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Summar y y 

Aims s 

Objectivee of this multicentre, observational study was to assess the steady-state 

plasmaa pharmacokinetics of nelfinavir (Viracept®) and saquinavir (Invirase®) during a 

quadruplee anti retroviral drug regimen consisting of nelfinavir (750 mg tid), saquinavir 

(6000 mgtid), stavudine (40 mg bid), and lamivudine (150 mg bid). 

Method s s 

Eighteenn anti retroviral naive HIV-1-infected male patients who have been treated 

withh the quadruple anti retroviral drug regimen for at least 4 weeks were included in 

thiss study. For each individual, plasma concentrations of nelfinavir and saquinavir 

weree quantified during a full (8-hour) dosing interval. Plasma pharmacokinetics of 

bothh protease inhibitors were calculated using noncompartmental methods. The 

positivee pharmacokinetic interaction between nelfinavir and saquinavir was further 

exploredd by comparing saquinavir pharmacokinetics to those observed in historical 

controlss treated with a saquinavir dosage of 1,200 mg tid (Invirase®), without the use 

off nelfinavir. 

Results s 

Thee average values for the area under the plasma concentration versus time curve 

(AUC)) were 18.1 h*mg l and 2.37 h*mg/L for nelfinavir and saquinavir, respectively. 

Thee average maximum and trough plasma concentrations were 5.2 and 0.62 mg/L for 

nelfinavir,, and 0.57 and 0.10 mg/L for saquinavir. The average elimination half-lives 

weree 2.0 h and 2.3 h for nelfinavir and saquinavir, respectively. Observed 

interindividuall variation in pharmacokinetic parameters was approximately 4-fold for 

nelfinavir,, and approximately 6-foid for saquinavir. Significant positive correlation was 

observedd between the values for nelfinavir and saquinavir pharmacokinetics. 

Nelfinavirr increases saquinavir plasma concentrations at least 2-fold, and reduces 

intrapatientt fluctuation of saquinavir plasma concentrations. Interpatient variability in 

saquinavirr pharmacokinetics was not reduced by concomitant administration of 

nelfinavir. . 

Conclusion s s 

Thee results of this pharmacokinetic study provide a pharmacologic rationale for the 

combinedd use of nelfinavir and saquinavir. 
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Introductio n n 

Thee "Amsterdam Duration of Antiretroviral Medication" study (ADAM) investigates 

thee feasibility of a quadruple drug induction therapy followed by a double drug 

maintenancee therapy in HIV-1 infected antiretroviral naive individuals.1 Induction 

therapyy consisted of a quadruple regimen containing two protease inhibitors 

(saquinavir,, Invirase®, and nelfinavir, Viracept®) plus two reverse transcriptase 

inhibitorss (stavudine, d4T, Zerit®, and lamivudine, 3TC, Epivir®). 

Saquinavirr and nelfinavir were chosen as the two protease inhibitors for the 

inductionn phase of the study since they show a positive pharmacokinetic interaction 

(leadingg to an increased exposure of saquinavir),2 the primary drug resistance 

mutationss differ,3 they can be concomitantly ingested, and are relatively well tolerated 

drugs. . 

Sincee data regarding the steady-state pharmacokinetics of nelfinavir and saquinavir 

whenn used in a quadruple combination regimen are lacking, a pharmacokinetic 

substudyy was conducted during the quadruple drug induction phase of the ADAM 

study.. We feel that a detailed understanding of the pharmacokinetics of both protease 

inhibitorss is essential, as exposure to these drugs was shown to be significantly and 

positivelyy related with the initial rate of decline of plasma HIV-1 RNA in this study.4 

Consecutively,, it was demonstrated that patients with a relatively low initial rate of 

declinee of plasma HIV-1 RNA had a higher risk of virological failure during 

maintenancee therapy in the ADAM study.1 

AA positive effect on saquinavir plasma concentrations by the addition of nelfinavir 

wass reported by Merry et al.2 They found an approximately 5-fold increase in 

saquinavirr AUC after addition of nelfinavir in 6 HIV-1 infected patients. The 

pharmacokineticc profile of nelfinavir, however, was not reported, nor were steady-

statee pharmacokinetics investigated. We here report the steady-state 

pharmacokineticss of saquinavir and nelfinavir when used in combination with two 

nucleosidee reverse transcriptase inhibitors, and define further the pharmacokinetic 

interactionn between them. 
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Method s s 

Patientss were recruited from the outpatient clinics of the Onze Lieve Vrouwe 

Gasthuis,Gasthuis, Amsterdam, the Kennemer Gasthuis, Haarlem, the Academic Medical 

Centre,Centre, Amsterdam, and the Slotervaart Hospital, Amsterdam, all in the Netherlands, 

fromm April 1997 to October 1997. 

Patientss participating in the ADAM study of 18 years and older with confirmed HIV-1 

infectionn could be included in this sub-study. Alanine (ALAT) and aspartate 

aminotransferasee (ASAT), and alkaline phosphatase had to be less than three times the 

upperr limit of the normal ranges; the creatinine concentration had to be less than 130 

jumol/LL On the pharmacokinetic study day, patients had to use the quadruple drug 

regimenn for at least 4 weeks. Exclusion criteria consisted of a haemoglobin less than 

6.00 mmol/L, and known allergy to study medication. Approval was obtained from the 

locall review boards of the participating institutions and the patients gave written 

informedd consent. Patients who concomitantly used drugs that might influence 

nelfinavirr or saquinavir pharmacokinetics by inhibition or induction of the cytochrome 

P4500 enzymes were excluded from participation in this sub-study.5 Other concurrent 

medicationn was allowed. 

Afterr an overnight fast, patients ingested 600 mg saquinavir (Invirase®), 750 mg 

nelfinavir,, 40 mg stavudine, and 150 mg lamivudine after a breakfast. Ten-mL venous 

bloodd samples were collected in heparinised tubes just before, and 0.5,1,1.5, 2, 2.5, 

3,, 4, 5, 6, 7, and 8 hours after ingestion of the drugs. Blood samples were kept on 

meltingg ice and after plasma was isolated by centrifugation (10 min at 3,000 G) on the 

samee day, the plasma samples were stored at -30  C until analysis. 

Nelfinavirr and saquinavir plasma concentrations were quantified using a sensitive 

andd validated isocratic, reversed-phase ion-pair high-performance liquid 

chromatographicc assay.6 Briefly, sample preparation consists of a solid-phase 

extractionn using C2 columns. The analytical column is a Zorbax® SB-C18 column (75 x 

4.66 mm I.D./particle size 3.5 ujm; Rockland Technologies, Newport, DE, USA) and the 

mobilee phase is composed of acetonitrile plus destilled water containing 25 mM 

sodiumm acetate and 25 mM hexane-1 -sulfonic acid, adjusted to pH 4.0. Between-day 

andd within-day variation of quality control samples of nelfinavir and saquinavir in 

plasmaa range from 3.4 to 5.2%. The lower limit of quantification of the assay is 25 

u.g/LL for nelfinavir and 2.5 u.g/L for saquinavir. The assay is linear up to concentrations 

off at least 20.0 mg/L for nelfinavir and 4.0 mg/L for saquinavir. 

Plasmaa concentration (C) - time (T) data for nelfinavir and saquinavir were analysed by 
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non-compartmentall methods.7 The highest observed plasma concentration was 

definedd as C,^ with the corresponding sampling time as T ^ The plasma 

concentrationn observed at 8 h after ingestion of the drugs was defined as Cmin. To 

providee a measure for the fluctuation of concentrations during the dosing interval, x, 

thee percentage peak-trough fluctuation (PTF) was calculated as 100 * ( C ^ - Cmjn)/Cmin. 

Thee terminal, log-linear period (log10 C versus T) was defined by the last data points (N 

>> 4) by visual inspection. The absolute value of the slope (6/ln 10) was calculated by 

leastt squares analysis. The elimination half-life (t/2) was estimated by the equation In 

2/6.. The area under the plasma concentration versus time curve {AUC,M)) was 

obtainedd using the trapezoidal rule from zero (T0) to eight hours (T8). The average 

steady-statee concentration (Cav) was calculated by dividing AUC|(W)| by x. The apparent 

clearancee (CL/F) was calculated by dividing the dose by the AUC IM„ and the apparent 

volumee of distribution (V/F) by dividing CL7F by 6 (where F represents the oral 

bioavailability).. The accumulation index (RAC) was calculated using the equation: RAC 

== 1/(1-e6*T). 

Statisticall calculations were performed with the Statistical Product and Service 

Solutionss (SPSS) for Windows, version 6.1, SPSS Inc., Chicago, IL, USA. A significance 

levell of 0.05 was used for all tests. 
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Result s s 

Patient s s 

Eighteenn male patients participating in the ADAM study were enrolled for the 

pharmacokineticc sub-study. Patient characteristics are described in Table 1. Co-

medicationn (other than the study medication) on the pharmacokinetic sampling day 

consistedd of loperamide in 3 patients. 

Tablee 1 Patient characteristics . 

meann range 

agee (years) 

weightt (kg) 
weekss on therap y 
MATT (U/L) 

ASATT (U/L) 

alkalin ee phosphatas e (U/L) 

creatinin ee (jamol/L) 

bilirubi nn  ((imol/L) 

haemoglobi nn  (mmol/'L) 

leucocyte ss  (x109/L) 

platelet ss  (x109/L) 

log100 HIV RNA load (copies/mL) 

CD4++ T-lymphocyt e coun t (cells/mm3) 

41 1 

75 5 

7 7 

17 7 

16 6 

47 7 

84 4 

7.9 9 

9.0 0 

7.1 1 

280 0 

4.47 7 

429 9 

23 -56 6 

611 - 9 0 

4 - 1 5 5 

8 - 3 3 3 

9 - 2 7 7 

33 -58 8 

52 -99 9 

4.00 -11.0 

7.7-10.4 4 

4.11 -12.5 

160-363 3 

2.366 - 6.58 

1500 -770 
Abbreviations:Abbreviations: ALAT = alanine aminotransferase, ASAT = aspartate aminotransferase 

Pharmacok ii  netic s 

Nelfinavirr and saquinavir were detected and quantified in all plasma samples. 

Tablee 2 summarises the values for the plasma pharmacokinetic parameters of 

nelfinavirr and saquinavir, respectively, which were calculated from the individual 

concentration-timee profiles in 18 patients. 

Thee average nelfinavir AUC was 18.1 h*mg/L and showed an approximately 4-fold 

variabilityy between patients (ranging from 8.6 to 34.8 h*mg/L). The average Cmax and 

Cminn were 5.2 and 0.62 mg/L, respectively. Nelfinavir was eliminated from plasma with 

ann average half-life of 2.0 h. The mean accumulation index was 1.07. Figure 1 

representss the mean (+ standard error) plasma concentration-time profile of nelfinavir 

inn this population (N = 18) during the 8-hour dosing interval. 

Thee average saquinavir AUC was 2.37 h*mg/L and showed an approximately 6-

foldd interpatient variation (ranging from 0.96 to 5.96 h*m^L). The average C ^ and 
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Cminn were 0.57 and 0.10 mg/L, respectively. Saquinavir was eliminated from plasma 

withh a mean half-life of 2.3 h. The mean accumulation index was 1.10. Figure 2 

representss the mean (+ standard error) plasma concentration-time profile of 

saquinavirr in this population (N = 18) during the 8-hour dosing interval. 
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Timee afte r administratio n (h) 

Figur ee 1 Mean plasma concentration-time profile (+standard error) of nelfinavir in steady-state 
concentrationss in a dosing regimen of 750 mg tid in combination with saquinavir 600 mg 
t/d(NN = 18). 

Timee afte r administratio n (h) 

Figur ee 2 Mean plasma concentration-time profile (+standard error) of saquinavir (Invirase®) in 
steady-statee concentrations in a dosing regimen of 600 mg tid in combination with 
nelfinavirr 750 mg tid (N = 18). 
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Tablee 2 The e steady --state e plasm aa pharmacokinetic s 

nelfinavi r r 
meann range 

off  nelfinavi r and saquinavi r 

saquinavi r r 
meann range 

AUQw,]] (h*mg/L) 

C™™ (mg/L) 
«^„(mg/L) ) 

(^(mg/L) ) 

%PTF F 

T«.(h) ) 
tA(h) ) 

C17FF (L/h) 

CL7FF (Uh/kg) 

V/FF (L) 

V/FF (17kg) 

18.1 1 

5.2 2 

0.62 2 

2.26 6 

845 5 

2.7 7 

2.0 0 

46 6 

0.61 1 

141 1 

1.91 1 

8.66 - 34.8 

2.8-10.2 2 

0.25-1.4 4 

1.1-4.4 4 

445-1,475 5 

1.5-4.1 1 

1.1-3.2 2 

20-72 2 

0.26-1.11 1 

35-330 0 

0.500 - 4.40 

2.37 7 

0.57 7 

0.10 0 

0.30 0 

560 0 

2.9 9 

2.3 3 

272 2 

3.6 6 

865 5 

11.7 7 

0.966 - 5.96 

0.26-1.49 9 

0.044 - 0.34 

0.12-0.74 4 

143-1,488 8 

0.7-4.3 3 

1.11 -3.8 

922 - 526 

1.3-8.1 1 

156-2,196 6 

2.11 - 33.8 

Abbreviations:Abbreviations: AUQ,m] = area under the plasma concentration versus time curve from 0 to 8 hours, CL/F = apparent 
clearancee with F = availability, C^ = average steady-state concentration, C™, = maximum plasma concentration, Q™, = 
plasmaa trough concentration, %FTF = percentage peak-trough fluctuation, T ^ = time to maximum plasma concentration, t„, 
== plasma elimination half-life, V/F = apparent volume of distribution. 

Usingg univariate regression analysis, significant positive relationships were observed 

betweenn all pharmacokinetic parameters of nelfinavir and saquinavir, except for the 

eliminationn half-life (Table 3). 

Tablee 3 Correlatio n between saquinavi r and nelfinavi r pharmacokinetic s 

p-valu ee r 

AUC|W)]] 0.012 0.60 

0 ™™ 0.004 0.67 

C*C* 0.002 0.70 

%PTFF 0.026 0.54 

T™™ 0.002 0.69 

t,t,AA 0.18 0.34 

Abbreviations:Abbreviations: AUC,lHj| = area under the plasma concentration versus time curve from 0 to 8 hours, C ^ = maximum plasma 
concentration,, Cml„ = plasma trough concentration, %FTF = percentage peak-trough fluctuation, T ^ = time to maximum 
plasmaa concentration, t./: = plasma elimination half-life. 

Usingg the Mann-Whitney test, the steady-state pharmacokinetics of saquinavir 

(Invirase®)) 600 mg tid in combination with nelfinavir 750 mg tid as observed in the 

currentt study were compared with the steady-state pharmacokinetics obtained in 20 

HIV-11 infected patients who were treated with saquinavir (Invirase®) 1,200 mg tid in 

combinationn with 2 reverse transcriptase inhibitors (without nelfinavir).8 The results 

aree presented in Table 4. Statistical significant differences were only observed for the 

percentagee peak-trough fluctuation (p=0.017). 
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Tablee 4 Compariso n of the steady-stat e pharmacokinetic s of saquinavi r 600 mg tid wit h 
nelfinavi rr  750 mg tid (n=18), and the steady-stat e plasm a pharmacokinetic s of 
saquinavi rr  observe d in a 1,200 mg tid regime n withou t nelfinavi r (n=20). 

A U C ^^  (h* 
Qrodng/L ) ) 

O*,, (mg/L) 
%PTF F 

Wh ) ) 
t,t,AA (h) 
tim ee >0.10 

mg/L) ) 

mg/LL (h) 

6000 mg tid 
pluss nelfinavi r 

2.37 7 

0.57 7 

0.10 0 

560 0 
2.9 9 

2.3 3 

7.0 0 

1,2000 mg fid 
withou tt  nelfinavi r 

2.32 2 

0.72 2 

0.08 8 
956 6 

2.9 9 
1.7 7 
5.7 7 

p-valu e e 

0.86 6 

0.29 9 

0.66 6 
0.017 7 

0.97 7 

0.16 6 
0.040 0 

AbbreviationsAbbreviations AUC,^, = area under the plasma concentration versus time curve from 0 to 8 hours, Cl/F = apparent 
clearance,, with F = bioavailability, Q ,^ = maximum plasma concentration, C™, = plasma trou^i concentration, %PTF = 
percentagee peak-trough fluctuation, T ^ = time to maximum plasma concentration, t / ; = plasma elimination half-life, V/F = 
apparentt volume of distribution. 
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Discussio n n 

Thee concept of a quadruple drug induction therapy followed by a double drug 

maintenancee therapy for treatment of HIV-1 infected individuals has been 

investigatedd in the ADAM study. At this moment, the strategy of induction-

maintenancee therapy cannot be advocated for routine practice.1 

Inn this study, the importance of pharmacologic exposure to anti retroviral drugs for 

antii retroviral therapy became evident, as the initial rate of decline of plasma HIV-1 

RNAA in patients participating in the ADAM study was significantly and positively 

relatedd with the exposure to nelfinavir and saquinavir in plasma.4 The aim of the 

currentlyy described pharmacokinetic substudy was to gain more insight into the 

steady-statee pharmacokinetics and interpatient variability of nelfinavir and saquinavir 

whenn used in combination, and to further understand the pharmacokinetic 

interactionn between them. 

Inn 1995, saquinavir (Ro 31-8959) became the first member of the class of protease 

inhibitorss to be licensed in the USA by the FDA under its accelerated approval 

regulationss for use in combination with approved nucleoside reverse transcriptase 

inhibitorss in patients with advanced HIV infection. The saquinavir hard gelatin capsule 

formulationn (saquinavir HGC, Invirase®) was subsequently approved in the European 

Communityy in October 1996. 

Thee pharmacokinetics of saquinavir are complex. The drug exhibits nonlinear 

pharmacokineticss (with increasing doses leading to a more than proportional increase 

inn AUC and maximum plasma concentration), the bioavailability is low and the drug 

shouldd always be ingested within 2 hours after a meal. Saquinavir is highly bound to 

plasmaa proteins (>98%) and is rapidly (and mainly) metabolised by the cytochrome 

P4500 3A4 isoenzyme to a number of inactive mono- and dihydroxylated metabolites.9 

Eliminationn of saquinavir is predominantly non-renal: after an oral dose of 600 mg, 

onlyy 1% is excreted in the urine.9 Furthermore, the pharmacokinetics of saquinavir are 

subjectt to large interindividual variability, and, interestingly, plasma concentrations of 

saquinavirr are higher in patients infected with HIV as compared with healthy 

volunteers.99 Finally, due to the drug's affinity for cytochrome P450 enzymes, various 

drug-drugg interactions have been identified.5 

Nelfinavirr is a more recently licensed protease inhibitor with an average oral 

availabilityy in various animal species ranging from 17 to 47%.10 The nelfinavir AUC in 

66 fasted volunteers was 27 to 50% of the AUC achieved in fed volunteers after 

administrationn of single doses of 400 and 800 mg and the drug should therefore 
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alwayss be ingested with food.11 In vitro studies with human microsomes revealed that 

nelfinavirr is primarily metabolised by the CYP3A isoenzyme, but CYP2C19, CYP2D6, 

andd possibly CYP2C9 are also involved in the metabolism of the drug.12 Nelfinavir is a 

lesss potent inhibitor of CYP3A than either indinavir or ritonavir. The currently 

observedd average nelfinavir AUCI0.8], Cmax, Tmax, and tVj are in agreement with those 

previouslyy reported.11'13,14 We found an approximately 4-fold interindividual variation 

inn exposure to nelfinavir (as measured by plasma AUC) in our population (values for 

thee AUC range from 8.6 to 34.8 h*mg/L). Comparable variations were observed for 

maximumm and trough plasma concentrations. Exposure to nelfinavir as achieved in 

ourr patients is expected to result in a substantial antiretroviral response.15 

^^ 0.75-1 
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0.50 0 

0.25--
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22 4 6 

TimeTime after administration (h) 

Figur ee 3 Mean steady state plasma concentration - time profiles (+ standard error) of saquinavir 

6000 mg tid in combination with nelfinavir and 3 reverse transcriptase inhibitors (N = 18), 

andd of saquinavir 1,200mg tid in combination with 2 reverse transcriptase inhibitors 

(N=20)8. . 

Forr the saquinavir AUC we found an approximately 6-fold interindividual variation 

withh values ranging from 0.96 to 5.96 h*mg/L Comparable variations were observed 

forr maximum and trough plasma concentrations. 
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Too further define the effect of nelfinavir on the exposure to saquinavir, the 

saquinavirr pharmacokinetics in this study were compared to those obtained earlier by 

uss when saquinavir (Invirase®) is administered in a dosage of 1,200 mg tid combined 

withh 2 reverse transcriptase inhibitors and without nelfinavir.8 Exposure to saquinavir 

(ass measured by plasma AUC) in the currently described 600 mg tid regimen with 

concomitantt use of nelfinavir 750 mg tid and two reverse transcriptase inhibitors was 

nott significantly different from exposure to saquinavir in a 1,200 mg tid regimen with 

twoo reverse transcriptase inhibitors and without the use of nelfinavir (p=0.86, Mann-

Whitneyy test). This observation confirms the positive interaction between nelfinavir 

andd saquinavir. Since the pharmacokinetics of saquinavir are non-linear (with 

increasingg doses leading to a more than proportional increase in plasma AUC) this 

indicatess that addition of nelfinavir to saquinavir-containing regimens increases 

saquinavirr exposure by more than 2-fold. No significant differences were observed for 

Cminn (p=0.66), Cmax (p=0.29), t/2 (p=0.16), and Tmax (p=0.97) using the Mann-

Whitneyy test for independent groups. A significant (p=0.017), approximately two-fold 

reductionn in saquinavir %PTF was observed in patients from the currently reported 

studyy as compared to patients who used saquinavir in a dosage of 1,200 mg tid 

withoutt nelfinavir. This decrease in intrapatient fluctuation of saquinavir 

concentrationss resulted from a lower Cmax and a higher Cmin. 

Dataa from the group of 20 patients who used saquinavir in a 1,200 mg tid regimen 

suggestt that saquinavir trough concentrations of at least 0.10 mg/L should be reached 

forr adequate anti retroviral response.8 Therefore, the time that saquinavir plasma 

concentrationss were > 0.10 mg/L during the dosing interval was calculated for each 

patient.. In patients from the ADAM study, saquinavir plasma concentration were > 

0.100 mg/L during 88% of the dosing interval (50% of the patients had plasma 

concentrationss > 0.10 mg/L during the whole dosing interval). For patients who used 

saquinavirr 1,200 mg tid with 2 reverse transcriptase inhibitors, the average time > 

0.100 mg/L was 71% (p=0.04) and only 5% of the patients had plasma concentrations 

>> 0.10 mg/L during the whole interval. 

Thus,, the improved pharmacokinetic profile of saquinavir 600 mg tid in combination 

withh nelfinavir 750 mg tid might lead to an improved virological response as 

comparedd to the dosing of saquinavir in a 1,200 mg tid regimen without the use of 

nelfinavir.. This concept of an improved pharmacokinetic profile of saquinavir is 

illustratedd in Figure 3. 
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Whenn the interpatient variability of saquinavir pharmacokinetics was investigated, 

additionn of nelfinavir had no effect on the variability of saquinavir pharmacokinetics 

(p=0.88,, F-test). We conclude that concomitant administration of nelfinavir and 

saquinavirr leads to a more than 2-fold increase in saquinavir plasma concentrations, 

andd that observed exposure to nelfinavir and saquinavir is expected to result in 

substantiall antiretroviral response. Furthermore, the pharmacokinetic profile of 

saquinavirr is more favourable compared to the profile obtained when saquinavir is 

usedd in a 1,200 mg tid regimen without the addition of nelfinavir, since the average 

timee that plasma concentrations are above 0.10 mg/L, a recently suggested target 

troughh concentration, is significantly increased in the protease inhibitor combination 

regimen.. The results of this pharmacokinetic study provide a rational basis for the 

combinedd use of nelfinavir and saquinavir in HIV-1 infected patients. 
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