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Boostingg by ketoconazole or ritonavir 

Introduction n 

Thee HIV protease inhibitors are frequently combined with low dose ritonavir in order to 
boostt the pharmacokinetic characteristics of the concomitant protease inhibitor. Benefits for 
patientss are that boosting enables the use of easier regimens with lower pill burden, fewer 
foodd restrictions and better tolerability. The pharmacokinetic advantages are higher plasma 
concentrationss with less drug, enhancement of pharmacokinetic parameters, and perhaps 
reductionn of variability of plasma concentrations.14 The improvements for patients in the 
pharmacokineticc profile may facilitate adherence, and therefore may favour the virological 
outcomee of treatment with antiretrovirals. 
Inn developing countries costs of antiretroviral drugs mostly determines whether patients can 
accesss available treatment. Compared to high-income countries, patients in low-income 
countriess have limited access and expenses are not covered by health insurances. A strategy 
too reduce costs is the use of generic antiretrovirals. For ritonavir a generic version is not 
availableavailable yet. In an attempt to reduce costs alternatives for boosting by ritonavir are 
explored.. In addition, boosting with an alternative to ritonavir could be used as an 
alternativee strategy for patients with toxicities of ritonavir such as gastrointestinal 
disturbancess or dyslipidemia.6-7 

AA potential drug class for alternatives are the azoles, which includes the antifungal agents 
ketoconazolee and itraconazole. The pharmacological explanation of ritonavir mediated 
boostingg is inhibition of intestinal- and hepatic CYP3A4 and possibly the multidrug 
transportt protein P-glycoprotein. Low doses of ritonavir (100-200 mg once daily or twice 
daily)) can boost the concentrations of saquinavir with several folds.8'9 Both, ketoconazole 
andd itraconazole inhibit the cytochrome P450 isoenzymes 3A4 and of P-glycoprotein.10' H 

Thereforee it is reasonable to assume that azoles are able to boost concomitant protease 
inhibitorr in a similar way as ritonavir. A secondary advantage to use ketoconazole and 
itraconazolee instead of ritonavir is that these drugs can be stored at room temperature unlike 
ritonavirr that needs refrigeration to preserve the quality of the drug. 
Dataa on saquinavir boosting with itraconazole from healthy volunteers with saquinavir 
hard-gelhard-gel caps showed a 5-fold increase of saquinavir plasma concentrations.12 Studies from 
Thailandd resulted in conflicting data on the effect of itraconazole boosting on saquinavir 
(softt gel) pharmacokinetics. One study showed similar saquinavir pharmacokinetic 
parameterss with unboosted saquinavir (1400 mg twice daily) and lower doses of saquinavir 
(8000 and 1200 mg twice daily) boosted with 100 mg itraconazole,5 which indicates 
adequatee boosting by itraconazole. However, a previous study from Thailand did not show 
ann effect of itraconazole (100 or 200 mg twice daily) boosting on saquinavir (soft gel) 
pharmacokineticss compared to unboosted saquinavir (1400 mg twice daily). Although the 
saquinavirr AUC was lower in the unboosted arm the difference did not reach statistical 
significancee compared to itraconazole boosted saquinavir.13 Major limitations in both 
studiess were small sample sizes and the use of different nucleoside reverse transcriptase 
inhibitorr backbone, including didanosine, which if not taken separately from itraconazole, 
cann decrease its absorption. Secondly, the itraconazole concentrations were not measured. 
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Feww studies have investigated the effect of ketoconazole on saquinavir. A published letter 
didd not report an effect of ketoconazole of saquinavir-hard gel capsules. However, this was 
aa small study in which levels at 3 hours post-dose and trough levels were collected.14 A 
studyy on ketoconazole boosting of saquinavir-soft gel capsules in healthy volunteers and 
HIV-11 infected patients showed increased saquinavir plasma-concentration when 
administratedd with ketoconazole compared to saquinavir alone. The increase in saquinavir 
plasmaa concentrations in HIV-1 infected patients was less than in the volunteers, however 
thee patients in this study used a ketoconazole dose 200 mg once daily and the healthy 
volunteerss used a dose of 400 mg once daily.15 

Anotherr study investigated the unbound CSF concentration compared to unbound plasma 
concentrationn of saquinavir/ritonavir and ketoconazole. In this study the plasma bound and 
unboundd concentration of both saquinavir and ritonavir were higher when combined with 
ketoconazole.16 6 

Att the present time, the investigated doses of saquinavir in the previous studies are not 
used.. Moreover, itraconazole is a less realistic option because the pricing of itraconazole in 
Thailandd is higher than of ritonavir. Ketoconazole is available as a branded and a cheaper 
genericc formulation. The objective of this study was to investigate ketoconazole as an 
alternativee to ritonavir boosting. Therefore, we compared the pharmacokinetic parameters 
off  saquinavir from the hard-gel capsule formulation boosted with low-dose ritonavir to 
boostingg with ketoconazole in order to investigate the feasibility of ketoconazole as a 
booster. . 

Materiall and m e t h o d s 

Studyy design and safety assessments 

Thee study was designed as an open-label, single group, two-period, two-treatment single 
centree study (Fig. 1). Twenty-five adults (>18 years) Thai male or female patients, who 
weree taking saquinavir and low-dose ritonavir as part of their antiviral treatment, were 
included.. At the start of the study, patients who were not taking 2000 mg once daily, were 
switchedd to saquinavir 2000 mg and ritonavir 100 mg once daily for at least 4 weeks to see 
iff  the change in drug dose was tolerated. At week 4, plasma drug concentrations of 
saquinavirr (Invirase®, Roche, Switzerland) and ritonavir (Norvir®, Abbott) were 
determinedd and only ritonavir was switched to ketoconazole 400 mg once daily (Nizoral®, 
Janssen-Cilag,, Thailand). At week 6, plasma concentrations of saquinavir and ketoconazole 
weree measured. The nucleoside analogue reverse transcriptase inhibitor drugs of the 
antiretroo viral regimen remained unchanged during the entire study period. 
Patientss were included if they had sustained low viral loads of lower than 50 copies/ml. 
Exclusionn criteria were recent virological failure, defined as 2 times viral load of more than 
500 copies/ml in the last 6 months, serum alanine aminotransferase (ALT) or aspartate 
aminotransferasee (AST) concentrations of more than 5 times the upper limit of normal 
(ULN),, serum creatinine concentration of more than 3.0 times ULN, smoking more than 10 
cigarettess a day, alcohol consumption of more than 2 units a day, and active opportunistic 
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infection,, concurrent condition which might affect the pharmacokinetics of the study drugs, 
concomitantt use of medication metabolized through cytochrome P450 3A or otherwise 
interferee with the pharmacokinetics of the study drugs, pregnancy or lactating, 
hypersensitivityy to the study drugs, active drug abuse or inability to understand study 

procedures. . 
Clinicall  safety assessments were performed by the trial physician. A history was taken at 
eachh study visit: baseline, week 4 and 6, together with a physical examination. Blood 
parameterss were determined at each study visit including haematology and chemistry. 
Thee patients were recruited from the Thai Red Cross' Anonymous Clinic. The study was 

approvedapproved by the institutional Review Board (IRB) of King Chulalongkorn Hospital and 
priorr to start of the study a signed informed consent was obtained from all patients. 

Pharmacokineticc assessments 
Patientss were counselled to maintain their lifestyle (smoking, consumption of alcohol and 
exercisee level) during study. Study drugs were ingested with a standardized breakfast 
(approximatelyy 500 calories and 12 g of fat). Other meals during the day (lunch, diner, 
snacks)) were also standardized. 
Bloodd sampling was performed before drug intake (t=0), in the morning, subsequently at 
0.5,, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0, 10.0, 12.0 and 24 h after drug-intake. 
Att week 4, a pharmacokinetic curve was recorded for saquinavir (200 mg/hard gel capsule) 
andd ritonavir (100 mg/soft gel capsule), and at week 6 for saquinavir and ketoconazole (200 
mg/tablet).. The saquinavir and ritonavir plasma concentrations were determined at the HIV-
NATT pharmacokinetic laboratory by a validated high-performance liquid chromatographic 
assayy (HPLC).17 The lower limit of quantification (LLOQ) was 0.04 mg/L for the protease 
inhibitors,, and 0.03 mg/L for ketoconazole. The samples were centrifuged at 1500 rpm and 
thee separated plasma was stored at -20°C until analysis. 

AA method for the determination of ketoconazole concentrations was developed, and the 
sampless were measured by the clinical pharmacy laboratory of the Radboud University 
Medicall  Center (Nijmegen, Netherlands). Detection of ketoconazole was performed with 
fluorescence.. The wavelengths for excitation and for emission were 236 run and 380 nm, 
respectively.. The retention time of ketoconazole was 5.4 min. The method was calibrated 
forr a concentration range of 0.03 to 20 mg/L. The accuracy of the method was between 97.4 
too 100.1 % for 0.060 mg/L, 0.604 mg/L and 6.042 mg/L. The recovery in plasma was 107.3 

 4.9%. The within-day coefficient of variation was 2.33% at 0.060 mg/L, 0.51% at 0.604 
mg/LL and 1.37% at 6.042 mg/L. The between-day variation was 1.78% at 0.060 mg/L, 
1.45%% at 0.604 mg/L and 0.31% at 6.042 mg/L. 

Bothh laboratories participate in the same international program for quality control and 
qualityy assessment (QC/QA) for antiretrovirals, and therefore have cross validation with 
otherr international pharmacokinetic laboratories.18 
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Pharmacokineticc analyses 

Pharmacokineticc parameters were determined with a noncompartmental model using 
WinNonlinn software (version 4.1, Pharsight Corporation, Paola Alto, Ca, USA). The plasma 
concentrationss below LLOQ were all set at 0.0 mg/L for analysis. The area under the curve, 
AUCC (mg.h/L), was defined as the area under the plasma concentration-time curve from 
t=00 until t= 24 hours which was calculated with the log-linear trapezoidal method. The 
maximumm observed plasma concentration and corresponding time during the dosing 
intervall  were defined as Cmax (mg/L) and Tmax (hour), respectively. The minimum observed 
concentration,, Cmin (mg/L), was the last concentration during the dosing interval. From the 
terminall  slope of the semi logarithmic concentration-time curve the elimination half life, ti/2 
(hour),, was calculated using ln(2A.) in which k is the elimination rate constant. The 
apparentt volume of distribution and oral clearance are given as Vss/F (L) and CLss/F (L/ 
hr),, where F is the bioavailability. The apparent clearance is an expression of the total AUC 
dividedd by the total dose. The volume of distribution is obtained by correcting this 
expressionn for the elimination rate constant X. 

Statisticss analyses 

Thiss study was designed to compare the pharmacokinetic parameters of saquinavir hard-gel 
capss when boosted with ritonavir or ketoconazole. The sample size was powered to show 
bioequivalencee with an equivalence range of 0.8-1.25. Twenty-three subjects needed to be 
includedd to show a difference of 10% with a power of 0.8 and a significance level of 0.05.19 

Takingg in account an estimated dropout of 10%, a total of 25 patients were included. 
Descriptivee statistics are summarized as medians and interquartile ranges, or means and 
standardd deviations. The number of low saquinavir plasma concentrations were compared 
withh the Fisher's exact test. Geometric mean ratios of logarithmic transformed saquinavir 
pharmacokineticc parameters, AUC, Cmax and Cmin were calculated. The 90% confidence 
intervall  of the ratio were compared to the bioequivalence range of 0.8 to 1.25 to evaluate 
equivalencee between the saquinavir parameters at week 4 and week 6. Correlation between 
ketoconazolee AUC and saquinavir AUC were investigated with Spearman's rank correlation 
(versionn 11.5.2, SPSS Inc, Chicago, Illinois, USA). 

Resul ts s 

Twenty-fivee Thai patients participated in the study. Fourteen females and 11 male patients 
weree included with a median age of 34 years (IQR: 32-42) with a median body weight of 
544 kg (IQR: 47-59) and corresponding median body mass index of 21 kg/m2 (IQR: 19-23). 
Thee demographic and baseline data are summarized in Table 1. 
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Tablee 1 Demographics and baseline (median, interquartile range) 

Age,, yr 

Gender,, F:M 

Bodyy weight, kg 

Bodyy mass index, kg/m2 

CD4++ cell count, cells/mm3 

HIV-11 RNA, copies/ml 

344 (32-42) 

14:11 1 

544 (47-59) 

21(19-23) ) 

735(560-849) ) 

<50 0 

yrr years; F female; M male 

Twoo grade-1 adverse events were reported in period 1 during ritonavir boosting. Twelve 

grade-11 adverse events were reported in period 2. Six out of 12 events were headache, and 

33 were related gastrointestinal complaints. Abnormalities in biochemical laboratory 

parameterss were not observed. In particular no increases in liver enzymes after switch to 

ketoconazole.. The median ALT and AST at week 4 was 21 U/L (IQR: 15-28) and 20 U/L 

(IQR:: 17-23), and at week 6 the median ALT and AST were 23 U/L (IQR: 18-28) and 20 U/L 

(IQR:: 16-22) respectively. Median CD4+ cell counts at both periods were 780 (636-912) 

versuss 735 (IQR 560-84) cells/mm3, respectively. The plasma HIV-1 RNA remained below 

500 copies/ml during both study periods in all patients. 

P h a r m a c o k i n e t i cs s 

Thee pharmacokinetic parameters are summarized in Table 2. Boosting with ketoconazole 

resultedd in lower saquinavir pharmacokinetic parameters (Fig. 1 ). 

Figuree 1 Mean plasma concentration of saquinavir, ritonavir and ketoconazole 

Legend: : 

 saquinavir plasma concentrations at week 4 

00 ritonavir plasma concentrations at week 4 
 saquinavir plasma concentrations at week 6 

DD ketoconazole concentrations at week 6 

Timee (hour) 

Thee mean saquinavir AUC during boosting with ritonavir was 6 mg.h/L, Cmax 

wass 5 mg/L and, Cm,n, was 0 mg/L. After concomitant use of 
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ketoconazole,, the saquinavir AUC, Cmax, Cmin were 7 mg.h/L, 5 mg/L 
andd 4 mg/L, respectively. Two patients on ritonavir boosted saquinavir had 
saquinavirr plasma concentrations below the minimum recommended concentrations of 0.1 
mg/L,, while 13 patients on ketoconazole treatment had low concentrations (p<0.001). The 
90%% confidence interval of the ratio of the saquinavir AUC, Cmax and Cmin when boosted 
withh ritonavir and ketoconazole were calculated. The number 1 was not included in the 
ratios,, meaning that the pharmacokinetic parameters of saquinavir during both periods are 
significantlyy different, and therefore not bioequivalent (Table 3). 

Tablee 2 Saquinavir, ritonavir and ketoconazole pharmacokinetic parameters 

AUCC  SD 

cv v 
t-max x 

CV V 

11 max 

CV V 

t-min n 

CV V 

t l / 2 2 

CV V 

CL/F F 
CV V 

V/F F 
CV V 

SQVw4 4 

6 6 
48 8 

5 5 

46 6 

6 6 

31 1 

0 0 

88 8 

7 7 

16 6 

44.11 8 
56 6 

9 9 
68 8 

SQvv w6 

7 7 
58 8 

5 5 

56 6 

3 3 

31 1 

4 4 

125 5 

8 8 

46 6 

3 3 
56 6 

0 0 
63 3 

RTVw4 4 

9 9 
45 5 

9 9 

55 5 

8 8 

55 5 

4 4 

111 1 

1 1 

27 7 

12.5Ü1.2 2 
90 0 

7 7 
116 6 

Ketoo w6 

4 4 
31 1 

3 3 

28 8 

2 2 

41 1 

8 8 

127 7 

8 8 

26 6 

2 2 
41 1 

9 9 
45 5 

SQVV saquinavir; RTV ritonavir; Keto ketoconazole; SD standard deviation; CV coefficient of 
variation;; AUC in mg.h/L; Cmax and Cmin in mg/L; Tmax, ti/2 in hr; CLss/F in L/hr; Vss/F in L 

Tablee 3 Geometric mean ratio and 90% confidence interval of saquinavir AUC, Cmax and C, 

AUC C 

Cmax x 

V-min n 

SQVV GMR 

0.20 0 

0.31 1 

0.33 3 

90%% CI 

0.16-0.25 5 

0.25-0.39 9 

0.24-0.45 5 

SQVV saquinavir; GMR geometric mean ration at week 4 and 6; CI confidence interval 

Thee ritonavir mean AUC at week 4 was 9 mg.h/L. The ritonavir Cmax was 1.44 
99 mg/L and the Cmin 0.03 4 mg/L. At week 6 the ketoconazole AUC, Cmax, Cmin 

weree 4 mg.h/L, 3 mg/L and 8 mg/L respectively. There was a 
positivee linear correlation between the AUC of ketoconazole and the AUC of saquinavir at 
weekk 6 (r=0.51, p=0.01) (Fig.2). 
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Figuree 2 
Correlationss between the AUCs 
off  ketoconazole and saquinavir  M. 
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Discussion n 

Treatmentt of HIV-1 infection has become chronic. Long-term complications of treatment 
andd the emergence of drug-resistance virus are becoming more evident and relevant in the 
clinicall  management of HIV-1 infected patients. When intolerability or viral resistance to 
ritonavirr is present, switching to other antiretroviral agents is usually required. However, in 
developingg countries patients have difficulties in accessing antiretroviral drugs. Cheap and 
easyy accessible antiretroviral drugs are needed. Therefore, an alternative method for 
ritonavirr boosting could be used as a strategy to reduce costs, manage toxicities or viral 
resistancee to ritonavir. 
Thee objective of this study was to investigate whether ketoconazole could be used as a 
boosterr for saquinavir. The results showed that exposure to saquinavir during a dose 
intervall  is 80% lower when boosted with ketoconazole than when boosted with ritonavir. 
Accordingly,, the other saquinavir pharmacokinetic parameters, Cmin and Cmax, were 67% 
andd 69% lower when ketoconazole was used. Although the exposure to saquinavir may be 
adequatee for treatment in some cases, trough concentrations at 24 hours were lower than the 
recommendedd trough concentration of 0.1 mg/L in 52% (13/25) of the patients on 
ketoconazole.. Taken together our data demonstrated that boosting with ketoconazole is not 
ann alternative for boosting by ritonavir. 
Thee found positive correlation between ketoconazole and saquinavir AUC indicates that 
higherr ketoconazole exposure is associated with higher saquinavir exposure. This suggests 
thatt a higher dose of ketoconazole might be a better alternative to ritonavir than the 400 mg 
oncee daily dose that was tested in this study. There is, however, a high likelihood that such 
aa higher dose of ketoconazole might be associated with an increased risk of toxicity. 
Ketoconazolee when dosed as 800 mg resulted in more adverse events than when dosed as 
4000 mg, and more than 200 mg. Although the toxicity was dose-dependent it was not 
dependentt on the plasma or cerebrospinal fluid (CSF) concentrations of ketoconazole.20 
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Mostt available protease inhibitors show increases of plasma concentrations after the 
additionn of ketoconazole. The plasma concentrations of the protease inhibitor amprenavir, 
lopinavir,, indinavir, nelfinavir and ritonavir are increased in the presence of ketoconazole. 
Indinavirr shows the largest increase in AUC and lopinavir the least. Atazanavir 
concentrationss are not increased significantly. Concentrations of ketoconazole are increased 
byy amprenavir, lopinavir and ritonavir.21 

Ann alternative to ritonavir should conform to the same pharmacokinetic principal of 
inhibitionn of cytochrome P450 3A4. The only booster that has been investigated as an 
alternativee to ritonavir is cimetidine. The saquinavir AUC en Cmax (1200 mg) increased 
120%% and 179% in healthy volunteers, but the saquinavir Cmin was similar to unboosted 
saquinavir.22 2 

Thee saquinavir and ritonavir pharmacokinetic parameters are somewhat lower than what 
hass been reported in an earlier study in Thai patients.23 The lower exposure to ritonavir 
mightt result in less boosting.24 However, the study population differ. The previous Thai 
studyy included more female patients and patients with lower body weights. 
Thee measured ketoconazole plasma concentrations are higher than concentrations reported 
inn Caucasian healthy male volunteers, and Caucasian patients with disseminated 
coccidioidomycosis.20-255 The absorption of ketoconazole may have been dose enhanced 
becausee of the administration with food.26 

Wee have investigated ketoconazole as an alternative booster because of previous data, 
whichh showed increases in saquinavir plasma concentrations without an effect on the 
ketoconazolee concentrations.15 However, continued treatment with ketoconazole can be 
complicatedd by two issues. The first issue concerns the long-term complications induced by 
ketoconazole.. Ketoconazole is a known hepatotoxic drug and may influence steroid 
metabolism.277 The second potential issue is the risk of resistance to ketoconazole associated 
withh its long-term use in particular in patients with fungal infections. In HIV-infected 
patientss resistance to fluconazole has been reported after prolonged exposure.27 Cross-
resistancee within the azole drug class may also occur. 
Ourr study has shown that ketoconazole failed to boost the plasma concentrations of 
saquinavirr to acceptable levels, and therefore ketoconazole should not be used as a booster. 
Moree research is needed to identify an alternative for ritonavir, preferably with minimal 
sidee effects or a different side effect profile than ritonavir. 
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