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ChapterChapter 11 

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. 

145 5 



ChapterChapter 11 

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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