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ChapterChapter 1 

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]. 

8 8 



Introduction Introduction 

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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ChapterChapter 1 

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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Introduction Introduction 

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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Abstract Abstract 

Objective::  To evaluate the effect of treatment with ritonavir (RTV)/saquinavir 

(SQV)/stavudinee (d4T) or RTV/SQV alone, with treatment intensification if needed, in 

proteasee inhibitor (PI)- and d4T-naive HIV-1 infected individuals. 

Design::  Multi centre, open-label, randomised controlled trial. Two hundred and eight patients 

weree randomised to receive treatment with RTV 400 mg/SQV 400 mg twice daily (BID) or 

RTVV 400 mg/SQV 400 mg/d4T 40 mg BID. Intensification of study medication with reverse 

transcriptasee inhibitors was allowed if serum HIV-RNA remained > 400 copies/ml after 12 

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

Results::  In a strict intention-to-treat analysis, counting all dropouts as virological failures, 

63%% (95% CI 54-73%) of subjects in the RTV/SQV group (n=104) reached a serum HIV-

RNAA < 400 copies/ml at week 48, as compared to 69% (95% CI 60-78%) in the 

RTV/SQV/d4TT group (n=104)(p-value .379). In the on-treatment analysis these percentages 

weree 88 and 91% respectively. Thirty-one patients intensified their study medication 

accordingg to the protocol (28 in the RTV/SQV group, 3 in the RTV/SQV/d4T group). 30/31 

(97%)) patients had a serum HIV-RNA < 400 copies/ml at their last follow-up visit. Ten 

percentt of patients discontinued study medication due to adverse events. 

Conclusion::  The concept of starting with a simple, potent regimen, that could be intensified if 

necessary,, showed good virological results after 48 weeks in this study, comparable to starting 

withh more drugs from the beginning. Longer follow-up is needed to determine the long-term 

efficacyy of this treatment strategy. 

16 6 
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Introduction Introduction 

Antiretrovirall  combination therapy (ARVT) including at least one protease inhibitor (PI) 

reducess AIDS-related morbidity and mortality [1-4]. However, most regimens are far from 

convenientt for patients. They consist of 10-24 capsules to be taken 2-5 times per day. In 

addition,, there are food restrictions for the intake of several of these drugs. Moreover, 

significantt short- and long-term adverse effects can occur. Poor adherence to therapy may lead 

too development of viral resistance. Therefore it is important to continue the search for more 

patient-friendlyy new treatment strategies. One option is the induction-maintenance concept: 

startingg with a potent combination therapy until plasma HIV-RNA levels drop below the 

quantificationn limit of the assay used and then switching to a simpler regimen. Up to now, 

threee of such attempts have failed. Reduction of the number of drugs after an induction phase 

withh three or four drugs showed a rapid rebound of plasma HIV-RNA levels in the majority of 

patientss [5-7]. Another strategy is to start with a relatively potent, but simpler regimen and to 

intensifyy treatment, if the serum HIV-RNA levels do not decline to below the limit of 

quantification. . 

Inn pharmacokinetic studies the simultaneous administration of RTV and SQV greatly 

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

greatlyy enhancing the bioavailability [8-11]. In a dose-finding study with different dosages of 

bothh RTV and SQV, 400 mg twice daily (BID) each was as effective in suppressing plasma 

HIV-RNAA load as higher dosages, whereas the side effects were significantly less in the lower 

dosee group [11]. Combination therapy with RTV 400 mg BID and SQV 400 mg BID thus 

providess a simple twice daily regimen without food restrictions and with fewer pills and side 

effects,, when compared to regimens with RTV or SQV as the only PI. 

Inn this study we compared therapy with RTV and SQV to therapy with RTV/SQV/stavudine 

(d4T)) in order to see whether the addition of a nucleoside analogue reverse transcriptase 

inhibitorr (NRTI) to the RTV/SQV combination therapy would result in improved efficacy. 

Cameronn et al. found that intensification of therapy (that is adding reverse transcriptase 

inhibitorss (RTIs) to the treatment regimen, which was allowed if the serum HIV-RNA 

concentrationn did not drop below 400 copies/ml after 12 weeks of treatment, confirmed at 18 

weeks)) is a feasible treatment option. We were especially interested in confirming this 

observationn in a larger study. 
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Methods Methods 

Studyy design 

Ourr study was a a multicenter, open-label, randomised controlled trial. Patients were eligible if 

theyy were HIV-1 positive, 18 years of age or older and had a Karnofsky score greater than or 

equall  to 60. Exclusion criteria were the use of Pis or d4T prior to study entry, any change in 

ARVTT during the last four weeks before start of the study, use of co-medication contra 

indicatedd when used together with the study medication, expectation of poor compliance, any 

clinicall  condition or laboratory abnormality which, in the opinion of the investigator, was 

incompatiblee with treatment with one of the study drugs, and for women: pregnancy, lactation, 

andd inability or unwillingness to use barrier birthh control. Patients were required to 

discontinuee all other antiretroviral medication on the day they started their study medication. 

Patientss were randomised using a computerised minimisation program, weighting imbalance 

off  allocations according to CD4+ lymphocyte count at baseline (< or > 100/mm3), serum HTV-

RNAA concentration at baseline (< or > 100,000 copies/ml), and the use of ARVT (yes or no) 

priorr to study entry. Randomisation was performed centrally. 

Thee protocol and amendments were approved by the institutional review boards of all 

participatingg institutions. All patients gave written informed consent. 

Treatmentt regimens 

Betweenn January 1997 and January 1998, 208 patients were randomly assigned to receive 

eitherr RTV 400 mg BID plus SQV 400 mg BID (arm 1) or RTV 400 mg BID plus SQV 400 

mgg BID plus d4T 40 mg BID (30 mg BID if body weight < 60 kg)(arm 2). RTV was initiated 

att a reduced dose of 300 mg BID. After four days the RTV dose was escalated to the full dose. 

Dosee modifications, except for dose adjustment of d4T due to changes in weight, were not 

allowed.. Patients were advised to take their medication together with a meal. 

RTVV was supplied as 100 mg semisolid capsules (Norvir™; ABBOTT Laboratories, Abbott 

Park,, Illinois, USA). Some patients used the liquid formulation of RTV, either because they 

preferredd it or because they had to change to the liquid formulation after August 1998, when 

RTVV capsules were no longer available. SQV was supplied as 200 mg hard gel capsules 

(Invirase™;; Hoffman-LaRoche, Basel, Switzerland). 

Patientss were allowed to intensify treatment with, if possible, two new RTIs if the serum HrV-

RNAA concentration did not drop to < 400 copies/ml at week 12, confirmed at week 18. In 

Marchh 1998 the protocol was amended to allow intensification if serum HIV-RNA load was > 

10000 copies/ml at week 12, since a strong correlation was found between serum HIV-RNA > 

18 8 
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10000 copies/ml at week 12 and a serum HIV-RNA > 400 copies/ml at week 18. If serum HIV-

RNAA levels reached < 400 copies/ml and rebounded, intensification of study medication was 

alsoo allowed. 

Studyy assessments 

Eachh patient was evaluated during a screening visit, at the start of study medication and at 

weekk 2,4, 8, 12, 18,24, 36, and 48. 

Serumm HIV-RNA levels were measured using a polymerase chain reaction-based assay 

(Amplicorr HIV Monitor Test, Roche Diagnostic Systems Inc., Branchburg, New Jersey, USA) 

withh a variable lower limit of quantification (LLQ) (median 214 copies/ml, range 77-1000 in 

sampless < LLQ) at each visit to evaluate antiretroviral efficacy. CD4+ and CD8+ lymphocyte 

countss were also measured at these time points. 

Safetyy and tolerability were evaluated through reporting of adverse events, medical history, 

physicall  examination and laboratory tests. Adverse events and laboratory abnormalities were 

gradedd according to a toxicity rating scale developed by the National Institutes of Health-

supportedd AIDS Clinical Trials Group [12]. 

Statisticall  analysis 

Primaryy endpoint of this study was the proportion of patients with a serum HIV-RNA 

concentrationn < 400 copies/ml at week 48. As the Roche Amplicor assay with variable cut-off 

valuee was used, samples with an HIV-RNA level < 400 copies/ml and > LLQ (when LLQ was 

<< 400 copies/ml) were regarded as < 400 copies/ml. Also samples with an HIV-RNA < LLQ, 

wheree LLQ was above 400 copies/ml, were regarded as < 400 copies/ml. Assuming 95% 

confidence,, the sample size of this study would allow detection of a 20% difference in 

proportionss of patients with a serum HIV-RNA concentration < 400 copies/ml between the 

twoo groups with 80% power, accounting for a 25% premature withdrawal. 

Alsoo we wanted to study the virological efficacy of these regimens in pre-treated versus naive 

patientss and in patients with baseline serum HIV-RNA above or below 100,000 copies/ml. 

Otherr secondary objectives were the evaluation of the effects on CD4- and CD8 lymphocyte 

countss and safety of the study drugs. 

Baselinee values were calculated as the mean of the week -2 and week 0 results. 

Proportionss of patients with an HIV-RNA < 400 copies/ml were compared between the 

treatmentt groups using the uncorrected Chi squared test. Analysis of the primary endpoint was 

performedd based on both the intention-to-treat principle (missing data, data of patients who 

19 9 



ChapterChapter 2 

neverr started their assigned treatment and data after discontinuation of study medication 

countedd as serum HIV-RNA > 400 copies/ml) and the on-treatment principle (only patients 

analysedd who were on initial study medication or intensified treatment according to the 

protocol).. Baseline characteristics and safety profiles were compared using the Fisher's exact 

test.. Increases in CD4+ and CD8+ cell counts over 48 weeks were compared between the two 

treatmentt arms using the Wilcoxon's rank sum test. Immunology and safety data were 

analysedd on an intention-to-treat basis. 

Al ll  calculated p-values were two-tailed and considered statistically significant if p < .05. 

Dataa were analysed using the SAS software package (version 6.12, SAS Institute, Cary, North 

Carolina,, USA). 

Results Results 

Patientt disposition 

Inn fourteen centres in the Netherlands and Belgium 208 patients were randomised. Six patients 

(onee in arm 1 (RTV/SQV) and five in arm 2 (RTV/SQV/d4T)) did not start their assigned 

treatmentt (Figure 1). Forty-two patients (20%) discontinued their study medication during the 

studyy period: 27 in arm 1, 15 in arm 2. If patients consented, patients were followed after 

discontinuationn up to 48 weeks. In 10% of the patients discontinuation of study medication 

wass due to side effects or other adverse events. In arm 1 more patients discontinued study 

drugss because of intensification of their study medication when their serum HIV-RNA was < 

4000 copies/ml (= non-protocollar intensification) (7 versus 1 in arm 2), patient decision (6 

versuss 2) or because of progression of their HIV infection (4 versus 1). The number of patients 

discontinuingg their study medication because of side effects or other adverse events was 

equallyy distributed between the two study arms (10 versus 11). 

Thee majority of the study participants were men having sex with men. Nearly half of the 

subjectss had been pre-treated with RTIs for a median period of 27 months. Among those pre-

treatedd with RTIs for study entry, 100% had used AZT, 54% zalcitabine, 40% lamivudine, 

26%% didanosine, 7% nevirapine and 7% loviride. The median baseline serum HIV-RNA 

concentrationn was 4.47 logio copies/ml in both study arms. Median baseline CD4+ 

lymphocytee count was 255/mm3 in arm 1 and 253/mm3 in arm 2 with a range from 0 to 860 

cells/mm3.. Baseline characteristics were well balanced between the two treatment arms (Table 

1). . 
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Tablee 1 Baseline characteristics 

n n 

gender r 

priorr ARVT 

HIVV transmission risk group 

age e 

CDCC status 

CD4++ lymphocyte count 

CD4++ lymphocyte count 

CD8++ lymphocyte count 

serumm HIV- 1 RNA 

serumm HIV-1 RNA 

male e 

female e 

pre-treated d 

naive e 

MSM M 

IVV drug-use 

other r 

years,, mean (SD) 

CDC-A A 

CDC-B B 

CDC-C C 

/mm3,, median (IQR) 

<< 100/mm3 

/mm3,, median (IQR) 

log100 copies/ml, median (IQR) 

>> 100,000 copies/ml 

RTV/SQV V 

n(%) ) 

104 4 

90(87) ) 

14(13) ) 

500 (48) 

544 (52) 

69(66) ) 

6(6) ) 

29(28) ) 

38.6(9.3) ) 

46(44) ) 

33(32) ) 

25(24) ) 

255(115-395) ) 

244 (23) 

820(630-1100) ) 

4.477 (3.89-5.03) 

299 (28) 

RTV/SQV/d4T T 

n(%) ) 

104 4 

877 (84) 

17(16) ) 

488 (46) 

56(54) ) 

655 (63) 

5(5) ) 

344 (32) 

38.33 (9.6) 

48(46) ) 

355 (34) 

21(20) ) 

2533 (120-370) 

22(21) ) 

8955 (725-1200) 

4.477 (3.92-4.83) 

16(15) ) 

ARVTT = antiretroviral therapy; MSM = men having sex with men; SD = standard deviation; IQR = interquartile 

range e 

Proportionn of subjects with a serum HIV-RNA concentration < 400 copies/ml 

Inn the analysis of the proportion of subjects with a complete treatment response, subjects with 

thee following serum HIV-RNA measurements were considered to have a complete treatment 

response:: a serum HIV-RNA load < LLQ or a serum HIV-RNA load > LLQ and below 400 

copies/mll  (if LLQ was < < 400 copies/ml). In 121 blood samples (6%) HIV-RNA was > > LLQ 

andd below 400 copies/ml. In 66 blood samples (4%) HIV-RNA was tested as < LLQ with a 

LLQQ above 400 copies/ml. 

Inn the intention-to-treat analysis 63% (66/104) (95% Confidence Interval (CI) 54-73%) of 

subjectss in arm 1 reached a serum HIV-RNA < 400 copies/ml at week 48, as compared to 

69%% (72/104) (95%CI 60-78%) in arm 2 (p-value .379). In the on-treatment analysis subjects 

whoo changed or discontinued their allocated treatment other than because of intensification as 

describedd in the protocol were excluded from the analysis from the moment the allocated 

regimenn was discontinued. Eighty-eight percent (66/75) (95%CI 81-95%) and 91% (72/79) 
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(95%CII  85-97%) of the subjects had a serum HIV-RNA < 400 copies/ml in arm 1 and arm 2 

inn the on-treatment analysis respectively (p-value .523) (Figure 2a). 

Att week 48, we found in 85% of the patients with serum HTV-RNA <LLQ a negative PCR 

signal,, which was defined as a signal that was below two times the background signal (84% in 

thee RTV/SQV arm, 86% in the RTV/SQV/d4T arm). Intention to treat analysis, comparing the 

proportionn of patients with negative PCR signal at week 48, showed no differences between 

thee study arms (p=.44). 

Thee results from separate intention-to-treat analyses for pre-treated and naive patients showed 

noo statistical significant differences between the study arms (p-value for difference in 

proportionss between the study arms at week 48 =.91 for naïve patients, .29 for pre-treated 

patients).. Patients, who were pre-treated with RTIs before study entry, had a similar chance to 

havee an HIV-RNA < 400 copies/ml up to week 12, when compared to antiretroviral naive 

patients.. However, from week 12 on, more naive patients had an HIV-RNA < 400 copies/ml 

(p=.04)(dataa not shown). 

Inn the forty-five patients with a baseline serum HIV-RNA load > 5 logio copies/ml, treatment 

withh RTV/SQV/d4T was more effective up to week 12 than treatment with RTV/SQV in an 

intention-to-treatt analysis (p-values for difference in proportions between the study arms at 

weekk 12 = .02) (Figure 2b). After week 12, when intensification of study medication was 

allowed,, a trend was still found in favour of arm 2 (p-value week 48 =.06). 

Intensificationn of study medication 

Patientss were allowed to intensify their treatment with RTIs if their serum HIV-RNA 

concentrationn did not drop to < 400 copies/ml at week 12, confirmed at week 18, or if serum 

HIV-RNAA increased to > 400 copies/ml again. As concerns raised about the relatively late 

timee point of intensification (mostly at week 24), all available samples were analysed in an 

interimm analysis in March 1998. A strong correlation was found between a serum HIV-RNA 

concentrationn > 1000 copies/ml at week 12 and a serum HIV-RNA concentration > 400 

copies/mll  at week 18 (specificity 95%, positive predictive value 81%, sensitivity 65%). The 

protocoll  was amended to allow intensification if serum HIV-RNA load was > 1000 copies/ml 

att week 12. Thirty-one patients intensified study medication as stated in the protocol: 28 

(27%)) in arm 1 and three (3%) in arm 2. Patients who intensified treatment had a higher 

mediann baseline serum HIV-RNA when compared to patients who did not intensify treatment 

(p=.01).. They had similar baseline CD4 counts and a similar history of antiretroviral drug use 

beforee study entry compared to patients who did not intensify. 
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Figuree 2a Proportion of patients with serum HIV-RNA concentration < 400 copies/ml 

Intention-to-treat t On-treatment t 

FBWS3// n = 104 
RTV/SQV/d4TT n = 1 0 4 RTV/SQV/d4T:nn = 92 98 91 91 93 95 

Figuree 2b Proportion of patients with serum HrV-RNA concentration < 400 copies/ml, by 

baselinee serum HIV-RNA 

Patientss with baseline HIV-RNA < or > 5 log,,, c/mL. 

intention-to-treat t 

-1.0 0 

Patientss with baseline HIV-RNA < or > 5 bg10 c/mL, 

on-treatment t 

24 4 
week k 

-- RTV/SQV/d4T. baseline HIV-RNA < 5 log,„copies/mL, n = 88 

-RTV/SQV.. baseline HIV-RNA < 5 ]og10copies/mL. n =74 

-- RTV/SQV/Ü4T. baseline HIV-RNA >5 logT„copies/mL. n = 16 

-- RTV/SQV. baseline HIV-RN A > 5 log .„copies/mL. n = 29 

24 4 

week k 

RTV/SQV/d4T.. baseline HIV-RNA < 5 log .„copies/mL, n = 84 to 66 

RTV/SQV.. baseline HIV-RNA < 5 log i(1copies/mL. n = 71 to 57 

RTV/SQV/d4T.. baseline HIV-RNA > 5 log,„copies/mL. n - 15 lo 13 

RTV/SQV.. baseline HIV-RNA > 5 log^copies/mL. n = 28 lo 17 

Thee ritonavir/saquinavir arm is represented by the dotted lines, the ritonavir/saquinavir/stavudine arm by the 

solidd lines. The horizontal axis represents the number of weeks since the start study medication. 

Inn the intention-to-treat analysis all missing samples, samples from patients who never started assigned treatment 

andd samples at time points after discontinuation of study medication were regarded as above 400 copies/ml. 

Inn the on-treatment analysis only samples were included that were taken when the patient was on study 

medicationn (initial treatment or intensification, according to the protocol). 

Inn Figure 2b patient groups are separated by baseline serum HIV-RNA equal or above (open circles) and below 

(solidd squares) 100,000 copies/ml. In one patient no baseline HIV-RNA measurements were available. 
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Therapyy of eighteen patients was intensified before the amendment, because their serum HIV-

RNAA levels at week 12 and 18 were > 400 copies/ml. Four patients intensified treatment after 

thee amendment because their serum HIV-RNA concentration was > 1000 copies/ml at week 

12.. Seven patients intensified treatment because they had a rebound in serum HIV-RNA. In 

fourr patients serum HIV-RNA was > > 400 copies/ml again at week 24, in two patients at week 

366 and in one patient at week 36 and 48. Serum HIV-RNA was between 620 and 2450 

copies/mll  at the moment treatment was intensified because of viral rebound. Median follow-

upp after intensification was 26 weeks. All but one patient who intensified treatment (97%) had 

aa serum HIV-RNA concentration < 400 copies/ml at their last follow-up visit (Table 2). No 

differencee in efficacy was observed between the three strategies of intensification. 

Tablee 2 Intensification of study medication 

RTV/SQV V RTV/SQV/d4T T 

treatmentt intensified with: 

d4T/3TC,, d4T, d4T/ddI, d4T/hydroxyurea 

AZT/3TC C 

3TC C 

reasonn for intensification: 

serumm HTV-RNA week 12 and 18 > 400 copies/ml 

serumm HIV-RNA week 12 > 1000 copies/ml 

serumm HIV-RNA rebound 

mediann follow-up after intensification 

serumm HIV-RNA load < 400 copies/ml at last visit 

288 (27%) 33 (3%) 

21,3,1,1 1 

2 2 

0 0 

17 7 

4 4 

7 7 

266 weeks 

277 (96%) 

0 0 

0 0 

3 3 

3 3 

0 0 

0 0 

266 weeks 

33 (100%) 

Immunologicall  response 

Thee increase in CD4+- and CD8+-lymphocyte counts during the study period was comparable 

betweenn the two treatment groups. Median CD4+ cell increase was 185 cells/mm3 

(interquartilee range (IQR): 105 to 295) over 48 weeks. Patients, who started with a CD4+ cell 

countt < 100 cells/mm3, had a slightly higher median CD4+ cell increase (+220/mm3) 

comparedd to patients, who started with a baseline CD4+ cell count > 100 cells/mm3 

(+185/mm3)) (p=.055). Maximal increase in CD8+ cell count was seen after eight weeks of 

treatment:: a median increase of 115 cells/mm3 (IQR: -70 to 315) when compared to baseline. 

Att week 48 median CD8+ cell counts were 35 cell/mm3 (IQR: -85 to 170) higher than 

baselinee values (Figure 3). 
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Figuree 3 CD4+/CD8+ lymphocyte counts 
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Adversee effects of study medication 

Thee mean exposure to study drugs in patients who started randomised treatment was 43 weeks 

perr patient. 

Adversee events that were at least moderate in intensity and at least possibly related to study 

medicationn occurred equally frequent in both treatment arms (p=.92). The most frequently 

reportedd adverse events were diarrhoea (18%, median duration 7 weeks) and nausea (13%, 

mediann duration 1 week). Numbness and tingling are commonly reported adverse events 

duringg the use of RTV. However, moderate or severe numbness and tingling was seen in only 

7%% of patients. No grade 4 clinical toxicities were reported that were considered at least 

possiblyy related to one of the study drugs. In one patient in the RTV/SQV/d4T group 

lipodystrophyy was reported during the 48 week of follow-up. 

Bloodd samples were taken in non-fasting conditions. Asymptomatic elevation of cholesterol 

(62%% of patients had an at least grade 2 toxicity), triglycerides (54%), and GGT (29%) were 

thee most frequently reported laboratory abnormalities. 

Discussion Discussion 

Amongg PI naive patients, starting ARVT consisting of RTV 400 mg BID and SQV 400 mg 

BIDD and intensifying if necessary provides a similar antiretroviral activity after 48 weeks, 

comparedd to treatment with RTV/SQV/d4T from the beginning. Intensification of RTV/SQV 

withh RTIs (stavudine and lamivudine in most cases) was done in 27% of patients, when serum 

HIV-RNAA levels did not drop to < 400 copies/ml at week 12, confirmed at week 18, or when 

serumm HIV-RNA concentration increased to > 400 copies/ml again. The serum HIV-RNA 
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concentrationn of 97% of patients, who had intensified their treatment, was < 400 copies/ml at 

theirr last follow-up visit (median follow-up after intensification was 26 weeks) (Table 2). 

Duringg the study, we found a strong correlation between a serum HIV-RNA > 4000 copies/ml 

att week 18 and a serum HIV-RNA > 1000 copies/ml at week 12. Therefore we amended the 

protocoll  to be able to use this earlier time point to select patients who need intensification. 

Althoughh we did not find better efficacy in patients who intensified earlier, theoretically this 

strategyy may avoid emergence of resistant virus. We also looked for correlations between 

HIV-RNAA decline at week 8 and a serum HIV-RNA < 400 copies/ml at week 18. If the week 

88 result had been used as the decision point for intensification, more patients would have had 

theirr medication intensified unnecessary, when compared to week 12 as decision point. 

However,, the same number of patients, who should have had their therapy intensified, would 

havee been missed with these strategies (data not shown). Moreover, evaluation of viral 

efficacyy 12 weeks after start of (a new) antiretro viral therapy is routine practice in most 

countries,, where highly active antiretroviral therapy is available. Therefore this treatment 

strategyy could be used within the routine treatment monitoring practices. 

Thee data of this randomised study confirm those of a dose finding study by Cameron et al. 

[11],, in which the principle of intensification was explored for the first time. In their study, 

differentt dosages of RTV/SQV were given to Pi-naive patients with CD4+ cell counts > 

100/mm3.. Intensification with NRTIs was allowed, if plasma HIV-RNA levels were > 200 

copies/mll  at any time point after week 12. They found that over 80% of patients had a serum 

HIV-11 RNA concentration < 200 copies/ml after 48 weeks of treatment in an on-treatment 

analysis.. In the on-treatment analysis of our study we found comparable percentages: 88 and 

91%% for the RTV/SQV arm and the RTV/SQV/d4T arm respectively. In the intention-to-treat 

analysiss (all missing data, data of patients who did not start their assigned treatment and data 

afterr discontinuation of study medication for whatever reason counted as serum HIV-RNA 

concentrationn > 400 copies/ml) we found that after 48 weeks 63% of patients on RTV/SQV 

(withh intensification if necessary) and 69% of patients on RTV/SQV/d4T had a HIV-RNA 

concentrationn < 400 copies/ml. This was also comparable with the findings in the study by 

Cameronn et al. 

Inn this study serum HIV-RNA concentrations were measured using the standard Roche 

Amplicorr assay, as this was the standard in clinical care at the time this study was initiated. 

Measurementss using ultrasensitive assays could provide additional information on the long-

termm efficacy of this treatment strategy, as lower HTV-RNA levels are associated with a more 

durablee suppression of HIV-replication [13]. As a surrogate marker for ultrasensitive assays, 
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wee compared the proportion of patients who had a PCR signal that was less than two times the 

backgroundd signal. We found no differences between the study arms at week 48, suggesting 

thatt the results of this study may also account for the durability of the two treatment regimens 

studied. . 

Inn patients who started treatment with a baseline serum HIV-RNA concentration > 100,000 

copies/ml,, treatment with RTV/SQV plus d4T showed superior antiretroviral activity when 

comparedd to treatment with RTV/SQV before treatment intensification was allowed. The 

samee trend was seen up to week 48, after therapy was intensified, if necessary. Although these 

resultss should be interpreted with care, as the number of patients in this sub group analysis 

wass limited, this finding confirms the results of Weverling et al. [14], who found that the 

initiall  HIV-RNA decay was directly correlated with the number of drugs taken. Another 

explanationn for this finding could be that therapy with only one class of antiretroviral drugs, as 

inn the RTV/SQV group, is insufficient in patients with a high baseline HIV-RNA level. 

Bothh treatment regimens were well tolerated, especially taking into account the considerable 

numberr of patients with advanced HTV disease in this study. Overall, a 20% discontinuation of 

studyy medication and 10% discontinuation due to adverse events in 48 weeks was reported. 

Forr other combination therapies, including Pis, a discontinuation of treatment of up to 40% 

hass been described [15]. Quality of life improved in both treatment groups over the 48-week 

studyy period, despite an increase in reported symptoms [16]. 

Inn conclusion, the concept of starting with a simple, but potent regimen and intensifying if 

necessary,, has shown virological results after 48 weeks, comparable to starting with more 

drugss from the beginning. Where many patients urge their physicians to look for maximally 

simplee regimens, this option might be of value in patients with baseline HIV-RNA < 100,000 

copies/ml.. Extended follow up is needed to evaluate long term efficacy and tolerability of this 

treatmentt strategy. 
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Abstract Abstract 

Objective::  To assess the HIV-1-RNA response and drug concentrations in cerebrospinal fluid 

(CSF)) and serum during treatment with saquinavir (SQV)/ritonavir (RTV) or SQV/RTV plus 

stavudine(d4T)) in HIV-1-infected patients. 

Design::  Multicentre, open-label, randomized controlled trial. 

Methods::  A total of 208 protease inhibitor and d4T-naive, HIV-1-infected patients were 

treatedd with RTV 400 mg twice daily and SQV 400 mg twice daily with or without d4T 40 mg 

twicee daily. Intensification with reverse transcriptase inhibitors was allowed if serum HIV 

RNAA remained above 400 copies/ml after 12 weeks. In 27 volunteers, CSF and serum HIV 

RNAA were measured at baseline, weeks 12 and 48,, using the Roche Amplicor and the 

ultrasensitivee assay. In 22 patients, serum and CSF drug concentrations were determined at 

weekk 12. 

Results::  The median baseline serum and CSF HIV-RNA concentrations were 4.81 and 3.21 

logioo copies/ml, respectively. A difference in proportion of patients with a CSF HIV-RNA 

levell  below the limit of quantification (< LLQ) after 12 weeks was found: four out of 14 

(RTV/SQV)) versus 12 out of 13 (RTV/SQV/d4T) (p=.001). The same results were found 

usingg the ultrasensitive assay. Patients with a baseline HIV-RNA level < LLQ in CSF 

remainedd < LLQ, regardless of the treatment regimen. Treatment with RTV/SQV alone was 

thee only independent predictor of a CSF HIV-RNA level > LLQ at week 12 in logistic 

regressionn analysis (p=.005). CSF RTV and SQV concentrations were < LLQ in most patients. 

Conclusion:: RTV/SQV alone cannot suppress detectable CSF HIV-1-RNA levels to < LLQ 

afterr 12 weeks of treatment in the majority of patients. CSF drugg concentrations of RTV and 

SQVV < LLQ may explain the suboptimal antiretroviral effect in the CSF. 
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Introduction Introduction 

Thee rate of progression of HIV disease and the time to death is predicted by the magnitude of 

activee HIV replication [1]. Therefore, there is consensus that the goal of antiretroviral 

treatmentt is the maximal suppression of viral replication, as reflected by the lowest possible 

HIV-1-RNAA levels in the plasma [2]. Preliminary reports have suggested that a combination 

off  saquinavir (SQV) and ritonavir (RTV) alone can produce a sustained decrease of plasma 

HIV-11 RNA to below 200 copies/ml and a substantial increase in CD4 cell counts [3]. 

However,, the central nervous system (CNS) may represent an important sanctuary site for 

HIV,, as the blood-brain-barrier restricts the passage of a number of antiretroviral drugs [4]. 

Nucleosidee analogue reverse transcriptase inhibitors (NRTI) have been reported to penetrate 

thee cerebrospinal fluid (CSF) well. In contrast, low RTV and SQV concentrations in the CSF 

havee been reported [5]. We investigated the effect of RTV/SQV combination therapy with or 

withoutt stavudine on HIV-1-RNA levels in blood and CSF. 

Methods Methods 

Studyy Design 

Thee Prometheus study is an open label, randomized controlled, multicentre trial among HIV-

1-infectedd patients in the Netherlands and Belgium. Patients received orally either RTV 400 

mgg twice daily plus SQV 400 mg twice daily or RTV 400 mg twice daily plus SQV 400 mg 

twicee daily plus stavudine (d4T) 40 mg twice daily (30 mg bid if body weight was below 60 

kg).. Participants had to be protease inhibitor (PI) and d4T-naive before the start of the study. 

Intensificationn of study medication with reverse transcriptase inhibitors (RTI) was allowed if 

serumm HIV-1 RNA remained above 400 copies/ml after 12 weeks of treatment, confirmed at 

weekk 18 [6]. 

Lumbarr punctures were performed in 27 study participants at baseline and after 12 and 48 

weekss of treatment to assess HIV-1 RNA and drug concentrations in both the serum and CSF. 

Studyy Assessments 

Serumm and CSF HrV-1-RNA levels were measured using a commercially available 

polymerasee chain reaction-based assay with a variable lower limit of quantification (LLQ) 

(mediann 230 copies/ml, range: 94-841 copies/ml) (Amplicor HrV Monitor Test, Roche 

Diagnosticc Systems Inc., Branchburg, New Jersey, USA). If HIV-1-RNA values were < LLQ, 

thee cut-off values were used as the individual's HIV-1-RNA value in all analyses. If HIV-1-

RNAA values were < LLQ in the standard assay and enough sample was available, serum and 
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CSFF was retested using the Roche Ultrasensitive HIV-1-RNA assay with a variable LLQ, 

whichh was 50 copies/ml or lower. 

RTV,, SQV and d4T concentrations in serum and CSF were analyzed by validated high 

performancee liquid chromatographic assays with ultraviolet detection as described previously 

[7-9].. The lower limits of quantification for RTV, SQV and d4T in these assays were 25, 2.5, 

andd 10 ng/ml respectively. In twelve CSF samples obtained at week 12, protein and white cell 

countt were determined. 

Statisticall  Analysis 

AA logio transformation was performed on all HIV-1-RNA concentration values. Results are 

reportedd as medians and interquartile ranges. Differences in baseline variables and differences 

inn proportions of patients with HIV-1 RNA in the CSF < LLQ between the treatment arms 

weree tested using the two-tailed Fisher's exact test and the Wilcoxon's signed rank sum test, 

wheree appropriate. Correlation between baseline HIV-1 RNA in serum and CSF was tested 

usingg an unweighted linear regression model. We examined the correlation between baseline 

characteristicss (baseline serum and CSF HIV-1 RNA, baseline CD4 cell counts, treatment arm 

andd pre-treatment status) and the study outcome 'CSF HIV-1 RNA > LLQ at week 12', using 

univariatee logistic regression models. The best fitted multivariate logistic regression model 

wass then constructed using both forward and backward selection. 

Reportedd P-values are all two-tailed and were considered statistically significant if they were 

0.055 or less. Analyses were performed using SAS, version 6.12 (SAS Institute, Cary, NC, 

USA). . 

Thee study was approved by the Protocol Review Board of the National AIDS Therapy 

Evaluationn Center and the local Medical Ethical Committees of the participating sites. All 

participantss gave separate written informed consent for the neurological sub-study. 

Results Results 

Baselinee Characteristics 

Twoo hundred and eight patients were randomized between January 1997 and January 1998. 

Pairedd serum/CSF samples, obtained at week 0 and week 12, were available from 27 

participantss (RTV/SQV: 14, RTV/SQV/d4T: 13). Eight patients (30%) had been treated with 

onee or more RTI before start of the study. One patient in the RTV/SQV group was diagnosed 

withh progressive multifocal leukencephalopathy before the start of the study, which was 
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progressivee despite the initiation of antiretroviral therapy. None of the study participants was 

diagnosedd with a neurological disease during the study. At baseline, the only significant 

differencee between the treatment groups was the number of patients with a baseline serum 

HIV-11 RNA greater than 5 log]0 copies/ml (RTV/SQV: 57%, RTV/SQV/d4T: 0%, 

p=.002)(Tablee 1). Baseline CSF HIV-1-RNA levels did not correlate with CSF protein or 

whitee cell count (data not shown). 

Tablee 1 Baseline characteristics 

n n 

malee (%) 

mediann age in years (range) 

pre-treatedd before start study (%) 

CD4++ cell count /uJ, median (range) 

serumm HIV-1 RNA log10 c/ml, median (range) ) 

CSFF HIV-1 RNA logjo c/ml, median (range) 

RTV/SQV V 

14 4 

12(86) ) 

444 (25-54) 

4(29) ) 

2455 (10-500) 

4.988 (4.23-5.95) 

3.422 (<2.32-4.38) 

RTV/SQV/d4T T 

13 3 

12(92) ) 

36(31-70) ) 

4(31) ) 

1000 (10-870) 

4.644 (3.88-4.95) 

2.944 (<2.35-4.86) 

p-value* * 

1.00 0 

.42 2 

1.00 0 

.63 3 

.30 0 

.75 5 

**  = p-value for difference between the two study arms, using the two-tailed Fisher's exact test for categorical 

variabless and the Wilcoxon's signed rank sum test for continuous variables; RTV = ritonavir; SQV = saquinavir; 

d4TT = stavudine; CSF = cerebrospinal fluid 

HIV-1-RNAA Levels in Serum and Cerebrospinal Fluid 

Al ll  patients had a detectable serum HIV-1-RNA level at baseline (median 4.81 logio 

copies/ml,, range 3.20-5.95). The median CSF HF/-1-RNA level at baseline was 3.22 login 

copies/mll  (range <2.32-4.86). Seven patients, including 5 patients who had never used any 

antiretrovirall  drug before start of the study, had a CSF HIV-1 RNA level < LLQ at baseline 

(RTV/SQV:: three patients, RTV/SQV/d4T: four patients)(Table 1). 

Baselinee serum and CSF HIV-1-RNA levels did not correlate (r^O.05, p=.24). The median 

serumm HIV-1-RNA change after 12 weeks of treatment was -2.12 and -2.25 login copies/ml 

forr the RTV/SQV and RTV/SQV/d4T groups, respectively (p=.34)(Figure la). After 12 

weeks,, seven out of 14 patients in the RTV/SQV group and nine out of 13 patients in the 

RTV/SQVM4TT group had a serum fflV-1-RNA level < LLQ (p=.44). 

Thee median CSF HIV-1-RNA change over time was +0.15 login copies/ml in the RTV/SQV 

group,, compared with -0.46 login copies/ml in the RTV/SQV/d4T group (p=.03)(Figure lb). 

AA significantlyy different proportion of patients with a CSF HIV-1-RNA level < LLQ was 

foundd after 12 weeks of treatment: four out of 14 patients in the RTV/SQV group and 12 out 

off  13 patients in the RTV/SQV/d4T group (p=.001). 
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Baselinee serum and CSF HIV-1-RNA concentrations were not significantly different in 

patientss on RTV/SQV alone who had a CSF HIV-1 RNA < LLQ at week 12, when compared 

too patients on the same treatment regimen with CSF HIV-1-RNA concentration > LLQ at 

weekk 12 (Wilcoxon two-sample test: p=.29). All patients with a CSF HIV-1 RNA < LLQ at 

baselinee remained < LLQ in CSF throughout 12 weeks, regardless of their treatment regimen. 

Inn 23 patients, week 0 and 12 CSF and serum samples were available for retests using the 

ultrasensitivee HIV-1-RNA assay. One patient had a baseline CSF HIV-1 RNA <LLQ in the 

ultrasensitivee assay. The median HIV-1-RNA change in serum was -2.4 logio copies/ml in the 

RTV/SQVV group and -2.7 in the RTV/SQV/d4T group (p=.41). The number of patients that 

reachedd a serum HIV-1-RNA of less than 50 copies/ml after 12 weeks of treatment was three 

outt of 12 in the RTV/SQV arm versus five out of 11 in the RTV/SQV/d4T arm (p=.40). The 

mediann HIV-1-RNA change in the CSF was -0.2 logio copies/ml in the RTV/SQV arm versus 

-1.55 logio copies/ml in the RTV/SQV/d4T arm (p=.006). In the CSF, only one out of 12 

patientss in the RTV/SQV arm reached an HIV-1-RNA level of less than 50 copies/ml at week 

12,, versus seven out of 11 in the RTV/SQV/d4T arm (p=.009). 

Predictorss of a Cerebrospinal Fluid HIV-1-RNA Concentration Above the Lower Limit of 

Quantificationn at Week 12 

Patientss were not stratified before randomization for their participation in this sub-study. 

Therefore,, differences in baseline characteristics could influence the study outcome 'CSF 

HrV-1-RNAA concentration > LLQ at week 12'. Treatment arm, baseline CSF and serum HIV-

11 RNA, baseline CD4 cell count and pre-treatment with RTI were considered possible factors. 

Inn multivariate analysis only treatment with RTV/SQV was an independent predictor of 

detectabilityy for HrV-1 RNA in the CSF at week 12 (odds ratio 30, 95% CI: 2.9-313; p=.005) 

(Tablee 2). 

Drugg Concentrations in Serum and Cerebrospinal Fluid 

Inn 22 patients both serum and CSF concentrations of RTV and SQV were measured at week 

12.. The median RTV concentration in the serum was 5807 ng/ml (range: 1100-17 210 ng/ml). 

Inn 19 out of 22 samples concentrations were above the minimal recommended threshold of 

21000 ng/ml for RTV [10]. The median serum SQV concentration was 886 ng/ml (range: 95-

33688 ng/ml), all above the minimal recommended threshold of 50 ng/ml [11], The RTV 

concentrationss in the CSF were less than 25 ng/ml in 19 out of 22 patients (range < 25-57 

ng/ml).. The SQV concentrations in the CSF were less than 2.5 ng/ml in 20 out of 22 patients 
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(rangee < 2.5-14.7). The median d4T concentration of eight patients on RTV/SQV/d4T was 

4888 ng/ml (range: 72-969) and 213 ng/ml (range: 81-367 ng/ml) in serum and CSF, 

respectively. . 

Figuree 1 Box and whisker plots of HIV-1 RNA concentrations 

Figuree la Box and whisker plots of serum HIV-1 RNA concentrations before and 12 weeks 

afterr start study medication. 

ss | 
>> i 
5s s 

RTV/SQVV RTV/SQV/d4T RTV/SQV RTV/SQV/d4T 
weekOO week 12 

Figuree lb Box and whisker plots of cerebrospinal fluid HIV-1 RNA concentrations before and 

122 weeks after start study medication. 

££ 3-
> > 

— — 
u u 

RTV/SQVV RTV/SQV/d4T RTV/SQV RTV/SQV/Ö4T 

weekOO week 12 
Boxx and Whisker plot for serum and CSF HIV-1 -RNA concentrations before start of the study and after 12 weeks 

off  treatment. The solid line across the box indicates the median, values in the box are values within the second 

andd third quartiles; minimal and maximal values are connected by the whiskers. 
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Tablee 2 Predictors of a CSF HIV-1 RNA concentration >LLQ at week 12 

Univariat ee analysis, Multivariat e analysis, odds rati o 

p-valuee p-value (95% CI ) 

treatmentt arm RTV/SQV !ÖÖ1 !ÖÖ5 30(2.9-313) 

baselinee serum logio HIV- 1 RNA . 138 

baselinee CSF log10 HIV- 1 RNA .210 

baselinee CD4 cell count (/mm3) .300 

pre-treatmentt with RT-inhibitors .824 

Logisticc regression model. LL Q = lower limi t of quantification; RTV = ritonavir; SQV = saquinavir; RT-

inhibitorss = reverse transcriptase inhibitors 

Weekk 48 Results 

Inn 12 patients, a third lumbar puncture was performed 48 weeks after initiation of treatment. 

Patientss who started with a CSF HIV-1 RNA < LLQ at baseline, remained < LLQ throughout 

488 weeks (n=3). In three patients, who had intensified treatment with RTV/SQV with d4T and 

lamivudinee (3TC) between week 18 and 24 as prescribed in the protocol, CSF HIV-1-RNA 

levelss became < LLQ by week 48. Two out of three patients, who continued RTV/SQV 

treatment,, had a CSF HIV-1 RNA >LLQ through 48 weeks (Table 3). 

Tablee 3 Long term (48 week) follow up 

RTV/SQVV for 48 weeks 

RTV/SQVV + d4T/3TC after week 18 

RTV/SQV/d4T T 

nn of pts. with CSF HIV- 1 RNA <LL Q / total 

weekO O 

1/4 4 

0/3 3 

2/5 5 

weekk 12 

1/4 4 

0/3 3 

4/5 5 

aa of pts. observed 

weekk 48 

2/4 4 

3/3 3 

4/5 5 

Tablee shows the results of the 12 patients, who underwent lumbar punctures at week 0, 12 and 48. n = number, 

pts.. = patients, LLQ = lower limit of quantification 

Discussion Discussion 

Thiss is the first study comparing treatment with PI only versus treatment with PI plus a NRTI 

inn their effect on CSF HIV-1 RNA. Patients with a CSF HIV-1 RNA < LLQ at baseline 

remainedd < LLQ after 12 weeks of treatment with RTV and SQV alone. However, RTV/SQV 

alonee was unable to suppress detectable baseline CSF HIV-1 RNA to undetectable levels in all 

butt one patient in the same time period. 

Severall  explanations may be given for this finding. First, differences in baseline 

characteristicss between the two study groups, such as baseline serum and CSF HIV-1 RNA, 
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baselinee CD4 cell count and pre-treatment status, could influence the outcome. None of these 

parameterss was a significant independent predictor of a CSF HIV-1-RNA level >LLQ after 12 

weeks.. Second, a lower adherence to the double PI regimen might explain the differences 

found.. However, self-reported adherence to both treatment regimens was not significantly 

differentt [12]. Third, the CNS may harbour HIV strains with resistance patterns that differ 

fromm those isolated from the blood, which leads to discordant HTV-1-RNA responses in CSF 

andd blood. Evidence for independent development of NRTI resistance patterns in the CSF has 

beenn found in 30% of tested strains [13]. Although very littl e is known about development of 

PII  resistance in other compartments than the blood, the selective pressure of the extremely 

loww RTV and SQV concentrations in the CSF are probably insufficient to induce PI resistance 

withinn 12 weeks of treatment in this compartment. The treatment arm was the only significant 

independentt predictor of CSF HIV-1-RNA response: treatment with RTV/SQV alone 

increasedd the risk of a detectable CSF HIV-1 RNA at week 12 by 30-fold (95% CI 2.89-313). 

Thiss was highly significant (p=.005), despite the small sample size. Therefore, we hypothesize 

thatt insufficient viral suppression in the CSF in the RTV/SQV group is caused by the low 

exposuree to RTV and SQV in the CSF. Inhibition of the entry of PI into the CNS by the 

membranee transporter P-glycoprotein at the level of the blood-brain barrier can attribute to the 

loww CSF drug levels [14]. D4T penetrates into the CSF much better than both RTV and SQV. 

D4TT can, at least in combination with 3TC, reduce CSF fflV-1  RNA to undetectable levels 

[15],, and may be responsible for the superior suppression of HIV-1 RNA in the CSF observed 

inn the d4T-containing regimen. 

Ourr data contradict the findings of Cameron et al, who reported that CSF HIV-1 RNA was 

<LLQQ in the standard Roche Amplicor assay in 14 out of 15 (93%) Pi-naive patients, who had 

usedd SQV/RTV for a median of 60 weeks [3]. Longer duration of treatment in their study 

couldd be an explanation for the different findings. Even with a four-drug regimen it can take 

moree than 2 months before CSF HIV-1 RNA declines to undetectable levels [16], Moreover, 

inn one of our patients on RTV/SQV alone CSF HIV-1 RNA became undetectable only by 

weekk 48. A higher proportion of patients with CSF HIV-1 RNA <LLQ at baseline could be 

anotherr explanation for the different results in their study, as baseline CSF HIV-1 RNA 

concentrationss were not obtained. 

CSFF HIV-1 RNA is frequently used as a surrogate marker of CNS infection, because it is 

relativelyy easy to obtain, and can be followed long-term. However, the relationship between 

CNSS infection and CSF HIV-1 RNA is not been totally clarified. CSF may also function as a 

sanctuaryy site for HIV-1 RNA, where from HIV-1 RNA may return in the blood [17]. 
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Therefore,, the goal of antiretroviral treatment should be the maximal suppression of viral 

replicationn in all compartments. Ongoing, low level viral replication, which could not be 

detectedd with the standard Amplicor assay, is associated with early viral rebound [18]. 

Thereforee we re-tested samples, which were < LLQ in the standard Roche Amplicor assay, 

usingg the Roche Ultrasensitive HIV-1-RNA assay. Analyses including these results confirmed 

thee results of the standard Amplicor assay. Staprans et al. suggested that CSF-penetrating 

drugss may not be necessary for the adequate suppression of CSF HIV-1 RNA in early 

infectionn [19]. This hypothesis could explain the observation of a rapid decline of CSF HIV-1 

RNAA in one patient on RTV/SQV alone, with undetectable CSF drug levels. We observed that 

CSFF HIV-1 RNA remained < LLQ throughout the study in all patients with a CSF HIV-1 

RNAA < LLQ at baseline, regardless of the treatment regimen. However, we do not know the 

exactt duration of HIV infection in our patients, and we found no correlation between baseline 

CD44 lymphocyte counts and baseline CSF HIV-1 RNA or CSF HIV-1-RNA response. 

Oncee baseline CSF HIV-1 RNA was detectable, at least one CSF-penetrating drug was 

necessaryy to suppress CSF HIV-1-RNA concentrations to < LLQ. 

Wee advise against the use of RTV/SQV alone as first line antiretroviral therapy. However, in 

somee cases (e.g. patients with adherence problems to more complex regimes or intolerance to 

alll  relevant RTI) RTV/SQV can be an alternative, provided that the patient is willing to 

undergoo lumbar punctures, to check for low CSF HIV-1-RNA levels. 
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Summary Summary 

Onlyy limited data on CSF HIV-1 RNA responses and markers of local inflammation in CSF 

duringg antiretro viral therapy are available. HIV-RNA, soluble TNF-receptor (sTNFr)-II, 

monocytee chemoattractant protein (MCP)-l and interferon-7 inducible protein (IP)-10 were 

measuredd in the peripheral blood and CSF of twenty-six antiretroviral-naive HIV-1-positive 

patients,, who were treated with ritonavir (RTV)/saquinavir (SQV) (n=5), RTV/SQV/d4T 

(n=8)) or AZT/3TC/abacavir/nevirapine/indinavir (n=13). 

Afterr 8-12 weeks of treatment CSF HIV-RNA dropped to <400 copies/ml in 1/5 patients in 

thee RTV/SQV group, 8/8 patients in the RTV/SQV/d4T group and 9/10 patients in the five-

drugg group. CSF sTNFr-II and IP-10 levels increased in patients with a detectable CSF HIV-

RNA.. However, increases in CSF chemokine and sTNFr-II concentrations were also observed 

inn some patients with good CSF HIV-RNA responses. Moreover, CSF MCP-1 concentrations 

increasedd in the whole population after two months of treatment. Ongoing residual HIV 

replicationn in the central nervous system, which cannot be detected with CSF HIV-RNA 

measurements,, may account for this phenomenon. 
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Introduction Introduction 

Antiretrovirall  combination therapy including at least one protease inhibitor (PI) reduces 

plasmaa HIV-1 RNA and thereby AIDS-related morbidity and mortality [1-3]. The goal of 

antiretrovirall  treatment is to reach an as low as possible plasma HIV-1 RNA level and 

maintainn that level as long as possible. However, a low HIV-1 RNA in plasma during 

antiretrovirall  therapy does not necessarily mean that viral replication is suppressed in the 

wholee body. HIV-1 RNA concentrations in other compartments of the body, such as the 

lymphnodess and the male genital tract, may be higher than the HIV-1 RNA level in plasma 

[4,5].. The central nervous system (CNS) also acts as an anatomical reservoir of HTV-1 [6]. 

Thee blood-brain barrier (BBB) may prevent certain antiretroviral drugs from entering the CNS 

[7].. Detectable HIV-1 RNA in the cerebrospinal fluid (CSF), while the HIV-1 RNA in the 

peripherall  blood was below the limit of quantification (LLQ), has been described in patients 

whoo were treated with antiretroviral drugs that do not penetrate the BBB well [8,9]. Also, 

virall  resistance patterns may differ between blood and CSF [10,11]. 

CSFF is the only CNS substrate that can be obtained repeatedly from a living patient; however, 

HIVV replication in the brain may not be reflected directly by the HIV-1 RNA concentration in 

CSFF [12]. Inflammatory markers in CSF may provide additional information on HIV-1 

replicationn in the brain. We therefore measured sTNFr-II, MCP-1 and IP-10 concentrations in 

thee CSF and peripheral blood of patients on three different antiretroviral therapy regimens, 

whichh included different numbers of drugs that are able to penetrate into the CNS. 

Methods Methods 

Patients s 

Onee baseline and at least one follow-up paired CSF/blood sample was available of 26 HIV-1-

infectedd patients. Thirteen antiretroviral-naive, neurologically asymptomatic patients 

participatedd in the Prometheus study, an open label, randomized, controlled, multi-center trial. 

Patientss received either ritonavir (RTV) 400 mg twice daily (BID) plus saquinavir (SQV) 400 

mgg BID (n=5) or RTV 400 mg BID plus SQV 400 mg BID plus d4T 40 mg BID (n=8) [13]. 

Ass part of a neurological sub-study participants volunteered to undergo lumbar punctures at 

dayy 0 (before start of study medication) and after 12 weeks of treatment. In four patients 

(RTV/SQVV arm: n=l; RTV/SQV/d4T arm: n=3) a third lumbar puncture was performed after 

488 weeks of treatment. 

Thirteenn antiretroviral-naive, neurologically asymptomatic patients participated in the ERA 

study,, an open label, controlled trial, studying the effect of a five-drug regimen in HIV-1-
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infectedd patients. All patients started with a quintuple regimen (zidovudine (AZT) 300 mg 

BID/lamivudinee (3TC) 150 mg BID/abacavir (ABC) 300 mg BID/indinavir (IDV) 1000 mg 

TID/nevirapinee (NVP) 400 mg once daily). Ten patients switched from IDV 1000 mg TED to 

IDVV 800 mg BID plus RTV 100 mg BID during the study. Seven patients used d4T 40 mg 

BIDD instead of AZT 300 mg BID during (a part of) the study. Lumbar punctures were 

performedd at day 0, week 8, 24 and in a sub-group (n=9) also at week 48. 

Thee Prometheus study and the ERA study were approved by the Institutional Review Boards 

off  the participating sites. All participants gave written informed consent. 

Controls s 

Thee serum of eight healthy labworkers was used as control material. CSF was obtained from 

ninee HIV-negative patients, who did not have a systemic or CNS infection. 

HIV-11 RNA quantification 

Inn the Prometheus study serum and CSF HIV-1 RNA levels were measured using a 

commerciall  PCR-based assay with a variable LLQ (Amplicor HIV Monitor Test, Roche 

Diagnosticc Systems Inc., Branchburg, New Jersey, USA). If HIV-1 RNA values were <LLQ, 

thee cut-off values were used as the individual's HIV-1 RNA value in all analyses. 

Inn the ERA study HIV-1 RNA levels in plasma were measured using the NucliSens HIV-1 

QTT assay (Organon Teknika, Boxtel, The Netherlands). When RNA levels decreased to below 

500 copies/ml [14], an initial input volume in the assay of 2 ml plasma was used combined 

withh the ultrasensitive protocol adaptation, resulting in a LLQ of 5 copies/ml. HIV-1 RNA in 

CSFF was measured using the NucliSens HIV-1 QT assay with an input volume of 2 ml, 

resultingg in a lower cutoff level of 40 copies/ml. 

Assays s 

sTNFr-III  and chemokines 

Forr determination of sTNFr-U levels in serum and CSF an ELD3A (enzyme-linked 

immunologicall  binding assay) was used as described previously [15]. The reagents for sTNFr-

III  measurements were kindly donated by Hoffmann-La Roche (Basel, Switzerland). 

Chemokinee concentrations in serum and CSF were measured by ELISA. MCP-1 was 

measuredd using purified monoclonal mouse anti-human MCP-1 (2 microgram/ml; 

PharMingen,, San Diego, CA) as coating antibody, biotinylated rabbit anti-human MCP-1 (1 

microgram/ml;; PharMingen) as detecting antibody and human recombinant MCP-1 
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(PharMingen)) as standard. For determination of IP-10, purified monoclonal mouse anti-human 

IP-100 (4 microgram/ml; R&D Systems) was used as coating antibody, biotinylated goat anti-

humann HMO (50 ng/ml;R&DD Systems) as detecting antibody and recombinant human IP-10 

(R&DD Systems) as standard. Detection limits of the assays were 100 pg/ml (sTNFr-II), 25 

pg/mll  (MCP-1) and 75 pg/ml (IP-10). 

Otherr measurements 

CD4++ T lymphocytes were measured in peripheral blood using immunofluorescence flow 

cytometry.. In the CSF of all ERA- and 8/13 Prometheus-patients, the protein level and white 

celll  count were measured. 

Statisticall  analysis 

AA log JO transformation was performed on all HrV-1 RNA concentration values. Results are 

reportedd as medians and interquartile ranges if not specified otherwise. Kruskal-Wallis and 

Fisher'ss exact test were used to compare baseline characteristics between the three treatment 

groups.. Median sTNFr-II and chemokine concentrations of HIV-infected patients and HIV-

negativee controls were compared using Wilcoxon's two-sample test. Spearman's rank 

correlationn was performed to explore correlations between baseline characteristics. The signed 

logg rank test was used to test whether there were significant changes over time in FflV-1 RNA, 

sTNFr-II,, MCP-1 and IP-10 concentrations. P-values were all two-tailed and were considered 

statisticallyy significant if p<.05. Data were analyzed using the SAS software package (version 

6.12,, SAS Institute, Cary, North Carolina, USA). 

Results Results 

Baselinee characteristics 

Patientss were HIV-1 infected and antiretroviral naive. Their median CD4 T-cell count was 

365/mm33 (range 10-870) at baseline. In the RTV/SQV and RTV/SQV/d4T groups 7/13 

patientss had symptomatic HIV-disease (CDC B or C) as compared to 1/13 in the five-drug 

groupp (Table 1). Patients were not diagnosed with any neurological disease and did not 

experiencee neurological symptoms before or during the study. Two patients in the five-drug 

groupp were treated within 1-2 months after their primary HIY-infection. 

Mediann baseline peripheral blood HFV-1 RNA concentrations were 5.5,4.5 and 4.9 log]0 

copies/mll  for the RTV/SQV, RTV/SQV/d4T and five-drug group, respectively (p=.01). 

Mediann baseline CSF HIV-1 RNA levels were 3.5, 2.9 and 3.6 logio copies/ml (p=.47)(Table 
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2).. No significant correlation was found between baseline peripheral blood and CSF HIV-1 

RNAA concentrations (p=.15). Serum sTNFr-II, MCP-1 and IP-10 concentrations at baseline 

weree higher in the HIV-infected patients when compared to HIV-negative controls (p=.0001, 

p=.00077 and p=.0006, respectively). Baseline CSF sTNFr-H, MCP-1 and IP-10 concentrations 

inn this study population were not significantly different from HIV-negative controls, although 

theyy tended to be higher when compared to the HIV-negative controls (p=.75, p=.06 and 

p=.06,, respectively). Median baseline CSF IP-10 levels were higher in the five-drug group 

whenn compared to the RTV/SQV group or the RTV/SQV/d4T group (p=.01). There were 

significantt correlations between baseline serum and CSF sTNFr-II and serum and between 

CSFF MCP-1 levels (Spearman's p 0.48, p=.01 and 0.42, p=.03, respectively). 

Tablee 1 Baseline characteristics 

n n 

malee gender, n (%) 

age* * 

CDCC classification, n 

A/B/C C 

CD4++ cell count/mm3* 

cellss in CSF/3 ul** 

proteinn in CSF (g/L)*5 

RTV/SQV V 

5 5 

5(100) ) 

422 (26-55) 

3/1/1 1 

2500 (90-500) 

266 (3-49) 

0.333 (0.30-0.35) 

RTV/SQV/d4T T 

8 8 

7(88) ) 

37(31-51) ) 

3/1/4 4 

300(10-870) ) 

17(1-66) ) 

0.333 (0.20-0.50) 

five-drugfive-drug group 

13 3 

13(100) ) 

411 (31-57) 

12/0/1 1 

4500 (30-680) 

55 (0-59) 

0.44(0.18-1.36) ) 

p-value** * 

.26 6 

.81 1 

.04 4 

.80 0 

.45 5 

.49 9 

RTV=ritonavir,, SQV=saquinavir, d4T=stavudine, n=number of individuals, * = median (range), **  = Kruskal-

Walliss or Fisher's exact test for differences between the three treatment groups, § RTV/SQV group: n=2, 

RTV/SQV/d4TT group: n=6, five-drug-group: n=13 

Tablee 2 Median HIV-1 RNA results (range) per treatment group in logio copies/ml 

blood d 

CSF F 

week k 

0 0 

8/12 2 

48 8 

0 0 

8/12 2 

48 8 

n n 

5 5 

5 5 

1 1 

5 5 

5 5 

1 1 

RTV/SQVV group 

5.5 5 

2.8 8 

<2.4 4 

3.5 5 

3.2 2 

<2.5 5 

(5.0-5.9) ) 

(<2.2-3.2) ) 

(-) ) 
(3.4-4.4) ) 

(<2.4-4.9) ) 

(-) ) 

RTV/SQV/d4TT group 

n n 

8 8 

8 8 

3 3 

8 8 

8 8 

3 3 

4.5 5 

<2.4 4 

<2.4 4 

2.9 9 

<2.4 4 

<2.5 5 

(4.4-4.9) ) 

(<2.2-2.8) ) 

(<2.2-<2.4) ) 

(<2.4-4.9) ) 

(<2.0-<2.9) ) 

(<2.3-<2.5) ) 

five five 

n n 

13 3 

13 3 

9 9 

13 3 

13 3 

9 9 

-drugg group 

4.9 9 

<2.6 6 

<0.7 7 

3.6 6 

<1.7 7 

<1.7 7 

(4.1-6.0) ) 

(<0.7-3.8) ) 

(<0.7-<1.7) ) 

(2.5-5.7) ) 

(<< 1.7-3.0) 

(<1.7-<1.7) ) 

bloodd = plasma in the five-drug group/serum in the RTV/SQV- and the RTV/SQV/d4T group; week 8 = = five-

drugg group; week 12= RTV/SQV- and RTV/SQV/d4T group; RTV=ritonavir, SQV=saquinavir, d4T=stavudine, 

n=numberr of individuals, CSF=cerebrospinal fluid 
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Correlationss between baseline HIV-1 RNA and markers of inflammation in serum and CSF 

Inn the peripheral blood only a correlation was found between baseline HIV-1 RNA and IP-10 

levelss (p=.009). Higher baseline CSF HIV-1 RNA levels were significantly correlated with 

higherr baseline CSF sTNFr-H, protein concentrations, and CSF cell counts. Correlations were 

alsoo found between CSF sTNFr-H, IP-10 and protein concentrations. However, CSF MCP-1 

concentrationss did not correlate with CSF HIV-1 RNA, sTNFr-II, IP-10, CSF protein levels or 

CSFF cell counts (Table 3). 

HIV-11 RNA during antiretroviral therapy 

Afterr 8-12 weeks of treatment peripheral blood HIV-1 RNA levels were <400 copies/ml in 2/5 

patientss in the RTV/SQV group, in 6/8 patients in the RTV/SQV/d4T group and in 10/13 

patientss in the five-drug group (Table 2). In all patients with available week 48 samples, 

peripherall  blood HIV-1 RNA was <LLQ at that time point (1/1 in the RTV/SQV group, 3/3 in 

thee RTV/SQV/d4T group, 9/9 in the five-drug group). 

Att weeks 8-12,9/10 patients in the five-drug group reached a CSF HIV-1 RNA level < 400 

copies/mll  and/or <LLQ, compared to 8/8 in the RTV/SQV/d4T group and only 1/5 in the 

RTV/SQVV group. In all patients with available week 48 samples, CSF HIV-1 RNA was <LLQ 

att that time point (Table 2). Because of the different lower limits of quantification of the 

assayss used in the two studies, HIV-1 RNA decline in the five-drug group was larger before 

reachingg the LLQ of the assay. 

Tablee 3 Correlations at baseline within the CSF 

HIV- 11 RNA 

sTNFr-I I I 

MCP-1 1 

IP-10 0 

sTNFr-H H 

0.46* * 

MCP-1 1 

-0.20 0 

0.30 0 

IP-10 0 

0.35 5 

0.49* * 

0.17 7 

protein n 

0.73** * 

0.46* * 

-0.19 9 

0.46* * 

cells s 

0.49* * 

0.21 1 

-0.21 1 

0.28 8 

Correlationss between HTV-1 RNA and markers of inflammation in the CSF, before start of antiretroviral therapy. 

Numberss indicate the Spearman's rank correlation coefficient. sTNFr-II = soluble tumor necrosis factor receptor-

II ,, MCP-1 = monocyte chemoattractant protein-1, IP-10 = interferon-? inducible protein-10, * 0.05 < p-value < 

0.011 in Spearman's rank correlation, **  p-value < 0.01 in Spearman's rank correlation 
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sTNFr-ü,, MCP-1 and IP-10 responses to antiretroviral therapy 

Serumm sTNFr-ü concentrations decreased in all three treatment groups to levels within the 

normall  range by week 48 (median serum sTNFr-U concentration at week 48: 1903 pg/ml). 

Mediann serum MCP-1 and IP-10 levels declined during antiretroviral therapy, although the 

concentrationss remained higher than in the HrV-negative controls (median serum MCP-1 

concentrationn 1612 versus 721 pg/ml, p=.004 and median IP-10 concentration 289 versus 172 

pg/ml,, p=.03) (Figure 1). 

Inn CSF sTNFr-H levels were <LLQ in 15/26 patients at week 0 and in 11/13 at week 48. In 

onee patient on RTV/SQV/d4T CSF sTNFr-H levels increased between week 12 and 48 from 

<1000 pg/ml to 2543 pg/ml, although her CSF HIV-1 RNA remained <LLQ and serum sTNFr-

nn became undetectable. Median CSF MCP-1 levels declined during the first 8-12 weeks. 

However,, between week 8 and week 48 a significant increase in CSF MCP concentration was 

observedd in the five-drug group (median increase 1204 pg/ml, range 577 to 2320, signed log 

rankk test: p=.004), which was much less pronounced in serum (median increase 338 pg/ml, 

rangee -146 to 958). Also the one patient on RTV/SQV who was followed through 48 weeks, 

andd 2/3 patients in the RTV/SQV/d4T group had increases in CSF MCP-1 levels between 

weekk 12 and 48. All of these patients had CSF HfV-1 RNA <LLQ at week 48. The median 

CSFF IP-10 concentration increased during the first 12 weeks in the RTV/SQV group. 

However,, in the RTV/SQV/d4T- and the five-drug group CSF IP-10 levels declined during 

thee first 8-12 weeks and remained stable afterwards. This difference in CSF IP-10 response 

wass also observed when only asymptomatic (CDC stage A) patients were considered. In one 

patientt on RTV/SQV, who reached CSF HIV-1 RNA <LLQ by week 48, the CSF IP-10 

concentrationn increased threefold between week 12 and 48. In one patient on RTV/SQV/d4T 

CSFF IP-10 levels increased during the first 12 weeks, although CSF HIV-1 RNA became 

<LLQ.. In another patient on RTV/SQV/d4T CSF IP-10 levels increased between week 12 and 

488 from 177 pg/ml to 653 pg/ml, although CSF HIV-1 RNA remained <LLQ (Figure 2). In the 

peripherall  blood, both HrV-1 RNA and IP-10 levels declined during therapy in these patients 

withh increasing CSF IP-10 concentrations. 
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Figuree 1 Peripheral blood HIV-1 RNA, sTNF77r-II, MCP-1 and IP-10 concentrations 
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Figuree 2 Individual results of CSF HIV-1 RNA, sTNFr-II, MCP-1 and IP-10 concentrations by 

treatmentt regimen 
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Discussion Discussion 

Manyy data favor the contention that the CNS should be considered as a separate compartment 

inn which HIV can replicate independently from the peripheral blood [6]. In untreated patients 

evidencee for compartmentalization of the infection is found in the lack of association between 

CSFF HIV-1 RNA levels or CSF abnormalities and plasma HIV-1 RNA [16-19]. Also in this 

study,, we did not find a correlation between baseline CSF and peripheral blood HIV-1 RNA 

levelss in this study. 

Inn treated patients, penetration of drugs into the CNS may be suboptimal, resulting in a 

differentt virological response in CSF compared to the rest of the body [8,9]. In order to 

exploree the differential effects of antiretroviral therapy in CNS versus peripheral blood, we 

measuredd inflammatory markers in the CSF and peripheral blood of patients on antiretroviral 

therapiess that differ in their ability to penetrate the CNS. 

Wee specifically measured MCP-1 and IP-10 as these are the most sensitive markers of 

inflammationn in children with non-HIV viral meningitis [20]. In untreated asymptomatic HIV-

11 infected patients, CSF MCP-1 concentrations are elevated, reflecting macrophage activation 

[21-23].. This is probably a result of viral replication, as MCP-1 in CSF is correlated with CSF 

HIV-11 RNA levels [16,22]. Elevated expression of IP-10 has been shown in the brain of 

macaquee monkeys with SIV encephalitis [24]. Although the relative immune activation in the 

brainn can also be demonstrated by immunostaining for TNF-oc and other cytokines [25,26], 

CSFF concentrations of TNF-a, BL-6 and the chemokines MlP-lot, MIP-16 and RANTES are 

beloww the detection limit in most asymptomatic patients [18,21,22,27]. 

Wee also measured sTNFr-II concentrations, as persistent TNF activation potentially plays a 

rolee in the pathogenesis of the HIV infection and can predict progression to AIDS [28]. 

Upregulationn of sTNFr expression on macrophages and microglia is demonstrated in the 

brainss of ADDS patients without encephalitis [26]. 

Wee have shown that therapy with RTV/SQV without nucleoside analogue reverse 

transcriptasee inhibitors results in rapid declines of peripheral blood HIV-1 RNA 

concentrationss to <LLQ in most patients. However, CSF HIV-1 RNA remained detectable in 

thee majority of these neurologically asymptomatic patients at week 12 [8]. CSF IP-10 and 

sTNFr-III  concentrations increased in those patients who did not reach CSF HIV-1 RNA 

<LLQ. . 

Neurologicallyy asymptomatic patients using antiretroviral combination therapies including at 

leastt one drug that penetrates well into the CSF (d4T in the RTV/SQV/d4T group, all drugs in 

thee AZT/3TC/ABC/NVP/TDV group [7]), showed declines of HIV-1 RNA concentrations in 
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bothh their peripheral blood and CSF. A decline in peripheral blood HIV-1 RNA was 

accompaniedd by declines of markers of inflammation in the peripheral blood. Surprisingly, 

virologicall  responses and sTNFr-II-, MCP-1- and IP-10 responses to antiretroviral therapy in 

CSFF were not concordant in all patients. Some patients with a good virological response to 

therapyy in CSF showed an increase in CSF sTNFr-II, MCP-1 and/or IP-10 concentrations. 

Theree was no clear pattern of clinical stage or baseline CD4 cell count in patients with 

discongruentt CSF responses. In addition, we observed a significant increase in CSF MCP-1 

concentrationss between week 8-12 and week 48 in the whole study population, although CSF 

HIV-11 RNA was <LLQ at week 48 in all patients. 

Thee visit schedule differed between the ERA- and Prometheus study. Comparing samples 

fromm 8 weeks since start of antiretroviral therapy may give a disadvantage when compared to 

sampless obtained after 12 weeks of treatment. However, this was not observed. The tests used 

forr HIV-1 RNA measurements were different for the two studies. In the Prometheus study the 

Rochee Amplicor was used for serum and CSF. In the ERA study the NucliSens assay was 

usedd for plasma and CSF. Although there are differences between the tests and the test fluids 

used,, results are reported to be strongly correlated [29]. 

Thee observed decrease of plasma sTNFr-II and MCP-1 levels in patients with a good 

virologicall  response is confirmed by other reports [30,31]. During therapy with zidovudine 

CSFF neopterin and B2-microglobulin levels have been reported to decrease [32,33], but no data 

aree available on markers of inflammation in CSF during more potent antiretroviral therapy. 

Thee important question is how to explain increasing CSF chemokine levels in neurologically 

asymptomaticc patients who have a good virological response to antiretroviral therapy. 

Monocytes,, macrophages and endothelial cells are the main cellular source of MCP-1 and IP-

100 [23]. Because in our study serum levels of these chemokines were lower than CSF levels 

andd serum chemokine concentrations did not increase during follow-up, the MCP-1 and IP-10 

inn CSF were most likely produced locally. The primary brain cells that are infected by HIV-1 

aree cells of the monocyte lineage [34,35]. HIV-1 replication in cultured human monocytes 

resultss in an upregulation of MCP-1 secretion [16,36]. HIV-TAT also increases MCP-1 

releasee by astrocytes in vitro [22]. Therefore, the most likely explanation for the increase in 

chemokinee levels observed in our study is HrV-1 replication. We could not document such 

locall  HIV-1 replication, as we did not see an increase in CSF HIV-1 RNA. However, in 

plasma,, markers of inflammation can increase long before virological failure is evident [30]. 

AA longer follow-up is required to definitely rule out virological failure as the cause of the 

increasingg chemokine levels. 
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Whateverr the cause, increasing CSF chemokine levels are unwanted. MCP-1 is a major 

mediatorr of CSF chemotactic activity on monocytes [20]. MCP-1 and IP-10 both attract 

activatedd T cells [20,37]. When activated T cells are attracted to the CNS and chemokines are 

secretedd as a result of HIV replication by the activated T cells, a positive feedback loop may 

occur. . 

Inn conclusion, potent antiretroviral therapy including CSF-penetrating drugs reduced CSF 

HIV- 11 RNA levels to <LLQ. However, in some patients increases of CSF chemokine levels, 

whichh are associated with HIV replication, were observed during therapy. Residual HIV 

replicationn in the central nervous system, which could not be detected with CSF HIV-1 RNA 

measurements,, may account for this phenomenon. Further studies are needed to explore 

whetherr increases in CSF chemokine concentrations, despite declines in CSF HIV-1 RNA 

levelss to <LLQ, indeed reflect local HIV-1 replication. 
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Summary Summary 

Objective::  To explore whether steady-state plasma pharmacokinetics of ritonavir and 

saquinavirr change during long term treatment in HIV-1-infected patients on antiretroviral 

treatmentt including ritonavir and saquinavir. 

Methods::  The pharmacokinetics of ritonavir and saquinavir were assessed during an eight 

hourr period on two occasions in six HIV-1 infected patients, on stable treatment with ritonavir 

4000 mg twice daily (BID), saquinavir 400 mg BID, stavudine 40 mg BID +/- lamivudine 150 

mgBID. . 

Results::  The first study day was 4-12 months (median 7 months) after start of the current 

regimen.. The second study day was 9-15 months (median 10 months) later. No significant 

differencess were observed for the ritonavir pharmacokinetics between the first and second 

studyy day. However, median change in plasma trough level of saquinavir between the two 

studyy days was -30% (range -79 to +11%, p = .06). Median change in maximum plasma 

concentrationn was -40% (range -62 to +34%, p = .09). The median change in area under the 

plasmaa concentration versus time curve from 0 to 8 hours was -33% (range -53 to +21%, p = 

.06). . 

Conclusion::  The exposure to saquinavir decreased over time in HIV-infected patients on 

stablee antiretroviral therapy. These data suggest that, even in apparently compliant patients, 

regularr monitoring of plasma drug concentrations should become part of routine patient care. 
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Introduction Introduction 

Thee introduction of the HIV-1 protease inhibitors has had great impact on the course of HIV 

infection.. Beneficial effects on the suppression of viral replication and the progression to 

AIDSS and death has been shown for ritonavir (RTV), saquinavir (SQV) and indinavir, when 

theyy were used in combination therapy [1-4]. In the long term, however, a rebound of HIV-1 

RNAA in blood is observed in a substantial proportion of patients [5]. 

Inn patients with adequate exposure to antiretroviral drugs viral rebound can occur if the 

prescribedd regimen is not powerful enough to suppress HIV replication. Virological treatment 

failuree in these patients can be due to ongoing, viral replication in sanctuary sites, where drug 

concentrationss may be insufficient due to anatomical barriers, such as the blood brain barrier 

inn the central nervous system [6]. 

Virall  rebound in patients with low plasma drug levels can be caused by insufficient efficacy of 

thee drug at that plasma concentration or by the development of resistant virus. Poor 

compliance,, intercurrent diseases, or the use of co-medication may result in decreased 

exposure.. However, there are also indications that exposure to antiretroviral drugs may 

graduallyy decrease over time in patients on stable antiretroviral therapy [7]. The objective of 

thiss study is to investigate whether the pharmacokinetic exposure to RTV and SQV decreases 

overr time. 

Methods Methods 

Sixx HIV-1 infected patients, who were on stable treatment with RTV (capsules) 400 mg twice 

dailyy (BID), SQV 400 mg BID, stavudine 40 mg BID +/- lamivudine 150 mg BID, 

volunteeredd to participate in this study. They were hospitalized in a pharmacokinetic unit 

duringg two study days, 9-15 months apart, to obtain pharmokinetic profiles of the used 

proteasee inhibitors. During the study days, patients attended the clinic in the morning after an 

overnightt fast. Blood samples were taken just before, and Vi, 1, 1 V2, 2, 2 Vi, 3,4, 5, 6, 7, and 8 

hourss after ingestion of RTV and SQV with a standardized breakfast. Plasma was isolated by 

centrifugationn (10 min at 3,000 G) on the same day, the plasma samples were stored at -30° C 

untill  analysis. 

RTVV and SQV concentrations were analyzed in 500 ul plasma by validated ion-pair high 

performancee liquid chromatographic assays with ultraviolet detection as described before [8]. 

Thee lower limits of quantification for RTV and SQV in these assays were 50 ng/ml and 25 

ng/mll  respectively. 
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Plasmaa concentration (C) - time (T) data for RTV and SQV were analyzed by 

noncompartmentall  methods. The highest observed plasma concentration was defined as Cma, 

withh the corresponding sampling time as Tmax. The plasma concentration 8 hours after 

observedd ingestion of the drugs was defined as C^shr)- The terminal, log-linear period (logio 

CC versus T) was defined by the last data points (N > 4) by visual inspection. The absolute 

valuee of the slope (pTln 10) was calculated by least squares analysis. The elimination half-life 

(T1/2)) was estimated by the equation In 2/(3. The area under the plasma concentration versus 

timee curve (AUQo-ghj) was obtained using the trapezoidal rule from zero to eight hours. 

Differencess in AUQo-sh], Cmax, Cmin(8hr), Tmax and Tm between the two study days were tested, 

too evaluate whether these differences were significantly different from zero, using the sign 

rankk test. Data were analyzed using the SAS software package (version 6.12, SAS Institute, 

Cary,, North Carolina, USA). 

Results Results 

Sixx chronically HIV-1-infected male patients, age 34-52 years and weight 68-92 kg, consented 

forr this study. Four patients had experienced an ATDS-defining event before study entry, one 

hadd HIV-related symptoms (CDC B) and one patient was asymptomatic (CDC A). They were 

treatedd with RTV 400 mg BID, SQV 400 mg BID, stavudine 40 mg BID +/- lamivudine 150 

mgg BED. Co-medication consisted of cotrimoxazole 480 mg per day (QD) as PCP prophylaxis 

(n=3)) and carbasalate calcium 38 mg QD (n=l). One patient used terbinafine and another 

temazepamm only during the first study day. In one patient cotrimoxazole was initiated after the 

firstt study day. 

Thee first study day was 4-12 months (median 7 months) after start of the current regimen. The 

secondd study day was 9-15 months (median 10 months) later. 

Al ll  six patients had detectable serum HIV-RNA at the time the current regimen was initiated 

(rangee 3.7-4.9 logio copies/ml). Serum HIV-RNA decreased to < 400 copies/ml in 5/6 patients 

duringg the first study day and remained undetectable until at least the second study day. 

Mediann CD4+ cell count increased from 180/mm3 (range 10-345) at the time patients started 

currentt therapy, to 280/mm3 (150-480) during the first study day, and 360/mm3 (190-610) 

duringg the second study day. 

Alaninn aminotransferase (ALT) levels were elevated during the first study day in two out of 

thee six patients (ACTG grade 2 elevation) [9], whereas aspartate aminotransferase (AST) 

levelss were normal. On the second study day one grade 2 elevation of ALT level became 

gradee 1 and one grade 1 elevation became grade 2 elevation and AST levels remained normal. 
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Creatinine,, alkaline phosphatase, bilirubin, hemoglobin, leukocyte and platelet concentrations 

weree within normal ranges. 

Noo significant differences were observed for the RTV pharmacokinetics between the first and 

secondd study day (Table 1). However, SQV pharmacokinetics were different between the first 

andd second study day: the AUQo-gh], Cmax and C^shr) of SQV at the second study day were 

lowerr in five out of six patients compared to the first study day. The median value of the 

AUQo-sh]]  during the first and second study day decreased from 5778 to 4656 h*ng/ml (p = 

.06).. The median percentage change in AUQn-sh] was -33% (range -53 to +21%). Median 

Cmaxx decreased from 1384 to 1009 ng/ml (p = .09). C^shr) decreased from 400 to 259 ng/ml 

(pp = .06). Tmax and Tm were not different between the first and second study day (Table 1). 

Individuall  results for the pharmacokinetics of SQV are shown in Figure 1. 

Tablee 1 Plasma pharmacokinetics of ritonavir and saquinavir on two separate study days 9-15 

monthss apart of six HIV-1 infected patients on stable antiretroviral therapy. 

ritonavi r r 

AUC[0.8h]] (h*ng/ml) 

COB,, (ng/ml) 

Cnün(8hr)) (ng/ml) 

Tmax(h) ) 

t*(h ) ) 

l ""  study day 

median n 

38,329 9 

7,680 0 

2,738 8 

2.25 5 

3.3 3 

range e 

36,542^4,351 1 

6,331-8,580 0 

1,772-3,163 3 

0.5-3 3 

2.3-9.3 3 

22 study day 

median n 

36,455 5 

7,322 2 

2,642 2 

2 2 

4.5 5 

range e 

31,327-44,543 3 

5,389-17,138 8 

1,818-3,911 1 

0.5-3 3 

2.9-5.1 1 

p-value* * 

.48 8 

.46 6 

.79 9 

.82 2 

.64 4 

saquinavir r 

AUCt0.8hll (h*ng/ml) 

C™™ (ng/ml) 

Cmin(8hr)) (ng/ml) 

Tmax(h) ) 

t*(h ) ) 

1stt study day 

median n 

5,778 8 

1,384 4 

400 0 

3.5 5 

3 3 

range e 

3,975-11,138 8 

861-2,155 5 

203-966 6 

1.5-4 4 

1.7^.2 2 

2ndd study day 

median n 

4,656 6 

1,009 9 

259 9 

3 3 

4 4 

range e 

1,944-6,844 4 

496-1,357 7 

83-646 6 

1.5-4 4 

1.9-4.3 3 

p-value* * 

.06 6 

.09 9 

.06 6 

1.00 0 

0.44 4 

AUC[0-8h]]  = area under the plasma concentration versus time curve from 0 to 8 hours, C  ̂ = maximum plasma 

concentration,, C^shr, = plasma concentration eight hours after observed intake, T™, = time to maximum plasma 

concentration,, t^ = plasma elimination half-life, h = hour, * difference between two study days 
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Figuree 1 Pharmacokinetic profiles of saquinavir 
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Everyy figure represents the pharmacokinetic profiles of saquinavir of an individual patient on stable antiretroviral 

therapyy including ritonavir 400 mg BID and saquinavir 400 mg BID. The first study day (solid line/solid squares) 

wass 4-12 months after start of the current antiretroviral therapy, the second study day (dotted line/open circles) 

wass 9-15 months later. The horizontal dotted lines represent the minimal recommended saquinavir trough 

concentrationn of 50 ng/ml. 
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Discussion Discussion 

Inn this study, plasma concentrations of SQV decreased over time in five out of six HTV-1-

infectedd patients on stable antiretroviral therapy, including RTV and SQV. 

Itt is known that plasma concentrations of protease inhibitors can vary highly within and 

betweenn HIV infected individuals [10]. The time interval between drug intake and blood 

sampling,, food taken with the drugs, co-medication, and non-compliance influence plasma 

concentrationss of protease inhibitors. In addition, there is a large interpatient variability. To 

minimizee these effects, we obtained pharmacokinetic profiles during eight hours after 

observedd intake of medication and standardized breakfast. No significant differences between 

thee two study days were observed in the use of co-medication, that might explain the changes 

inn SQV exposure over time. Also there were no changes in liver or kidney function between 

thee two study days that can be expected to have influenced the pharmacokinetics. To correct 

forr inter patient variability, pharmacokinetic profiles were obtained twice from the same six 

patients. . 

Proteasee inhibitors are found to be substrates for P-glycoprotein, an energy-dependent efflux 

pumpp of multiple structurally unrelated compounds [11-13]. P-glycoprotein is, among other 

places,, found in mucosa of the gut. In-vitro studies showed that the addition of P-glycoprotein 

specificc inhibitors to cells containing HIV-1 and protease inhibitors improved antiviral 

activity,, suggesting that enhanced P-glycoprotein activity indeed has a negative effect on the 

antiretrovirall  activity of the protease inhibitors [11]. Induction of expression of P-glycoprotein 

hass been described as a protective answer of cells to toxic concentrations of anti cancer drugs 

suchh as cyclosporine A [14]. The same mechanism may apply for SQV and result in the 

reductionn of SQV plasma concentrations over time. Maybe other factors, such as other 

transportt molecules or changes in the inhibition of cytochrome P-450 by RTV, are involved in 

thee change of pharmacokinetic profile of SQV over time. For instance, in healthy volunteers, 

lowerr SQV exposure was found when compared to HIV-infected patients [15]. Maybe the 

samee mechanism applies for the patients in this study, who were treated effectively for their 

HIV-infection.. Further research to investigate the mechanism of decreased SQV exposure 

overr time is warranted. 

Patientss in this study used SQV in combination with RTV, resulting in enhanced 

bioavailabilityy of SQV and subsequently higher SQV plasma concentrations. In one patient, 

thee SQV concentrations before observed drug intake during both study days were below 50 

ng/ml,, which has been found to be a minimal trough concentration needed for sustained 

virologicall  efficacy [16]. This was also the only patient with a detectable HW-RNA 
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concentrationn during both study days. All other SQV concentrations measured were above 50 

ng/mll  (Figure 1). 

Despitee the median 33% reduction in SQV plasma concentrations over time, AUCs of SQV 

duringg the second study day were still higher when compared to SQV 1200 mg three times a 

dayy (TID) or SQV 600 mg TID in combination with nelfinavir 750 mg TID [17]. In patients 

treatedd with SQV in combination with nelfinavir or with SQV as the only PI, a similar 

reductionn of the SQV levels over time as found in this study can lead to SQV concentrations 

beloww the recommended trough levels for a prolonged period of the dosing interval, which 

mayy result in insufficient viral suppression and the development of resistant virus. 

Wee showed that SQV plasma levels during stable antiretroviral therapy decreased 

substantiallyy over time in 5/6 of the patients studied. These data suggest that, even in 

apparentlyy compliant patients, regular monitoring of drug concentrations should become part 

off  routine patient care. Thus, timely dose adjustment if necessary, may prevent viral rebound 

ass a result of sub-therapeutic plasma drug concentrations. 
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Abstract Abstract 

Thee metabolism of stavudine, a frequently used nucleoside analogue reverse transcriptase 

inhibitorr (NRTI), is partly unknown. Except for the interaction of protease inhibitors (Pis) 

withh zidovudine on the level of glucuronidation, no clinically important in vivo 

pharmacokineticc interactions between NRTIs and Pis have been reported. In order to 

investigatee the pharmacokinetics of stavudine, stavudine concentrations were assessed in 

pairedd samples of plasma and cerebrospinal fluid (CSF) of patients using four different 

treatmentt regimens. All of the 39 patients available for this analysis used 40 mg stavudine bid 

forr at least 12 weeks. Eleven patients did not use a PI. Nelfinavir and saquinavir were used in 

tenn patients, while eight patients used ritonavir and saquinavir. The remaining ten patients 

usedd a five-drug regimen containing indinavir, indinavir/ritonavir or nelfinavir. 

Baselinee characteristics of the patients were comparable. Patients using stavudine without the 

additionn of a PI or in combination with nelfinavir and saquinavir were found to have 

significantlyy lower stavudine concentrations in plasma and CSF than patients using ritonavir 

and/orr indinavir (p<0.001). CSF/plasma concentration ratios of stavudine were comparable 

(p=0.6).. In a multivariate linear regression analysis, the use of ritonavir and/or indinavir and 

thee baseline CD4+ T-cell count were significantly associated with the stavudine 

concentrationss in plasma (p=0.0007 and p=0.03, respectively). The concentration of stavudine 

inn CSF was associated with the use of ritonavir (p=0.0001). This unexpected finding suggests 

thatt stavudine metabolism may, at least in part, be inhibited by ritonavir and/or indinavir. 
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Introduction Introduction 

Stavudinee is a thymidine nucleoside analogue, used as an antiretroviral agent in the treatment 

off  HIV-1 infection [1-4]. Stavudine is phosphorylated intracellularly into the active 

triphosphatee anabolite that inhibits HIV-1 reverse transcriptase [2]. Stavudine entry into for 

examplee lymphocytes appears to occur by non-facilitated diffusion [5]. Stavudine has a high 

absolutee oral bioavailability and has a plasma elimination half-life of about 1 to 1.67 hours 

[3,6].. Cmax is achieved after 0.5-0.75 hours and varies between 600 and 890 ng/mL (40 mg 

stavudinee twice daily (bid)) in phase I and II studies [2,6,7]. Although the reported 

concentrationss in cerebrospinal fluid (CSF) are usually lower than in plasma, stavudine 

penetratess the CSF, reaching concentrations above the IC50 of wild type HIV-1 strains in vitro 

[2,8].. About 40% of the stavudine dose is excreted unchanged in urine [7,9]; the remaining is 

metabolizedd to unknown derivatives, or excreted unchanged in the feces. 

Combinationn of antiretroviral agents has shown to be necessary to maintain a sustained 

suppressionn of HIV-1 replication [10,11]. Stavudine is one of the main NRTIs used in triple 

combinationn regimens. To our knowledge, no clinically relevant pharmacokinetic interactions 

havee been reported with respect to the combination of NRTIs and Pis. Didanosine elimination 

wass unchanged with concurrent use of ritonavir [12]. In addition, no interactions were found 

betweenn Pis and the intracellular metabolism of the NRTIs in vitro [13]. Zidovudine 

concentrationss showed a not clinically relevant decrease when ritonavir was added. It has 

beenn suggested that ritonavir induces the glucuronidation of zidovudine [14]. It is, however, 

unclearr whether glucuronidation is of importance for the elimination of stavudine [15]. 

Thee level of exposure to Pis and non-nucleoside RT inhibitors was found to be associated 

withh the antiretroviral efficacy of combination regimens [16,17]. For the NRTIs a clear 

relationshipp between the observed drug concentrations and the observed antiviral efficacy 

mayy not be found, since they need to be metabolized intracellularly before they exert an 

antiretrovirall  effect [18]. The assessment of intracellular concentrations is difficult and time-

consuming,, leaving plasma concentrations of the non-metabolized compound as a more 

accessiblee parameter for drug exposure. 

Inn this report the concentrations of stavudine in both plasma and CSF were compared between 

thee different regimens of four clinical studies. 
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MaterialMaterial and Methods 

0500 study 

Thee 0500 study was an open label, randomized trial in HIV-1-infected, antiretroviral therapy-

naivee patients comparing the efficacy of two NRTI combinations (zidovudine 200 mg three 

timess daily (tid) plus lamivudine 150 mg bid or stavudine 40 mg bid plus lamivudine 150 mg 

bid).. All patients were asked to participate in a neurological sub-study to assess HIV-1 RNA 

andd drug concentrations in plasma and CSF. All patients had a baseline CD4+ T-cell count 

abovee 200 cells/mm3 and an HIV-1 RNA concentration in plasma above 10,000 copies/mL. 

CSFF and plasma samples were obtained after 12 weeks of therapy [8]. 

ADAMM study 

Thee ADAM study was an open label, randomized study in HIV-1-infected, antiretroviral 

therapy-naivee patients to investigate the feasibility of an induction-maintenance regimen. 

Patientss started a quadruple drug induction regimen consisting of stavudine (40 mg bid), 

lamivudinee (150 mg bid), nelfinavir (750 mg tid or 1,250 mg bid), and saquinavir soft gelatin 

formulaa (800 mg tid or 1,200 mg bid) for at least 26 or 50 weeks. Only patients with more 

thann 200 CD4+ T-cells/mm3 and more than 1,000 HIV-1 RNA copies/mL in plasma were 

included.. In a sub-study, CSF and plasma samples were obtained at week 26 or week 50 [19]. 

Thee occurrence of side effects (signs, symptoms, or laboratory abnormalities) was assessed at 

eachh study visit [20]. 

Prometheuss study 

Thee Prometheus study was an open label, randomized study in HrV-1 -infected patients, to 

comparee the efficacy and toxicity of a combination of ritonavir and saquinavir (each 400 mg 

bid)) with a combination of stavudine (40 mg bid), ritonavir and saquinavir (each 400 mg bid). 

Patientss could not enter the study if they had previously used Pis or stavudine. CSF and serum 

sampless were collected in a subgroup of the patients after 12 weeks of therapy [21]. 

Thee occurrence of side effects (signs, symptoms, or laboratory abnormalities) was assessed at 

eachh study visit [22]. 

ERAA study 

Inn this open label study, patients with either a chronic or primary HIV-1 infection were treated 

withh five agents. All patients selected for this analysis used a quintuple drug regimen 

containingg stavudine. Patients could be pretreated or naive for antiretroviral agents. Stavudine 

wass combined with lamivudine 150 mg bid or didanosine (400 mg once daily (qd)), 

72 2 



StavudineStavudine concentrations in four antiretroviral drug regimens 

nevirapinee (200 mg bid or 400 mg qd), abacavir (300 mg bid), and indinavir (1,000 mg tid) or 

indinavir/ritonavirr (800/100 mg bid) or nelfinavir (1,250 mg bid). A serum pharmacokinetic 

profilee was obtained at weeks 8, 24,48,72 and 96. Blood was collected prior to drug 

administrationn and at 1, 2,4,6, 8 and 10 hours thereafter. At weeks 8, 24,48 and 72, a CSF 

samplee was collected one hour after taking the drugs [23]. 

Withinn every study, written informed consent was obtained from all patients. The institutional 

revieww boards of all participating centers approved with the four study protocols. 

HIV-11 RNA 

Inn the four studies, the HIV-1 RNA concentrations in CSF and plasma were measured using a 

commerciallyy available PCR assay with a variable lower limit of quantification (Amplicor 

HIVV Monitor Test, Roche Diagnostic Systems Inc., Branchburg, NJ, USA for the ADAM, 

Prometheus,, and 050 studies) or a fixed lower limit of quantification (NASBA- and NucliSens 

HIV-11 RNA QT assay, Organon Teknika, Boxtel, the Netherlands, for the baseline data of the 

ADAMM study and the complete ERA study). 

Stavudinee concentrations 

Thee concentrations of stavudine in plasma and CSF were quantified simultaneously using an 

HPLC-assayy [24,25]. Stavudine was extracted from plasma (ADAM and 050) or serum 

(Prometheuss and ERA) and CSF with silica extraction columns prior to isocratic, reversed-

phasee HPLC with ultraviolet detection at 270 nm. The method has been validated over the 

rangee of 10-5,000 ng/mL using a 0.5 mL sample volume. 

Statisticall  analysis 

Thee HIV-1 RNA concentration and CD4+ and CD8+ T-cell counts at baseline and at time of 

samplingg were compared between the four study populations (Kruskal-Wallis test). The four 

groupss of patients were also compared for the time interval between drug intake and 

sampling,, for treatment duration and for protein and cell concentration in CSF. The 

concentrationss of stavudine in plasma and CSF and the CSF/plasma concentration ratio of 

stavudinee were compared between the four study populations (Kruskal-Wallis test). 

Univariatee and multivariate linear regression analyses were performed using the stavudine 

concentrationn in plasma or CSF as the dependent variable, to distinguish variables that 

contributedd to the stavudine concentrations. Variables with a p-value < 0.1 in the univariate 
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modell  were entered in the multivariate model. Subsequently, the multivariate linear regression 

modell  was constructed using both forward and backward selection. 

Patientss in the Prometheus and ADAM studies were compared for the incidence of peripheral 

neuropathyy during the time stavudine was used, using person-years analysis. Between these 

studies,, the time to peripheral neuropathy was compared. Differences between groups were 

consideredd significant at a p < 0.05 level. All reported p-values were two sided. Analyses 

weree performed using SAS, version 6.12 (SAS Institute, Cary, North Carolina, USA). 

Results Results 

Patientt characteristics 

Baselinee characteristics of the patients in the four studies are listed in Table 1. Eleven patients 

inn the 050 study were using stavudine and lamivudine at week 12. Of the ten patients in the 

ADAMM study, one patient was not sampled according to the protocol. This patient had a 

diagnosticc lumbar puncture at week 12. The other patients were sampled at week 26 (n=6) or 

att week 50 (n=3). In the Prometheus study, eight patients could be evaluated at week 12. Ten 

patientss in the ERA study could be evaluated, three of whom started treatment at the time of 

primaryy infection. Baseline characteristics were comparable between the four studies, 

althoughh the baseline CD4+ T-cell count in the Prometheus study was low compared to the 

otherr studies. 

Patientt characteristics at time of sampling 

Mediann HIV-1 RNA concentration in plasma and CSF and median CD4+- and CD8+ T-cell 

countss are tabulated in Table 1. Since HIV-1 RNA concentrations were assessed with 

differentt assays and at different time points in the four studies, a comparison between the four 

studiess for virological efficacy regarding differences in drug exposure was not feasible. No 

clearr neurological disease was present in any of the patients. 

Thee median time interval between medication intake and sampling was 5 hours in the 050 

study,, 3.5 hours in the ADAM study, and unknown in the Prometheus study (Table 2). For the 

comparisonn of stavudine concentrations in plasma of the patients participating the ERA study, 

thee values at a time interval of four hours were selected. For the comparison of the 

CSF/plasmaa concentration ratio of stavudine, plasma concentrations corresponding with a 

timee interval of one hour were used (time of lumbar puncture). 
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Drugg concentrations in the plasma 

Thee stavudine concentrations in the plasma differed significantly among the four studies: 

mediann stavudine concentration: 050 study: 142 ng/mL, ADAM study: 77 ng/mL, Prometheus 

study:: 488 ng/mL and the ERA study: 424 ng/mL (Table 2, p=0.0001). The Prometheus and 

ERAA studies were comparable for stavudine concentrations in plasma (p=0.9), but differed 

significantlyy from the 050 and ADAM studies (050: p=0.02 and p=0.003, ADAM: p=0.005 

andd p=0.002, respectively). 

Drugg concentrations in the CSF 

Thee stavudine concentrations in the CSF were significantly different among the four studies: 

mediann CSF stavudine concentration in the 050 study: 47 ng/mL, in the ADAM study: 49 

ng/mL,, in the Prometheus study: 213 ng/mL, and in thee ERA study 132 ng/mL (Table 2, 

p=0.0001).. The Prometheus and ERA studies were comparable for stavudine concentrations 

inn CSF (p=0.09) but differed significantly from the 050 and ADAM studies (050: p=0.0004 

andd p=0.006, ADAM: p=0.0004 and p=0.01, respectively). Median stavudine CSF/plasma 

concentrationn ratios were comparable among the four studies (Table 2). 

Univariatee and multivariate linear regression analysis 

Univariatee linear regression analysis identified the CD4+ T-cell count at baseline, the use of 

ritonavir,, indinavir, or nelfinavir, and the treatment duration as contributing to the stavudine 

concentrationss in plasma (Table 3). In a multivariate linear regression analysis including these 

variables,, the use of ritonavir and indinavir and the baseline CD4+ T-cell count remained 

significant.. Since some patients used ritonavir plus indinavir, we introduced 'the use of 

ritonavirr plus indinavir' into the model. However, the estimate of this parameter did not 

exceedd the estimates of the two separate protease inhibitors, even if the model included the 

baselinee CD4+ T-cell count. Therefore, in the final model, we included 'the use of ritonavir 

and/orr indinavir'. In this model the baseline CD4+ T-cell count and the use of ritonavir and/or 

indinavirr were significantly associated to stavudine concentrations (p=0.03 and p=0.0007, 

respectively).. This is illustrated by Figure 1A in which the stavudine concentrations of 

patientss with the use of ritonavir and/or indinavir and the stavudine concentrations of patients 

withoutt the use of these Pis are plotted. In the analysis of the CSF concentrations, less 

sampless were available for the univariate linear regression model using the stavudine 

concentrationss in CSF as the dependent factor. Potential factors were the CD4+ T-cell count at 

baseline,, plasma creatinine concentration, the protein concentration in CSF, and the use of 

ritonavirr or nelfinavir. Here, the use of indinavir did not contribute to the stavudine 

76 6 



StavudineStavudine concentrations in four antiretroviral drug regimens 

concentrations,, probably because less CSF samples of patients using indinavir were available 

(Figuree IB). Only the baseline CD4+ T-cell count and the use of ritonavir remained of 

significancee in the multivariate linear regression analysis (p=0.007 and p=0.0001, 

respectively).. In the Prometheus study (n=136), ten events of peripheral neuropathy were 

observedd during a total of 101 person years, compared to seven events in 103.7 person years 

inn the ADAM study (n=65) (Incidence density: 9.9 (95%CI: 4.75-18.21), and 6.8 (95%CI: 

2.71-13.91),, respectively). Median time to peripheral neuropathy was 0.4 and 0.5 years in the 

twoo studies, respectively (NS). 

Tablee 3a Linear regression analysis using plasma d4T levels in plasma as the dependent 

variable e 

Independentt  variable 

Baselinee HIV- 1 RNA (per logio) 

Baselinee CD4+ count (per 100 cells) 
Baselinee CD8+ count (per 100 cells) 

Agee (per year) 
Bodyy mass index (kg/m2) 

Creatinine""  (umol/L) 
Proteinss in CSF (g/L) 

Celll  count in CSF" (cells/uL) 

Drugs s 
Indinavi rr  (yes) 
Ritonavirr  (yes) 

Saquinavirr  (yes) 

Nelfinavirr  (yes) 
Ritonavir/indinavir 111 (yes) 

Timee interval '  (hrs) 
Treatmentt  duration (weeks) 

Stavudinee in 

Univariat e e 
Coefficients s 

15 5 

-80 0 
-11 1 

-6 6 
-30 0 

-5 5 

244 4 

259 9 

-18 8 

-241 1 
334 4 

-34 4 
-8 8 

(99) ) 
(24) ) 

(7) ) 
(5) ) 
(20) ) 

(3) ) 

(104) ) 

(86) ) 

(90) ) 

(91) ) 
(73) ) 

(32) ) 

(4) ) 

plasma a 

P P 
0.88 8 
0.002 2 

0.12 2 

0.28 8 
0.15 5 

0.13 3 

0.03 3 
0.005 5 
0.84 4 

0.01 1 
0.0001 1 

0.28 8 
0.06 6 

Multivariat e e 

Coefficientss p 

-655 (23) 0.009 

1744 (95) 0.07 

1444 (85) 0.10 

Coefficientss p 

-522 (22) 0.03 

2755 (74) 0.0007 

ForFor the independent variables in the models regression coefficients (SE), and p-values are shown 

""  at time of sampling; b die use of ritonavir plus indinavir or ritonavir or indinavir;c the time between medication 

intakee and time of sampling 
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Tablee 3b Linear regression 

Independentt  variable 

BaselineBaseline HIV-RN A (per log,0) 

analysiss using CSF d4T levels as the dependent variable 

Baselinee CD4 count (per 100 cells) 

Baselinee CD8 count (per 100 cells) 

Agee (per  year) 
Bodyy mass index (kg/m2) 

Creatinine**  (umol/L) 
Proteinss in CSF"  (g/L) 

Celll  count in CSF8 (cells/uL) 

Drugs s 
Indinavi rr  (yes) 

Ritonavirr  (yes) 

Saquinavirr  (yes) 

Nelfinavirr  (yes) 

Ritonavir/indinavir 1**  (yes) 

Timee interval '  (hrs) 

Treatmentt  duration (weeks) 

Stavudinee in CSF 

Univariat e e 

Coefficients s 

~7 7 

-26 6 

-16 6 

0.3 3 

-6 6 

-2 2 

-173 3 

-0.2 2 

30 0 
143 3 

47 7 
-69 9 

125 5 
0.4 4 

-1.5 5 

(32) ) 

(8) ) 
(26) ) 

(1.8) ) 
(7) (7) 

(1) (1) 
(99) ) 

0.5 5 

(42) ) 
(19) ) 

(29) ) 
(30) ) 

(21) ) 

(11) ) 
(1.3) ) 

P P 
0.83 3 
0.003 3 

0.56 6 

0.86 6 

0.4 4 

0.09 9 

0.09 9 

0.65 5 

0.47 7 

0.0001 1 

0.11 1 
0.03 3 

0.0001 1 

0.97 7 

0.23 3 

Multivariat e e 

Coefficientss p Coefficients p 

-155 (5) 0.007 -16 (5) 0.004 

--
--

1322 (19) 0.0001 128 (18) 0.0001 

--

Forr the independent variables in the models regression coefficients (SE), and p-values are shown, at time of 

sampling;; b the use of ritonavir plus indinavir, ritonavir or indinavir;c the time between medication intake and 

timee of sampling 
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Figuree 1 Stavudine concentrations in plasma and CSF for patients using different protease 

inhibitors s 
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whitee squares). Panel A: Stavudine concentrations in plasma or serum. Panel B: Stavudine concentrations in 

CSF,, Panel C: CSF/plasma or serum concentration ratios of stavudine. 
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Discussion Discussion 

Thee concentrations of stavudine in both the plasma and the CSF of patients using this drug in 

combinationn with ritonavir and/or indinavir were significantly higher than those found in 

patientss not using these specific Pis. The stavudine concentrations in plasma and CSF were 

retrievedd from four differently designed studies, all with limited patient numbers, which may 

havee biased our results. However, the differences among the studies may help to explain the 

differentt stavudine concentrations found in the four studies. 

Firstt of all the 050 and ADAM studies used plasma for measuring the stavudine 

concentrationss while both the Prometheus and ERA studies used serum samples. HPLC 

assessmentss reportedly performed equally in plasma and serum [25]. However, even if the 

HPLCC results would have differed for serum and plasma, the stavudine concentrations in 

CSFF would not have been expected to differ among the four studies. 

Secondly,, the time interval between drug intake and sampling is of significance for the 

stavudinee concentrations in plasma [8]. Although the time interval in the Prometheus study 

wass unknown, the other three studies were comparable for the median time interval of the 

drawingg of the samples. For CSF, the time interval in the ERA study was different from the 

0500 and ADAM studies. However, a correlation between stavudine concentration and time of 

samplingg is expected to be less important, since the concentrations of stavudine in CSF 

appearedd to be rather constant over time [8]. 

Thee treatment duration before sampling was 12 weeks for the 050 and Prometheus studies; 

thiss differed significantly from the ADAM study (26 or 50 weeks). Apparently, an induction 

off  metabolism of stavudine over time - as for saquinavir - is unlikely and can not explain the 

differencess in stavudine concentrations among these studies [26]. 

Exceptt for the CD4+ T- cell count, baseline characteristics were comparable among the four 

studies.. Patients with a low CD4+ T-cell count at baseline were found to have high stavudine 

concentrationss in plasma. It is likely that patients with lower CD4+ T-cell counts also had a 

lowerr body mass index (BMI) and subsequently a lower volume of distribution, which 

explainss the higher stavudine concentrations in these patients [27]. Indeed, the baseline CD4+ 

T-celll  count was significantly and positively correlated with BMI (Pearson correlation 

coefficient:: 0.36 (p=0.03)). Multivariate linear regression analysis with the use of ritonavir 

and/orr indinavir, and BMI as independent factors had almost a similar fit to a model with 

baselinee CD4+ T-cell count instead of BMI (data not shown). 

Thee role of non-nucleoside reverse transcriptase inhibitors could not be evaluated in this 

study;; however, in a triple drug regimen consisting of stavudine, lamivudine and nevirapine, 
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Taylorr et al. reported plasma stavudine concentrations comparable to the concentrations found 

inn the 050 and ADAM studies [28]. 

Fortyy percent of stavudine is excreted unchanged in urine. The remaining is excreted 

unchangedd into the feces or metabolized, although pathways are still unknown [15]. Ritonavir 

andd indinavir are both strong inhibitors of the cytochrome P450 enzyme system influencing 

thee pharmacokinetics of several agents. We hypothesize that ritonavir and indinavir may 

affectt the metabolism of stavudine by some yet unknown mechanism. The penetration of the 

CSFF by stavudine was not different among the four studies (reflected by similar CSF/plasma 

concentrationn ratios) while exposure in plasma was different. This suggest a lack of 

interactionn at the level of transport of stavudine into the CSF. 

Anotherr explanation for a possible interaction between these Pis and stavudine is an 

interactionn at the level of transport molecules, such as P-glycoprotein (P-gp) during the phase 

off  drug absorption and/or elimination. A changed efflux of stavudine due to inhibition of the 

P-gpp molecule by ritonavir or indinavir might be of significance [29]. 

Thee clinical relevance of higher stavudine concentrations in plasma or CSF of patients using 

concomitantlyy ritonavir and/or indinavir is unknown. The IC50 of stavudine for HIV-1 strains 

inin vitro varied between 11 and 112 ng/mL [2]. The stavudine concentrations in the CSF of 

patientss in the Prometheus and ERA studies were more frequently above these concentrations 

thann in patients participating in the 050 or ADAM study. However, intracellular triphosphate 

concentrationss may be unaltered among the different patient groups, not affecting the efficacy 

off  stavudine [30]. Although peripheral neuropathy was dose-related within the phase I and II 

studiess [31,32], an effect of the stavudine concentrations on toxicity was not found in our 

analysis.. The occurrence of peripheral neuropathy was comparable between the ADAM and 

Prometheuss studies. Since no systematic monitoring of peripheral lipo-atrophy was done 

duringg these studies, differences in the occurrence of this syndrome could not be assessed. 

Inn conclusion, the use of ritonavir and/or indinavir may increase stavudine concentrations in 

plasmaa and CSF. The clinical relevance both in terms of increased efficacy or toxicity is 

currentlyy not known. A larger study population might provide further information whether the 

additionn of ritonavir or indinavir to stavudine is associated with increased efficacy and/or a 

higherr incidence of stavudine-related toxicity. 
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Abstract Abstract 

Objective::  To compare the impact on quality of life (QoL) of treatment with ritonavir (RTV) 

/saquinavirr (SQV) versus RTV/SQV/stavudine (d4T) in asymptomatic- (CDC A) and 

symptomaticc HIV-infected patients (CDC B and C) who did or did not receive antiretroviral 

therapyy (ARVT) before entry into the study. 

Design::  A multicenter randomized clinical trial. 

Patients::  Protease inhibitor- and d4T naive patients were allocated to RTV/SQV (n= 84) 

versuss RTV/SQV/d4T (n=83). 

Mainn outcome measure: Changes from baseline in QoL assessed by the Medical Outcomes 

Studyy Health Survey for HIV (MOS-HIV) and a symptom-checklist at administered at 

baselinee and after 12, 24, 36 and 48 weeks. 

Results::  Changes in QoL were comparable in both treatments, although more neuropathy was 

reportedd in the RTV/SQV/d4T group. QoL improved significantly in both groups regarding 

healthh distress, energy/fatigue, mental health, health perceptions, physical function and overall 

QoL,, despite an increase in reported symptoms. More favourable changes in cognitive and 

sociall  function were observed in symptomatic compared with asymptomatic patients, with 

symptomaticc patients showing an improvement and asymptomatic patients showing a decline 

inn function after baseline. ARVT-naive patients showed more favourable changes in mental 

health,, health distress and social function compared with patients with previous ARVT. 

Conclusions::  RTV/SQV and RTV/SQV/d4T were equally effective in improving the QoL of 

patientss over 48 weeks, despite an increase in reported symptoms. Symptomatic patients 

reportedd more QoL benefit than asymptomatic patients, and ARVT-naive patients benefitted 

moree than those with previous ARVT. The impact on patients' QoL should be considered in 

thee search for the optimal management of HIV-infection. 
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Introduction Introduction 

Antiretrovirall  combination therapy consisting of two nucleoside reverse transcriptase 

inhibitorss (NRTI) and a protease inhibitor (PI) has shown to be effective with respect to viral 

suppressionn and to provide clinical benefits in terms of delaying disease progression and 

prolongingg survival in the treatment of HIV infection [1-4]. 

Besidess providing health benefits, Pi-containing regimens may have a negative impact on 

patients'' quality of life (QoL). PI require strict patient adherence in order to ensure a durable 

antiretrovirall  effect, which may interfere with the patients' daily activities. In addition, PI-

containingg regimens have the potential to cause short- and long-term toxicities. In patients 

withh HIV-related symptoms or AIDS, these adverse effects of highly active antiretroviral 

therapyy (HAART) may be offset by an evident clinical benefit. Several studies have indeed 

demonstratedd improved or stable QoL in patients with advanced HrV infection who were 

treatedd with Pl-containing regimens [5-7]. However, in patients who are still asymptomatic, 

thee toxicities and constraints inflicted by HAART may reduce patients' QoL without 

providingg an apparent short-term clinical benefit. This is the first study that reports on the 

impactt of HAART on QoL in asymptomatic patients compared with symptomatic patients. 

Wee studied the impact on patients' QoL of two ritonavir (RTV) and saquinavir (SQV)-

containingg regimens in a randomized clinical trial (RCT), the Prometheus Study [8]. Patients 

weree stratified at randomization according to their use of antiretroviral therapy (ARVT) before 

entryy into the study. We therefore additionally looked into the effect on QoL of previous 

ARVT. . 

Thee objective of this study was to compare the impact on patients' QoL of RTV/SQV versus 

RTV/SQV/stavudinee (d4T), and to compare the changes in QoL in asymptomatic patients 

versuss symptomatic patients with and without previous ARVT. 

Methods Methods 

Patients s 

Fromm January 1997 to January 1999, an open-label RCT was performed comparing RTV 400 

mg/SQVV 400 mg twice a day with RTV 400 mg/SQV 400 mg bid/d4T 40 mg twice a day, in 

100 hospitals in The Netherlands and four hospitals in Belgium. Eligible patients were HrV-

infectedd with an indication for initiation or change of antiretroviral treatment; they were PI 

andd d4T naive. The primary outcome measure was the proportion of patients with a serum 

HIV-RNAA below 400 copies/ml at week 48. In patients with a serum HrV-RNA above 400 

copies/mll  at week 12 and week 18, therapy was intensified with NRTI. 
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Thee impact on the QoL of patients was a a secondary outcome. Patients were eligible for the 

QoLL substudy if they were able to complete a Dutch, English, or French self-report 

questionnaire.. Enrolment of the QoL substudy started at 25 February 1997. The study was 

approvedd by the Institutional Review Board of all participating centers. All patients gave 

writtenn informed consent. Details of the design and clinical results of this trial have been 

reportedd separately [8]. 

QoLL measurement 

QoLL was assessed with a self-report questionnaire consisting of two parts: the Medical 

Outcomess Study Health Survey for HIV (MOS-HIV) and a symptom-checklist. 

Thee MOS-HIV is a widely used questionnaire of health-related QoL in HIV/AID S with 

establishedd reliability and validity [9-11]. It consists of 10 subscales: physical-, role-, social-, 

andd cognitive function, mental health, energy/fatigue, health distress, health perceptions, pain, 

andd overall quality of life [9-11]. Subscale scores range from 0 to 100 with higher scores 

indicatingg a better QoL. 

Thee symptom-checklist consists of 28 items referring to symptoms related to HIV infection or 

antiretrovirall  therapy. These items were derived from the European Organization for Research 

andd Treatment of Cancer Quality of Life Questionnaire-Core 30, and an HIV/AIDS-specific 

questionnairee [12,13]. The symptom-checklist includes five subscales: fever (three items), 

neuropathyy (two items), skin problems (two items), shortness of breath (two items), and 

nauseaa and vomiting (two items). The remaining single items pertain to: trouble sleeping, lack 

off  appetite, diarrhoea, constipation, chest pain, headaches, abdominal pain, stomach pain, sore 

muscles,, pain in legs, pain when urinating, pain when swallowing, dry mouth, tingling feeling 

aroundd the mouth or tongue, taste disturbances, dizziness, and difficulty seeing. Symptoms 

weree scored on a four point scale with the response categories 'not at all', 'a little', 'quite a 

bit',, and 'very much'. 

Thee QoL questionnaire was administered at the start of treatment and after 12, 24, 36 and 48 

weekss of follow-up. Patients received the questionnaire from their AIDS counselling nurse or 

theirr physician when attending the outpatient clinic for scheduled study visits. The 

questionnairee was completed at the outpatient clinic or at home, depending on the choice of 

thee patient and the outpatient clinic facilities. Completed questionnaires were returned in a 

sealedd envelope. 
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Statisticall  analysis 

Patientss were included in the analysis if a baseline measurement and at least one follow-up 

measurementt was available. Baseline characteristics were compared between both treatment 

groups,, and between patients included in the QoL substudy and patients not included in the 

QoLL substudy, using Student's Mests for continuous variables and chi-square- or Fisher's 

exactt tests for categorical variables. 

Forr the MOS-HÏV subscales, we calculated changes from baseline by subtracting baseline 

scoress from 12, 24, 36 and 48 week scores. Mean changes from baseline were compared 

betweenn both treatment groups using repeated measures analysis of variance (ANOVA), 

includingg treatment group as a between-subject factor, and time as a within-subject factor, 

adjustingg for baseline HIV-RNA, CD4 cell count and use of ARVT before study entry (yes or 

no). . 

Wee dichotomized the responses on the symptom checklist into 'not at all' versus 'a littl e bit' 

too 'very much'. We computed the mean Area Under the Curve Minus Baseline (AUCMB) to 

488 weeks for the subscales and single items of the symptoms checklist, using the trapezoidal 

rulee [14]. The AUCMB indicates the change in the proportion of patients reportingg symptoms 

fromm baseline to 48 weeks. The mean AUCMB was compared between both treatment groups 

usingg ANOVA. 

Wee categorized patients classified at baseline as category A, according to the 1993 Centers for 

Diseasee Control (CDC) classification system of HIV infection, as 'asymptomatic', and 

patientss who were classified as category B or category C as 'symptomatic'. A second ANOVA 

wass performed on the mean changes from baseline on the MOS-HIV subscales using two 

between-subjectt factors consisting of asymptomatic versus symptomatic, previous ARVT 

versuss ARVT naive, and using time as within-subject factor. 

Two-sidedd P values < 0.05 were considered to indicate statistical significance. The individual 

between-groupp or within-group effects were calculated in means and 95% confidence intervals 

(CI),, and were interpreted only if the overall test statistic was found to be statistically 

significant. . 

Forr the handling of missing data we used the last observation carried forward approach. 

Analysiss was by intention-to-treat. Data analysis was conducted using the SPSS software 

packagee (SPSS; Systat, Chicago, Illinois, USA). 
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Results Results 

AA total of 208 patients were enrolled in the RCT, 104 patients were allocated to RTV/SQV 

andd 104 patients to RTV/SQV/d4T. Forty-one of these patients (20 allocated to RTV/SQV 

andd 21 to RTV/SQV/d4T), were not entered in the QoL substudy. Fifteen of these patients 

weree enrolled in the RCT before the QoL substudy had started and therefore did not have a 

baselinee QoL assessment. Nine patients were unable to complete questionnaires due to 

insufficientt language skills (n = 8) or neurological impairment (n =1). Seventeen others did 

nott participate because they never started their allocated treatment (n=5), they never returned a 

baselinee questionnaire (n=7), or were lost to follow-up after baseline (n=5). A total of 167 

patientss were thus included in the QoL study, of whom 84 were allocated to RTV/SQV and 83 

too RTV/SQV/d4T. For this sample, the response rates were: 96% (161/167) at week 12, 92% 

(154/167)) at week 24, 87% (146/167) at week 36, and 92% (153/167) at week 48. 

Noo statistically significant differences were found between both treatment groups of patients 

enrolledd in the QoL study (Table 1). At baseline, participants in the QoL study were 

comparablee with patients not participating in the QoL study with respect to treatment 

allocation,, median logio HIV-RNA (copies/ml), median CD4 count (cells/mm3), and baseline 

CDCC classification of HIV infection (data not shown). QoL study patients were more likely to 

bee ARVT naive (56% versus 39%, P = 0.05), male (88% versus 63%, P < 0.01), homosexual 

(73%% versus 38%, P < 0.01), and were older (39 years versus 35 years, P = 0.02). 

Tablee 1 Baseline characteristics 

Male e 

Meann age (years) (SD) 

Homosexual l 

Priorr antiretroviral therapy 

Mediann (IQR) log,0 HIV-RNA (c/ml) 

Mediann (IQR) CD4 count (cells/mm3) 

HIVV  disease stage: 

CDCC A 

CDCB B 

CDCC C 

RTV/SQV V 

(n=84) ) 

766 (90%) 

39(9) ) 

622 (74%) 

388 (45%) 

4.466 (3.98-5.00) 

260(125-410) ) 

366 (43%) 

288 (33%) 

200 (24%) 

RTV/SQV/d4T T 

(n=83) ) 

700 (86%) 

388 (10) 

577 (69%) 

355 (42%) 

4.42(3.86-4.81) ) 

260(120^00) ) 

399 (47%) 

255 (30%) 

199 (23%) 

CDC== Centers for Disease Control; IQR= interquartile range; RTV= ritonavir; SQV= saquinavir; d4T= 

stavudine. . 

90 0 



Quality-of-lifeQuality-of-life in asymptomatic/symptomatic patients 

Comparisonn of changes in quality of life between both treatment groups 

MOS-HIV V 

Att baseline, MOS-HIV subscale scores were comparable for the treatment groups (Table 2). 

Noo statistically significant differences were found between both treatment groups in mean 

changess on the MOS-HIV subscales from baseline, and no statistically significant treatment 

groupp by time interaction was found, indicating a similar pattern of changes over time in both 

groups.. Combining the two treatment groups, statistically significant improvements were 

foundd from baseline with respect to: physical function, mental health, energy/fatigue, health 

perceptions,, and overall QoL. QoL remained stable on the other MOS-HIV subscales. 

Tablee 2 Changes from baseline in quality of life in patients treated with ritonavir/saquinavir 

andd ritonavir/saquinavir/stavudine 

MOS-HI VV baseline scores 

MOS-HI VV scales 

physicall  function 

rolee function 

sociall  function 

cognitivee function 

mentall  health 

energy/fatigue e 

healthh distress 

healthh perceptions 

pain n 

overalll  quality of lif e 

RTV/SQV V 

(n=84) ) 

83.66 (2.3) 

79.55 (3.7) 

82.00 (2.6) 

77.00 (2.2) 

65.55 (2.3) 

63.55 (2.1) 

70.11 (2.8) 

51.77 (2.8) 

82.66 (2.0) 

66.33 (2.6) 

RTV/SQV/d4T T 

(n=*3) ) 

78.66 (2.4) 

72.33 (4.6) 

80.00 (2.5) 

74.77 (2.2) 

65.55 (1.9) 

60.55 (2.1) 

71.2(2.3) ) 

47.66 (2.6) 

80.22 (2.3) 

66.55 (2.2) 

Betweenn group 

differencee (95% CI) * 

-4.44 (-10.1 to 1.3) 

-2.88 (-12.3 to 6.6) 

-3.55 (-9.5 to 2.5) 

-3.77 (-8.2 to 0.7) 

-0.44 (-4.7 to 4.6) 

-2.55 (-7.5 to 2.6) 

2.55 (-2.2 to 7.3) 

-2.11 (-7.3 to 3.1) 

-2.55 (-8.7 to 3.6) 

2.44 (-4.4 to 9.1) 

Changee from 

baselinee (95% CIV 

4.22 (1.4 to 7.0)* 

2.11 (-2.5 to 6.7) 

1.99 (-0.9 to 5.0) 

1.66 (-0.6 to 3.7) 

3.44 (1.5 to 6.2)* 

3.22 (0.7 to 5.7)* 

6.44 (3.5 to 8.7)* 

4.33 (1.7 to 6.9)* 

1.33 (-1.8 to 4.3) 

6.33 (2.9 to 9.6)* 

CI,, confidence interval; MOS-HIV, Medical Outcomes Study HIV; RTV, ritonavir; SQV, saquinavir; d4T, 

stavudine.. * P < 0.05. t Values are means  standard errors. $ Values are mean differences between RTV/SQV 

comparedd with RTV/SQV/d4T in the change from baseline over all timepoints, adjusted for baseline HIV-RNA, 

CD44 cell count, and previous antiretroviral therapy. Scores below zero indicate a better QoL in the 

RTV/SQVM4TT group whereas scores higher than zero indicate a better QoL in the RTV/SQV group. 

§§ Values are mean changes from baseline over all timepoints for both treatment groups combined. Scores higher 

thann zero indicate improvement in QoL compared to baseline, whereas scores below zero indicate decline in 

QoL. . 

91 1 



ChapterChapter 7 

Symptomm checklist 

AA statistically significant difference was found between both treatment groups in the change in 

thee proportion of patients reporting neuropathy (data not shown). In the RTV/SQV group, 

neuropathyy decreased with 3% relative to the baseline, whereas in the RTV/SQV/d4T group 

theree was an increase from baseline by 12% (difference: 15%, 95% CI of difference: 2% to 

28%). . 

Theree was an increase of at least 10% in both treatment groups in the proportion of patients 

reportingg diarrhoea (RTV/SQV: 41% and RTV/SQV/d4T: 47%, difference 6%, 95% CI of 

difference:: -10 to 21%), perioral tingling (RTV/SQV: 25% and RTV/SQV/d4T: 34%, 

differencee 9%, 95% CI of difference: -6 to 25%), and abdominal pain (RTV/SQV: 15% and 

RTV/SQV/d4T:: 13%, difference 2%, 95% CI of difference -11 to 16%). 

Tablee 3 Effect of HIV disease stage and previous antiretroviral therapy on changes from 

baselinee over 48 weeks in quality of life 

MOS-HI VV baseline Asympt. versus sympt Previous ARVT versus 

scores11 (95% CI)*  naive (95% CI) s 

MOS-HI VV scales 

physicall  function 

rolee function 

sociall  function 

cognitivee function 

mentall  health 

energy/fatigue e 

healthh distress 

healthh perceptions 

pain n 

overalll  quality of lif e 

asympt. . 

(«=75) ) 

85.88 (2.4) 

80.33 (3.9) 

87.33 (2.5) 

80.55 (2.0) 

66.00 (2.6) 

64.77 (2.5) 

71.2(2.8) ) 

56.88 (2.9) 

84.99 (2.2) 

68.77 (2.8) 

sympt. . 

(n=92) ) 

77.33 (2.2) 

70.11 (4.2) 

75.88 (2.5) 

72.11 (2.2) 

65.11 (1.7) 

59.8(1.8) ) 

70.11 (2.4) 

43.99 (2.3) 

78.66 (2.0) 

64.5(2.1) ) 

-3.88 (-9.5 to 2.0) 

-3.11 (-12.5 to 6.6) 

-8.11 (-14.0 to-2.0)* 

-8.55 (-12.7 to-4.0)* 

0.44 (-4.4 to 5.1) 

-1.99 (-7.0 to 3.3) 

1.22 (-3.7 to 6.0) 

-4.11 (-9.5 to 1.3) 

-2.77 (-9.0 to 3.6) 

-4.88 (-11.7 to 2.2) 

-6.11 (-11.8 to -0.4) 

-6.99 (-16.5 to 2.7) 

-6.22 (-12.2 to -0.2)* 

-3.44 (-7.8 to 1.0) 

-6.00 (-4.3 to-1.2)* 

-4.66 (-9.8 tot 0.6) 

-7.33 (-12.1 to-2.6)* 

-4.77 (-10.2 to 0.7) 

-6.66 (-12.9 to-0.3) 

-6.33 (-13.2 to 0.7) 

Asympt,, asymptomatic; sympt, symptomatic; ARVT, antiretroviral therapy; MOS-HIV, Medical Outcomes Study 

HIV ;; * P < 0.05; f Values are means + standard errors; $ Values are mean differences between asymptomatic-

comparedd to symptomatic patients in changes from baseline in QoL over 48 weeks. Scores below zero indicate 

lesss favorable changes in QoL for asymptomatic patients compared to symptomatic patients. 

§§ Values are mean differences between patients with previous ARVT compared to naive patients in changes from 

baselinee in QoL over 48 weeks. Scores below zero indicate less favorable changes in QoL for patients with 

previouss ARVT compared to naive patients. 
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Impactt of HIV disease stage and previous antiretroviral therapy on changes in quality of life 

Ass expected, asymptomatic patients (CDC A) had higher baseline MOS-HIV scores, 

indicatingg a better QoL, compared with symptomatic patients (CDC B and C) (Table 3). 

Baselinee MOS-HIV scores were comparable in patients who had received ARVT before study 

entryy and patients who were ARVT naive (data not shown). 

Noo statistically significant interaction was found between disease stage and previous ARTV, 

indicatingg that previous ARTV had a similar impact on changes in QoL in asymptomatic 

comparedd with symptomatic patients. 

Wee found a statistically significant difference in the changes from baseline in social and 

cognitivee function in asymptomatic patients compared with symptomatic patients. 

Asymptomaticc patients reported more limitations in social activities as a result of health 

problemss relative to the start of treatment, whereas symptomatic patients reported fewer 

limitations.. We found the same pattern for cognitive function: asymptomatic patients reported 

aa worsening in cognitive function compared to baseline, whereas symptomatic patients 

reportedd an improvement. 

Wee observed a statistically significant difference in changes from baseline in MOS-HIV 

scoress in patients with previous ARVT compared with patients who were ARTV naive with 

respectt to social function, mental health and health distress. These dimensions improved in 

thee ARVT-naive patients. With respect to social function, there was an average decline from 

baselinee in patients with previous ARVT. Mental health and health distress remained stable in 

patientss with previous ARVT. The effects of disease stage and previous ARVT on the mean 

changess over 48 weeks in social function, cognitive function, mental health and health distress 

aree illustrated in Fig. l(a-d). 

Discussion Discussion 

Thee QoL study was set up alongside a clinical trial, the Prometheus study. This RCT showed 

noo difference in the proportion of patients with a serum HIV-RNA below 400 copies/ml at 48 

weekss between the group starting with RTV/SQV alone, and intensifying when indicated, 

versuss those who were treated with immediate triple therapy [8]. The present study showed 

thatt both treatment strategies were equally effective in maintaining and improving patients' 

QoL,, despite an increase in reported symptoms. Although patients allocated to RTV/SQV/d4T 

reportedd more neuropathy, this did not result in a measurably diminished functioning or well-

being.. Taken the comparable impact into account, QoL is not a decisive factor in the choice 

betweenn these two treatment strategies. 
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Thiss is the first study that reports on the impact of HAART on the QoL of patients with an 

asymptomaticc HIV infection. It recently has been called into question whether the potential 

advantagess of initiating PI containing regimens in early HIV infection outweigh potential 

disadvantagess [15,16]. There is a need for studies evaluating the long-term clinical 

effectiveness,, adverse effects, adherence, and effects on QoL of ARVT in early HIV infection 

[17].. The present study showed a decline in functioning in asymptomatic patients after the 

startt of therapy, and an improvement in functioning in symptomatic patients. While this effect 

wass limited to cognitive function and social function, these may be considered highly relevant 

aspectss of an individual's QoL. 

Wee found more favourable changes in mental health, health distress and social function in 

ARVT-naivee patients compared to patients with previous ARVT. The proportion of patients 

withh HIV-RNA below 400 copies/ml was consistently higher after week 12 among patients 

whoo were ARVT naive compared to those who had had ARVT before entry into the study [8]. 

Thee more favourable QoL outcomes in ARVT-naive patients were probably associated with 

thiss better efficacy. 

Forty-onee patients enrolled in the RCT did not participate in the QoL study. Because baseline 

characteristicss were equally distributed between both treatment groups in patients who 

participatedd in the QoL study, it is unlikely that this selection affected the comparison of the 

impactt on QoL between both treatment groups. However, our results may not be generalized 

too populations with baseline characteristics that substantially diverge from our study sample. 

Furthermore,, results from this study may not unconditionally be generalized to other 

antiretrovirall  combination therapies. Other regimens may be associated with different 

toxicities,, and may differ with respect to ease of administration. This study used a relatively 

convenientt twice-daily dosing of the medication, taken together with food or after a meal. 

Moree or less convenient regimens may result in a different impact on patients' QoL. Finally, 

thee follow-up of this study was only 48 weeks. Recently, long term side effects of ARVT, 

suchh as peripheral lipodystrophy, have been reported that usually occur after 48 weeks [18]. 

Thee impact of such long term toxcities on QoL remains to be studied. 

Informationn from the present study about the possible effects of treatment on QoL may be 

usedd to inform patients and clinicians when starting combination therapy with RTV and SQV 

iss being considered, and may contribute to making trade-offs between the potential burden and 

benefitt of therapy. 
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Conclusion Conclusion 

RTV/SQVV and RTV/SQV/d4T were equally effective in maintaining and improving patients' 

QoLL over 48 weeks despite an increase in reported symptoms. Symptomatic patients reported 

moree benefots in QoL than asymptomatic patients, and ARVT-naive patients benefitted more 

thann those with previous ARVT. The impact on patients' QoL should be considered in the 

searchh for the optimal management of HIV-infection. 
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Abstract Abstract 

Objectives::  To investigate adherence to antiretroviral therapy over 48 weeks, to investigate 

thee association between adherence and treatment-related symptoms, and to investigate the 

impactt of adherence on virological response over 48 weeks among established predictors of 

treatmentt success. 

Design::  Prospective adherence assessments within a clinical trial of ritonavir/saquinavir 

versuss ritonavir/saquinavir/stavudine in the Netherlands and Belgium. 

Patients::  Hundred-sixty protease inhibitor- and stavudine naive HIV-1 infected patients. 

Mainn outcomes: Adherence and symptoms assessed by a self-report questionnaire at weeks 

12,, 24, 36 and 48, correlation between adherence and symptoms, predictors of HIV-1 RNA 

beloww 400 copies/ml at week 48 and of the area about the change from baseline over 48 

weekss (ACFB) in serum HIV-1 RNA. 

Results::  The percentages of patients reporting skipping medication, deviation from time 

schedulee and dietary prescriptions at separate time-points ranged from 12% to 15%, 32% to 

35%% and 17% to 22%, respectively. The percentage that changed their level of adherence 

duringg 48 weeks ranged from 29% for skipping medication to 48% for deviation from time-

schedule.. Higher levels of experienced side-effects were associated with lower levels of 

adherence.. Not skipping medication was independent predictor of both having a serum HIV-1 

RNAA below 400 copies/ml at week 48 and the ACFB over 48 weeks in serum HIV-1 RNA. 

Conclusions::  Adherence was an independent predictor of virological response over 48 weeks. 

Thee level of adherence is variable within patients over time. This confirms the need for 

continuedd adherence monitoring in all patients as part of standard medical practice. 
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Introduction Introduction 

Highlyy active antiretroviral therapy (HAART) for HIV-1 infection is able to suppress plasma 

HIV-11 RNA below detectable concentrations [1,2]. Factors shown to affect virological 

responsee include baseline HIV-1 RNA, baseline CD4+ cell count, and previous antiretroviral 

therapyy [3-5]. Additionally, suboptimal patient adherence proved to be related with failure to 

achievee or maintainn viral suppression [6-8]. The only study investigating the relative 

contributionn of adherence among established predictors of viral suppression found that 

compliance,, measured as keeping clinic appointments, was the single independent predictor 

off  virological response to HAART [9]. 

Adherencee may be hampered by toxicities associated with HAART. However, studies 

investigatingg the relation between side-effects and adherence led to inconsistent results [10-

13].. To date, studies of adherence to HAART have reported on a follow-up period of 

maximallyy six months. Therefore, it is not known whether patients change their level of 

adherencee during a prolonged time period as observed among other diseases requiring 

continuouss therapy [14]. 

Wee investigated patient adherence over 48 weeks in a clinical trial comparing treatment with 

ritonavirr (RTV)/saquinavir (SQV) versus RTV/SQV/stavudine (d4T) [15]. We examined the 

associationn between adherence and disease- or treatment-related symptoms. Additionally, we 

investigatedd the impact of adherence on virological response over 48 weeks among 

establishedd predictors of treatment success. 

Methods Methods 

Patients s 

Betweenn January 1997 and January 1998, protease inhibitor- and d4T naive HIV-1 infected 

patientss were randomly assigned to either RTV 400 mg twice daily (bid) plus SQV 400 mg 

bidd or RTV 400 mg bid plus SQV 400 mg bid plus d4T 40 mg bid in 14 hospitals in The 

Netherlandss and Belgium. In patients with a serum HIV-RNA above 400 copies/ml at week 

122 and week 18, therapy was intensified with nucleoside reverse transcriptase inhibitors. 

Clinicall  results from this study were reported elsewhere [15]. 

Patientt adherence was a secondary outcome. Patients were eligible for the adherence substudy 

iff  they were able to complete a Dutch or English self-report questionnaire. The study was 

approvedd by the Institutional Review Board of all centres. All patientss gave written informed 

consent. . 
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Measurements s 

Adherencee was assessed by a self-report questionnaire at weeks 12, 24, 36 and 48. Patients 

weree asked during how many days: they had taken all antiretro viral medication, they had been 

moree than two hours from time-schedule, and they had taken RTV/SQV together with food or 

afterr a meal. Questions were related to the preceding week and response categories 

comprised:: all 7 days, 5 to 6 days, 3 to 4 days, 1 to 2 days and not one day. In a subset of 

patientss in whom plasma concentrations of RTV and SQV were assessed at completion of the 

questionnaire,, good concordance was observed between self-reported adherence and plasma 

concentrationss of RTV/SQV [16]. 

Additionally,, patients completed a symptom-checklist referring to symptoms related to HIV 

infectionn or antiretroviral therapy [17]. Symptoms were scored on a four point scale with the 

responsee categories 'not at all', 'a little', 'quite a bit', and 'very much'. Completed 

questionnairess were returned in a sealed envelope. 

Serumm HIV-1 RNA concentrations were measured using a PCR-based assay (Amplicor HIV 

Monitorr Test, Roche Diagnostic Systems Inc., Branchburg, New Jersey, USA) with a lower 

quantificationn limit of 400 copies/ml, at the start of study medication and at weeks 12, 18, 24, 

36,, and 48. 

Statisticall  analysis 

Wee calculated the percentage of patients reporting skipping medication, deviation from time-

schedulee and dietary prescriptions during the preceding week at weeks 12, 24, 36, and 48. For 

thiss analysis, patients were dichotomised into those reporting being adherent on all 7 days 

versuss those reporting non-adherence on at least one day.. Since the adherence-questions 

specificallyy inquired about the study medication, patients were censored at the time study 

medicationn was discontinued. The percentage of patients that changed their level of adherence 

comparedd to the preceding measurement at weeks 24, 36 and 48 and the percentage that 

changedd their level of adherence at least once was calculated. 

Thee following symptoms were considered for their effect on adherence: nausea, vomiting, 

lackk of appetite, diarrhoea, abdominal pain, pain when swallowing, tingling feeling around the 

mouthh or tongue, and taste disturbances. 

Wee calculated the average level of adherence for each of the three adherence questions. 

Spearman'ss rank correlation coefficients were calculated between adherence, reported 

symptomss and baseline characteristics, i.e., viral load, CD4+T-cell count, pre-treatment status, 

treatmentt group, and CDC disease stage [18]. 
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HIV-11 RNA concentrations were logio transformed. We calculated the area about the change 

fromm baseline (ACFB) over 48 weeks in serum HIV-1 RNA using the trapezium rule, 

representingg the averaged time-weighed change from baseline as measure of overall viral 

suppressionn [19,20]. 

Univariatee logistic regression analyses using the primary end-point of the Prometheus study, 

HIV-11 RNA below 400 copies/ml at week 48, as dependent variable were performed to 

investigatee the effect of the three adherence questions and baseline characteristics. Variables 

withh P-values < 0.20 were subsequently entered in a multiple logistic regression analysis. 

Additionally,, the same procedure was repeated using the ACFB in serum HIV-1 RNA as 

dependentt variable in separate- and multiple linear regression analyses controlling for 

baselinee HIV-1 RNA. 

Two-sidedd P values < 0.05 were considered statistically significant. Data analysis was 

conductedd using the SPSS software package (SPSS, Systat, Chicago, Illinois, USA). 

Results Results 

Thee Prometheus study enrolled 208 patients. Twenty-three were unable to complete a Dutch 

orr English self-report questionnaire. Others never started allocated treatment (n=6), 

discontinuedd treatment before week 12 (n=12), did not complete a questionnaire at week 12 

andd discontinued treatment thereafter (n=5), or refused participation (n=2). Thus, 160 patients 

enteredd the adherence-study. Of those, 84 (51.3%) were allocated to RTV/SQV, 93 (58.1%) 

weree antiretroviral naive, 145 (90.6%) were males, 120 (75%) were men-having-sex-with-

men,, and 72 (45%) were CDC stage A. Their mean (standard error) age was 38.6 (0.73) years. 

Thee median (inter quartile range) baseline HTV-1 RNA logio copies/ml and median (inter 

quartilee range) baseline CD4 count/mm3 were 4.47 (3.93^1.97) and 255 (111-415), 

respectively. . 

Tablee 1 shows the percentages of patients reporting skipping medication, being off time 

schedule,, not taking RTV/SQV with food at each measurement, and the percentage of patients 

thatt changed their level of adherence. The overall non-adherence rates remained relatively 

stablee over time with a maximum of 5% difference between the highest and lowest 

percentages.. When patients who did not complete a questionnaire or discontinued study 

medicationn were handled as non-adherent, the difference between the highest and lowest 

percentagess increased, ranging from 8% for skipping medication to 12% for not taking 

RTV/SQVV with food. Within the individual patient there was greater variability in adherence 

overr time. At each measurement, 13% to 32% of the patients had changed their level of 

adherencee compared to the preceding measurement and the percentage that changed their 

103 3 



ChapterChapter 8 

levell  of adherence during 48 weeks ranged from 29% for skipping medication to 48% for 

deviationn from time-schedule. 

Patientss who were antiretroviral naive showed higher levels of adherence compared to 

patientss who were pre-treated (Table 2). Additionally, higher levels treatment- and/or disease-

relatedd symptoms were associated with lower levels of adherence. 

Tablee 1 Patient reported adherence during 48 weeks 

On-treatmentt (n) 

Completedd questionnaire (n) 

Skippingg medication* 

Beingg off time schedule* 

Nott taking RTV/SQV with food* 

Changedd adherence1 

-skippingg medication 

-beingg off time schedule 

-nott taking RTV/SQV with food 

Weekk 12 

160 0 

160 0 

15% % 

32% % 

17% % 

NA A 

NA A 

NA A 

Weekk 24 

156 6 

149 9 

12%% (18%) 

36%% (40%) 

22%% (27%) 

16% % 

32% % 

26% % 

Weekk 36 

151 1 

139 9 

12%% (23%) 

35%% (38%) 

19%% (24%) 

17% % 

30% % 

22% % 

Weekk 48 

147 7 

141 1 

12%% (23%) 

35%% (43%) 

19%% (29%) 

Everr changed* 

13%% 29% 

27%% 48% 

22%% 36% 

RTV== ritonavir. SQV= saquinavir. * Shown in parenthesis: percentage of non-adherent patients when patients 

nott completing a questionnaire and patients who discontinued treatment are handled as non-adherent, f 

comparedd to preceding measurement. NA= not applicable. $ level of adherence changed at least once during 

follow-up. . 

AA total of 134 patients (84%) had a serum HIV-1 RNA below 400 copies/ml at week 48. 

Havingg HrV-1 RNA below 400 copies/ml was associated with not skipping medication 

(P=0.016)) and being antiretroviral naive (P= 0.030) in univariate logistic regression analysis. 

Inn the multivariate logistic regression analysis it remained significantly associated with not 

skippingg medication (P=0.048). A trend was found for being antiretroviral naive (P=0.095). 

Inn the separate linear regression analyses using the time-weighed change from baseline in 

serumm HIV-1 RNA as dependent variable, greater decline in HIV-1 RNA was associated with 

higherr baseline CD4 count (P=0A6), not skipping medication (P=0.001), taking RTV/SQV 

withh food (P=0.067), allocation to RTV/SQVM4T (P=0.003), being antiretroviral naive 

(P=0.039)(P=0.039) and CDC class A (P=0.052).. Entered in the multiple regression analysis, allocation 

too RTV/SQV/d4T (P=0.004) and not skipping medication (P=0.014) were independently 

associatedd with a greater decline in serum HIV-1 RNA. When both not skipping medication 

andd being antiretroviral naive were entered in the analyses, not skipping medication was 

associatedd with viral suppression (P=0.003) but not being antiretroviral naive (P=0.135). 
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Tablee 2 Spearman's rank correlation coefficients between adherence, pre-treatment 

characteristicss and treatment- and disease related symptoms 

Pre-treatmentt  characteristics 

Antiretrovirall  naive (versus pretreated) 

Baselinee CD4+ T-cells/ml 

CDCC class A (versus B and C) 

Baselinee serum HIV-1 RNA log]0 copies/ml 

RTV/SQV/d4TT (versus RTV/SQV) 

Disease-- or  treatment-related symptoms 

Vomiting* * 

Painn when swallowing* 

Nausea* * 

Abdominall  pain* 

Lackk of appetite* 

Tastee disturbances* 

Tinglingg feeling mouth/tongue* 

Diarrhoea* * 

Skipping g 

medication n 

0.21** * 

-0.01 1 

0.07 7 

0.07 7 

0.00 0 

-0.50** * 

-0.40** * 

-0.31** * 

-0.22** * 

-0.19* * 

-0.16* * 

-0.07 7 

-0.04 4 

Beingg off time 

schedule* * 

0.24** * 

-0.21** * 

0.02 2 

0.05 5 

0.06 6 

0.05 5 

-0.04 4 

-0.12 2 

-0.06 6 

-0.15 5 

-0.08 8 

-0.10 0 

-0.09 9 

Nott  taking RTV/SQV 

withh food* 

0.10 0 

-0.08 8 

-0.17* * 

-0.03 3 

0.04 4 

-0.19* * 

-0.23** * 

-0.26** * 

-0.17* * 

-0.26** * 

-0.18* * 

0.01 1 

-0.12 2 

**  P < 0.05, **  P < 0.01. t High values indicate good adherence. $ High values indicate more symptomatology. 

RTV== ritonavir. SQV= saquinavir. d4T= stavudine. 

Discussion Discussion 

Althoughh overall adherence rates remained relatively stable over a 48-week period, a 

substantiall  percentage of patients changed their level of adherence during 48 weeks. This 

suggestss that adherence or non-adherence is not a stable patient characteristic but ratherr a 

dynamicc phenomenon. This implies that any patient at any point in time may encounter 

difficultiess in adhering to their antiretroviral regimen [21]. Our finding supports the current 

recommendationn that adherence should be regularly monitored and reinforced in all patients 

onn HAART as part of routine clinical practice [22]. 

Wee found that higher levels of experienced symptoms were associated with lower levels of 

adherence.. This suggests that managing toxicities may facilitate patient adherence. 

Patientt adherence was an independent predictor of virological response over 48 weeks. This 

findingg is consistent with the only study reported so far that examined adherence among other 

establishedd predictive factors of viral suppression [9]. 

Skippingg medication was the most infrequently reported form of non-adherence, followed by 

deviationn from dietary prescriptions and from time-schedule. Only skipping medication was 

independentlyy related with virological response. Since the consequences of low adherence 
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wil ll  depend upon characteristics of the particular drugs such as the plasma elimination half 

lif ee and the degree to which drug exposure is dependent upon food intake, this may not be 

generalisedd to other regimens. 

Wee found that being antiretroviral pre-treated, as compared to being antiretroviral naive, was 

bothh associated with lower levels of adherence and with a poorer virological response. The 

associationn between pre-treatment and virological response was no longer statistically 

significantt when adherence was taken into account in the multivariate analyses. A poorer 

virologicall  response among pre-treated patients as compared to naive patients has also been 

observedd by others [4]. The present study suggests this may in part be explained by lower 

levelss of adherence in this group of patients. Clearly, our observation needs to be confirmed 

byy future studies. 

Seventeenn patients who discontinued treatment before week 12 or shortly thereafter, due to 

toxicityy (n=7), patient decision (n=4) or adverse events (n=6) were excluded from the 

adherence-study.. These patients level of adherence could have differed from the level of 

adherencee of patients who entered the adherence-study. Therefore, our results only apply to 

patientss who stayed on study medication for at least 12 weeks. 

Inn conclusion, adherence was an independent predictor of virological response over 48 weeks. 

Priorr antiretroviral therapy and higher levels of experienced symptoms were associated with 

lowerr levels of adherence. A substantial number of patients changed their level of adherence 

duringg 48 weeks suggesting that most patients may encounter difficulties with adherence any 

timee during antiretroviral therapy. This confirms the need for assisting and monitoring 

adherencee in all patients as standard clinical practice. 
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Summary Summary 

Introduction ::  Liver enzyme elevations (LEE) are commonly observed following the start of 

combinationn antiretroviral therapy (ARVT) for HIV infection. 

Methods::  208 HIV-infected patients were randomized to ritonavir (RTV) 400 mg BID, 

saquinavirr (SQV) 400 mg BID with or without stavudine (d4T) 40 mg BID. LEE was defined 

ass having an increase in AST/ALT of > 5x upper limit of normal and >100 U/L increase from 

baseline.. We investigated potential risk factors for LEE following treatment with RTV/SQV 

withh or without d4T using Cox's proportional hazard model. 

Results::  Eighteen (9%) patients developed LEE during the 48 week follow-up. Multivariate 

analysis,, adjusted for baseline ALT and AST, showed that HBsAg positivity (RR 8.8, 

95%CI:3.3-23.1)) and the use of d4T (RR 4.9,95%CI: 1.5-16.0) were the only two significant 

riskrisk factors for developing LEE. After LEE occurred, ALT/AST concentrations decreased 

>50%% in 13/14 patients, who continued ARVT during LEE. 

Conclusions::  LEE during ARVT is more frequently observed in HIV-infected patients, who 

aree HBsAg positive. Furthermore, the use of d4T, in combination with RTV/SQV, was a risk 

factorr for development of LEE, independent from hepatitis serology. In this study, it appeared 

safee to continue ARVT during LEE. However, more data from larger studies are required to 

confirmm this finding. 
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Introduction Introduction 

Liverr enzyme elevation (LEE) has been reported to be a potential side effect of most 

antiretrovirall  agents used for the treatment of the human immunodeficiency virus (HIV) 

infectionn [1]. Since the introduction of highly active antiretroviral therapy (HAART) with 

triplee drug combination regimens, severe elevations in liver enzymes have been observed 

moree frequently. LEE may be drug-induced. However, LEE seems to appear more often in 

HIV-infectedd patients who are co-infected with hepatitis B virus (HBV) and/or hepatitis C 

viruss (HCV) [2-9]. 

Co-infectionss of HTV and HBV and/or HCV are common. Up to 84% of intravenous drug 

userss with HTV infection and 83% of homosexuals with HIV infection have markers of past or 

currentt HBV infection; 81% and 14%, respectively, have markers of past or current HCV 

infectionn [10]. 

Manyy questions related to the clinical management of patients who develop LEE during the 

usee of antiretroviral agents remain unanswered. First, the risk of developing hepatotoxicity has 

nott properly been quantified. Furthermore, it is unknown whether certain antiretroviral drugs, 

classess of antiretroviral drugs or combinations of antiretroviral drugs are more prone to 

predisposee for LEE. Finally, there are no guidelines for deciding to continue or discontinue 

HAARTT once LEE has been observed. 

Thee aim of this study was to describe hepatotoxicity in HIV-infected patients, treated with 

ritonavirr (RTV) and saquinavir (SQV) with or without stavudine (d4T). We searched for risk 

factorss for LEE in this study population and described the clinical management of and the 

outcomee in these patients. 

MaterialsMaterials and methods 

Patientss and data collection 

Thee Prometheus study was an open label, randomized controlled multicenter trial in 208 HIV-

11 infected patients in the Netherlands and Belgium. Patients were randomized between 

Januaryy 1997 and January 1998 to receive orally RTV 400 mg twice daily (BID) plus SQV 

4000 mg BID with or without d4T 40 mg BID (30 mg BID if body weight was below 60 kg). 

Participantss had to be protease inhibitor (PI)- and d4T-naive before the start of the study. They 

hadd an indication for initiation of antiretroviral treatment or there was a reason to change 

currentt treatment. Participants were 18 years of age or older and had a Karnofsky score > 60. 

Antiretrovirall  drugs, used before the study, had to be discontinued before start of the study 

medication.. There were no exclusion criteria for patients with elevated liver enzymes other 
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thann that patients who had a clinical condition or laboratory abnormality that was, in the 

investigator'ss opinion, incompatible with the use of study medication were excluded. 

Patientss were allowed to intensify their treatment with, if possible, two new reverse 

transcriptasee inhibitors if serum HIV-RNA concentration did not drop to < 400 copies/ml at 

weekk 12, confirmed at week 18, or if serum HIV-RNA became detectable again. 

Thee following baseline characteristics were collected: gender, age, weight, height, prior 

antiretrovirall  drug use, CDC classification, transmission risk group, CD4- and CD8-

lymphocytee count, serum HIV-1 RNA, the presence of hepatitis surface antigen (HBsAg) and 

anti-hepatitiss C antibody (anti-HCV) in serum. During the study, patients were evaluated at 

weekk 0, 2, 4, 8, 12, 18, 24, 36 and 48. After week 48, follow up on the clinical outcome of 

LEEE was continued for patients, who consented for this extended follow up. The occurrence 

off  HIV-related events as classified according to the Centers for Disease Control and 

Preventionn (CDC) 1993 guidelines [11], other clinical events, use of antiretroviral medication, 

usee of co-medication, laboratory safety parameters (among others: asparate aminotransferase 

(AST),, alanine aminotransferase (ALT), alkaline phosphatase (AF), and ^-glutamyl transferase 

(GGT))) and laboratory efficacy parameters (serum HIV-1 RNA (Amplicor HIV Monitor Test, 

Rochee Diagnostic Systems Inc., Branchburg, New Jersey, USA), CD4+- and CD8+-

lymphocytee counts) were recorded every visit. 

Definitionn of HBV and HCV serologic categories 

Patientss were considered to have a chronic HBV infection when HBsAg could be detected at 

baselinee [12]. Earlier studies reported that HCV infection has a very high rate of persistence 

[13].. Therefore, when antibodies against HCV were present at baseline, patients were 

consideredd to have a chronic HCV infection. Subsequently, the following categories were 

distinguished:: patients with positive HBsAg- or anti-HCV-serology ('chronic hepatitis B' or 

'chronicc hepatitis C') and patients without serological markers for chronic HBV and HCV 

infectionn or with serological signs of prior HBV infection ('no chronic hepatitis'). 

Definitionn of LEE 

AA clinically relevant LEE was defined as having a transaminase elevation (ALT and/or AST) 

greaterr or equal than five times the upper limit of normal according to AIDS Clinical Trials 

Groupp (ACTG) criteria [14]. In addition, the absolute increase needed to be at least 100 U/L 

comparedd to an individual's baseline value, to avoid misclassification of patients with high 

baselinee transaminase values and only minor transaminase elevation. Patients were regarded 
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ass having a LEE if they had experienced at least one LEE while they were using the study 

medication.. Improvement of transaminase elevation was defined as experiencing a decrease in 

thee ALT to less then 50% of the ALT concentration at the time LEE first was observed, if 

LEEE was based on elevated ALT; the same applied for AST. 

Statisticall  analysis 

Potentiall  risk factors of LEE were explored by univariate Cox proportional hazard analysis, 

enteringg the time to LEE as dependent variable. In case no LEE occurred patients were 

censoredd at their last observation during the study. Parameters considered as potential predic-

torss of LEE were: age, gender, weight, pre-treatment with reverse transcriptase inhibitors 

(RTIs),, HIV transmission category, stage of HIV disease (CDC classification), baseline AST, 

baselinee ALT, HIV-1 RNA, CD4+ cell count, CD8+ cell count, change in CD4+ cell count 

betweenn week 0 and week 12, change in CD8+ cell count between week 0 and 12, results of 

HBsAgg and anti-HCV tests. Besides variables with p-values less than 0.10 in the univariate 

model,, baseline AST and ALT were a priori entered in the multivariate model, as the study 

endpointt LEE was based on ALT and/or ALT levels. Differences between groups were 

consideredd significant at a p < 0.05 level. All reported p-values are two sided. Analyses were 

performedd using SAS, version 6.12 (SAS Institute, Cary, North Carolina, USA). 

Results Results 

Patientss characteristics 

AA total of 208 HIV-1 infected subjects participated in this study. Participants were 

predominantlyy homosexual males, with a median serum HIV-1 RNA of 4.47 logio copies/ml 

andd a median CD4+ cell count of 255 cells/mm3 (Table 1). Patients were regarded to have a 

chronicc hepatitis B if they had tested positive for hepatitis B surface antigen (HBsAg) and to 

havee a chronic hepatitis C if they had tested positive for anti-HCV at baseline. Results of the 

HBsAgg test at baseline (week 0 or week -2) were available in 195/208 subjects (94%). Results 

off  HCV serology were available in 201/208 subjects (97%). Twenty-five (12%) patients were 

HBsAgg positive, 17 (8%) were anti-HCV positive, two of these patients were both HBsAg and 

anti-HCVV positive. Patients with missing data were regarded as having no chronic hepatitis. 

Ass some patients with missing data may have positive HBsAg or anti-HCV, this assumption 

wil ll  give a conservative approach when comparing patients with and without chronic 

hepatitis.. Patients with chronic hepatitis were more likely to have higher baseline ALT or 

AST,, were more likely to have acquired HTV by intravenous drug use and to have used 

113 3 



ChapterChapter 9 

antiretrovirall  medication before start of the study (Table 1). Patients assigned to treatment 

withh RTV/SQV/d4T were equally distributed between the two groups, reflecting the 

randomizationn in this study. 

Tablee 1 Baseline characteristics 

N N 

treatment t 

ALT T 

AST T 

gender r 

priorr ARVT 

HIVV transmission 

riskrisk group 

timee since first 

positivee HIV-test 

CDCC classification 

age e 

weight t 

serumm HIV- l RNA 

CD4++ cell count 

CD8++ cell count 

RTV/SQV/d4T T 

RTV/SQV V 

U/L,, median (IQR) 

U/L,, median (IQR) 

males s 

females s 

pre-treated d 

naive e 

homosexuall  contacts 

heterosexuall  contacts/ 

endemicc area 

IVV drugs 

other r 

unknown n 

years,, median (IQR) 

A A 

B B 

C C 

years,, median (IQR) 

kg,, median (IQR) 

logg io copies/ml, median 

(IQR) ) 

/mm3,, median (IQR) 

/mm3,, median (IQR) 

Chronicc hepatitis* 

40 0 

18(45) ) 

222 (55) 

366 (25-55) 

322 (27-45) 

35(88) ) 

5(12) ) 

27(68) ) 

13(32) ) 

200 (50) 

5(13) ) 

11(28) ) 

3(8) ) 

1(3) ) 

3.4(1.3-7.8) ) 

15(37) ) 

17(43) ) 

8(20) ) 

36(31-46) ) 

72(66-81) ) 

4.33 (3.8-4.7) 

275(190-355) ) 

815(625-1140) ) 

Noo chronic hepatitis5 

168 8 

86(51) ) 

82(49) ) 

288 (21-42) 

255 (20-34) 

1422 (85) 

26(15) ) 

711 (42) 

977 (58) 

114(68) ) 

388 (22) 

0(0) ) 

13(8) ) 

3(2) ) 

2.44 (0.5-6.0) 

788 (47) 

511 (30) 

399 (23) 

377 (32-45) 

722 (64-80) 

4.55 (4.0-5.0) 

250(115-390) ) 

835(655-1150) ) 

p-value e 

.60 0 

.01 1 

.002 2 

.81 1 

.005 5 

.04 4 

.20 0 

<.001 1 

1.0 0 

.04 4 

.38 8 

.19 9 

.83 3 

.57 7 

.51 1 

.12 2 

.22 2 

.80 0 

== patients, who were HBsAg or anti-HCV positive; § = patients Numberss are n (%), unless otherwise specified; *•• _ 

withh negative or missing serology for HBsAg and anti-HCV; SQV = saquinavir; RTV = ritonavir; 

d4T=stavudine;; ARVT = antiretroviral therapy 

Liverr enzyme elevations 

Eighteenn (9%) patients developed LEE, after a median of 12 weeks since start of the study 

(range:: 2 to 48 weeks). LEE was observed earlier in the RTV/SQV arm than in the 
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RTV/SQV/d4TT arm (median 9 versus 14 weeks, respectively, p=.01). The ALT levels were 

mediann 358 U/l (range 150-1890) at the time LEE was first observed. Ten patients 

experiencedd a grade 3 and eight patients experienced a grade 4 toxicity at that time point. The 

mediann highest ALT level measured during LEE was 574 U/l (range 150-1890). Seven 

patientss experienced a grade 3 and eleven patients experienced a grade 4 toxicity (Figure 1). 

Thee highest ALT levels per patient during the study were significantly higher in the group 

randomizedd to d4T (median 69 U/l in the RTV/SQV/d4T group (n=104), 51 U/l in the 

RTV/SQVV group (n=104), p=.03). These highest levels occurred later in the RTV/SQV/d4T-

groupp (median 18 weeks, mean 19 weeks) than in the RTV/SQV-group (median 4 weeks, 

meann 13 weeks, p=.002). 

Patientss with chronic hepatitis who were treated with RTV/SQV/d4T had 45% chance to 

developp LEE during the study period. Patients with chronic hepatitis B who were treated with 

RTV/SQVV alone got LEE in 21%. In patients without chronic hepatitis B, LEE was observed 

inn 9% and 2% of patients treated with RTV/SQV/d4T or RTV/SQV, respectively. 

Patientss were allowed to intensify their initial treatment with reverse transcriptase inhibitors if 

serumm HIV-RNA concentration did not drop to below 400 copies/ml at week 12, confirmed at 

weekk 18, or if serum HIV-RNA became detectable again. Thirty-one patients intensified study 

medicationn as stated in the protocol: 28 (27%) in the RTV/SQV arm and three (3%) in 

RTV/SQV/d4TT arm. Median follow-up after intensification was 26 weeks. Most patients 

(21/31)) added d4T plus 3TC to their initial regimen. No LEE was observed after 

intensificationn of study medication. 

Riskk factors for LEE 

Inn univariate Cox regression analyses, HBsAg positivity (OR 7.3,95% Confidence Interval 

(CI):: 2.9-18.7, p=.0001) and a higher baseline ALT concentration (RR 1.1,95% CI: 1.0-1.2, 

p=.03)) were significant risk factors for development of LEE. The use of d4T (RR 2.7,95% CI: 

1.0-7.7)) showed a trend (p=.06). Anti-HCV positivity, gender, age, weight, CDC-status, HIV 

transmissionn risk group, prior antiretroviral treatment, baseline AST concentrations, CD4+ 

andd CD8+ cell counts at baseline, CD4+ or CD8+ increases from week 0 to week 12 and 

baselinee HIV-1 RNA levels were not predictive for the development of LEE in univariate 

analysiss (Table 2). Multivariate analysis showed that HBsAg positivity (RR 8.8, 95% CI: 3.3-

23.1)) and randomization to the d4T containing regimen (RR 4.9,95% CI: 1.5-16.0) were the 

onlyy two significant risk factor for developing a LEE, adjusted for baseline ALT and AST 

levelss (Table 2). 
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Tablee 2 Cox proportional hazard ratios for baseline characteristics of LEE during treatment 

withh RTV/SQV with or without d4T 

riskrisk  factor 

HBsAgg + 

RTV/SQV/d4TT arm 

ALTT concentration* 

ASTT concentration* 

anti-HCVV + 

genderr male 

priorr ARVT 

HIVV transmission risk group 

homosexual l 

heterosexual l 

intravenouss drugs use 

other r 

CDCC classification 

A A 

B B 

C C 

age8 8 

weight* * 

log10HIV-lRN A A 

CD4++ lymphocyte count** 

CD8++ lymphocyte count** 

CD4++ increase > 50/mm3^ 

CD8++ increase > 100/mmw 

univariat ee analysis 

hazardd rati o (95% CI) 

7.33 (2.9-18.7) 

2.7(1.0-7.7) ) 

1.11 (1.0-1.2) 

1.11 (1.0-1.3) 

1.8(0.4-8.0) ) 

0.99 (0.2-3.9) 

0.7(0.3-1.7) ) 

0.88 (0.3-2.0) 

0.5(0.1-2.1) ) 

1.3(0.2-10.1) ) 

0.9(0.1-6.5) ) 

0.99 (0.4-2.4) 

1.4(0.6-3.7) ) 

0.77 (0.2-2.3) 

1.0(0.9-1.0) ) 

1.0(1.0-1.0) ) 

1.2(0.6-2.2) ) 

1.0(0.8-1.3) ) 

1.11 (1.0-1.2) 

1.2(0.4-3.5) ) 

0.7(0.3-1.9) ) 

p-value e 

.0001 1 

.06 6 

.03 3 

.09 9 

.42 2 

.87 7 

.40 0 

.59 9 

.32 2 

.77 7 

.89 9 

.91 1 

.46 6 

.50 0 

.73 3 

.58 8 

.66 6 

.88 8 

.19 9 

.80 0 

.54 4 

multivariat ee analysis 

hazardd rati o (95% CI) 

8.8(3.3-23.1) ) 

4.8(1.5-16.0) ) 

1.2(1.0-1.5) ) 

0.8(0.5-1.3) ) 

p-value e 

.0001 1 

.01 1 

.11 1 

.47 7 

HBsAgg = hepatitis B antigen; anti-HCV = hepatitis C antibody; AST = asparate aminotransferase; ALT = alanine 

aminotransferase;; ARVT = antiretroviral therapy; * = per 10 U/L increase in baseline AST or ALT concentrations; § 

== per year increase in baseline age; # = per kilogram increase in baseline weight; **  = per 100 cells/mm increase 

inn baseline CD4 or CD8 lymphocyte counts; §§ = change in absolute CD4/8 lymphocyte counts from week 0 to 

weekk 12 

Followw up and clinical management after LEE 

Thee median follow-up after developing LEE was 40 weeks (range 0-130 weeks). In one 

patientt no follow up was available from the time of LEE. One patient was only followed until 

1.55 weeks after LEE occurred, at which time point ALT had already decreased 50%. In 14/16 

patientss with at least 14 weeks of follow up since LEE ALT and/or AST concentrations 
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decreasedd to levels < 50% of the AST/ALT level, that was measured at the time that LEE was 

firstt observed. In one anti-HCV positive patient ALT levels remained high up to 23 months 

afterr LEE, although antiretroviral medication was discontinued 3 weeks after LEE occurred. 

Inn one patient who continued study medication ALT levels had decreased from 151 U/l to 100 

U/ll  after 36 weeks. Median ALT concentration at last follow up visit was 110 U/L (range 6-

368)) (Figure 1). Only 3/14 patients (21%) with improvement of LEE interrupted study 

medicationn for 3 to 8 weeks after experiencing LEE. 

Figuree 1 Course of ALT levels in patients with LEE 

H H 

i i 

2000 0 

1750 0 

1500 0 

1250 0 

1000 0 

750 0 

500 0 

250 0 

0 0 

baselinee at time LEE highest value last follow up 

Boxx and Whisker plot of ALT levels in 

thee 18 patients experiencing LEE. LEE 

occurredd median 12 weeks (range 2-48 

weeks)) after initiation of therapy. Last 

followw up was median 39 weeks (range 0-

130)) since LEE occurred. The solid line 

acrosss the box indicates the median, 

valuesvalues in the box are within the second 

andd third quartiles; minimal and maximal 

valuess are connected by the whiskers. 

Discussion Discussion 

Inn this study we showed that chronic hepatitis B co-infection and the use of d4T are 

independentt risk factors for developing clinically relevant liver enzyme elevations in HIV-1 

infectedd patients who started antiretroviral treatment with RTV/SQV with or without d4T. 

Wee found that LEE developed in 32% of HBsAg positive patients and 14% of patients 

randomizedd to the d4T-containing regimen. 

Thee definition of chronic hepatitis B and C we used was based on serological markers. In this 

randomizedd trial on antiretroviral therapy no liver biopsies were taken to confirm the 

diagnosiss chronic hepatitis. Anti-HCV positive patients may have no chronic hepatitis, due to 

clearancee of HCV or a false-positive test result [15]. This phenomenon may have led to a 

conservativee estimation of the risk for LEE in patients with chronic hepatitis C. On the other 

hand,, positive HCV-RNA by PCR has been reported in a low percentage of anti-HCV 

negativee patients, who are at high risk for HCV infection [16,17]. As this patient population 

wass not at high risk for HCV infection, we believe that this did not influence our results 

significantly. . 

Asymptomaticc carriers of hepatitis B at study entry may have a reactivation of hepatitis B 
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duringg antiretroviral treatment. We included these asymptomatic carriers, who were anti-HBs 

and/orr anti-HBc positive in the 'no chronic hepatitis'-group in this study. These elements may 

havee caused an underestimation of the true risk for LEE in patients with chronic hepatitis B. 

Patientss with chronic hepatitis had higher baseline ALT or AST concentrations when 

comparedd to patients without chronic hepatitis, reflecting their underlying liver disease. They 

weree more likely to have acquired HIV by intravenous drug use, as especially the prevalence 

off  hepatitis C was high in this risk group. Patients with chronic hepatitis were more often pre-

treatedd before start of the study. 

Ourr data confirm the results of cohort studies [2,3] and anecdotal reports [4-8]. These studies 

alreadyy suggested that liver enzyme elevations during antiretroviral treatment are more 

commonn in HIV-infected patients co-infected with hepatitis B. However, we did not find an 

associationn between anti-HC V positivity and occurrence of LEE. 

Recentlyy published papers on the incidence of hepatotoxicity in cohort studies reported 

comparablee incidences of LEE [18,19], although the observed median time to LEE was longer 

inn these studies. Patients in this randomized trial were evaluated intensively in the first 6 

months,, which could have led to earlier recognition of LEE. 

Sulkowskii  et al. found a high incidence of LEE in patients treated with ritonavir (30%), which 

wass much higher when compared to our study population (9%), of which all were treated with 

ritonavir.ritonavir. An explanation for this difference can be found in the different study population. 

Moreover,, a bias in the choice of antiretroviral therapy could have occurred, as their analyses 

weree done in a non-randomized cohort. In other studies [2,3,19] the association between 

ritonavirritonavir use and a high incidence of LEE is not confirmed. 

Hepatotoxicityy is a well known phenomenon during antiretroviral therapy. Immune 

reconstitutionn induced by antiretroviral therapy can cause disease activation of chronic or 

previouss latent infections, such as hepatitis B or C [4,20]. In this study, LEE was highly 

associatedd with the presence of hepatitis B surface antigen. LEE occurred most frequently in 

thee first three months of treatment and no LEE was observed after intensification of therapy 

withh d4T and 3TC. Patients who intensified treatment during the study were not different from 

otherr patients with respect to baseline ALT/AST levels, hepatitis serology or pre-treatment 

status.. These observations support the hypothesis of hepatotoxicity due to immune restoration. 

However,, the difference between the two study arms cannot be explained by a difference in 

immunee restoration. The treatment groups did not differ in their CD4+- and CD8+ lymphocyte 

responsee to therapy [21]. Moreover, the change in CD4+- or CD8+ lymphocyte counts were 

nott associated with the occurrence of LEE. Direct toxic effects of antiretroviral drugs can also 
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causee LEE. Nucleoside analogue RTIs are known to cause mitochondrial toxicity [1]. 

Althoughh the nucleoside analogue RTT d4T is seldom described as a hepatotoxic drug in the 

currentt prescribed dose [22,23], we found that d4T was an independent risk factor for 

developmentt of LEE in this study. Of note is that the highest ALT levels per patient occurred 

laterr (around week 18) in patients on RTV/SQV/d4T, when compared to patients on 

RTV/SQVV alone (week 12). 

Inn all but one patients, who continued antiretroviral medication, ALT/AST concentrations 

decreasedd to < 50% of the ALT/AST level, thatt was measured at the time that LEE was first 

observed.. This suggests that antiretroviral medication can be continued safely during LEE. 

However,, more data from larger studies are required to confirm this finding. 

Inn conclusion, clinical relevant liver enzyme elevations during antiretroviral combination 

therapyy are more frequently observed in HIV-infected patients with concurrent chronic 

hepatitiss B. We also found that the use of d4T, in combination with RTV/SQV, was an 

independentt risk factor for LEE. 
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Abstract Abstract 

Objective::  Following the introduction of protease inhibitor (Pl)-containing combination 

antiretrovirall  therapy a syndrome including changes in body fat distribution was identified as 

aa potential adverse effect of such therapy. It has been suggested that not only Pi's, but also 

nucleosidee analogue reverse transcriptase inhibitors (NRTI's) contribute to the development 

off  this so-called lipodystrophy syndrome. The relative contribution of each of these two drug 

classess however remains unclear, given that they are usually administered concomitantly. We 

weree able to study the occurrence of physician-reported changes in body fat distribution in 

patientss randomly assigned to either treatment with PI alone, or combined with an NRTI. 

Design::  The Prometheus study was a multicenter, open-label, randomised comparison of 

ritonavirr (RTV)/saquinavir (SQV) with or without the addition of stavudine (d4T) in HIV-1 

infectedd patients without prior PI- and d4T experience. 

Results::  Lipodystrophy was reported by the treating physicians in a total of 29/175 (17%) 

patientss during 96 weeks of follow-up. Overall, it was reported at a significantly higher 

frequencyy in patients who were randomised to RTV/SQV/d4T (22/88, 25%), than in patients 

randomisedd to RTV/SQV alone (7/87, 8%) (p=.003). Likewise, when limiting the analysis to 

patientss without any prior antiretroviral experience, patients randomised to RTV/SQV/d4T 

(12/50,24%)) were significantly more likely to develop lipodystrophy than those randomised 

too RTV/SQV (2/44,5%)(p=.008). Prior treatment with NRTI's, age and gender were not 

foundd to be additional independent risk factors for development of the syndrome. 

Conclusion::  This randomised clinical trial strongly supports a contributory role of NRTI's in 

thee development of antiretroviral therapy-associated lipodystrophy. Furthermore, the low 

incidencee of lipodystrophy in patients with no or limited NRTI exposure, at least over a 

periodd of two years, warrants the further evaluation of NRTI-sparing regimens as potentially 

lesss toxic alternatives to current standard potent combination antiretroviral regimens. 
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Introduction Introduction 

Thee use of protease inhibitor (Pl)-containing combination antiretroviral therapy has recently 

becomee associated with increasing reports of a lipodystrophy syndrome, which includes 

evidencee of central fat accumulation and peripheral fat wasting [1-3]. These changes in body 

fatt distribution and the frequently accompanying metabolic disturbances such as 

hyperlipidemiaa have generally been attributed to the use of Pi's, given the temporal 

relationshipp between the widespread introduction of Pi's and initial reports of the syndrome. It 

iss important to realise however that patients who develop lipodystrophy syndrome while on 

Pi's,, almost always are concomitantly receiving treatment with nucleoside analogue reverse 

transcriptasee inhibitors (NRTI's), and frequently will also have had extensive prior NRTI 

exposure.. Several observations suggest that NRTI's may independently contribute to the 

developmentt of this syndrome. First, several observational cohort studies have shown 

durationn of exposure to NRTI's to be an independent risk factor in the development of the 

syndromee during the use of Pi-containing therapy [4-6]. Second, the lipodystrophy syndrome 

iss recently increasingly being reported in patients who have never been exposed to Pi's [7-9]. 

Resultss from randomised clinical trials which may clarify the relative contribution of Pi's and 

NRTI'ss in the development of the lipodystrophy syndrome have thus far not been available. 

Thee long-term follow-up of patients enrolled in the Prometheus study provided a unique 

opportunityy to address this issue as patients in this trial, half of whom had never received 

priorr antiretroviral treatment, were randomly assigned to treatment with either the Pi's 

ritonavirritonavir (RTV)/saquinavir hard gel capsules (SQV) alone, or RTV/SQV plus the NRTI 

stavudinee (d4T). 

Methods Methods 

Studyy design 

Thee Prometheus study was a multicenter, open-label, randomised controlled trial, the main 

resultss of which have recently been reported [10]. In short, patients were eligible if they had 

documentedd HIV-1 infection, were 18 years of age or older and had not used PFs and/or d4T 

priorr to study entry. Participants were randomly assigned to either RTV 400 mg twice daily 

(BID)) plus SQV 400 mg BID or RTV 400 mg BID plus SQV 400 mg BID plus d4T 40 mg 

BIDD (30 mg BID if body weight <60 kg). Before randomisation, patients were stratified 

accordingg to their antiretroviral treatment history, baseline serum HIV-1 RNA, and baseline 

CD4++ T-cell count. Patients could intensify treatment after 12 weeks of follow-up by adding 

whereverr possible two new NRTI's or non-nucleosidee RTFs to their regimen. During each 

scheduledd visit blood total cholesterol and triglyceride levels were obtained. Fasting was not 
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mandatedd for blood draws. Standardised follow-up and data collection was continued in all 

instances,, including in patients who prematurely discontinued study medication. After the 

originall  48 week follow-up, the protocol was extended to continue standardised data 

collectionn every 12 weeks up to week 96. 

Dataa collection included prospective reporting of lipodystrophy by the treating physician. 

Lipodystrophyy was considered to be present when the physician judged the patient's body 

appearancee to be compatible with that diagnosis. In addition, the physicianss were asked to 

retrospectivelyy complete a questionnaire for every patient reported to have developed 

lipodystrophy,, in which they were asked to indicate whether one or more of the following 

signss had been present at the time of first reporting lipodystrophy: lipoatrophy of the face, 

arms,, legs, or buttocks, and/ or fat accumulation in the abdomen, breasts or elsewhere. 

Thee protocol and all amendments were approved by the institutional review boards of all 

participatingg institutions. All patients gave written informed consent. 

Statisticall  analysis 

Forr the primary analysis, patients were analysed according to their randomly assigned 

treatmentt regimen. In addition, analyses of sub-groups were performed according to whether 

patientss had been antiretroviral naive or RTI-experienced at study entry. Furthermore, to 

studyy the relative risk of concurrent exposure to NRTI's and Pi's versus sequential exposure 

too NRTI's and Pi's, the occurrence of lipodystrophy in antiretroviral naive patients 

randomisedd to RTV/SQV/d4T was compared with that in NRTI-experienced patients 

randomisedd to RTV/SQV alone. Time to onset of lipodystrophy was reported as median and 

interquartilee ranges. Kaplan-Meier curves were generated for the time to onset of 

lipodystrophy,, stratified by treatment regimen. Patients who were not reported to have 

developedd lipodystrophy were censored at their last follow-up visit. P-values were calculated 

usingg the log rankk test. 

Forr the analysis of blood lipid concentrations, determinations of triglycerides and cholesterol 

weree only considered for as long as patients were on randomised treatment which could 

includee treatment intensification as described above. In order to correct for intra-individual 

variationn in lipid concentrations (given the uncertainty whether bloods had been drawn fasting 

orr not), the median of the triglyceride and cholesterol levels obtained between weeks 3 and 48 

weree calculated for each patient. The difference was then calculated between the value 

obtainedd at baseline and this median, as a measure of the absolute change in triglycerides and 

cholesteroll  following the initiation of treatment. 
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Baselinee serum HIV-1 RNA levels and CD4+ cell counts, as well as the changes in these 

markerss during treatment, are reported as median and interquartile ranges (IQR) and 

comparedd between the treatment groups as randomised, using the Wilcoxon's two-sample 

test.. This analysis was limited to the initial 48 weeks of treatment as HIV-1 RNA 

determinationss were performed in a single central laboratory using a single assay (Roche 

Amplicor)) only during this period, but not thereafter. 

Potentiall  risk factors for development of lipodystrophy were explored by univariate Cox 

proportionall  hazard analysis. Patients who were not reported to have developed lipodystrophy 

weree censored at their last follow-up visit. Parameters considered as potential predictors of 

lipodystrophyy were: treatment arm, age, gender, prior treatment with NRTFs, total duration of 

NRTI-exposure,, baseline cholesterol and triglyceride levels, as well as increases in cholesterol 

andd triglyceride concentrations during treatment. Variables with a P-values less than 0.15 in 

thee univariate analysis were entered in a multivariate model. 

Al ll  calculated P-values were two-tailed and considered statistically significant if P <0.05. 

Dataa were analysed using the SAS software package (version 6.12, SAS Institute, Cary, North 

Carolina,, USA). 

Results Results 

Patientt disposition, baseline characteristics and treatment intensification regimen 

Off  the total 208 patients randomised into the Prometheus study, six patients who never started 

randomisedd treatment (1 in the RTV/SQV arm, 5 in the RTV/SQV/d4T arm) were excluded 

(Figuree 1). Another 27 patients with incomplete data through 96 weeks of follow-up were 

likewisee excluded from the current analysis, in the majority of cases because they had become 

lostt to follow-up, or had withdrawn consent for further data collection during the initial 48 

weekk study period or the subsequent long-term follow-up. These latter patients were 

comparablee at baseline to the remaining 175/202 (87%) patients included in the current 

analysis,, with respect to treatment randomisation, stage of HrV infection, and prior treatment 

withNRTI's. . 
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Figuree 1 Patient disposition 

randomizationn arm 

nott started 

started d 

lostt to follow up during first 48 wk 
noo consent follow up protocol 
diedd second year of follow up 
lostt to follow up during second year 

966 weeks of follow up 

naivee / pretreated 

onn randomized therapy 

onn intensified 

disc,, study 

RTV/SQVV 104 pt 

5pt t 
3pt t 
2pt t 
6pt t 

naive e 
444 pt 

144 pt 

144 pt 

166 pt 

1033 pt 

877 pt 

pretreated d 
433 pt 

7pt t 

266 pt 

100 pt 

2088 pt 

RTV/SQV/d4T104pt t 

2pt t 
5pt t 
Opt t 
4pt t 

naive e 
500 pt 

322 pt 

Ipt t 

177 pt 

<-<-

999 pt 

888 pt 

pretreated d 
388 pt 

211 pt 

55 pt 

122 pt 

RTVV = ritonavir, SQV = saquinavir, d4T = stavudine, pt = patients, naive = antiretroviral naive before study 
entry,, pretreated = pretreated with reverse transcriptase inhibitors before study entry, disc, study = 
discontinuedd study medication 
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Att baseline, patients in the two treatment arras were comparable with respect to demographic 

characteristics,, serum HIV-1 RNA level and CD4 cell count (Table 1). Baseline HIV-1 RNA 

wass significantly higher in patients who were antiretroviral naive compared to those with h 

priorr antiretroviral experience (median HIV-1 RNA 4.6 logio copies/ml (IQR 4.2-5.1) vs. 4.2 

logioo copies/ml (IQR 3.5-4.7) (p=.0001, Wilcoxon two-sample test)). Baseline CD4+ cell 

countss were 255/mm3 (IQR 90-445) and 243/mm3 (IQR 133-328) in the naive and 

experiencedd patients, respectively (p=.29). 

Off  the antiretroviral experienced patients, all had been exposed to zidovudine (median 

exposuree 94 weeks), 56% to zalcitabine (57 weeks), 41% to lamivudine (30 weeks), 26% to 

didanosinee (23 weeks), 9% to nevirapine (34 weeks), and 7% to loviride (104 weeks). 

Inn the RTV/SQV arm (n=87) 24% of patients remained on randomised treatment throughout 

966 weeks, 46% intensified treatment, and 30% prematurely discontinued study medication at 

somee point during the 96 weeks of follow-up. In the RTV/SQV/d4T arm (n=88) 60% 

remainedd on randomised treatment, 7% intensified treatment and 33% prematurely 

discontinuedd study medication (Figure 1). Intensification for all patients in the RTV/SQV/d4T 

armm was with lamivudine. In patients randomised to RTV/SQVV alone, intensification included 

d4TT in 36/40 patients (90%). Of the 4 remaining patients, 3 intensified treatment with 

zidovudinee and lamivudine, and one with lamivudine alone. 

HIV-11 RNA and CD4 cell responses during treatment 

Followingg treatment no significant differences were observed concerning the degree of virus 

suppressionn and immune recovery which was achieved. HIV-1 RNA levels declined 1.9 logio 

copies/mll  (IQR 1.4-2.4) between week 0 and week 48 in the RTV/SQV arm (with 85% 

reachingg serum HIV-1 RNA <400 copies/ml at week 48) and 2.1 logio copies/ml (IQR 1.6-

2.4)) in the RTV/SQV/d4T arm (91% <400 copies/ml)(p=.21). Median increases in CD4+ cell 

countss between week 0 and week 48 were 160/mm3 (IQR 80-280) and 180/mm3 (IQR 120-

290)) for the RTV/SQV- and RTV/SQV/d4T arm, respectively (p=.60). 
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Tablee 1 Baseline characteristics 

Mediann (IQR) age (years) 

Sex x 

male/female e 

Riskk for  HTV-1 

homosexuall  contacts 

heterosexuall  contacts/ endemic area 

IVV drugs 

other r 

unknown n 

CDCC stage 

A A 

B B 

C C 

Antiretrovira ll  experience 

naive e 

experienced d 

Mediann (IQR) serum HIV- 1 RNA (copies/ml) 

Mediann (IQR) CD4+ cells (cells/mm3) 

RTV/SQV V 

(n=87) ) 

377 (33-46) 

755 (86%)/12 (14%) 

600 (69%) 

233 (26%) 

33 (3%) 

00 (0%) 

11 (1%) 

388 (44%) 

277 (31%) 

222 (25%) 

44(51%) ) 

433 (49%) 

4.33 (3.9-5.0) 

2555 (130-410) 

RTV/SQV/d4T T 

(n=88) ) 

36(31-45) ) 

733 (83%) /15 (17%) 

588 (66%) 

233 (26%) 

33 (3%) 

11 (1%) 

33 (3%) 

388 (43%) 

299 (33%) 

211 (24%) 

500 (57%) 

388 (43%) 

4.55 (4.0-4.8) 

235(115-370) ) 

Occurrencee of lipodystrophy 

Lipodystrophyy was reported in a total of 29/175 (17%) patients during the 96 weeks of 

follow-up.. It was more frequent in patients who were randomly assigned to treatment with 

RTV/SQV/d4TT (22/88, 25%), than in patients assigned to treatment with RTV/SQV alone 

(7/87,, 8%)(p=.003, % test). Likewise, when limiting the analysis to patients who were 

antiretroviral-nai'vee at enrolment, patients randomised to RTV/SQV/d4T (12/50, 24%) were 

significantlyy more likely to develop lipodystrophy when compared to patients randomised to 

RTV/SQVV alone (2/44, 5%)(p=.008, %2 test). Lipodystrophy was reported in only one out of 

144 (7%) antiretroviral naive patients, who continued treatment with nothing but RTV/SQV for 

thee entire period of follow-up. 

Inn the antiretroviral-experienced patients randomised to RTV/SQV alone, the duration of 

NRTII  exposure before study entry (median 98 weeks, IQR 53-214 weeks) was very similar to 

thatt of antiretroviral naive patients randomised to RTV/SQV/d4T and thus exposed to NRTI's 

forr the first time during the study (follow-up 96 weeks). The first group can be considered to 

havee had sequential exposure to NRTI's and Pi's, whereas the second group had concurrent 

exposuree to NRTI's and Pi's. Lipodystrophy was reported in 5/43 (12%) and 12/50 (24%) of 
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thesee two particular groups of patients, respectively (relative risk 2.06, 95% confidence 
intervall  (CI) 0.79-5.39). 

Timee to lipodystrophy 

Lipodystrophyy was first reported to have occurred after a median of 68 weeks (range 49-96 

weeks).. There was a a significant difference in the occurrence of lipodystrophy over time 

betweenn patients randomised to RTV/SQV alone and those randomised to RTV/SQV/d4T 

(p=.003,, log rank test)(Figure 2a). The same difference was observed when the analysis was 

restrictedd to antiretroviral naive patients reported significantly (p=.009, log rank test)(Figure 

2b).. Patients who intensified RTV/SQV therapy with d4T were followed after the addition of 

d4TT for a median of 63 weeks (range 11-86 weeks). Lipodystrophy occurred in 4/36 (11%) 

patientss from this group a median of 42 weeks after the addition of d4T (range 28-81 weeks). 

Riskk factors for the development of lipodystrophy 

Inn the multivariate Cox proportional hazard analysis, randomisation to RTV/SQV/d4T was 

foundd to be the strongest independent risk factor for the development of lipodystrophy (hazard 

ratioo (HR) 3.83, 95%CI 1.61-9.14) (Table 2). Both baseline cholesterol levels and increases in 

thesee levels during treatment were higher in patients with lipodystrophy than in patients 

withoutt lipodystrophy (baseline median 4.9 mmol/1, IQR 4.2-5.3 versus 4.3 mmol/1, IQR 3.9-

5.0,, and median increase 2.2 mmol/1, IQR 1.3-2.9 versus 1.3 mmol/1, IQR 0.8-2.0, 

respectively).. Higher baseline cholesterol and higher increases in cholesterol levels during 

treatmentt were both independently associated with the development of lipodystrophy (HR 

1.57,, 95% CI 1.03-2.40 and HR 1.64, 95% CI 1.12-2.40, respectively). Having received 

antiretrovirall  therapy before enrolment, duration of prior treatment, use of a particular NRTI 

beforee study entry, gender, age, baseline CD4+ cell count, serum HIV-1 RNA, triglyceride 

level,, and increase in triglyceride level during treatment, were not significantly associated 

withh the development of lipodystrophy in the multivariate analysis. 

Inn the antiretroviral naive patients, randomisation to RTV/SQV/d4T (HR 6.65, 95%CI 1.47-

30.1)) and the increase in cholesterol during treatment (HR 2.47,95%CI 1.25-4.88) were 

independentlyy associated with the occurrence of lipodystrophy. When limiting the analysis to 

antiretroviral-experiencedd patients, no significant risk factors were identified. 

Concerningg the type of changes in body appearance, physicians retrospectively reported both 

peripherall  lipoatrophy and fat accumulation to have been present at the time of diagnosis in 

75%% of patients. In 28% of patients only lipoatrophy was reported. All these patients used 
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d4TT along with their Pi's. Fat accumulation without lipoatrophy was reported in the four 

remainingg patients, two of whom were on RTV/SQV therapy only. 

Figuree 2a Kaplan Meier analysis for lipodystrophy-free survival for all patients, by treatment 

arm m 

1.00-1 1 

3 3 

V V 

I I 
a. a. 
e e 

0.50 0 

vv 0.25 

0.00 0 
p=.003 3 

•• RTV/SQV 

•• RTV/SQV/d4T 

RTV/SQV V 
RTV/SQV/d4TT n=88 

00 12 24 36 48 60 72 84 96 
wee_k k 

n=877 85 82 
888 75 

Figuree 2b Kaplan Meier analysis for lipodystrophy-free survival for ARVT naive patients 

only,, by treatment arm 

•aa lw' 

11 0.75-
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p=.009 9 
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00 12 
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'/d4TT n=5 D D 
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V ^ " " " " 
** ' -̂
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366 48 60 72 84 96 
weeks s 
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RTV=ritonavir,, SQV=saquinavir, P-values are calculated using the log rank test. 
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Discussion Discussion 

Thee widespread prolonged use of potent combination antiretroviral therapy in patients with 

HIV-11 infection has become associated with an increasing number of reports concerning body 

fatt redistribution and metabolic abnormalities, commonly referred to as lipodystrophy 

syndrome.. It has been suggested from several observational studies that both Pi's and NRTI's 

mayy contribute to the development of this syndrome [4-6]. Definitive evidence for the 

contributionn by each of these drug classes however has been difficult to obtain, as Pi's are 

rarelyy prescribed alone without concomitant prescription of NRTI' s. To our knowledge, ours 

iss the first report concerning the occurrence of lipodystrophy in patients who were randomly 

allocatedd to treatment with just Pi's, or Pi's with one NRTI. 

Patientss randomised to RTV/SQV/d4T were significantly more likely to develop 

lipodystrophyy compared to those randomised to RTV/SQV alone. This same difference was 

alsoo observed in the subgroup of patients who were antiretroviral-naive prior to the study, as 

welll  as in the subset of these who remained on randomised treatment throughout the complete 

966 weeks of follow-up. Only a single patient who had never been exposed to NRTI's 

developedd lipodystrophy, which was limited to fat accumulation, while using RTV/SQV 

alone.. These results strongly support that NRTI's contribute to the development of 

antiretrovirall  therapy-associated lipodystrophy, as has recently been hypothesised [11,12]. 

Onee could expect that patients who are simultaneously exposed to both drug classes may be at 

highestt risk. Our observation that antiretroviral-naive patients who were allocated to 

RTV/SQVV plus d4T were more likely to develop lipodystrophy than NRTI-experienced 

patientss who were allocated to Pi's alone and thus discontinued prior use of NRTI's, supports 

suchh a view, although the difference did not reach statistical significance, possibly as a result 

off  limited numbers of participants in each of these two subgroups. Although the pathogenesis 

off  the lipodystrophy syndrome remains unclear, it seems plausible that the concurrent 

presencee of both PI- and NRTI-mediated biological mechanisms offers a greater likelihood 

forr the syndrome to develop.. With respect to Pi's, it has been suggested that they may 

adverselyy interact with different host cell proteins involved in lipid metabolism, by virtue of a 

partiall  amino-acid sequence homology between such proteins and the HIV-1 protease [13]. 

Forr NRTI's, drug-inducedd mitochondrial dysfunction in adipocytes has been suggested as a 

potentiall  mechanism involved in the induction of lipodystrophy [11,12]. NRTI's may differ in 

thee degree to which they inhibit mitochondrial function and their effect may be cell type-

dependent,, as has been observed in vitro [14,15]. In a number of observational studies, the 

currentt use of d4T as opposed to that of zidovudine was found to be associated with a greater 

riskrisk of developing lipodystrophy, and peripheral lipoatrophy in particular [5,16]. Our group 
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recentlyy reported that the concurrent use of RTV or indinavir results in significantly higher 

plasmaa exposure to d4T [17]. If this likewise would result in higher intracellular d4T-

triphosphatee levels in target adipose tissue, and mitochondrial toxicity is indeed involved in 

thee pathogenesis of the lipodystrophy syndrome, the concurrent exposure of our patients to 

bothh RTV and d4T may have been particularly harmful. 

Ourr observation that lipodystrophy was not reported more frequently in patients whose 

treatmentt was intensified with d4T, as compared to those who continued treatment solely with 

Pi's,, may possibly be explained by the total duration of concurrent exposure to d4T not 

havingg been sufficiently long. 

Inn contrast to what was reported from a number of observational studies, we did not find the 

durationn of prior NRTI exposure, age, or gender to be additional independent risk factors for 

thee development of lipodystrophy [5,6,18,19]. This may possibly be explained by a much 

shorterr median time of two years prior NRTI-exposure in our study population, as compared 

too the much longer NRTI-exposure reported in the observational studies [4,5]. Only 27 

patientss included in our study were women, which may have been insufficient for 

demonstratingg a gender difference. 

Higherr baseline total cholesterol levels as well as higher increases in total cholesterol levels 

duringg treatment were associated with a somewhat higher likelihood of developing 

lipodystrophy,, particularly in the subset of patients without prior antiretroviral experience. 

Suchh weak associations between metabolic and body appearance changes are consistent with 

findingss in other studies [1,20]. Others have speculated that the changes in body composition 

andd metabolic parameters may not be directly drug-induced, but may be secondary to 

suppressionn of HIV infection and the return of host immunity towards normal [21]. In our 

study,, no major differences were observed regarding either the degree of HIV suppression 

achievedd or the level of immune recovery as measured by changes in CD4+ lymphocyte 

numbers,, between patients assigned to either treatment arm. Although this does not 

necessarilyy refute the importance of indirect therapy-related mechanisms, it does suggest that 

NRTI'ss directly contribute to the pathogenesis of the lipodystrophy syndrome. 

Ann important limitation of our study is the subjective method by which lipodystrophy was 

diagnosedd and prospectively reported by the treating physicians. In addition, specification as 

too whether lipoatrophy, fat accumulation or both were present was sought retrospectively. In 

thee absence of a consensus case definition of antiretroviral therapy-associated lipodystrophy, 

itt is reassuring however that other studies have found good agreement between lipodystrophy 

ass assessed by physicians on the one hand, and by the use of objective measurements such as 
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duall  energy X-ray absorptiometry (DEXA) and abdominal computed tomography on the other 

handd [22]. 

Inn conclusion, the results from this randomised study strongly support that nucleoside 

analoguee reverse transcriptase inhibitors contribute to the development of antiretroviral 

therapy-associatedd lipodystrophy syndrome. The low incidence of lipodystrophy in patients 

withh no or limited NRTI exposure, at least over a period of two years, warrants the further 

evaluationn of NRTI-sparing regimens as potentially less toxic alternatives to current standard 

potentt combination antiretroviral regimens. 
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TheThe goal of antiretroviral therapy 

Inn 1996, at the World AIDS Conference in Vancouver, researchers and clinicians expressed 

theirr optimism about the possibility to eradicate HIV-1. Based on decay characteristics of 

HIV-11 RNA levels during triple combination antiretroviral regimens including protease 

inhibitorss (Pis), researchers estimated that eradication might be achieved within 3-4 years with 

thee use of antiretroviral therapy [1,2]. However, eradication of HIV-l turned out to be much 

moree complex. First, a 100% inhibition of replication by triple antiretroviral therapy in all 

bodyy compartments was assumed to be feasible. However, therapy with five antiretroviral 

drugss showed a steeper initial HIV-1 RNA decline compared to therapy with three drugs, 

indicatingg that the inhibition of viral replication with three drugs was not complete [3]. 

Indeed,, ongoing viral replication could be demonstrated in patients with HIV-1 RNA <50 

copies/mll  during antiretroviral therapy [4]. And even if a patient's plasma HIV-1 RNA was 

beloww 5 copies/ml, HIV-1 RNA could still be detected in the lymph nodes during treatment 

withh five drugs [5]. Second, latent infection of long lived cells, such as resting CD4+ T-

lymphocytes,, was not included in the calculations of Ho and Perelson at that time. In patients 

whosee plasma HIV-1 RNA levels were below the limit of quantification of the most sensitive 

assayss for up to 2.5 years, replication-competent virus could still be isolated from resting 

CD4++ lymphocytes [6,7]. The pool of these latently infected CD4+ lymphocytes, which have 

integratedd HIV-1 in their genome, is not susceptible to antiretroviral medication, as no virus 

replicationn occurs. However, latently infected CD4+ lymphocytes can be activated and may 

recoverr their ability to produce HIV-1. With a lifespan of months to years, they may provide a 

reservoirr for HIV-1 that can persist for years, despite potent antiretroviral therapy. The 

estimatedd time on antiretroviral therapy before eradication could be expected was therefore 

prolongedd with many years [8,9]. 

Activationn of the latently infected CD4+ lymphocytes can be achieved by the administration 

off  OKT-3 or interleukin-2, as is shown in vitro and in vivo [5,10]. However, such treatment is 

severelyy toxic for the patient [5]. A potent antiretroviral regimen, which inhibits HIV-1 

replicationn one hundred percent, should be given concomitantly to avoid infection of new cells 

byy HIV-1, which will be produced in these, now activated, CD4+ lymphocytes. In other 

words:: more effective therapy and less toxic strategies are required to diminish the pool of 

latentlyy infected CD4+ T-lymphocytes, in order to eventually eradicate HIV-1 from an 

infectedd person. 

Althoughh it may not be possible to eradicate HIV-1 with the current treatment strategies, the 

introductionn of combination antiretroviral therapy is associated with a remarkable decline in 
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mortalityy and HIV-related morbidity [11-13]. Lifelong suppression of HIV-1 replication, 

whichh results in the preservation and even reconstitution of the immune system, thereby 

preventingg clinical deterioration, might be the best attainable. 

ProblemsProblems in the treatment ofHTV-1 infection 

Resistance e 

Duringg HIV-1 replication, mutations in the viral genome occur. In non-treated patients as 

manyy as 108-1010 virus particles are produced per day [1,14]. Due to the high error rates in 

HIV-11 reverse transcription, this results in a heterogeneous virus population, including drug-

resistantt viruses [15]. If HIV-1 replication continues during antiretro viral therapy, selection 

andd outgrowth of such drug-resistant viruses will occur, resulting in a drug-resistant virus 

populationn [16,17]. HIV-1 isolates from patients that showed at least 100-fold increases in 

IC500 of zidovudine (AZT) were first observed in 1989 [18]. The administration of 

combinationss of antiretroviral drugs both decreases the number of viruses produced per day 

andd increases the number of mutations needed for a virus to become resistant to all drugs 

given.. The presence of resistant viruses in patients is associated with impaired clinical 

outcomee and poor virological response [19-21]. Also, the presence of PI associated mutations 

iss strongly associated with poor virological response to a subsequent therapy, including 

ritonavirritonavir (RTV) and saquinavir (SQV) [22]. Despite the use of potent antiretroviral 

combinations,, resistance is still a major issue. Viruses that have decreased susceptibility to 

onee or more drugs are already observed in a considerable proportion of antiretroviral-naive 

patientss in certain regions in the USA, which indicates transmission of drug-resistant HIV-1 

[23-25].. Detectable HIV-1 RNA during antiretroviral therapy, however, does not necessarily 

meann that the virus is resistant to all drugs used. Viral rebound also occurs in persons in 

whomm resistant strains could not be detected [26-28]. Insufficient potency of the drugs, due to 

insufficientt plasma drug levels or compliance problems, may be the cause of viral rebound in 

thesee patients. 

Plasmaa drug concentrations 

Nucleosidee analogue reverse transcriptase inhibitors (NRTIs) need to be phosphorylated 

intracellularlyy into their active metabolite before they are active against HIV-1. Relationships 

betweenn extracellular plasma drug concentrations and intracellular concentrations of the active 

metabolitess are complex. However, there is some evidence that plasma drug concentrations of 

NRTIss correlate with clinical outcome or toxicity [29,30]. Drug interactions with RTV have 
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beenn described for AZT, as RTV may induce the glucuronidation of AZT [31]. We found an 

associationn between the use of RTV and/or indinavir and higher blood and CSF stavudine 

levelss (Chapter 6), which is another indication for interactions between the NRTIs and the Pis. 

PisPis are directly active against HIV-1. Plasma drug levels of Pis are found to be associated with 

bothh antiretroviral efficacy and toxicity [32-34]. However, accumulation of Pis intracellularly 

complicatess the relationships between drug exposure and antiretroviral efficacy, as plasma 

drugg levels may not adequately represent intracellular drug exposure [35,36]. Many drug-drug 

interactionss between Pis and other drugs, which use cytochrome P450 3 A4 in the liver for 

theirr metabolism, have been described [37]. The plasma drug levels of Pis vary greatly 

betweenn individuals [34], but also within each individual. In Chapter 5 we describe a 30% 

decreasee in SQV exposure in patients on stable antiretroviral therapy, including RTV and 

SQV.. Subtherapeutic plasma concentrations could therefore occur in compliant patients after 

somee time on stable antiretroviral therapy and could result in inadequate viral suppression 

and/orr occurrence of viral resistance. This finding underlines the importance of continuous 

on-linee monitoring of plasma drug levels. Currently, a randomized study is being done to 

exploree whether routine on-line reports of patient's drug levels to the clinician indeed 

improvess the efficacy of antiretroviral therapy [38]. 

Adherence e 

Onee of the major problems during lifelong treatment with the currently available antiretroviral 

drugss is adherence [39]. Pis in particular are to be taken according to strict time schedules. 

Plasmaa drug levels of Pis decrease rapidly to subtherapeutic concentrations because of their 

shortt half-lives and fast elimination rate. Moreover, higher dosages of drugs can not be given, 

duee to toxicity which is associated with the maximal plasma drug concentration. Patients also 

havee to adhere to dietary restrictions, as food intake can substantially influence plasma drug 

levelss [37]. 

Inn 1996 the correlation between the skipping of medication and increases in plasma HIV-l 

RNAA levels was already reported in patients using SQV monotherapy [40]. Different methods 

aree being used to quantify adherence to the prescribed drug regimens. MEMS caps, an 

electronicc device in the cap of the pill container that records the frequency and time of 

openingg of the pill container, and pill counts are objective methods. A strong correlation 

betweenn adherence, measured with MEMS caps, and viral suppression has been reported 

[41,42].. However, this method is labor-intensive and expensive and does not give insight in 

thee reasons for non-compliance. Self-report questionnaires are prone to underreporting of non-
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compliancee because of their subjective nature. However, taking the underestimation of non-

compliancee into account, self-report questionnaires can provide information on the number of 

pillss taken, as well as the timing, the adherence to dietary restrictions and the reasons for non-

compliance. . 

Inn the Prometheus study patient adherence was studied using a self-report questionnaire 

(Chapterr 8). Twelve to fifteen percent of patients reported to have skipped at least one dose in 

thee previous week. A significant correlation between the skipping of medication and serum 

HIV-11 RNA < 400 copies/ml at week 48 was found. Over thirty percent of patients reported 

beingg off their intake schedule by more than two hours at least once in the previous week, 

evenn though the combinations used in this study are relatively simple regimens when 

comparedd to triple combinations including one PI. Drugs with longer half lives and higher 

plasmaa drug level/EC95 ratios would be more 'forgiving' because missing one dose would not 

immediatelyy result in subtherapeutic plasma drug levels. 

Sanctuaryy sites 

Anotherr major problem in the treatment of HIV-1 infection is the presence of sanctuary sites. 

Forr instance, NRTTs are not equally active in different cell types [43,44]. Moreover, 

anatomicall  barriers, such as the blood-brain barrier or blood-testes barrier, can inhibit the 

entrancee of antiretroviral drugs into certain body compartments [45-47]. P-glycoprotein, a 

membranee efflux transporter, actively pumps Pis out of, for instance, the centrall  nervous 

systemm (CNS). This phenomenon may lead to subtherapeutic drug concentrations within the 

CNSS [48,49]. 

Althoughh RTV/SQV combination therapy strongly decreases HIV-1 RNA in the peripheral 

blood,, there were concerns about the efficacy of this combination within the CNS. Low 

concentrationss of RTV and SQV have been found in the CSF [50]. However, these 

hydrophobicc agents could have therapeutic CNS-tissue drug levels [45], and thereby provide 

adequatee antiretroviral effect within the CNS despite low CSF drug levels. In the Prometheus 

study,, we prospectively followed 27 patients to study the response of the therapy on CSF 

HIV-11 RNA. RTV/SQV therapy alone did not reduce CSF HIV-1 RNA to undetectable levels 

inn the majority of patients with detectable CSF HTV-1 RNA at baseline. In patients who 

concomitantlyy used stavudine (d4T), CSF HTV-1 RNA declined to undetectable levels in 

12/133 patients (Chapter 3), suggesting that RTV/SQV therapy alone is not sufficient to reduce 

CSFF HIV-1 RNA. Indinavir may provide a better antiretroviral effect within the CSF, as 

indinavirr CSF levels are higher when compared to RTV or SQV, due to lower protein binding 
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[51].. Moreover, indinavir CSF levels increase after the co-administration of RTV [52], 

Nelfinavirr concentrations in the brain and testis increase during the co-administration of P-

glycoproteinn inhibitors [53]. This may be a tool for enhancing CNS drug penetration of Pis in 

thee future. 

CSFF HIV-1 RNA is frequently used as a surrogate marker for CNS HIV-1 replication [54]. 

Theree is evidence that CSF HIV-1 RNA originates at least partly from local CNS HIV-1 

replicationn [55,56]. However, a relationship between CSF HIV-1 RNA concentrations and 

HIV-11 replication in the CNS for non-demented patients has not been found [57], 

Surprisingly,, we observed increases in levels of markers of inflammation within the CSF in 

somee patients with undetectable CSF HIV-1 RNA levels during antiretroviral therapy 

(Chapterr 4), where in the majority of patients a congruent CSF HrV-1 RNA and chemokine 

responsee was observed. This discongruent response may indicate ongoing replication within 

thee CNS, which could not detected with HIV-1 RNA measurements. 

Adversee drug effects 

Short-termm side effects 

Sidee effects are one of the major limiting factors in the treatment of HIV-1 infection. 

Especiallyy gastro-intestinal problems are frequently reported during antiretroviral therapy 

includingg Pis and are often a reason for discontinuation of therapy or non-adherence [58-61]. 

Alsoo elevations of liver enzymes are frequently reported after the initiation of antiretroviral 

therapyy [62-64]. In Chapter 9 we described the occurrence of ACTG grade 3/4 liver enzyme 

elevationss in the Prometheus patient population [65]. In this study, the presence of hepatitis B 

surfacee antigen in baseline blood samples and the use of d4T were independent predictors for 

severee elevations of transaminase concentrations. In other studies also the presence of 

hepatitiss C antibodies was found to be a risk factor for liver enzyme elevations [62-64]. 

Long-termm side effects 

Sidee effects that occur only after long-term therapy may have an even greater impact on a 

patient'ss health. Peripheral neuropathy is a painful and not uncommon side effect, associated 

withh d4T. In this study, peripheral neuropathy was infrequently reported by the treating 

physicianss and there was no difference in incidence between the two study arms. However, in 

thee self-report questionnaire, which was a part of the quality-of-life study, a significantly 

largerr increase in complaints of neuropathy was found in the d4T-treated patients, suggesting 

thatt complaints of neuropathy were underreported by the physicians (Chapter 7). Although we 
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didd not find higher incidences of reported peripheral neuropathy in the Prometheus study 

comparedd to the ADAM study, in which patients were treated with d4T/3TC/nelfinavir/SQV, 

significantlyy higher d4T blood and CSF concentrations were found in the Prometheus study 

populationn (Chapter 6). In earlier studies with d4T dose-dependency in relation to peripheral 

neuropathyy has been described [30]. 

Duringg the last few years clinicians have become aware of the lipodystrophy syndrome, which 

includess central fat accumulation and peripheral fat wasting [66-68]. Association with the use 

off  Pis has led to the proposition of a hypothesis for the etiology of lipodystrophy by Carr et al. 

However,, lipodystrophy is also observed in patients, who only use NRTIs [69,71], which 

suggestss an etiologic role for the NRTIs presumably through mitochondrial toxicity [72]. 

Theree are only very few studies in which patients used Pis without concomitant use of NRTIs. 

Inn the 48-week follow-up period of the Prometheus study only one case of lipodystrophy was 

reportedd (in a patient on RTV/SQV/d4T). However, lipodystrophy mostly occurs after longer 

treatmentt duration. In Chapter 10, we report the results of the 96-week follow-up of the 

Prometheuss study participants. Lipodystrophy was reported significantly more often in 

patientss randomized to treatment with RTV/SQV/d4T, when compared to patientss randomized 

too Pi-therapy only. Pre-treatment with NRTIs, intensification with d4T, age or gender were 

nott associated with lipodystrophy in this patient population. Cameron et al found an increased 

riskk of lipodystrophy in patients who had their therapy intensified with d4T and 3TC 

comparedd to patients on RTV/SQV alone [73]. 

Itt is not known what the possible effects of the change in body habitus on the patient's health 

mayy be, besides the sometimes severe cosmetic and psychological effects. Metabolic changes, 

suchh as insulin resistance and even overt diabetes mellitus, hyperlipidemia, which may lead to 

ann increased risk of cardiovascular disease, and recently osteoporosis, have been described as 

sidee effects of antiretroviral therapy and may have large impact on the patient's health in the 

futuree [66,74]. Future research will have to address the impact of these side effects 

concomitantlyy with the, as yet unknown, long-term (>5 year) antiretroviral and clinical 

efficacyy of antiretroviral therapy. Interventions to reverse lipodystrophy or metabolic 

complicationss are to be explored. So far, switching a PI to a non-nucleoside analogue RTI did 

nott normalize the body habitus. Only blood cholesterol, triglyceride, glucose concentrations 

andd the fasting insulin resistance index were reported to improve after cessation of the PI [75]. 
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FutureFuture directions in antiretroviral therapy 

Initiationn of antiretroviral therapy 

Guideliness for the initiation of antiretroviral therapy are currently being revised because of the 

abovee mentioned new findings. So far, the Dutch guidelines state that initiation of 

antiretrovirall  therapy should be considered if plasma HIV-1 RNA concetration is > 10,000 

copies/ml,, the peripheral blood CD4+ cell count is < 500 /mm3 or if there are HIV-related 

symptomss (Richtlijnen HlV-remmende behandeling 1998, opgesteld namens de Nederlandse 

Verenigingg van AIDS behandelaren en het Nationaal Therapie Evaluatie Centrum). The study 

onn quality of life within the Prometheus study (Chapter 7) showed improvement in quality of 

life,, despite an increase in reported symptoms, especially in patients with symptomatic HIV-1 

disease.. In asymptomatic patients, a negative impact of treatment on quality of life should be 

weighedd against the benefits of early treatment initiation. 

Completee immune reconstitution is one of the major goals of antiretroviral therapy. However, 

ass immune reconstitution is variable among patients, there is no clear 'point of no return' in 

CD4++ cell count below which complete immune reconstitution during antiretroviral therapy 

cann not be expected [76]. Therefore, it is difficult to initiate therapy based on a certain CD4+ 

celll  count alone. The latest guidelines of the International AIDS Society already are a bit more 

reluctantt in advising initiation of antiretroviral therapy for asymptomatic patients with chronic 

HIV-11 infection and normal or moderately decreased CD4+ cell counts [39]. Anyhow, 

guideliness will advise initiation of therapy before CD4+ cell counts fall to such low levels that 

importantt clinical events can be expected. 

Induction-maintenancee therapy 

AA possible treatment strategy that may provide good antiretroviral efficacy and fewer side 

effectss is the induction-maintenance concept: starting with a potent combination therapy until 

plasmaa HIV-1 RNA levels drop below the quantification limit of the assay used and then 

switchingg to a simpler regimen. Despite the success in the treatment of tuberculosis, three 

attemptss to treat HIV-1 with a similar strategy have failed [77-79]. The reduction in the 

numberr of drugs after an induction phase with three or four drugs showed a rapid rebound of 

plasmaa HIV-1 RNA levels in the majority of patients. Interestingly, patients with a faster 

initiall  HIV-1 RNA decline after start of antiretroviral therapy had a higher chance of 

maintainingg undetectable HIV-1 RNA levels during maintenance therapy [77,78]. Also in a 

feww patients who started treatment with AZT, didanosine (ddl) and nevirapine, but 

discontinuedd ddl because of side effects, the plasma HIV-1 RNA levels remained < 20 
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copies/mll  [80]. These data suggest that induction-maintenancee therapy may be feasible for 
somee patients. 

Intensificationn strategy 

Inn the Prometheus study, an intensification treatment strategy was studied. Patients started 

withh a simple potent regimen and intensified therapy only if plasma HIV-1 RNA did not reach 

thee limit of quantification. This way, drugs could be saved for later use in patients who did not 

needd intensification. This strategy is only feasible if intensification can be done safely. This 

meanss that plasma HIV-1 RNA has to become undetectable after intensification and has to 

remainn low for a prolonged period of time, comparable with current 'standard therapies'. 

Moreover,, a large proportion of patients must have an adequate response to the initial 

regimen,, as it is the purpose of this strategy to save drugs for later use. In the Prometheus 

studyy over 50% of patients had a good response to therapy with RTV 400 mg twice daily (bid) 

andd SQV 400 mg bid alone after 48 weeks. 31/32 patients who intensified therapy reached 

serumm HIV-1 RNA < 400 copies/ml and this was sustained through week 48 (Chapter 2). 

Whetherr long-term results of this patient group are similar to those of patients on 'standard 

therapy'' could not be evaluated in this study with 48 weeks of follow up. In the study of 

Cameronn et al, 88% of the patients on RTV/SQV alone (n=53) or on RTV/SQV + 

intensificationn with NRTIs (n=38) had a plasma HIV-1 RNA level < 200 copies/ml after three 

yearss of follow up [73]. However, when combination therapy with RTV/SQV alone is 

considered,, a lumbar puncture should be performed to check for low CSF HTV-1 RNA levels. 

Structuredd treatment interruptions 

Thee rationale behind treatment interruptions in patients with adequate virological responses is 

too boost HIV-1 specific CD4+ T-helper responses [81]. Moreover, if CD4+ cell counts do not 

declinee or decline only very gradually during treatment interruptions, treatment interruptions 

mayy be safe and prevent long-term toxicity, especially since cumulative exposure to 

antiretrovirall  drugs may contribute to long-term toxicities [69]. Also in patients with 

virologicall  failure, due to multidrug resistant virus, structured treatment interruptions may be 

beneficial,, as a rapid decline in detectability of HIV-1 drug resistance mutations have been 

observedd after stopping therapy [82]. Structured treatment interruptions are currently being 

studiedd [83,84]. However, the virological or clinical benefit of this strategy has yet to be 

determined.. If eradication remains the ultimate goal of antiretroviral therapy, treatment 

interruptionss may largely interfere with this goal and should not be advised. 
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Neww drugs and drug combinations 

Inn the Prometheus study, the pharmacokinetic interaction between RTV and SQV was used, 

resultingg in regimens with fewer pills, longer dosing intervals and fewer dietary restrictions 

[85,86].. Also in a Danish study therapy with RTV/SQV combination was studied. RTV/SQV 

combinationn plus two NRTIs was compared to 'standard' triple therapy containing one PI 

(RTVV or indinavir) and two NRTIs in Pi-naive patients [87]. The proportion of antiretroviral-

nai'vee patients with plasma HIV-1 RNA < 200 copies/ml after 24 weeks was significantly 

higherr in the RTV/SQV-quadruple therapy arm. However, after 72 weeks of follow-up no 

differencee was observed in the proportion of patients with viral load < 200 copies/ml between 

thee three treatment arms [88]. A study, in which triple combinations including one PI 

(indinavir)) plus two NRTIs (AZT/3TC) and two Pis (RTV/SQV) plus one NRTI (d4T) were 

compared,, showed no differences in efficacy after 48 weeks [89]. Combination therapy 

includingg RTV/SQV is recommended by the International AIDS Society-USA Panel for PI-

experiencedd HIV-1 infected patients [90]. Combination therapies including RTV/SQV in 

patientss who previously failed on Pi-containing regimens showed suppression of plasma HTV-

11 RNA to undetectable levels for at least six months in 20-65% of patients, depending on their 

exposuree to Pis [91,92]. However, also in naive patients therapy with two Pis offers much 

advantagess when compared to therapy including one PI with regard to pill burden, dosing 

intervall  and dietary restrictions. In 1998, combinations including RTV/SQV were already 

prescribedd to approximately 10% of both antiretroviral-nai've and pre-treated patients in the 

Netherlandss [38]. Also nelfinavir/SQV- and RTV/indinavir combinations are prescribed more 

oftenn [77,93]. New Pis, such as ABT-378 (durable antiviral effect in Pi-experienced patients) 

andd BMS-232632 (once daily dosing), may also attribute to the potency and the convenience 

off  antiretroviral regimens in the future [94,95]. 

Thee non-nucleoside analogue RT inhibitors provide an effective and easy-to-take alternative 

forr Pis. Although class-specific side effects have been recognized (rash, central nervous 

systemm symptoms), tolerability seems to be generally better when compared to Pis [60,96]. 

Hydroxyureaa decreases intracellular levels of deoxyadenosine triphosphate, thereby increasing 

thee effect of ddl. In clinical trials, hydroxyurea in combination with ddl showed better efficacy 

whenn compared to treatment with ddl alone. However, increases in CD4+ T-cells are less 

pronouncedd when hydroxyurea is used, due to bone marrow toxicity [97]. Moreover, a study 

wass prematurely discontinued due to the excess toxicity observed in patients treated triple 

therapyy plus hydroxyurea, when compared to triple therapy alone [98]. 

Thee cytokine interleukin(IL)-2 regulates the proliferation and differentiation of lymphocytes. 
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Increasess in CD4+ cell counts are observed during intravenous or subcutaneous administration 

off  IL-2 [99]. The clinical benefit of this compound has to be evaluated. 

AA new class of drugs, the fusion inhibitors, shows promising antiretro viral effects [100]. 

However,, the manufacturing and the subcutaneous administration mode provide practical 

problemss for a world-wide introduction of these drugs. 

Withh these new drugs and drug combinations once-daily regimens may become feasible 

[101,102].. In the ARES study (Antiretroviral Regimen Evaluation Study), once-daily 

regimenss are being compared with standard triple therapy. 

Thee optimism of 1996 has been tempered. However, the outlook for HIV-1-infected 

individualss in the developed countries has changed dramatically, thanks to the major changes 

inn HIV-1 treatment since the introduction of antiretroviral combination therapies. 
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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 

157 7 



ChapterChapter 12 

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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Hett aantal HlV-geïnfecteerde patiënten dat per jaar overlijdt is fors gedaald sinds de 

introductiee van de 'triple therapie'. Deze combinatietherapie bestaat uit één HIV-

proteaseremmerr en twee nucleoside analoge reverse transcriptase remmers (NRTIs). Het 

verlaagtt het aantal HIV-deeltjes in het bloed en daarmee het aantal HlV-gerelateerde ziektes. 

Dezee therapie, die sinds 1996 beschikbaar is in Nederland, is echter erg patiënt-onvriendelijk 

(veell  pillen, veel bijwerkingen, dieetvoorschriften). 

Saquinavirr (SQV) is een sterke proteaseremmer, maar het middel wordt slecht opgenomen in 

hett bloed, waardoor de hoeveelheid medicatie in het bloed bij het innemen van driemaal daags 

66 pillen vaak niet hoog genoeg is. Indien de proteaseremmers ritonavir (RTV) en SQV 

gelijktijdigg worden ingenomen, zijn de SQV bloedspiegels vele malen hoger dan bij 

toedieningg van SQV alleen. Een onderzoek heeft aangetoond dat een combinatie van RTV 

tweemaall  daags 4 pillen en SQV tweemaal daags 2 pillen goed werkt bij patiënten met een 

normalee of matig gestoorde afweer. Daarnaast werden er minder bijwerkingen gezien dan bij 

eenn combinatie met de gebruikelijk dosering van RTV, tweemaal daags 6 pillen. 

Hett doel van de Prometheus studie is het bestuderen van het effect van behandeling met 

RTV/SQVV bij HIV-1-geïnfecteerde patiënten met een normale, verminderde of hele slechte 

afweer,, die nooit eerder een proteaseremmer of d4T gebruikt hadden. Daarnaast werd 

gekekenn of het toevoegen van een extra middel aan deze combinatie het anti-HIV effect 

versterkte.. De studie vond plaats in 14 ziekenhuizen in Nederland en België. Aan het 

onderzoekk namen 208 patiënten deel. Door middel van loting werd bepaald welke patiënten 

behandelingg kregen met RTV tweemaal daags 4 pillen/SQV tweemaal daags 2 pillen en welke 

mett RTV tweemaal daags 4 pillen/SQV tweemaal daags 2 pillen/d4T tweemaal daags 1 pil. 

Hett toevoegen van extra geneesmiddelen ('intensivering') was toegestaan wanneer het aantal 

HIV-deeltjess in het bloed (='viral load') meer dan 400 per millilite r bloed was na 12 weken 

behandeling.. Alle patiënten werden 48 weken gevolgd. 

Hett effect van de behandelingen en de veiligheid van de therapie worden beschreven in 

Hoofdstukk 2. Na 48 weken bleken beide therapieën even effectief: het aantal patiënten met 

eenn viral load onder de 400 HIV-deeltjes per ml bloed was gelijk en vergelijkbaar met 

resultatenn met de 'standaard triple-therapie'. Eenendertig patiënten hadden tijdens de studie 

extraa middelen voorgeschreven gekregen. Bij dertig van hen daalde het aantal HIV-deeltjes 

tott minder dan 400 per ml bloed na 48 weken. Tien procent van alle patiënten moest de 

voorgeschrevenn therapie staken in verband met bijwerkingen of andere klachten. Bij andere 

combinatie-therapieënn is dat percentage vaak hoger (tot 40%). 

Bijj  27 patiënten werd het effect van behandeling met SQV/RTV of SQV/RTV/d4T in het 

hersenvochtt (liquor) bestudeerd (Hoofdstuk 3). Het aantal patiënten dat na 12 weken een 
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onmeetbaarr laag aantal HIV-deeltjes in de liquor had was verschillend in de twee 

onderzoeksgroepen:: 4 van de 14 in de RTV/SQV-groep versus 12 van de 13 in de 

RTV/SQV/d4T-groep.. Patiënten met een onmeetbaar aantal HIV-deeltjes in de liquor vóór de 

studiee hielden een onmeetbaar aantal HIV-deeltjes in de liquor tijdens de studie, ongeacht de 

behandeling.. Behandeling met alleen RTV/SQV kon een meetbaar aantal HIV-deeltjes in de 

liquorr niet onmeetbaar maken na 12 weken behandeling, waarschijnlijk als gevolg van de lage 

RTV-- en SQV-spiegels in de liquor. 

STNFr-II,, MCP-1 en IP-10 komen in het menselijk lichaam voor. Hogere spiegels van deze 

stoffenn wijzen op meer ontstekingsactiviteit. In Hoofdstuk 4 wordt nader ingegaan op de 

concentratiess van deze stoffen in de liquor en het bloed tijdens de anti-HIV-behandeling. 

sTNFr-III  en IP-10 spiegels stegen bij patiënten met een meetbaar aantal HIV-deeltjes in de 

liquorr tijdens behandeling en daalden bij de meeste patiënten die tijdens behandeling een 

onmeetbaarr aantal HIV-deeltjes in de liquor kregen. Bij sommige patiënten met een goed 

effectt op de het aantal HIV-deeltjes in de liquor werden echter stijgingen in de sTNFr-II- en 

IP-10-spiegelss gezien. Dit is mogelijk een aanwijzing dat er nog HIV-deeltjes in het centrale 

zenuwstelsell  worden geproduceerd zonder dat dit met viral load-bepalingen in de liquor 

gemetenn kan worden. 

Inn Hoofdstuk 5 worden de veranderingen in geneesmiddelenspiegels in het bloed tijdens 

langdurigee behandeling met RTV en SQV beschreven. Bij zes patiënten werd tweemaal een 

dagcurvee gemaakt, waarbij gedurende 8 uur regelmatig de hoeveelheid RTV en SQV in het 

bloedd werden bepaald. De eerste dagcurve werd 4 tot 12 maanden na het starten van de 

behandelingg gemaakt, de tweede dagcurve 9 tot 15 maanden later. De RTV-bloedspiegels 

warenn niet verschillend tussen de twee dagcurves. De laagst gemeten SQV-bloedspiegels en 

dee totale blootstelling aan SQV waren gemiddeld 30% lager tijdens de tweede dagcurve. SQV 

bloedspiegelss kunnen in de loop der tijd lager worden bij patiënten op stabiele anti-HrV-

therapie.. Hoewel de SQV-bloedspiegels tijdens de twee dagcurves bij deze patiënten boven 

dee 'minimale effectieve concentratie' lagen, zou bij het gebruik van SQV alleen of SQV in 

combinatiee met nelfmavir een daling van 30% in de bloedspiegel kunnen leiden tot te lage 

bloedspiegels. . 

Bijj  39 patiënten in vier verschillende studies werden opvallend verschillende d4T spiegels in 

hett bloed en de liquor gevonden (Hoofdstuk 6). D4T spiegels waren hoger bij patiënten die 

RTVV en/of indinavir gebruikten dan bij patiënten die nelfinavir/SQV of geen enkele PI 

gebruikten.. Het gebruik van RTV en/of indinavir en het aantal CD4+ cellen/mm3 (maat voor 

dee weerstand van een patiënt) voor aanvang van de studie waren geassocieerd met de d4T-
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spiegels.. Deze bevindingen kunnen erop wijzen dat de d4T-concentraties in het bloed en de 

liquorr beïnvloed worden door gelijktijdig gebruik van RTV. 

Dee resultaten van het onderzoek naar kwaliteit van leven (QoL) worden beschreven in 

Hoofdstukk  7. QoL werd gemeten met behulp van een standaard vragenlijst (de MOS-HIV 

Healthh Survey) en een klachten-checklist die door de deelnemers voor aanvang van de studie 

enn na 12, 24, 36 en 48 weken werden ingevuld. Ondanks een stijging in het aantal 

gerapporteerdee klachten verbeterde de QoL in beide onderzoeksgroepen. Bij patiënten die al 

HIV-gerelateerdee klachten hadden ondervonden werden tijdens anti-HIV-therapie grotere 

verbeteringenn in cognitief en sociaal functioneren gevonden dan bij patiënten die nog nooit 

klachtenn van de HIV-infectie hadden gehad. 

Naastt QoL werd ook therapietrouw bestudeerd met behulp van vragenlijsten die door de 

deelnemerss werden ingevuld (Hoofdstuk 8). Therapietrouw varieerde van 85% (voor 

patiëntenn die rapporteerden alle pillen te hebben ingenomen in de afgelopen week) tot 68% 

(voorr patiënten die rapporteerden alle pillen volgens het innamenschema te hebben 

ingenomenn in de afgelopen week). Het totale percentage patiënten dat rapporteerde alle pillen 

tee hebben ingenomen in de afgelopen week veranderde niet gedurende de 48 weken. Per 

individuelee patiënt varieerde de therapietrouw echter wel. Patiënten met bijwerkingen waren 

minderr therapietrouw. Patiënten die aangaven niet therapietrouw te zijn hadden vaker een 

virall  load boven de 400 HIV-deeltjes per ml bloed na 48 weken. 

Stijgingenn van leverenzymen in het bloed (een teken voor schade aan de lever) worden 

regelmatigg gezien bij patiënten die gestart zijn met anti-HTV-therapie. Vaak wordt de anti-

HIV-medicatiee gestopt als er een ernstige leverenzymstijging optreedt. Achttien (9%) 

patiëntenn in de Prometheus studie hadden een ernstige stijging van de leverenzymen 

(Hoofdstukk 9). Een chronische hepatitis B-infectie, naast de HIV-infectie, verhoogt de kans 

opp leverenzymstijgingen 8,8 keer. Het gebruik van d4T, naast RTV en SQV, verhoogt de kans 

opp leverenzymstijgingen 4,9 keer. De leverenzymen daalden spontaan bij bijna alle patiënten, 

ookk wanneer de anti-HrV therapie niet gestaakt was. 

Sindss de introductie van anti-HrV 'triple therapie' wordt het lipodystrofie-syndroom steeds 

vakerr gerapporteerd. Dit syndroom bestaat uit vetophoping in de buik en borsten en/of 

onderhuidss vetverlies in de armen, benen en het gezicht. Momenteel wordt gedacht dat zowel 

proteaseremmerss als NRTIs bijdragen aan het ontstaan van lipodystrofie. De Prometheus 

studiee gaf de mogelijkheid om de bijdrage van proteaseremmers en NRTIs te onderzoeken bij 

patiëntenn die werden behandeld met proteaseremmers alleen of met proteaseremmers plus 

NRTIss (d4T) (Hoofdstuk 10). Lipodystrofie werd door de behandelend arts gerapporteerd bij 

299 (17%) van de 175 patiënten, die 96 weken gevolgd waren. Het werd vaker gemeld bij 
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patiëntenn die behandeling met RTV/SQV/d4T hadden toegewezen gekregen (25%) dan bij 

patiëntenn die voor therapie met RTV/SQV alleen hadden geloot (8%). Voorbehandeling met 

NRTIs,, leeftijd en geslacht waren geen risicofactoren voor het ontstaan van lipodystrofie in 

dezee patiëntengroep. 

Inn de General Discussion (Hoofdstuk 11) van dit proefschrift worden de problemen bij de 

behandelingg van de HIV-infectie besproken. Het 'genezen' van HIV is niet mogelijk met de 

huidigg beschikbare middelen. Daarom is het belangrijk meer patiëntvriendelijke therapieën te 

ontwikkelen.. Het effect van de huidige therapieën blijkt uit dalende sterftecijfers en een 

dalendd aantal AIDS-diagnoses. Belangrijke problemen bij het langdurig gebruik van anti-

HlV-therapiee zijn: het ontstaan van virussen die ongevoelig zijn voor de beschikbare 

medicijnen,, de ingewikkelde innamenschema's, het feit dat er delen zijn in het lichaam, 

waarinn anti-HIV-middelen slecht of niet doordringen, en bijwerkingen (zoals maag-darm 

klachten,, leverenzymstijgingen, neuropathie (zenuwontsteking) en lipodystrofie). Het blijf t 

daaromm belangrijk nieuwe behandelingsstrategieën te onderzoeken. 
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ChapterChapter 14 

Prometheuss personificeert het intellect en is, zoals zijn naam aanduidt, "tevoren wetend". 

Aeschyluss (525-456 v. Chr.) schrijft bijvoorbeeld in zijn tragedie "Prometheus geboeid"[l]: 

[Prometheus] ] 

LaatLaat me de rest van mijn verhaal vertellen 

ZodatZodat je nog verbaasder staan zult over 

WatWat ik aan vaardigheid en kunsten uitvond. 

TenTen allereerste: wanneer iemand ziek werd, 

WasWas er geen afweermiddel, zalf noch pillen 

NochNoch drankjes; door gebrek aan medicijnen 

TeerdenTeerden ze weg, tot ik ze openbaarde 

HoeHoe pijnstillende middelen te mengen 

WaarmeeWaarmee ze al hun ziektes nu bestrijden. 

Inn de Griekse mythologie wordt brute kracht gesymboliseerd door de Titanen. Ondanks hun 

heroïschee optreden verliezen zij elke strijd tegen de Olympische goden die beschouwd worden 

alss de vertegenwoordigers van het intellect. 

Opmerkelijkk is dat volgens mythologische vertellingen de Titaan Prometheus, zoon van de 

Titaann Iapetus en van de godin Themis, in een strijd tussen de Titanen en de Olympische goden 

niett de zijde van de Titanen, maar juist die van de goden kiest. De reden die hiervoor in de 

mythologiee wordt aangevoerd is dat Prometheus meer waarde aan het intellect zou hechten dan 

aann brute kracht. 

Ditt komt ook tot uiting in de vertelling waarin Prometheus het vuur van de goden steelt om aan 

dee mensheid te geven en deze hierdoor van haar onwetendheid bevrijdt. In de tijd van de 

schrijverr Aeschylus wordt het vuur dan ook niet alleen gezien als natuurlijk element maar ook 

alss vonk van goddelijke wijsheid, die de mens van andere wezens op aarde onderscheidt. Zo 

wordtt Vulcanus (Gr. Hephaistos) als personificatie van het natuurlijke vuur of "ignis 

elementatus""  tegenover Prometheus geplaatst. Stelt het natuurlijke vuur de mens in staat zijn 

praktischee problemen op te lossen, Prometheus voert met zijn toorts, ontstoken aan de wielen 

vann de zonnewagen en afkomstig uit de schoot van Jupiter (Gr. Zeus), het "hemelse vuur" mee 

alss het symbool van "licht der kennis dat in het hart van de onwetende dringt" [2]. 

Alss straf voor het stelen van het hemelse vuur wordt Prometheus aan een rots bij de Zwarte Zee 

geklonken.. Aeschylus beschrijft dit in zijn tragedie "Prometheus geboeid". Op bevel van Jupiter 

ketentt Vulcanus tegen zijn wil Prometheus aan de rotsen. Een door Jupiter gezonden adelaar 

komtt dagelijks zijn 's nachts weer aangegroeide lever uitpikken. Uiteindelijk zal Prometheus 
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bevrijdd worden door Jupiter's zoon, Hercules (Gr. Herakles), die de adelaar neerschiet en 

Prometheuss van zijn ketenen ontdoet. Omdat Jupiter trots is op de heldendaden van zijn zoon, 

zouu hij zich bij Prometheus' bevrijding neergelegd hebben. 

Inn de kunsten is Prometheus in verschillende hoedanigheden afgebeeld, variërend van schepper 

vann de eerste mens uit klei en tegenbeeld van de bijbelse schepper tot symbool van vrijheid en 

representantt van de vooruitgang. Opvallend is dat twee thema's in de loop van de 

kunstgeschiedeniss vrijwel continu worden gebruikt: Prometheus als brenger van het vuur en 

Prometheuss als de geketende. In de zevende eeuw voor Chr. worden deze thema's in de Griekse 

kunstt veelvuldig afgebeeld op vaatwerk, wandschilderingen, gemmen en reliëfs van ivoor en 

brons.. Tot in de twintigste eeuw volgen voorstellingen met dezelfde thematiek. Voorbeelden 

hiervann zijn schilderijen van Max Beckmann (1942) en Oscar Kokoschka (1950) en sculpturen 

vann Brancusi (1911) en Zadkine (1954 en 1964). 

Niett alleen in de kunsten is het Prometheus-motief nu nog actueel, maar ook in de 

wetenschappenn waar voortdurend onderzoek wordt gedaan naar het onbekende. De titel van dit 

proefschriftt getuigt hiervan. 

Referenties Referenties 
1.. Aeschylus and G. Komrij . 1992. Prometheus. Prometheus, Amsterdam, p. 34. 

2.. Panofski, E. 1984. Iconologische studies. Thema's uit de oudheid in de kunst van de Renaissance. 

Nijmegen,, p. 46. 
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DeDe Prometheus Studie Groep 

Dee Prometheus studie had niet plaats kunnen vinden zonder de medewerking van veel mensen 

inn Nederland en België. Allereerst wil ik de 208 deelnemers bedanken. Naast het invullen van 

dee vragenlijsten hebben een aantal deelnemers ook ruggeprikken en dagopnames ondergaan, 

waardoorr waardevolle informatie over de werking van de geneesmiddelen verkregen werd. 

Svenn Danner is, behalve uiteraard mijn promotor, ook de initiator van de Prometheus studie. 

Hijj  heeft de studie ontworpen, financiering geregeld, onderzoekers geïnteresseerd voor de 

studiee en (met Joep?) de naam 'Prometheus studie' bedacht (hoewel ik voor de verklaring van 

diee naam de hulp van kunsthistorica Andrea van Munster nodig had....). Daarnaast heeft hij 

hett schrijven van de artikelen begeleid en aan 'crisismanagement' gedaan. Peter Reiss heeft 

veell  logistiek werk gedaan voor de Prometheus studie en weet als geen ander je bij zijn werk 

tee betrekken. Het is leuk om nu ook op wetenschappelijk terrein met hem samen te werken. 

Mett Maurice Duurvoort heb ik de poli NAT opgezet, echt 'teamwork'. Ik ben dan ook blij dat 

hijj  tijdens de promotie als paranimf wil optreden. Bij NATEC werkte een groep zeer 

betrokkenn mensen aan de Prometheus studie. Van de monitors hebben met name Eveline 

Krijgerr en Erica Brouwer veel werk gedaan. Gerben Rienk Visser was de grote man achter de 

databasee en bij alle computerproblemen. Veel mensen hebben aan de data invoer en data 

verificatiee gewerkt. Anita Klotz, Chantal Benschop en Francis Wulfert wil ik speciaal 

noemen.. Het analyseren van de gegevens/S AS heb ik geleerd onder leiding van Remko van 

Leeuwenn en Gerrit Jan Weverling. Van de collega-artsen die poli's voor mij hebben 

waargenomenn wil ik met name Ferdinand Wit noemen. Petra Hollak wil ik bedanken voor het 

corrigerenn van mijn teksten. Susanne Jurriaans, Frank de Wolf en hun analisten hebben vele 

virall  load bepalingen en uitzoek- en uitvulwerk gedaan voor de Prometheus studie. 

Ruimm éénderde van de deelnemers aan de Prometheus studie zijn geïncludeerd in België. Ik 

benn de onderzoekers en medewerkers in de vier Belgische centra dankbaar voor hun 

enthousisastee medewerking. In het Instituut voor Tropische Geneeskunde, Antwerpen R. 

Colebunders,, J. Pelgrom, H. Wijnants, A. De Roo, K. Keersmaekers, M. Vandenbruanen, 

Christaa Dreezen, Danni Van den Branden en Tessa James; in het Universiteitsziekenhuis Gent 
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F.. Van Wanzeele en B. Van der Gucht; in het Ziekenhuis van de Vrije Universiteit Brussel P. 

Simons,, P. Lacor en A. de Waele; in het Universiteitsziekenhuis Leuven E van Wijngaarden en 

M.. Lejeune. In Nederland deden 10 centra mee aan de Prometheus studie, dank voor al het 

(extra)) werk dat bij zo'n studie komt kijken. In het Universiteitsziekenhuis Rotterdam M.E. v.d. 

Ende,, J. Nouwen, R. Deenenkamp en D. van der Meyden; in het Universiteits-ziekenhuis 

NijmegenNijmegen P.P. Koopmans, K. Brinkman, H. ter Hofstede en B. Zomer; in het Ziekenhuis 

Walcheren,Walcheren, Vlissingen W.L. Blok en C. Ruissen; in het Universiteitsziekenhuis Groningen, H. 

Sprenger,, G. Law en P. van der Meulen; in het OLVG locatie Prinsengracht, Amsterdam C. 

Tenn Veen; in het St. Elisabeth Ziekenhuis, Tilburg, J.R. Juttmann, C. van der Heul, R. 

Santegoetss en B. van der Ven; in het Kennemer Gasthuis, Haarlem R.W. ten Kate en M. 

Schoemaker;; in het Ziekenhuis Leyenburg, Den Haag R.H. Kauffmann, J.M. Henrichs, A. 

Maatt en E. Prins; in het Medisch Spectrum Twente, Enschede C.H.H, ten Napel, K. Pogany en 

T.. Duyts. 

Pythiaa Nieuwkerk van de Afdeling Medische Psychologie heeft ongelooflijk veel werk 

gedaann aan haar studies naar kwaliteit-van-leven en therapietrouw, onder leiding van Mirjam 

Sprangers.. Daarnaast is Pythia een geweldig gezellige collega. Peter Portegies was één van de 

redenen,, zo niet de enige, dat patiënten toestemming gaven voor herhaalde ruggeprikken. 

Roelienn Enting heeft mij erg geholpen bij het schrijven van m'n eerste artikel. Jan Weel en 

zijnn medewerkers op de Afdeling Klinische Virologie hebben in zeer korte tijd veel hepatitis-

serologiee bepalingen gedaan. Jan Prins en Rieneke van Praag hebben me op het chemokine-

padd geholpen. Richard Hoetelmans, Rolf van Heeswijk en hun medewerkers hebben de 

geneesmiddelen-spiegelbepalingenn en dagcurves gedaan. Marijke Roos op het CLB werkt 

enthousiastt aan de immunologische bepalingen die we in de Prometheus studie hebben 

kunnenn doen. Ruud Scholte en Jaap Dijkman van het Virtueel Centraal Laboratorium, Zeist zie 

ikk nog regelmatig op NATEC rondlopen voor andere studies, een teken dat hun werk wordt 

gewaardeerd.. Voor het verzamelen van de lab-gegevens via VCL is medewerking van de 

AfdelingAfdeling Algemene Klinische Chemie (Marcelino Brakenhof) onontbeerlijk. I want to thank 

Tonyy Japour from ABBOTT Laboratories. His commitment and critical comments on all 

manuscripts,, reports and abstracts improved the quality of our work. Also Eugene Sun and the 

memberss of the Abbott Venture Safety Team worked very hard to make the Prometheus study 

aa success. I want to thank Mattei Popescu from Hoffmann-LaRoche, Basel, Switserland for 

hiss support. In Nederland heb ik veel steun gehad aan Eugene van Leeuwen, Thijs Spigt en 

Ronaldd Koning van ABBOTT B.V. en van Marie-José Borst, Esther Waalberg van Roche 

Nederland. . 
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EnEn verder.. 

Naastt Sven Danner is ook Joep Lange mijn promotor. Ik heb, op gepaste afstand, gebruik 

kunnenn maken van zijn ongelooflijke kennis van HIV. 

Ikk wil prof. dr. J.H. Beijnen, prof. dr. P.M.M. Bossuyt, prof. dr. E. Briet, prof. dr. J. Goudsmit 

enn dr. P. Reiss bedanken voor hun bereidheid zitting te nemen in de promotiecommissie. I am 

honouredd that prof. dr. D.W. Cameron agreed to be a member of the thesis committee. 

Toenn ik bij NATEC kwam werken was ik studie-coördinator, nu zou ik 'project manager', 

'triall  physician', 'drug safety officer' en 'investigator' bij 'IATEC B.V.' zijn geweest. De 

bijbehorendee spraak- en taakverwarringen waren meestal komisch, maar ook wel eens 

frustrerend.. Gezien de exponentiële groei van NATEC-*  IATEC was het soms moeilijk alle 

nieuwee medewerkers te leren kennen, maar in vieze sloten, op wankele vlotten en bungelend 

aann touwen bleek de ware (meestal goede) aard van veel collega's, leve de aspirientjes! 

NATECC bestaat voor mij voor een groot deel uit de mede-'jonge dokters'. Op de kamer of op 

dee gang een onophoudelijke bron van informatie, referenties, hulp bij patiënten- of computer-

problemen,, problemen met bazen of persoonlijke problemen, maar ook een bron van flauwe 

grappenn of gewoon slap geouwehoer. Pas na veel verhalen van vrienden over problemen in de 

werksfeerr ben ik gaan beseffen hoe bijzonder het 'werk-klimaat' hier beneden is (behalve als 

hett >30° C is). Mijn trouwe kamergenoten Daan Notermans en Ferdinand Wit heb ik 

uiteindelijkk moeten afstaan aan de Microbiologie en de Statistiek, maar nu kan ik m'n 

verhalenn over voetbal tenminste kwijt... Na alle co-schappen en avonturen bij Alvaro Munoz, 

dee Baltimore Orioles en op vliegveld JFK zal ik Ferdinand gaan missen, bedankt dat je 

paranimff  wil zijn. De ben blij dat ik Monique Reijers mag volgen, zowel tijdens de promotie 

alss straks in de opleiding. Dubbele promotie-stress is dubbele vreugd! Mariëlle Jambroes, 

Rienekee van Praag, Mare van der Valk, Selwyn Lowe, Thomas Ruys en alle oude en nieuwe 

jongee dokters, dank voor alle steun en gezelligheid. Voor vragen/advies over patiënten kon ik 

altijdd terecht bij Sven Danner (dank voor het tekenen van alle brieven), Jan van der Meer, Jan 

Prins,, Jan-Karel Schattenkerk, Mieke Godfried of Tom van der Poll, de research 

verpleegkundigen,, de ABDS-consulenten, Ronnie en de poliassistentes. Naast de Prometheus 

studiee heb ik nog gewerkt aan de NATIVE studie en de FOSFOR studie. De wil alle 

deelnemerss aan deze studies, de onderzoekers van het ziekenhuis Westeinde, de GG&GD, en 

Medischh Spectrum Twente en de FOSFOR 'lab-jongens', met name Muus Kuit en Michiel de 

Jong,, bedanken. De assistenten van de polikliniek Prinsengracht zijn geweldig. Ik wil mijn 

ouderss bedanken voor hun steun en al m'n vrienden en familie voor het eeuwig aanhoren van 

mijnn verhalen en voor het duidelijk maken dat er 'leven is buiten NATEC'. Met name Ton 

heeftt beurse oren en dat zal de komende tijd waarschijnlijk niet minder worden.... 
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Jett Gisolf werd op 9 december 1970 geboren in Alkmaar. In 1988 behaalde zij cum laude het 

eindexamenn Gymnasium B aan de Rijksscholengemeenschap 'West-Friesland' in Hoorn. Zij 

studeerdee van 1988 tot 1996 Geneeskunde aan de Universiteit van Amsterdam. Van maart tot 

septemberr 1996 was zij werkzaam als arts-assistent Interne Geneeskunde in het 

Streekziekenhuiss Hilversum. Vanaf september 1996 werkt zij als arts-onderzoeker bij het 

Nationaall  AIDS Therapie Evaluatie Centrum in het AMC in Amsterdam. Na de promotie zal 

zijj  beginnen aan de opleiding tot internist in het Academisch Medisch Centrum, Amsterdam. 



Stellingenn bij het proefschrift 'Ritonavir/saquinavir in the treatment of HTV-1 

infection.. Results from the Prometheus study'. 

1.. De angst van veel artsen voor intensificatie-strategieën wordt niet ondersteund door 

klinischee data. (dit proefschrift) 

2.. Minstens één middel met goede penetratie in de liquor cerebrospinalis is nodig om 

eenn meetbare virale load in de liquor tot ondetecteerbaar te laten dalen, (dit 

proefschrift) proefschrift) 

3.. Ondanks ondetecteerbare HIV-1 RNA concentraties in de liquor cerebrospinalis 
zijnn er aanwijzingen voor voortgaande HIV-replicatie in het centraal zenuwstelsel. 

(dit(dit proefschrift) 

4.. Regelmatige controle van geneesmiddelenspiegels kan therapie-ontrouw aan het 
lichtt brengen, maar kan ook dalende spiegels bij langdurige behandeling opsporen. 
Off  deze controle ook leidt tot betere effectiviteit van de behandeling moet nog 
wordenn aangetoond, (dit proefschrift) 

5.. Gezien de onderrapportage van neuropathie door artsen vergeleken met de zelf-
rapportagee vragenlijsten in de Prometheus studie, zouden zelf-rapportage 
vragenlijstenn een vast onderdeel moeten worden van klinische studies waarin 
toxiciteitt van behandelingen onderzocht wordt, (dit proefschrift) 

6.. De hogere incidentie van het lipodystrofie-syndroom bij het gelijktijdig gebruik 
vann RT-remmers en proteaseremmers vergeleken met de incidentie bij het gebruik 
vann RT-remmers alleen kan berusten op een farmacologische interactie tussen RT-
remmerss en proteaseremmers. (dit proefschrift) 

7.. Als Prometheus echt 'tevoren wetend' was geweest, zou hij niet alleen pijnstillende 
middelenn voor de toen heersende ziektes hebben gemengd (dit proefschrift) 

8.. Alleen mensen die betrokken zijn geweest bij de uitvoering van een studie kunnen 

zinvollee statistische analyses voor die studie doen. 



9.. De discussie rond Post Exposure Profylaxe (PEP) na onveilig sexueel contact moet 
beperktt blijven tot een risico inschatting. PEP na onveilig sexueel contact zal, 
gezienn de bijwerkingen, nooit een populaire interventie worden. 

10.. Een promotie na 4 jaar onderzoek is als het bereiken van perron 9%. 

11.. De mooiste stukken van Johan Sebastiaan Bach zijn geschreven in 12/8 maat. 

12.. De stand in de voetbalpoule is omgekeerd evenredig met de (vermeende) kennis 

vann voetbal. 

Jett Gisolf, 28 september 2000 
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