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Triplee antiretroviral combination therapy including at least one HIV-1 protease inhibitor (PI) 

iss superior to dual therapy with nucleoside analogue reverse transcriptase inhibitors (NRTIs) 

andd reduces AIDS-related morbidity and mortality. However, these antiretroviral regimens, 

thatt became available in the Netherlands in 1996, were far from convenient for patients. 

Thee simultaneous administration of the Pis ritonavir (RTV) and saquinavir (SQV) greatly 

increasess the area-under-the-curve of SQV compared to administration of SQV alone, thus 

enhancingg the bioavailability of SQV. A combination of RTV 400 mg twice daily (BID) and 

SQVV 400 mg BID is a simple and potent antiretroviral combination with fewer side effects 

whenn compared to combinations including RTV 600 mg BID. 

Thee primary objective of the Prometheus study was the evaluation of the effect of treatment 

withh RTV/SQV/stavudine (d4T) or RTV/SQV alone, with treatment intensification if needed, 

inn PI- and d4T-naive HIV-1 infected individuals. It was a multicenter, open-label, randomized 

controlledd trial. Two hundred and eight patients were randomized to receive treatment with 

RTVV 400 mg/SQV 400 mg twice daily (BID) or RTV 400 mg/SQV 400 mg/d4T 40 mg BID. 

Intensificationn of study medication with nucleoside analogue reverse transcriptase inhibitors 

(NRTIs)) was allowed if serum HIV-1-RNA remained > 400 copies/ml after 12 weeks of 

treatment.. Follow-up of this study was 48 weeks. 

Thee results on efficacy and safety of the studied treatment regimens are discussed in Chapter 

2.. In a strict intention-to-treat analysis, counting all dropouts as having a serum HIV-1 RNA > 

4000 copies/ml, 63% of subjects in the RTV/SQV group had a serum HIV-1-RNA < 400 

copies/mll  at week 48, as compared to 69% in the RTV/SQV/d4T group (p-value .38). In the 

on-treatmentt analysis these percentages were 88 and 91%, respectively. Thirty of the 31 

patientss who intensified their study medication according to the protocol (28 in the RTV/SQV 

group,, 3 in the RTV/SQV/d4T group) had a serum HIV-1-RNA < 400 copies/ml at their last 

follow-upp visit. We concluded from these data that the concept of starting with a simple, 

potentt regimen, that could be intensified if necessary, showed good virological results after 48 

weekss in this study, comparable to starting with more drugs from the beginning. However, 

longerr follow-up is needed to determine the long-term efficacy of this treatment strategy. 

Thee HIV-1 RNA response and drug concentrations in cerebrospinal fluid (CSF) and serum 

duringg treatment with SQV/RTV or SQV/RTV/d4T were studied in 27 patients (Chapter 3). 

AA difference in proportion of patients with a CSF HIV-1 RNA level below the limit of 

quantificationn (<LLQ) after 12 weeks was found: 4/14 (RTV/SQV) versus 12/13 

(RTV/SQV/d4T)(p=.001).. Patients with a baseline HIV-1 RNA level < LLQ in CSF remained 

<< LLQ, regardless of the treatment regimen. In conclusion, RTV/SQV alone could not 
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suppresss detectable CSF HIV-1 RNA levels to < LLQ after 12 weeks of treatment in the 

majorityy of patients, probably due to the low RTV and SQV CSF drug levels. 

Inn Chapter 4 more detailed data on markers of local inflammation in the CSF and serum 

duringg antiretro viral therapy are reported. After 8-12 weeks of treatment CSF HIV-1 RNA 

becamee < 400 copies/ml in 1/5 patients in the RTV/SQV group, 8/8 patients in the 

RTV/SQV/d4TT group and 9/10 patients in the five-drug group. CSF sTNFr-H and IP-10 levels 

increasedd in patients with detectable CSF HIV-1 RNA and decreased in most patients who 

reachedd an undetectable CSF HIV-1 RNA during treatment. However, in some patients with 

goodd CSF HIV-1 RNA responses, increases in CSF chemokine and sTNFr-II concentrations 

weree observed. Ongoing residual HIV-1 replication in the central nervous system, which 

couldd not be detected with CSF HIV-1-RNA measurements, may account for this 

phenomenon. . 

Inn Chapter 5 the changes in steady-state plasma pharmacokinetics of RTV and SQV during 

longg term treatment in HIV-1 infected patients on antiretroviral treatment including RTV 400 

mgg BID and SQV 400 mg BID were explored. The pharmacokinetics of RTV and SQV were 

assessedd in six patients during an eight hour period on two occasions (4 to 12 months after 

startt of the current regimen and 9 to 15 months later). RTV pharmacokinetics did not change 

betweenn the first and second study day. However, median change in plasma trough level of 

SQVV between the two study days was -30% (range -79 to +11 %, p = .06). The median change 

inn area under the plasma concentration versus time curve from 0 to 8 hours was -33% (range -

533 to +21%, p = .06). These data indicate that exposure to SQV may decrease over time in 

HIV-1-infectedd patients on stable antiretroviral therapy. Although plasma SQV levels were 

stilll  above the EC90 in these patients, using other combination regimens (fi. SQV as single PI 

orr SQV/nelfinavir) a 30% decrease in trough level may result in subtherapeutic plasma drug 

levels. . 

Ann interesting finding was the different peripheral blood and CSF d4T concentrations mat 

weree observed among 39 patients on four different treatment regimens (Chapter 6). 

Stavudinee concentrations were higher in patients using RTV and/or indinavir, when compared 

too patients who used nelfinavir/SQV or did not use a PI at all. In the multivariate linear 

regressionn analysis, only the use of RTV and/or indinavir and the baseline CD4+ cell count 

remainedd significantly correlated with peripheral blood d4T levels (p=0.0007 and p=0.03). 

Thesee findings may indicate that the metabolism of d4T (of which 40% is still unknown) is 

partlyy via the cytochrome P450 enzyme system. 

Thee resultss of the quality-of-life (QoL) sub-study are discussed in Chapter 7. Objective of 

thiss study was to compare the impact on QoL of treatment with RTV/SQV versus 
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RTV/SQV/d4TT in asymptomatic- (CDC A) and symptomatic HIV-1-infected patients (CDC B 

andd C) who did or did not receive antiretroviral therapy (ARVT) prior to study entry. QoL 

wass assessed using the MOS-HIV Health Survey and a symptom-checklist, which were filled 

outt by the study participants at baseline and after 12, 24, 36 and 48 weeks. Despite an 

increasee in reported symptoms, QoL improved significantly in both treatment groups. More 

favorablee changes in cognitive- and social function were observed in symptomatic- compared 

too asymptomatic patients, with symptomatic patients showing improvement and 

asymptomaticc patients showing decline in these functions after baseline. 

Inn addition to QoL, also adherence was assessed using self-report questionnaires, which were 

filledd out by the study participants at baseline and after 12, 24, 36 and 48 weeks (Chapter 8). 

Adherencee ranged from 85% (for patients who report to have taken all medication in the 

precedingg week) to 68% (for patients who report to have taken all medication at the right time 

inn the preceding week). Overall adherence did not change over 48 weeks. However, 

adherencee was highly variable within patients. Patients experiencing side effects were less 

compliant.. Skipping medication was the single independent predictor of a serum HIV-1 RNA 

<4000 copies/ml at week 48, also when adjusted for pre-treatment status. 

Elevationn of liver enzymes is frequently observed in patients who start antiretroviral 

combinationn therapy. Antiretroviral medication is often discontinued, when severe liver 

enzymee elevations (LEE) occur. Eighteen (9%) patients in the Prometheus study experienced 

ann increase in AST/ALT of > 5x upper limit of normal and >100 U/L increase from baseline 

duringg the 48 week follow-up (Chapter 9). Multivariate Cox's regression analysis, adjusted 

forr baseline ALT and AST, showed that HBsAg positivity (hazard ratio (HR) 8.8) and the use 

off  d4T (HR 4.9) were the only two independent significant risk factors for developing LEE. 

Afterr LEE occurred, ALT/AST concentrations decreased in most patients even when ARVT 

wass continued. 

Sincee the introduction of antiretroviral combination therapy the lipodystrophy syndrome has 

beenn reported with increasing frequency. Current opinion is that both Pis and NRTIs 

contributee to the development of lipodystrophy. The Prometheus study provided an unique 

opportunityy to study the relative contribution of Pis and NRTIs to the occurrence of 

lipodystrophyy in a randomized clinical trial, where treatment with Pis only was compared 

withh treatment with Pis plus NRTIs (Chapter 10). Lipodystrophy was reported by the treating 

physiciann in 29/175 (17%) patients during the 96 weeks of follow up. It was reported more 

frequentlyy in patients, who were randomized to treatment with RTV/SQV/d4T (25%), when 

comparedd to patients randomized to RTV/SQV (8%)(p=.003). Antiretroviral naive patients 

randomizedd to RTV/SQV/d4T (24%) were more likely to develop lipodystrophy when 
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comparedd to naive patients randomized to RTV/SQV (5%)(p=.008). Pre-treatment with 

NRTIs,, age and gender were no risk factors in this study population. These data strongly 

suggestt that both NRTIs and Pis contribute to the development of lipodystrophy and that 

treatmentt with Pis without NRTIs may cause considerably less lipodystrophy in the first two 

yearss of treatment compared to treatment with Pis and NRTIs concomitantly. 

Inn the General Discussion (Chapter 11) of this thesis the setbacks in the attempts to eradicate 

HIV-11 are discussed. As eradication is not feasible with the currently available antiretroviral 

treatments,, the search for more convenient antiretroviral treatment regimens becomes more 

important.. The treatment efficacy of the currently available combination therapies has been 

shownn by declining mortality and morbidity since the introduction of antiretroviral 

combinationn therapy including Pis. However, the development of viral resistance, variability 

off  drug levels between and within patients, adherence, the presence of sanctuary sites where 

antiretrovirall  drugs have limited or no access to, and adverse drug effects (such as 

gastrointestinall  side effects, liver enzyme elevations, neuropathy and lipodystrophy) provide 

seriouss problems in the long term treatment of patients with combination therapies. 

Guideliness for the initiation of antiretroviral therapy are being adjusted according to these 

findings.. New treatment strategies have been explored. So far, attempts to treat patients with 

induction-maintenancee therapy have failed. In contrast, starting with a simple, but potent 

regimenn and intensify therapy when needed, as in the Prometheus study, has shown good 

resultss after 48 weeks of treatment. 
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