and week 48. In the absence of data on new
mutations selected by lopinavir in vivo, resistance to lopinavir was
defined conservatively as the development of any primary or active-
site protease mutation (i.¢., 2 mutation at amino acid 8, 30, 32, 46,
47, 48, 50, 82, 84, or 90).1* Lamivudine resistance was defined
as the presence of the M184V/I mutation in reverse transcriptase.

Statistical Analysis

The planned sample size of 330 patients per trcatment group
provided the study, at the two-sided 0.05 level of significance, with
80 percent power to detect an absolute difference of 10 percent
in the proportion of patients with fewer than 400 copies of HIV
RNA per milliliter, based on a predicted response rate of 70 per
cent at week 24 for nelfinavir-treated patients. It also provided 85
percent power to detect an absolute difference of 12 percent (62
percent vs. 50 percent) in the proportion of patients with a viro-
logic response that persisted through week 48. As specified in the
protocol, only patients who actually received the study drugs were
included in the analyses. The proportion of patients with fewer
than 400 or fewer than 50 copies of HIV RNA per milliliter was
summarized, with missing values considered to be greater than or
equal to 400 copies per milliliter or greater than or equal to 50
copies per milliliter, respectively. Treatment groups were compared
by Fisher’s exact test. The distribution of values for time to the loss
of virologic response through week 48 was estimated with use of
a Kaplan-Meier procedure, and the treatment groups were com
pared by means of the Cox proportional-hazards model. The time
of the loss of virologic response was defined as day 0 for patients
who never had fewer than 400 copies of HIV RNA per milliliter
or as the date of the first of the following: the first of two con
secutive HIV RNA values greater than or equal to 400 copics per
milliliter afier any HIV RNA value of less than 400 copies per mil-
liliter, the use of an antiretroviral agent not allowed by the proto
col, or premature discontinuation of the study drug for reasons
related to treatment. The rates of incidence of adverse events were
compared by Fisher’s exact test. A one-way analysis of variance
was used to evaluate mean changes from base line. All statistical
tests were two-sided.

The data were gathered at study centers by site investigators and
research nurses and forwarded to Abbott Laboratories for data entry
and statistical analysis. The principal investigator (Dr. Walmsley)
was provided with the dara set, drafted the manuscript, and then
revised it on the basis of comments from all the other authors.
No restrictions were imposed by Abbott on the interpretation of
the data or the writing of the manuscript.

RESULTS

Of 859 patients screened, 686 met the eligibility
criteria and were randomly assigned to treatment be-
tween March 30, 1999, and September 30, 1999.
Thirty-three patients (17 assigned to lopinavir-ritona-
vir and 16 to nelfinavir) never received a study drug;

© WWw.nejm.org
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the remaining 653 patients were included in the
analysis. The base-line characteristics were similar in
the two study groups (Table 1). A total of 56 patients
in the lopinavir-ritonavir group and 77 patients in
the nelfinavir group withdrew from the study before
week 48. Study drug-related adverse events resulted
in discontinuation in 3.4 percent of patients treated
with lopinavir—ritonavir and 3.7 percent of those
treated with nelfinavir, and discontinuation due to
virologic failure occurred more frequently among pa-
tients treated with nelfinavir than among those treated
with lopinavir-ritonavir (9.2 percent vs. 0.6 percent,
P<0.001) (Table 2). Although discontinuation of the
randomly assigned therapy was not required for pa-
tients meeting protocol-defined virologic end points,
all patients who discontinued the study with an inves-
tigator-specified reason of virologic failure had reached
a protocol-defined virologic end point. Unblinding
occurred in less than 2 percent of patients and was
generally related to the management of clinically sig-
nificant medical events.

Antiviral Activity

In rthe primary analysis at week 24, 259 of 326 pa-
tients treated with lopinavir—ritonavir (79 percent)

TABLE 1. SUMMARY OF BASE-LINE CHARACTERISTICS. *

LOPINAVIR-RITONAVIR
PLUS LAMIVUDINE
AND STAVUDINE

NELFINAVIR
PLUS LAMIVUDINE
AND STAVUDINE

CHARAGTERISTIC (N=326) (N=327)
Sex — no. (%)

Male 260 (80) 264 (81)

Female 66 (20) 63 (19)
Race or ethnic group —- no. (%)

Non-Hispanic white 184 (56) 190 (58)

Non-Hispanic black 81 (25) 83 (25)

Hispanic 48 (15) 37 (11)

Asian or Pacific Islander 8 (2) 12 (4)

Native American or Alaskan 3() 3(1)

Native

Mixed race 21 2(1)
Age -—yr

Mean 38.4+9.7 37.3*89

Range 19-84 2068
Weight — kg

Mean 73.4*14.4 74.4+14.8

Range 38.5-136.1 42.5--149.0
HIV RNA — log,, copies/ml

Mean 489+0.75 492%0.74

Median 5.01 498

Range 2.60-6.82 2.79-6.84
CD4+ cell count — cells/mm?

Mean 260*214 258196

Median 232 232

Range 2-944 3--949

*Plus~minus values are means * SD.
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and 233 of 327 nelfinavir-treated patients (71 percent)
had fewer than 400 copies of HIV RNA per millili-
ter (P<0.05). The response rates at week 48 were
75 percent for patients treated with lopinavir—ritona-
vir (245 of 326 patients) and 63 percent for nelfin-
avir-treated patients (206 of 327 patients; P<0.001)
(Fig. 1A). The 95 percent confidence interval for the
difference in these response rates at week 48 was 5 to
19 percent. At week 48, 67 percent of patients treated
with lopinavir-ritonavir and 52 percent of nelfina-
vir-treated patients had fewer than 50 copies of HIV
RNA per milliliter (P<0.001) (Fig. 1B).

The primary end point for assessing the durability
of the response was the time to the loss of virologic
response through week 48. In this analysis, 51 patients
in the lopinavir-ritonavir group did not have a per-
sistent response, as compared with 108 patients in
the nelfinavir group (P<<0.001 by the Cox propor-
tional-hazards model) (Fig. 2). The Kaplan—Meicr
estimates of the proportion of patients with a response
that persisted through week 48 were 84 percent for
the lopinavir—ritonavir group and 66 percent for the
nelfinavir group, corresponding to a hazard ratio of
2.0 (95 percent confidence interval, 1.5 to 2.7). The
reasons for the loss of virologic response included vi-
ral rebound (which occurred in 21 patients receiving
lopinavir—ritonavir and 62 patients receiving nelfin-
avir), failure to achieve viral suppression (22 and 38
patients, respectively), discontinuation of the regimen

TABLE 2. REASONS FOR STUDY DISCONTINUATION
AT OR BEFORE WEEK 48.

LOPINAVIR—

RITONAVIR NELFINAVIR
PLUS LAMIVUDINE PLUS LAMIVUDINE
AND STAVUDINE  AND STAVUDINE

REASON (N=326) (N=327)
no. (%)

Death 5 (1.5) 3(0.9)
Study drug related adverse event 11 (3.4) 12 (3.7)
Other adverse event or HIV-related event 5(1.5) 2 (0.6)
Loss to follow up 13 (4.0) 16 (4.9)
Personal or other reasons 14 (4.3) 10 (3.1)
Noncompliance 7 (2.1) 6 (1.8)
Patient required prohibited medication 1(0.3) 0
Virologic failure* 2 (0.6) 30 (9.2)
Totalt 56 (17.2) 77 (23.5)

*P<0.001 for the comparison between the treatment groups. All the pa
tients who discontinued the study with an investigator-specified reason of
virologic failure had reached a protocol-defined end point.

+Two patients in each group indicated more than one reason for discon-
tinuation.
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Figure 1. Percentage of Patients with Plasma Human Immunodeficiency Virus (HIV) RNA Levels of Few-
er Than 400 Copies per Milliliter (Panel A) and Fewer Than 50 Copies per Milliliter (Panel B).

All the patients who received a study drug are included (326 in the lopinavir-ritonavir group and 327
in the nelfinavir group). The asterisk denotes P<0.05 and the daggers P<0.001 for the comparison be-
tween the treatment groups. The dashed portions of the curves represent the period before testing at

fewer than 50 copies per milliliter was begun.

because of study drug-related adverse events (7 and
5 patients), and the addition of antiretroviral agents
not allowed in the protocol (1 and 3 patients).

Immunologic Changes

Significant mean increases from base line in the
CD4 + cell count were observed at all visits for each
trcatment group. Among 517 patients with CD4+
cell counts at both base line and week 48, similar
mean increases from base line to week 48 were ob-

2042 - N Engl J Med, Vol. 346, No. 26 - June 27, 2002

served in the lopinavir—ritonavir group and the nel-
finavir group (207 and 195 cells per cubic millimeter,
respectively).

Adverse Events

The most common adverse events of at least mod-
erate severity and with a possible, probable, or un-
known relation to protease inhibitor occurred with
similar frequency in the two treatment groups ("Table
3). Diarrhea was the most common adverse event in
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Figure 2. Kaplan-Meier Analysis of the Time to the Loss of Virologic Response through Week 48.
P<0.001 for the comparison between the treatment groups, based on the Cox proportional-hazards

model.

both treatment groups. Diarrhea and nausea each
resulted in the interruption or discontinuation of
study drugs in less than 2 percent of patients in both
treatment groups. Adverse events consistent with the
presence of lipodystrophy or lipoatrophy were report-
ed in 5 percent of patients receiving lopinavir—rito-
navir and 6 percent of those receiving nelfinavir. Five
patients receiving lopinavir-ritonavir and three receiv-
ing nelfinavir died. Four deaths were caused by HIV-
associated opportunistic infections or cancers, one by
pneumonia, one by coronary artery disease, and one
by lactic acidosis. These four deaths were considered
unrelated to the study medications. One death due to
pancreatitis was considered possibly related to lopin-
avir—ritonavir; the patient also had lactic acidosis.
New acquired immunodeficiency syndrome (AIDS)-
defining events (Centers for Disease Control and Pre-
vention class C!%) were reported in 2 percent of pa-
tients in each treatment group.

Laboratory Abnormalities

Laboratory measurements were performed without
regard to fasting. Grade 3 or 4 elevations in total cho-
lesterol and in triglycerides were more common in
patients receiving lopinavir—ritonavir than in those
receiving nelfinavir, although the difference was not
statistically significant for total cholesterol (Table 3).
The mean increases from base line to week 48 in total

N Engl J Med, Vol. 346, No. 26 -+ June 27, 2002

cholesterol were 53 mg per deciliter (1.37 mmol per
liter) in patients treated with lopinavir—ritonavir and
48 mg per deciliter (1.24 mmol per liter) in those
treated with nelfinavir (P~0.17 for the comparison
between the groups). The mean increases in triglycer-
ides from base line to week 48 were 125 mg per dec-
iliter (1.4 mmol per liter) in patients receiving lopin-
avir—ritonavir and 47 mg per deciliter (0.5 mmol per
liter) in those receiving nelfinavir (P<<0.001 for the
comparison between the groups). No patient discon-
tinued the study because of elevated lipid or amino-
transferase levels.

Viral Resistance

Fifty-eight patients treated with lopinavir—ritonavir
and 102 treated with nelfinavir had at least 400 cop-
ies of HIV RNA per milliliter at week 24, 32, 40, or
48. Samples from 37 of the 58 patients receiving
lopinavir—ritonavir and 76 of the 102 receiving nelfin-
avir could be amplified for resistance testing. None of
the samples from the 37 patients treated with lopin-
avir—ritonavir and 25 of 76 samples from those treat-
ed with nelfinavir (33 percent) had evidence of geno-
typic resistance in HIV protease (P<0.001). The
absence of resistance to lopinavir in patients treated
with lopinavir-ritonavir was confirmed by phenotypic
analysis, with all isolates demonstrating wild-type
susceptibility. For the 25 nelfinavir-treated subjects
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TABLE 3. MosT COMMON ADVERSE EVENTS AND GRADE 3 OR 4
LABORATORY ABNORMALITIES. *

LOPINAVIR -
RITONAVIR PLUS  NELFINAVIR PLUS
LAMIVUDINE AND  LAMIVUDINE AND

STAVUDINE STAVUDINE
EVENT OR ABNORMALITY {N=326) (N=327)
no. (%)
Abdominal pain 13 (4.0) 10 (3.1)
Asthenia 13 (4.0) 11 (3.4)
Headache 8 (2.5) 6 (1.8)
Digestive problems
Diarrhea 51 (15.6) 56 (17.1)
Dyspepsiat 7 (2.1) 1(0.3)
Nausea 22 (6.7) 15 (4.6)
Vomiting 8(2.5) 8(2.4)
Laboratory abnormalities}
Aspartate aminotransferase or alanine 14 (4.5) 17 (5.2)
aminotransferase >5 times upper
limit of normal
Total cholesterol >300 mg/dl 28 (9.0) 16 (4.9)
Triglycerides >750 mg/dI§ 29 (9.3) 4(1.3)

*Events listed are of at least moderate severity and of probable, possible,
or unknown relation to protease inhibitor. To convert the value for total
cholesterol to millimoles per liter, multiply by 0.02586; to convert the value
for triglycerides to millimoles per liter, multiply by 0.01129.

tP<0.05 for the comparison between treatment groups.

tPercentages are based on patients for whom post-base-line values were
available (312 treated with lopinavir—ritonavir and 318 treated with nel-
finavir).

§P<0.001 for the comparison between treatment groups.

with resistance, none of the 24 available correspond-
ing base-line isolates demonstrated resistance. Among
the samples from week 24 through week 48, resistance
to lamivudine was less frequent in patients receiving
lopinavir—ritonavir than in those receiving nelfinavir
(41 percent vs. 82 percent, P<0.001). There was no
statistically significant difference between the treat-
ment groups in adherence or exposure to viral repli-
cation (mean HIV RNA at base line or time of geno-
typing, mean days of treatment with 400 or more
copies of HIV RNA per milliliter) among patients
with genotypic data.

Adherence

Overall rates of adherence to the active protease-
inhibitor regimens were similar in the treatment
groups, with 86 percent of patients treated with lopin-
avir-ritonavir and 83 percent of those treated with
nelfinavir having overall adherence above 90 percent.
Adherence was strongly associated with treatment re-
sponse, with 89 percent of all those with a response
at week 48 (fewer than 400 copies of HIV RNA per

milliliter} having overall adherence rates above 90
percent, as compared with 61 percent of those with-
out a response at week 48 (P<<0.001).

DISCUSSION

Protease-inhibitor therapy can greatly reduce HIV-
related morbidity and mortality.14 Protease inhibitors
are highly active in vitro, but their activity in vivo is
limited by rapid clearance, resulting in trough levels
that are only one to six times above the EC,, of wild-
type virus.3916 Variability among patients in drug,
concentrations, particularly trough levels 1718 and im-
perfect adherence also reduce the effectiveness of the
antiviral therapy. In order to achieve maximal drug
levels, protease inhibitors must be given often and at
high doses, potentially compromising tolerability and
adherence.120 Low trough levels of protease inhibi-
tors significantly increase the risk of clinical failure and
virologic resistance.2122 More potent protease inhib-
itors with trough concentrations substantially above
the EC,, of wild-type virus would be expected to low-
er rates of viral resistance and improve overall efficacy,
provided there is no increased toxicity.

Pharmacologic enhancement of protease inhibitors
with ritonavir has been widely employed and has been
shown to result in substantial increases in drug con-
centrations.?-26 However, with the exception of lopin-
avir—ritonavir, systematic dose-ranging and prospec-
tive, randomized, controlled trials have generally not
been conducted for these regimens. In this study,
lopinavir-ritonavir showed greater efficacy than nel-
finavir, according to analyses of the proportion of
patients with fewer than 400 or fewer than 50 copices
of HIV RNA per milliliter at week 48 and the pro-
portion of patients with a virologic response that
persisted through 48 weeks. This improvement was
achieved with similar rates of adherence and low rates
of study drug-related withdrawals in both treatment
groups. The overall response rates observed in the
lopinavir—ritonavir group compared favorably with
those observed in other randomized clinical trials of
highly active antiretroviral therapy.?730 The response
seen in the nelfinavir group was similar to that pre-
viously reported for this drug.3133 Differences in the
frequency of administration of nelfinavir and lopin-
avir—ritonavir are unlikely to have contributed to the
difference in response rates, since the adherence rates
were similar in both treatment groups. Furthermore,
previous clinical trials comparing nelfinavir given ei-
ther twice daily or three times daily have shown no
significant differences in response rates.323% These ob-
servations suggest that the superior response seen in
the patients treated with lopinavir—ritonavir reflected
improved antiviral activity and not differences in dos-
age or adherence.

Additional important considerations in antiretrovi-
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ral therapy are the risks and consequences of treatment
failure. Significantly more patients had viral rebound
and discontinued treatment because of virologic failure
in the nelftnavir group than in the lopinavir—ritonavir
group. In addition, the consequences of detectable
viral load differed in the two treatment groups, in that
patients with 400 or more copies of HIV RNA per
milliliter were significantly more likely to have pro-
tcase-inhibitor resistance in the nelfinavir group than
in the lopinavir-ritonavir group (33 percent vs. () per-
cent). The higher rate of resistance to lamivudine and
the development of HIV-protease mutations in nel-
finavir-treated patients may also undermine the re-
sponsc to subsequent treatment regimens.3

The double-blind, placebo-controlled design of
this study may have resulted in a smaller difference
in dropout rates between the groups than in other
recent studies of antiretroviral therapy®® and mini-
mized the potential for bias in the reporting of adverse
events. Both regimens were well tolerated, with 3.4
percent of patients receiving lopinavir—ritonavir and
3.7 percent of nelfinavir-treated patients discontinu-
ing the study because of study drug-related adverse
events. Diarrhea and nausea were the most common
adverse events. Laboratory abnormalities were also in-
frequent, although the incidence of grade 3 or 4 tri-
glyceride elevations was greater in the lopinavir—riton-
avir group. These results must be interpreted with
caution, since specimens were obtained without re-
gard to fasting. Grade 3 or 4 triglyceride elevations
were not associated with acute clinical events. How-
ever, longer follow-up will be necessary to determine
the clinical significance of elevations in lipid levels,
especially as they relate to cardiovascular morbidity
and mortality. The incidence of lipodystrophy or lipo-
atrophy was low and was similar in the two treatment
groups. However, because these changes can take
longer than 48 weeks to develop, the relative long-
term rates remain unknown.

Successful antiviral therapy requires adequate drug
potency, good tolerability, and a high barrier to re-
sistance. Pharmacologic improvements in the admin-
istration of protease inhibitors are likely to provide
morc sustained clinical benefit. When antiretroviral
therapy is sclected for patients not previously treated
with antiretroviral drugs, the balance among antiret-
roviral activity, immunologic recovery, and short- and
long-term toxicity must be determined for each pa-
tient individually. The findings from this trial show the
benefits of therapy with lopinavir-ritonavir, as dem-
onstrated by its superior antiviral activity in compar-
ison with that of nelfinavir and its continued tolerabil-
ity and high barrier to resistance. These characteristics
suggest an important role for lopinavir—ritonavir as
an initial protease inhibitor—based treatment for HIV
infection.
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APPENDIX

The following investigators participated in Study M98.863: A.M. All
worth, Royal Brisbane Hospital, Herston, Queensiand, Australia; F.I. Al
tice, Yale University School of Medicine, New Haven, Conn.; K. Arasteh,
EPIMED, Berlin, Germany; A.D. Badley, Ottawa Hospital, Ottawa, Ont.,
Canada; C. Barros, Hospital de Mostoles, Madrid; J. Beal, Associates in
Medical and Mental Health, Talsa, Okla.; ]J.D. Brand, North Texas Center
for AIDS and Clinical Research, Dallas; W. Cameron, Ottawa Hospital, Ot-
tawa, Ont., Canada; P.J. Cimoch, Orange County Center for Special Im
munology, Fountain Valley, Calif;; B. Clotet Sala, Hospital Universitari
Germans Trias [ Pujol, Barcelona, Spain; C.J. Cohen, Community Re
search Initiative of New England, Boston; T.P. Cooley, Boston Medical
Center, Boston; J.-E Delfraissy, Centre Hospitalier Universitaire de Krem
lin Bicétre, Kremlin-Bicdtre, France; G. Faetkenheuer, Klinik I fiir Innere
Medizin der Universitit zu Kéln, Cologne, Germany; C.E Farthing, AIDS
Healthcare Foundation -Research Center, Los Angeles; J. Feinberg, Uni
versity of Cincinnati Medical Center, Cincinnati; M.A. Fischl, University
of Miami School of Medicine, Miami; M. Fisher, Elton John Centre, Brigh
ton General Hospital, Brighton, United Kingdom; M. Flepp, University
Hospital Zurich, Zurich, Switzerland; J. Gallant, Johns Hopkins University
School of Medicine, Baltimore; ].C. Gathe, Therapeutic Concepts, Hous
on; J. Gerstoft, Rigshospitalet, Copenhagen, Denmark; M. Goldman,
Wishard Memorial Hospital, Indianapolis; J.M. Gonzalez Lahoz, Hospital
Carlos 111, Madrid; EM. Graziano, University of Wisconsin Hospital and
Clinics, Madison; S. Green, Hampton Roads Medical Specialists, Hamp
ton, Va.; H.A. Grossman, St. Luke’s- Roosevelt Hospital, New York; DW.
Haas, Vanderbilt University Medical Center, Nashville; EE Haas, Associ-
ates in Medical and Mental Health, Tulsa, Okla.; S.P. Hauptman, Thomas
Jefferson University, Philadelphia; C.B. Hicks, Duke University Medical
Center, Durham, N.C.; A. Horban, AIDS Diagnostics and Therapy Center,
Warsaw, Poland; J.M. Horton, Carolinas Medical Center, Charlotte, N.C.;
N.E. Hyslop, Jr., Tulane University Medical Center, New Orleans; R.C.
Kalayjian, MetroHealth Medical Center, Cleveland; P.H. Kazanjian, Uni
versity of Michigan Health System, Ann Arbor; ]. Kosunan, Dhiladelphia
FIGHT, Philadelphia; HW. Lampiris, $an Francisco Veterans Affairs Med
ical Center, San Francisco; F. LaPlante, Clinique Médical du Quartier Lat
in, Montreal; J.L. Lennox, Emory University School of Medicine, Atlanta;
R. Luskin- Hawk, Lakeshore Infectious Diseases, Chicago; S. Mallal, Royal
Perth Hospital, Perth, Australia; L. Mathiesen, Hvidovre University Hos
pital, Hvidovre, Denmark; J. Silva de Mendonca, Hospital do Servidor
Publico Estadual de S3o Paulo, Sio Paulo, Brazil, P. Miao, Sherman Oaks,
Calif.; D. Mildvan, Beth Israel Medical Center, New York; S. Miller, Bed
ford Gardens, South Africa; J.S.G. Montaner, St. Paul’s Hospital, University
of British Columbia, Vancouver, B.C., Canada; Y. Mouton, Hépital Guy
Chatiliez, Tourcoing, France; R.A. Myers, Jr., Phoenix Body Tlositive,
Phoenix, Ariz.; A.T. Pavia, University of Utah, Salt Lake City; C. Pedersen,
Odense University Hospital, Odense, Denmark; G. Dierone, Jr., Vero
Beach, Calif; R.B. Pollard, University of Texas Medical Branch, Galveston;
A. Pozniak, St. Stephens Centre/Chelsea and Westminster Hospital, L.on
don; A.R. Rachlis, Sunnybrook Health Science Centre, Toronto; ES.
Rhame, Abbott Northwestern Hospital, Clinic 42, Minneapolis; R. Rubio,
Hospital 12 de Octubre, Madrid; A.G. Saimot, Hépital Bichat Claude Ber
nard, Paris; J.H. Sampson, Research and Education Group, Portland,
Oreg.; I. Sanne, Wits Health Corsortium Infectious Disease Clinical Trial
Unit, Johannesburg, South Africa; ].L. Santana, San Juan AIDS Program
Clinical Research, San Juan, Puerto Rico; D. Seekins, Saint Joseph’s Baptist
Comprehensive Research, Tampa, Fla.; G.E. Sepulveda, Immunology Clin
ic, Ponce University Hospital, Ponce, Puerto Rico; D. Sereni, Hépital
Saint-Louis, Paris; S. Sharma, Comprehensive Care Center, Ft. Lauderdale,
Fla.; R.D. Sherer, Jr., Cook County Hospital, Chicago; L.G. Smith, Saint
Michael’s Medical Center, Newark, N.J.; K.E. Squires, University of Ala
bama, Birmingham; 8. Staszewski, Klinikum der Johann Wolfgang von Goe
the Universitit, Frankfurt, Germany; R.T. Steigbigel, State University of
New York- Stony Brook, Stony Brook; C.R. Steinhart, Steinhart Medical
Association, Miami; A. Stoehr, Allgemeines Krankenhaus St. Georg, Ham-
burg, Germany; R. Suyker, Pacific Oaks Research, Beverly Hills, Calif.;
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D.E. Sweet, University of Kansas School of Medicine, Wichita, K.T. Tash-
ima, Miriam Hospital, Providence, R.I.; A. Theisen, Universitdtsklinik
Klinik fiir Gastroenterologie, Dusseldorf, Germany; R. Thomas, Clinique
Médicale 'Actuel, Montreal; ].A. Thommes, Pacific Oaks Research, Beverly
Hills, Calif,; M.A. Thompson, AIDS Clinical Research Consortium of At
lanta, Atlanta; A. Timermann, Hospital Heliopolis, S3o Paulo, Brazil; P. Vi-
ciana, Hospital Universitario Virgen del Rocio, Seville, Spain; D. Vittecoq,
Hoépital Paul Brousse, Villejuif, France; J.N. Weber, St. Mary’s Hospital
Medical School, London; D.L. Weitner, Hamburg, Germany; [.P. van der
Westhuizen, Cape Town, South Africa; D.A. Wheeler, Infectious Diseases
Physicians, Annandale, Va.; D.P. Wright, Central Texas Medical Foundation,
Austin; B.G. Yangco, Infectious Diseases Research Institute, Tampa, Fla.

REFERENCES

1. Selik RM, Karon JM, Ward JW. Effect of the human immunodeficiency
virus epidemic on mortality from opportunistic infections in the United
States in 1993. ] Infect Dis 1997;176:632-6.

2. Hogg RS, O’Shaughnessy MV, Gataric N, et al. Decline in deaths from
AIDS due to new andiretrovirals. Lancet 1997;349:1294,

3. Palella FJ Jr, Delaney KM, Moorman AC, et al. Declining morbidity
and mortality among patients with advanced human immunodeficiency vi-
rus infection. N Engl ] Med 1998;338:853-60.

4. Murphy SL. Deaths: final data for 1998. National vital statistics report.
Vol. 48. No. 11. Hyattsville, Md.: National Center for Health Statistics,
2000:1 105. (DHHS publication no. (PHS) 0-0487)

5. Wit FW, van Leeuwen R, Weverling GJ, et al. Outcome and predictors
of failure of highly active antiretroviral therapy: one-year follow-up of a co-
hort of human immunodeficiency virus type 1-infected persons. J Infect
Dis 1999;179:790-8.

6. Fatkenheuer G, Theisen A, Rockstroh J, et al. Virological treatment fail-
ure of protease inhibitor therapy in an unselected cohort of HIV-infected
patients. AIDS 1997;11:F113-F116.

7. Ledergerber B, Egger M, Opravil M, et al. Clinical progression and vi-
rological failure on highly active antiretroviral therapy in HIV-1 patients: a
prospective cohort study: Swiss HIV Cohort Study. Lancet 1999;353:863-8.
8. Barry M, Gibbons S, Back D, Mulcahy E Protease inhibitors in patients
with HIV disease: clinically important pharmacokinetic considerations.
Clin Pharmacokinet 1997;,32:194-209.

9. Condra JH, Petropoulos CJ, Ziermann R, Schleif WA, Shivaprakash M,
Emini EA. Drug resistance and predicted virologic responses to human im-
munodeficiency virns type 1 protease inhibitor therapy. J Infect Dis 2000;
182:758 65.

10. Sham HL, Kempf D], Molla A, et al. ABT-378, a highly potent inhib-
itor of the human immunodeficiency virus protease. Antimicrob Agents
Chemother 1998;42:3218-24.

11. Bertz R, Renz C, Foit C, et al. Steady-state pharmacokinetics of Kale-
tra (lopinavir/ritonavir 400/100 mg BID) in HIV-infected subjects when
taken with food. In: Proceedings of the Second International Workshop
on Clinical Pharmacology of HIV Therapy, Noordwijk, the Netherlands,
April 2 4, 2001:3.1. abstract.

12. Murphy RL, Brun S, Hicks C, et al. ABT-378 /ritonavir plus stavudine
and lamivudine for the treatment of antiretroviral-naive adults with HIV-1
infection: 48-week results. AIDS 2001;15:F1-F9.

13. Atkinson B, Isaacson J, Knowles M, Mazabe! E, Patick AK. Correla-
tion between human immunodeficiency virus genotypic resistance and vi-
rologic response in patients receiving nelfinavir monotherapy or nelfinavir
with lamivadine and zidovudine. J Infect Dis 2000;182:420-7.

14. Hirsch MS, Brun-Vezinet F, D’Aquila RT, et al. Antiretroviral drug re-
sistance testing in adult HIV-1 infection: recommendations of an Interna-
tional AIDS Society-USA panel. JAMA 2000;283:2417 26.

15. 1993 Revised classification system for HIV infection and expanded
surveillance case definition for AIDS among adolescents and adults.
MMWR Morb Mortal Wkly Rep 1992;41:(RR-17):1-19.

16. Flexner C. HIV protease inhibitors. N Engl ] Med 1998;338:1281 92.

17. Acosta EP, Henry K, Baken L, Page LM, Fletcher CV. Indinavir con
centrations and antiviral effect. Pharmacotherapy 1999;19:708 12.

18. Langmann P, Zilly M, Weissbrich B, et al. Therapeutic drug monitor
ing of saquinavir in patients during protease inhibitor therapy with
saquinavir alone or in combination with ritonavir or nelfinavir. Eur ] Med
Res 2000;5:59-62.

19. Andrews L, Friedland G. Progress in HIV therapeutics and the chal
lenges of adherence to antiretroviral therapy. Infect Dis Clin North Am
2000;14:901 28.

20. Paterson DL, Swindells S, Mohr ], et al. Adherence to protease inhib
itor therapy and outcomes in patients with HIV infection. Ann Intern Med
2000;133:21 30. [Erratum, Ann Intern Med 2002;136:253.]

21. Molla A, Korneyeva M, Gao Q, et al. Ordered accumulation of muta

tions in HIV protease confers resistance to ritonavir. Nat Med 1996;2:760-6.

22. Durant ], Clevenbergh P, Garraffo R, et al. Importance of protease in
hibitor plasma levels in HIV-infected patients treated with genotypic guid

ed therapy: pharmacological data from the Viradapt Study. AIDS 2000;14:

1333-9.

23. Kempf DJ, Marsh KC, Kumar G, et al. Pharmacokinetic enhancement
of inhibitors of the human immunodeficiency virus protease by coadmin
istration with ritonavir. Antimicrob Agents Chemother 1997;41:654 60.
24. Hsu A, Granneman GR, Cao G, et al. Pharmacokinetic interactions
between two human immunodeficiency virus inhibitors, ritonavir and
saquinavir. Clin Pharmacol Ther 1998;63:453- 64.

25. van Heeswijk RP, Veldkamp Al, Hoetelmans RM, et al. The steady
state plasma pharmacokinetics of indinavir alone and in combination with
a low dose of ritonavir in twice daily dosing regimens in HIV 1 infected
individuals. AIDS 1999;13:F95-F99.

26. Hsu A, Granneman GR, Cao G, et al. Pharmacokinetic interaction be
tween ritonavir and indinavir in healthy volunteers. Antimicrob Agents
Chemother 1998;42:2784-91.

27. Squires K, Johnson V, Katlama C, et al. The Atlantic Study: a random
ized open-label study to evaluate the efficacy and safety of three triple
combination therapies aimed at different HIV targets in antiretroviral naive
HIV1 infected patients. In: Prograrn and abstracts of the XIII Internation

al AIDS Conference, Durban, South Africa, July 9--14, 2000:43. abstract.

28. Podzamczeer D, Ferrer E, Consiglio E, et al. A randomized open mul
ticenter trial comparing nelfinavir.or nevirapine in HIV-infected naive pa
tients (the Combine Study). In: Programs and abstracts of the 40th Inter
science Conference on Antimicrobial Agents and Chemotherapy, Toronto,
September 17 20, 2000. Washington, D.C.: American Society for Micro
biology, 2000:293. abstract.

29. Staszewski S, Keiser P, Montaner ], et al. Abacavir-lamivudine zidovu
dine vs indinavir lamivudine-zidovudine in antiretroviral-naive HIV infect.
ed adults: a randomized equivalence trial. JAMA 2001;285:1155-63. [Er
ratum, JAMA 2001;285:2858.]

30. Staszewski S, Morales Ramirez ], Tashima KT, et al. Efavirenz plus zi
dovudine and lamivudine, efavirenz plus indinavir, and indinavir plus zido
vudine and lamivudine in the treatment of HIV 1 infection in aduls.

N Engl ] Med 1999;341:1865 73.

31. Bardsley Elliot A, Plosker GL. Nelfinavir: an update on its use in HIV
infection. Drugs 2000;59:581-620.

32. Saag M, Tebas P, Sension M, et al. Randomized, double-blind com
parison of two nelfinavir doses plus nucleosides in HIV infected patients
(Agouron study 511). AIDS 2001;15:1971-8.

33. Nelfinavir. La Jolla, Calif.: Agouron Pharmaceuticals, January 25,
2001 (package insert).

34. Condra J, Holder W, Schleif A, et al. Genetic correlates of virologic
response to an indinavir-containing salvage regimen in patients with nel
finavir failure. Antiviral Ther 1999;4:Suppl:44.

Copyright € 2002 Massachusetts Medical Society.

2046 - N Engl ] Med, Vol. 346, No. 26 - June 27,2002 - www.nejm.org,

Downloaded from www.nejm.org on April 15, 2008 . Copyright © 2002 Massachusetts Medical Society. All rights reserved.




- FAST TRACK

Saquinavir pharmacokinetics alone and in combination
with ritonavir in HIV-infected patients

Concepta Merry*', Michael G. Barry*, Fiona Mulcahy’,
Mairin Ryan*, Jane Heavey*, John F. Tjia*, Sara E. Gibbons*,
Alasdair M. Breckenridge* and David J. Back*

Obijective: The most important hepatic enzyme involved in the metabolism of
protease inhibitors is cytochrome P450 3A4 (CYP3A4). Ritonavir (RIT) is a potent
inhibitor of CYP3A4 and inhibits saquinavir (SQV) metabolism in healthy volunteers.
In this study we investigated the kinetics of SQV when administered alone and in
combination with RIT in HIV-infected patients.

Design: SQV pharmacokinetics were determined in seven patients who had
advanced HIV disease. Steady-state SQV profiles were obtained on two occasions
following treatment with SQV 600 mg three times daily alone and when
administered with RIT 300 mg twice daily.

Methods: Blood samples were obtained at times 0, 1, 2, 4, 6 and 8 h post-dosing.
Following centrifugation, separated plasma was heated at 58°C for at least 30 min to
inactivate HIV and stored at —80°C until analysis using high performance liquid
chromatography.

Results: For patients treated with SQV alone there was a 12-fold variability in the
area under the SQV concentration-time curve (AUC, g,) ranging from 293 to 3446
ngeh/ml. When combined with RIT there was a marked increase in the maximum
plasma concentration of SQV [median (range), 146 (57-702) versus 4795
(1420-15810) ng/ml; ~95% confidence interval (Cl), 2988-6819; P = 0.0006,
Mann-Whitney U test]. The AUC,_g, for SQV was also significantly increased in the
presence of RIT [median (range), 470 (293-3446) versus 27 458 (7357-108 001)
ngeh/ml; ~95% Cl, 16 628-35 111; P=0.0006].

Conclusions: For some patients, administration of SQV 600 mg three times daily
results in very low SQV plasma levels and possibly little antiviral effect.
Combination of SQV with RIT results in a significant drug interaction mediated by
enzyme inhibition which exposes patients to very high SQV concentrations and
potential toxicity. If combination therapy with SQV plus RIT is considered then the
dose of SQV should be greatly reduced.

AIDS 1997, 11:F29-F33

Keywords: Saquinavir, ritonavir, pharmacokinetics, HIV, AIDS

Introduction demonstrated to be more effective than ZDV

monotherapy in preventing disease progression and
In 1996, treatment with zidovudine (ZDV) plus reducing mortality in patients with HIV disease |1,2].
didanosine (ddl) or ZDV plus zalcitabine (ddC) was Further progress followed recent studies with three
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reverse transcriptase (RT) inhibitors or two RT
inhibitors and a protease inhibitor producing greater
antiviral activity with prolonged reductions of 2.0-3.0
log in plasma HIV RNA [3,4]. The HIV protease
enzyme is responsible for post-translational processing
of Gag and Gag—Pol polyprotein precursors into their
functional units and inhibition of the enzyme results in
the production of immature, non-infectious virions.
Initial studies suggest that the protease inhibitors are
very potent anti-HIV drugs with ritonavir (RIT) pro-
ducing a 1.7-]og reduction in plasma viraemia, which is
similar to the combination of lamivudine (3TC) plus
ZDV. As with the nucleoside analogues, viral resistance
may develop with the protease inhibitors; for example,
incidence 15 approximately 45% after 1 year of
saquinavir (SQV) monotherapy [5]. Furthermore,
cross-resistance to other protease inhibitors has been
demonstrated following administration of indinavir
suggesting initial therapy with indinavir may limit the
benefit of subsequent treatment with others [6]. In vitro
work demonstrates that isolates from patients treated
with RIT may show decreased sensitivity to RIT but
remain susceptible to SQV suggesting that combination
of these two protease inhibitors may be more effective
than monotherapy [7]. However, the administration of
protease inhibitors in combination does raise important
pharmacokinetic issues in particular clinically relevant
drug interactions.

In vitro studies using human liver microsomes have
demonstrated that RIT is a potent inhibitor of
cytochrome P450 3A4 (CYP3A4) and to a lesser extent
other cytochrome P450 isozymes [8]. SQV is exten-
stvely metabolised by CYP3A4, and in rats coadminis-
tration of RIT increases the area under the
concentration—time curve (AUC) of SQV by 36-fold
[9]. Single and multiple dose studies in healthy volun-
teers have also shown that RIT greatly increases the
AUC and maximum concentration (C_ ) of coadmin-
istered SQV [10}). We have now determined the mag-
nitude of the RIT-SQV interaction in the clinical
setting and report the pharmacokinetics of SQV when
administered alone and in combination with RIT in
HIV-infected patients.

Methods

Patients

Seven male patients, aged 28-45 years, with sexually
acquired HIV infection participated in this study. All
patients had advanced HIV disease (Centers for Disease
Control and Prevention 1993 criteria, stage 1V) with a
mean CD4 count of 25 x 10%/1 (range, 10-60 X 106/1).
Current medications included co-trimoxazole 960 mg
daily as prophylaxis for Pneumocystis carinii pneumonia.
All patients were receiving triple therapy with ZDV
250 mg twice daily, 3TC 150 mg twice daily and SQV

600 mg three times daily. The mean duration of nucle-
oside therapy was 2.5 years. All patients were consid-
ered for quadruple therapy with the addition of RIT to
their current regimen. There was no evidence of signif-
icant hepatic (greater than twofold elevation of hepatic
transaminases) or renal dysfunction and no medication
known to interfere with SQV metabolism (except
RIT) was prescribed during the study period. Approval
for the study was obtained from the St James’s Hospital
Ethics Committee and each patient provided written
informed consent.

On the first study day, patients attended at 0830 h after
an overnight fast. An indwelling intravenous cannula
was inserted 1n the cubital fossa to facilitate blood
sampling. At 0900 h a fasting blood sample was taken
(time O h). Patients ingested ZDV 250 mg, 3TC 150
mg and SQV 600 mg. Blood samples were then taken
at 1,2, 3, 4, 6 and 8 h post-dosing. Prior to the second
study day 1 week later, patients had been treated with
their usual medicatons (ZDV, 3TC, SQV) plus RIT
300 mg twice daily for 4 days. The procedure on study
day 2 was identical to that of the first day, except for
the addition of RIT 300 mg to ZDV, 3TC and SQV
prior to sampling. All samples were centrifuged without
delay and the separated plasma was heated to 58°C for
at Jeast 30 min to inactivate HIV. Plasma was then
stored at —80°C until SQV analysis using high perfor-
mance liquid chromatography (HPLC).

Drug analysis

SQV concentrations in plasma were determined as fol-
lows. Plasma samples in duplicate (0.2-0.5 ml, depending
on the phase of the study) were pipetted into glass tubes,
and sodium hydroxide (0.5 M; 0.3 ml) and internal stan-
dard (31-9564; Roche Products, Welwyn Garden City,
Hertfordshire, UK) added. Tube contents were mixed
thoroughly. Standard curves were prepared containing
blank plasma and SQV at a concentration range of
20~-400 or 500-8000 ng/ml. Quality control samples for
the assessment of precision and accuracy of the assay were
prepared by adding known quantities of SQV to blank
plasma samples. Test samples, standards and quality con-
trol samples were extracted with diethyl cther (5 mi) for
10 min. After centrifuging for 5 min at 3000 rpm the
organic phase was transferred to clean tubes and evapora-
ted to dryness. Extracts were reconstituted in the HPLC
mobile phase (0.15 ml) and washed with hexane (1 ml).
Hexane was subsequently discarded and washed extracts
transferred to vials for injection into the HPLC.

SQV and the internal standard were resolved on a
Megellen 5C; column (5 pm; 250 X 4.6 mm;
Phenomenex, Macclesfield, Cheshire, UK) with a
mobile phase of acetontrile : water (63 : 37) at a flow rate
of 1 ml/min. Absorbance was monitored at 238 nm.
Peaks of interest, SQV (retention time, 10.5 min) and
internal standard (retention time, 25 min) were quant-
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fied using a Kontron MT2 data acquisition system
(Kontron Instruments, Watford, Hertfordshire, UK).

The limit of quantification was 20 ng/ml. Interassay
variability was determined with two different control
samples containing nominal concentrations of 100 and
1000 ng/ml. The coefficients of variation were 3.6 and
4.1%, respectively. Intra-assay precision was deter-
mined with samples containing 100 and 1000 ng/ml.
The coefficients of variation were 8.2 and 3.6%,
respectively.

Pharmacokinetic and statistical analysis

SQV concentrations were evaluated for C__, time to
C,ax and AUC to 8 h (AUC, ). AUC values were
determined by non-compartmental analysis using the
TOPFIT computer software (Gustav Fischer Verlag,
Stuttgart, Germany).

Differences in SQV pharmacokinetic parameters were
compared using the Mann-Whitney U test. A P value
< 0.05 was considered statistically significant.

I}esults

The results are summarized in Table 1. Patients admin-
istered SQV 600 mg three times daily demonstrated a
12-fold variability in SQV AUC,,, ranging from 293
to 3446 ngeh/ml (Fig. 1). When combined with RIT
there was a marked increase in the maximum plasma
¢oncentration of SQV: median (range), 146 (57-702)
versus 4795 (1420-15 810) ng/ml, ~95% confidence
interval (Cl), 2988-6819; P = 0.0006, Mann—Whitney
U test (Fig. 2). Because SQV plasma concentrations are
shown on an arithmetic scale, the profile of the SQV
alone phase appears virtually flat. However, there was
an approximate threefold increase in SQV concentra-
tion from trough (0 h) to peak (C__). The AUC, ,, for

$QV was also significantly increased in the presence of

AUT, p Ing:h.ml"}
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Fig. 1. Area under the concentration—time curve (AUC, 4)
for saquinavir (SQV) in seven patients treated with SQV
600 mg three times daily.

Table 1. Pharmacokinetic parameters for saquinavir (SQV) 600 mg
three times daily alone and in combination with ritonavir (RIT) 300
mg twice daily.

Median (range)
SQV alone SQV +RIT P

Conax (ng/ml) 146 (57-702) 4795 (1420-15810) 0.0006
AUC, g, (ngeh/ml) 470 (293-3446) 27458 (7357-108001) 0.0006

Significance is defined as P < 0.05 (Mann-Whitney U test).

sav (ng.my
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Fig. 2. Mean (xSEM) plasma saquinavir (SQV) steady state
concentrations following treatment with SQV 600 mg three
times daily alone and in combination with ritonavir (RIT)
300 mg twice daily.

AUCqs. (ng.h.mf")

Patient
Fig. 3. Area under the concentration—-time curve (AUC, 4}
for saquinavir (SQV) in seven patients treated with SQV
600 mg three times daily alone and in combination with
ritonavir (RIT) 300 mg twice daily.

RIT: median (range), 470 (293- 3446) versus 27 458
(7357- 108 001) ngeh/ml; ~95% CI, 16 628 35 111; P
=0.0006 (Fig. 3).

Discussion

It is estimated that there are at least 15 human hver
cytochrome P450s involved in drug metabolism with
the isozymes CYP1A2, CYP3A4, CYP2D6, CYP2CY
and CYP2C19 responsible for the metabolism of the

s

F31



AIDS 1997, Vol 11 No 4

majority of drugs {11]. The single most important drug
metabolising cytochrome P450 is CYP3A and in vitro
evidence suggests that this is the most influential isoen-
zyme involved in the metabolism of the protease
inhibitors with the isoforms CYP2C9 and CYP2D6
also contributing [9]. If drugs are substrates for a com-
mon cytochrome P450 enzyme it may be anticipated
that the elimination of one or both may be delayed if
the drugs are coadministered. If, as is likely, two pro-
tease inhibitors are administered in combination as
therapy for HIV we would predict a drug interaction,
which is indeed supported by recent in vitro and in vivo
studies. RIT potently inhibited the metabolism of SQV
in rat and human liver microsomes with median
inhibitory concentration values of 0.42 and 0.25 pM,
respectively [9]. Recent single and multiple dose inter-
action studies between SQV and RIT in healthy vol-
unteers confirm the increased SQV concentration
when coadministered with RIT, whereas RIT pharma-
cokinetics remained unaltered [10).

In this study we investigated the potential clinical rele-
vance of such an interaction by determining SQV
kinetics when administered alone and in combination
with RIT in HIV-infected patients attending our clin-
ic. Steady-state SQV profiles were obtained on two
occasions following treatment with SQV 600 mg three
times daily and when administered with RIT 300 mg
twice daily. Our results demonstrate a significant drug
interaction between RIT and SQV probably mediated
by enzyme inhibition as demonstrated by in vitro studies
[9]. In the presence of RIT the maximum plasma con-
centration of SQV was increased 30-fold with a 58-fold
increase in the median AUC,_, compared with SQV
administered alone. This represents a very potent
inhibitory effect of RIT on SQV metabolism exposing
patients to very high SQV concentrations. It has been
proposed that an interaction between RIT and SQV
may be beneficial and overcome problems associated
with the poor bioavailability of SQV [12]. Doses of
SQV higher than the standard 600 mg three times daily
produce a greater and more sustained suppression of
HIV viral load and elevation of CD4 counts.
Treatment with SQV 3600 mg daily resulted in a maxi-
mum mean decrease in plasma HIV RNA levels of
1.06 log RNA copies/ml and a maximum increase in
C4 cell counts of 72 x 10%/1. Increasing the SQV
dose to 7200 mg daily resulted in a mean decrease in
HIV RNA of 1.34 log RNA copies/ml with a maxi-
mum increase in CD4 counts of 121 x 10%/1 [13].
Therefore, the ability of RIT to increase SQV levels
together with the non-overlapping resistance patterns
of SQV and RIT would appear to offer an attractive
therapeutic option for the treatment of HIV disease.

Our data show that levels of SQV achieved with SQV
600 mg three times daily plus RIT 300 mg twice daily
would be approximately six times greater than those

after SQV 7200 mg daily. Significant toxicity occurred
in patients treated with SQV 7200 mg daily with 5% of
patients developing severe (grade 3) elevations in liver
function tests, 5% developed severe (grade 3) neutrope-
nia, and 5% developed life-threatening (grade 4) eleva-
tions in creatinine phosphokinase levels [13].
Therefore, it is not surprising that dosing regimens such
as RIT 600 mg twice daily plus SQV 600 mg twice
daily, which have been proposed as a therapeutic
option and produce SQV levels much higher than
monotherapy with SQV 7200 mg daily, result in the
appearance of severe (grade 3) or life-threatening (grade
4) elevations in liver function tests in approximately
20% of patients [14]. Therefore, the choice of dosing
regimen will be crucial in order to optimize the anti-
viral efficacy and minimize toxicity with this combina-
tion. Preliminary results (unpublished data) from our
clinic suggest that the SQV AUC,, ,,, achieved by the
combination of SQV 200 mg once daily plus RIT 600
mg twice daily may exceed that following SQV 7200
mg daily, giving some indication of the SQV dose that
may suffice when combined with RIT.

As SQV is predominantly metabolised by CYP3A4
present in the gastrointestinal tract and the liver, and as
significant intersubject variability in CYP3A4 exists it
explains, in part, the 12-fold variability in SQV
AUC, ,, following SQV 600 mg three nimes daily.
This variability is also seen in the presence of RI'l" with
the SQV AUC, 4, ranging from 7357 to 108 001
ngeh/ml. As a consequence of this observed variability,
for some patients treatment with SQV 600 mg three
times daily will result in very low SQV plasma levels
and possibly little antiviral effect. When combined with
RIT the varability of SQV levels will result in some
patients being exposed to very high SQV levels and
subsequent toxicity.

As RIT is a potent inhibitor of CYP3A it would be
expected to inhibit the metabolism of other CYP3A
substrates including protease inhibitors (indinavir, nelfi-
navir), azole antifungal drugs (ketoconazole, itracona-
zole), hypnotics (midazolam) and macrolide antibiotics
(erythromycin, clarithtomycin). Coadministration of
RIT and clarnithromycin in healthy volunteers pro-
duced a 77% increase in clarithromycin AUC and a
threefold increase in the elimination half-life [15].
Treatment with RIT 500 mg twice daily plus rifabutin
150 mg daily resulted in a fourfold increase in rifabutin
AUC [16]. The ability of RIT to inhibit cytochrome
P450 enzymes other than CYP3A is demonstrated by
the inhibidon of desipramine (CYP2D6) metabolism
[17]. As a consequence of the potent inhibition of
cytochrome P450 enzymes, RIT is contraindicated in
patients receiving some non-sedating antihistamines
(astemizole, terfenadine), sedative hypnotics (midazo-
lam) and antiarrhythmics (amiodarone, encainide, fle-
cainide, propafenone, quinidine). However, in addition
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to these inhibitory effects, RIT may also induce
CYP1A2 [18] and glucuronyl transferase activity [19]
thereby increasing the metabolism of drugs such as
theophylline (CYP1A2), zidovudine, opiates and
¢thinyloestradiol (all metabolised by glucuronyl trans-
ferase). As the mean AUC of ethinyloestradiol may be
reduced by 40% during treatment with RIT 500 mg
twice daily, use of alternative contraceptive measures
should be considered [19]. The potential for multiple
drug interactions mediated predominantly by enzyme
inhibition but also by induction, together with the
poor tolerability of RIT that we have described in
patients with advanced disease (30% discontinuation of
therapy [20]), may well limit the use of this potent
anti-HIV drug in some patients {21].

This study clearly demonstrates the ability of RIT to
inhibit SQV metabolism in the clinical setting. The
very high SQV levels as a consequence of this interac-
tion will expose patients to SQV toxicity (increased
liver function tests, increased creatinine phosphokinase,
neutropenia). If combination therapy with RIT plus
$QV is considered, then the dose of SQV should be
greatly reduced. Further studies are in progress to
determine the optimum dosage.
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The pharmacokinetic interaction between indinavir and ritonavir was evaiuated in five groups of healthy
adulf volunteers to explore the potential for twice-daify (b.i.d.) dosing of this combination. Al sabjects received
&8¢ rog of indinavir every 8 b {g8h} on day
indinavir on day 1 and 886 myg of indinavir g8k on day 17. Subjects in Groups 1f and IV each received one dose
of 688 g of indinavir on days § and 17, and subjects in grovps I and V each received one dose of 366 my
of indinaviy on days | and 17, Baring days 3 fo 17, ritenavir placebo or rifonavir at 208, 300, 308, or 406 wmy
a2k was gives fo gromps §, I3, 11}, 1V, and ¥, respectively. Rilonavir al steady stale probably inhibited the
cyfochrome P-450 3A metabolism of indinavir and substantislly increased plasma indinavir concenirations,
with the area nader thz‘ plasma eoncentrativn-time enrve (AUC) increasing up o 475% and the peak concestra-
tion in sermm (€, ) increasing up o 116%. The C  /trough concentration ratin decreased from 38 in stan.
dard g8h regimens o Jess than 14 when indinavir was administered with ritonaviv. For a constant indinavir
dose, an increase in the ritonavir dese vielded similar indinaviv AUCSs, Cmms, and concentrations at X h
{Cys). For a constant ritonavir dese, an increase in the indinavir dose resulied in approximatefy proportiona
increases in the indinavir AUC, less than propertional increases in £, and stightly more than proportional
increases in . Ritonavir reduced beiween-subject variability in the indinavir AUC and trough concentrations
and did not affect indinavir renal cleavance. With the alfered pharmacokinetic profile, indinavir fikely coutd
be given as a b.i.d. combination regimen with ritonaviz. This conld potentially improve patient compliance and

1. In addition, subjects in group I received one dose of 360 myp of

thereby reduce treatment failares,

Recent advances in the management of human immunode-

ficiency vitus (HIV) infection have led 10 3 new percepric,n of

the disease and pew treatmest paradignus (10). These asdvances
inchude an improved understanding of the pathogenesis of
HEV infection {26, 52), the de vel)pm Rt of rchable assay
merhodologies for the detection and quaniification of viral
load (48, 4%}, the availability of new, potent antiviral ageats,
and an 3pprecimion thai combination antiretroviral therapy
reduces disease progression and rmortality risks {7, 8, 16, 19,
375 In this context, indinavir, ritonavis, saquinavir, and neifi-
- are the promising new HIV protease inhibitors for the
treatinent of HIV infection. More Hotent and sustained sup-
pression of viral replication asd durzble immusoreconstitution
bas been showa with the ase of dual protease inhibitors or pro-
tease whibitors o combination with aucleoside analogs oom-
pared with the suppressios achieved with wonotherapy {9, 13,
35,37, 42, 43, 54, 55, 57, 40, 62).

Bespite these encouraging advances, anii-HIV therapy re-
mains suboptimal. The durabiiity of the antiviral effect is tran-
sient in some individuals. Furthermore, effective combination
therapies often demand corrple‘( regimens that may involve
burdensome freqm Bt dosing, side F‘fem&, food restrictions,
apd hydration requirements. These faciors reduce the level of
paticnt adherence o the treatment regimen and may ult-
mately lead to ucatment fatiure.

Indinavir is a potent HIV protease inhibitor, with an in vitro
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7% inbibitory concentration {(1C,,) {IilY Vi) of approxi-
ruately 0.3 gxtv,'n.l i 3 sysiewn containing 509 human serum and
10% feral calf semum (1, 46, 47). Indinavir is rapidly metabo-
lized by cytochrome P-450 3A isoenzymes (CYP3A), the major
engymes present in the hver and vintestinal 1ract, with
an chiminacion haif-life of 1.8 h (11, 45). The renal clearance
{Ulg} of indinavir is reported 1o be relatively constant over 2
wide range of concentrations (4, 63). When given as an 3({}-mg
regimen three umes a day (1..d.) under fasung conditions, the
meae sicady-state arca uader the concentoation-titee curve
{AUC) of tndinavir for HiV-isfecied patients over one dose
mterval was reported o be 18.8 pg - biml {376
variation {CV]), and the maximum concentration of drug in
serum {C .Y and the minimum concentration in serurm (C)
WEre rc;)cntt.d w be 7.73 wpfml (32% CV) and 8354 ppimi
71% CV), respectively (45). Meals with high 1a£ and protein
contents decreased the indinavir AUC (l.‘ﬂd e DY 80 and
85%, respectively (45). To maintain therapeusic concentrations
i plasma, mdsrmm ts given at high doses on 4 strict schedule
of once every B b {g8h) with rw:d raeal schedules.

Ritonavir has relatively high b:(-‘ vailability and an elimina-
tion half-dife of 310 5 b (1, 25. 27, 38). Although it is about 997%
protein bound when it is given at a desage of 600 my twice daity
(% A.d.) concentrations in plasma in excess of the protein bind-
ing- .idjustu. Mgy €2, pg/md) are usuvally maintained through-
out the dosing interval (14). The bicavailability of ritonavic s
minimally afiected by food (1)

Ritonavif is a potent CYP2A inhibitor in vitro (34), with an
estimaicd K, of 0.085 pgrml for indinavir s cxperiments with
hurian liver microsomes (33z). In rats, the corabined admin-
istration of ritonavir and indisavie (10 ag/hy of body weighit for

sfiicient of
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cach drug} resulied in an eightfold increase in the indinavit
AUC wmpued to that for indinavir given alone (26, 28).

Recently, we described a clinically significant interaction be-
hween ritenavir aad saquinavir (22). Probably duc to the inbi-
buton of the CYPRA metabolist of saquinavir by ritonavir,
saquinaviy AUC values were greatly enhanced (»\(} fold)
when ¢ ’zt';uinavir was cosdmiuisiered with ritonavir; the com-

bigation regimen piven b.id. with reduced doses of both drugs
has heen shown to suppress the level of viral RNA (o below
quantitation limiss (<200 copiesiml} in 909 of the patients
treated for 60 weeks (9). Coadministration with ritonaviv is
expected to significantly alter the pharmacokinetic profiie of
indinavir in patents. Since the extent of interaction was un-
knowa, w avaid over- or underexposure 10 proease inhibitors
i HiVanfected patents, this study was conducied with aon-
HIV-infected healthy velunteers.

En contrast i veverse transcripiase inhibitors, significant cer-
relations behween aptiviead act ity and plasma drug concentra-
tions have been demonstrated for HIV protease intibiors in
various clinical studies {2, 6 14, 17, 27, 59). Suboptimaal co6-
centrations in plasiua are clearly associated with a rebound in
viral tirer, idicating the importance of maintaining high £0n-
enrations of protease inhibitors in plasma. For indinaviy, ai-
though the average concentration in plasma from a standard
Bu-rig q8h regimen is well above the IC.,, the mean € is
oaly s.xohtly above the [C,,. Furthermore, o, is highly van-
iblc. between individuals, suggesting that some patiests may
have low antiviral coverage for several hours cach day. Thas, if
ricnaviy iphibition of indinavit metabolism can increase the
O o indinavit and allow iwice-daily adwinistration, then the
cowbination therapy is expected o reduce treatment (ailures
asseciated with noncompliance or subtherapewtic lapses in C.;,y
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TABLE 1. Pharmacokinatic parameters for indinavir snd ritonavir administzred alone
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RESULTS

indinavir pharmacokinetics. (3} Effect of ritonavir on indi-
navir pharmacokinetics. As shown in Table 1 and Fig. |, rito-
navir statisticaily siguificantly increased plaswaz indinaviv con-
centralions compared to those achieved when ndinavir was

3
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Day 1 Day 17
IDV (mg) IDV(mg) RTV(mg)
- 800 — 0

o 600 e 600 200
400 v 400 300
600 ® 600 300
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v
<

20 24 28 32 36 40

Time (h)

FIG. 1. Mean plasma indinavir (IDV) concentration-time profiles after an administration of single dose of 400 mg (groups 11} and V), 600 mg (groups 11 and 1V),
or 800 mg (group 1) alone or in combination with ritonavir (RTV) maintained at 200 mg (group 11), 300 mg (groups LI and 1V), or 400 mg (group V) q12h for 2 weeks.

given alone. Across the four combination regimens, the in-
creases m AUC, O and C, ranged from 185 t0 475%. 21 1o
i %, and 11 to 33Jold, respectively. The &, values (rate of
disappearance from C, ; 1o ) decreased by 53 to 677%, with
the corresponding half-life increasing from 1.2 = 0.2 t0 2.7 ©
1 h. In general, the effects were larger for the 400-mg indi-
savir dosc {groups 1H zad V) than for the 608-mg dose (grougs
Hoand IV} The slightly delayed T, (averaging 260 to 40 min
latery when indinavie was given with ritonavir was oniy mar-
ginally significans P = 6.063 for groups H and V} or was not
statisticaily significant (£ > {.125 for groups I and 1V). Also,
with the exception of group V (from 12.0 to 8.1 litessth; P =

030, indinavit CLy, was not affected by ritoavir. The phar-
wacGhinatic parameiers for the control group (greup 1) deter-

wmined for the morning dose ou day 17 were not statistic
significantly different from those determined on day 1.
On the basis of ANCOVA of day 17 data, the regimen of
indipavir at 400 mg plus ritonavir at 400 mp, if given ql2h,
would likely vield AUC values that are only marginally sipnif-
icaptly lower (£ = 0.053) than those achieved with the controt
regimen of indinavir at 800 mg q8h. The other three combina-
tion regimens Hkely would tave AUC values stansticaliy sig-
nificantly different from that for the standard regimen (£ =
003, (1005, and G003 {or groups 11, 11, asd TV, respec vely).
The two 600-mg ndinavir-coniainiag regimens (groups X1 and
IV} would likely yieid a slightly bigher qiZh-adiusted AUC,
while the regimen of indinavir at 400 mg plus ritonavir at 300
mg {(proup I would likely vield a stightly lower AUC. The
mean C . for group 11 was not awatisticaily significantly dif-
ferent from that for the control group, while those for grougs
HE IV, and V were all statistically significantly lower than that
for the cuntrael group (P < (.05 for ail comparisonst. All four
combigation-dose groups had siatstically siguificanty higher
{8 comparcd to the s for the control group (£ < 0,007 Jor
all comparisons). The Clg for ali four combiaation-dose
s wirs not statistically significaatly diferent from that for
ontrol group (group 1}, averaging 9.) lHers/h across the
five dose groups. Body weight was shown o be a statistically

iy

significant explasatory variable for indinavir €, AUC, and
Cl i the 2mabyses described sbove. There was no cotrelation
between the creatinine clearance and Cly of indinavic gives
alone or with ritonavir, probably in part duc 1o the small crea-
tinine ciearance range for those subjects with normal renal
function.

The resaits of paired f tests comparing the phanmacokinesic
parameters determined on day 17 and day 2 are geserally
consistent with those obtained from ANCOVA. For the con-
troi groug (group 1), the AU, O« Co and Cly values
determined on day 2 and day 17 were not statistically signifi-
cantly different, indicating the lack of any study day effects on
the phatmacokingtics of indipavir.

(i) Effect of citoaavir dose. To assess whether an increase in
the ritonavir dose had corresponding effects on plasma indi-
navir concentrations for a fixed indinavir dose, indinavir phar-
macokinetics were compared between groups 11 and [V and
berween groups 1 and Vin the framework of ANCOVA. The
resuits showed that a 600-mg dose of indinavir viclded similar
AUC and trough concentrations (C,,,,81 when it was admin-
istered with 200 or 308 rag of ritonavir i2h. However, the
Ul T0r group {V was margostly significantly ower thas that
for group {E{F = 2.051). For the 400-myg indinavir doses, group
V, which received the higher dose of ritenavir, yielded mar-
ginally significantly higher (s (7 = 0.053) compared
with those for group I but AUCs and €, 5 sintilar with those
for group 1§

(iii} Dose proportionality of indinaviv. To assess whether
plzsma indinavir coucentrations increased proportionally with
indinavir dose for a fixed ritonavir dose, indinavir pharmaco-
kinetics were compared between groups B and 1V in the
framework of ANCOVA. The resulis showed that compared o
group {1, group [V had siatistically significanaiy highet AUCS,
Cs and Cras (F = 00001, 0.006, and .002, respectively).
The Ulgs were similar beiween the two combination regi-
wens. The estimates for AUC and C- matios Jor the two
combination regimens {164 and 1.95, respectively) were
siightly higher than the theorctical value of 1.5 (600 mp/ahii

78
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mg = L5); however, the €,
the theorctica! ‘.lu[-.l(, of 1.5,

Ritonavie pharmacokinetics. The mean steady-state plasma
ritonavir concenirations determined in this study were compa-
rabic to those of a plcwous z,-‘m,ek stLds ot ntun.lvu wnh
healthy }'li\/’-'micuc is
trations reached 2 ruaximurn E el afeer dc)smg mr dimu 2
days; huwwcr duc—. o antoinducion, plasma ntogavir con-
centrations decreases with time, with siable concentrations
reached by the end of 2 weeks.

Pharmacaehinetic modeling resabts, The observad dais were
well described by pharmuacokinetic models that used the prin-
ciples of the well-stitred model of hepsatic metabolism, com-
petitive inhibition, and autoinduction. The R? vilues from the
regression for indinavir ranged berween 0.87 ud (.93, and
those for ritonavir ranged bemmen 0.89 and ©.96. The mode
estimaied that the extents of induction were 107, 148, and
149% for riwonavir dosages of 200, 300, and 400 mg q12h,
respectively. The half-life for CYP2A turnover was estimated
to be 44.5 &, which is stuilar to that reported in the literature
(30). The ¥, and K, for indinavir was estimated to be 85.3
mg/h and 3.1 wghud, respectively. The in vivo K, was estimated
to be 0.10 pg/ml. which agrees reasonably well with the esti-
mated @ vitro K, of D085 pg/ml. The volume of distribution
ranged {rom 37.9 1o 4001 liters for ritonavir for the four groups
and ranged fmm 54 to 67 liters for indinavir. No apparent
correiatgon was found berween the volume of distribution and
dosc size for cither drug, The errors associated with li param-
cler estimates were under 37%. However, it should be noted
that the esumates presented above were based on the median
data, which did not account for intersubject variability associ-
ated with both drugs.

Intersabject variability. Intersubject variability in indinavie

phatmacokinetic paramesers was reduced when indinavir was
coadministered with ritonaviz. Across groups, the CVs for
AU, Cu.e and C averaged 30, 21, and 507, respectively,
for the standard indinavir regEnen 0{ 80 mg Rhoon day 2.
When indinavir was given with rilo nawr on day 17, the OVs
sveraged 16, 19, and 399 for AUC,,, . and C ., Taspec-
vively. For rifonavir, the CVs for day 17 AUCM C s and
pre dme concentration were 28% + 4%, 23% 163%. and
39% = 11%, respectively.
Safety assessment. All 39 subjects enrolied in the study
compieted the siudy. It should be noted that since the study
design dees not permit statistical analyses on whether the com-
btnation regimen had effects va the safety of either dru.g given
alone, no such analysis was performed. However, it was possi-
ble Lo assess the dose- response (Llcitl()nship for n“vnam due-
ing the ritonavir-alone period {day 3 w day 16).

Overall, there were no changes of dinical reievance in viiat
signs recordings, physical exawinations, or electrecardiograms
during the condust nf the study. All adverse events observad
were mild i aature. The most frequestly ocourting adverse
events that were possibly or probably relstes to the study drugs
were headache and asthenia during indinavir dosing alone and
resthesia, headache, and nausea after dosing
lone or during dosing with indinavir asd ritona-

ratic {1.27} was stightly less than

ritonavir

with
vir it combination. Circumorai paresthesia was \hf: oaly event

thai showed a staustically significant monotoe \«¢ increasing
irend with ritonavir dose during dosing with ritdnavir aione.
There was no clear correiation between the ncidence of ad-
veise events, including citeumoral paresthesia, and O, ot
AUs of cither drug within the same treatment group.

The reselts of hemaiology analyses were gene ra]iv HRATE-
raarkatde. Oues subject in group IV exbibited a jow hematocrit

{31.2%} and hemogiobin (1007 gidl} during days 10 through 16.

ANTIMICROB. AGFNTS CHEMGTHER.

This was atrributed to repetitive binod drawing and reselved in
the postsiudy follow-up visits.

For abnormal ciinical cherisiry values, one subject had in-
c cased triglycende levels (435 and 409 mg/dl on duys 10 and
19, respecuvely) and cholesterol levels (292 mg/dl on day 193,
one subject iad an incieased bitirabin jevel (_2.‘. rag/dl on days
16 and 12), and three subjecis had increased goruma-glotamyt
transferase levels (ranging from 106 10 2071 [Uidiery; all of
these were attributed o ttonavit. Two subjects had increased
bitimubin fevels (1.8 and 2.3 mg/dl on day 3) that were atrib-
uted 16 indinavir. For trigiveerides, the ritonsvir placebo group
{group T} bad a statistically s3 mnumtl ¢ ower mean tovel {98
mg/di} than the groups receiving r:tomvir at 300 mp (groups
1T and IV; 160 mg/di} and the group receiving ritonavir at 400
mg {group V; 163 mg/dl} on day i6. Similar results were ob-
served for cholesierol {173, 204, and 211 mord for group 1,
groups HY and 1V, and group V, respecuvely).

DISCUSSION

Ritonavir induces its own meizbolism. This study assessed
the pharracokinetics of indinavir in the presence of ritopaviy
under sieady-state {induced) conditions, which are generally
achieved afier dosing for approximately 2 weeks. It shouid be
poted that since the pharmacckinetics of indinavir 2lone were
assessed under popinduced conditions, the aciual magniiude
of the inhihiiory effect is underestimaied in this siudy.

Indinavir is reported to be primdnlv eiiminated by metabo-
tism via CYP3A, with less than 20% of a dose being recovered
as unchanged drug in the vrine after oral dosing. The fecal

recovery of unchanged indinavir after oral administration of &

400-my dose was 19%, sugpesting that the fraction of dose
absorbed is aticast 0.8 {45). The resuits of our study confirmed
that the pharmacokinetics of indinavir are moderaicly nonlin-
car, with CEL/F averaging 104 (uu.ludirw ane subject who biad o
CLIF value of 774 h[uwh) and 35 liters/h for doses of 4600,
600, and 5 wmg, re &pcm\'c . The Cl of indinaviv averaged
9 fieryb alter the administtation of three 8{0-ing doses gives
q8h. Assuruing that the fraction of the indinavit dose absorbed
and reaching the portal circulation 15 0.8 and rthat the CL s ¥
liters/h on the basis of weli-stirred model of hepatic metabo-
lism (56}, the extents of first-pass hepatic metwbolism, ex-
p? essed as percent extraction = - CLACL + Q). where
CL,, is the metabolic clearance from plasma snd ), & the
hepatic plasma fow rate as hl"m,:h‘ are computed to be 82,
50, and 47% {or a 400-, 600-, or 80d-mg dose given slone.

Consistent with the ntersction effect observed 1 Buman
fiver microsomes asd 1 ats, the resaits of s stady showed
that ritonavir increased the AUC of indiaavee by 2.9 10 5.8 old
and the € by 1.2- to 2.1-{oid compared to those on day § for
the indinavir-alone reginens. The net change jo AUC could
theoretically auise {row two main effects: reduction in the sys-
temic clearance aad increase in the {raciion of the Sose sys-
temicaliy available, 7. The F term has ieast three ¢ ':nmpr»
nenis: [y, the {raction of the dose absorbed: £, the fraction of
the doss not metabolized or otherwise eliminawd by ,,N--um
tesrinal tissue; and £, the fraction of the dose surviving tirst-
pass hepatic metabolisa.

Effect of ritomavir on F of tadinavir. Although ihe oral
bicavailability of indinavir h 25 been theortzed to be limited by
pH-dependent solubiitty {3, 4, 12, 40) aad ru;,:c,spu.:huty
{35), the [raction of indisavie dose absorbed was approxs-
raately (L8 {45). Therefore, the cbserved Increases in indinavir
AU canaot be accounted for by an improvement i the f, ol
pnsinavir.

For dmgs with bigh intrinsic clearance, the gut watl may
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contribrate substantially 10 the overall firsi-pass effect (38, 58).
I is welt known that CYP3A, the major izoform in the metab-
ofism of ritonavir and indinavir, is present in intessinal tssue
(31, 32, 41, 58, 61). However, assuming that the enterocyte
CYP3A content is not greater than 10% of hepaiocyies (503,
and the maximal hepatic wetabolic rate is 86 mg/h, as deter-
mined frow the curve fitting desoribed above, thea Vs
approximately 9 wg/h. Assuming thatl indinavir is absorbed
with zero-crder kinetics over a 1.5-h period, then the metab-
olistn in the intestinal epithelial celis represents less than 4% of
the adminisiered dose.

However, in considering potential chanpes in indinavir /i by
sitonavir, the role of glycoprotein P should be addressed. Gi
coprotein P is @ transmembrane protein associated with a phe-
rotype of mulidrug resistance (MDR1). ¢ is capable of ac-
tively transporting drag out of intestinal, hepatic, and brain
cappllary endothiclial cells. Recen: reports have shown that
HIV protease inhibitors are substrates of giycoprotein P asd
are capable of inhibiting, although not peiently iahibiting, the
tramspor: of snme known glycoprotein P subsitates {21, 29, 39).
Therefore, it is theoretically possible that ritonavir may in-
" of indinavir hy inhibiting glycoprotain P trans-

crease the f

i
postL.
bn contrast 1o f, the fraction of the dose surviving fesi-pass

hepatic motabolismn (/1) can be estimated with a higher degree
of cortainty. When given with ritonavie, CL/F averaged approx-
imately 19 hiters/h for the four combinations. The fracuon of
indinavie dose sueviving the firsi-pass hepatic metabolism when
indinavit was given with ritonavir should be greaier than 0.8,
which s substantially bigher than the day i #, under nonin-
duced condidoss. Therefore, patt of the inhibitory effect of
ritonavir should be due to the inhibition of the fitst-pass me-
tabolism of indinavir,

Efect of ritonavir on the postabsorptive systemic indinavir
clearance. As can be seen from Fig. 1, the decline in piasma
indinavir concentrations after 7., for day 17 during coadmin-
istravion with rivonavir was sigaificandy stower compared to the
decline when indinavic was given alone. The disappearance
rate constant during hours 4.5 to & decreased about 30 to 63,
suggesting an efect {clearance ratio) of approximately twe- to
threeinld on the basis of indinavir-alone data determined on
day L Again, since the day 1 data were obisised under aoo-
induced conditions, the comparison presented above probabiy
also underestimates the postabsorpive iphibitory effect ex-
erted by ritonavir.

In vitre-in vivo correlation in XK. The estimare of the in vive
K; must be appreciated as being highty model dependent and is
limited by factors that arc indeterminate. For example, the
modei did net address the possibitity of tiree delavs i inhibi-
tion {(bysteresisy, the protein biading cffecis, and the poteniiai
for iphibitory effects from retabobsm in tulestinal epithelial
cells or glycoprotain P iransport. Despite these ancertaintiss,
it estimated & value (0.18 pg/ml) agrees exiremely well with
the in vitro K ((LOBS ng/mi).

Factors affecting the ritonavir-indinavir interaction. (i)
Fraction of indinavir dose excreted im Brime (f,}. Since the
renal component of indinavir's elimination clearance was uot
affected by ritonavir, the expected AUC ratio should be larger
for subjects who metabolize a relatively large fraction of the
inse, £, €56). Indeed, a positive relationship betwecs AUC
ratio and £, was observed (data sot shown}, where £ was
estirmated as the fraction of dose sot excreied o the urine.

{83} Indinavir dose. For a fixed titowavic dose, an increase in
the indinavir dose resuited in a relatively proportional increase

in AUC, 3 more than proportiona) iscrease in €, and 3
siighily less than proportions! increase o C,,,,,. For a fixed

RITONAVIR-INDINAVIR PHARMACOKINETIC INTERACTION 2789

A Gpsh,IV: y=21.316+0.17792x RA2= 0514
707 @ Gpslll,v: y=13.376+7.3219-2x RA2=0.769
{ A Gpsi, Iv: IDV Day 1 AUC24
60 O Gps IIl, V: IDV Day 1 AUC24

Indinavir Day 17 AUC

0 40 80 120 160 200

Ritonavir AUC

FIG. 2. Relationship between day 17 ritonavir AUC and day 17 indinavir
AUC for 400- and 600-mg indinavir doses (subjects in groups 1l and 1V each
received 600 mg of indinavir alone or with 200 or 300 mg ritonavir ¢l12h,
respectively; subjects in groups 111 and V each received 400 mg of indinavir alone
or with 300 or 400 mg ritonavir q12h, respectively).

indinavit dose (400 or 640 mg), an increase in the ritepavir
dose did not have a proporiional effiect on the concentrations
of indinavir in plasma. However, as shown in Fig. 2, there is a
shaliow but positive correlation between ritonavir AUCs and
indinavir AUCs for a fixed indinavir dose. Indinavir metabolic
clearance via CYP3A becomes less dominant with tnereasing
ritonavir exposure, and the postabsorptive wtai clearance as-
ympiaically approaches the non-CYP2A cleanace, winchis a
compusite of (L and perhaps contribusions from ghucurom-
dation (3) (potentially induced) and other noninhibited o-
forms. These factors may expiain why indinavie AUCs for the
two 806-mg and the two 400-my regimiens werg retaiively sia-
tiar,

In this study, ritonavir significantly reduced the intetsubjent
variahility in indinavir pharmacokinetic parameters, partic
larty AUCs and C 8. Stace the indinavir AUC was nega-
tively correiated with £, when it was given alone and since the
inhibitory effect by ritonavir was lagrger for subjects with a high-
eI £, it fs not unexpected that the intersubiject vartability i
indinavir AUC and C, .. was sigaificantly reduced when radis
navir was coadministered with ritonavir.

Ritonavir and indinavir combination as potential buid. reg-
imens. Since treatment of HIV infection requires long-tenn
thetapy. the reguirements of rigid restrictions on dosiag and

meai schedules in indinavir-conraining regimens are expected

to resuit in chalienges for paticat compliance. This study was
conducted 1o evaluate if combination therapy with indinavir
and ritonavir can be given as b.id. regimens and therefore tm-
prove upon the drawbacks of indinavir sherapy. Since ao sig-
gificant accumutation was cbserved after the administraiion of
wuitiple doses of indinavir (45}, the single-dose dati obtmacd
in this study can be used o project multiple-dose exposures.
The results of this study showed that compared w the stas-
dard 80i-mg ¢Bh regimen, all four combination tegimens, if
given 128, will likely bave bighet O, .05 {(Ca versus Cof the
standarg q&h regimen), lower € vaiues, and similar Clps.

{3
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The lower C o values associated with the combinating regi-
mens are expected to have a minimal effect on antiviral activity,
partiu:arly for combination regimens that yield comparable
mdinavir AUCs, because the €, s for combination regi-
mens are expected to be at least 2.5-fold greater than the
protei-binding correcied [C,, of indinavir. This study also
showed that ritenavir significantly reduced the intersubject
vartability in indinaviy AUCs and (,.,\,m.hs In addition, ihe
results of 3 recent study showed ¢
sdinavir, when given together with r:t Duavit, was not affected
by regular mez.ls containing 32% of calories from (3t (23}
Thus. the combination regimens offer several significant prac-
rical benelfits.

Ritonavir and indinavir combination in renal complications.
The Clg, of indinavir, when given alone at 830 mg t.i.g., ac-
counts for roughly 207 of the total clearance. Under such con-
dtivons, renal impainment is unitkely to have substantial efects
on total clearance. Howe eves, in the preseace of ritonavir, the
Clyg of indinavir appma;hcs S0% of CL/F. Thus, in paticnis
with substantal irepairment in cenal function, the possibitity of
a dosage reduction should be entertained.

Duc o tighly pH-dependen: aqueous solubility, nephroli-
thiasis, which is associated with indinavir crystals, is reported in
approximuately 10% of pa ients treated with indinavir (3, 18, 33,
4}, 45, 53, 58). The resuits of this study showed that ritonavir
bhas po overall effect oo the (. of indinavir. Thus, for com-
binztion regimens thar maintain the AUGCs of the standard in-
dinaviv re;:imsn, the ioial gaily urinary excretion of unchanged
indinavir should remain unchanged. It should be notzd that the
results of two receat clinical studies showed that in patiems
treaied with 400 mg of ritonavir plus 40 mg indinavir b.i.d.
combination regimen, no nephrolithiasis was reported. Stace
the combination regimen p'-)\'idcs similar radisnavie AUC, but
substargially lower indinavir €, « compared (o that provided
by the mdmawr S00-mg tid. regimen (S5, 62), 1t is possible
that the decreased indinavir (,m,,x in the combieation reginmen
i responsible for the reduction in the iacidence of neplroli-
thiasis.

Antiviral activities of combination regimens. For protease
inhibiior combination regimens, there are concerns about
whether low drug concentrations {concenivations less than the
1C,,, in the combination regimen will {avor the emergence of
resisiant vival strains. The results of our recent in vitro exper-
iuents with MT4 celis in the presence of 36% human serum
and 10% fetal caif serum showed that there are additive or
symergistic anti-HIV-1,;,,; {wild type) cifects between ritonavir
and other protease inhibitors, particularly at concentrations
seai of below the 10,5 (24, 46). It shoui d be aoted that the
ongoing dinical studies show that regimens walfa GIE pruica&c
infibiiars have potent aativival effects (9, 13, 51, §5, 60, 62).

In conclusion, in addition to allowing 'the use of rr.dll'./dd
doses of both drugs, use of the combination of ritopavir and
inchinavir can also offer the benedit of two potent IV protease
inhibitors. The wrufrmarv resuits from use of the regimen of
440 -.r.g_, of ritonavir and 400 mg of indinavir in combination
bid. i fients have shown that the regimen may be highly
efficacious and well tolerated (535, 62
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The aim of the present study was to assess the pharmacokinetic hehavior of atazanavir-ritonavir when it is
coadministered with tenofovir disoproxil fumarate (DF) in homan immunodeficiency virus (HIV)-infected
patients. Eleven patients earolled in Agence Nationale de Recherche sur e SIDA (National Agency for AIDS
Research, Pacds, France) triat 107 were included in this pharmacokinetic sindy. They received atazanavir 3t 360
mg and ritonavic at 108 mg once 2 day (QI3) from day 1 to the end of study, For the first 2 weeks, their
pucleoside analog reverse transcriptase inkibitor (NRTY) treatments vemained vnchanged. Tenofovir DF was
administered QD from day 15 to the end of the study. Ongoing NRTis were selected according to the reverse
transcriptase genotype of the HIV isolates from each patient. The values of the pharmacokinetic paramelers
for atazanavir and rifonavir were measnred before (day 14 [week 2]) and afler (day 42 {week 6]) initiation of
tenalovir DY and are reported for the 10 patients who completed the study. There was a significant decresse
in the arca uuder the conceniration-time curve from 8 fo 24 h (AUC, ) for atazanavir with the addition of
tenofovir DF (AUC, ,, ratio, $.75; 90% confidence interval, 0.58 o 9.97; £ = 4.05). There was a ireng for a
decrease in the minimum concentrations of alazanavir and ritonavir in plasma when they were combined with
lennfovie, but none of the diferences reached statistical significance, The median decreases in the HIV RNA
foads at week 2 and week 6 were .1 and 0.2 log copies/ml, respectively, ln summary, cur data are consisfent
with the existence of 3 significant interaction between atazanavir and tenofovir BF.

Human imorunodefciency vires (HIV) type 1 (HIV-1) pro-
tease inbibitor (P1-corntaining regimens are highly effective in
previously uutreated patie s Despite the improved cutcomes,
problems such as faibure and toxicity are apparent. The man-
agement of patients experiencing failure of different highly
active antiretroviral {reatment regimens represenis 2 major
dlinical challenge. Present gnidelines recommend that, when-
aver possible, patients in whom several Hues of antiretrovire
therapy have failed should receive agents to which they have
fiot previously been exposed {i5). Most clinical trials have
avaluated the impacts of salvage regimens condaining only one
ihvestigationat (‘rus:, but these regimens rarely drive the viral
load below the detection lmits of current assays. A currently
accepted '\ppmach to the management of a ral treatment
failure in patients already receiving a PI—"ont'unmo regimen is
1p include at feas twe new antiretroviral agents as part of the
spivage regimen. Furtheonore, the use of titoaavir-boosted Pls
i recommended for these patients {(11). Finally, ¢ i
can improve adherence (12). In this seiting, we hypothesized
that combiging two sewly marketed antiretroviral drugs,
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ntonavir-boosted atazanaviy and tenofovir disoproxil fumarale
{tenofovir IDE), could improve the outenme. Tenofovir DF and
atazanavir appear to be promising because their pharmacoki-
netic profiles, activities, safety, and resistance development
properties allow once-daily (QDY) dosing {12). A phase {Ib
clinical trial {the Puzzle 2 study, Agence Nationale de Recher-
che sur le SIDA [ANRS; National Agency for AIDS Research,
Paris, France] clinical trial 107) was conducted to cvaluaic the
efficacy of tenofovir DF plus atazanavir-ritonavir in ceinbina-
tion with recycled puckeoside reverse transcripiase ohibitors
{NRTIs} as salvage therapy in patients who previously failed
Pi- and non-NRTI (NNRTI-containing regimens.
Atazanavir is 2 novel azapeptide PI with a distinet resistance
< r')ﬁifn {(6}. The recomreended dose of atazanaviv is 40 rug O
{7 I]ke other Pls, atazamavir is a CYP3A substrate, and
,)halmacokmeu" data from siudies with healthy volunteers
suggest that atazanavir concenirations could be boosted by the
addition of ritonavir al a low dose {E. O’Mara, V. Momman-
i, M. Bifano, B Randall, H. Uderman, L. Xoox, and M.
Geraldes, Abstr 8th Conf. Retrovir. Opportunistic Infect., ab-
str. 740, 2001: 5. Agarwala, R. Russo, V. Mummaneni. D.
Randafl, M. Geraldes, E. (FMara, Abstr, 42nd Intersci. Conf.
Antimicrob. Agents. Chemother., abstr 1716, 2002). Thus,
one may specvlate that the pharmeacokinetics and antiviral
activity of atuanaw, could be optimized by the addition of
rilonavir at a low dose to the treatment regimens for patiends
ofecied wi ﬂ HIV-1 solates exhibiting bigh rates of PI muta-
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TABLE 1. Paticnt demographic and clinical

Ggr

ANTIMICROR, AGENTS CHEMOTHER.

characterd

Values for the 30 parients who comploted the siudy

Characic
Mcdian Maximiim

Age {yn) 4h4 333 543 422
HIV RNA level (log,(, copicsfml} 5.1 4.1 5.7 A
D4 count (B0, of cellsiwd) 1174 19.0 328.4 48
ALT level (1Ulitery 36.G 21.6 T0.G 2
ART (WUten) 340 20 58.0 3
Ritirubin conen (um 75 4.6 144 17

tions. Tenofovir DF is a prodrug of tenofovir,
recommended dose is 360 mg QD. Tenutuvn
uachanged through the kidney (3)

Although these two drugs do ot share the saree elimination
pathways, pharmacokinetic interactions at other sites cannot
be excluded (1),

The mm of the preseat ANRS toal 107 substudy was to
assess the phasmacokinetic bebaviors of atazacavir and ritona-
vir betore and after the nitistion of tenofovir DF treatment in
HIV-infected patients,

{This study was presented in part at the 10th Conference on
Retrovirnus and Opportunistic Infections, Boston, Mass., 10 to
4 February 2003 [A. M. Taburet et af, 10th Conf. Retrovir

Opportueistic nfect., abste. 537, 2003])

an NRTL The
iz eliminated

MATERIALS ANB METHODS

c-dise
roviral t:.uapy
her unch

Study desige. ANRS irial 107 was a randamized open-label, siultipl
sy with HIV-infected paticnis whe ha :
vied to roccive for the fir
Pls and NRTls {group 1} or unchanged tz nts with NR1
ith atazanavir (3K mg 'I_)) ) and ritonavir (10t mg GD) as

woek 3 (d.w' 43 to week 25,

paticnts U ROOHIp SW vie pius tenofo-
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RESULTS

Patiend characteristics. A totaf of 11 male patients {median
age, 46 years) from group 2 of the toal (staggered initiation of
atazanaviy and tenciovir DF) gave their jnformed consent tn
participate to the pharmacokinetic study. Their baseline char-
acteristics are summarized in Table 1, and the changes in their
nucleoside analog treatments are presested in Table 2. One
vauemi did pot complete the study because of the oscurrence
of asymptomatic ventricular bigeminy during sampling for the
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TABLE 2. Changes in i

ATAZANAVIR-RITONAVIR AND TENOFOVIR DF INTERACTION

A3

side analog treatments

Time

Mo, of paticnls coeciving”:

ime
Abacavir Dicanosinc Lamivudine Stavuding Zalcitabine Zidovudine

foclusion 3 4 5 2 1 1

Wk 2106 7 4 7 i 2 4

Introduced at wk 2 3 2 5 2 4

¢ The pationt exciuded from the study veeenved iamivuding,

pharmacokinetic study on day 14. The plasma drug concentra-
tiens for this patient were excluded from the analysis. Ten
patients completed the study. The median baseline HIV RNA
load was 5.1 lop,,, copies/ml. Alanine aminotransferase (ALT)
lgveds were within the normal range in 8 of the 10 patients, and
2 of the {0 patients had mild abaermalities in ALT levels (33
and 70 JU/AHer). Aspartate sminotransferase (AST) levels
were within the normal range in 6 of the 10 patients, and 4
patients had mild abnormalitics in ALT levels {44, 48, 49, and
S8 Yiier, respectively). All patiernds had normal serum bili-
rubin levels at the eme of inclusion in the study. Plasma cre-
atinine levels were within the nermal range (56 to 97 wmol/
Bter) in all patients. The patients’ characteristics did ant
change significantly during the G6-week study period.
Ataranavie and ritonavir pharmacobinetivs, Individual plots
of concenirations versus time are shown is Fig. 1. As expected,
the coseentrations of ritonavic were Jower than those of ataza-
navir. Before dosing the atazanavir trough concentrations wers
pfeater than 300 ng/ml in all paticnts at week 2. Interestingly,
the alazanavir ALCs were hipher for the foar patients who
were receiving didanosine at week 2 (AUC,, 48, 70,676 versus
35,648 ng - bimk 7 = 0.02). The phaouacck; patametsrs
measured for atazanavir and ritonavir at weeks 2 and 6, in the
absence and presence of tenofovir, respectively, are compared
i) Table 3. The mean C,,,. Coin and AUC, ., values for

8000

7000 —e— Atazanavir/ritonavir

- -3@- With tenofovir

6000 -

5000 -

4000

3000

2000

Plasma atazanavir - ng/ml

1000

0 T T T 0 T T T

2 0 2 4 6 8 10 12 14 16 18 20 22 24
Time - hours

FIG. 1. Mean ¢
Q0 plas dronaviy at |
af 300 mg QD

atazanavir at week 2 were 5,233 ng/ml, 862 na/ml, and 53,761
ng - b/, respectively; those for ritonavit were %400 ng/mi, 50
ag/ml, and 7,540 ng - ml, respectively. There was a correla-
tion between the atazanavir O, and the ritonavir C,, at
week 2 (% = (.74, P == 0.01}. There was 2 significant decrease
in the atazanavir AUC, ,, with the addition of tenofovie DF
{AUC, ,, ratio, 0.75; 90% (1, 058 o 087 P = (L33). The
apmber of additional NRTIs introduced at week 2 had oo
effect on this decrease; however, the number of patients en-
rolled in this pilot stody was small. The decrease o the ataza-
navir ., observed with the addition of teaofovir DF was not
significant {C,,,;,, ratio, .77 80% CL, 0,54 to 1.4 £ = (1.22), but
the interindividual variability was high and the study was un-
derpowered {o detect a difference. There was a trend for a
decrease i ritonavir concentrations when ritonavir was com-
bined with teaofovir, but tone of the differences reached sig-
nificar

Virolagic parameters. At week 2 and week 6, the median
decreases in HIV RNA levels from the bascline were not
significant and were 6.1 (95 C1, ~011 10 (.28 and D2 (SS CL
--0.02 to 0.94), respactively.

Safety. One patient did nol complete the stady because of
the occurrence of asymptomatic ventricular higeminy during
sampling for the pharmacokinetic study on day 14. This paticnt
had the highest ritonavir C,. (1,721 nghol) and AUC, .,

r—A— Atazanavir/ ritonavirlf;
[|--e- With tenofovir

Plasma ritonavir - ng/mi
o}
o
S

_"T_—‘l_ AT [ T T T T T Al

Q-+ : ;
2 0 2 4 6 8 1012 14 16 18 20 22 24
Time - hours

andard deviation atazanavic (A) and ritonavir (B} concentraticon- time profiles for patients who received atazanavir at 366 mg
8 mg QD in the absence (close symbois and solid lines) or the pr

eseace {(open symbois and dotiad lines) of renufovic DF
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{18,794 rg - Wml), and the atazepavir concentrations were o
the upper range (... 3300 ngimb ALC, ., 98217 ng- b/
mi}, with a slow decline in concentrations varsus time (halt-lifc

r

it12), 26.7 h). The episode was unrelated to study drug admin-

- istration, given the absence of a significant increase in the QT
o ¢ . « .
oo interval (<400 ms) following drug administration sud the in-
A, termitient recurrence of the anomaly 1 month after discontin-
vy . 1
. o vation of the study therapy.
S -
el Yoo
£ o DISCUSSION
< e
b PRREE . . . . . o
o i In patients who have failed therapy with multiple lines of
11

antiretroviral drugs, there is 3 need to increase FI concentra-
tions to overcome the increase in viral activity. The concentra-
tions of atazanavir abtained when it was combined with ritona-
vir were two- 10 fivefold higher than those obtained when
atazanavir was administered alone at 400 mg QD (O'Mara et
al., Abstr. 8th Conf. Retrovir. Opportunistic Infect., abstr. 740,
2001). The effect of ritonavir on the disposition of atazanavir
was studied io healthy volonteers who first received atacanavir
at 300 mg QD, followed by alazanavir-ttonavie at 300/100 mg
QD {Agarwala et ab, 42nd ICAAC). It has been demonstrated
that ritopavir increases the level of cxpusure to atazanaviy
{AUC}) by three- o fourfold; the ¢, is increased {rom 6.5 b
{with atazanavir alone} to 13 to 18 h (with the addizon of
rijenavir), suggesting that the decrease in the hepatic clearsuce
of atazanavir by rilonavir is the major mechanism of the inter-
action. The valuwes of the pharmacokinctic parameters ob-

0.05

(atazanavir-ritonavir) and week & (with additon

>
pA

o D o~ . v P . . . . .
2i o . 3 {ained for the HIV-infected patients ia this study arc inapree-
TG RET . 2T o ment with those data, although the values for the patiests in
5= slad SNEE {he present study wete slightly lower thau those reported for
Ei 25 F; Eehd :‘; healthy volunteers {Agarwata et ab, 42nd ICAAC). The geo-
g = & metric mean AUC, ,,s for patienis aficr 14 days of therapy and
5 volunieers after 26 days of therapy were 40,073 ang 57039
B &2 . ng - hndd, respectively. The 4,8 mieasured dus ing 3 dasing io-
E e = terval were shotter in patients than in volunteers (8.6 and in h,
2 L9 o respectively). Several reasons can explain this discrepancy.
g8 S 4 % : ; : ol srotion i
& o &£ s First, a meal can have an effect, as atazanavir absorption is
< < % . .
5 z £ sensitive to the fat content of meals (for 2 summary of ataza-
i . Z 9 navir characteristios, see  http//www. fda.govicder/approval
g : : 5 findex.itm} and a standard breakfast administered to healthy
i > § volunteers in the United States is not the same as the conti-
3 © z ¥ nental breakfast administered in our hospital settings. Second,
.2 S the duration of therapy cae have an effect. Autoinduction was
E — . °§ reported with Pls (1) and could explain the lower concentra-
4 I i :L %5 tions after 14 days of therapy compared with those atter 10
4 NS P = . . N . . .
£ - - g 3 days of therapy. In keeping with this assumption is the shorter
= T #,,,8 measured in this stady compared to those measured in
= = < healthy volorseers (8. 6 and 181 b, respectively). However, it
o E iy ol : tas been demonstrated fu healthy volunteers that the atazana.
Lﬂ 2 vir steady state is rccchvd within 4 days of therapy when ataza-
? navir is administered cither alone or in combination with
‘.‘ = . - P r N . g . 1
j - ritonavie {5). Finally, the rate and extent of absorption could be
impaired in HIV-infected paticots. Of note, as previnusty dem-
: enstrated with other CUYP3A substrates, the plasrea atazanavir
2 & E: and ritonavir concentrations were highly variable among the
Sle ® . 2 patients inchuded in this study.
%‘ e EXs N Ritonavir conceatrations were Jow, in heeping with the
3 b4 A = =
ExZxa £3 = 10¢-reg QD Sosing regimen (4). 08 tam‘ed from 454 1o
< 4 1.592 ng,mi on week 2 sud from 73 o 1,538 pg/ml on week 6.
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Sich concentrations are bajow those reporied 16 be efficient
against susceptible HIV-1 chimical isolates. Comparison with
the data obtained for healthy volunteers {Agarwala et al 42nd
FCAAC) indicates that the ritonavir concenirations were twice
those observed in the patients in this study {AUC, m‘s 14,844
and 7,011 ng- biml, respectively, on week 23, although ¢,
remained vuchanged (5.1 and 5.1 b, respactively). The nonre-
liphle absorption of ritonavir in patients or the effect of & meal,
a$ mentioned above for atazanavir, could explain this differ-
cnce. Despite the low atosavie concentrations, ishibition of
alazanavir metabolism appeared to be susiained duting a 24-h
dosing interval as a consequence of the high affinity of ritonavir
for CYP3A (8).

After the addition of tenofovir DF, there was a trend for
lower atazanavir and ritonavic concentrations, but the decrease
i) the atazanavir AU, 4, was the only difference that reachad
statistical significance. Interestingly, a significant 25 to 405
deercase in atazanavir concentrations after the addition of
tenofovir DF was recently reported from a study with healthy
subjects -S Kaud, K. Bassn B. Darcle, I. Xie, 1. Gale, B.
Keatne, G. Hanpa, Absic, 4353 lutersci. Conf. Antimicrob,
’\gu‘ts ( hemoihc r., abstr A-1616, 2003). The mechanism of
siych an interaction remains to be ciumdated. Tenofovir is
clircinated unchanged via the kidneys; therefore, an interac-
tipn at the biciansformation level is very unlikely (3). Fur
thermore, it shouold be pointed out that the atazanavir and
rifonavir 4, .5 remained unchanged throughont the study (8.8
* 23and 8.6 x 3.1 h for ata;anavlf on week 2 and week 6,
respectively, and .'. b+ 6.7 and 5.3 = 0.7 b for rifonavir on
week 2 and week b, respectively), suggesting that tennfovir has
wh elfect on atazanavir dearance. Thereiore, this nteraction
Likely occurs at the gut level. HIV Pls are subsirates of P-
Ovapromn {1. 9). The human multidrug resistance P-glyco-
protein (ABCHI ), which is localized in epithelial cells of the
intestine, transports 2 wide vagety of structurally diverse hy-
drophobic conpounds and plays a major role is reducing their
bivavailabilities {91, Absorption of the prodrug of tenofovir,
tepofovir DF, was reported to invelve B-plycoprotein (14}
whether modalation of this transporter conld explain this in-
feracton remains to be established. 1 bas previously been
demonstrated that adefovir, which i closely related to tenofovir,
dgcreased saquinavir concentrations by 50% in HIV-infected
patents receiving the combination saquinavir-ritonavir-adefo-
vif compared to those in patienis receiviag saquinavir-titona-
vit-telavirdine (8). Although the exact mechanism underlying
this interaction was not elucidated, an induction of P-gly(,o-
protein was hypothesized. Whether 2 c-‘~ vir and tenofovir are
P-alycoprotein inducers remains to bc clearly established. A
pliysicochemical interaction between atazanavir and tenofovir
DF when they are simullanecusly present in the gut is ancther
postulated hypothesis. The lack of interaction of tencfovir DF
with another PI, such as the coformulation of lopinavir-ritona-
vit, supports the Iatler assumption (B. P. Keamey, A. Mitlan,
}. Sayre, 1. F. Flaberty, L. Zhong, J. J. Toole, and A. K. Cheng,
Atsir. 43rd Jutersci. Coni. Antimicrob. Agents. Chemother.,
abtstt. A-1617, 2003). One may therefore speculate that stag-
gered administration of atazanavir—ritonavir and tenofovir DF
wiuld avoid such an irderaction. However, clinicians are dis-

couragesd from using such au approas -mhi data ars available
1o support this bypothesis.

ATAZANAVIR-RETONAVIR

AND TENOFOVIR DF INTERACTION 2093

Chur data failed to demaonstrate a significant cotrslation be-
tween the pharmacokinetic parameters aud the viral response.
However, this could be explained by the small sample size and
the poor overall virologic responses at week 2 and week 6 due
o very high levels of resistance muations among the isolates
from {he study population at the baseline. The chnical signif-
icance of the decresse in atazanavir concentrations when
atazanavir treatment was boosted with ritonavir and coadmin-
istered with tenofovir DF is unknown. Firsi, atazanavir trough
cencentrations remzined threefold higher than those obtained
with atazanavir at 400 mg without ritonavir, and second, data
from a recent randomized trial showed that through 16 waeks
there was no diference in virologic response v 'l‘--’ther patients
who all received tenofovir DF in combination with one NRTI
and one baosted PIwere i the are with the lopinavic-ritonavir
coformulation or the arm with the atazaeavie-ridonavir cofor-
mulation (R. Badaro, E. Delesus, A, Lazzarin, 1. Jemsek, B
Clotet, A. Rightmire. A. Thiry. and R. Wilber, Abstr. 2nd IAS
Contf. HIV Pathogenesis Treatment, abstr. 118, 2003). Tt is now
recognived that Pl concentrations should be compared and
discussed in tewns of the concentrations necessary to inhibit
the viral replication {2), especially in h‘"av'!y pratreate
tients infected with less susceptible mutant viruses.

{me may speculate that the coadministration of tenofovir
DF and atazanavir without ritonavir may result 1o 2 significant
irpatrment of the vitologic respouse. Further studies are
needed to better understand the dlinicaf relevance of this phar-
maceckinetic interaction in HIV-infected patients.

sd pa-
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Pharmacokinetics and safety of amprenavir and ritonavir
following multiple-dose, co-administration to healthy

Brian M. Sadler?, Peter J. Piliero™¢, Sandra L. Preston®, Peggy P. Lloyd?,

Introduction

volunteers

Yu Lou? and Daniel S. Stein*4

Objective: To evaluate the safety and pharmacokinetic interaction between amprena-
vir {APV) and ritonavir (RTV).

Methods: Three open-label, randomized, two-sequence, multiple-dose studies having
the same design (7 days of APV or RTV alone followed by 7 days of both drugs
together) used 450 or 900 mg APV with 100 or 300 mg RTV every 12 h with
pharmacokinetic assessments on days 7 and 14. Safety was monitored as clinical
adverse events (AEs) and laboratory abnormalities.

Results: Relative to APV alone, RTV co-administration resulted in a 3.3- to 4-fold and
10.84 to 14.25-fold increase in the geometric least-square (GLS) mean area under the
plasma concentration-time curve (AUG) and minimum concentration (Cinss),
respectively. APV 900 mg with RTV 100 mg resulted in a 2.09-fold and 6.85-fold
increase in the GLS mean AUG s and Guings, respectively. On day 14, the geometric
mean (95% confidence interval) for 450 mg APV AUG. (pge h/mL) was 23.49
(19.32-28.57) with 300 mg RTV and 35.42 (30.46-44.42) with 100 pg RTV, and for
the 900 mg APV with 100 mg RTV 47.11 (39.47-61.24). The 450 mg APV Cuinss (1g/
ml) were 1.32 (1.05-1.67) and 2.01 (1.70-2.61), and 2.47 (2.08-3.32) for 900 mg
APV. The most common AEs were mild and included diarrhea, nausea/vomiting, oral
parasthesias, and rash. The triglyceride and cholesterol increased significantly from
RTV exposure.

Conclusion: Adding RTV to APV resulted in clinically and statistically significant
increases in APV AUC and G, with variable effects on maximum concentration. The
two RTV doses had similar effects on APV but AEs were more frequent with 300 mg
RTV. © 2001 Lippincott Williams & Wilkins

AIDS 2001, 15:1009-1018

Deywords: Protease inhibitors, amprenavir, ritonavir, safety, pharmacokinetics,
drug interaction

below the detection limits of assays, increase CD4 1

Combination regimens containing a protease inhibitor
(PI) and two nucleoside reverse transcriptase inhibitors
can suppress HIV type 1 (HIV-1) replication to levels

cell counts, and reduce progression to AIDS [1 5].
Despite these favorable attributes, combination thera-
pies often demand complex treatment regimens invol-
ving frequent dosing, food or fluid restrictions, and are
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associated with numerous adverse events [6,7]. The
inconvenience of some of these regimens has made it
difficult for patients to adhere to treatment, leading to
reductions in virological response (8] and the potential
for development of drug-resistant variants of HIV.
Thus, there is a need for simpler, safer, and more
convenient Pl-containing regimens that can facilitate
adherence.

Amprenavir (APV; Agenerase 141W94; GlaxoSmithK-
line, Research Triangle Park, North Carolina, USA) is
a recently introduced HIV PI. In in vitro studies, the
mean 50% inhibitory concentration (ICsy) of APV
against 334 HIV clinical isolates from patients naive to
protease inhibitors was shown to be 0.0146 pg/ml [9].
In a sumlar manner to other HIV PIs, APV binds to
plasma proteins (=2 90%), predominantly to a,-acid
glycoprotein (AAG), and to a lesser extent, to albumin.
Because AAG is an acute-phase protein whose levels
change during certain disease states [10,11] these
changes in AAG affect the pharmacokinetic profile of
APV [12].

Amprenavir, as with the other approved HIV PIs, is
metabolized primarily by the hepatic cytochrome P450
enzyme system, specifically CYP3A4 [13,14]. All HIV
PIs are mhibitors of CYP3A4, but the HIV PI RTV is
the most potent inhibitor of CYP3A4 [14]. Previous
studies have indicated significant increases in drug
exposure from co-administration of ritonavir (RTV)
with indinavir, saquinavir, and nelfinavir {15-21]. In a
recent study, co-administration of RTV with APV
resulted in significant increases in APV exposures, thus
confirming that a significant drug-drug interaction
between RTV and APV exists [22]. To address the
magnitude of the interaction between APV and RTV
and to assess short term safety and tolerance, a series of
three randomized, two-sequence, two-period, multi-
ple-dose studies were conducted.

Methods

Participants

Healthy male and female individuals were eligible to
participate in each study if they met the following
criteria: 18-55 years of age; weighed 55-95 kg; had a
body mass index of 20—-28 kg/m?; and were seronega-
tive for HIV (confirmed using standard methodologies).
All patients provided written informed consent to
participate in the trials. Participants were ineligible if
they had conditions that would interfere with drug
absorption, a history of adverse reactions to protease
inhibitors, alcohol or illicit drug use, and abnormal
laboratory values outside of prespecified ranges. No
concomitant medications were allowed during the
study.

Study design

Three multiple-dose, open-label, randomized, two-
sequence, two-period drug- drug interaction studies
(GlaxoSmithKline protocols PRO10017, PRO10022,
and PRO10023) were conducted at single study
centers in the United States. All study protocols were
reviewed and approved by the Institutional Review
Board at the respective study sites. Each period
consisted of a screening assessment performed within
14 days prior to dosing, a dosing period during which
participants received the study drug, and a follow-up
evaluation.

In each study, 18 participants were planned to be
randomly assigned to one of two treatment sequences;
APV followed by APV4+RTV in sequence 1 or RTV
followed by APV+RTV in sequence 2 (nine indivi-
duals per sequence). In the first study (PRO10017),
450 mg APV every 12 h (q12h) alone (sequence 1) or
300 mg RTV ql12h alone (sequence 2) was admin-
istered for 7 days. In the following 7 days, all
participants  received both APV and RTV
(APV + RTV) at these same doses. In the subsequent
two studies (PRO10022 and PRO10023), the study
design remained the same but 450 mg APV q12h and
100 mg RTV ql12h (PRO10022), or 900 mg APV
ql2h and 100mg RTV ql12h (PRO10023) were
investigated. Due to the lack of availability of ritonavir
capsules at the time, the ritonavir oral solution was
used in the first study. Ritonavir capsules were used in
the other two studies.

As the affinity of APV for CYP3A4 is similar to that of
indinavir [14] and RTV increased the area under the
concentration- -time curve of indinavir by approxi-
mately three-fold {17], a 450 mg dose of APV (ap-
proximately one-third the recommended dose) was
initially selected to avoid potential exposures in healthy
individuals which could greatly exceed those of 1200
mg APV alone (the usual clinical dose). The 300 mg
ql12h dose of RTV in study PRO10017 was selected
to assess the maximal drug interaction with APV, with
subsequent dose reduction in PROI10022 and
PRO10023 to assess the dependence of the interaction
on the degree of RTV exposure.

Participants reported to the study center no later than
1800 h on the evening before dosing days 1, 7, and 14,
and received a standardized meal, and with the excep-
tion of day 1, were administered their evening dose of
study medication(s). After fasting for 8h overnight,
participants were administered their randomized treat-
ment with water (360 ml) on the morning of days 1, 7,
and 14. They remained at the center until completion
of all post-dosing procedures (24 h on day 1 and 12 h
on days 7 and 14). Standard balanced meals were
provided during the time that the participants were at
the study center.

AT
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Assessments

For determination of drug concentrations, 3 to 4 ml
blood samples (serum for APV, plasma for RTV) were
collected on dosing day 1 at 5 min before the first dose
and at 0.25, 0.5, 0.75, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 5.0,
6.0, 8.0, 10.0, 12.0, 16.0, and 24.0 h post-dosing. On
dosing days 7 and 14, blood samples were collected up
to 12h post-dosing only. The AAG concentrations
were determined from blood samples taken prior to
dosing on days 1, 7, and 14. Blood samples were
centrifuged within 30 min of collection to separate the
serumn or plasma, and the samples stored at —20°C until
further analysis.

Safety assessments, including medical history, physical
examination, hematology, clinical chemistry, urinalysis,
and clinical adverse experiences, were carried out on
dosing days 1, 7, and 14 before the dose was given. In
addition, vital signs and electrocardiograms were per-
formed at the screening evaluation only. Adverse events
occurring during the trial were evaluated by the
investigator and graded according to protocol toxicity
scales and for relationship to study drug.

Bioanalysis of amprenavir, ritonavir and AAG
Serum concentrations of APV were determined by a
validated method using protein precipitation followed
by high-performance liquid chromatography and detec-
ton by tandem mass spectrometry using a positive ion
ultiple reaction monitoring technique. RTV concen-
trations in plasma were quantified by PPD-Pharmaco
(Richmond, Virginia, USA). Quality control concen-
trations ranged from 10 to 5000 ng/ml and 25 to
10 000 ng/ml for APV and RTV, respectively. The
assay calibration curve was linear from 10 to 5000 ng/
ml for APV, and 10 to 15000 ng/ml for RTV.
Accuracy (expressed as % bias) ranged from -3.9 to
5.3% and 0.245 to 5.15% for validation controls for
APV and RTV, respectively. Inter-assay precision,
expressed as percentage coefficient of variance (%CV),
ranged from 4.5 to 8.8% for APV, and 3.97 to 9.19%
for RTV. Intra-assay precision ranged from 3.3 to
10.1% for APV. Intra-assay precision and accuracy for
RTV ranged from 2.89 to 26.1% and 2.09 to 9.22%,
r¢spectively. The AAG assays were performed using a
commercially available assay (Quest Diagnostics, Inc.,
San Juan Capistrano, California, USA).

Pharmacokinetic analysis

Pharmacokinetic parameters were calculated from con-
centration-time data using non-compartmnental phar-
macokinetic methods (WinNonlin Pro version 1.5;
Sgientific Consulting Inc., Cary, North Carolina,
USA). Single- and multiple-dose pharmacokinetic para-
meters were calculated from concentration data derived
from samples collected on dosing day 1 and days 7 and
14, respectively. The maximum serum concentration
{(Crmaxo Cmax,ss) and the time to reach Cy (Tiaxs

Tiaxss) Were obtained by direct inspection of individual
plasma concentration—-time data.

Single-dose parameters were estimated for day 1. The
elimination half-life (1) was calculated using the equa-
tion == In(2)/A,, where 1X,, the apparent terminal
elimination rate constant, was estimated by log-linear
regression of the terminal portion of the concentra-
tion- tine curve. The area under the concentration:
time curve (AUCy_,,) from time zero to the time of
the last quantifiable sample (1,,) was calculated using
the linear trapezoidal rule. AUC,. ., was extrapolated
from 1,, to infinity (AUGC, .x) by adding C./A,,
where G, is the concentration of the last quantifiable
sample. Apparent total clearance (CL/F) was calcu-
lated as Dose/ AUCy. .. The apparent volume of
distribution during the terminal elimination phase ( 15/
F) was calculated as (CL/F)/ A,.

Steady-state parameters were estimated for days 7 and
14. Ciings, the minimum drug concentration at steady
state was calculated as (Cy + C,)/2, where G, is the
plasma concentration before dosing and C, is the
concentration of the last sample of the steady-state
dosing interval. If necessary, AUC, ,, was cxtrapo-
lated to the end of the dosing interval (AUC; ) at
time ¢ = t, the steady-state dosing interval, using the
formula:

AUC: = AUCy. ;4 (Cas/h) X (1 expl-ha(t )
The apparent total clearance at steady state, CL/F, was
calculated as Dose/ AUC, .

Statistical analysis

Eight evaluable patients per treatiment sequence were
estimated to be necessary to detect a 40% difference in
AUC for APV and a 50% difference in AUC for RTV
on a log scale with 80% of power at the 0.05 level. To
account for potential dropouts, nine patients per treat-
ment sequence were enrolled.

All pharmacokinetic parameters (except Ty,,,) were
log-transformed prior to analysis. Comparisons in log-
transformed pharmacokinetic  parameters (AUC 4,
Ciaxsss Cmings, and CL/ F) between treatment regimens
were analyzed by analysis of variance using the PROC
MIXED procedure (SAS, version 6.12; SAS Institute
Inc., Cary, North Carolina, USA). The analysis in-
cluded treatient, period, and sequence as fixed effects
and subject-within-sequence as a random effect. AAG
concentration was used as a covariate in the analysis
(except for PRO10017 where AAG data were not
available for analysis when RTV was administered
alone due to study error). Geometric least-squares
(GLS) mean ratios and their associated 90% confidence
intervals (CI) were used for within-subject treatment
comparisons of pharmacokinetic parameters. Treat-

JO

1011




1012

AIDS 2001, Vol 15 No 8

ments were considered to have no pharmacokinetic
interaction if the 90% CI of the estimated GLS mean
differences between the treatments on a log-scale shows
less than a 40% difference for APV and a 50%
difference for RTV. This indicates that the 90% Cls of
the GLS mean ratios fall within 0.67- 1.49 for APV
and 0.61--1.65 for RTV. Non-parametric methods
were used to analyze the 95% CI of median T, values
for each treatment. Treatment comparisons of T,y
values and their associated 90% CI was performed using
the Wilcoxon rank sumn test.

Results

Participants

The demographic and baseline characteristics of the
normal volunteers enrolled in each study were compar-
able between the studies (Table 1). Eighteen, 18, and
19 individuals were enrolled and 17, 15, and 16
individuals completed studies PRO10017, PRO10022,
and PRO10023, respectively.

Pharmacokinetic analysis

The median APV concentration—time curves after
administration of APV alone or in combination with
RTV are shown in Figure 1. The geometric mean
(95% CI) values of selected APV pharmacokinetic

10,00

Serum amprenavir concen

0.01

Table 1. Baseline characteristics of study population.

Study
PRO10017 PRO10022 PRO10023

Characteristic (n=18) (n=18) n=19)
Age” (years) 333 +£96 31.7 £ 9.7 293 +94
Sex

Male 10 12 9

Female 8 6 10
Race

White 17 17 18

Other 1 1 1
Weight“ (kg) 72.4 £ 11.0 74.8 £ 125 70.7 1 9.6

*Values are given as the mean + SD.

parameters (Cpay, AUC, and Cyp) for each study day
in each study and the GLS mean and ratios are shown
in Table 2. Single-dose APV pharmacokinetics pre-
dicted steady-state pharmacokinetics in all three studies.
RTV significantly increased APV AUC i and Ciinss
compared with those achieved when APV was admin-
istered alone. The G, was not uniformly affected by
RTV and in only one study (PRO10022) was there a
significant effect.

RTV had a complicated inhibition-autoinduction pat-
tern in all three studies (Table 3) consistent with previous
reports {16,23,24]. Single-dose RTV pharmacokinetics
did not predict steady-state pharmacokinetics. In the first

- PRO10017 450 rng APV single dose

~ PROYG022Z 450 mg APV single dose

& PRO1G0Z3 800 myg APV single dose

=L PRO10017 450 mg APV steady state

~B~ PRO18022 450 mg APV sieady siate

O~ PRO10023 830 mg APV steady state

e PRO1E017 450 mgi300 mg APVIRTV steady stae
—2r~ PRO10022 450 mg/100 mg AFVIRTV sleady siate

=¥ PRO1{023 900 mg/100 mg APVIRTV steady state

¥ ¥
10 12

105
oo
32~
o]

4]

Time {h)

Fig. 1. Median amprenavir serum concentration~time curves for the dosing regimens used in each study. APV, amprenavir; RTV,
ritonavir.
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Table 2. Summary of estimated amprenavir (APV) pharmacokinetic parameters®.

GLS mean ratio (90% CI) for

Parameter Geometric mean (95% CI) GLS mean® treatment comparison
PRO10017 (450 mg APV/300 mg RTV)
Day 1 Day 7 Day 14 Day 14 Day 7 Day 14:7
(APV) (APV) (APV + RTV)
n=9) n=9) n=17) n=29) n=9)
AUG, 5 (h ® pg/ml) 6.02 (4.01-9.04)¢ 7.74(5.91-10.15) 23.49 (19.32-28.57) 26.65 8.00 3.33(2.66-4.17)
Crnax (ng/ml)| 3.15(1.99-4.97) 4.15(3.19-5.40) 4.89(4.02-5.94) 4.67 4.28 1.09 (0.85-1.40)
Coio (pg/ml) N/A 0.11 (0.07-0.19) 1.32(1.05-1.67) 1.63 0.11 14.25 (9.04-22.48)
PRO10022 (450 mg APV/100 mg RTV)
Day 1 Day 7 Day 14 Day 14 Day 7 Day 14:7
(n=10) (n=28) (n=15) (n=28) (n=28)
AUC, s (h e pg/ml) 7.3(5.58-10.06)° 8.70(5.73-14.21) 35.42 (30.46-44.42) 35.19 8.80 4.00(3.36-4.76)
Cornax (pg/ml) 3.48(2.73-4.58) 3.63 (2.36--6.10) 6.83 (5.79-8.97) 6.19 3.66 1.69(1.22--2.35)
Crin (ng/ml) N/A 0.19(0.10-0.42) 2.01(1.70-2.61) 2.07 0.19 10.84 (7.54--15.58)
PRO10023 (900 mg APV/100 mg RTV)
Day 1 Day 7 Day 14 Day 14 Day 7 Day 14:7
(n=10) (n=9) (n=16) (n=28) n=29)
AUC, 55 (h » pg/ml) 21.56 (16.46-30.18)° 20.16 (14.57-28.96) 47.11(39.47-61.24) 45.80 21.86 2.09 (1.86-2.36)
Crnax (pg/ml) 9.06 (6.32-14.22) 8.66 (4.73-15.54) 9.28(8.02-11.58) 9.27 9.53 0.97 (0.76-1.24)
Coio (pg/mi) N/A 0.31 (0.18--0.58) 2.47 (2.08-3.32) 2.2 0.31 6.85 (4.99-9.41)

3All doses were administered every 12 h. ? Geometric least-square (GLS) means are within-subject treatment comparisons described in Methods. ¢ AUCy—. Reference values obtained from pooled
estimates of geometric mean Cmax, AUGy_12 n, and Cuin for 1200 mg amprenavir twice daily alone in three steady-state studies (PROA1002, PROA1012, and PROAT013, n = 43) are 8.21 pg/ml,

25.5 pg/ml, and 0.326 pg/ml, respectively. Cl, confidence interval; RTV, ritonavir; N/A, not applicable.
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Table 3. Summary of estimated ritonavir (RTV) pharmacokinetic parameters?.

GLS mean ratio (90% ClI) for

Parameter Geometric mean (95% Cl) GLS mean treatment comparison
PROT0017 (450 mg APV/300 mg RTV)

Day 1 Day 7 Day 14 Day 14 Day 7

(hn=09) (n=29) h=17) (h=29) (n=9) Day 14:7
AUG, s (h » pg/ml) 39.51(28.17-55.41)% 60.11 (46.80-77.19) 39.65 (32.73-48.04) 43.22 60.11 0.72 (0.60-0.86)
Crax (ug/ml) 7.32(5.65-9.47) 12.13(9.98-14.75) 8.67 (6.92-10.87) 10.43 12.13 0.86 (0.70-1.05)
Crin (ng/ml) N/A 1.44 (0.85-2.43) 0.99 (0.70-1.40) 1.07 1.44 0.74 (0.60-0.92)
PRO10022 (450 mg APV/100 mg RTV)

Day 1 Day 7 Day 14 Day 14 Day 7

(n =8) (n=28) n=15) n=17) n=7) Day 14:7
AUC, 55 (h » pg/ml) 4.45(3.12-6.50)% 14.11 (10.10-20.40) 5.84(4.92-7.88) 6.46 13.77 0.47 (0.38-0.58)
Cnax (pg/ml) 0.69(0.47- 1.06) 2.64(1.39-2.36) 1.35(1.10- 2.07) 1.47 2.59 0.57 (0.42-0.77)
Crin (pg/ml) N/A 0.38(0.26-0.58) 0.15(0.11-0.24) 0.16 0.36 0.45 (0.31-0.66)
PRO10023 (900 mg APV/100 mg RTV)

Day 1 Day 7 Day 14 Day 14 Day 7

n=9) (n=28) (n=16) (n=28) (n=28) Day 14:7
AUC, 55 (h @ ng/mb) 4.00(2.78-6.18)% 13.19(9.77-18.36) 4.58(3.30-8.21) 5.04 13.92 0.36 (0.28-0.46)
Crnax (pg/ml) 0.42 (0.29-0.65) 2.37(1.75-3.35) 1.10(0.86-1.78) 1.23 1.82 0.68 (0.41-1.10)
Cinin (pg/ml) N/A 0.39(0.29-0.55) 0.13(0.07-0.34) 0.14 0.42 0.35(0.23-0.52)

aAll doses were administered every 12 h. »Geometric least-square (GLS) means are within-subject treatment comparisons described in Methods. € AUCo.oc. Cl, confidence interval; APV, amprenavir;

N/A, not applicable.
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7 days, RTV significantly increased its AUC and C,,,.
In the next 7 days there were significant decreases in
Coae. AUC, and C,y,. There was no significant se-
quence effect on APV concentrations indicating that the
tnteraction effect of ritonavir was maximal despite its
own time-dependent pharmacokinetics. There were no
significant effects on Tmax for either APV or RTV.

Safety assessment

The 100 mg RTV q12h dose alone or in combination
with APV resulted in fewer adverse events than the
300 mg q12h dose alone or in combination with APV.
The occurrence of adverse events regardless of relation
to study drug was greater with APV and RTV in
combination than with either drug alone (Table 4).
The most common drug-related adverse events re-
ported by participants were diarrhea, nausea, and oral
paresthesia in PRO10017; nausea/vomiting, headache
and dizziness in PRO10022; and diarrhea, nausea/
vomiting, headache, and oral paresthesia in
PRO10023. In PRO10017 one individual withdrew
from the study with rash that progressed after the
addinon of RTV; in PRO10022 two participants with-
drew from the study, one due to rash following the
first dose of APV alone, and the other withdrew due to
rash and pruritis after APV in combination with RTV;
and 1 PRO10023 three participants withdrew from
the study, one due to nausea after the first dose of
APV, one due to oral/perioral numbness, rash, edema
of the face, ocular swelling and pruritis during APV/
KTV, and one due to lightheadedness after RTV alone
fbllowed by vomiting and oral lesions.

There were also significant effects found on clinical
chemistry changes from pre-therapy (Table 5). The
300 mg dose of RTV in combination with APV
resulted in a trend towards increases in serum glucose
concentration but was not statistically significant. In the
study with 300 mg RTV, the glucose change from
baseline for the APV to APV/RTYV sequence at day 7
was -1.39 = 14.12 and at day 14 14.5 £ 22.26 mg/dl
(P - 0.07), and the RTV to RTV/APV sequence at
day 7 was 9.17 +24.69 and at day 14 ic was 12.72
1 18.54 mg/dl (P =0.07). In contrast, the 100 mg
dose of RTV had no effect on serum glucose concen-
ttation in either study (data not shown). There were
signiticant  increases in cholesterol and triglyceride
values from pre-treatment (P < (0.05) with both doses
of RTV but the time frame differed (Table 5) suggest-
g a cumulative exposure effect. There were no other
clinically significant laboratory changes observed.

Discussion

The series of interaction studies presented here demon-
strated statistically and clinically significant effects of

Table 4. Most common (= 5% incidence) adverse events (all grades) by study.

PRO10023P

PRO10022P

PRO10017°

900 mg APV

100 mg RTV 4 100 mg RTV

450 mg APV

100 mgRTV 4 100 mg RTV

450 mg APV

450mg APV 300 mg RTV ~ + 300 mg RTV
9

Total
n=>55

900 mg APV
n=16° n=10 n=29 n=17

=8

n

450 mg APV
n=10

18

n=

n=

=9

n

Adverse event®

4 (44) 8(47)
1(01) 2(12)

4 (40)
0

6 (38)
2(13)

5(50) 1(13)

14 (78)
9 (50)
5(28)
4(22)
5(28)

3(33) 3(33)

No. participants experiencing any

adverse event n (%)

Diarrhea

4(24)
4(24)
4 (24)

0

2(22)
2(22)
1(11)
1(11)

0

1(10)
1(10)

3(19)
2(13)

2(20)

101

2(22)

10171

Nausea/vomiting
Headache

1(13)

2(12)

3(30)
0
100)

2(13)

ooo

3 (30)
2(20)

2(11)
2(11)

111
1(11)

Oral paresthesia/numbness

Dizziness
Rash

4The number (percentage) of participants reporting an adverse event are given. b All doses were administered every 12 hours. Two participants were not included in this treatment group because

they did not receive this treatment. APV, amprenavir; RTV, ritonavir.
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Table 5. Mean + SD change in triglyceride and cholesterol concentrations from pre-therapy.

Sequence 1 Sequence 2
APV RTV APV — APV +RTV RTV — RTV + APV
(Day 7) (Day 7) (Day 14) (Day 14)

PRO10017
(450 mg APV/300 mg RTV) n=9 n=9 n=8 n=9
Mean =+ SD change from baseline in:

Triglyceride (mg/d}) —8.2 £45.1 123.2 + 144.3* 140.9 + 136.0* 76.5  66.2*

Cholesterol (mg/dl) -37+9 12£116 10.6:+ 12* 11.6 £ 17.4*
PRO10022
(450 mg APV/100 mg RTV) n=9 n=8 n=38 n=38
Mean + SD change from baseline in:

Triglyceride (mg/dI) 46.8 £ 106.4 102 £ 101.1* 57.4 + 82.6% 93.3 + 77.6*

Cholesterol (mg/dl) -15+16 0.9+132 6.6+ 13.4 18.2 £ 10.7*
PRO10023 n=9 n=28 n=28 n=48
(900 mg APV/100 mg RTV)
Mean + SD change from baseline in:

Triglyceride (mg/dl) 22.7 +28.8 43.6 1 70.4% 40.1 + 49.8% 67.5 + 102.9*

Cholesterol (mg/dl) 9.4 +£146 11.4415.2% 323z 10.7* 19.8 £ 27.2%

Significant difference from pre-therapy (average of day 1 and screening laboratory result) at * P < 0.05 and 10.05 < P < 0.09 level. SD, standard

deviation; APV, amprenavir; RTV, ritonavir.

RTV on APV AUGC and Cyng. Given the incon-
sistent effect on Cpy,, these results suggest an effect of
RTV on inhibition of APV’s metabolism than by an
effect on its bioavailability. This is similar to the effects
of RTV on indinavir rather than on saquinavir and to a
lesser extent nelfinavir, where very large increases in
Cinax result from increases in bioavailability [15-21].

Single-dose APV pharmacokinetics predicted steady-
state pharmacokinetics in each of these studies. As the
participants were normal volunteers with little change
in their AAG concentrations this was expected. The
findings are consistent with our study showing changes
in values of the area under the concentration—time
curve were correlated to changes in AAG concentra-
tion both between- and within-subjects [12].

The combination of 450 mg APV q12h with the lower
dose of RTV (100 mg ql2h) tended to be better
tolerated than the combination with the higher RTV
(300 mg q12h) dose or the higher APV dose (900 mg
q12h) in combination with RTV. As the oral solution
and capsule formulations of ritonavir are bioequivalent
we would expect most of these differences to persist if
capsules were available for use in all the trials.

Gastrointestina] symptoms were the adverse events
most commonly reported in participants and were mild
to moderate in intensity. Differences in the incidence
of adverse events between studies may be attributed to
differences in the reporting of adverse events between
the three study sites. Serum cholesterol and triglyceride
concentrations were elevated to a greater magnitude by
both RTV doses in combination with APV than by
APV administered alone. These findings are consistent
with the results of previous studies that have shown

RTV to be associated with increases in plasma trigly-
cenide and cholesterol concentrations [23,24]. It cannot
be ruled out that the higher dose of APV (900 mg
q12h) may have contributed to the higher cholesterol
concentrations observed in PRO10023.

Co-administration of RTV with APV 450 or 900 mg
q12h resulted in APV Cy,., AUC, and C,yn values
that were sumilar to or slightly greater than those
achieved with the approved 1200 mg twice daily APV
dose alone as noted in Table 2. These increases in APV
Chin are consistent with the magnitude of increases in
indinavir Cp, produced by the co-administration of
100 or 200 mg RTV with 800 or 1200 mg indinavir in
healthy volunteers and HIV-1 infected patients [18
20]. Several clinical studies have demonstrated a strong
correlation between antiviral activity and plasma trough
concentrations of Pls |24 - 31]. Subtherapeutic concen-
trations of HIV PIs in plasma can be associated with
viral rebound and the development of drug resistance
[24--31], indicating the importance of maintaining
consistent drug concentrations in plasma. Increased
trough concentrations of APV may lead to umproved
efficacy over time, and minimize development of drug-
resistant viral strains.

The pharmacokinetic data from these studies were
combined in a nonlinear mixed-effect modelling analy-
sis (NONMEM; NONMEM Project Group, Univer-
sity of California - San Francisco, California, USA) to
evaluate potential twice daily and once daily regimens
[32]. The details of this population analysis will be
described in another manuscript. For the twice daily
regimen, consideration was given to the potential use
of therapy in populations with viral isolates of reduced
susceptibilities [9]. When considering a population with



Amprenavir and ritonavir interaction Sadler et al.

reduced wviral susceptibility, a simulated regimen of
600 mg APV twice daily with 100 mg RTV twice
daily gives sumilar C,;, to protein binding-adjusted
1C5y ratios as the 1200 mmg APV dose for wild-type
isolates [9]. As might be anticipated from the degree of
interaction demonstrated in the current studies, once-
daily regimens were clearly feasible for patients with
susceptible virus.

In summary, co-administration of 100 or 300 mg RTV
ql2h with 450 or 900 mg APV ql12h resulted in
statistically and clinically significant increases in APV
plasma concentrations. Clinical studies are in progress
to cvaluate the efficacy, pharmacokinetics and safety
profile of various doses and schedules of APV in
combination with RTV, with emphasis on 600 g
APV twice daily in combination with 100 mg RTV
twice daily [33,34].
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SOLO: 48-week efficacy and safety comparison of
once-daily fosamprenavir /ritonavir versus twice-daily
nelfinavir in naive HIV-1-infected patients

joseph C. Gathe Jv3, Prudence Ive®, Robin Wood¢, Dirk Schiirmann®,
Nicholaos C. Bellos®, Edwin DeJesus’, Andrzej Gladysz8, Cindy Garris"
and Jane Yeol

Objective: To compare the magnitude and durability of the antiviral response to
fosamprenavir (FPV) plus ritonavie (RTV) once-daily (FPVIr QD) with nelfinavir twice-
datly ’\F\' BiD), each administered with abacavir and lamivudine twice-daily.
Methods: An interational, phase i, randomized, open-iabel study in antiretroviral
therspy -naive, HiV-infected adulis.

Resulis: Patients with advanced HIV disease received FPV/Ir QD {n — 322} or NFV BID
(n=1327). At week 48, 69% of patients in ‘hc FPVA QD group and 68% in the
NFY BID group had "Wldanld HIV-T RNA (vRNA) <2 400 copies/mi, whereas 55% of
patierss in the FPVIr QD group and 53% i the NFV BID group bad vRNA <050
copies/mi {intent to treat, mLound /discontinuation = faiiure). More patients in the
MEV BID group {17%) experienced virological failure than in the FPV/ QD group
{(79%). Gificacy of FPVIr QD was maintained in pabents with CD4+ celi counss
<250 X 10% celis/t or vRNA = 100000 copies/mt at entry. At week 48, median CD4-+
cell counts were increased to 203 X 10° cell/l (FPV/A QD group) snd 207 %
108 calls/l (NFV BID group). Both regimens were generally well tolerated. Diarthen
was more common on NFV BiD than on FPV/c QD (16 versus 9%,; P = 0.008). Fasting
lipid profile results were generally favorable in both treatment arms. FPVIr QD
mairdained plasma arprenavir (APV) trough concentrations above the mean pheno-
typic drug- ‘USL.Q})[Ibi'i“/ (Cs0; for wild-type virus for APV.

Conclusion: As a first choice protease inhibitor with 2 low daily pill burden, FPV
r QD was well tolerated and provided potent, durable antiviral suppression.
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introduction

A f»ifmi;'icanr, proporsion of HiV-infected patients now
W to smtiate Bighly active antiremoviral therapy
'EMART‘ have reached an advanced stage of disease
{1.2. J.Gill, Seventh Inrernationsl Workshop on HIV
Observarional Darabases, ltaly, March 2003]. jn order
to offer this population optimal treatimens options, new
effective protease inhibitars {(FIs} with fiexible dosing
opdons are needed.

#)

avir (GW433508, FPV) is a PI for the
p of HIV-infection in aduits {3-6]. It iy rapldiy
h dm vzed to ts active molety amprenavit (AP} pins

stindies

iowed that co-adininiszation of 1400 wmy FPV
once-daily (QE} with 200 mg ritonavis (RTVY QD or
TO0 e T PV twice-daily (BID) with 100 myg BTV BID

led o ncemens wath  elevation nf the

vharmacoenk

excinded medwations, or had protocol-specitied abnor-
mal laboratery values. There were po exclusion criveris
based on CI34+ cell counts or Hl\ disease classifica
tion {8].

Stwdy design

This randomized, open-label study was coundncted at
101 centers u North Amuerics, Ewrope, South Aftcs
and Australia. The primary codpoint was the propor-
tion of patients w:ch vRNA <400 coptes/mil at week
48. Secoudary cudpoints included the proportion of
pacierus with VRNA < 30 copres/ml at week 48,
discontinuations of randomized Pl due to adverse
events. changes fron: baseline in vRINA, CD4+ celf

wanis phosphate upon Ak.S()}C})[,}(,n arud can be tken counts, viral resistance, metabolc abnermalides and
hout food or water reswrictions. Pharmacokineric pharmacokinetics.

Patients  were nndomized to receive cither FPV
(GlaxoSmithkline, Ware, Hertfordshire. UK} 1400 my
QD {two 70 3 myg tablets) pine BTV {Abbott Labora-

plstoa APV wrea under the carve (AUC) by approni- tories, North Chicago, Hirois, USA)Y 200 mg QD {two
marely  owo-fold and  plas trough  cong r:tr;mon 106 mg capsules), o1 NFV  (Pfizer Pharmiz, euticuls.

{C s the conceurration at the end of a dos sing interval,

New York, USAY 1250 mg BID (five 2500 my tabiess),

T, at steady state) by four- to six-fold in COrRparson Both rrmrrwm;-; were adnioistered wath ABC and
with orher studies of FPV in the absence of RTV 3,61 "5""' {GlaxoSmithKline) BID. Patcoes were  strati-
The pi APV rrough concentrations acl ,.ufw,d ed ahu‘xd ng to screening vRNAC 16O~ 10 000,

these xld.e\ [61 excesded the previonsdy de ,*s'min':d
concentration required to inhibit by 30% the replica~
tion of wild-type virus {7] and facilitate once-da: ty
dosiug which roay roprove adherence and durability of
FELpOnSe.

In thic stady, we corspared the afety and anvivira
cifiaacy of a FPV/dtoravir \Fi’\’/’r‘ QD regirnen with
nelfiavis (NFVY administered BID, both in combina-
mon with the rmcleoside revere manscripmse inhibirors
"'NRT]s) abacavir (ABC) and lumivudine (3TC; deliv-
ered BID in antiretroviral therspy (AR T)-naive aduls.
The primary abjective was to compare the magmmde
aond dorability of the anviviral response over 48 weeks.
Secondary objectives were to compare the safery and

> 10600100 000 and > 160000 copies/nl.

Efficacy and safety assessments

At each visit, patients were assessed for HiV-asoctuted

condizions, Cibd+ cell counts, and plasrua FIV

RNA using the Roche Amplicor HIV-1 Moniwr test

n 1.5 (Roche [Diagnostics. Basel, Switze

[ultrasensitive asay lower Hnit of detecnon (LLOD} —

50 copies/t upy linme of detectdon LULOD) -

75000 copies/ml; standard assay LLOD — 400 copi
j 750000 copie "-“l] Saroples with HEV.1

VTS

mis,

RNA .T> TEO0G copies) /] using the altrasensine asss By

were re~tested using the standard assay.

Adverse events {AEs) were recorded theoughout the

tolerability of FPV/r QD and NFV BID. and to com- study. Abnormal laborarory findings or other abnornuad
pare the wviroloyg r,;l pnmundcogical, and meabolic assesspienrs the  investigator jodged to be chnically
“—“[‘Umu o huc reginens. sigmboant were recorded as ABs, Drog-related evens

Methods

Patienis
3 % i\r rc.uuly-_d ART

.---m ve Pﬁ\f’--?--ir:f

derapy with any NR [i 1‘*’1 no pm,r thetapy \orth
any  non- mucleoside  reverse transcrigase mhibu,or
(INNRTE or PL Patieors were excluded if they had
niedical corsditions that could have compromised thewr
safety or totordered with drag absorption, reguired

were reported as related to the entire

regitnen {PI plus NRTH.

stdy  ddiug

In addidon o standard dlinical chemistry assessmienss
throughouot the study, fasdng wiglycerides. ghucose,
o] cholestero] and high-density peprotoin (HIL)/
low-densisy lipoprotein (LDL) cholesterol wwere assessed
at day i and at weeks 8, 16, 24, and 48,

Self-reported adherence

Treaunent adherence was assessed by o selfFreported
Patient Medication Adherence Questionnaire, adnnn-
istered 1o 268 patients o fve English-spesking cono-
teies. The g adheronce behavior

jnestionnaire recorded
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Fosamprenavir/ritonavir and nelfinavir in HIV patients Gathe ot 2/,

for each study rmedication duong cach of the
and the

v 3 days
sckend prior e weeks 112, 24, and 48
Subjects who reported no missed doses received a
perfent’ adberence score.

-

Pharmacokinetic and phenotypic drug-
susceptibility assessments

At selected ceoters, patients ei\ring FRV/r QD
underwens Coy pharmacokinetic sampling at weeks 4,
3. and 12 to assess sready-state plasia APV concentra-

tfons {9}
The phenotypic drug-susceptibility {ICse of virus
isolsted  from these same patients at ki
deterrnined by Virelogic Inc. (Sonth San P
Califomia, L‘:“, using the PhenoSense assay. |

W3S
1CESE 9,

$iatistical methods

The planed sample size of 624 patients
"‘p;x‘cwim;\teiv 85% power at the 2.5% significa:
tp detect dl."z STERCEs N proportions r\t pariens 3

"I(“’l‘i(“i‘

1.

\\,

ing VRMA <400 copies/m] at week 48, wing a
H1argin 10 assess 1o —-nfuxouw
For the prinury endpoing, the two-sided 95% con-

fidence interval (C) around the difference in progor-
thoms between the FPYV/r QD and the NFV BID
grouys was caleolaed. I the lower limit of dhe 95% 1
lay above —12%, the non-inferioricy of FPV/r QD o
NFV BID would be ectablished, whereas if i ay above
i, e would tmply superiority of FPV/r QD w
INFV BID. The confidence ingerval was natmcd o
reflect the vVRINA randomization strara

faenszel weights. To provide 3 ot description of
the varizbilisy around the difierences in proportions of
virological and non-virelegical fl,lmu {the two <L1L—
components of thc primary sndpoint), descriptive 95
Cle were calenlated using the same m c‘tho 1 as above.

"]

using Manrei-

The intent-to~treat (ITT) popudation inchided all pa-
tients whao tecaived at least one dose of mndomized
greatment. The primary strategy for analyses of propor-
tion (‘lﬂip()i‘:‘.-,th was  ITT  rebound/discontinua-
tton = fuibure (RD =F) where positive  respouders
were  those :‘-:—ztimts with confiomed ¢RNA  Jevels
€400 copies/ml. Treauneny failures comprised those
paticuts whase VR\' A remaiped 2 400 ¢ ()p es/mi, had
3 confimned vRINA rebound to > 400 copies/mnl irre-
spective of subsequent viral suppression, or disc ontin-
ned the study for any reason. Padenss with nus
values waere considered to hzv'“ VRRPMA = 400 copies/
mi if the patiens had VRNA = 400 copies/ml on the
previons or subsequent visis. T he sy endpoing was
abw analyzed nsing an 1T JOREatt
failnre (M = F} approach where trearment failures
somprised patients who h‘d VRINA 2= 400 copres/mi
O5n CUE O NOTe GCCasinns, nuatons

rolssing/

emature discont

for any reason, or whe b i

Appineott Willis

s & Wilking, Una

vaines on ;“r‘r‘viom and subsequent visits. For both {TT
i o swizched background NRTL *‘(‘I
reasons of mtol erance were not considered treatment
failures. The per protocol sualysis inchided dara (?
Jected while on randomized PI and excluded data
following m oS,

opulation comsisted of all patents who
received at least one dose of randomized treatment
Fisher’s exact tesss were perfornied o compare AE
incidence rates and generate Povalues (P < 001 was
considered significane). For fasting wiglycerides, HDL,
LDL totsl cholesterol, fasting ghncose, asparate amino-
e (AST). alanine aminctrausierase {ALT) and
case, 2 Wilcoxon mnk surn test was performed o
compare the median change from haseline between the
treatment groups at week 48 with Pevalues <001
considered siynificant. In addition to aoalysis of lipid
parameters bv toxicity grade, median values and
changes froro bascline were  assessed according o
National Cholesterol Education Program (NCEP) hpd
categories {11}

The safety

.
1€
)X
H

c
l’)
\

Plasrna APV conceruxations were consider
(o ed within 20-

ed troughs
) if the plasma sample was collect
after the previous dose of FPV/r. Amprenavir
G values for a patiens were averaged and thes
mdividual values were used to produce the ov
summary and Cre/[Cso ratios.

Results

Baseline characteristics
A toeal of 649 patierts were randomized and received
treatment: 322 in the FPV/e QD group and 327 in the
MNEFV BID group. ine chamcteristics were sinslar
berween groups ( The study popuistion was
ethnically diverse and included z relatvely high pro-
pordon of females (27%). Median vRNA  leves
(4.8 Joupy coples/ml) were high and median CD4+ ol
counts {170 X 10 celis/[} low.

parients had CD4+  cell connte <050 X 10" cells/]
whereas 22% had a histery of CDC Class C {ATDS)
events.

Efficacy anaiyses

At week 48, analysis of the f\xopmm)nx of patients
achieving vRNA <C 400 copies/ml showed th(, FPy/
r QD) group O

% to be non-inferior to the NFV BID
group {684, with a stradfied treamene difference
(FPV/r QD minus NFV BID) of 1% (95"/'- Ch —6%,
8%) (Fig. 1a, JTT RD = F). The ITT M = F analysis
provided similar results: 68% of padenss in the | PV
r QD group and 63% of panents in the NFY BID
group had vVRINA <0 400 copien/ml av week 48 (trap-
fied treatment difference 3%, CL —4%, 10%4).

tharized reproduction of this article s prohibite
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Table 1. Saseline characteristics {intent-to-treat population).

PPV QD NFV BID

Characteristic 0= 322 o 327
Sex; n (%) female 96 300 78104;
Agein vears; median frangel 361869 36 318 68)

£ihnicity, n{%h)

White 163057 178 (54)
Back 122 (38; HIEXER))
American Hispanic 2447 25 (8
VRMHA l0gs, copies/ml; mediar (rangs) 4827 7.3 4803167
VRNA > 106000 <:<apic',/n"L, n %) 13642) 144 (42}
Cia cells X 1084, median {range) iG6 {1 Bi3l 177 (8- 10%5)
fm ¢ co!l Counis < fs X 0% 1 (% 62{19) 691218
67 2%} 732
1 268 23 (7
5718} 60 (18

Hepatitis 8 surface antigen (HBsAC) and 2nfi-Hepatisis C lanti-HCY) antbodies, respectively.
PV QU FPV dionavie once-daily, NFV BID, aelinavis wice-daily; CDC, Centers for Disease
Control and Prevention.

Aridysis of the per protocol population supported these <0400 copies/ml amongst paticnts with a2 baseline
brervations: 95% of patients receiving FPV/r QDD and CD4+ cell count of <0350 X 109 celis/l (51%) com-

1% of patents "P(t‘:iving NEVBID had vRNA pared to those baving 3 50 X 10° ceils/1 ('.7?.‘1/:)).

Z4AGD coplas/ml at week 48, gving a stradfied treat-

ment difference of 4% (93% ClL: 0%, 9%). CH4+ cell counss tncreased for both treatmeny gronps

through 48 weeks. The medan change from bascline
fn each weatraent group, sioiar pm:xm'i'wm of was 203 and 207 X 10° celis/] for the FPV/F QD and
pativnts had vRIMNA <080 copies/ml at week 48 by INFV B grougs, respectively.

T R =F (Big la, FPV/e QD 85%; NFV BID

53%; and ITT M=F aualyses (FPV/r QD: 55%; Self-reported adherence

NEFV BID. 32%). For the per protocol population, 7846 The percensage of paticuts tepernng perfect adherance

of paticuts receving FPV/r QD and 72% of NFV BID for alf « Ld drugs and at each visit asse ‘&su{ was 78%) in

recipients had vRMA <50 copies/ml at week 48, the FPV/r (\L' group and 8756 in the NFV 810 group.
Perfect adherence tates were consistently  higher i

Mare patients experienced virological failure in the the FPV/ QD ammm av week 24 {FPV/0 QD 809%:

NEV BEY group (17%) than the FPV/r QD groaup NEV B 80%) and week 45 (FPV/r Qi): 9094

T%) a diifcrcn(c of 10% O%% CI: 5%, 15%) in favor MNEV BID: 84%), although statistical significance was
of FPV/r QY reasons for virol ogical fithure are sum- not assessed.

wmarized v Table 2 47T R = }"). Conversely. there
WeRe ImuTe rn:mmv‘nologu Fuiut‘us i the FPV/c QD Safety analyses
grovp (34%) versns the NFV BID grounp (153%); 3 Oversll, 4196 of patieuts receiving FPV/r QI and 39%

difference of B4 (95% Ch 3%, 15%) in favor of NFV; receiving ! FVBID exper enced grade Z2-4 AEs con-
slightly more padents receiving FPV/r QD discontin- sidered to be drug-related { .[ zhie 3). Dwrrbea, the only
ved the study due w adverse events or withdrawn AFE to be st msma]}‘/ sgnificantly differere 1o incidence
comsent. tost to follow-up and other reascus. betwesn  treatment gronps, was sipmificantly  nwoee

common in NFV recipients than FPV/r QB recipicnts
ssed by VEONA strata at study {16 versus W, P = 0.048).
v efficscy between groups and

Treatment response, 2
entry, indicates simi

across stnita. However, a higher percentage of patients Although 41 subjects were classified as non-virelogical
with  entry  vRNA > 500000 copies/od  achieved failures in Table 2 for prc‘:m;m..d discontinnation of
vIAINA - <0400 copies/ml in the FPV/r QDY group study drug due 1o adverse events, the ITT R~ F
{73%;} than s the NFV BID group (33%). In a sub-hoc efficacy analyses only comsiders the fist reason for
avalvsis of rosponse at week 48 bw baschoe CDé+ cell treacment faihure. Gvewdl, 44 subjecs withdvew fren:
counts.  TPV/r QD maintained  antiviral activiry the study due to so AR ZB (U%) FPV/r recipents
amongst those who entered with CD4+ cell counes versus 10 (8% NFV recipients. Adverse events that led
<50 X 0P cells/t and 2 50 X 10 cells/f (73 and 658% to withdrawal from the study in at least 196 of subjects
respectively, Figo 1b, ITT RD = F). However, in the H etther freattnent group were: snspe' ted AB&, by pcr—-

NFY group, 3 reduced proportion achieved vIANA sersiuvity {FPV/r QD n = 4;NFV BID

Copyright €@ Lippincott Williams & Wilking, Unauthorized reproduction of this article is prohibited.
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Fig. 1. @) For the inteni-to-treal (177} rebound/discontinua-
tior == fathure (RD = F) analysis, preporions of patients with
VRNA < 408 copies/ml, FPV/r QD (filled triangles) was simi-
lar to NEV BID (filled circles) giving a siratified treatment
difference (EPV/r QD minus NFV BID) of 1% (95% Ch:
~&%, 8%). For the !TT KD =F analysis, propoitions of
patients with vRMNA << ,\)L();)IE"-/!YIE, :P\'/'Qi_) {open trian-
glis) was simvilar 1o NFV BID {open circles) giving a stratified
sreptment difierence of 2% (35% Cl: 6%, K"'o, (h} Pre
s of patients with vRENA <400 (,op'm/ml at week 48 for
palno nts and those with haseline CD4+ cell counts
1 X108 cells or = 50 X 10% celis/l for the FPV/r QD
:::.‘led areal and NFY BID groups (open zrea} 1T RO =F
arthysis),

ea (FPV/e QD n =4 NFV BID n= 1} and nauses
(FE’\'/) QD n— 4 NFVBID n = 1}

The overall incisdence of patients discontinning ABC
tor & suspected hypersensidvity reaction was the same
in both treatment groups (FPV/r QD 89 #2

Copyriaht @ Liopineott Willlams & Wilking, Una

oty

8%). Subrects who discontivued ABC for suspected
hyperensitivity reactions were allowed to continae on
study with their randomized PI and substirute another
NRTE for ABC.

Incidences of trestment-emergent grade 3/4 clinical
chenistry and hematolegy sbuermalities were generally
low and comparable  between weatment - gronp,
aithough the incidence of Ond

5.

elevations in tri-
glycerides and serum | \iightiy higher in the
FPV/r QD gouy (% nm lipase clevation

were observed in both groups and were predonsnant ly
asymiptoniaic. Elevanous in liver CUZYMIES WeTe more
comnionly ohserved in patients euteriug the udy with
evidence of co-infection with hepatitic B and/or O
grade 3/4 ALT iucreases were observed in 3% (FPV/
r QD) and 4% (NFV BID} of sabjeots withone co-
1nfection ('(\mp;xrcd writh 24% co-infected with | Brepat

B and/or C in both weatment gronps.

A slightly wreater bue insignificant median increase from
baseline in triy glycerides was observed in the FPV/r QD
gronp (l%z:lmc 116 mg/dl; change + 5% img/dl) cow-
pared to the WNEV BID gronp (baselioe 136 mny/dl;
da wnge + 41 mg/di). '\Ac iian baseline chelesterel vatues
were: total 162 and 158 myg/dh LDL 96 and 94 mgjfﬂ
and HDL 37 sud 50 mg/dl for the FPV/r QD) amx
NFV BID arms, respectively. Although  median ine-
cresses in total. LDL and HDL cholestercl were ob-
served i both groups, there was ue appreciable change

1 the to:.:al./'HDL cholesterol ratio daring the course of

the study in either trestnient group (median 4.3 for
FPY/r QD and 4.3 for NFV BID w baschoe vy 4.8
in both wroups at Week 485 Al median fasting
chole \[Lfoi levels at Week 48 remained below ’\L;-..ll
LiDL) or above (HDL) the recommieuded NCEP inger-
vention guidelines.

Pharmacokinetic analysis

The FPV/r QD regimen delivered 2 median plasia
APV Cq of 143 pg/ml {n = 38 range: 0,44, 3.41 p/
mi). The median 1Csq valve vuadjusted for protein
hinding for APV against HIV-1 was deterndued w34
of these patients with plsma amprenavir C., data and
was .0054 ug/ml (mtt‘l(n.zrt‘lc range: 0.0036, G.0069
pg/ml}. Assursing protein hinding of @0% for APV,
the rovdian protein-binding adjusted plasimae APV 7
1 value achieved in this stady was 27 .70 (interquar-
tide range: 14,45, 49.06)

Discussion
The long-term therapeudic success of HAART in HIV

p:\:‘ienm :l< dependent on several factowns includiug
adherence {121, the patient’s wnmunclogical auid viro-
fogical status [13-15], dreg concentrations 116,17},

tharized reproduction of this article is prohibited.
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Yable 2. Studv outcomes at week 48 (intent-to-treat rebound/discontinuation = failure)”.

FPV/ 0 NEV BID
327

ra 320 N 32
n ‘1(;/3; al (Sh)

Vicological sunces
vRNA <400 cop

2sfimd

221 {69

Virological failure 2

VENA rebound > 400 copiesml? 206)
Premat r'—ly disco nmwd as met protocol switch criterion” 1i{<h)
\Jsvs )ad suppressian {<0 400 copiessmi) < h

i cntinuation) 77 (24%)

24 (8)

dthdeawn 14

Lost 10 lu”ﬁw-up 17 (3)

Protocod viokation 4(1)

ther 15 (5) 1
2t} i<

“fhus table capuures the f- «l e.ism for f3ilure in those cases whese mose than one type of fadure

has occurred. BYRNA >

copies/mt at two consecutive nmeup\)

2 h.x.n ;..ew[oL_,')

below 406G cogiey/ml. “.fl\f\ A > 1000 copies/ml at twi consecutive m ne-points post wask 12,

FRVIr QG FEV/ritonavir once-

regimen toderabnlity, and nsk of cmergence of droyg
resistant virns in trearment fafdures {18,191

Fosasnprenavir/ritonavie QD s a promising treatmens
option {acilitated by che lm; macoenhancemerns  of
APV exposure with low dose RTV [6,71. This is the
first randomized, 45-week \om-.,,n son of the efficacy
and wlerability of FPV /1 QD with NFV BID in ART-
naive pagients. The NFV comparstor was rhosm on
the basis of its well-charcterized sa fery pr(,ﬁi(« {20} and
its position as the leading P1av the time of stady desi
aud inttiation. 7

Patients treated in SOLO are consistent with the
popuiation of patdenss currenty initiating HAART in
chnical }**‘irti('t—: 3,221, 1 Gall, pemounal comnil
Flowaver, the low median basehne CD44+ cell conots
observed in both arms of SOLO (166 and
177 X 10" celis/1} tlustrare that this popnlaen was
more iranune-compromised than the popolations in
which atazanavir (ATV) and lopinavir/rivonavir were
recenddy evaluared o compatison with efavirenz and
INEV. respectvely {22,231 To these studies, median
bascline CP4+ cell conuns were 286 and 232 X
Y cells/i vespectively.

The virologic response achieved with FPV/r QD i

this population was petent as well as dumsble as
indicated by the proportons of patients achieving
<I 400 copies/ml and <30 ('opiﬂs/n'f as well as the
maintenance of this response through week 48, Similar
efficacy was observed by E"["] mlms hetween the
FPV/r Q1 and NFV amros since tbc higher mumber of
NIV virologic failures was counterbalanced by more

nou-virologic fuilures in cubjects receiving FEV/r QD.

The antiviral response to FPV/r QD was mainmined in
patients entering the study with a severely compro-

iy NFV Bil, nelfina

iy twic \:-mll.,-

mised imroune systeon (<30 X 10° CD4+ celld/]) or
Vs

with high viral loads {>> 500000 copies/mi}. This was
in contrast to the NFV recipients, in which subjects
with these same baseline charsceeristics did not respond
as well as sobjects with higher CD4+ celi connts or
tower viral losds. A emilar finding was ako uoted in
the ACTG 384 tial where amaong suhjecrs who lad
high viral loads at screening (VIANA > 5.0 {og,). those
receiving efavirenz, zidovndine and lanivadine had
better respouse thau those receiviug pelftnavir phos the

same ba (kor-)nnd drugs {241,

The overall response to FPV/r QU compares favorably
with those observed for other PU regimen. I
Al424034, 70% of patients receiving 400 mg of atuza-
navir QU achieved vRNA levels c)f <C 400 copres /il
ard 3296 achieved <7 30 copies/ml after 48 wecks §22],
aslthouwh the accuracy of these stady resalis has been
qzw'-mnei due to pnt"unal confouuders reladng o
sammple collection methods. When comparing the ye-
sponses seen in SQLO with those observed in MY3-
#63 in which 75 aud 67% lopinsvit/ritonavir recipicnss
achieved << 400 copies/mi and << 50 copies/ml afier 458
weeks respectively {231, iv should be noted thar chis
pepulacion had a lagher mc'{l.} Cl4+ coll connr at
entry {232 X 10" ,clvl‘ than that ohserved o SOLO
(170 X 10 calld/N).

Altbough cross stdy f‘on'-pvisz.m)e:, are not ideal. the
range of efficacy reported 1o studies ovaluaung NEV
plus dusl NRTE in therapy-naive individuals is nona-
ble. 1o congrast with SOLO where 68%% of NEV
recipients ac‘hicvcd vRNA < 400 copies/nd at 48
w"“Ls the proportion achieving this response was 55%
in NFV5 { S0 mg three gmes daly (T, 61 and
58% 1 NFV342 (1250 mg BIY and 750 mg TH,
respectively) [26], 6395 in M98-863 {750 my TID) (23]

and 56% in Al424-007 {750 mg T} av 4% weeks 125].

st
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fable 3. Summary of most frequently reported grade 2-4 drug-related adverse events,

Adverse event

Diarrhea 23 0.0508*
Drug lsvpf‘r;ﬂnﬂui\'lr', 10 abacavir 24 (7) 0433
Nau_ 200 0.4031
Vormitis n. 19(6; (0.201
Fatigue i1 (3} 0226
whe 8 1.000
al pain: 82} 0.6(11
Rc:.\n} (!"\'\:)9) 540 1.000
“Difference sutistically significant. FPV/Y QD, FPV/ritonavir once-dally; NFV BID, nelfinavir
twice-daily; NOS, not atherwise spacified
Table 4. Summiay of selected grade 3--4 laboratory abnormalities.
FEV QD n (%) NFV BHD a (%)
Laborasory parameter Grade 2 Crade 4 Gragde 3 Grade 4
linical chemistry
Alanine ransami G {3 b4 {4) 12{4)
,v-p e 5 1545) EREY)
Serum lipase 4i1) G1{1) i 1}
Hypertrigly i< ) 0 {2) [ECa
Hyperbilirubiremia 0 1<) IECA
Hypercholestarolemia o ¢ o
Hyperglycemis 0 O SN
H lvpo:,lyr BNt 0 ¢ 0
Hematology
Meutronenia (<0 750 # 10° celisA 83} Ca (RIES)] Ji<
T O'nlmr_yrop.s.ma EXCE) kR 741 4}
Laucopenia 2Ty V< REC ] 4]

FPVA QDL FPV iton

once-daiy; WFY

Clinically relevane differences between the treatrnent
groups were observed  with  respect the risk of
reststauce in the treatmens failures {26.27] bopacting
futare PEoand NRTT treatmnent options. Consistent

with observations from other studies of boosted PI
regimen {261, no primary or secondary protesse (PR
mtations were sclecred b pagerus czpcmn( ing ther-
apy fatlare on FPV/r QD Wvel pa}cd to 50% of NFV
reciptents (P <TH.0013 127.28]. Equally imporant, sig-
nificaudy fewer patients experieucing ..he eapy fuilore in
the PPV/ARTY QLY group (13%;) d(;‘,w:Joped murations
ssjociated with  resistance o NRTis compared to
patieuss in the NFV group (57%, P <2 0.601) Detatled
information the res

£Q

on istanice ps()ﬁkf of FPV/r are
reported elewhere {291
As observed with other regimnens [12], the highe:

(= 80%%) rates of perfece idf—-u rarved adherence in che
FPY/e O group at weeks 24 and 458 were cousi
with the Jower rate of virologic failnre, significaotly less
grade 2-4  drug-related  dimrhea, sbsence of foed

restrictions, i} count. and Q¥ doding of FPV/r

lower p

casnpared with NFV BID.
FEV/r QP was well rolerated, with most adverse
Copyriaht @ Lippineott Willlams & Wilking, Unauthar

BID, reifinavir twice-daily.

events being mild or moderate i iotensity, and only
a sroall pru:,,omon of patients withdrew from the
study due to AFs. The wcidence of grade 2-4 drug-
related diarshea in '-" FPV/1 QI group was sigmbi-
cantly less than thar ehserved in the NFV group, and
Em er r,mn that vecendy reported with other boosted

it is not clear why there were shightly more discont-
nnations dus o (1;'{"1‘"("3 u the FPV/ry ('3113 arnt than

the NFV arm. One explanation mayv be that physicians

and patients were more aware of mana grmcm of
drarthes as g side effect of NFV aud thus dmg
discontinuation  was seldorn warranted  wher the

lesser known safery profile of FPV/r led to more

cautions mavagernent of diarhes events.
Rashes pot considered by investigators to be part of
ABC hypersensitivity reacion wete reported with jow
incidence in both ams. The in('idt‘m‘c oi’ suspected
ABC h\,':w'scnc‘t‘vitv reaction reported i
grovp) is higher than thg approximace 5%
previously reporeed in chipi

sad trials [304 Thes su
the fact that there is

a heightened awareness to ABC
hypersensitivicy reaction and treating  physiclane are

1 this seudy
(8% i each

Melen]
h
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eproduction ot this

gt

¢4

35



&~

AT

s

z

AIDS 2004, Vol 18 No 11

sdopting an appropriately conservative approach to
diagnoss (3],
The low incidences of grade 374 laboratory abnoryal-

ities compate favorably “with m(:lclcrzccs rcpor::cd with
other boosted Pls [23]0 En this populaton, generlly
comparable fasting lipid profiles were observed in both
the FPV/r QD and NFV weatment groups. The slight
cievation of trighyceride fevels in the EPV/)‘ QD groug
nmay possibly be artributed o vse of ritonavir. Further
hpAd analyses bave been presented chewhere {32].

n conclusion, the results of this study in AR T-naive,
BiV-nfected pagents with E)jgh viral load aud low

CD4+ cell counts, demonstrate the ¢ poiency, durability,
md tolerabilicy of the FPV/r Q._) regimen. No FPV/
r QU} recipteuts developed PRO numtions and signifi-
cantly fewer ‘“Jp:vms developed routagons o RT
thr "ghout the 4% wecks of weatmnent, hence, preser-
wm' futore treatnient Dptl()rf:s. Ii_l.th,,,_m(:rc., the ot
bination: of {osamprenavie and ritonavir provides the
benefits of oiil burdesn,
once-daily dosing and a favorable lipid pr tlg Oversli,
these data support the use of FPV/r G in a fist line
regimen or carly i the teatment continzam.

16 food resrictions, a low daily
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Steady-State Pharmacokinetic (PK) Interaction Study of Atazanavir (ATV) with Ritonavir (RTV) in Healthy Subjects.
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BACKGROUND: ATV is a new protease inhibitor with potent anti-HIV activity. ATV exposure has been substantially increased when
combined with RTV. Objective: To assess the PK interaction between ATV (CYP3A substrate/inhibitor) and RTV (CYP 3A inhibitor) at
specific doses of 300 and 100 mg, respectively. METHODS: Thirty healthy subjects received open label drugs with a light meal as
follows: 300 mg ATV QD on Days 1-10 and then 300 mg ATV and 100 mg RTV QD on Days 11-20. Serial blood samples were
collected for PK on Days 10, 15, and 20. RESULTS: Geometric means and ratios of geometric means (90% confidence intervals (CI))
for noncompartmental parameters are listed in the table. Steady state Cmax and AUC(TAU) of ATV after coadministration with RTV
were 1.86 and 3.38 fold higher, respectively, compared to ATV alone. Mean RTV exposure was similar to published data from a
previous RTV/ATV combination study. CONCLUSIONS: The combination of RTV and ATV in healthy subjects: substantially increased

ATV exposure, was well tolerated and did not affect RTV PK. The ATV/RTV regimen is under evaluation in select HIV+ subjects in
Phase III.
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(54) Title: METHOD FOR IMPROVING THE PHARMACOKINETICS OF TIPRANAVIR

The present invention relates to a novel method for improving the pharmacokinetics of tipranavir, comprising administering to a
human in need of such treatment a combination of a therapeutically effective amount of tipranavir or a pharmaceutically acceptable sait
thercof, and a therapeutically effective amount of ritonavir or a pharmaceutically acceptable salt thereof.
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lowest dose of ritonavir tested (100 mg) and assuming a target trough tipranavir
concentration equivalent to that observed for the highest dose combination tested (tipranavir
1350 mg BID/ritonavir 500 mg BID) was desired, then a tipranavir dose of 6750 mg (5 x
1350 mg) would be expected to be required.

Thus, these combined results of clinical studies used to investigate the
pharmacokinetic drug-drug interaction involving tipranavir and ritonavir support thc
following limits of dosing: administration BID of a ritonavir dose of between about 30 mg to
about 1000 mg, and of a tipranavir dose of between about 200 mg to about 6750 mg.
Similarly, the tipranavir/ritonavir combination may be administered once a day as follows: a
ritonavir dosc of between about 30 mg to about 2000 mg, and of a tipranavir dose of
between about 200mg to about 13500 mg.

Those skilled in the art would know how to fermulate the compounds of this
invention into appropriate pharmaccutical dosage forms. Examples of the dosage forms
include oral formulations, such as tablets or capsules, or parcnteral formulations, such as
sterile solutions.

Either solid or fluid dosage forms can be prepared for oral administration. Solid
compositions arc prepared by mixing the compounds of this invention with conventional
ingredients such as alc, magnesium stearate, dicalcium phosphate, magnesium aluminum
silicate, calcium sulfate, starch, lactose, acacia, methyl cellulose, or functionally similar
pharmaccutical diluents and carriers. Capsules are prepared by mixing the compounds of
this invention with an inert pharmaceutical diluent and placing the mixture into an
appropriately sized hard gelatin capsule. Soft gelatin capsules are prepared by machine
encapsulation of a slurry of the compounds of this invention with an acceptable inert oil such
as vegetable oil or light liquid petrolatum. Syrups are prepared by dissolving the compounds
of this invention in an aqueous vehicle and adding sugar, aromatic flavoring agents and
preservatives. Elixirs are prepared using a hydroalcoholic vehicle such as ethanol, suitable
sweeteners such as sugar or saccharin and an aromatic flavoring agent. Suspensions are
prepared with an aqueous vehicle and a suspending agent such as acacia, tragacanth, or
methyl cellulose.

[n a preferred embodiment, the dosage form used is a self-emulsifying drug delivery
system (SEDDS) microemulsion formulation. Details about SEDDS may be found in PCT
Patent Applications, International Publication Nos. WO 99/06044 and WO 99/06043, both
published on 11 February 1999. The SEDDS formulation allows tipranavir in an

-12-
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METHOD FOR IMPROVING THE PHARMACOKINETICS OF TIPRANAVIR

Field of the Invention

The present invention relates to a novel method for improving the pharmacokinetics
of tipranavir, comprising administering to a human in need of such trcatment a combination
of a therapeutically effective amount of tipranavir or a pharmaceutically acceptable salt
thereof, and a therapeutically effective amount of ritonavir or a pharmaceutically acceptable
salt thereof.
Background of the Invention

Since the first description of the malady in the early part of this decade, acquired
immunodeficiency disease syndrome (AIDS) and its devastating consequences have been
subjects of continuous and intense coverage in both the lay and scientific press. The
literature on the disease and the virus is already so vast as to dety thorough citation.

Human immunodeficiency virus (HIV) has long been recognized as the causative
agent in AIDS, although a minority opinion to the contrary has been expressed (e.g., P.
Duesberg, Proc. Natl. Acad. Sci., USA, 86:755-764 (1989)). Sequence analysis of the
complete genomes from several infective and non-infective HIV-isolates has shed
considerable light on the make-up of the virus and the types of molecules that are essential
for its replication and maturation to an infective species. The HIV protease is essential for
the processing of the viral gag and gag-pol polypeptides into mature virion protcins. L.
Ratner, et al., Nature, 313:277-284 (1985); L.H. Pearl and W.R. Taylor, Nature, 329:351
(1987). HIV cxhibits the same gag/pol/env organization seen in other retroviruses. L.
Ratner, ct al.. above; S. Wain-Hobson, et al., Cell, 40:9-17 (1985); R. Sanchcz-Pescador, ct
al., Science, 227:484-492 (1985); and M.A. Mucsing, ct al., Nature, 313: 450-458 (1985).

Reverse transcriptase (RT) is an enzyme unique Lo retroviruses that catalyzes the
conversion of viral RNA into double stranded DNA. Blockage at any point during the tran-
scription process by an aberrant deoxynucleoside triphosphate incapable of elongation, such
as AZT (zidovudine), should have dramatic consequences relative to viral replication. Much
work on the RT target is in progress based, in large measure, upon the fact that nucleosides
like AZT are easily delivered to cells. However, the inefficiency of phosphorylation steps to
the triphosphate. and the lack of specificity and consequent toxicity, constitute major

drawbacks to use of AZT and similar nucleosides having a blocked, or missing, 3hydroxyl

group.
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Pharmacokinetic parameters such as AUC, Cmax, tmax, oral clearance, and terminal
half-life were determined using standard noncompartmental techniques. Trcatment cffects

on pharmacokinetic parameters were assessed using Wilcoxon’s Signed Rank Test.

Results:
Effects of Ritonavir on Tipranavir:

Mecan (SD) plasma tipranavir concentrations following administration of tipranavir
alone and in combination with ritonavir are shown in Figure 1. The pharmacokinetic
estimates derived from individual subject data are provided in Table 2. The median
tipranavir Cmax value increased approximately 5.6-fold in the presence of ritonavir, whereas
median tipranavir Cmin valucs increased 45-fold. On average, mean steady-state plasma
tipranavir concentrations (Css) increased 12-fold following dosing with ritonavir. Of note,
the increasc in tipranavir concentrations was not accompanied by a prolongation of the
elimination half-life (t%2). This suggests the possibility that the effect of ritonavir to increase
plasma tipranavir concentrations involves, in part, a pre-systcmic mechanism. Speculatively,
this could be duc to an inhibitory effect of ritonavir on P-glycoprotein resulting in enhanced

tipranavir absorption, and/or ritonavir inhibition of gut wall tipranavir metabolism.

Effects of Tipranavir on Ritonavir:

Mcan (SD) plasma ritonavir concentrations following administration of ritonavir
alone and in combination with tipranavir are shown in Figure 2. The pharmacokinetic
estimates derived from individual subject data are provided in Table 3. Although only 50().
mg twice daily doses of ritonavir were administered in this study in healthy volunteers, the
plasma ritonavir concentrations observed following dosing with ritonavir alonc werc slightly
higher than those reported in HIV-infected patients receiving ritonavir 600 mg doses twice

daily. This result supports the clinical relevance of ritonavir exposure following the doses

' employed in this study:.

The combination of tipranavir and ritonavir dosing resuited in‘an approximate 5-fold
decrease in mean steady-state ritonavir concentrations compared with ritonavir administered
alone. The median ritonavir Cmax value decreased 3.8-fold following coadministration with
tipranavir. In association with a shorter apparent half-life of elimination, the median
ritonavir Cmin concentration was more than 10-fold lower when ritonavir was dosed with

tipranavir compared with ritonavir dosed alone. For comparative purposes, it is interesting

-158-
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Plasma samples were assayed for ritonavir (A-84538) concentrations using a
validated, sensitive and specific isocratic HPLC-UV method. Ritonavir and the internal
standard (IS) were extracted from human plasma by liquid-liquid extraction with an ethy!
acetate mixturc. The retention times of the primary analytes werc ~7.0 minutcs (ritonavir),
and ~10.0 minutes (IS). Mean recoveries for ritonavir and the IS were 101% and 91.4%,

respectively.

Pharmacokinetic and Statistical Methods:

Pharmacokinetic parameters such as AUC, Cmax, tmax, oral clearance, and terminal

half-life were determined using standard noncompartmental technigues.

Results:

Effects of Tipranavir on Ritonavir:

Median plasma ritonavir concentrations following administration of ritonavir 500 mg
BID and either tipranavir 600 mg BID or 900 mg BID are depicted in Figure 3. The
pharmacokinetics of ritonavir derived from individual subject data are summarized in Table
4. For comparative purposes, the pharmacokinetics of ritonavir when administered alonc arc
included in this table. The combination of ritonavir and tipranavir in this study resulted in an
approximate 4-fold decrease in steady-state plasma ritonavir concentrations compared with
ritonavir administered alone. Median ritonavir Cmax values were more than 2-fold lower,
and Cmin values more than 10-fold lower, when ritonavir was dosed with tipranavir. The
decrease in plasma ritonavir concentrations, and shortening of the elimination hali-life, is

consistent with metabolic induction attributable to tipranavir.

Effects of Ritonavir on Tipranavir:

Median tipranavir concentrations following tipranavir 600 mg BID administered
alone and in combination with ritonavir 100 mg BID or ritonavir 500 mg BID are depicted
in Figure 4. Pharmacokinetic parameters of tipranavir derived from individual subject data
are provided in Table 5. The quantitative effect of ritonavir on plasma concentrations of
tipranavir was dose-related. Median AUC values of tipranavir increased approximately 9-
fold following concomitant dosing of ritonavir 100 mg BID and approximately 14-foid for

dosing with ritonavir 500 mg BID. Median trough tipranavir concentrations increased

-18-
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approximately 9-fold following dosing with ritonavir 100 mg BID, and approximately 40-
fold for ritonavir 500 mg BID. Compared with tipranavir 600 mg BID administered alone,
median Cmax values increased 5-fold and 7-fold, respectively, following concomitant dosing
of ritonavir 100 mg and 500 mg BID, respectively. As in a previous study which assessed
the pharmacokinetic drug-drug interaction of tipranavir 1350 mg BID and ritonavir 500 mg
BID, ne prolongation of the apparent terminal half-life of tipranavir was observed tfollowing
concomitant dosing.

Median tipranavir concentrations following tipranavir 900 mg BID administered
alone and in combination with ritonavir 100 mg BID and ritonavir 500 mg BID are depicted
in Figure 5. Pharmacokinetic parameters of tipranavir derived from individual subject data
are provided in Table 5. As observed for the tipranavir 600 mg BID data. the quantitative
etfect of ritonavir on plasma concentrations of tipranavir was dose-related. Median AUC
values of tipranavir increased approximately 8-fold following concomitant dosing of
ritonavir 100 mg BID and approximately 20-fold for dosing with ritonavir 500 mg BID.
Median trough tipranavir concentrations increased approximately 7-fold following dosing
with ritonavir 100 mg BID, and approximatcly 45-fold for ritonavir 500 mg BID. Compared
with tipranavir 900 mg BID administered alone. median Cmax values increased 5-fold and
10-fold, respectively, following concomitant dosing of ritonavir 100 mg and 500 mg BID.
respectively. No prolongation of the apparent terminal half-life of tipranavir was observed

following concomitant dosing.

Discussion:

A significant pharmacokinetic drug-drug inlefac[ion affecting both ritonavir and
tipranavir was shown in a previous study in which tipranavir 1350 mg BID and ritonavir 500
mg BID were dosed concomitantly. The pharmacokinetic aspects of this drug interaction
were further explored in this study, utilizing a combination of ritonavir and tipranavir doses.
Ritonavir concentrations significantly and substantially declined following co-administration
of the lowest tipranavir dose tested (600 mg BID). This finding is consistent with the results
of previous studies showing that tipranavir induces its own metabolism over a wide dosage
range.

Further, the effect of tipranavir to reduce plasma ritonavir concentrations was similar
for doses of tipranavir ranging from 600 to 1350 mg BID, suggesting that enzyme induction

of tipranavir, while substantial, appears to reach a plateau effect which occurs at or below

-19-
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Pharmacokinetic and Statistical Methods:
Pharmacokinetic parameters such as AUC, Cmax, tmax, oral clearance, and terminal

half-lifc, were determined using standard noncompartmental techniques.

Results:

Effects of Ritonavir on Tipranavir:

Mean (SD) plasma tipranavir concentrations following administration of tipranavir
alone (1250 mg BID) and in combination with ritonavir (200 mg BID) are shown in Figure
7. The pharmacokinetic estimates derived from individual subject data are provided in Table
9. Median AUC values of tipranavir were approximately 11-fold higher and median
tipranavir Cmin values were about 75-fold higher in subjects recciving tipranavir with
ritonavir oral solution than in subjects receiving tipranavir alone. Median Cmax valucs
increased approximately 5-fold following concomitant dosing with ritonavir. As observed in
previous studies in which tipranavir HFC and ritonavir capsules were coadministercd, the
apparent terminal half-life of tipranavir was not significantly affected by ritonavir.

Median (range) ritonavir pharmacokinetic parameters after administration of
ritonavir oral solution 200 mg BID with tipranavir 1250 mg BID arc given in Table 10. The
median ritonavir AUC, Cmin, and Cmax were 12-fold, 54-fold, and 10-fold lower,
respectively, for this combination compared to a S00-mg twice-daily dose of ritonavir
administered alone. The apparent elimination half-life of ritonavir was also decreased

relative to ritonavir given alone, which is consistent with metabolic induction by tipranavir.

Discussion:

The significant effect of ritonavir on the pharmacokinetics of tipranavir previously
observed with different forms of the two drugs (tipranavir disodium salt HFC and ritonavir
capsule) was also demonstrated with the combination of tipranavir SEDDS SEC and the
ritonavir oral solution. The 200 mg dose of ritonavir, which is three times lower thah the
dose used in the treatment of HIV-1 infection, increased tipranavir steady-state
concentrations by more than 10-fold compared with the same dose (1250 mg BID) of
tipranavir given alone. This effect is observed despite the fact that ritonavir concentrations

in the presence of tipranavir are greatly decreased.

-25-
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Claims
We claim:

1. A method for improving the pharmacokinetics of tipranavir, comprising

administering to a human in necd of such treatment a combination of a therapeutically
effective amount of tipranavir or a pharmaceutically acceptable salt thereof, and a

therapeutically effective amount of ritonavir or a pharmaceutically acceptable salt thereot.

2. The method of claim 1, wherein said therapeutically effective amount of
tipranavir is between about 200 mg and about 6750 mg of tipranavir, and said
therapeutically effective amount of ritonavir is between about 30 mg and about 1000 mg of

ritonavir.

3 The method of claim |, wherein said therapeutically effcctive amount of
tipranavir is between about 200 and about 900 mg of tipranavir, and said therapeutically

effective amount of ritonavir is between about 30 and about 500 mg of ritonavir.

4. The method of claim I, wherein said therapeutically effective amount of
tipranavir is between about 200 and about 900 mg of tipranavir, and said therapcutically

cifective amount of ritonavir is between about 30 and about 300 mg of ritonavir.

5. The method of claim 1. wherein said therapeutically effective amount of
tipranavir is between about 200 and about 600 mg of tipranavir, and said therapeutically

effective amount of ritonavir is between about 30 and about 500 mg of ritonavir.

6. The method of claim 1, wherein said therapeutically effective amount of
tipranavir is between about 200 and about 600 mg of tipranavir, and said therapeutically

effective amount of ritonavir is between about 30 and about 300 mg of ritonavir.
7. The method of claim 1, wherein said therapeutically effective amount of

tipranavir is between about 200 and about 600 mg of tipranavir, and said therapeutically

effective amount of ritonavir is between about 30 and about 100 mg of ritonavir.

-33-
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8. A method for increasing human blood levels of tipranavir, comprising
administering to a human in need of such treatment a combination of a therapeutically
effective amount of tipranavir or a pharmaceutically acceptable salt thereof, and a

therapeutically effective amount of ritonavir or a pharmaceutically acceptable salt thereof.

9. The method of claim 8, wherein said therapeutically effective amount of
tipranavir is between about 200 mg and about 6750 mg of tipranavir, and said
therapeutically effective amount of ritonavir is between about 30 mg and about 1000 mg of
ritonavir.

10

10.  The method of claim 8, wherein said therapeutically cffective amount of

tipranavir is between about 200 and about 900 mg of tipranavir, and said therapeutically

etfective amount of ritonavir is between about 30 and about 500 mg of ritonavir.

15 11 ‘The method of claim 8, wherein said therapeutically effective amount of
tipranavir is between about 200 and about 900 mg of tipranavir, and said therapeutically

effective amount of ritonavir is between about 30 and about 300 mg of ritonavir.

12 The method of claim 8, wherein said therapeutically effective amount of
20 tipranavir is between about 200 and about 600 mg of tipranavir, and said therapeutically

effective amount of ritonavir is between about 30 and about 500 mg of ritonavir.

13. The method of claim 8, wherein said therapeutically cffective amount of
tipranavir is between about 200 and about 600 mg of tipranavir, and said therapeutically

25  eftective amount of ritonavir is between about 30 and about 300 mg of ritonavir.

14.  The method of claim 8, wherein said therapeutically effective amount of
tipranavir is between about 200 and about 600 mg of tipranavir, and said therapeutically

effective amount of ritonavir is between about 30 and about 100 mg of ritonavir.
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(57) Abstract

(54) Title: COMPOSITIONS AND METHODS FOR IMPROVED DELIVERY OF IONIZABLE HYDROPHOBIC THERAPEUTIC

The present invention is directed to a pharmaceutical composition including a hydrophobic therapeutic agent having at least one
ionizable functional group, and a carrier. The carrier includes an ionizing agent capable of ionizing the functional group, a surfactant, and
optionally solubilizers, triglycerides, and neutralizing agents. The invention further relates to a method of preparing such compositions by
providing a composition of an ionizable hydrophobic therapeutic agent, an ionizing agent, and a surfactant, and ncutralizing a portion of
the ionizing agent with a neutralizing agent. The compositions of the invention are particularly suitable for use in oral dosage forms.
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bioavailable form. Such difficulties necessarily result in increased costs, and
compromised patient safety and therapeutic effectiveness.

Thus, there is a need for versatile and effective pharmaceutical compositions that
overcome these deficiencies in the prior art.

SUMMARY OF THE INVENTION

The present invention provides pharmaceutical compositions and methods for
improved delivery of ionizable hydrophobic therapeutic agents.

In one embodiment, the invention is directed to a pharmaceutical composition
including an ionizable hydrophobic therapeutic agent and a carrier. The carrier includes
an ionizing agent to ionize the therapeutic agent, and a surfactant. Optionally, the carrier
also includes solubilizers, triglycerides and neutralizing agents.

In another embodiment, the invention is directed to a pharmaceutical composition
including a hydrophobic therapeutic agent having at least one ionizable functional group,
and a carrier. The carrier includes an ionizing agent capable of ionizing the functional
group, a surfactant, and a triglyceride.

In another embodiment, the invention is directed to a pharmaceutical composition
including a hydrophobic therapeutic agent having at least one ionizable functional group
and a carrier, wherein the carrier includes an ionizing agent capable of ionizing the
ionizable functional group and present in a pre-reaction amount of greater than about 1.5
mole equivalents per mole of ionizable functional group, and a surfactant. In a further
aspect of this embodiment, the composition further includes a neutralizing agent capable
of neutralizing a portion of the ionizing agent.

In another embodiment, the invention is directed to a pharmaceutical composition
including a hydrophobic therapeutic agent having at least one ionizable functional group,
and a carrier, wherein the carrier includes an ionizing agent capable of ionizing the
ionizable functional group, a surfactant, and a solubilizer present in an amount of greater
than about 10% by weight, based on the total weight of the composition. In this
embodiment, the surfactant includes at least one compound from the group consisting of
alkylglucosides; alkylmaltosides; alkylthioglucosides; lauryl macrogolglycerides;
polyoxyethylene alkyl ethers; fatty acids; lower alcohol fatty acid esters;
polyoxyethylene alkylphenols; polyethylene glycol fatty acids esters; polypropylene
glycol fatty acid esters; glycerol fatty acid esters; acetylated glycerol fatty acid esters;
polyethylene glycol glycerol fatty acid esters; polyglyceryl fatty acid esters;

SUBSTITUTE SHEET (RULE 26)
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1. A pharmaceutical composition comprising:

(a) a hydrophobic therapeutic agent having at least one ionizable

functional group; and

(b)  acarrier, said carrier comprising:

() an ionizing agent capable of ionizing the ionizable
functional group;
(it)  asurfactant; and
(1)  atriglyceride.
2. The pharmaceutical composition of claim 1, wherein the ionizable
10 functional group is an acidic functional group, and the ionizing agent is a
pharmaceutically acceptable base.

3. The pharmaceutical composition of claim 2, wherein the acidic functional
group is selected from the group consisting of carboxylic acids, imidazolidinediones,
thiazolidinediones, pyrimidinetriones, hydroxyheteroaromatics, phenols, phosphoric
acids, sulfuric acids, sulfonic acids, sulfonamides, aminosulfones, sulfonylureas,
tetrazoles and thiols.

15

4. The pharmaceutical composition of claim 2, wherein the hydrophobic
therapeutic agent is selected from the group consisting of acetazolamide, acetohexamide,
acrivastine, alatrofloxacin, albuterol, alclofenac, aloxiprin, alprostadil, amodiaquine,

20 amphotericin, amylobarbital, aspirin, atorvastatin, atovaquone, baclofen, barbital,
benezepril, bezafibrate, bromfenac, bumetanide, butobarbital, candesartan, capsacin,
captopril, cefazolin, celecoxib, cephadrine, cephalexin, cerivistatin, cetrizine,
chlorambucil, chlorothiazide, chlorpropamide, chlorthalidone, cinoxacin, ciprofloxacin,
clinofibrate, cloxacillin, cromoglicate, cromolyn, dantrolene, dichlorophen, diclofenac,
5 dicloxacillin, dicumarol, diflunisal, dimenhydrinate, divalproen, docusate, dronabinol,
enoximone, enalapril, enoxacin, enrofloxacin, epalrestate, eposartan, essential fatty acids,
estramustine, ethacrynic acid, ethotoin, etodolac, etoposide, fenbufen, fenoprofen,
fexofenadine, fluconazole, flurbiprofen, fluvastatin, fosinopril, fosphenytoin, fumagillin,
furosemide, gabapentin, gemfibrozil, gliclazide, glipizide, glybenclamide, glyburide,

glymepiride, grepafloxacin, ibufenac, ibuprofen, imipenem, indomethacin, irbesartan,

30

isotretinoin, ketoprofen, ketorolac, lamotrigine, levofloxacin, levothyroxine, lisinopril,
lomefloxacin, losartan, lovastatin, meclofenamic acid, mefenamic acid, mesalamine,

methotrexate, metolazone, montelukast, nalidixic acid, naproxen, natamycin, nimesulide,
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nitrofurantoin, non-essential fatty acids, norfloxacin, nystatin, ofloxacin, oxacillin,
oxaprozin, oxyphenbutazone, penicillins, pentobarbital, perfloxacin, phenobarbital,
phenytoin, pioglitazone, piroxicam, pramipexol, pranlukast, pravastatin, probenecid,
probucol, propofol, propylthiouracil, quinapril, rabeprazole, repaglinide, rifampin,
rifapentine, sparfloxacin, sulfabenzamide, sulfacetamide, sulfadiazine, sulfadoxine,
sulfamerazine, sulfamethoxazole, sulfafurazole, sulfapyridine, sulfasalazine, sulindac,
sulphasalazine, sulthiame, telmisartan, teniposide, terbﬁtaline, tetrahydrocannabinol,
tirofiban, tolazamide, tolbutamide, tolcapone, tolmetin, tretinoin, troglitazone,
trovafloxacin, undecenoic acid, ursodeoxycholic acid, valproic acid, valsartan,
vancomycin, verteporfin, vigabatrin, vitamin K-S (II), zafirlukast, and pharmaceutically
acceptable salts thereof.

5. The pharmaceutical composition of claim 4, wherein the hydrophobic
therapeutic agent is selected from the group consisting of acetohexamide, acrivastine,
alatrofloxacin, albuterol, alclofenac, amodiaquine, amphotericin, aspirin, atorvastatin,
atovaquone, baclofen, benezepril, bezafibrate, bromfenac, butobarbital, candesartan,
capsacin, captopril, celecoxib, cerivistatin, cetrizine, chlorambucil, chlorpropamide,
chlorthalidone, clinofibrate, cinoxacin, ciprofloxacin, clinofibrate, cloxacillin,
cromoglicate, cromolyn, dantrolene, diclofenac, dicumarol, divalproen, docusate,
dronabinol, enalapril, enoxacin, epalrestate, eposartan, etodolac, etoposide, fenbufen,
fenoprofen, fexofenadine, fluconazole, flurbiprofen, fluvastatin, fosphenytoin,
fumagiilin, gabapentin, gemfibrozil, gliclazide, glipizide, glyburide, glymepiride,
grepafloxacin, ibufenac, ibuprofen, imipenem, indomethacin, irbesartan, isotretinoin,
ketoprofen, ketorolac, lamotrigine, levofloxacin, levothyroxine, lisinopril, lomefloxacin,
losartan, lovastatin, mesalamine, methotrexate, montelukast, naproxen, nimesulide, non-
essential fatty acids, norfloxacin, ofloxacin, oxaprozin, phenytoin, pioglitazone,
piroxicam, pramipexol, pravastatin, probucol, propofol, rabeprazole, repaglinide,
rifampin, rifapentine, sparfloxacin, sulfadiazine, sulfamethoxazole, sulfasalazine,
sulindac, sulphasalazine, telmisartan, temiposide, terbutaline, tetrahydrocannabinol,
tirofiban, tolazamide, tolbutamide, tolcapone, tolmetin, tretinoin, troglitazone,
trovafloxacin, undecenoic acid, valproic acid, valsartan, vancomycin, verteporfin,
vigabatrin, vitamin K-S (II), zafirlukast, and pharmaceutically acceptable salts thereof.

6. The pharmaceutical composition of claim 5, wherein the hydrophobic

therapeutic agent is selected from the group consisting of acrivastine, alatrofloxacin,
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albuterol, alclofenac, aspirin, atorvastatin, atovaquone, baclofen, benezepril, bezafibrate,
bromfenac, butobarbital, celecoxib, cerivistatin, cetrizine, chlorpropamide, ciprofloxacin,
cromoglicate, cromolyn, dantrolene, diclofenac, dicumarol, divalproen, dronabinol,
enoxacin, epalrestate, etodolac, etoposide, fenoprofen, fexofenadine, fluconazole,
flurbiprofen, fluvastatin, fosphenytoin, gemfibrozil, glipizide, glyburide, glymepiride,
grepafloxacin, ibufenac, ibuprofen, isotretinoin, ketoprofen, ketorolac, lamotrigine,
levofloxacin, levothyroxine, lomefloxacin, lovastatin, methotrexate, montelukast,
naproxen, nimesulide, non-essential fatty acids, norfloxacin, ofloxacin, oxaprozin,
phenytoin, pioglitazone, piroxicam, pravastatin, probucol, rabeprazole, repaglinide,
rifampin, rifapentine, sulfamethoxazole, sulfasalazine, teniposide, tetrahydrocannabinol,
tolcapone, tolmetin, tretinoin, troglitazone, trovafloxacin, valproic acid, vancomycin,
vitamin K-S (II), zafirlukast, and pharmaceutically acceptable salts thereof.

7. The pharmaceutical composition of claim 6, wherein the hydrophobic
therapeutic agent is selected from the group consisting of alclofenac, aspirin,
atorvastatin, atovaquone, benezepril, bromfenac, celecoxib, cromoglicate, cromolyn,
diclofenac, dronabinol, epalrestate, etodolac, fexofenadine, flurbiprofen, glymepiride,
ibufenac, ibuprofen, isotretinoin, ketorolac, levothyroxine, naproxen, non-essential fatty
acids, oxaprozin, phenytoin, pioglitazone, rabeprazole, repaglinide, teniposide,
tetrahydrocannabinol, tolmetin, tretinoin, troglitazone, trovafloxacin, vitamin K-S (1),
and pharmaceutically acceptable salts thereof.

8. The pharmaceutical composition of claim 2, wherein the base is an amino
acid, an amino acid ester, ammonium hydroxide, potassium hydroxide, sodium
hydroxide, sodium hydrogen carbonate, aluminum hydroxide, calcium carbonate,
magnesium hydroxide, magnesium aluminum silicate, synthetic aluminum silicate,
synthetic hydrotalcite, magnesium aluminum hydroxide, diisopropylethylamine,
ethanolamine, ethylenediamine, triethanolamine, triethylamine, triisopropanolamine, or a
salt of a pharmaceutically acceptable cation and acetic acid, acrylic acid, adipic acid,
alginic acid, alkanesuifonic acid, an amino acid, ascorbic acid, benzoic acid, boric acid,
butyric acid, carbonic acid, citric acid, a fatty acid, formic acid, fumaric acid, gluconic
acid, hydroquinosulfonic acid, isoascorbic acid, lactic acid, maleic acid, methanesulfonic
acid, oxalic acid, para-bromophenylsulfonic acid, propionic acid, p-toluenesulfonic acid,
salicylic acid, stearic acid, succinic acid, tannic acid, tartaric acid, thioglycolic acid,

toluenesulfonic acid, and uric acid, or a mxture thereof.
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9. The pharmaceutical composition of claim 1, wherein the ionizable
functional group is a basic functional group, and the ionizing agent is a pharmaceutically
acceptable acid.

10.  The pharmaceutical composition of claim 9, wherein the basic functional
group 1s selected from the group consisting of aliphatic amines, aromatic amines, C-
substituted aromatic amines, N-substituted aromatic amines, heterocyclic amines, C-
substituted heterocyclic amines and N-substituted heterocyclic amines.

11.  The pharmaceutical composition of claim 9, wherein the hydrophobic
therapeutic agent is selected from the group consisting of abacavir, acebutolol,
acrivastine, alatrofloxacin, albuterol, albendazole, alprazolam, alprenolol, amantadine,
amiloride, aminoglutethimide, amiodarone, amitriptyline, amlodipine, amodiaquine,
amoxapine, amphetamine, amphotericin, amprenavir, amrinone, amsacrine, astemizole,
atenolol, atropine, azathioprine, azelastine, azithromycin, baclofen, benethamine,
benidipine, benzhexol, benznidazole, benztropine, biperiden, bisacodyl, bisanthrene,
bromazepam, bromocriptine, bromperidol, brompheniramine, brotizolam, bupropion,
butenafine, butoconazole, cambendazole, camptothecin, carbinoxamine, cephadrine,
cephalexin, cefrizine, cinnarizine, chlorambucil, chlopheniramine, chloproguanil,
chlordiazepoxide, chlorpromazine, chlorprothixene, chloroquine, cimetidine,
ciprofloxacin, cisapride, citalopram, clarithromycin, clemastine, clemizole, clenbuterol,
clofazimine, clomiphene, clonazepam, clopidrogel, clozapine, clotiazepam, clotrimazole,
codeine, cyclizine, cyproheptadine, dacarbazine, darodipine, decoquinate, delavirdine,

demeclocycline, dexamphetamine, dexchlopheniramine, dexfenfluramine, diamorphine,

diazepam, diethylpropion,  dihydrocodeine,  dihydroergotamine,  dilitazem, |

dimenhydrinate, diphenhydramine, diphenooxylate, diphenylimidazole, diphenylpyrallin,
dipyridamole, dirithromycin, disopyramide, dolasetron, domperidone, donepezil,
doxazosin, doxycycline, droperidol, econazole, efavirenz, ellipticine, enalapril, enoxacin,
enrofloxacin, eperisone, ephedrine, ergotamine, erythromycin, ethambutol, ethionamide,
ethopropazine, etoperidone, famotidine, felodipine, fenbendazole, fenfluramine,
fenoldopam, fentanyl, fexofenadine, flecainide, flucytosine, flunarizine, flunitrazepam,
fluopromazine, fluoxetine, flupentixol, flupentixol decanoate, fluphenazine, fluphenazine
decanoate, flurazepam, flurithromycin, frovatriptan, gabapentin, granisetron,
grepafloxacin, guanabenz, halofantrine, haloperidol, hyoscyamine, imipenem, indinavir,

irinotecan, isoxazole, isradipine, itraconazole, ketoconazole, ketotifen, labetalol,
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lamivudine, lanosprazole, leflunomide, levofloxacin, lisinopril, lomefloxacin,
loperamide, loratadine, lorazepam, lormetazepam, lysuride, mepacrine, maprotiline,
mazindol, mebendazole, meclozine, medazepam, mefloquine, melonicam, meptazinol,
mercaptopurine, mesalamine, mesoridazine, metformin, methadone, methaqualone,
methylphenidate, methylphenobarbital, methysergide, metoclopramide, metoprolol,
metronidazole, mianserin, miconazole, midazolam, miglitol, minoxidil, mitomycins,
mitoxantrone, molindone, montelukast, morphine, mortriptyline, moxifloxacin, nadolol,
nalbuphine, naratriptan, natamycin, nefazodone, nelfinavir, nevirapine, nicardipine,
nicotine, nifedipine, nimodipine, nimorazole, nisoldipine, nitrazepam, nitrofurazone,
nizatidine, norfloxacin, nystatin, ofloxacin, olanzapine, omeprazole, ondansetron,
ornidazole, oxamniquine, oxantel, oxatomide, oxazepam, oxfendazole, oxiconazole,
oxprenolol, oxybutynin, oxyphencylcimine, paroxetine, pentazocine, pentoxifylline,
perchloperazine,  perfloxacin,  perphenazine,  phenbenzamine, pheniramine,
phenoxybenzamine, phentermine, physostigmine, pimozide, pindolol, pizotifen,
pramipexol, pranlukast, praziquantel, prazosin, procarbazine, prochlorperazine,
proguanil, propranolol, pseudoephedrine, pyrantel, pyrimethamine, quetiapine, quinidine,
quinine, raloxifene, ranitidine, remifentanil, repaglinide, reserpine, ricobendazole,
rifabutin, rifampin, rifapentine, rimantadine, risperidone, ritonavir, rizatriptan, ropinirole,
rosiglitazone, roxaditine, roxithromycin, salbutamol, saquinavir, selegiline, sertraline,
sibutramine,  sildenafil, = sparfloxacin, spiramycins, stavudine, sulconazole,
sulphasalazine, sulpiride, sumatriptan, tacrine, tamoxifen, tamsulosin, temazepam,
terazosin, terbinafine, terbutaline, terconazole, terfenadine, tetramisole, thiabendazole,
thioguanine, thioridazine, tiagabine, ticlopidine, timolol, tinidazole, tioconazole,
tirofiban, tizanidine, tolterodine, topotecan, toremifene, tramadol, trazodone, triamterene,
triazolam, trifluoperazine, trimethoprim, trimipramine, tromethamine, tropicamide,
trovafloxacin, vancomycin, venlafaxine, vigabatrin, vinblastine, vincristine, vinorelbine,
vitamin Ks, vitamin K, vitamin K, zafirlukast, zolmitriptan, zolpidem, zopiclone, and
pharmaceutically acceptable salts thereof.

12.  The pharmaceutical composition of claim 11, wherein the hydrophobic
therapeutic agent is selected from the group consisting of abacavir, acebutolol,
acrivastine, alatrofloxacin, albendazole, albuterol, alprazolam, amiodarone, amlodipine,
amodiaquine, amphetamine, amphotericin, amprenavir, astemizole, atenolol,

azathioprine, azelastine, azithromycin, baclofen, benztropine, bisacodyl, bromazepam,
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bromperidol, brompheniramine, bupropion, butenafine, butoconazole, cambendazole,
camptothecin, carbinoxamine, cetrizine, cinnarizine, chlopheniramine, chlorambucil,
chlorpromazine, cimetidine, ciprofloxacin, cisapride, citalopram, clarithromycin,
clemastine, clemizole, clomiphene, clonazepam, clopidrogel, clozapine, clotiazepam,
clotrimazole, codeine, cyclizine, delavirdine, dexamphetamine, dexchlopheniramine,
diamorphine, diazepam, diethylpropion, dihydrocodeine, dihydroergotamine, dilitazem,
diphenhydramine, diphenylimidazole, diphenylpyrallin, dipyridamole, dirithromycin,
disopyramide, dolasetron, domperidone, donepezil, doxazosin, droperidol, econazole,
efavirenz, ellipticine, enalapril, enoxacin, eperisone, ergotamine, famotidine, felodipine,
fenfluramine, fenoldopam, fexofenadine, fentanyl, flecainide, flunarizine, fluopromazine,
fluoxetine, frovatriptan, gabapentin, granisetron, halofantrine, imipenem, indinavir,
irinotecan, isoxazole, isradipine, itraconazole, ketoconazole, ketotifen, labetalol,
lamivudine, lanosprazole, leflunomide, levofloxacin, lisinopril, lomefloxacin,
loperamide, loratadine, lorazepam, lormetazepam, mazindol, mebendazole, mefloquine,
mercaptopurine, mesalamine, metformin, methadone, methaqualone, methylphenidate,
methysergide, metoclopramide, metoprolol, metronidazole, miconazole, midazolam,
miglitol, minoxidil, mitoxantrone, montelukast, naratriptan, nelfinavir, nevirapine,
nicardipine, nicotine, nifedipine, nimodipine, nimorazole, nisoldipine, nizatidine,
norfloxacin, ofloxacin, olanzapine, omeprazole, ondansetron, oxamniquine, oxiconazole,
paroxetine, perchloperazine, phenbenzamine, pheniramine, phentermine, physostigmine,
pizotifen, pramipexol, prazosin, prochlorperazine, pseudoephedrine, quetiapine,
quinidine, raloxifene, ranitidine, remifentanil, repaglinide, rifabutin, rifampin,
rifapentine, rimantadine, risperidone, ritonavir, rizatriptan, rosiglitazone, roxaditine,
saquinavir, sibutramine, sildenafil, sparfloxacin, stavudine, sulphasalazine, sumatriptan,
tacrine, tamoxifen, tamsulosin, terazosin, terbinafine, terbutaline, terconazole,
terfenadine, tiagabine, ticlopidine, tinidazole, tioconazole, tirofiban, tizanidine,
tolterodine, topotecan, toremifene, tramadol, trazodone, trovafloxacin, vancomycin,
venlafaxine, vigabatrin, vinblastine, vincristine, vinorelbine, vitamin K, vitamin K,
vitamin K,, zafirlukast, zolmitriptan, zolpidem, zopiclone, and pharmaceutically
acceptable salts thereof.

13.  The pharmaceutical composition of claim 12, wherein the hydrophobic
therapeutic agent is selected from the group consisting of abacavir, acrivastine,

alatrofloxacin, albuterol, amiodarone, amlodipine, amphetamine, amprenavir, astemizole,
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atenolol, azathioprine, azelastine, azithromycin, baclofen, benztropine, bisacodyl,
bromazepam, bromperidol, brompheniramine, bupropion, butenafine, butoconazole,
cambendazole, camptothecin, carbinoxamine, cetrizine, cinnarizine, chlopheniramine,
chlorpromazine, cimetidine, ciprofloxacin, cisapride, clarithromycin, clemastine,
clemizole, clonazepam, clopidrogel, clotrimazole, codeine, dexchlopheniramine,
dihydrocodeine, dihydroergotamine, diphenhydramine, diphenylimidazole,
diphenylpyrallin, dirithromycin, dolasetron, domperidone, doxazosin, econazole,
efavirenz, ellipticine, enoxacin, eperisone, ergotamine, famotidine, fenoldopam, fentanyl,
fexofenadine, flunarizine, fluoxetine, frovatriptan, granisetron, grepafloxacin,
halofantrine, indinavir, irinotecan, isradipine, itraconazole, ketoconazole, ketotifen,
lamivudine, lanosprazole, leflunomide, levofloxacin, loperamide, loratadine, metformin,
methadone, methylphenidate, methysergide, metronidazole, miconazole, midazolam,
miglitol, mitoxantrone, montelukast, naratriptan, nelfinavir, nicotine, nifedipine,
nimorazole, nizatidine, norfloxacin, ofloxacin, omeprazole, perchloperazine,
phenbenzamine, physostigmine, pizotifen, pseudoephedrine, quetiapine, quinidine,
raloxifene, ranitidine, remifentanil, repaglinide, rifabutin, rifampin, rifapentine,
rimantadine, ritonavir, rizatriptan, rosiglitazone, roxaditine, saquinavir, sibutramine,
sildenafil, stavudine, sumatriptan, tacrine, tamoxifen, tamsulosin, terazosin, terbinafine,
tinidazole, tizanidine, tolterodine, topotecan, toremifene, tramadol, trovafloxacin,
vancomycin, vinblastine, vincristine, vinorelbine, vitamin Ks, vitamin K¢, vitamin K3,
zafirlukast, zolmitriptan, zolpidem, and pharmaceutically acceptable salts thereof.

14.  The pharmaceutical composition of claim 13, wherein the hydrophobic
therapeutic agent is selected from the group consisting of amlodipine, astemizole,
brompheniramine, bupropion, carbinoxamine, cetrizine, cimetidine, cisapride,
clemastine, clemizole, dihydroergotamine, diphenhydramine, diphenylimidazole,
diphenylpyrallin, domperidone, eperisone, famotidine, fexofenadine, frovatriptan,
granisetron, itraconazole, ketoconazole, ketotifen, lanosprazole, leflunomide,
loperamide, loratadine, methysergide, miglitol, montelukast, naratriptan, nizatidine,
omeprazole, ondansetron, phenbenzamine, pseudoephedrine, raloxifene, ranitidine,
repaglinide, rifabutin, rimantadine, ritonavir, rizatriptan, rosiglitazone, roxaditine,
saquinavir, sibutramine, sildenafil, sumatriptan, tamsulosin, terbinafine, tizanidine,
tramadol, trovafloxacin, vitamin Ks, vitamin Kg, vitamin K5, zafirlukast, zolmitriptan,

zolpidem, and pharmaceutically acceptable salts thereof.
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15.  The pharmaceutical composition of claim 9, wherein the acid is a
pharmaceutically acceptable inorganic acid.

16.  The pharmaceutical composition of claim 15, wherein the inorganic acid
is selected from the group consisting of hydrochloric acid, hydrobromic acid, hydriodic
acid, sulfuric acid, carbonic acid, nitric acid, boric acid and phosphoric acid.

17.  The pharmaceutical composition of claim 9, wherein the acid is a
pharmaceutically acceptable organic acid.

18. The pharmaceutical composition of claim 17, wherein the organic acid is
selected from the group consisting of acetic acid, acrylic acid, adipic acid, alginic acid,
alkanesulfonic acid, an amino acid, ascorbic acid, benzoic acid, boric acid, butyric acid,
carbonic acid, citric acid, a fatty acid, formic acid, fumaric acid, gluconic acid,
hydroquinosulfonic acid, isoascorbic acid, lactic acid, maleic acid, methanesulfonic acid,
oxalic acid, para-bromophenylsulfonic acid, propionic acid, p-toluenesulfonic acid,
salicylic acid, stearic acid, succinic acid, tannic acid, tartaric acid, thioglycolic acid,
toluenesulfonic acid, uric acid, and mixtures thereof.

19.  The pharmaceutical composition of claim 1, wherein the hydrophobic
therapeutic agent is present in an amount that is solubilized by the carrier.

20.  The pharmaceutical composition of claim 1, wherein the hydrophobic
therapeutic agent is present in a first amount that is solubilized by the carrier and a
second amount that is suspended but not solubilized in the carrier.

21. The pharmaceutical composition of claim 1, wherein the surfactant is a
hydrophilic surfactant or a mixture of hydrophilic surfactants.

22.  The pharmaceutical composition of claim 21, wherein the hydrophilic
surfactant is a non-ionic hydrophilic surfactant having an HLB value greater than or
equal to about 10.

23.  The pharmaceutical composition of claim 22, wherein the non-ionic
surfactant is selected from the group consisting of alkylglucosides; alkylmaltosides;
alkylthioglucosides; lauryl macrogolglycerides; polyoxyethylene alkyl ethers;
polyoxyethylene alkylphenols; polyethylene giycol fatty acids esters; polyethylene
glycol glycerol fatty acid esters; polyoxyethylene sorbitan fatty acid esters;
polyoxyethylene-polyoxypropylene block copolymers; polyglyceryl fatty acid esters;
polyoxyethylene glycerides; polyoxyethylene sterols, derivatives, and analogues thereof;

polyoxyethylene vegetable oils; polyoxyethylene hydrogenated vegetable oils; reaction
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mixtures of polyols and at least one member of the group consisting of fatty acids,
glycerides, vegetable oils, hydrogenated vegetable oils, and sterols; sugar esters, sugar
ethers; sucroglycerides; and mixtures thereof.

24.  The pharmaceutical composition of claun 22, wherein the non-ionic
hydrophilic surfactant is selected from the group consisting of polyoxyethylene
alkylethers; polyethylene glycol fatty acids esters; polyethylene glycol glycerol fatty acid
esters; polyoxyethylene sorbitan fatty acid esters; polyoxyethylenc-polyoxypropylene
block copolymers; polyglyceryl fatty acid esters; polyoxyethylene glycerides;
polyoxyethylene vegetable oils; polyoxyethylene hydrogenated vegetable oils; reaction
mixtures of polyols and at least one member of the group consisting of fatty acids,
glycerides, vegetable oils, hydrogenated vegetable oils, and sterols; and mixtures thereof,

25.  The pharmaceutical composition of claim 24, wherein the glyceride is a
monoglyceride, diglyceride, triglyceride, or a mixture thereof.

26. The pharmaceutical composition of claim 24, wherein the reaction
mixture comprises the transesterification products of a polyol and at least one member of
the group consisting of fatty acids, glycerides, vegetable oils, hydrogenated vegetable
oils, and sterols.

27.  The pharmmaceutical composition of claim 24, wherein the polyol is
glycerol, ethylene glycol, polyethylene glycol, sorbitol, propylene glycol, pentaerythritol
or a mixture thereof.

28.  The pharmaceutical composition of claim 22, wherein the hydrophilic
surfactant is PEG-10 laurate, PEG-12 laurate, PEG-20 laurate, PEG-32 laurate, PEG-32
dilaurate, PEG-12 oleate, PEG-15 oleate, PEG-20 oleate, PEG-20 dioleate, PEG-32
oleate, PEG-200 oleate, PEG-400 oleate, PEG-15 stearate, PEG-32 distearate, PEG-40
stearate, PEG-100 stearate, PEG-20 dilaurate, PEG-25 glyceryl trioleate, PEG-32
dioleate, PEG-20 glyceryl laurate, PEG-30 glyceryl laurate, PEG-20 glyceryl stearate,
PEG-20 glyceryl oleate, PEG-20 glyceryl oleate, PEG-30 glyceryl laurate, PEG-40
glyceryl laurate, PEG-40 palm kernel oil, PEG-50 hydrogenated castor oil, PEG-40
castor oil, PEG-35 castor oil, PEG-60 castor oil, PEG-40 hydrogenated castor oil, PEG-
60 hydrogenated castor cil, PEG-60 comn oil, PEG-6 caprate/caprylate glycerides, PEG-8
caprate/caprylate glycerides, polyglyceryl-10 laurate, PEG-30 cholesterol, PEG-25 phyto
sterol, PEG-30 soya sterol, PEG-20 trioleate, PEG-40 sorbitan oleate, PEG-80 sorbitan
laurate, polysorbate 20, polysorbate 80, POE-9 lauryl ether, POE-23 laury! ether, POE-
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10 oleyl ether, POE-20 oleyl ether, POE-20 stearyl ether, tocophery! PEG-100 succinate,
PEG-24 cholesterol, polyglyceryl-10 oleate, Tween 40, Tween 60, sucrose monostearate,
sucrose monolaurate, sucrose monopalmitate, PEG 10-100 nonyl phenol series, PEG 15-
100 octyl phenol series, a poloxamer, or a mixture thereof.

29.  The pharmaceutical composition of claim 22, wherein the hydrophilic
surfactant is PEG-20 laurate, PEG-20 oleate, PEG-35 castor oil, PEG-40 palm kernel oil,
PEG-40 hydrogenated castor oil, PEG-60 corn oil, PEG-25 glyceryl trioleate,
polyglyceryl-10 laurate, PEG-6 caprate/caprylate glycerides, PEG-8 caprate/caprylate
glycerides, PEG-30 cholesterol, polysorbate 20, polysorbate 80, POE-9 lauryl ether,
POE-23 lauryl ether, POE-10 oleyl ether, PEG-24 cholesterol, sucrose monostearate,
sucrose monolaurate, a poloxamer, or a mixture thereof.

30.  The pharmaceutical composition of claim 22, wherein the hydrophilic
surfactant is PEG-35 castor oil, PEG-40 hydrogenated castor oil, PEG-60 comn oil, PEG-
25 glyceryl trioleate, PEG-6 caprate/caprylate glycerides, PEG-8 caprate/caprylate
glycerides, polysorbate 20, polysorbate 80, tocopheryl PEG-1000 succinate, PEG-24
cholesterol, a poloxamer, or a mixture thereof.

31.  The pharmaceutical composition of claim 21, wherein the hydrophilic
surfactant is an ionic surfactant.

32.  The pharmaceutical composition of claim 31, wherein the ionic surfactant
is selected from the group conmsisting of fatty acid salts, bile salts, phospholipids,
phosphoric acid esters, carboxylates, sulfates, sulfonates, and mixtures thereof.

33.  The pharmaceutical composition of claim 21, wherein the hydrophilic
surfactant is a mixture of at least one ionic surfactant and at least one non-ionic
hydrophilic surfactant.

34.  The pharmaceutical composition of claim 1, wherein the surfactant is a
hydrophobic surfactant or mixture of hydrophobic surfactants having an HLB value of
less than about 10.

35.  The pharmaceutical composition of claim 34, wherein the hydrophobic
surfactant is selected from the group consisting of alcohols; polyoxyethylene alkylethers;
polyglyceryl fatty acid esters; fatty acids; glycerol fatty acid esters; acetylated glycerol
fatty acid esters; lower alcohol fatty acids esters; polyethylene glycol fatty acids esters;
polyethylene glycol glycerol fatty acid esters; polypropylene glycol fatty acid esters;

polyoxyethylene glycerides; lactic acid derivatives of mono/diglycerides; propylene
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glycol diglycerides; sorbitan fatty acid esters; polyoxyethylene sorbitan fatty acid esters;
polyoxyethylene-polyoxypropylene block copolymers; transesterified vegetable oils;
sterols; sterol derivatives; sugar esters; sugar ethers; sucroglycerides; polyoxyethylene
vegetable oils; polyoxyethylene hydrogenated vegetable oils; reaction mixtures of
polyols and at least one member of the group consisting of fatty acids, glycerides,
vegetable oils, hydrogenated vegetable oils, and sterols; and mixtures thereof.

36. The pharmaceutical composition of claim 34, wherein the hydrophobic
surfactant is selected from the group consisting of fatty acids; lower alcoho! fatty acid
esters; polyethylene glycol glycerol fatty acid esters; polypropylene glycol fatty acid
esters; polyoxyethylene glycerides; glycerol fatty acid esters; acetylated glycerol fatty
acid esters; polyglyceryl fatty acid esters; lactic acid derivatives of mono/diglycerides;
sorbitan fatty acid esters; polyoxyethylene sorbitan fatty acid esters; polyoxyethylene-
polyoxypropylene block copolymers; polyoxyethylene vegetable oils; polyoxyethylene
hydrogenated vegetable oils; reaction mixtures of polyols and at least one member of the
group consisting of fatty acids, glycerides, vegetable oils, hydrogenated vegetable oils,
and sterols; and mixtures thereof.

37.  The pharmaceutical composition of claim 34, wherein the hydrophobic
surfactant is selected from the group consisting of lower alcohol fatty acids esters;
polypropylene glycol fatty acid esters; propylene glycol fatty acid esters; glycerol fatty
acid esters; polyglyceryl fatty acid esters; acetylated glycerol fatty acid esters; lactic acid
derivatives of mono/diglycerides; sorbitan fatty acid esters; polyoxyethylene vegetable
oils; and mixtures thereof.

38.  The pharmaceutical composition of claim 34, wherein the hydrophobic
surfactant is a glycerol fatty acid ester, a polyglyceryl fatty acid ester, an acetylated
glycerol fatty acid ester, or a mixture thereof.

39.  The pharmaceutical composition of claim 38, wherein the glycerol fatty
acid ester is a monoglyceride, diglyceride, or a mixture thereof.

40.  The pharmaceutical composition of claim 39, wherein the fatty acid of the
glycerol fatty acid ester is a Cq to Cy fatty acid or a mixture thereof.

41.  The pharmaceutical composition of claim 34, wherein the hydrophobic
surfactant is a reaction mixture of a polyol and at least one member of the group

consisting of fatty acids, glycerides, vegetable oils, hydrogenated vegetable oils, and

sterols.
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42. The pharmaceutical composition of claim 41, wherein the reaction
mixture is a transesterification product of a polyol and at least one member of the group
consisting of fatty acids, glycerides, vegetable oils, hydrogenated vegetable oils, and
sterols.

43.  The pharmaceutical corﬁposition of claim 42, wherein the polyol is
polyethylene glycol, sorbitol, propylene glycol, pentaerythritol or a mixture thereof.

44.  The pharmaceutical composition of claim 34, wherein the hydrophobic
surfactant is selected from the group consisting of myristic acid; oleic acid; lauric acid;
stearic acid; palmitic acid; PEG 1-4 stearate; PEG 2-4 oleate; PEG-4 dilaurate; PEG-4
dioleate; PEG-4 distearate; PEG-6 dioleate; PEG-6 distearate; PEG-8 dioleate; PEG 3-16
castor oil; PEG 5-10 hydrogenated castor oil; PEG 6-20 corn oil; PEG 6-20 almond oil;
PEG-6 olive oil; PEG-6 peanut oil; PEG-6 palm kernel oil; PEG-6 hydrogenated paim
kemel oil; PEG-4 capric/caprylic triglyceride, mono, di, tri, tetra esters of vegetable oil
and sorbitol; pentaerythrityl di, tetra stearate, isostearate, oleate, caprylate, or caprate;
polyglyceryl 2-4 oleate, stearate, or isostearate; polyglyceryl 4-10 pentaoleate;
polyglyceryl-3 dioleate; polyglyceryl-6 dioleate; polyglyceryl-10 trioleate; polyglyceryl-
3 distearate; propylene glycol mono- or diesters of a Cg to C, fatty acid; monoglycerides
of a Cg to Cy fatty acid; acetylated monoglycerides of Cg to Cy fatty acid; diglycerides
of C¢ to Cy fatty acids; lactic acid derivatives of monoglycerides; lactic acid derivatives
of diglycerides; cholesterol; phytosterol; PEG 5-20 soya sterol; PEG-6 sorbitan tetra,
hexastearate; PEG-6 sorbitan tetraoleate; sorbitan monolaurate; sorbitan monopalmitate;
sorbitan mono, tricleate; sorbitan mono, tristearate; sorbitan monoisostearate; sorbitan
sesquioleate; sorbitan sesquistearate; PEG 2-5 oleyl ether; POE 2-4 lauryl ether; PEG-2
cetyl ether; PEG-2 stearyl ether; sucrose distearate; sucrose dipalmitate; ethyl oleate;
isopropyl myristate; isopropyl palmitate; ecthyl linoleate; isopropyl linoleate;
poloxamers; and mixtures thereof.

45. The pharmaceutical composition of claim 34, wherein the hydrophobic
surfactant is selected from the group consisting of oleic acid; lauric acid; glyceryl
monocaprate; glyceryl monocaprylate; glyceryl monolaurate; glyceryl monooleate;
glyceryl dicaprate; glyceryl dicaprylate; glyceryl dilaurate; glyceryl dioleate; acetylated
monoglycerides; propylene glycol oleate; propylene glycol laurate; polyglyceryl-3
oleate; polyglyceryl-6 dioleate; PEG-6 com oil; PEG-20 corn oil; PEG-20 almond oil;
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sorbitan monooleate; sorbitan monolaurate; POE-4 lauryl ether; POE-3 oleyl ether; ethyl
oleate; poloxamers; and mixtures thereof.

46.  The pharmaceutical composition of claim 1, wherein the surfactant is a
mixture of at least one hydrophilic surfactant and at least one hydrophobic surfactant.

47.  The pharmaceutical composition of claim 1, wherein the triglyceride is a
pharmaceutically acceptable oil, hydrogenated oil, partially hydrogenated oil, medium
chain triglyceride, long chain triglyceride, structured triglyceride, or a mixture thereof.

48.  The pharmaceutical composition of claim 1, which further comprises a
solubilizer.

49.  The pharmaceutical composition of claim 48, wherein the solubilizer is
selected from the group consisting of alcohols, polyols, amides, esters, propylene glycol
ethers and mixtures thereof.

50.  The pharmaceutical composition of claim 49, wherein the alcohol or
polyol is selected from the group consisting of ethanol, isopropanol, butanol, benzyl
alcohol, ethylene glycol, propylene glycol, butanediols and isomers thereof, glycerol,
pentaerythritol, sorbitol, transcutol, mannitol, dimethyl isosorbide, polyethylene glycol,
polypropylene glycol, polyvinylalcohol, hydroxypropyl methylcellulose and other
cellulose derivatives, maltodextrins, cyclodextrins and cyclodextrin derivatives, and
mixtures thereof.

51.  The pharmaceutical composition of claim 49, wherein the amide is
selected from the group consisting of 2-pyrrolidone, 2-piperidone, &-caprolactam, N-
alkylpyrrolidone, N-hydroxyalkylpyrrolidone, N-alkylpiperidone, N-alkylcaprolactam,
dimethylacetamide, polyvinylpyrrolidone, and mixtures thereof.

52.  The pharmaceutical composition of claim 49, wherein the ester is selected
from the group consisting of ethyl propionate, tributylcitrate, acetyl triethylcitrate, acetyl
tributyl citrate, triethylcitrate, ethyl oleate, ethyl caprylate, ethyl butyrate, triacetin,
propylene glycol monoacetate, propylene glycol diacetate, g-caprolactone and isomers
thereof, &-valerolactone and isomers thereof, B-butyrolactone and isomers thereof, and
mixtures thereof.

53. The pharmaceutical composition of claim 48, wherein the solubilizer is
selected from the group consisting of ethanol, isopropanol, butanol, benzyl aicohol,
ethylene glycol, propylene glycol, butanediol and isomers thereof, glycerol,

pentaerythritol, sorbitol, transcutol, mannitol, dimethyl isosorbide, polyethylene glycol,
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polypropylene glycol, polyvinylalcohol, hydroxypropyl methylcellulose and other
cellulose derivatives, maltodextrins, cyclodextrins and derivatives thereof, ethyl
propionate, tributylcitrate, acetyl triethylcitrate, acetyl tributyl citrate, triethylcitrate,
ethyl oleate, ethyl caprylate, ethyl butyrate, triacetin, propylene glycol diacetate, ¢-
caprolactone and isomers thereof, 3-valerolactone and isomers thereof, f-butyrolactone
and isomers thereof, 2-pyrrolidone, 2-piperidone, €-caprolactam, N-methylpyrrolidone,
N-ethylpyrrolidone, N-hydroxyethyl pyrrolidone, N-octylpyrrolidone, N-
laurylpyrrolidone, dimethylacetamide, polyvinylpyrrolidone, glycofurol, methoxy PEG,
and mixtures thereof.

54.  The pharmaceutical composition of claim 48, wherein the solubilizer is
selected from the group consisting of ethanol, isopropanol, benzyl alcohol, ethylene
glycol, propylene glycol, 1,3-butanediol, glycerol, pentaerythritol, sorbitol, transcutol,
glycofurol, dimethyl isosorbide, polyethylene glycol, polyvinylalcohol, hydroxypropyl
methylcellulose, methylcellulose, ethylcellulose, hydroxypropylcyclodextrins, sulfobutyl
ether derivatives of cyclodextrins, ethyl propionate, tributyicitrate, triethylcitrate, ethyl
oleate, ethyl caprylate, triacetin, B-butyrolactone and isomers thereof, 2-pyrrolidone, N-
methylpyrrolidone, N-ethylpyrrolidone, N-hydroxyethylpyrrolidone, N-octylpyrrolidone,
N-laurylpyrrolidone, dimethylacetamide, polyvinylpyrrolidone, and mixtures thereof.

55.  The pharmaceutical composition of claim 48, wherein the solubilizer is
triacetin, triethylcitrate, ethyl oleate, ethyl caprylate, dimethylacetamide, N-
methylpyrrolidone, N-hydroxyethylpyrrolidone, polyvinylpyrrolidone, hydroxypropyl
methylcellulose, hydroxypropyl cyclodextrins, ethanol, polyethylene glycol 200-600,
transcutol, glycofurol, propylene glycol, dimethyl isosorbide, or a mixture thereof.

56.  The pharmaceutical composition of claim 48, wherein the solubilizer is
triacetin, ethanol, polyethylene glycol 400, glycofurol, propylene glycol or a mixture
thereof.

57.  The pharmaceutical composition of claim 1, wherein the ionizing agent is
present in a pre-reaction amount of greater than about 1.5 mole equivalents per mole of
1onizable functional group.

58.  The pharmaceutical composition of claim 57, which further comprises a

neutralizing agent capable of neutralizing a portion of the ionizing agent.
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59.  The pharmaceutical composition of claim 58, wherein the ionizable
functional group is an acidic functional group, the ionizing agent is a pharmaceutically
acceptable base, and the neutralizing agent is a pharmaceutically acceptable acid.

60. The pharmaceutical composition of claim 58, wherein the ionizable
functional group is a basic functional group, the ionizing agent is a pharmaceutically
acceptable acid, and the neutralizing agent is a pharmaceutically acceptable base.

61.  The pharmaceutical composition of claim 58, wherein the neutralizing
agent is present in a pre-reaction amount sufficient to neutralize the ionizing agent so that
the amount of ionizing agent is less than 1.5 mole equivalents per mole of ionizable
functional group, based on the amounts of ionizing agent and ionizable functional groups
present before reaction with each other but after reaction of the ionizing agent and the
neutralizing agent.

62.  The pharmaceutical composition of claim 61, wherein the pre-reaction
amount of the neutralizing agent is sufficient to neutralize the ionizing agent so that the
amount of ionizing agent is less than about 1.0 mole equivalents per mole of ionizable
functional group, based on the amounts of ionizing agent and ionizable functional groups
present before reaction with each other but after reaction of the ionizing agent and the
neutralizing agent.

63.  The pharmaceutical composition of claim 1, wherein the ionizing agent is
present in a pre-reaction amount of greater than about 1.0 mole equivalents per mole of
ionizable functional group.

64.  The pharmaceutical composition of claim 1, wherein the ionizing agent is
present in a pre-reaction amount of greater than about 0.1 mole equivalents per mole of
ionizable functional group.

65.  The pharmaceutical composition of claim 1, wherein the ionizing agent is
present in a pre-reaction amount of about 0.1 to about 1.5 mole equivalents per mole of
ionizable functional group.

66.  The pharmaceutical composition of claim 1, wherein the ionizing agent is
present in a pre-reaction amount of about 0.1 to about 1.0 mole equivalents per mole of
ionizable functional group.

67.  The pharmaceutical composition of claim 1, which further comprises an
antioxidant, a preservative, a chelating agent, a viscomodulator, a tonicifier, a flavorant,

a colorant, an odorant, an opacifier, a suspending agent, a binder, or a mixture thereof.
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68. The pharmaceutical composition of claim 1 in the form of a
preconcentrate, a diluted preconcentrate, a semi-solid dispersion, a solid dispersion, or a
sprayable solution.

69. A dosage form comprising a capsule filled with the pharmaceutical
composition of claim 1.

70. A dosage form comprising a capsule filled with the pharmaceutical
composition of claim 61.

71. A dosage form comprising a capsule filled with the pharmaceutical
composition of claim 62.

72. A dosage form comprising a solid particulate carrier coated with or
formed from the pharmaceutical composition of claim 1.

73. A dosage form comprising the pharmaceutical composition of claim 1
formulated as a solution, a cream, a lotion, an ointment, a suppository, a spray, an
aerosol, a paste or a gel.

74.  The dosage form of claim 69, wherein the capsule is a hard gelatin
capsule, a soft gelatin capsule, a starch capsule or an enteric coated capsule.

75. The pharmaceutical composition of claim 1, which further comprises
water or an aqueous solution.

76. A pharmaceutical composition comprising:

(a) a hydrophobic therapeutic agent having at least one ionizable
functional group; and
(b) . acarrier, said carrier comprising:

) an ionizing agent capable of ionizing the ionizable
functional group and present in a pre-reaction amount of
greater than about 1.5 mole equivalents per mole of
ionizable functional group; and

(i)  asurfactant.

77.  The pharmaceutical composition of claim 76, which further comprises a
neutralizing agent capable of neutralizing a portion of the ionizing agent.

78.  The pharmaceutical composition of claim 77, wherein the ionizable

functional group is an acidic functional group, the ionizing agent is a pharmaceutically

acceptable base, and the neutralizing agent is a pharmaceutically acceptable acid.
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79.  The pharmaceutical composition of claim 77, wherein the ionizable
functional group is a basic functional group, the ionizing agent is a pharmaceutically
acceptable acid, and the neutralizing agent is a pharmaceutically acceptable base.

80.  The pharmaceutical composition of claim 77, wherein the neutralizing
agent is present in a pre-reaction amount sufficient to neutralize the ionizing agent so that
the amount of ionizing agent is less than 1.5 mole equivalents per mole of ionizable
functional group, based on the amounts of ionizing agent and ionizable functional groups
present before reaction with each other but after reaction of the ionizing agent and the
neutralizing agent. _

81.  The pharmaceutical composition of claim 80, wherein the pre-reaction
amount of the neutralizing agent is sufficient to neutralize the ionizing agent so that the
amount of ionizing agent is less than about 1.0 moie equivalents per mole of ionizable
functional group, based on the amounts of ionizing agent and ionizable functional groups
present before reaction with each other but after reaction of the ionizing agent and the
neutralizing agent.

82. A dosage form comprising a capsule filled with the pharmaceutical
composition of claim 80.

83. A dosage form comprising a capsule filled with the pharmaceutical
composition of claim 81.

84.  The dosage form of claim 82, wherein the capsule is a hard gelatin
capsule, a soft gelatin capsule, a starch capsule or an enteric coated capsule.

8s. The .pharmaceutical composition of claim 76, which further comprises
water or an aqueous solution.

86.  The pharmaceutical composition of claim 76, which further comprises a
solubilizer.

87. A pharmaceutical composition comprising:

(a) a hydrophobic therapeutic agent having at least one ionizable
functional group; and
(b) a carrier, said carrier comprising:
@ an ionizing agent capable of ionizing the ionizable
functional group;
(i) a surfactant selected from the group consisting of

alkylglucosides;  alkylmaltosides; alkylthioglucosides;
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lauryl macrogolglycerides; polyoxyethylene alkyl ethers;
fatty acids; lower alcohol fatty acid esters;
polyoxyethylene alkylphenols; polyethylene glycol fatty
acids esters; polypropylene glycol fatty acid esters;
glycerol fatty acid esters; acetylated glycerol fatty acid
esters; polyethylene glycol glycerol fatty acid esters;
polyglyceryl fatty acid esters; polyoxyethylene glycendes;
polyoxyethylene sterols, derivatives, and analogues
thereof; polyoxyethylene vegetable oils; polyoxyethylene
hydrogenated vegetable oils; reaction mixtures of polyols
and at least one member of the group consisting of fatty
acids, vegetable oils, hydrogenated vegetable oils, and
sterols; sugar esters; sugar ethers; sucroglycerides; fatty
acid salts; bile salts; phospholipids; phosphoric acid esters;
carboxylates; sulfates; and sulfonates; and
(iii)  a solubilizer present in an amount of greater than about
10% by weight, based on the total weight of the
composition.
88.  The pharmaceutical composition of claim 87, wherein the solubilizer is

selected from the group consisting of alcohols, polyols, amides, esters, propylene glycol

ethers and mixtures thereof.

89.  The pharmaceutical composition of claim 87, wherein the solubilizer is
selected from the group consisting of ethanol, isopropanol, butanol, benzyl alcohol,
ethylene glycol, propylene glycol, butanediol and isomers thereof, glycerol,
pentacrythritol, sorbitol, mannitol, dimethyl isosorbide, polyethylene glycol,
polypropylene giycol, polyvinylalcohol, hydroxypropyl methylcellulose and other
cellulose derivatives, cyclodextrins, clodextrins and derivatives thereof, ethyl propionate,
tributylcitrate, acetyl triethylcitrate, acetyl tributyl citrate, triethylcitrate, ethyl oleate,
ethyl caprylate, ethyl butyrate, triacetin, propylene glycol diacetate, e-caprolactone and
isomers thereof, &-valerolactone and isomers thereof, B-butyrolactone and isomers
thereof, 2-pyrrolidone, 2-piperidone, g-caprolactam, N-methylpyrrolidone, N-
ethylpyrrolidone, N-hydroxyethyl pyrrolidone, N-octylpyrrolidone, N-laurylpyrrolidone,
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dimethylacetamide, polyvinylpyrrolidone, glycofurol, methoxy PEG, and mixtures
thereof.

90.  The pharmaceutical composition of claim 87, wherein the solubilizer is
present in an amount of at least about 15% by weight, based on the total weight of the
composition.

‘91.  The pharmaceutical composition of claim 87, wherein the ionizing agent
is present in a pre-reaction amount of greater than about 1.5 mole equivalents per mole of
ionizable functional group. ’

92.  The pharmaceutical composition of claim 87, wherein the ionizing agent
is present in a pre-reaction amount of greater than about 1.0 mole equivalents per mole of
ionizable functional group.

93.  The pharmaceutical composition of claim 87, wherein the ionizing agent
is present in a pre-reaction amount of greater than about 0.1 mole equivalents per mole of
ionizable functional group.

94.  The pharmaceutical composition of claim 87, wherein the ionizing agent
is present in a pre-reaction amount of about 0.1 to about 1.5 mole equivalents per mole
of ionizable functional group.

9s. The pharmaceutical composition of claim 87, wherein the ionizing agent
is present in a pre-reaction amount of about 0.1 to about 1.0 mole equivalents per mole

of ionizable functional group.

96. A dosage form comprising a capsule filled with the pharmaceutical

composition of claim 94,

97. A dosage form comprising a capsule filled with the pharmaceutical

composition of claim 95.
98. A pharmaceutical composition comprising:
(a) a hydrophobic therapeutic agent having at least one ionizable
functional group; and
(b)  acarmier, said carrier comprising:
@) an ionizing agent capable of ionizing the ionizable
functional group;

(1) a surfactant selected from the group consisting of

alkylglucosides;  alkylmaltosides; alkylthioglucosides;
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lauryl macrogolglycerides; fatty acids; lower alcohol fatty
acid esters; polyoxyethylene alkylphenols; polyethylene
glycol fatty acids esters; polypropylene glycol fatty acid
esters; glycerol fatty acid esters; acetylated glycerol fatty
acid esters; polyethylene glycol glycerol fatty acid esters;
polyglyceryl fatty acid esters; polyoxyethylene sorbitan
fatty acid  esters;  polyoxyethylene  glycerides;

polyoxyethylene sterols, derivatives, and analogues

thereof; polyoxyethylene vegetable oils; polyoxyethylene

10 hydrogenated vegetable oils; reaction mixtures of polyols

and at least one member of the group consisting of fatty

acids, vegetable oils, hydrogenated vegetable oils, and

sterols; sugar esters; sugar ethers; sucroglycerides; fatty

acid salts; bile salts; phospholipids; phosphoric acid esters;
5 carboxylates; sulfates; and sulfonates; and

(i)  a solubilizer comprising at least one compound selected

from the group consisting of alcohols, polyols, amides,

esters, and propylene glycol ethers, the alcohol or polyol

being selected from the group consisting of ethanol,

20 isopropanol, butanol, benzyl alcohol, ethylene glycol,

propylene glycol, butanediols and isomers thereof,

glycerol, pentaerythritol, sorbitol, mannitol, dimethyl

isosorbide, polypropylene glycol, polyvinylalcohol,

hydroxypropyl methylcellulose and other cellulose

25 derivatives, maltodextrins, and cyclodextrins and

cyclodextrin derivatives.

99.  The pharmaceutical composition of claim 98, wherein the tonizing agent
is present in a pre-reaction amount of greater than about 1.5 mole equivalents per mole of
ionizable functional group.

10 100. The pharmaceutical composition of claim 98, wherein the ionizing agent
is present in a pre-reaction amount of greater than about 1.0 mole equivalents per mole of

ionizable functional group.
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101. The pharmaceutical composition of claim 98, wherein the ionizing agent
is present in a pre-reaction amount of greater than about 0.1 mole equivalents per mole of
ionizable functional group.

102. The pharmaceutical composition of claim 98, wherein the ionizing agent
is present in a pre-reaction amount of about 0.1 to about 1.5 mole equivalents per mole
of ionizable functional group.

103. The pharmaceutical composition of claim 98, wherein the ionizing agent
is present in a pre-reaction amount of about 0.1 to about 1.0 mole equivalents per mole
of ionizable functional group.

104. A dosage form comprising a capsule filled with the pharmaceutical
composition of claim 102.

105. A dosage form comprising a capsule filled with the pharmaceutical
composition of claim 103.

106. A method of preparing a pharmaceutical composition of an ionizable
hydrophobic therapeutic agent, the method comprising

) providing a pharmaceutical composition comprising:

(a)  a hydrophobic therapeutic agent having at least one ionizable
functional group; and
(b)  acarrier, the carrier comprising:
@) an ionizing agent capable of ionizing the ionizable
functional group; and
(i)  asurfactant; and
(I)  providing a neutralizing agent in an amount sufficient to neutralize at least

a portion of the ionizing agent.

107. The method of claim 106, wherein the ionizing agent is present in the
carrier in a pre-reaction amount of greater than about 1.5 mole equivalents per mole of
ionizable functional group.

108. The method of claim 106, wherein the neutralizing agent is present in a
pre-reaction amount sufficient to neutralize the ionizing agent so that the amount of
ionizing agent is less than 1.5 mole equivalents per mole of ionizable functional group,

based on the amounts of ionizing agent and ionizable functional groups present before

SUBSTITUTE SHEET (RULE 26)




10

15

20

25

30

WO 00/59475 PCT/US00/07342

94

reaction with each other but after reaction of the ionizing agent and the neutralizing
agent.

109. The method of claim 107, wherein the pre-reaction amount of the
neutralizing agent is sufficient to neutralize the ionizing agent so that the amount of
ionizing agent is less than about 1.0 mole equivalents per mole of ionizable functional
group, based on the amounts of ionizing agent and ionizable functional groups present
before reaction with each other but after reaction of the ionizing agent and the
neutralizing agent.

110. A method of treating an animal with an ionizable hydrophobic therapeutic
agent, the method comprising;:

4] providing a dosage form of a pharmaceutical composition comprising:

(@ a hydrophobic therapeutic agent having at least one ionizable
functional group; and
(b)  acarrier, said carrier comprising;:
@) an ionizing agent capable of ionizing the ionizable
functional group; and
(i)  asurfactanlt; and

(I))  administering said dosage form to said animal.

111. The method of claim 110, wherein the pharmaceutical composition
further comprises a triglyceride.

112.  The method of claim 110, wherein the dosage form is a capsule, a

solution, a cream, a lotion, an ointment, a suppository, a spray, an aerosol, a paste or a

gel.

113.  The method of claim 110, wherein the dosage form is administered by an
oral, parenteral, topical, transdermal, ocular, pulmonary, vaginal, rectal or transmucosal
route.

114. The method of claim 110, wherein the animal is a mammal.

115. The method of claim 114, wherein the mammal is a human.
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SOFT ELASTIC CAPSULES COMPRISING RITONAVIR AND/OR LOPINAVIR

Technical Field
The invention relates to a soft elastic capsule, fill and shell compositions of the soft
elastic capsule, and pharmaceutical agents contained within the soft elastic capsules. The
invention further relates to soft elastic capsules and HIV protease inhibiting compounds
contained in the soft elastic capsule. The soft elastic capsule can be used with a broad range
of pharmaceutical agents including antibiotics, anti-AIDS pharmaceutical agents, and an
array of other medicinally active agents. Important pharmaceutical agents are anti-HIV

agents.

Background

Inhibitors of human immunodeficiency virus (HIV) protease have been approved for
use in the treatment of HIV infection for several years. A particularly effective HIV protease
inhibitor is (28, 38, 58)-5-(N-((N-methyl-N-((2-isopropyl-4- thiazolyl)-
methyl)amino)carbonyl)-L-valinyl)amino-2-(N-((5-thiazolyl)methoxy-carbonyl)-amino)-1,6
diphenyl-3-hydroxyhexane (ritonavir), which is marketed as NORVIR®. Ritonavir is known
to have utility for the inhibition of HIV protease, the inhibition of HIV infection, and the
enhancement of the pharmacokinetics of compounds which are metabolized by cytochrome
P4so monooxygenase. Ritonavir is particularly effective for the inhibition of HIV infection
when used alone or in a combination with one or more reverse transcriptase inhibitors and/or
one or more other HIV protease inhibitors. Ritonavir and processes for its preparation are
disclosed in U.S. Patent No. 5,541,206, issued July 30, 1996, the disclosure of which is
herein incorporated by reference. Crystalline Form Il of ritonavir and processes for its
preparation are disclosed in International Patent Application WO00/04016, published January
27, 2000, which is incorporated herein by reference.

A HIV protease inhibitor useful in combination with ritonavir is lopinavir which has a
chemical name of (28,3S,5S)-2-(2,6-dimethylphenoxyacetyl)-amino-3-hydroxy-5-(2S-(1-
tetrahydropyrimid-2-onyl)-3-methyl-butanoyl)amino-1,6-diphenylhexane. Lopinavir is an
inhibitor of the HIV protease and prevents cleavage of the HIV Gag-Pol protein, resulting in
the production of immature, non-infectious viral particles. The preparation of lopinavir is
disclosed in U.S. Patent No. 5,914,332, issued June 22, 1999, the disclosure of which is
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for example, BMS-232,623 (3S-(3R*, 8R*, 9'R*, 12R*))-3,12-bis(1,1-dimethylethyl)-8-
hydroxy-4,11-dioxo-9-(phenylmethyl)-6-((4-(2-pyridinyl)-pbenylmethyl)-2,5,6,10,13-
pentaazatetradecanedioic acid, dimethyl ester) and related compounds disclosed in
International Patent Application No. W(099/36404, published July 22, 1999 and International
Patent Application No. W097/40029, published October 30, 1997, both herein incorporated
by reference; or a pharmaceutically acceptable salt of any of the above.

Other pharmaceutical agents that can be used in the current invention include, but are
not limited to, anti-viral compounds, cell growth inhibitors, antibiotics, antihistamines,
analgesics, food supplements, nutrients, vitamins, steroids, and anesthetics. The current
invention relates to any physiologically or pharmacologically active substance that produces
a local or systemic effect.

Fill Composition

The fill composition for the soft elastic capsule of the invention can include a
solubilized HIV protease inhibiting compound or a combination of solubilized HIV protease
inhibiting compounds. Preferably, the HIV protease inhibiting compound is a compound of
the formula I, formula II, saquinavir, nelfinavir, amprenavir, or indinavir. More preferably
the compound is ritonavir, lopinavir, saquinavir, nelfinavir, amprenavir, or indinavir. Most
preferably the compound is ritonavir or lopinavir. A combination of solubilized HIV
protease inhibiting compounds can also be used. Preferably the combination is ritonavir or
pelfinavir and another HIV protease inhibitor, for example, lopinavir, saquinavir, indinavir,
amprenavir, or nelfinavir. More preferably, the combination is of ritonavir or nelfinavir and

another HIV protease inhibitor, for example, lopinavir, saquinavir, indinavir, amprenavir, or
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nelfinavir. Most preferably the combination is titonavir and lopinavir. A preferred ratio of
the amount, as measured by weight, of ritonavir to lopinavir in the fill composition is in the
range of 2:1 to 1:10; more preferably this ratio is in the range of 1:1 to 1:10; most preferably
this ratio is in the range of 1:3 to 1:5, and it is most highly preferred that the ratio is about
1:4.

The HIV protease inhibiting compound or a combination of solubilized HIV protease
inhibiting compounds can be present in the fill composition, as measured by weight, in a
range of 10-35%. More preferably, the HIV protease inhibiting compound or compounds are
present in the range of 12.5-22.5%. Most preferably, the HIV protease inhibiting compound
or compounds are present in the range of 15- 20%.

This HIV protease inhibiting compound or a combination of HIV protease inhibiting
compounds can be solubilized in a pharmaceutically acceptable organic solvent. Preferably,
the pharmaceutically acceptable organic solvent comprises from about 75% to about 90% by
weight of the fill composition. More preferably, the pharmaceutically acceptable organic
solvent or mixture of pharmaceutically acceptable organic solvents comprises from about
77.5% to about 87.5% by weight of the fill composition. This pharmaceutically acceptable
organic solvent of the fill composition can include (1) a pharmaceutically acceptable medium
and/or long chain fatty acid or mixtures thereof; (2) an alcohol, preferably propylene glycol;
and (3) a pharmaceutically acceptable surfactant. Optionally, water can be included in the fill
composition and can be present preferably in a percentage by weight that is relatively low as
compared to the other components of the fill composition.

The fill composition can be prepared with a percentage by weight of organic solvent
sufficient to solubilize the pharmaceutical agent or combination of pharmaceutical agents, for
example, the HIV protease inhibitors, contained in the initial fill composition. In one
embodiment of the invention, the initial fill composition contains an increased percentage by
weight of alcohol, for example, propylene glycol, sufficient to solubilize the pharmaceutical
agent or combination of pharmaceutical agents. The percentage of alcohol, for example,
propylene glycol, is increased relative to the other components in the initial fill composition.
The alcohol percentage is increased greater than the amount of alcohol necessary to solubilize
the pharmaceutical agents, for example HIV protease inhibitors. In this embodiment, the
propylene glycol is preferably increased by 100-200% of the minimal amount of propylene
glycol necessary to solubilize the HIV protease inhibitors in the initial fill composition.
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WE CLAIM:

1. A soft elastic capsule having a fill and a shell, the fill comprising:

a pharmaceutical agent or combination of pharmaceutical agents,

an alcohol,

a fatty acid, and
the shell comprising:

gelatin, and

at least one plasticizing agent,
wherein said shell has an initial state and an equilibrium state, wherein said initial
state shell is underplasticized and said fill contains an alcohol amount in excess of an
alcohol amount necessary to solubilize said pharmaceutical agent and said alcohol is
not present in the initial state shell composition, and wherein said equilibrium state
said shell becomes plasticized by the alcohol from said fill to provide suitable capsule
hardness and said fill retains sufficient alcohol to maintain said pharmaceutical agent

in solution.

2. The soft elastic capsule of claim 1 wherein the amount of alcohol present in said fill in
initial state is in the range of 100-200% greater than the amount necessary to

solubilize said pharmaceutical agent.

3. The soft elastic capsule of claim 1 wherein a portion in the range of 40-50% of the
amount of alcohol present in said fill in initial state migrates into the shell upon

equilibrium state.

4. The soft elastic capsule of claim 1 wherein said pharmaceutical agent comprises a
solubilized HIV inhibiting compound or a combination of solubilized HIV inhibiting

compounds.

5. The soft elastic capsule of claim 4 wherein said HIV inhibiting compound is (28, 38,
38)-5-(N-(N-((N-methyl-N-N-~((2-isopropyl-4-thiazolyl)- methyl)amino)carbonyl)-L-
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valinyl)amino-2-(N-((5-thiazolyl)methoxy-carbonyl)-amino-1,6-diphenyl-3-
hydroxyhexane (ritonavir).

The soft elastic capsule of claim 4 wherein said combination of solubilized HIV
inhibiting compounds is (28, 38, 5S)-5-N-N-((N-methyl-N-N-((2-isopropyl-4-
thiazolyl)-methyl)amino)carbonyl)-L-valinyl)amino-2-(N-((5-thiazolyl)methoxy-
carbonyl)-amino-1,6-diphenyl-3-hydroxyhexane (ritonavir) and (28, 38, 58)-2-(2,6
dimethylphenoxyacetyl)-amino-3-hydroxy-5-(2S-(1- tetrahydropyrimid-2-onyl)-3-
methyl-butanoyl)amino-1,6-diphenylhexane (lopinavir).

The soft elastic capsule of claim 4 wherein said solubilized HIV inhibiting compound
or said combination of solubilized HIV inhibiting compounds is present in said fill in
arange of 10-35% by weight.

The soft elastic capsule of claim 1 wherein said alcohol is propylene glycol or

ethanol.

The soft elastic capsule of claim 8 wherein propylene glycol or ethanol are present in

said fill in initial state in a range of 3-20% by weight.

The soft elastic capsule of claim 1 wherein said alcohol concentration in the fill

decreases by not more than 20% after reaching said equilibrium state.

The soft elastic capsule of claim 10 wherein after reaching said equilibrium state said

shell has acceptable physical characteristics.

The soft elastic capsule of claim 11 wherein the acceptable physical characteristics of
said shell comprise
a hardness in the range of about 4.5 to about 9 Newtons,
a total weight of said capsule within 95% of initial weight of capsule and total
weight of said fill within 85% of initial weight of said fill,

a moisture content of not more than 2% of said fill weight of said capsule,
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a disintegration time of not more than 30 minutes, and

an alcohol concentration of at least 40 mg per gram of said fill.

The soft elastic capsule of claim 1 wherein said fatty acid is oleic acid.

The soft elastic capsule of claim 13 wherein said oleic acid is present in said fill

composition in initial state in the range of 50-80% by weight.

The soft elastic capsule of claim 1 wherein said fill further comprises a surfactant.

The soft elastic capsule of claim 15 wherein said surfactant is Polyoxyl 35 castor oil |
(Cremophor EL®).

The soft elastic capsule of claim 15 wherein said surfactant is present in the range of

0-10% by weight of the fill.

The soft elastic capsule of claim 1 wherein the gelatin in said capsule is present in the
range of 30-60 % by weight of the shell.

The soft elastic capsule of claim 1 wherein the plasticizing agent is sorbitol, glycerin,

macrogols, or Andrisorb™.

The soft elastic capsule of claim 19 wherein the plasticizing agent is present in initial
state in the range of 4-18% by weight of the shell.

The soft elastic capsule of claim 1 wherein the ratio of the weight percentage of

gelatin to plasticizing agent at said equilibrium state is in the range of 2:1 to 4:1.

The soft elastic capsule of claim 1 wherein the fill in an initial state comprises:
is (28, 38, 58)-5-(N-(N-((N-methyl-N-N-((2-isopropyl-4-thiazolyl)-
methyl)amino)carbonyl)-L-valinyl)amino-2~(N-((5-thiazolyl)methoxy-
carbonyl)-amino-1,6-diphenyl-3-hydroxyhexane (ritonavir) and (28, 3S, 5S)-
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2-(2,6 dimethylphenoxyacetyl)-amino-3-hydroxy-5-(2S-(1-
tetrahydropyrimid-2-onyl)-3-methyl-butanoyl)amino-1,6-diphenylhexane
(lopinavir) in the range of 10— 35% by weight of the fill composition;
polyethylene glycol in the range of 3-20% by weight of the fill composition;
oleic acid in the range of 50-80% by weight of the fill; and

wherein the shell in an initial state comprises:

gelatin in the range of 30-60% by weight of the shell, and
Andrisorb in the range of 4-18% by weight of the shell.

23. A method for making soft elastic capsules containing a pharmaceutical agent or a

combination of pharmaceutical agents, the method comprising the steps of:

preparing a fill composition wherein the fill composition comprises

a pharmaceutical agent or combination of pharmaceutical agents,

a fill alcohol, and

a fatty acid,;
preparing a shell composition wherein the shell composition comprises

gelatin, and

at least one plasticizing compound;
forming an soft elastic capsule wherein said shell has an initial state and an
equilibrium state, wherein said initial state shell is underplasticized and said
fill contains an alcohol amount in excess of an alcohol amount necessary to
solubilize said pharmaceutical agent and said alcohol is not present in the
initial state shell composition; and
equilibrating said soft elastic capsule wherein equilibrium state said shell
becomes plasticized by the alcohol from said fill to provide suitable capsule
hardness and said fill retains sufficient alcohol to maintain said pharmaceutical

agent in solution.

24.  The method of claim 23 wherein said pharmaceutical agent comprises a solubilized

HIV inhibiting compound or a combination of solubilized HIV inhibiting compounds.

25. The method of claim 23 wherein said alcohol is propylene glycol or ethanol.
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26.  The method of claim 23 wherein said fatty acid is oleic acid.

27.  The method of claim 23 wherein said fill further comprises a surfactant.

28.  The method of claim 23 wherein the plasticizing agent is sorbitol, glycerin,

macrogols, or Andrisorb™.
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(€Dn) ABSTRACT

Novel solvates and crystal polymorphs of Ritonavir arc
disclosed, as well as methods of making them. Specific
solvates of the compound include a formamide solvate and
a partially desolvated solvate. Also disclosed are methods of
making previously known forms of Ritonavir. Mcthods of
using the novel forms of Ritonavir for the treatment of
diseases, such as HIV-infection, are disclosed, as are phar-
maceutical compositions and unit dosage forms comprising
the novel forms of Ritonavir.
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a “drug cocktail”’). Current therapies for HIV infection focus
on inhibiting the activity of viral enzymes thal are critical in
the lifc cycle of the virus, such as reverse transcriptasc and
protease. Antiretrovirals that are presently in use are gener-
ally grouped into three classes: nucleoside reverse tran-
scriptase inhibitors (“NRTIs”); non-nucleoside reverse tran-
scriplase inhibitors (“NNRTIs”); and protease inhibitors
(*PlIs”). Combination therapies using such compounds have
been shown to reduce the incidence of opportunistic infec-
tions and to increase survival time. It is possible that these
and other benefits of combination therapies may be further
improved by the use of new crystalline forms of Ritonavir.

3. SUMMARY OF THE INVENTION

[0010] This invention encompasses novel solvates and
crystal polymorphs of Ritonavir. Specific solvates of the
compound include a formamide solvate and a partially
desolvated formamide solvate. All of the novel forms cxhibit
physical and spectroscopic characteristics that differ mark-
edly from those of Forms T and T1.

[0011] The invention further encompasses methods of
making novel forms of Ritonavir, as well as methods of
making previously known forms. Also encompassed by the
invention are methods of using the novel forms of Ritonavir
n the treatment of diseases, such as HIV-infection, and for
enhancing the pharmacokinetic profiles of other pharmaceu-
tically active compounds. Pharmaceutical compositions and
unit dosage forms comprising novel forms of Ritonavir are
also encompassed by the invention.

3.1. BRIEF DESCRIPTION OF THE FIGURES

[0012] Aspects of the invention can be understood with
reference to the following non-limiting figures:

[0013] FIG.1 is a Raman spectrum of Ritonavir Form I in
the solid state.

[0014] FIG. 2A is a powder X-ray diffraction pattern of
Ritonavir Form I, and FIG. 2B contains a peak table for that
diffraction pattern.

[0015] FIG. 3 contains a Raman spectrum of Ritonavir
Form II in the solid state.

[0016] FIG. 4A is a powder X-ray diffraction pattern of
Ritonavir Form II, and FIG. 4B contains a peak table for that
diffraction pattern.

[0017] FIG. 5 is a DSC trace of Ritonavir Form III.
[0018] FIG. 6 is a TGA trace of Ritonavir Form TIT.

[0019] FIG. 7 is a Raman spectrum of Ritonavir Form I11
in the solid state.

[0020] FIG. 8A is a powder X-ray diffraction pattern of
Ritonavir Form 111, and FIG. 8B contains a peak table for
that diffraction pattera.

[0021] FIG. 9 is a DSC trace of Ritonavir Form IV,
[0022] TFIG. 10 is a TGA trace of Ritonavir Form IV.

[0023] FIG. 11 is a Raman spectrum of Ritonavir Form IV
in the solid state.

[0024] FIG. 12A is a powder X-ray diffraction pattern of
Ritonavir Form IV, and FIG. 12B contains a peak table for
that diffraction pattern.

Feb. 5, 2004

[0025] FIG. 13 is a DSC trace of Ritonavir Form V.
[0026] FIG. 14 is a TGA trace of Ritonavir Form V.

[0027} FIG. 15 is a Raman spectrum of Ritonavir Form V
in the solid state.

[0028] FIG. 16A is a powder X-ray diffraction pattern of
Ritonavir Form V, and FIG. 16B contains a peak table for
that diffraction patiern.

[0029] FIG. 17 shows, by DSC trace, the conversion of
Ritonavir Form III to Form IV, and subsequently to Form 1
while being washed or incubated in aqueous media.

[0030] FIG. 18 provides a comparison of powder X-ray
diffraction patterns of Ritonavir Forms 1, 11, II[, I'V, and V.

[0031] FIG. 19 shows the effect of leaving Ritonavir Form
V in the crystallization mixture for about 16 hours at 5° C.
In particular: (A) is a representative X-ray diffraction pattern
of Ritonavir(I); (B) is an X-ray diffraction pattern of a
sample of Ritonavir(V) after being left in the crystallization
mixture for approximately 16 hours, with arrows indicating
peaks that signify the presence of Ritonavir(l); and (C) is a
representative X-ray diffraction pattern of Ritonavir(V).

[0032] FIG. 20 also shows the effect of leaving Ritonavir
Form V in the crystallization mixture for about 16 hours at
5° C. In particular: (A) provides a DSC trace of Ritonavir(l);
(B) provides a DSC trace of a sample of Ritonavir(V) after
being left in the crystallization mixture for approximately 16
hours, whercin two peaks arc obscrved corresponding to
Forms I and V; and (C) is a representative DSC trace of

Ritonavir(V).

4. DETAILED DESCRIPITON OF THE
INVENTION

[0033] This invention is based, in part, on a discovery that
the protease inhibitor (“PI"’) Ritonavir can be obtained in
novel crystalline forms. Advantageously, these new forms
have lower melting points than previously known forms of
Ritonavir (i.c., Forms I and II), which have poor bioavail-
ability, and may thus be used to provide improved dissolu-
tion of Ritonavir. Forms of this invention may also be used
to enhance the pharmacokinetics of other drugs (e.g., retro-
viral agents and reverse transcriptase inhibitors). The new
forms of Ritonavir may also be used as intermediates in the
manufacture of Forms I and 11, as well as in the manufacture
of pharmaceutical compositions and dosage forms compris-
ing Ritonavir (e.g., dosage forms comprising dissolved
Ritonavir). A further advantage of this invention is that
mcthods of preparing the novel forms disclosed hercin can
be used to prepare those forms on a variety of scales, from
microgram to milligram, gram, and even kilogram quanti-
tics.

[0034] A first embodiment of the invention encompasses
what is referred to herein as “Ritonavir korm II” or
“Ritonavir(Ill).” Ritonavir(Ill) has a melting point in the
range of from about 78° C. to about 82° C., as exemplified
by the Differential Scanning Calorimetry (“*DSC™) trace of
the form shown in FIG. 5, which shows a melting point of
about 79° C. A typical Thermal Gravimetric Analysis
(“TGA”) trace of Ritonavir(Ill) is provided in FIG. 6.
Typical Raman spectra and powder X-ray diffraction pat-
terns of Ritonavir(Ill) are provided in FIGS. 7 and 8,
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are well known to those skilled in the art of pharmacy, and
non-limiting examples of suitable excipients are provided
hercin. Whether a particular cxcipicnt is suitable for incor-
poration into a pharmaceutical composition or dosage form
depends on a variety of factors well known in the art
including, but not limited to, the way in which the dosage
form will be administered to a patient. For example, oral
dosage forms such as tablets may contain excipicats not
suited for use in parenteral dosage forms. 'The suitability of
a particular excipient may also depend on the specific active
ingredients in the dosage form. For example, the decompo-
sition of some active ingredients can be accelerated by some
excipients such as lactose, or when exposed to water. Active
ingredients that comprise primary or secondary amines are
particularly susceptible to such accelerated decomposition.
Consequently, this invention encompasses pharmaceutical
compositions and dosage forms that contain little, if any,
lactose or other mono- or di-saccharides. As used herein, the
ferm “laclose-{ree” means that the amount of lactose present,
if any, is insufficicnt to substantially incrcasc the degradation
rate of an active ingredient.

[0064] T.actose-lree compositions of the invention can
comprisc cxcipicnts that arc wcll known in the art and arc
listed, for example, in the U.S. Pharmacopeia (USP)
25-NF20 (2002). In general, lactose-free compositions com-
prise active ingredients, a binder/filler, and a lubricant in
pharmaceutically compatible and pharmaceutically accept-
able amounts. Preferred lactose-free dosage forms comprise
active ingredients, microcrystalline cellulose, pre-gelati-
nized starch, and magnesium stearate.

[0065] This invention further encompasses anhydrous
pharmaceutical compositions and dosage forms comprising
active ingredients, since water can facilitate the degradation
of some compounds. For example, the addition of water
(e.g., 5%) is widely accepted in the pharmaceutical arts as a
means of simulating long-term storage in order to determine
characteristics such as shelf-life or the stability of formula-
tions over time. See, €.g., Jens T. Carstensen, Drug Stability:
Principles & Practice, 2d. Ed., Marcel Dekker, NY, NY,,
1995, pp. 379-80. Watcr and hcat accclerate the decompo-
sition of some compounds. Thus, the effect of water on a
formulation can be of great significance since moisture
and/or humidity arc commonly cncountered during manu-
facture, handling, packaging, storage, shipment, and use of
formulations.

[0066] Anhydrous pharmaceutical compositions and dos-
ape forms of the invention can be prepared using anhydrous
or low moisture containing ingredients and low moisture or
low humidity conditions. Pharmaceutical compositions and
dosage forms that comprise lactose and at least one active
ingredient that comprises a primary or secondary amine are
preferably anhydrous if substantial contact with moisture
and/or humidity during manufacturing, packaging, and/or
storage 1s expected.

[0067] An anhydrous pharmaceutical composition should
be prepared and stored such that its anhydrous nature is
maintained. Accordingly, anhydrous compositions are pref-
erably packaged using materials known to prevent exposure
to water such that they can be included in suitable formulary
kits. Examples of suitable packaging include, but are not
limited to, hermetically sealed foils, plastics, unit dose
containers (e.g., vials) with or without dessicants, blister
packs, and strip packs.
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[0068] The invention further encompasses pharmaceutical
compositions and dosage lorms that comprise one or more
compounds that reduce the ratc by which an active ingre-
dient will decompose. Such compounds, which are referred
to herein as “stabilizers,” include, but are not limited to,
antioxidants such as ascorbic acid, pH bufters, or salt
buffers.

[0069] Like the amounts and types of excipients, the
amounts and specific Lypes of active ingredients in a dosage
form may differ depending on factors such as, but not
limited to, the route by which it is to be administered to
patients. However, typical dosage forms of the invention
comprise Ritonavir in an amount of from about 50 mg to
about 1000 mg, preferably in an amount of from about 75
mg to about 750 mg, and most preferably in an amount of
from about 100 mg to about 500 mg.

4.4.1. ORAL DOSAGE FORMS

[0070] Pharmaceutical compositions of the invention that
are suitable for oral administration can be presented as
discrete dosage forms, such as, but are not limited to, tablets
(e.g., chewable tablets), caplets, capsules, and liquids (c.g.,
flavored syrups). Such dosage forms contain predetermined
amounts of active ingredients, and may be prepared by
methods of pharmacy well known to those skilled in the art.
See generally, REMINGTON’S PHARMACEUTICAL
SCIENCES, 18" ed., Mack Publishing, Easton Pa. (1990).

[0071] Typical oral dosage forms of the invention are
prepared by combining the active ingredient(s) in an inti-
mate admixture with at least one excipient according to
conventiopal pharmaceutical compounding techniques.
Excipients can take a wide variety of forms depending on the
form of preparation desired for administration. For example,
excipients suitable for use in oral liquid or acrosol dosage
forms include, but are not limited to, water, glycols, oils,
alcohols, flavoring agents, preservatives, and coloring
agents. Examplcs of cxcipicnts suitable for usc in solid oral
dosage forms (e.g., powders, tablets, capsules, and caplets)
include, but are not limited to, starches, sugars, micro-
crystalline cellulose, diluents, granulating agents, lubricants,
binders, stabilizers, and disintegrating agents.

[0072] Because of their ease of administration, tablets,
caplets, and capsules represent the most advantageous oral
dosage unit forms, in which casc solid cxcipicnts arc
employed. If desired, tablets and caplets can be coated by
standard aqueous or nonaqueous technigques. Such dosage
forms can be prepared by any of the methods of pharmacy.
In general, pharmaceutical compositions and dosage forms
are prepared by uniformly and intimately admixing the
active ingredients with liquid carriers, finely divided solid
carriers, or both, and then shaping the product into the
desired presentation if necessary.

[0073] For example, a tablet can be prepared by compres-
sion or molding. Compressed tablets can be prepared by
compressing in a suitable machine the active ingredients in
a free-flowing form such as powder or granules, optionally
mixed with an excipient. Molded tablets can be made by
molding in a suitable machine a mixture of the powdered
compound moistened with an inert liquid diluent.

[0074] Examples of excipients that can be used in oral
dosage forms of the invention include, but are not limited to,
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sealed container of a suitable vehicle in which the active
ingredient can be dissolved Lo form a particulate-[ree sterile
solution that is suitablc for parcntcral admimistration.
Examples of pharmaceutically acceptable vehicles include,
but are not limited to: Water for Injection USP; aqueous
vehicles such as, but not limited to, Sodium Chloride
Injection, Ringer’s Injection, Dextrose Injection, Dextrose
and Sodium Chloride Injection, and Lactated Ringer’s Injec-
tion; water-miscible vehicles such as, but not limited to,
ethyl alcohol, polyethylene glycol, and propylene glycol;
and non-aqueous vehicles such as, but not limited to, corn
oil, cottonseed oil, peanut oil, sesame oil, ethyl oleate,
isopropyl myristate, and benzyl benzoate.

5. EXAMPLES

[0095] Certain aspecis and embodiments of the invention
are illustrated by the following non-limiting examples.

5.1. EXAMPLE 1
[0096] Preparation of Ritonavir Form I

[0097] NORVIR-brand Ritonavir (Abbott Laboratories,
North Chicago, I1l. USA) oral solution was used to obtain
Ritonavir Form 1. Specifically, approximately 240 mL of
NORVIR solution (the contents of a normal prescription
bottle, totaling about 19.2 g of Ritonavir) were placed into
a 500 mL round bottom flask and vacuum-treated (pumping
at high vacuum) for aboul 6 hours at room temperature on
a slightly hcated water bath to keep temperaturc constant. 50
mL of ethyl acetate was added to the viscous residue (dark
orange in color).

[0098] The resulting solution was placed into a 2 liter flask
and while stirring, diethyl ether was added to a final volume
of about 1800 mL. The solution was stirred for 30 minutes
at room temperature to allow precipitation to occur. The
ether phase was poured through a 150 mL sintered glass,
coarse frit funnel to clarify the ether. Successive aliquots of
approx. 300 mL of filtrate were placed into a 500 mL round
bottom flask and the solvent was removed by rotary cvapo-
ration in vacuo (water aspirator) until a slightly off-white
residue remained.

[0099] Ether aliquots were added to the residue in the
round bottom flask until all the ether had been evaporated.
‘The final residue was transferred into a 500 mL Erlenmeyer
flask and diluted with methylene chloride to a final volume
of about 150 mL. A total of about 350 mL deionized water
was added to the methylene chloride solution by gently
pouring down the edge of the flask, while the solution was
stirred by a magnetic stirbar on a stirplate at approximately
200 rpm.

[0100] Aftcr about 1.5 hours of stirring, the mixturc was
poured into a separatory funnel. After settling, the methylene
chloride fraction (bottom layer) was separated into an Erlen-
meyer flask, and allowed to dry over anhydrous sodium
sulfate for 15 minutes (during which time the organic
solvent went from opaque to clear).

[0101] After filtering the methylene chloride solution, the
solvent was removed by rotary evaporation. The resulting
residual syrup was placed in a -20° C. freezer overnight to
allow crystals to form. The crystals were isolated, and then
the solid compound was dissolved in approximately 350 mL
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of ethyl acetate at about 44° C. Approximately 175 mL of
hexane was added with stirring until product began to
precipitate.

[0102] A sealed vial containing the mixture was placed in
a refrigerator at 4° C. overnight to crystallize. Recrystalli-
zation in ethyl acetate/hexane was repeated once more o
give the final product, which was dried in vacuo for about 12
hours.

[0103] The identity of the sample as Ritonavir Form I was
established by powder X-ray diffraction (distinguishing
peaks al 3.3, 6.8, 8.4, and 21.6 2-theta) and purily by
clemental analysis (Caled. %—C: 61.66, H: 6.66, N: 11.66;
Obsd. %—C: 61.74, H: 6.78, N: 11.41).

5.2. EXAMPLE 2
[0104] Preparation of Ritonavir(IIT)

[0105] In order to prepare Ritonavir(Ill), 10 mg of
Ritonavir Form I obtained in Example 1 above, 37.5 uL of
formamide, and 12.5 uL of tolucne (50 ul. solvent total,
containing 75% formamide) were deposited into a crimp-top
200 ul capacity glass vial. The vial was sealed with a crimp
top and subscquently incubated at 70° C. until the Ritonavir
solid dissolved. The vial was then cooled at a rate of
approximately 5° C /minute to 3° C. The vial was incubated
at 5° C. until crystals were observed. The crystals in the vial
were removed from the supernatant by filtration, air dried,
and characterized as described herein.

[0106] Ritonavir(IlI) was also prepared using the same
process conditions from the following mixtures: 10 mg of
Ritonavir Form I, 37.5 ulL of formamide, and 12.5 ul. of
butyl acetate; and 10 mg of Ritonavir Form 1, 37.5 uL. of
formamide, and 12.5 uL of acetone.

5.3. EXAMPLE 3
[0107] Preparation of Ritonavir(IV)

[0108] 50 mg of Ritonavir(Ill) obtained in Example 2
above was placed on filter paper in a Buchner funnel, which
was fitted to a vacuum flask connected to an aspirator. With
the vacuum on, 10 mL of deionized water was slowly poured
over the solid Ritonavir(Ill). The resulting material on the
filter was dried over vacuum for approximately 15 minutes,
and characterized as described herein.

5.4. EXAMPLE 4
[0109] Preparation of Ritonavir(V)

[0110] 10 mg of Ritonavir Form I obtained in Example 1
above, 37.5 ul. of butyl acelate, and 12.5 gl of acelonitrile
(50 uL solvent total, containing 25% acctonitrilc) were
deposited into a crimp-top 200 uL capacity glass vial. The
vial was scaled with a crimyp top and subsequently incubated
at 70° C. until the Ritonavir solid dissolved. The vial was
then cooled at a rate of approximately 5° C./minute to 5° C.
The vial was incubated at 5° C. until crystals were observed.
The crystals in the vial were removed from the supcrnatant
by filtration, and were subsequently air dried, and charac-
terized as described herein.

[0111] Ritonavir(V) was also prepared using the same
conditions from the following mixtures: 10 mg of Ritonavir
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distinctive of each form using a dispersive Near-IR laser-
based Raman spectrometer are listed below in Table 2:

TABLE 4

Form Cnique Raman Peaks (cm™)

I 428.1, 821.3, 928.1, 966.3, 982.7, 1033.2, 1452.5,
14442, 1461.9, 1647.9

n 4174, 443.4, 579.9, 954.1, 1029.1, 1662.0
I 691.13, 1393.29

v 1404.73

v 814.6, 963.7

[0121] The dislinet pature of each of the forms of
Ritonavir is also cvident from powder X-ray diffraction data.
Graphical and tabular X-ray diffraction data for each of the
three forms of the compound are provided in FIGS. 8, 12,
and 16. Scvcral peaks that arc distinctive to cach form arc
listed below in Table 3:

TABLE 3
Form Unique X-ray Diffraction Peaks (degrees 2-Theta)
m 31,68, 7.7,83,92, 105, 12.1, 13.]
v 3.1,63,9.2,12.1, 138
A% 3.4,6.4,99,12.7, 136, 15.3,158, 17.5

[0122] The difference between the forms is even more
apparent from FIG. 18, which provides a comparison of
diffractograms obtained for each of the forms of Ritonavir.
These data show that Ritonavir(Ill) and Ritonavir(IV)
exhibit highly similar XRD patterns, which is consistent
with a conserved structure that is solvated in one form
(Ritonavir(IIT)) and partially (or essentially fully) desolvated
in another form (Ritonavir(IV)).

5.5. EXAMPLE 5
[0123] Conversion of Form V to Form |

[0124] Ritonavir(V) can transform into other forms of
Ritonavir under certain conditions. For example, if
Ritonavir(V) is prepared as above in Example 3, it was
found to form a mixture of Forms V and I when left in the
crystallization mixlure for a prolonged period of time (hours
to days). In a particular instance, Ritonavir(V) that was left
in the crystallization mixture for approximately 16 hours at
the nucleation temperature of 5° C. formed Ritonavir(T) as
cvidenced by X-ray diffraction (FIG. 19) and DSC (FIG.
20).

[0125] While the invention has been described with
respect to the particular embodiments, it will be apparent to
those skilled in the art that various changes and modifica-
tions may be made without departing from the spirit and
scope of the invention as recited by the appended claims.

What is claimed is:
1. A composition comprising:

a) ritonavir(III);

b) a form of Ritonavir which has a melting point of about
78° C. to about 82° C.;
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c) a form of Ritonavir which has a powder X-ray diffrac-
tion paltem substantially the same as that shown in

FIG. 8A;

d) a form of Ritonavir which has at least one unique
powder X-ray diffraction peaks selected from the group
of: approximately 3.1, 6.8, 7.7,8.3,9.2,10.5, 12.1, and
13.1 degrees 2-Theta;

e) a form of Ritonavir which has at least two unique
powder X-ray diffraction peaks selected from the group
of: approximately 3.1, 6.8, 7.7,8.3,9.2, 10.5, 12.1, and
13.1 degrees 2-Theta;

f) a form of Ritonavir which has at least three unique
powder X-ray diffraction peaks selected from the group
of: approximately 3.1, 6.8, 7.7,8.3,9.2, 10.5, 12.1, and
13.1 degrees 2-Theta;

g) a form of Ritonavir which has at least four unique
powder X-ray difltaction peaks selecied from the group
of: approximatcly 3.1, 6.8, 7.7.8.3,9.2, 10.5, 12.1, and
13.1 degrees 2-Theta;

h) a form of Ritonavir which has at least five unique
powder X-ray diffraction peaks selected from the group
of: approximately 3.1, 6.8, 7.7,8.3,9.2,10.5, 12.1, and
13.1 degrees 2-Theta;

i) a form of Ritonavir which has at least six unique
powder X-ray diffraction peaks sclected from the group
of: approximately 3.1, 6.8,7.7,8.3,9.2, 10.5, 12.1, and
13.1 degrees 2-Thela;

j) ritonavir (IV);

k) a form of Ritonavir which has a melting point of about
97° C. to about 101 ° C,;

1) a form of Ritonavir which has a powder X-ray diffrac-
tion pattern substantially the same as that shown in
FIG. 12A;

m) a form of Ritonavir which has at least onc unique
powder X-ray diffraction peaks selecied from the group
consisting of: approximately 3.1, 6.1, 9.2, 12.1, and
13.8 degrees 2-Theta;

n) a form of Ritonavir which has at least two unique
powder X-ray diffraction peaks selected trom the group
consisting of: approximately 3.1, 6.1, 9.2, 12. 1, and
13.8 degrees 2-Theta;

0) a form of Ritonavir which has at least three unique
powder X-ray diffraction peaks selected from the group
consisting of: approximately 3.1, 6.1, 9.2, 12.1, and
13.8 dcgreces 2-Theta;

p) a form of Ritonavir which has at Icast four uniquc
powder X-ray diffraction peaks selected from the group
consisting of: approximately 3.1, 6.1, 9.2, 12. 1, and
13.8 degrees 2-Theta;

q) a form of Ritonavir which has at least five unique
powder X-ray diffraction peaks selected from the group
consisting of: approximaiely 3.1, 6.1, 9.2, 12. 1, and
13.8 dcgrees 2-Theta;

r) a form of Ritonavir which has at least six unique
powder X-ray diffraction peaks selected from the group
consisting of: approximately 3.1, 6.1, 9.2, 12.1, and
13.8 degrees 2-Theta;

/1
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s) ritonavir(V);

t) a form of Ritonavir which has a melting point of from
about 114° C. to about 118° C;

u) a form of Ritonavir which has a powder X-ray diffrac-
tion pattern substantially the same as that shown in
FIG. 16A;

v) a form of Ritonavir which has unique powder X-ray
diffraction peaks at approximately 3.4, 6.4, 9.9, 12.7,
13.6, 15.3, 15.8, and 17.5 degrees 2-Theta;

w) formamide, an immiscible or partially miscible sol-
vent, and Ritonavir; or

X) acetate, acetonitrile, and Ritonavir.
2. A method selected from:

a) a method of preparing Ritonavir(I1I), which comprises
dissolving Ritonavir in a solvent system comprised of
formamide and an immiscible or partially miscible
solvent to provide a mixture, and.reducing the solubil-
ity of Ritonavir in the mixture under conditions suffi-
cient to provide Ritonavir(IIT);

b) a method of preparing Ritonavir(IV), which comprises
partially desolvating Ritonavir(Il) to an extent suffi-
cient to form Ritonavir(IV);

c) a method of preparing Ritonavir(V), which comprises
dissolving Ritonavir in a solvent system comprised of
an acetate and acetonitrile to provide a mixture, and
reducing the solubility of Ritonavir in the mixture
under conditions sufficient to provide Ritonavir(V);

d) a method of preparing Ritonavir Form I, which com-
prises desolvating Ritonavir(IV) for an amount of time
sufficient for the formation of Ritonavir Form I;

€) the method of claim (d), which comprises incubating
Ritonavir(IV) in an aqueous environment for an
amount of time sufficient for the formation of Ritonavir
Form I; or

f) a method of preparing Ritonavir Form II, which com-
prises incubating Ritonavir(IV) in an aqueous environ-
ment for an amount of time sufficient for the formation
of Ritonavir Form I and further incubating the
Ritonavir Form I for an amount of time sufficient for
the formation of Ritonavir Form II.

3. A method selected from:

a) a method of inhibiting HIV-1 protease, which com-
prises contacting HIV-1 protease with Ritonavir(IIl),
Ritonavir(IV), or Ritonavir(V);

b) 2 method of inhibiting HIV-2 protease, which com-
prises contacting HIV-2 protease with Ritonavir(1Il),
Ritonavir(IV), or Ritonavir(V),

¢) a method of treating, ameliorating, or managing HIV-
infection, which comprises administering to a patient in
need of such treatment a therapeutically effective
amount of Ritonavir(IlT), Ritonavir(IV), or
Ritonavir(V),

d) the method of claim (a), (b), or (c), wherein the form
of Ritonavir is Ritonavir(IV) or Ritonavir(V);

¢) the method of claim (d) wherein the form of Ritonavir
is Ritonavir(V);

f) the method of claim (a), (b), or (c), which further
comprises administering a therapeutically effective
amount of a second pharmacologically active com-
pound to the patient;

g) the method of claim (f) wherein the second pharma-
cologically active compound is a protease inhibitor, a
nucleoside reverse transcriptase inhibitor, or a non-
nucleoside reverse transcriptase inhibitor, or a pharma-
ceutically acceptable prodrug, salt, hydrate, solvate, or
polymorph thereof;

h) the method of claim (g) wherein the protease inhibitor
is lopinavir, saquinavir, indinavir, nelfinavir,
amprenavir, palinavir, lasinavir, or tipranavir;

1) the method of claim (g) wherein the nucleoside reverse
transcriptase inhibitor is zidovudine, zalcitabine, lami-
vudine, didanosine, abacavir, tidoxil, stavudine, ade-
fovir, adefovir dipivoxil, or fozivudine;

j) the method of claim (g) wherein the non-nucleosidc
reverse transcriptase inhibitor is delavirdine, efavirenz,
immunocal, loviride, nevirapine, or oltipraz;

k) a method for improving the pharmacokinetics of a
pharmacologically active compound, which comprises
administering to a human in need of the pharmacologi-
cally active compound a combination of a therapeuti-
cally effective amount of Ritonavir(I1l), (IV), or (V), or
a pharmacecutically acceptable salt thereof, and a thera-
peutically effective amount of the pharmacologically
active compound, or a pharmaceutically acceptable
prodrug, salt, hydrate, solvate, or polymorph thereof,
wherein the pharmacologically active compound is
metabolized by a cytochrome P450 monooxygenase;

1) the method of claim (k) wherein the pharmacologically
active compound is an antiretrovial compound;

m) the method of claim (1) wherein the antiretroviral
compound is a protease inhibitor, a nuclcoside reverse
transcriptase inhibitor, or a non-nucleoside reverse
transcriptase inhibitor, or a pharmaceutically accept-
able prodrug, salt, hydrate, solvate, or polymorph
thereof;

n) the method of claim (m) wherein the protease inhibitor
is lopinavir, saquinavir, indinavir, nelfinavir,
amprenavir, palinavir, lasinavir, or tipranavir,

o) the method of claim (m) wherein the nucleoside reverse
transcriptase inhibitor is zidovudine, zalcitabine, lami-
vudine, didanosine, abacavir, tidoxil, stavudine, ade-
fovir, adefovir, dipivoxil, or fozivudine;

p) the method of claim (m) wherein the non-nucleoside
reverse transcriptase inhibitor is delavirdine, efavirenz,
immunocal, loviride, nevirapine, or oltipraz,

q) a method of preparing a pharmaceutical composition
comprising Ritonavir, which comprises contacting
Ritonavir(IfI), Ritonavir(IV), or Ritonavir(V) with an
aqueous solution; or

r) a method of preparing a pharmaceutical composition
comprising Ritonavir, which comprises contacting
Ritonavir (III), Ritonavir (IV), or Ritonavir (V) with an
alcohol-based solution.
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4. A pharmaceutical composition  comprising
Ritonavin(V).

5. A singlc unit dosage form comprising thc composition
of claim 4.

6. A kit comprising a single unit dosage form of
Ritonavir(V) and a single unit dosage form of an antiviral
compound.
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7. The kit of claim 6 wherein the antiretroviral compound
is a protease inhibilor, a nucleoside reverse ranscriplase
inhibitor, or a non-nuclcosidc reversc transcriptasc inhibitor,
or a pharmaceutically acceptable prodrug, salt, hydrate,
solvate, or polymorph thereof.
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EN JUNIO DE ESTE A?0 SE ELEGIR? JUNTA DIRECTIVA Y REVISOR FISCAL DE LA CAMARA
DE COMERCIO. LAS INSCRIPCIONES DE CANDIDATOS DEBEN HACERSE EN LA PRIMERA
QUINCENA DE MAYO. PARA INFORMACION DETALLADA DIRIGIRSE A LA SEDE PRINCIPAL O
COMUNICARSE AL TELEFONO 8861339.

;//// CERTIFICA:
NOMBRE : TECNOQUIMICAS S A
DOMICILIO: CALI VALLE
DIRECCION COMERCIAL :---C 23 7 39
DIRECCION NOTIFICACION JUDICIAL:---C 23 7 39

CIUDAD:CALI

MATRICULA MERCANTIL NRO. 7049-4 FECHA MATRICULA : 01 DE JULIO DE 1957
AFILIADO

CERTIFICA:

NIT : 890300466-5

CERTIFICA:

QUE POR ESCRITURA NRO. 2670 DEL 12 DE JUNIO DE 1957 NOTARIA SEGUNDA DE CALI ,
INSCRITA EN LA CAMARA DE COMERCIO EL 01 DE JULIO DE 1957 BAJO EL NRO. 16627,

DEL LIBRO IX , SE CONSTITUYO LA SOCIEDAD DENOMINADA COMPANIAS TECNOQUIMICAS
LIMITADA

CERTIFICA:

QUE POR ESCRITURA NRO. 8438 DEL 30 DE DICIEMBRE DE 1970 NOTARIA SEGUNDA DE
CALI , INSCRITA EN LA CAMARA DE COMERCIO EL 07 DE ENERO DE 1971 BAJO EL NRO.
42260 DEL LIBRO IX ,LA SOCIEDAD SE TRANSFORMO DE SOCIEDAD LIMITADA EN SOCIEDAD

EN COMANDITA POR ACCIONES BAJO EL NOMBRE DE COMPANIAS TECNOQUIMICAS LIMITADA'
COMANDITA POR ACCIONES (SIC)

CERTIFICA:
QUE POR ESCRITURA NRO. 2139 DEL 21 DE ABRIL DE 1972 NOTARIA SEGUNDA DE CALI ,

INSCRITA EN LA CAMARA DE COMERCIO EL 26 DE ABRIL DE 1972 BAJO EL NRO. 794 DEL
LIBRO IX , LA SOCIEDAD CAMBIO SU NOMBRE DE COMPANIAS TECNOQUIMICAS LIMITADA

%%k CONTINUA *+**
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CAMARA DE COMERCIO DE CALI

Fecha : 20080428 Hora Certificado 12:15:21
Operacion : 02CP20428039 PAGINA No. 2
********************************************************************************
COMANDITA POR ACCIONES (SIC) . POR EL DE TECNOQUIMICAS LIMITADA & CIA S.C.
A.
CERTIFICA:

QUE POR ESCRITURA NRO. 3255 DEL 30 DE AGOSTO DE 1983 NOTARIA DECIMA DE CALI ,
INSCRITA EN LA CAMARA DE COMERCIO EL 31 DE AGOSTO DE 1983 BAJO EL NRO. 62343
DEL LIBRO IX ,LA SOCIEDAD SE TRANSFORMO DE SOCIEDAD EN COMANDITA POR ACCIONES
EN SOCIEDAD AN?NIMA BAJO EL NOMBRE DE TECNOQUIMICAS S A

CERTIFICA:

QUE POR ESCRITURA NRO. 5664 DEL 12 DE DICIEMBRE DE 2005  NOTARIA TERCERA DE :
CALI , INSCRITA EN LA CBMARA DE COMERCIO EL 19 DE DICIEMBRE DE 2005 BAJO EL
NRO. 14102 DEL LIBRO IX ,SE APROBO LA FUSION POR ABSORCION ENTRE (ABSORBENTE)
TECNOQUIMICAS S.A. Y (ABSORBIDA (S)) DISTRIBUIDORA FARMACEUTICA CALOX
COLOMBIANA S.A. - EN LIQUIDACION-,

ORGANIZACION FARMACEUTICA AMERICANA S.A. OFA - EN LIQUIDACION-

CERTIFICA:

REFORMAS

DOCUMENTO FECHA.DOC  ORIGEN FECHA.INS NRO.
INS LIBRO

E.P. 4075 05/09/1957 NOTARIA SEGUNDA DE CALI 27/09/1957
16922 ,

E.P. 5718 28/11/1957 NOTARIA SEGUNDA DE CALI 30/12/1957
17242

E.P. 5507 31/12/1957 NOTARIA PRIMERA DE CALI 13/03/1958
17529

E.P. 3124 16/07/1958 NOTARIA PRIMERA DE CALI 17/10/1958
18365 i
E.P. 3325 29/07/1958 NOTARIA PRIMERA DE CALI 17/10/1958
18366 '
E.P. 5726 17/12/1958 NOTARIA PRIMERA DE CALI 12/05/1959
19258

E.P. 2374 12/05/1959 NOTARIA PRIMERA DE CALI 03/06/1959
19368

E.P. 2793 20/06/1961 NOTARIA PRIMERA DE CALI 07/07/1961
22616

E.P. 2794 20/06/1961 NOTARIA PRIMERA DE CALI 07/07/1961
22617

E.P. 6365 30/12/1961 NOTARIA PRIMERA DE CALI 23/01/1962
23489

E.P. 1383 21/03/1962 NOTARIA PRIMERA DE CALI 28/03/1962
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E.P. 3396 28/05/1963 NOTARIA PRIMERA DE CALI 11/06/1963
26016
E.P. 8853 30/12/1963 NOTARIA PRIMERA DE CALI 23/01/1964
27107
E.P. 5718 28/11/1957 NOTARIA SEGUNDA DE CALI 10/02/1964
27181
E.P. 2743 29/04/1964 NOTARTA PRIMERA DE CALI 06/05/1964
27681
E.P. 2744 29/04/1964 NOTARIA PRIMERA DE CALI 06/05/1964
27682
E.P. 7057 21/10/1964 NOTARIA PRIMERA DE CALI 22/10/1964
28591
E.P. 1693 26/04/1965 NOTARIA PRIMERA DE CALT 28/04/1965
29569
E.P. 1799 10/05/1966 NOTARIA PRIMERA DE CALI 11/05/1966
31623
E.P. 2498 18/11/1966 NOTARIA CUARTA DE CALI 25/11/1966
32757
E.P. 2792 27/12/1966 NOTARIA CUARTA DE CALI 05/01/1967
33009
E.P. 2209 25/09/1967 NOTARIA CUARTA DE CALI 04/10/1967
34591
E.P. 6933 20/12/1967 NOTARIA SEGUNDA DE CALI 28/12/1967
35082
E.P. 6363 14/11/1968 NOTARIA SEGUNDA DE CALI 26/11/1968
37141
E.P. 7711 31/12/1968 NOTARIA SEGUNDA DE CALI 04/02/1969
37615
E.P. 5597 30/09/1969 NOTARIA SEGUNDA DE CALT 18/10/1969
39341 :
E.P. 5211 27/08/1970 NOTARIA SEGUNDA DE CALI 04/09/1970
41379
E.P. 6576 07/10/1971 NOTARIA SEGUNDA DE CALI 14/10/1971
44154
E.P. 17286 08/11/1971 NOTARIA SEGUNDA DE CALI 10/11/1971
44367
E.P. 8042 03/12/1971 NOTARIA SEGUNDA DE CALI 21/12/1971
44716
E.P. 6209 05/10/1973 NOTARIA SEGUNDA DE CALI 15/10/1973
5505 IX
E.P. 8741 31/12/1973 NOTARIA SEGUNDA DE CALI 08/03/1974
7636 IX
E.P. 9270 31/12/1974 NOTARIA SEGUNDA DE CALT 31/01/1975
11772 IX
E.P. 9504 31/12/1974 NOTARIA SEGUNDA DE CALI 04/04/1975 3
12441 IX 3
E.P. 17566 05/12/1975 NOTARIA SEGUNDA DE CALI 09/01/1976
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15581 IX

E.P. 2671 09/05/1980 NOTARIA SEGUNDA DE CALI 22/10/1980
41529 IX
E.P. 779 10/03/1982 NOTARIA DECIMA DE CALI 03/08/1982
54655 IX
E.P. 4324 10/11/1982 NOTARIA DECIMA DE CALI 30/06/1983
61172 IX
B.P. 1269 18/03/1986 NOTARIA DECIMA DE CALI 01/04/1986
83730 IX
E.P. 5089 24/09/1986 NOTARIA DECIMA DE CALI 29/09/1986
87933 IX
E.P. 7064 04/11/1987 NOTARIA DECIMA DE CALI 19/11/1987
2552 IX
E.P. 7065 04/11/1987 NOTARIA DECIMA DE CALI 19/11/1987
2553 IX
E.P. 5929 14/07/1989 NOTARIA DECIMA DE CALI 26/07/1989
20225 IX
E.P. 8569 29/09/1989 NOTARIA DECIMA DE CALI 02/10/1989
22250 IX
E.P. 10571 04/12/1992 NOTARIA DECIMA DE CALI 15/12/1992
60929 IX
E.P. 10249 18/12/1995 NOTARIA DECIMA DE CALI 20/12/1995
10214 IX
E.P. 2359 22/05/1997 NOTARIA TERCERA DE CALI 27/05/1997
3813 IX
E.P. 2624 30/06/2000 -NOTARIA TERCERA DE CALI 07/07/2000
4740 IX
E.P. 3814 15/09/2000 NOTARIA TERCERA DE CALI 18/09/2000
6381 IX
E.P. 3588 30/07/2004 NOTARIA TERCERA DE CALI 04/08/2004
8542 IX
E.P. 2224 24/05/2006 NOTARIA TERCERA DE CALI 30/05/2006
6565 X

j;ﬂ%IFICA:

CERTIFICA:

VIGENCIA: 01 DE ENERO DEL A?0 2057

OBJETO SOCIAL. LA SOCIEDAD TIENE POR OBJETO: A) LA FABRICACION, EL ENVASADO,
LA IMPORTACION, LA EXPORTACION, LA VENTA Y DISTRIBUCION DE PRODUCTOS
BIOLOGICOS Y QUIMICOS, MEDICAMENTOS O PRODUCTOS FARMACEUTICOS, PERFUMERIA O
EFECTOS DE TOCADOR, PRODUCTOS VETERINARIOS, AGRICOLAS Y ALIMENTOS NATURALES
Y/O PRODUCTOS DE CONSUMO POPULAR DE CUALQUIER NATURALEZA Y SERVICIOS EN
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GENERAL. B) TINVERTIR- EN SOCIEDADES O EMPRESAS DE CUALQUIER NATURALEZA O
ESPECIE DE LA SOCIEDAD MERCANTIL, NACIONAL O EXTRANJERA, QUE TENGAN COMO
ACTIVIDAD O NEGOCIO PROPIO DE SU OBJETO LA FABRICACION, DISTRIBUCION Y
COMERCIO EN GENERAL DE PRODUCTOS BIOLOGICOS Y QUIMICOS, MEDICAMENTOS O
PRODUCTOS FARMACEUTICOS, PERFUMERIA 0 EFECTOS DE TOCADOR, PRODUCTOS
VETERINARIOS, AGRICOLAS, ALIMENTOS NATURALES Y/O PROCESADOS, PRODUCTOS DE
CONSUMO POPULAR, SERVICIOS EN GENERAL O LA EXPLOTACION DE ESTABLECIMIENTOS DE
COMERCIO DEDICADOS A DICHO GIRO. C) ADQUIRIR ACCIONES, CUOTAS SOCIALES, BONOS
CEDULAS, TITULOS U OTROS VALORES EN COMPANTIAS DE CUALQUIER NATURALEZA O TIPO
LEGAL, DEDICADAS A LA EXPLOTACION DE CUALQUIER ACTIVIDAD ECONOMICA LICITA Y
ENAJENARLAS.D) LA EXPLOTACION DEL NEGOCIO DE LA PUBLICIDAD Y EL

ESTABLECIMIENTO DE OFICINAS DEDICADAS A ESTE NEGOCIO O A LA CREACION DE
ORGANOS DE PUBLICIDAD HABLADOS O ESCRITOS. E) GARANTIZAR LAS OBLIGACIONES
PROPIAS DE LOS ACCIONISTAS O DE TERCEROS. F) LA ADQUISICION DE BIENES MUEBLES,
INMUEBLES Y DE TODA CLASE DE EQUIPO Y MAQUINARIA PARA SU ARRENDAMIENTO O PARA
LA COMERCIALIZACION DE ELLOS. EN DESARROLLO DEL OBJETO SOCIAL PODRA OBTENER
PRIVILEGIOS INDUSTRIALES, CONCESIONES, PATENTES DE INVENCION, DE MEJORAS O
PROCEDIMIENTOS, MARCAS DE FABRICA O DE COMERCIO, YA SEA EN NOMBRE PROPIO O DE
TERCEROS, OTORGAR A TERCEROS, DENTRO O FUERA DEL PAIS CONCESIONES O USOS DE
EXPLOTACION SOBRE ESTOS DERECHOS, EJECUTAR TODA CLASE DE CONTRATOS DE
COMPRAVENTA, DISTRIBUCION DE MATERIAS PRIMAS, DE PRODUCTOS SEMIELABORADOS O
ELABORADOS EN EL MERCADO INTERNO O EN EL EXTERIOR Y EN GENERAL, LA CELEBRACION
DE TODO ACTO O CONTRATO SOBRE BIENES MUEBLES O INMUEBLES DE COMERCIO,
INDUSTRIALES O DE OTRA INDOLE QUE SE REFIERAN DIRECTAMENTE A LAS ACTIVIDADES
QUE PERSIGUE LA SOCIEDAD.

CERTIFICA:

?RGANOS DE DIRECCI?N Y ADMINISTRACI?N. PARA LOS FINES DE SU DIRECCI?N,
ADMINISTRACI?N Y REPRESENTACI?N, LA SOCIEDAD TIENE LOS SIGUIENTES ?RGANOS: A)
ASAMBLEA GENERAL DE ACCIONISTAS. B) JUNTA DIRECTIVA. C) PRESIDENTE EJECUTIVO.
D) TRES VICEPRESIDENTES EJECUTIVOS. E) VICEPRESIDENCIAS ADMINISTRATIVAS.

LA DIRECCI?N DE LA SOCIEDAD CORRESPONDE, EN PRIMER TERMINO A LA ASAMBLEA’
GENERAL DE ACCIONISTAS Y EN SEGUNDO LUGAR, A LA JUNTA DIRECTIVA COMO DELEGADA

DE AQUELLA.

LA REPRESENTACI?N LEGAL DE LA SOCIEDAD Y LA GESTI?N DE LOS NEGOCIOS SOCIALES, -

ESTAR?N A CARGO DEL PRESIDENTE EJECUTIVO Y DE LOS TRES VICEPRESIDENTES
EJECUTIVOS.

FUNCIONES DE LA ASAMBLEA DE ACCIONISTAS. ENTRE OTRAS LAS SIGUIENTES: 1)
ACORDAR LA FUSI?N DE LA SOCIEDAD, SU TRANSFORMACI?N, LA ENAJENACI?N O EL
ARRENDAMIENTO DE LA EMPRESA SOCIAL, LA DISOLUCI?N O LA PRORROGA Y CUALQUIER
REFORMA, AMPLIACI?N MODIFICACI?N DEL CONTRATO SOCIAL. 9) AUTORIZAR LA
ADQUISICI?N DE ACCIONES PROPIAS, CON SUJECI?N A LOS REQUISITOS ESTABLECIDOS
POR LA LEY. 10) ADOPTAR EN GENERAL, TODAS LAS MEDIDAS QUE RECLAMEN EL
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CUMPLIMIENTO DE LOS ESTATUTOS O EL INTER?S DE LA SOCIEDAD.

EN LA JUNTA DIRECTIVA SE ENTIENDE DELEGADO EL MAS AMPLIO MANDATO PARA
ADMINISTRAR LA SOCIEDAD Y POR CONSIGUIENTE, TENDR? ATRIBUCIONES SUFICIENTES
PARA ORDENAR QUE SE EJECUTE O CELEBRE CUALQUIER ACTO O CONTRATO COMPRENDIDO
DENTRO DEL OBJETO SOCIAL Y PARA ADOPTAR LAS DETERMINACIONES NECESARIAS EN
ORDEN A QUE LA SOCIEDAD CUMPLA SUS FINES Y DE MANERA ESPECIAL, TENDR? LAS
SIGUIENTES FUNCIONES ENTRE OTRAS: () NOMBRAR Y REMOVER LIBREMENTE AL
PRESIDENTE EJECUTIVO, A LOS VICEPRESIDENTES EJECUTIVOS Y A LOS VICEPRESIDENTES
ADMINISTRATIVOS. E) DISPONER EL ESTABLECIMIENTO O LA CLAUSURA DE SUCURSALES O
AGENCIAS, DENTRO O FUERA DEL DOMICILIO SOCIAL. F) FIJAR LAS POL?TICAS DE LA
SOCIEDRD EN LOS DIFERENTES ORDENES DE SU ACTIVIDAD, ESPECIALMENTE EN MATERIA
FINANCIERA, ECON?MICA Y LABORAL; APROBAR PLANES DE INVERSI?N Y DE PRODUCCI?N;
DECIDIR SOBRE NUEVAS LINEAS DE PRODUCCI?N Y VENTA, ESTABLECER NORMAS GENERALES
EN MATERIA DE PRECIOS Y DE VENTAS DE LOS PRODUCTOS ELABORADOS POR LA SOCIEDAD
O DE LOS MATERIALES Y DEM?8 ELEMENTOS EN QUE ELLA NEGOCIE Y DICTAR NORMAS Y
REGLAMENTOS PARA LA QRGANIZACI?N Y EL FUNCIONAMIENTO DE TODAS LAS DEPENDENCIAS
DE LA SOCIEDAD. G) DBETERMINAR LA APLICACI?N QUE DEBA DARSE A LAS UTILIDADES
QUE, CON EL CAR?CTHR DE RESERVAS DE INVERSI?N, HAYAN SIDO APROPIADAS POR LA .
ASAMBLEA DE ACCIONISTA®. H) AUTORIZAR PREVIAMENTE LAS OPERACIONES QUE TENGAN
POR OBJETO: 1) ADQUIRIR, HIPOTECAR Y EN CUALQUIER OTRA FORMA GRAVAR O LIMITAR
EL. DOMINIO DE BIENES RA?CES CUYA CUANT?A SEA SUPERIOR A $100.000.000.00 MONEDA '
CORRIENTE; 2) CONSTITUIR PRENDA SOBRE BIENES SOCIALES O DARLOS EN ANTICRESIS
PARA ACTOS O CONTRATC CUYA CUANT?A SEA SUPERIOR A $100.000.000.00 MONEDA :
CORRIENTE; 3) AUTORIZAR INVERSIONES EN BIENES DE CAPITAL O EFECTUAR |
REPARACIONES O MEJORAS DE LOS MISMOS, CUANDO UNAS U OTRAS IMPLIQUEN, EN CADA .
CASO, COSTOS O DESEMBOLSOS EN CUANT?A O SUPERIOR A CIEN MIL D?LARES AMERICANOS
(§US100.000.00) . 4) AUTORIZAR LOS CONTRATOS DE MUTUO QUE PUEDAN CELEBRAR LA
SOCIEDAD I1OS REPRESENTANTES LEGALES CUANDO SU CUANT?A SEA SUPERIOR A
$100.000.000.00 MONEDA LEGAL COLOMBIANA O A US$300.000.00. L) AUTORIZAR AL
REPRESENTANTE LEGAL PARA QUE SOLICITE, LLEGADO EL CASO, QUE SE ADMITA A LA
COMPA??A A LA CELEBRACI?N DE CONCORDATO PREVENTIVO CON SUS ACREEDORES. M)
SERVIR DE ?RGANO CONSULTIVO Y ASESOR DE LOS REPRESENTANTES DE LA COMPA??A.

LA ADMINISTRACI?N INMEDIATA DE LA COMPA??A, §8U REPRESENTACI?N LEGAL Y LA|
GESTI?N DE LOS NEGOCIOS SOCIALES ESTAR?N A CARGO DEL PRESIDENTE EJECUTIVO Y DE,
LOS TRES VICEPRESIDENTES EJECUTIVOS, DESIGNADOS POR LA JUNTA DIRECTIVA PARA .
PERIODOS DE UN A?0, REELEGIBLES INDEFINIDAMENTE Y REMOVIBLES LIBREMENTE POR:
ELLA EN CUALQUIER TIEMPO, QUIENES COMO REPRESENTANTES LEGALES PODR?N ACTUAR:
CONJUNTA O SEPARADAMENTE CON IGUALDAD DE FUNCIONES Y CALIDADES. TODOS LOS%
EMPLEADOS DE LA COMPA??A CON EXCEPCI?N DE LOS DESIGNADOS POR LA ASAMBLEA DE:
ACCIONISTAS Y ©LOS DEPENDIENTES DEL REVISOR FISCAL, SI LOS HUBIERE, ESTAR?N;
SOMETIDOS EN EL DESEMPE?0 DE SUS CARGOS A 1,OS REPRESENTANTES LEGALES.

LOS REPRESENTANTES LEGALES SON MANDATARIOS CON REPRESENTACI?N INVESTIDOS DE:
FUNCIONES EJECUTIVAS Y ADMINISTRATIVAS Y COMO TALES TIENEN A SU CARGO LA
REPRESENTACI?N LEGAL DE LA COMPA??A, LA GESTI?N COMERCIAL Y FINANCIERA, LA
RESPONSABILIDAD DE LA ACCI?N ADMINISTRATIVA, LA COORDINACI?N Y LA SUPERVISI?N
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GENERAL. DE LA EMPRESA, LAS CUALES CUMPLIR?N CON ARREGLO A LAS NORMAS DE LOS
ESTATUTOS Y A LAS DISPOSICIONES LEGALES Y CON SUJECI?N A LAS ORDENES E
INSTRUCCIONES DE LA JUNTA DIRECTIVA.

COMO REPRESENTANTES LEGALES DE LA COMPA??A EN JUICIO Y FUERA DE JUICIO, LOS
REPRESENTANTES TIENEN FACULTADES PARA EJECUTAR O CELEBRAR SIN OTRAS
LIMITACIONES QUE LAS ESTABLECIDAS EN LOS ESTATUTOS EN CUANTO SE TRATE DE
OPERACIONES QUE DEBAN SER PREVIAMENTE AUTORIZADAS POR LA JUNTA DIRECTIVA O POR
LA ASAMBLEA DE ACCIONISTAS, TODOS LOS ACTOS O CONTRATOS COMPRENDIDOS DENTRO
DEL OBJETO SOCIAL O QUE TENGAN CAR?CTER SIMPLEMENTE PREPARATORIO, ACCESORIO O
COMPLEMENTARIO PARA LA REALIZACI?N DE LOS FINES QUE PERSIGUE LA SOCIEDAD Y LOS
QUE SE RELACIONAN DIRECTAMENTE CON LA EXISTENCIA Y EL FUNCIONAMIENTO DE LA
MIEMA. LOS REPRESENTANTES QUEDAN INVESTIDOS DE PCDERES ESPECIALES PARA
TRANSIGIR, ARBITRAR Y COMPROMETER LOS NEGOCIOS SOCIALES; PROMOVER O COADYUVAR
ACCIONES JUDICIALES, ADMINISTRATIVAS O CONTENCIOSO ADMINISTRATIVAS EN QUE LA
COMPA??A TENGA INTER?S E INTERPONER TODOS LOS RECURSOS QUE SEAN PROCEDENTES
CONFORME A LA LEY; DESISTIR DE LAS ACCIONES O RECURSOS QUE INTERPONGAN; NOVAR
OBLIGACIONES O CR?DITOS; DAR O RECIBIR BIENES EN PAGO; CONSTITUIR APODERADOS
JUDICIALES o) EXTRAJUDICIALES, DELEGARLES FACULTADES REVOCAR MANDATOS Y
SUSTITUCIONES.

PARAGRAFO: LOS REPRESENTANTES LEGALES DE LA SOCIEDAD TIENEN AMPLIAS
FACULTADES, SIN NINGUNA LIMITACI?N Y SIN REQUERIR AUTORIZACI?N PREVIA DE LA
JUNTA DIRECTIVA, PARA ACTUAR EN NOMBRE DE LA SOCIEDAD EN LICITACIONES
PUBLICAS, PRIVADAS O CUALQUIER OTRA MODALIDAD DE CONTRATACI?N, PRESENTAR
PROPUESTAS, ACEPTAR ADJUDICACIONES Y CONTRATAR SIN LIMITACI?N DE CUANT?A
ALGUNA ANTE LAS ENTIDADES PUBLICAS, EMPRESAS INDUSTRIALES Y COMERCIALES DEL
ESTADO, SOCIEDADES DE ECONOM?A MIXTA, BIEN SEAN ELLAS DEL ORDEN NACIONAL,
DISTRITAL, DEPARTAMENTAL 0 MUNICIPAL.

CERTIFICA:

DOCUMENTO: ACTA No. 393 DEL 20 DE ENERO DE 1993
ORIGEN: JUNTA DIRECTIVA
INSCRIPCION: 26 DE ENERO DE 1993 No. 62203 DEL LIBRO IX

FUE (RON) NOMBRADO (S) :

PRESIDENTE EJECUTIVO ¢ '
FRANCISCO JOSE BARBERI OSPINA
C.C.14445880

VICEPRESIDENTE EJECUTIVO
JUAN MANUEL BARBERI OSPINA . !
C.C.14949561

A
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VICEPRESIDENTE EJECUTIVO
JUAN BAUTISTA DE LOS RIOS GUTIERREZ
C.C.17108621

VICEPRESIDENTE EJECUTIVO
EMILIO SARDI APARICIO
C.C.14434582

CERTIFICA:

DOCUMENTO: ACTA No. 38 DEL 03 DE FEBRERO DE 1992
ORIGEN: ASAMBLEA DE ACCIONISTAS
INSCRIPCION: 05 DE JUEIO DE 1992 No. 54016 DEL LIBRO IX

DOCUMENTO: ACTA No. 54 DEL 31 DE MARZO DE 2000
ORIGEN: ASAMBLEA GENERAL DE ACCIONISTAS
INSCRIPCION: 24 DE MAYO DE 2000 No. 3622 DEL LIBRO IX

DOCUMENTO: ACTA No. 65 DEL 27 DE JULIO DE 2006
ORIGEN: ASAMBLEA GENE ;> DE ACCIONISTAS
INSCRIPCION: 04 DE AGOSTO DE 2006 No. 9191 DEL LIBRO IX

FUE (RON) NOMBRADO (S)
JUNTA DIRECTIVA
PRINCIPALES

PRIMER RENGLON

FRANCISCO JOSE BARBERI OSPINA
C.C.14445880

SEGUNDO RENGLON ////
JUAN MANUEL BARBERI OSPINA
C.C.14949561

TERCER RENGLON
JUAN BAUTISTA DE LOS RIOS GUTIERREZ
C.C.17108621

CUARTO RENGLON
EMILIO SARDI APARICIO
C.C.14434582
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QUINTO RENGLON
DIEGO HUMBERTO QUIJANO REISSNER
C.C.16615708

SUPLENTES

PRIMER RENGLON
GUSTAVO ADOLFO SANCHEZ LESMES
C.C.16625960

SEGUNDO RENGLON
VICTOR RICARDO ROSA GARCIA
C.C¢.6811102

TERCER RENGLON
ANTONIO JAIRO RAMIREZ ECHAVE
C.C.16741040

CUARTO RENGLON
ERNESTO TRUJILLO PEREZ
C.C.14984104

QUINTO RENGLON

ANA MARIA ALVAREZ
C.C.31170896

CERTIFICA:
DOCUMENTO: ACTA No. 59 DEL 31 DE MARZO DE 2003
ORIGEN: ASAMBLEA DE ACCIONISTAS
INSCRIPCION: 23 DE ABRIL DE 2003 No. 2845 DEL LIBRO IX
FUH (RON) NOMBRADO(S) :
REVISOR FISCAL

DELOITTE & TOUCHE LTDA D & T LTDA
NIT.860005813-4

CERTIFICA:

DOCUMENTO: DOCUMENTO PRIVADO DEL 26 DE AGOSTO DE 2004
ORIGEN: DELOITTE & TOUCHE LTDA D & T LTDA

V. DARAIANID 3 A
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INSCRIPCION: 30 DE AGOSTO DE 2004 No. 9417 DEL LIBRO IX

FUE (RON) NOMBRADO (S) :

REVISOR FISCAL PRINCIPAL
LUIS FERNANDO QUICENO BENAVIDES
C.C.6106227

REVISOR FISCAL SUPLENTE
JESUS DARIO LOPEZ CASELLA
C.C.16789097

CERTIFICA:

QUE POR ESCRITURA NRO. 5235 DEL 19 DE JULIO DE 1996 NOTARIA DECIMA DE CALI ,
INSCRITA EN LA CAMARA DE COMERCIO EL 25 DE JULIO DE 1996 BAJO EL NRO. 144 DEL
LIBRO V MEDIANTE LA CUAL SE LE CONCEDE PODER ESPECIAL, AMPLIO Y SUFICIENTE A
CARLOS ALBERTO QUINTERO, MAYOR DE EDAD, VECINO DE ESTA CIUDAD, IDENTIFICADO
CON LA CEDULA DE CIUDADANIA NRO.

14.440.778 DE CALI, PARA QUE EN NOMBRE Y REPRESENTACION DE LA SOCIEDAD, CUYA
DERSONERIA OSTENTA, EL REPRESENTANTE EN LOS SIGUIENTES ACTOS: A) PRESENTAR EN
LA ADMINISTRACION DE IMPUESTOS Y ADUANAS NACIONALES O DEL ORGANISMO QUE HAGA
SUS VECES Y FIRMAR EN REPRESENTACION DE LA SOCIEDAD, LAS DECLARACIONES DEL !
IMPUESTO SOBRE LA RENTA Y COMPLEMENTARIOS QUE CORRESPONDA A LA SOCIEDAD, Y.
TODAS LAS DEMAS DECLARACIONES QUE LA SOCIEDAD DEBA PRESENTAR ANTE DICHA .
ENTIDAD, TALES COMO LA DE VENTAS, RETENCION EN LA FUENTE, TIMBRE Y CUALESQUIER '
OTRA DECLARACION QUE POR LEY LA SOCIEDAD ESTE OBLIGADA A PRESENTAR. ‘
B) PARA PRESENTAR Y SUSCRIBIR TODOS LOS DOCUMENTOS QUE OBLIGUEN A
TECNOQUIMICAS S.A., COMO DECLARANTE DEL IMPUESTO DE INDUSTRIA Y COMERCIO Y EL
COMPLEMENTARIO DE AVISOS Y TABLEROS EN LOS MUNICIPIOS EN QUE LA SOCIEDAD ESTE:
OBLIGADA AL PAGO DE LOS CITADOS IMPUESTOS, PUDIENDO IGUALMENTE NOTIFICARSE DE;
TODAS LAS ACTUACIONES, ACTOS, DILIGENCIAS O GESTIONES RELACIONADAS O QUE SE%
DERIVEN DE LOS MENCIONADOS TRIBUTOS. C) PARA PRESENTAR Y SUSCRIBIR TODOS LOS |
DOCUMENTOS QUE OBLIGUEN A TECNOQUIMICAS S.A. COMO DECLARANTE DEL IMPUESTO
PREDIAL Y COMPLEMENTARIOS EN LOS MUNICIPIOS DONDE TENGA BIENES INMUEBLES,
PUDIENDO IGUALMENTE NOTIFICARSE DE TODAS LAS ACTUACIONES, ACTOS, DILIGENCIAS O
GESTIONES RELACIONADAS O QUE SE DERIVEN DEL CITADO IMPUESTO. D) PARA DAR.
RESPUESTA A LOS REQUERIMIENTOS ORDINARIOS Y A LAS SOLICITUDES DE INFORMACION;
EN RELACION CON LOS IMPUESTOS ADMINISTRADOS POR LA DIRECCION DE IMPUESTOS Y
ADUANAS NACIONALES Y POR LAS DEPENDENCIAS MUNICIPALES QUE ADMINISTREN LOS
IMPUESTOS DE CARACTER TERRITORIAL. E) Y EN GENERAL, PARA QUE ASUMA LA
PERSONERIA EN NOMBRE DE TECNOQUIMICAS S.A., SIEMPRE QUE LO ESTIME CONVENIENTE,
DE MANERA QUE EN NINGUN CASO LA SOCIEDAD QUEDE SIN REPRESENTACION EN LOS
ASUNTOS RELACIONADOS CON LAS FACULTADES OTORGADAS.
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CERTIFICA:

QUE POR ESCRITURA NRO. 2873 DEL 10 DE JULIO DE 2001 NOTARIA TERCERA DE CALT ,
| INSCRITA EN LA CAMARA DE COMERCIO EL 06 DE SEPTIEMBRE DE 2001 BAJO EL NRO. 213
DEL LIBRO V MEDIANTE LA CUAL SE CONCEDE PODER ESPECIAL, AMPLIO Y SUFICIENTE A
MARTA TERESA CANON DE GUZMAN, IDENTIFICADA CON LA CEDULA DE CIUDADANIA NRO.
31.238.104 DE CALI, CARLOS ARTURC PENA NIETO IDENTIFICADO CON LA CEDULA DE
CIUDADANIA NRO. 19.483.439 DE BOGOTA Y ANGELA MARIA CORREA CARDONA
IDENTIFICADA CON LA CEDULA DE CIUDADANIA No.66.835.555 DE CALI, LA PRIMERA
COMO PRINCIPAL Y EL SEGUNDO COMO PRIMER SUPLENTE Y LA TERCERA COMO SEGUNDA
SUPLENTE, PARA QUE REPRESENTEN A LA SOCIEDAD EN TODOS LOS ASUNTOS CAMBIARIOS,
CON FACULTAD PARA FIRMAR DECLARACIONES DE CAMBIOS SEA POR CREDITOS EN MONEDA
EXTRANJERA, POR MOVIMIENTOS DE LAS CUENTAS CORRIENTES DE COMPENSACION,
IMPORTACIONES DE BIENES Y SERVICIOS, TRANSFERENCIAS Y OTROS CONCEPTOS,
REGISTRO DE PRESTAMO EN MONEDA EXTRANJERA OTORGADOS A LA EMPRESA EN SU
CONDICION DE RESIDENTE Y TODOS AQUELLOS DOCUMENTOS O DECLARACIONES QUE DEBAN
HACERSE ANTE EL BANCO DE LA REPUBLICA U OTRAS ENTIDADES GUBERNAMETALES
RESPECTO DE OPERACIONES EN EL MERCADO CAMBIARIO. LOS APODERADOS SUSCRIBIRAN
TODOS LOS DOCUMENTOS Y REALIZAR TODOS LOS ACTOS QUE OBLIGUEN A TECNOQUIMICAS S.
A. ANTE LAS AUTORIDADES CAMBIARIAS, PUDIENDO IGUALMENTE NOTIFICARSE DE TODAS
LAY ACTUACIONES, ACTOS ADMINISTRATIVOS, DILIGENCIAS O GESTIONES RELACIONADAS O
QUE SE DERIVEN DE DICHA ACTIVIDAD Y EN GENERAL PARA QUE ASUMA LA PERSONERIA A
NOMBRE DE TECNOQUIMICAS S.A., SIEMPRE QUE LO ESTIMEN CONVENIENTE, DE MANERA
QUE EN NINGUN CASO QUEDE SIN LA DEBIDA REPRESENTACION EN LA SALVAGUARDIA DE
SUS DERECHOS Y CUMPLIMIENTO DE OBLIGACIONES DE CARACTER CAMBIARIO Y EN LOS
ASUNTOS CONCERNIENTES PARA LAS MATERIAS DE QUE TRATA ESTE PODER. LOS
APODERADOS SE CENIRAN RIGUROSAMENTE A LOS TERMINOS EXPRESADOS EN ESTE MANDATO

QUE SE OTORGA POR TERMINO INDEFINIDO Y CUALQUIER NOTIFICACION O REVOCATORIA SE
HARA EXPRESAMENTE POR ESCRITURA PUBLICA.

CERTIFICA:

QUE POR ESCRITURA NRO. 307 DEL 31 DE ENERO DE 2002 NOTARIA TERCERA DE CALI ,
INSCRITA EN LA CAMARA DE COMERCIO EL 13 DE FEBRERO DE 2002 BAJO EL NRO. 298
DEL LIBRO V MEDIANTE LA CUAL SE LE CONCEDE PODER ESPECIAL, AMPLIO Y SUFICIENTE
A JORGE ROBERTO OBANDO RODRIGUEZ, MAYOR DE EDAD, VECINO DE ESTA CIUDAD, -
IDENTIFICADO CON LA CEDULA DE CIUDADANIA NRO. 14.960.183 DE CALI, PARA QUE EN
NOMBRE Y REPRESENTACION DE LA SOCIEDAD, CUYA PERSONERIA OSTENTA: 1o.) PROMUEVA
O DESISTA DE ACCIONES ANTE CORPORACIONES, ENTIDADES O FUNCIONARIOS DEL ORDEN
JUDICIAL O GUBERNATIVO, YA SEA EN PROCESOS, ACTUACIONES O ACTOS SIMPLES,
DILIGENCIAS O GESTIONES EN QUE TECNOQUIMICAS S.A. TENGA INTERES COMO ACTCR,
DEMANDANDO O TERCERO INTERVINIENTE EN RELACION CON LOS ASUNTOS DE CARACTER
LABORAL, POLICIVO, PENAL O DE FISCALIA, EN QUE LA EMPRESA SEA PARTE ACTIVA O
PASIVA, CON CAPACIDAD PARA NOTIFICARSE Y CONTESTAR Y HACERSE PARTE DE ELLOS EN
NOMBRE DE TECNOQUIMICAS S.A. 20.) SUSCRIBA Y DE POR TERMINADO LOS CONTRATOS DE

T DAMAKANIC SA. ¢ 1
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TRABAJO DEL PERSONAL VINCULADO A LA EMPRESA. 30.) CONSTITUYA APODERADOS EN
DESARROLLO DE ESTA REPRESENTACION LABORAL, REVOQUE Y SUSTITUYA DICHOS PODERES
CUANDO LO ESTIME PROCEDENTE. 40.) TRANSIJA, CONCILIE, DESISTA Y COMPROMETA A
LA EMPRESA EN TODOS LOS TRAMITES ADMINISTRATIVOS Y PROCESOS JUDICIALES, DE
CARACTER LABORAL, POLICIVO, PENAL O DE FISCALIA EN LOS QUE LA EMPRESA SEA
PARTE DEMANDANTE, DEMANDADA O TERCERO INTERVINIENTE. PARAGRAFO. LA FACULTAD
PARA TRANSIGIR O CONCILIAR SE LIMITA A LA SUMA DE QUINIENTOS (500) SALARIOS
LEGALES MENSUALES. 50.) OTORGUE PODERES Y CONSTITUYA MANDATARIOS PARA INICIAR
LAS ACCIONES JUDICIALES DE CARACTER CIVIL, COMERCIAL Y PENAL TENDIENTES A LA
RECUPERACION DE LOS CREDITOS A FAVOR DE LA SOCIEDAD, BIEN SEA REPRESENTADOS EN
FACTURAS, CHEQUES, TITULOS VALORES O CUALQUIER OTRO DOCUMENTO REPRESENTATIVO
DE CREDITO, HASTA POR SUMA EQUIVALENTE A QUINIENTOS (500) SALARIOS MINIMOS
LEGALES MENSUALES, CON EXPRESAS FACULTADES PARA ASISTIR EN NOMBRE DE
TECNOQUIMICAS S.A. A LAS AUDIENCIAS DE CONCILIACION QUE PROGRAMEN LOS JUZGADOS

CIVILES MUNICIPALES Y DEL CIRCUITO, CON AUTORIZACION PARA TRANSIGIR, DESISTIR

CONCILIAR O COMPROMETER A LA SOCIEDAD HASTA POR LA CUANTIA INDICADA. 60.

REPRESENTE A TECNOQU;HICAS S.A. DENTRO DE LOS TRAMITES DE CONCORDATOS,

PROCESOS DE REESTRUE URACION ECONOMICA PREVISTO EN LA LEY 550 DE 1999 Y LAS .
NORMAS QUE LA ADICICNEN O MODIFIQUEN Y LIQUIDACIONES OBLIGATORIAS QUE SE

TRAMITEN ANTE LA SUPERINTENDENCIA DE SOCIEDADES O ANTE LAS ENTIDADES
PERTINENTES CUANDO SE TRATE DE OTRA CLASE DE ACREEDORES O ANTE LOS JUZGADOS

CIVILES, CON EXPRESAS FACULTADES PARA TRANSIGIR, DESISTIR, CONCILIAR O
COMPROMETER, NOMBRAR_;QPOEERADOS, PRESENTAR LOS CREDITOS, APORTAR LAS PRUEBAS |
QUE ESTIME NECESARIAS, ASISTIR A LAS AUDIENCIAS PRELIMINARES Y DEFINITIVAS,
ACORDAR FORMULAS DE PAGO, RECIBIR Y EN GENERAL PARA EJERCER TODAS AQUELLAS
GESTIONES NECESARIAS PARA OBTENER EL RECONOCIMIENTO Y PAGO DE LOS CREDITOS .
PRESENTADOS. LAS FACULTADES AQUI ESTABLECIDAS ESTAN LIMITADAS PARA LOS.
CREDITOS HASTA POR CUANTIA DE QUINIENTOS (500) SALARIOS MINIMOS LEGALES?
MENSUALES. PARAGRAFO. IGUALMENTE QUEDA FACULTADO PARA ACEPTAR Y REPRESENTAR A
TECNOQUIMICAS CUANDO LA EMPRESA SEA NOMBRADA EN JUNTA DE ACREEDORES O EN
ORGANOS EQUIVALENTES O SIMILARES, EN LOS PROCESOS QUE TRAMITEN ANTE LA

SUPERINTENDENCIA DE SOCIEDADES O ANTE LAS ENTIDADES PERTINENTES CUANDO SE.
TRATE DE OTRA CLASE DE DEUDORES. 70.) REPRESENTE A TECNOQUIMICAS S.A. EN LOS,
PROCEDIMIENTOS DE CONCILIACION QUE LOS DEUDORES DE LA SOCIEDAD CONVOQUEN ANTE!
LAS ENTIDADES FACULTADAS PARA ELLO CON EL FIN OBTENER UN ACUERDO EN EL PAGO DE|
LAS ACREENCIAS, CON EXPRESAS FACULTADES PARA TRANSIGIR, DESISTIR, CONCILIAR O%
COMPROMETER Y RECIBIR, FACULTADES QUE SE LIMITAN HASTA POR LA SUMA DE:
QUINIENTOS (500) SALARIOS MINIMOS LEGALES MENSUALES. 80.) REVISE LOS
EXPEDIENTES DE LOS PROCESOS JUDICIALES DE CARACTER EJECUTIVO EN QUE LA
SOCIEDAD SEA PARTE DEMANDANTE, EN TODO EL TERRITORIO NACIONAL, PARA LAE
RECUPERACION DE SUS ACREENCIAS. 90.) APRUEBE Y SUSCRIBA ACUERDOS PRIVADOS DE
PAGO Y CONCILIACIONES DE OBLIGACIONES A FAVOR DE TECNOQUIMICAS POR LA VENTA DE
SﬁS PRODUCTOS HASTA POR LA SUMA DE (500) SALARIOS MINIMOS LEGALES MENSUALES.

CERTIFICA:
QUE POR ESCRITURA NRO. 310 DEL 31 DE ENERO DE 2002 NOTARIA TERCERA DE CALT ,
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INSCRITA EN LA ~CAMARA DE COMERCIO EL 13 DE FEBRERO DE 2002 BAJO EL NRO. 301
DEL, LIBRO V MEDIANTE LA CUAL SE LE CONCEDE PODER ESPECIAL, PERO AMPLIO Y
SUFICIENTE A CARLOS ORLANDO MUTIS, MAYOR DE EDAD, VECINO DE BUCARAMANGA,
IDENTIFICADO CON LA CEDULA DE CIUDADANIA No. 91.200.418 DE BUCARAMANGA,
GERENTE DEL DISTRITO DE VENTAS DE LA REGIONAL ORIENTE DE LA SOCIEDAD, CON SEDE
EN BUCARAMANGA, PARA EL EJERCICIO DE LAS SIGUIENTES FACULTADES: 1) PARA QUE EN
NOMBRE DE TECNOQUIMICAS S.A. Y EN ASUNTOS QUE TENGA QUE VER CON EL DISTRITO DE
VENTAS SE NOTIFIQUE Y PROMUEVA ACCIONES EN NOMBRE DE ESTA ANTE ENTIDADES
PUBLICAS, FUNCIONARIOS O EMPLEADOS NACIONALES, DEPARTAMENTALES Y MUNICIPALES
DEL ORDEN JUDICIAL, ADMINISTRATIVO POLICIVO, PENAL O DE FISCALIA, YA SEA EN
PROCESOS, ACTUACIONES, SIMPLES ACTOS O DILIGENCIAS Y GESTIONES, CON FACULTADES
DE DESISTIMIENTO, ALLANAMIENTO, Y CONCILIACION, EN LOS QUE EL ESTABLECIMIENTO
ESTE VINCULADO COMO DEMANDANTE, DEMANDADO O TERCERO INTERVINIENTE. PARAGRAFO:
LA FACULTAD DE CONCILIACION, DESISTIMIENTO Y ALLANAMIENTO SE LIMITA HASTA LA
SUMA EQUIVALENTE A CINCUENTA (50) SALARIOS MINIMOS LEGALES MENSUALES. 2) PARA
QUE OTORGUE PODER Y CONSTITUYA MANDATARIOS PARA INICIAR LAS ACCIONES CIVILES,
COMERCIALES Y PENALES TENDIENTES A LA RECUPERACION DE LA CARTERA, SIN
LIMITACION DE CUANTIA, CON EXPRESAS FACULTADES PARA ASISTIR EN NOMBRE DE LA
SOCIEDAD A LAS AUDIENCIAS DE CONCILIACION, CON AUTORIZACION PARA TRANSIGIR,
DESISTIR, CONCILIAR O COMPROMETER A LA SOCIEDAD EN TODOS LOS PROCESOS,
GESTIONES JUDICIALES, ADMINISTRATIVAS O RECLAMACIONES EXTRA PROCESO EN QUE
INTERVENGA EN ASUNTOS RELACIONADOS CON EL ESTABLECIMIENTO DE COMERCIO CON LAS
LIMITACIONES PREVISTAS EN EL PARAGRAFO DEL NUMERAL ANTERIOR. 3) PARA QUE
OTORGUE PODER Y CONSTITUYA MANDATARIOS PARA HACERSE PARTE EN LOS PROCESOS
CONCORDATARIOS, DE LIQUIDACION OBLIGATORIA, O REESTRUCTURACION ECONOMICA QUE
SE TRAMITEN ANTE LA SUPERINTENDENCIA DE SOCIEDADES 0 ANTE OTRAS
SUPERINTENDENCIAS O ENTIDADES CUANDO SE TRATE DE OTRA CLASE DE DEUDORES,
TENDIENTES A LA RECUPERACION DE LA CARTERA, SIN LIMITACION DE CUANTIA, CON
EXPRESAS FACULTADES PARA ASISTIR EN NOMBRE DE LA SOCIEDAD A LAS DIVERSAS
AUDIENCIAS CON AUTORIZACION PARA TRANSIGIR, DESISTIR, CONCILIAR O COMPROMETER
A LA SOCIEDAD EN TODOS LOS PROCESOS, GESTIONES JUDICIALES, ADMINISTRATIVAS O
RECLAMACIONES EXTRA PROCESO EN QUE INTERVENGA EN ASUNTOS DEL ESTABLECIMIENTO
CON LAS LIMITACIONES PREVISTAS EN EL PARAGRFO DEL NUMERAL PRIMERO. 4) PARA
SUSCRIBIR LOS CONTRATOS DE TRABAJO Y DARLOS POR TERMINADO DEL PERSONAL
VINCULADO O QUE SE VINCULE AL ESTABLECIMIENTO DE COMERCIO. 5) PARA CONSTITUIR
APODERADO O APODERADOS EN DESARROLLO DE LA REPRESENTACION LABORAL, SI ASI LO
CONSIDERA NECESARIO, TENIENDO SUMA DILIGENCIA PARA QUE TECNOQUIMICAS S.A. EN
NINGUN CASO QUEDE SIN LA DEBIDA REPRESENTACION EN LA SALVAGUARDIA DE SUS
DERECHOS Y OBLIGACIONES LABORALES. 6) PARA QUE EN DESARROLLO DE LAS
ACTIVIDADES DEL ESTABLECIMIENTO DE COMERCIO EJERZA LAS SIGUIENTES FACULTADES
ESPECIALES: A) COMPRAR Y PERMUTAR TODA CLASE DE BIENES MUEBLES CUYA FINALIDAD
SEA NECESARIA PARA EL MEJOR DESEMPENO DE LAS ACTIVIDADES DEL ESTABLECIMIENTO,
HASTA POR LA SUMA QUE INDIQUE LOS MANUALES Y PROCEDIMIENTOS INTERNOS DE LA
SOCIEDAD. PARAGRAFO: ES ENTENDIDO QUE EL APODERADO, EN SU CONDICION DE
GERENTE, ESTA FACULTADO PARA REALIZAR LA VENTA, SIN LIMITACION DE CUANTIA, DE
LOS ARTICULOS PROPIOS DE LA ACTIVIDAD COMERCIAL DEL DISTRITO DE VENTAS. B)
MANEJAR LAS CUENTAS CORRIENTES CON FACULTADES PARA GIRAR CHEQUES HASTA POR LA
CUANTIA QUE DETERMINEN LOS MANUALES Y PROCEDIMIENTOS INTERNOS DE LA SOCIEDAD.
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C) OTORGAR CREDITOS EN DESARROLLO DE LAS VENTAS DE LOS ARTICULOS PROPIOS DE LA
ACTIVIDAD COMERCIAL DEL DISTRITO DE VENTAS, DE ACUERDO CON LO QUE DETERMINEN
LOS MANUALES Y PROCEDIMIENTOS INTERNOS DE LA SOCIEDAD. D) RECIBIR A NOMBRE DE

LA SOCIEDAD CUALQUIER SUMA DE DINERO, EXPIDIENDO LOS COMPROBANTES EN QUE
CONSTE EL PAGO.

CERTIFICA:

QUE POR ESCRITURA NRO. 309 DEL 31 DE ENERO DE 2002 NOTARIA TERCERA DE CALI ,
INSCRITA EN LA CAMARA DE COMERCIO EL 13 DE FEBRERO DE 2002 BAJO EL NRO. 300
DEL LIBRO V MEDIANTE LA CUAL SE LE CONCEDE PODER ESPECIAL, PERO AMPLIO Y
SUFICIENTE A DANIEL AMEZQUITA, MAYOR DE EDAD, VECINO DE BARRANQUILLA, .
IDENTIFICADO CON LA CEDULA DE CIUDADANIA NRO. 8.681.962 DE BARRANQUILLA,
GERENTE DEL DISTRITO DE VENTAS DE LA REGIONAL DE LA ZONA ATLANTICA DE LA ;
SOCIEDAD, CON SEDE EN BARRANQUILLA, PARA EL EJERCICIO DE LA SIGUIENTES
FACULTADES: 1) PARA ﬁ? FN NOMBRE DE TECNOQUIMICAS S.A. Y EN ASUNTOS QUE TENGA |
QUE VER CON EL DIg ¥ITO DE VENTAS SE NOTIFIQUE Y PROMUEVA ACCIONES EN NOMBRE .
DE ESTA ANTE ENT&QQDES PUBLICAS, FUNCIONARIOS O EMPLEADOS NACIONALES,
DEPARTAMENTALES Y MUNICIPALES DEL ORDEN JUDICIAL, ADMINISTRATIVO POLICIVO, !
PENAL O DE FISCALIA, YA SEA EN PROCESOS, ACTUACIONES, SIMPLES ACTOS O:
DILIGENCIAS Y GESTIONES, CON FACULTADES DE DESISTIMIENTO, ALLANAMIENTO Y
CONCILIACION, EN LOSV’QUE EL ESTABLECIMIENTO ESTE VINCULADO COMO DEMANDANTE,:
DEMANDADO O TERCERO. :INTERVINIENTE. PARAGRAFO: LA FACULTAD DE CONCILIACION, °
DESISTIMIENTO Y ALL MIENTO SE LIMITA HASTA LA SUMA EQUIVALENTE A CINCUENTA
(50) SALARIOS MINIMOS LEGALES MENSUALES. 2) PARA QUE OTORGUE PODER Y
CONSTITUYA MANDATARTOS DPARA INICIAR LAS ACCIONES CIVILES, COMERCIALES Y
PENALES TENDIENTES A LA RECUPERACION DE LA CARTERA, SIN LIMITACION DE CUANTIA,
CON EXPRESAS FACULTADES PARA ASISTIR EN NOMBRE DE LA SOCIEDAD A LAS AUDIENCIAS?
DE CONCILIACION, CON AUTORIZACION PARA TRANSIGIR, DESISTIR, CONCILIAR O:
COMPROMETER A LA SOCIEDAD EN TODOS LOS PROCESOS, GESTIONES JUDICIALES,;
ADMINISTRATIVAS O RECLAMACIONES EXTRA PROCESO EN QUE INTERVENGA EN ASUNTOS :
RELACIONADOS CON EL ESTABLECIMIENTO DE COMERCIO CON LAS LIMITACIONES PREVISTASE
EN EL PARAGRAFO DEL NUMERAL ANTERIOR. 3) PARA QUE OTORGUE PODER Y CONSTITUYA,
MANDATARIOS PARA HACERSE PARTE EN LOS PROCESOS CONCORDATARIOS, DE LIQUIDACION%
OBLIGATORIA, 0 REESTRUCTURACION ECONOMICA QUE SE TRAMITEN ANTE LAl
SUPERINTENDENCIA DE SOCIEDADES O ANTE OTRAS SUPERINTENDENCIAS O ENTIDADES
CUBNDO SE TRATE DE OTRA CLASE DE DEUDORES, TENDIENTES A LA RECUPERACION DE LA
CARTERA, SIN LIMITACION DE CUANTIA, CON EXPRESAS FACULTADES PARA ASISTIR EN
NOMBRE DE LA SOCIEDAD A LAS DIVERSAS AUDIENCIAS CON AUTORIZACION PARA
TRANSIGIR, DESISTIR, CONCILIAR O COMPROMETER A LA SOCIEDAD EN TODOS LOS
PROCESOS, GESTIONES JUDICIALES, ADMINISTRATIVAS O RECLAMACIONES EXTRA PROCESO
EN QUE INTERVENGA EN ASUNTOS DEL ESTABLECIMIENTO CON LAS LIMITACIONES
PREVISTAS EN EL PARAGRAFO DEL NUMERAL PRIMERO. 4) PARA SUSCRIBIR LOS CONTRATOS
DE TRABAJO Y DARLOS POR TERMINADO DEL PERSONAL VINCULADO O QUE SE VENTILE AL
ESTABLECIMIENTO DE COMERCIO. 5) PARA CONSTITUIR APODERADO O APODERADOS EN
DESARROLLO DE LA REPRESENTACION LABORAL, SI ASI LO CONSIDERA NECESARIO,
TENIENDO SUMA DILIGENCIA PARA QUE TECNOQUIMICAS S.A. EN NINGUN CASO QUEDE SIN
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LA" DEBIDA REPRESENTACION EN LA SALVAGUARDIA DE SUS DERECHOS Y OBLIGACIONES
LABORALES. 6) PARA QUE EN DESARROLLO DE LAS ACTIVIDADES DEL ESTABLECIMIENTO DE
COMERCIO EJERZA LAS SIGUIENTES FACULTADES ESPECIALES: A) COMPRAR Y PERMUTAR
TODA CLASE DE BIENES MUEBLES CUYA FINALIDAD SEA NECESARIA PARA EL MEJOR
DESEMPENO DE LAS ACTIVIDADES DEL ESTABLECIMIENTO, HASTA POR LA SUMA QUE
INDIQUE LOS MANUALES Y PROCEDIMIENTOS INTERNOS DE LA SOCIEDAD. PARAGRAFO: ES
ENTENDIDO QUE EL APODERADO, EN SU CONDICION DE GERENTE, ESTA FACULTADO PARA
REALIZAR LA VENTA, SIN LIMITACION DE CUANTIA, DE LOS ARTICULOS PROPIOS DE LA
ACTIVIDAD COMERCIAL DEL DISTRITO DE VENTAS. B) MANEJAR LAS CUENTAS CORRIENTES
CON FACULTADES PARA GIRAR CHEQUES HASTA POR LA CUANTIA QUE DETERMINEN LOS
MANUALES Y PROCEDIMIENTOS INTERNOS DE LA SOCIEDAD. C) OTORGAR CREDITOS EN
DESARROLLO DE LAS VENTAS DE LOS ARTICULOS PROPIOS DE LA ACTIVIDAD COMERCIAL
DEL DISTRITO DE VENTAS, DE ACUERDO CON LO QUE DETERMINEN LOS MANUALES Y
PROCEDIMIENTOS INTERNOS DE LA SOCIEDAD. D) RECIBIR A NOMBRE DE LA SOCIEDAD
CUALQUIER SUMA DE DINERO, EXPIDIENDO LOS COMPROBANTES EN QUE CONSTE EL PAGO.

CERTIFICA:

QUE POR ESCRITURA NRO. 308 DEL 31 DE ENERO DE 2002 NOTARIA TERCERA DE CALI ,
INSCRITA EN LA CAMARA DE COMERCIO EL 04 DE MARZO DE 2002 BAJO EL NRO. 318 DEL
LIBRO V MEDIANTE LA CUAL SE CONCEDE PODER ESPECIAL, PERO AMPLIO Y SUFICIENTE A
HERNANDO ANGULO MOYANO, MAYOR DE EDAD, VECINO DE BOGOTA, IDENTIFICADO CON LA
CEDULA DE CIUDADANIA NRO. 19.322.139 DE BOGOTA, GERENTE DEL DISTRITO DE VENTAS
DE LA REGIONAL CUNDINAMARCA DE LA SOCIEDAD, CON SEDE EN BOGOTA, PARA EL
EJERCICIO DE LAS SIGUIENTES FACULTADES: 1) PARA QUE EN NOMBRE DE TECNOQUIMICAS
S.A. Y EN ASUNTOS QUE TENGA QUE VER CON EL DISTRITO DE VENTAS SE NOTIFIQUE Y

PROMUEVA ACCIONES EN NOMBRE DE ESTA ANTE ENTIDADES PUBLICAS, FUNCIONARIOS O
EMPLEADOS NACIONALES, DEPARTAMENTALES Y MUNICIPALES DEL ORDEN JUDICIAL,
ADMINISTRATIVO POLICIVO, PENAL O DE FISCALIA, YA SEA EN PROCESOS, ACTUACIONES,
SIMPLES ACTOS O DILIGENCIAS Y GESTIONES, CON FACULTADES DE DESISTIMIENTO,
ALLANAMIENTO Y CONCILIACION, EN LOS QUE EL ESTABLECIMIENTO ESTE VINCULADO COMO
DEMANDANTE, DEMANDADO O TERCERO INTERVINIENTE.

PARAGRAFO: LA FACULTAD DE CONCILIACION, DESISTIMIENTO Y ALLANAMIENTO SE

LIMITA HASTA LA SUMA EQUIVALENTE A CINCUENTA (50) SALARIOS MINIMOS LEGALES
MENSUALES. 2) PARA QUE OTORGUE PODER Y CONSTITUYA MANDATARIOS PARA INICIAR LAS
ACCIONES CIVILES, COMERCIALES Y PENALES TENDIENTES A LA RECUPERACION DE LA
CARTERA, SIN LIMITACION DE CUANTIA, CON EXPRESAS FACULTADES PARA ASISTIR EN
NOMBRE DE LA SOCIEDAD A LAS AUDIENCIAS DE CONCILIACION, CON AUTORIZACION PARA
TRANSIGIR, DESISTIR, CONCILIAR O COMPROMETER A LA SOCIEDAD EN TODOS LOS
PROCESOS, GESTIONES JUDICIALES, ADMINISTRATIVAS O RECLAMACIONES EXTRA PROCESO
EN QUE INTERVENGA EN ASUNTOS RELACIONADOS CON EL ESTABLECIMIENTO DE COMERCIO
CON LAS LIMITACIONES PREVISTAS EN EL PARAGRAFO DEL NUMERAL ANTERIOR. 3) PARA
QUE OTORGUE PODER Y CONSTITUYA MANDATARIOS PARA HACERSE PARTE EN LOS PROCESOS
CONCORDATARIOS, DE LIQUIDACION OBLIGATORIA, O REESTRUCTURACION ECONOMICA QUE
SE TRAMITEN ANTE LA SUPERINTENDENCIA DE SOCIEDADES o ANTE OTRAS
SUPERINTENDENCIAS O ENTIDADES CUANDO SE TRATE DE OTRA CLASE DE DEUDORES,
TENDIENTES A LA RECUPERACION DE LA CARTERA, SIN LIMITACION DE CUANTIA, CON
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EXPRESAS FACULTADES PARA ASISTIR EN NOMBRE DE LA SOCIEDAD A LAS DIVERSAS
AUDIENCIAS CON AUTORIZACION PARA TRANSIGIR, DESISTIR, CONCILIAR O COMPROMETER

CONSIDERA NECESARIO, TENIENDO SUMA DILIGENCIA PARA QUE TECNOQUIMICAS S.A. EN
NINGUN CASO QUEDE SIN LA DEBIDA REPRESENTACION EN LA SALVAGUARDIA DE SUS

SEA NECESARIA PARA EL MEJOR DESEMPENO DE LAS ACTIVIDADES DEL ESTABLECIMIENTO,
SOCIEDAD. PARAGRAFO: ES ENTENDIDO QUE EL APODERADO, EN SU CONDICION DE
1LOS ARTICULOS PROPIQS DE LA ACTIVIDAD COMERCIAL DEL DISTRITO DE VENTAS. B)

CUANTIA QUE DETERMINEN LOS MANUALES Y PROCEDIMIENTOS INTERNOS DE LA SOCIEDAD.

LOS MANUALES Y PROCEDIMIENTOS INTERNOS DE LA SOCIEDAD. D) RECIBIR A NOMBRE DE

CONSTE EL PAGO.

CERTIFICA:

JUSTICIA, IDENTIFICADO CON LA CEDULA DE CIUDADANIA NUMERO 16.741.040 DE CALI
PARA QUE REPRESENTE A TECNOQUIMICAS S.A., EN LOS SIGUIENTES ACTOS: A)
SOLICITAR Y ADELANTAR ANTE EL INSTITUTO COLOMBIANO AGROPECUARIO TODOS LOS

1,0 FACULTO PARA DAR ANTE DICHAS AUTORIDADES TODOS LOS PASOS NECESARIOS,
PRESENTAR SOLICITUDES, HACER DECLARACIONES, PAGAR DERECHOS, PROBAR
EXPLOTACIONES, SOLICITAR TESTIMONIOS, RECIBIR DOCUMENTOS, FORMULAR APELACIONES
Y RECLAMOS, DESISTIR Y PERCIBIR. ASI MISMO DICHO APODERADO ESTA AUTORIZADO

*x% CONTINUA ***

A LA SOCIEDAD EN TODOS LOS PROCESOS, GESTIONES JUDICIALES, ADMINISTRATIVAS O .
RECLAMACIONES EXTRA PROCESO EN QUE INTERVENGA EN ASUNTOS DEL ESTABLECIMIENTO
CON LAS LIMITACIONES PREVISTAS EN EL PARAGRAFO DEL NUMERAL PRIMERO. 4) PARA .
SUSCRIBIR LOS CONTRATOS DE TRABAJO Y DARLOS POR TERMINADO DEL PERSONAL °
VINCULADO O QUE SE VINCULE AL ESTABLECIMIENTO DE COMERCIO. 5) PARA CONSTITUIR
APODERADO O APODERADOS EN DESARROLLO DE LA REPRESENTACION LABORAL, SI AST 1O :

DERECHOS Y OBLIGACIONES LABORALES. 6) PARA QUE EN DESARROLLO DE LAS
ACTIVIDADES DEL ESTABLECIMIENTO DE COMERCIO EJERZA LAS SIGUIENTES FACULTADES
ESPECIALES: A) COMPRAR Y PERMUTAR TODA CLASE DE BIENES MUEBLES CUYA FINALIDAD
HASTA POR LA SUMA QUE INDIQUE LOS MANUALES Y PROCEDIMIENTOS INTERNOS DE LA
GERENTE, ESTA FACULTADO PARA REALIZAR LA VENTA, SIN LIMITACION DE CUANTIA, DE
MANEJAR LAS CUENTAS * CORRIENTES CON FACULTADES PARA GIRAR CHEQUES HASTA POR LA

C) OTORGAR CREDITOS EN DESﬁRROLLO DE LAS VENTAS DE LOS ARTICULOS PROPIOS DE LA;
ACTIVIDAD COMERCIAL DEL DISTRITO DE VENTAS, DE ACUERDO CON LO QUE DETERMINEN '

LA SOCIEDAD CUALQUIE&?USUMA DE DINERO, EXPIDIENDO LOS COMPROBANTES EN QUE

QUE POR ESCRITURA NRO. 4.202 DEL 31 DE MAYO DE 1995 NOTARIA DECIMA DE CALI ,

INSCRITA EN LA CAMARA DE COMERCIO EL 24 DE SEPTIEMBRE DE 2003 BAJO EL NRO. 134
DEL LIBRO V SE CONFIERE PODER ESPECIAL A ANTONIO JATRO RAMIREZ ECHAVE, ABOGADO !
TITULADO Y EN EJERCICIO, CON TARJETA PROFESIONAL No. 58.401 DEL MINISTERIO DE |

TRAMITES ATINENTES A LA OBTENCION DE LICENCIAS DE VENTA Y LICENCIAS DE -
FUNCIONAMIENTO, RENOVACIONES, CERTIFICACIONES, AMPLIACIONES, INSCRIPCIONES Yi
MODIFICACIONES EN GENERAL; B) TODOS LOS TRAMITES ANTE EL INVIMA ATINENTES A
LA OBTENCION DE REGISTRO SANITARIO, RENOVACION DEL MISMO, REFORMULACIONES, :
ADICIONES DE NUESTRA LINEA DE PRODUCTOS, CAMBIOS DE TITULAR Y DE FABRICANTE, :
CESIONES, CERTIFICACIONES DE FORMULA Y EXCLUSIVIDAD, MODIFICACIONES DE!
FABRICAR Y VENDER A IMPORTAR Y VENDER Y VICEVERSA, E IGUALMENTE
CERTIFICACIONES SOBRE LA LINEA COMPLETA DE NUESTROS PRODUCTOS, A CUYO OBJETO
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PARA HACER CUANTO FUERE NECESARIO ANTE LAS AUTORIDADES ADMINISTRATIVAS PARA
LOS FINES ARRIBA INDICADOS CON TODAS LAS DEMAS FACULTADES GENERALES Y
ESPECIALES QUE FUEREN NECESARIAS INCLUIDAS LAS DE SUSTITUIR Y DELEGAR EL
PRESENTE PODER SI LO ESTIMARE CONVENIENTE Y EN CASO NECESARIO REVOCAR DICHAS
SUSTITUCIONES. PUDIENDO ATENDER ASI MISMO LAS NOTIFICACIONES QUE DIRECTA O
INDIRECTAMENTE SE GENERE DE LOS ACTOS, ACTUACIONES, DILIGENCIAS O GESTIONES
QUE TENGAN RELACION DE CAUSALIDAD POR LOS SUSODICHOS TRAMITES Y 3) EN
GENERAL PARA QUE ASUMA LA PERSONERIA EN NOMBRE DE TECNOQUIMICAS S.A., SIEMPRE
QUE LO ESTIME CONVENIENTE, DE MANERA QUE EN NINGUN CASO QUEDE SIN LA DEBIDA
REPRESENTACION EN LA SALVAGUARDIA DE SUS DERECHOS Y OBLIGACIONES EN LOS
ASUNTOS CONCERNIENTES PARA LAS MATERIAS DE QUE TRATA ESTE PODER. ANTONIO
JAIRO RAMIREZ ECHAVE SE CENIRA RIGUROSAMENTE A LOS TERMINOS EXPRESADOS EN ESTE
MANDATO QUE SE OTORGA POR TERMINO INDEFINIDO Y CUALQUIER MODIFICACION O SU
REVOCATORIA SE HARA EXPRESAMENTE POR ESCRITURA PUBLICA.

CERTIFICA:

QUE POR ESCRITURA NRO. 6224 DEL 15 DE DICIEMBRE DE 2004 NOTARIA TERCERA DE
CALI , INSCRITA EN LA CAMARA DE COMERCIO EL 17 DE ENERO DE 2005 BAJO EL NRO. 3
DEL LIBRO V MEDIANTE LA CUAL CONCEDE PODER ESPECIAL PERO AMPLIO Y SUFICIENTE
A DIEGO PEREZ MENDOZA MAYOR DE EDAD, VECINO DE BOGOTA, IDENTIFICADO CON CEDULA
DE CIUDADANIA NUMERO 16.820.530 DE CALI, COMO SU REPRESENTANTE CON PODER
ESPECIAL, AMPLIO Y SUFICIENTE, PARA REALIZAR TODOS LOS TRAMITES RELACIONADOS
CON EL PROCEDIMIENTO DE OTORGAMIENTO DE LICENCIA DE VENTA DE LOS PRODUCTOS
AGRICOLAS DE LA SOCIEDAD, CON FACULTAD PARA FIRMAR TODO TIPO DE DOCUMENTOS,
SOLICITUDES, REQUERIMIENTOS, MEMORIALES RESPUESTAS, ACLARACIONES BIEN SEA ANTE
EL INSTITUTO COLOMBIANO AGROPECUARIO ICA, MINISTERIO DEL MEDIO AMBIENTE,
MINISTERIO DE PROTECCION SOCIAL. O ANTE LAS AUTORIDADES GUBERNAMENTALES
COMPETENTES EN LO RELACIONADO CON LOS TRAMITES QUE PERMITAN LA
COMERCIALIZACION DE ESE TIPO DE PRODUCTOS. LA FACULTAD TAMBIEN COMPRENDERA LA
DE NOTIFICARSE, RESPONDER E INTERPONER RECURSOS DE TODO TIPO DE ACTO
ADMINISTRATIVO. EL APODERADO SUSCRIBIRA TODOS LOS DOCUMENTOS Y REALIZAR TODOS
LOS ACTOS QUE OBLIGUEN A LA SOCIEDAD ANTE LAS AUTORIDADES MENCIONADAS,
PUDIENDO IGUALMENTE NOTIFICARSE DE TODAS LAS ACTUACIONES, ACTOS
ADMINISTRATIVOS, DILIGENCIAS O GESTIONES RELACIONADAS O QUE SE DERIVEN DE
DICHA ACTIVIDAD Y EN GENERAL, PARA QUE ASUMA LA PERSONERIA A NOMBRE DE
TECNOQUIMICAS S.A., SIEMPRE QUE LO ESTIME CONVENIENTE, DE MANERA QUE EN NINGUN
CASO QUEDE SIN LA DEBIDA REPRESENTACION EN LA SALVAGUARDIA DE SUS DERECHOS Y
CUMPLIMIENTO DE OBLIGACIONES EN LOS ASUNTOS CONCERNIENTES PARA LAS MATERIAS DE:
QUE TRATA ESTE PODER. EL APODERADO SE CE?IRA RIGUROSAMENTE A LOS TERMINOS
EXPRESADOS EN ESTE MANDATO QUE SE OTORGA POR TERMINO INDEFINIDO Y CUALQUIER
MODIFICACION O REVOCATORIA SE HARA EXPRESAMENTE POR ESCRITURA PUBLICA.

CERTIFICA:

QUE POR ESCRITURA NRO. 4265 DEL 16 DE SEPTIEMBRE DE 2005 NOTARIA TERCERA DE
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CALI , INSCRITA EN LA CAMARA DE COMERCIO EL 04 DE OCTUBRE DE 2005 BAJO EL NRO.
168 DEL LIBRO V EL SE?0OR JUAN BAUTISTA DE LOS RIOS GUTIERREZ MAYOR DE EDAD,
DOMICILIADO EN CALI, IDENTIFICADO CON LA CEDULA DE CIUDADANIA NUMERO 1710B621
DE BOGOTA, QUIEN ACTUA EN SU CALIDAD DE REPRESENTANTE LEGAL DE TECNOQUIMICAS S.
A. SOCIEDAD COMERCIAL ORGANIZADA Y EXISTENTE CONFORME A LAS LEYES COLOMBIANAS,
CON DOMICILIO Y GSEDE PRINCIPAL EN CALI. EN DICHA CONDICION CONFIERE PODER
AMPLIO Y SUFICIENTE A LAS SIGUIENTES PERSONAS: CLAUDETTE VERNOT HERNANDEZ
ABOGADA TITULADA Y EN EJERCICIO, IDENTIFICADA CON LA CEDULA DE CIUDADANTIA No.
51722517 DE BOGOTA, PORTADORA DE LA TARJETA PROFESIONAL DE ABOGADO No. 57111
DEL C.S. DE LA J., ANDRES FELIPE ZAPATA OCAMPO, IDENTIFICADO CON LA CEDULA DE

CIUDADANIA No. 79598546 DE BOGOTA, PORTADOR DE LA TARJETA PROFESIONAL DE
ABOGADO No. 107240 DEL C.S. DE LA J. Y JUAN MANUEL SERRANO CASTILLO,

IDENTIFICADO CON LA CEDULA DE CIUDADANIA No. 79875670 DE BOGOTA, PORTADOR DE
LA TARJETA PROFESIONAL DE ABOGADO No. 124953 DE C.S. DE LA J., TODOS CON

DOMICILIO EN LA CIUDAD DE BOGOTA, D.C., PARA QUE EN NOMBRE DE MI REPRESENTADA

ACTUEN EN TODOS LOS ASUNTOS DE PROPIEDAD INTELECTUAL Y LOS DERIVADOS DE ELLA,
CON FACULTAD PARA RSCIBIR NOTIFICACIONES, NOMBRAR APODERADOS JUDICIALES O
EXTRAJUDICIALES EN ESTO8 ASUNTOS.

EL PRESENTE PODER SE CONFIERE PARA QUE LOS APODERADOS ACTUEN ANTE CUALQUIER
PERSONA O AUTORIDAD ADMINISTRATIVA DEL. ORDEN NACIONAL, DEPARTAMENTAL,
DISTRITAL Y LOCAL; ANTE LAS AUTORIDADES CONTENCIOSO ADMINISTRATIVAS Y
JUDICIALES, PARA OBTENER LA PROTECCION DE NUESTRA PROPIEDAD INTELECTUAL Y
CONTRA LAS PRACTICAS RESTRICTIVAS DE LA COMPETENCIA Y LOS ASUNTOS DE
COMPETENCIZA DESLEAL, ‘A CUYO EFECTO LA AUTORIZO, EN TODO LO CONCERNIENTE A LOS
SIGUIENTES ASUNTOS: A) OBTENCION DE PATENTES DE INVENCION, DE MODELO DE
UTILIDAD, ESQUEMAS DE TRAZADOS DE CIRCUITOS INTEGRADOS, DISE?0OS INDUSTRIALES,

EL REGISTRO DE MARCAS DE PRODUCTOS O SERVICIOS; LEMAS COMERCIALES; DEPOSITO DE -

NOMBRES Y ENSE?AS COMERCIALES, INDICACIONES GEOGRAFICAS; RENOVACION DE SIGNOS
DISTINTIVOS, RENOVACIONES, AFECTACIONES AL REGISTRO, INSCRIPCION DE CONTRATOS,

SOLICITUD Y RENOVACION DE NOMBRES DE DOMINIO; B) PRESENTACION DE OPOSICIONES

AL REGISTRO DE MARCAS DE TERCERO, PRESENTACION DE ALEGATOS EN DEFENSA DE !

OPOSICIONES AL REGISTRO, ACCION DE CANCELACION, ACCION POR INFRACCION DE

DERECHOS, REVOCATORIA DIRECTA, ACCION DE NULIDAD, ACCION DE NULIDAD Y

RESTABLECIMIENTO DEL DERECHO, ACCION REIVINDICATORIA, ACCIONES DE TUTELA,
POPULARES, DE GRUPO, DE CLASE; ACCIONES Y PROCESOS QUE PROMOVAMOS O SE NOS

PROMUEVAN; C) AGOTAMIENTO DE LA VIA GUBERNATIVA, EJERCICIO DEL DERECHO DE .
PETICION ANTE CUALQUIER PERSONA O AUTORIDAD; D) SOLICITUD DE MEDIDAS;
CAUTELARES, PRESENTACION DE ACCIONES MEDIANTE PROCESOS CIVILES, PENALES, .
ADMINISTRATIVOS O CONTENCIOSO ADMINISTRATIVOS RELACIONADOS CON ESTOS DERECHOS
U OTROS DE DIFERENTE NATURALEZA, MEDIDAS EN FRONTERA, ACCIONES Y PROCESOS QUE:
PROMOVAMOS O SE NOS PROMUEVAN; E) OBTENER Y TRAMITAR TODO LO RELACIONADO CON'

EL RECONOCIMIENTO DE DERECHOS DE AUTOR, DERECHOS CONEXQS Y NUEVAS TECNOLOGIAS
v SU PROTECCION LEGAL; F) SOLICITUD DE REGISTRO Y RENOVACION DE CONTRATOS DE
TRANSFERENCIA DE TECNOLOGIA; G) OBTENER Y TRAMITAR TODO LO RELACIONADO CON
LICENCIAS DE FUNCIONAMIENTO, REGISTROS SANITARIOS, AUTORIZACION DE
CERTIFICADOS DE LIBRE VENTA, AUTORIZACION DE PUBLICIDAD ANTE EL MINISTERIO DE
PROTECCION SOCIAL O EL INVIMA O ANTE CUALQUIER AUTORIDAD SANITARIA; H)
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OBTENCION - DE CERTIFICADOS DE CARENCIA DE INFORMES POR TRAFICO DE
ESTUPEFACIENTES.RENOVACIONES, AUTORIZACIONES EXTRAORDINARIAS ANTE LA DIRECCION

NACIONAL: DE ESTUPEFACIENTES O EL CONSEJO NACIONAL DE ESTUPEFACIENTES; I)
SOLICITUD DE AUTORIZACIONES PARA PROMOCIONES, RIFAS Y JUEGOS ANTE ETESA O ANTE
LAS AUTORIDADES COMPETENTES DEL ORDEN LOCAL, DISTRITAL O DEPARTAMENTAL; Y EN
GENERAL CUALQUIERA OTRA PETICION ANTE LAS AUTORIDADES ADMINISTRATIVA, ASI COMO
PARA NOTIFICARSE DE CUALQUIER PROVIDENCIA Y RENUNCIAR A TERMINOS. EN TODOS LOS
ASUNTOS ARRIBA DETERMINADCS LA APODERADA QUEDA FACULTADA PARA SUSTITUIR TOTAL
0O PARCIALMENTE ESTE MANDATO, TRANSIGIR, CONCILIAR EXTRAJUDICIAL O

JUDICIALMENTE, ADMITIR LOS HECHOS DEL PROCESO PERO NO PARA CONFESAR, DESISTIR,
CANCELAR, RECIBIR, RENUNCIAR Y RATIFICAR LOS ACTOS DE AGENTES OFICIOSOS.

CERTIFICA:

CAPITAL AUTORIZADO: $27,200,000,000
NUMERO DE ACCIONES: 54,400,000
VALOR NOMINAL: $500

CAPITAL SUSCRITO: $27,123,804,000
NUMERO DE ACCIONES: 54,247,608
VALOR NOMINAL: $500

CAPITAL PAGADO: $27,123,804,000
NUMERO DE ACCIONES: 54,247,608
VALOR NOMINAL: $500

CERTIFICA:

QUE POR DOCUMENTO PRIVADO DEL 17 DE NOVIEMBRE DE 2005, INSCRITO EN LA CAMARA
DE COMERCIO EL 23 DE NOVIEMBRE DE 2005 BAJO EL NRO. 13.158 DEL LIBRO IX, EN LA
CUAL CONSTA LA SITUACION DE CONTROL EJERCIDA POR TECNOQUIMICAS S.A.

CONTROLANTE: TECNOQUIMICAS S.A.
DOMICILIO: CALI
NACIONALIDAD: COLOMBIANA

CONTROLADA: INDUGRAFICAS S.A.
DOMICILIO: CALTI
NACIONALIDAD: COLOMBIANA

ACTIVIDAD: LAS ACTIVIDADES DE INDUGRAFICAS S.A. CORRESPONDEN AL DESARROLLO DE
NEGOCIOS RELACIONADOS CON LAS ARTES GRAFICAS, LA DISTRIBUCION DE LAS MISMAS YA

SEA DE SUS PRODUCTOS PROPIOS O POR CONTRATO, TANTO EN EL MERCADO NACIONAL COMO
EN EL INTERNACIONAL.

UNIDAD DE PROPOSITO Y ADMINISTRACION. ENTRE TECNOQUIMICAS E INDUGRAFICAS S.A.
EXISTE UNIDAD DE PROPOSITO Y DIRECCION YA QUE LOS PLANES Y OBJETIVOS DE ESTA

*%% CONTINUA ***
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ULTIMA ESTAN DETERMINADAS POR LA PRIMERA.

DE IGUAL MANERA SE CONCRETA EL CONTROL ADMINISTRATIVO SOBRE LA FILIAL A TRAVES
DE LA GERENCIA Y LA JUNTA DIRECTIVA CUYOS MIEMBROS PRINCIPALES HACEN PARTE
IGUALMENTE DE LA JUNTA Y ADMINISTRACION DE LA MATRIZ.

CERTIFICA:

QUE POR DOCUMENTO PRIVADO DEL 17 DE NOVIEMBRE DE 2005, INSCRITO EN LA CAMARA
DE COMERCIO EL 23 DE NOVIEMBRE DE 2005 BAJO EL NRO. 13.159 DEL LIBRO IX, EN LA
CUAL CONSTA LA SITUACION DE CONTROL EJERCIDA POR TECNOQUIMICAS S.A.

CONTROLANTE: TECNOQUIMICAS S.A.
DOMICILIO: CALI
NACIONALIDAD: COLOMBIANA

CONTROLADA: TECNOFAR TQ S.A.
DOMICILIO: VILLA, RICA DEPARTAMENTO DEL CAUCA
NACIONALIDAD: COLOMBIANA

ACTIVIDAD: LAS ACTIVIDADES DE TECNOFAR TQ S.A. CORRESPONDEN A LA PRODUCCION Y
COMERCIALIZACION DE PRODUCTOS BIOLOGICOS, QUIMICOS, MEDICAMENTOS Y PRODUCTOS
FARMACEUTICOS, PRODUCTOS VETERINARIOS Y AGRICOLAS, ALIMENTOS, COSMETICOS Y DE
TOCADOR, PRODUCTOS DE  ASEO PARA EL HOGAR Y LA FABRICACION Y DISTRIBUCION DE

ENVASES PLASTICOS PARA TODO TIPO DE USO.

UNIDAD DE PROPOSITO Y ADMINISTRACION. ENTRE TECNOQUIMICAS Y TECNOFAR, EXISTE
UNIDAD DE PROPOSITO Y DIRECCION YA QUE LOS PLANES Y OBJETIVOS DE ESTA ULTIMA
ESTAN DETERMINADAS POR LA PRIMERA.

DE IGUAL MANERA SE CONCRETA EL CONTROL ADMINISTRATIVO SOBRE LA FILIAL A TRAVES
DE LA GERENCIA Y LA JUNTA DIRECTIVA CUYOS MIEMBROS PRINCIPALES HACEN PARTE
IGUALMENTE DE LA JUNTA Y ADMINISTRACION DE LA MATRIZ.

CERTIFICA:

QUE EL 27 DE MARZO DE 2001 BAJO EL NRO.1979 DEL LIBRO IX, SE INSCRIBIO EN LA
CAMARA DE COMERCIO UN DOCUMENTO PRIVADO DE FECHA MARZO 21 DE 2001, EN LA CUAL
CONSTA LA SITUACION DE CONTROL EJERCIDA POR LA SOCIEDAD TECNOQUIMICAS S.A.

MATRIZ: TECNOQUIMICAS S.A.

DOMICILIO: SANTIAGO DE CALI.

NACIONALIDAD: COLOMBIANA

ACTIVIDAD: LAS ACTIVIDADES DE TECNOQUIMICAS CORRESPONDEN A LA PRODUCCION Y

COMERCIALIZACION DE PRODUCTOS BIOLOGICOS, QUIMICOS, MEDICAMENTOS Y PRODUCTOS.

FARMACEUTICOS, PANALES, PRODUCTOS VETERINARIO Y AGRICOLAS, ALIMENTOS,
COSMETICOS Y DE TOCADOR Y PRODUCTOS DE ASEO PARA EL HOGAR.
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SUBORDINADA: ADHESIVOS INTERNACIONALES S.A.- ADHINTER S.A. DOMICILIO: CALT
VALLE DEL CAUCA

NACIONALIDAD: COLOMBIANA

ACTIVIDAD: LAS ACTIVIDADES DE ADHINTER S.A. SE DESARROLLAN EXCLUSIVAMENTE EN
LA ZONA FRANCA DEL PACIFICO CORRESPONDEN A LA PRODUCCION Y COMERCIALIZACION EN
EL MERCADO NACIONAL E INTERNACIONAL DE ADHESIVOS MEDICINALES TALES COMO CURAS,
VENDITAS, ESPARADRAPOS, PARCHES, VENDAS; ADHESIVOS PARA USO EN OFICINA TALES
COMO CINTAS, PEGANTES, PAPELES ADHESIVOS Y CINTAS ADHESIVAS PARA USO
INDUSTRIAL.

PRESUPUESTO DE CONTROL: TECNOQUIMICAS S.A., TIENE SUSCRITAS EN LA SOCIEDAD
ADHESIVOS INTERNACIONALES S.A. ADHINTER S.A., LA CANTIDAD DE DOS MILLONES
CUATROCIENTOS TREINTA MIL (2.430.000) ACCIONES ORDINARIAS DE VALOR NOMINAL DE
CIEN PESOS ($100.00) SOBRE UN TOTAL DE TRES MILLONS (3.000.000) DE ACCIONES
ORDINARIAS SUSCRITAS QUE REPRESENTA UNA PARTICIPACION DIRECTA DEL 81% SOBRE EL
TOTAL DEL CAPITAL SUSCRITO Y PAGADO DE LA SOCIEDAD.

CERTIFICA:

QUE A NOMBRE DE LA SOCIEDAD FIGURA MATRICULADO EN LA CAMARA DE COMERCIO BAJO
EL NRO.7050-2 ESTABLECIMIENTO DE COMERCIO: TECNOQUIMICAS

UBTCADO EN: ---C 23 7 39 DE CALI

RENOVO : POR EL A?0 2008

CERTIFICA:

QUE A NOMBRE DE LA SOCIEDAD FIGURA MATRICULADO EN LA CAMARA DE COMERCIO BAJO
EL NRO.311234-2 ESTABLECIMIENTO DE COMERCIO: TECNOQUIMICAS

UBICADO EN: -K 7 22 122 DE CALI

FECHA MATRICULA : 22 DE ABRIL DE 1992

RENOVO : POR EL A?0 2008

CERTIFICA:

QUE A NOMBRE DE LA SOCIEDAD FIGURA MATRICULADO EN LA CAMARA DE COMERCIO BAJO
EL NRO.311235-2 ESTABLECIMIENTO DE COMERCIO: TECNOQUIMICAS

UBICADO EN: -C 23 4 66 DE CALI

FECHA MATRICULA : 22 DE ABRIL DE 1992

RENOVO : POR EL A?0 2008

sA
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CERTIFICA:

QUE A NOMBRE DE LA SOCIEDAD FIGURA MATRICULADO EN LA CAMARA DE COMERCIO BAJO
EL NRO.606730-2 ESTABLECIMIENTO DE COMERCIO: TECNOQUIMICAS S A JAMUNDI :
UBICADO EN: --CARRETERA JAMUNDI KM. 23 DE JAMUNDI

FECHA MATRICULA : 14 DE ABRIL DE 2003

RENOVO : POR EL A?0 2008

CERTIFICA:

QUE A NOMBRE DE LA SOCIEDAD FIGURA MATRICULADO EN LA CAMARA DE COMERCIO BAJO
EL NRO.606736-2 ESTABLECIMIENTO DE COMERCIO: TECNOQUIMICAS S A YUMBO :
UBICADO EN: --CL. 15 NRO. 30 98 AUTOPISTA CALI-YUMBO KILOMETRO 4 DE YUMBO
FECHA MATRICULA : 14 DE ABRIL DE 2603

RENOVO : POR EL A?0 2008

CERTIFICA:

QUE LA SOCIEDAD EFECTUO LA RENOVACION DE SU MATRICULA MERCANTIL EL 29 DE :
MARZO DE 2008 ‘

CERTIFICA:

QUE NO FIGURAN OTRAS INSCRIPCIONES QUE MODIFIQUEN TOTAL O PARCIALMENTE EL
PRESENTE CERTIFICADO.
LOS ACTOS Y DOCUMENTOS REGISTRADOS QUEDAN EN FIRME CINCO (5) DIAS HABILES -
DESPUES DE LA FECHA DE SU INSCRIPCION, SIEMPRE Y CUANDO DENTRO DE DICHO
TERMINO NO SEAN OBJETO DE RECURSOS EN LA VIA GUBERNATIVA.

DE CONFORMIDAD CON EL DECRETO 2150 DE 1.995 Y LA AUTORIZACION IMPARTIDA POR
LA SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO LA FIRMA MECANICA QUE APARECE A‘
CONTINUACION TIENE PLENA VALIDEZ PARA TODOS LOS EFECTOS LEGALES.

DADO EN CALI A LOS 28 DIAS DEL MES DE ABRIL DEL A?0 2008 HORA: 12:04:38
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