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Introduction Introduction 

Sincee 1995 the course of HIV-1 infection has changed dramatically. New classes of potent 

antiretrovirall  drugs became available and assays which could quantify the number of HIV-1 

RNAA copies in plasma were introduced. These assays show that in a clinically latent HIV-1 

infection,, when CD4+ cell counts are stable and patients are not suffering from HIV-1-related 

illnesses,, the amount of virus particles produced per day is around 108-1010 [1,2]. Due to the 

highh error rates in HIV-1 reverse transcription, this results in a heterogeneous virus 

population,, including drug-resistant viruses [3]. If HIV-replication continues during 

antiretrovirall  therapy, selection and outgrowth of such drug resistant viruses will occur, which 

explainss the only transient effect of antiretroviral monotherapy [4,5]. Dual drug therapy 

resultss in lower HIV-1 RNA levels and increased clinical benefit when compared to 

monotherapyy [6-9]. Triple antiretroviral combination therapy including at least one HIV-1 

proteasee inhibitor (PI) is superior to dual therapy with nucleoside analogue reverse 

transcriptasee inhibitors (NRTIs) [10] and reduces AEDS-related morbidity and mortality [11-

16]. . 

However,, the antiretroviral regimens including two NRTIs and one PI that became available 

inn the Netherlands in 1996 were far from convenient for patients. They consisted of 10-24 

capsuless to be taken 2-5 times per day. In addition, the intake of several of these drugs 

requiredd food restrictions. Moreover, significant short- and long-term adverse effects could 

occur.. Therefore, more patient-friendly and less toxic treatment strategies were warranted. 

ProteaseProtease inhibitors 

Thee HIV-1 protease is responsible for cleavage of HIV-1 polyprotein precursors into their 

functionall  products. Inhibition of this enzyme results in the production of immature non-

infectiouss virions and subsequent interruption of viral spread [17]. Pis are potent anti-HIV-1 

drugs.. For instance, a median 1.9 log)0 copies/ml decrease in plasma HIV-1 RNA has been 

observedd in patients receiving ritonavir (RTV) monotherapy [18]. The addition of RTV to the 

antiretrovirall  therapy of patients with advanced HIV-1 infection significantly reduced 

mortalityy and disease progression in a large placebo-controlled trial [15]. However, Pis should 

bee prescribed in combination regimens, as viral resistance to Pis develops within months 

duringg monotherapy [19]. Furthermore, cross resistance between different Pis has been 

demonstratedd [20]. 
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Ritonavir/saquinavir Ritonavir/saquinavir 

RTVV is a PI with good bioavailability. It inhibits the cytochrome P-450 isoenzyme 3A4, but is 

alsoo metabolized by this enzyme, leading to drug-drug interactions with several other drugs, 

amongg which saquinavir (SQV) [21]. In vitro, SQV is a potent HIV-1 PI [22]. However, at the 

recommendedd dose of 600 mg three times daily (T1D), plasma SQV concentrations in patients 

aree at or below the in vitro IC90, with a large interindividual variation [22,23]. Indeed, 

combinationn therapy including 600 mg TID or even 1200 mg TIE) of SQV hard-gel capsules 

hass been shown to be inferior to other Pi-containing triple drug regimens in inhibiting viral 

replicationn [24,25]. 

Althoughh RTV and SQV are competitive in inhibiting HIV-1 protease, the pharmacokinetic 

profilee of the RTV/SQV combination makes this dual protease inhibitor combination an 

attractivee component of antiretroviral treatment regimens. In pharmacokinetic studies the 

simultaneouss administration of RTV and SQV greatly increases the area-under-the-curve of 

SQVV compared to the administration of SQV alone, thus enhancing the bioavailability 

[21,23,26],, The area-under-the curve of RTV does not change during simultaneous 

administrationn with SQV. In a dose-finding study in Pi-naive patients with CD4+ cell counts 

>100/mm3,, combinations with SQV plus RTV 400 mg twice daily (BED) provided the same 

excellentt antiretroviral effect when compared to combinations with SQV plus RTV 600 mg 

BID,, whereas significantly fewer side effects were observed in the lower-dose group [27]. 

Combinationn therapy with RTV 400 mg BID and SQV 400 mg BEO provides a simple and 

potentt twice-daily regimen with fewer pills (SQV and RTV) and fewer side effects (RTV) 

comparedd to regimens with RTV or SQV as the only PI. 

TheThe Prometheus study 

Inn this thesis the results of the Prometheus study are presented. The Prometheus study was 

initiatedd in 1996. The first objective of the Prometheus study was to compare treatment with 

RTVV 400 mg BED and SQV 400 mg BED alone and treatment with RTV/SQV/d4T 40 mg 

BID,, in order to see whether the addition of an NRTI to RTV/SQV combination therapy 

wouldd result in an improved efficacy, not only in HIV-1 infected patients with normal or 

moderatelyy depressed CD4+ cell counts, but also in patients with severe immunodeficiency 

(CD4++ cell counts < 100/mm3). Furthermore, the strategy of treatment intensification (i.e. 

addingg reverse transcriptase inhibitors to the treatment regimen, which was allowed if the 

serumm HIV-1 RNA concentration did not drop below 400 copies/ml after 12 weeks of 

treatment,, confirmed at week 18) was evaluated (Chapter 2). Moreover, the immunological 
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efficacy,, reasons for discontinuation of study medication, and adverse events during the study 

aree described. 

Onee major concern of treatment with RTV and SQV alone was the virological efficacy of this 

combinationn in the central nervous system. HIV-1 RNA is detectable in the cerebrospinal 

fluidd (CSF) of most HIV-1-infected individuals [28]. However, the concentrations of RTV 

andd SQV in the CSF are low due to high lipid solubility, high serum protein-binding and 

activee export of these agents by P-glycoprotein [29]. Nevertheless, there had been some 

confidencee that RTV would enhance the SQV concentrations in the CSF by inhibiting the P-

glycoproteinn [30]. Indeed, in a study by Cameron and colleagues the CSF HIV-1 RNA levels 

off  14/15 patients on RTV/SQV alone for at least 48 weeks were < 400 copies/ml [27]. 

However,, no baseline CSF HIV-1 RNA data were available in this cross sectional study. We 

prospectivelyy collected CSF of 27 participants the Prometheus study before start of study 

medication,, after 12 weeks of treatment, and (in a subgroup) after 48 weeks of treatment, to 

determinee the virological response in CSF to RTV/SQV alone, RTV/SQV/d4T or to 

intensificationn with NRTIs (Chapter 3). 

Markerss of local inflammation in the CSF, such as soluble TNF-receptor-II, monocyte 

chemoattractantt protein-1 and interferon-7 inducible protein-10, could indicate that HIV-1 

RNAA detected in CSF is indeed produced within the central nervous system. The 

concentrationss of these markers were evaluated in patients on RTV/SQV alone, on 

RTV/SQV/d4TT and in patients from another study, treated with zidovudine/lamivudine/ 

abacavir/nevirapine/indinavir.. The results are presented in Chapter 4. 

Ass long as eradication of HIV-1 is not feasible and the number of (classes of) antiretroviral 

drugss is limited, long-term efficacy of drug combinations is the cornerstone of antiretroviral 

treatment.. Because there were indications that plasma drug concentrations might decrease 

overr time [31], we investigated the change in exposure to RTV and SQV in patients on stable 

treatmentt including RTV 400 mg BID and SQV 400 mg BID (Chapter 5). 

Remarkablee differences in peripheral blood and CSF d4T concentrations were found between 

patientss in the Prometheus study and patients participating in other studies. Potential factors 

thatt could explain this difference are evaluated in Chapter 6. 

Ass the used drug combinations were selected for being 'easy-to-take' regimens, we were 

speciallyy interested in patient's quality of life during the Prometheus study. Quality of life 

wass measured prospectively during the study, using the MOS-HrV self-reporting 

questionnairee and a symptom list that was filled out by all patients every 12 weeks during the 

study.. The results are discussed in Chapter 7. 
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Alsoo adherence to the study regimens was studied using self-reporting questionnaires. 

Changess in adherence over time, associations between side effects and compliance and 

betweenn compliance and antiretroviral efficacy are reported in Chapter 8. 

Elevationn of liver enzymes is one of the adverse events that frequently occurs in patients on 

antiretrovirall  therapy. Although the antiretroviral drugs themselves are hepatotoxic, also other 

illnesses,, such as coinfection with hepatitis B or C virus, can cause liver enzyme elevations. 

Discontinuationn of antiretroviral medication may not be necessary for all patients with 

elevatedd liver enzymes. We investigated the incidence of severe liver enzyme elevations, 

identifiedd and quantified risk factors for liver enzyme elevations and evaluated the outcome of 

liverr enzyme elevations in this study population (Chapter 9). 

Lipodystrophyy syndrome is one of the major long-term adverse effects of antiretroviral 

treatment.. To investigate the relative contribution of Pis and NRTIs to this syndrome, the 

occurrencee of lipodystrophy during 96 weeks of follow up in the Prometheus study population 

wass evaluated (Chapter 10). 

Inn the general discussion (Chapter 11) some major issues in the treatment of HIV-l infection 

andd future directions are discussed. 
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