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Chapter 1

On the 5th of June 1981, the Centers for Disease Control in the USA reported on five young, previously 
healthy homosexual men in Los Angeles, California, USA, two of whom had already died at the time 
of writing the report. All five patients had a rare pneumonia caused by Pneumocystis carinii (now 
Pneumocystis jiroveci). Besides, they had extensive mucosal candidiasis, and cytomegalovirus infection 
or disease, so called opportunistic infections [1]. In the Netherlands, a homosexual man was the 
first patient to be diagnosed with Kaposi’s sarcoma and opportunistic infections in April 1982 [2]. 
Immunologic findings in patients demonstrated a profound reduction in a subset of T-lymphocytes 
in the peripheral blood that was just recently discovered, the helper T-lymphocytes, defined with 
monoclonal antibodies reacting to the CD4 antigen on their cell surface (CD4+ T cells) [3-6]. 

In 1982, the syndrome was named acquired immune deficiency syndrome (AIDS) and in 1983, a 
retrovirus was identified as the cause of AIDS [7,8]. The properties of the virus identified it as a 
Lentivirus distinct from the genus Deltaretrovirus (Human T-lymphotropic virus/Bovine leukemia 
virus) in the Retroviridae family, for which in 1986 the name human immunodeficiency virus (HIV) 
was recommended [9,10]. The CD4 molecule proved to be a specific component of the receptor for 
HIV [11,12]. By 1984 observational studies described AIDS in heterosexual populations of central and 
east-central Africa [13,14]. In 1986, a new type of HIV was identified in patients in West Africa, HIV-2 
[15,16]. This HIV-2 appeared less pathogenic and virulent compared with HIV-1, with a restricted 
endemicity, being relatively rare outside West Africa and with a declining prevalence since 1990 [17-
20]. In retrospect, HIV-1 was recovered from human samples back in 1959-1960 in Kinshasa, Democratic 
Republic of the Congo [21,22]. 

AIDS became a major global disease with unprecedented morbidity and mortality in the next 
decades. According to UNAIDS 78 million people have become infected with the virus worldwide, 
35 million of whom died, at the end of 2015 (Fact sheet November 2016 Global HIV Statistics, retrieved 
from http://www.unaids.org/en/resources/fact-sheet). Approximately 36.7 million people were living with 
HIV, with sub-Saharan Afriyca being the most infected region with 25.6 million people living with HIV. 
It has been estimated that 40% of the HIV-infected individuals are unaware of their HIV status. In 2015, 

2.1 million people became newly infected with the virus, and sub-Saharan Africa accounts for almost 70% 
of the global total of new HIV infections. In the Netherlands, 20,083 patients had been diagnosed with HIV, 
by the end of 2015 (HIV Monitoring Report 2016, Stichting HIV Monitoring, Amsterdam, The Netherlands). 
Approximately 900 patients newly entered care in 2015, 64% of which were men who have sex with men.

The first antiretrovirals (ARVs) after the discovery of HIV-1 were predominantly targeted against 
the viral enzyme reverse transcriptase. This enzyme, that transcribes RNA into DNA (the reverse 
transcription) was discovered in 1970 in chicken leukemia viruses [23,24]. Already in the 1970s the search 
for antitumor and antiviral effects of inhibitors of this enzyme had started, by exploring compounds, 

which had been developed earlier [25-32]. In 1987, a nucleoside analogue, 3’-azido-2’, 3’-deoxythymidine 
(azidothymidine, AZT), later called zidovudine (ZDV) became the first agent to be approved for 
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treatment in patients with a symptomatic HIV-1 infection [33,34]. Although disease progression slowed 
down, there was no improvement in survival in the long term [35-37]. Importantly, the emergence of 
drug-resistant HIV-1 strains was demonstrated during ZDV monotherapy [34,38]. Between 1991 and 
1995, other nucleoside analogues became available for treatment, i.e. didanosine (ddI), zalcitabine 
(ddC), stavudine (d4T), and lamivudine (3TC). These agents were prescribed in patients in whom ZDV 
had failed, or in patients who could not tolerate ZDV. These nucleoside analogues with activity against 
HIV would later be called nucleoside reverse transcriptase inhibitors (NRTIs). In 1995, it became clear 
that single-class combination therapy (ZDV combined with ddI, ddC or 3TC) slowed the progression of 
HIV disease and was superior to ZDV monotherapy [39-44]. 

Meanwhile, a more sensitive correlate of virus load based on genome amplification, such as the 
polymerase chain reaction (PCR) or the branched DNA signal-amplification assay to quantify virion 
associated HIV-1 RNA, became available [45-47]. Earlier, monitoring of HIV-1 was primarily based on 
the measurement in serum of levels of the major HIV-1 core antigen p24 by enzyme immunoassay, 
which, however, was not a universal viral marker [48,49].

New antiretroviral agents belonging to other classes, including nevirapine, a nonnucleoside reverse 
transcriptase inhibitor (NNRTI), and inhibitors of the HIV-1 protease, saquinavir, ritonavir, and indinavir 
produced greater reductions in HIV-1 RNA in plasma than the NRTIs known at that time. Subsequently, 
studies demonstrated that a three-drug regimen of a protease inhibitor (PI) with 2 NRTIs was clinically 
superior over a two-NRTI combination and also over PI monotherapy, with suppression of plasma 
HIV-1 RNA to unquantifiable levels in the majority of the patients [50-52]. For nevirapine, superiority 
of a three-drug regimen with ZDV and ddI over a 2-drug regimen with 2 NRTIs or with ZDV and 
nevirapine was also shown [53]. In agreement with the rapid development of resistance to nevirapine 
as monotherapy, the study also highlighted the important role of compliance [54]. 

In 1996, triple therapy with 2 NRTIs and a PI emerged as a game changer: two-class triple therapy 

became the preferred regimen and now, persistent viral control and prolonged survival appeared 
possible for the first time in history [55,56]. Although prognosis for individuals infected with HIV 
had dramatically improved, combination antiretroviral therapy (cART) was associated with a high 
pill burden, frequent dosing, interactions with food, drug-drug interactions, and important short-
term and long-term adverse events. Metabolic toxic effects such as insulin resistance, dyslipidemia, 

and the lipodystrophy syndrome with visceral and trunk lipohypertrophy, and peripheral and facial 
lipoatrophy were major problems. Because these events were described within two years after the 
introduction of the PIs, the first reports implicated the PIs as the cause of these adverse effects [57-62]. 

However, later it became apparent that NRTIs were mainly responsible for the syndrome and the 
thymidine analogues d4T and ZDV were shown to be strongly associated with lipoatrophy [63-66]. 
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Chapter 1

The dramatic decline of HIV-related morbidity and mortality since the introduction of cART, has been 
accompanied by an increase of chronic non-AIDS related illnesses, including CVD. Large cohort studies 
after the introduction of cART demonstrated an approximate 1.5- to 2-fold increase in the risk of CVD in 
HIV-infected patients compared to the general population [67,68]. Analyses have demonstrated that 
activation of inflammatory and coagulation pathways probably contribute to the increased risk [69-
72]. 

AIMS AND OUTLINE OF THE THESIS

In the next four chapters (Chapter 2-5), we focus on strategies to reduce toxicity and pill burden by 
exploring the options to switch to single-class NRTI maintenance therapy after induction with two-class 
therapy, while maintaining viral control. Chapter 2 is a systematic review of single-class maintenance 
regimens with NRTIs. We evaluate the effectiveness of an induction – maintenance strategy in ART-
naïve HIV-1 infected patients with CD4 + T-cell counts ≤350 cells/mm3. After a successful induction 
treatment with a ritonavir-boosted PI-based cART, patients were switched to either a maintenance 
regimen with a single-class fixed-dose regimen or continuation of the PI-based regimen (Chapters 
3 and 4). We also aimed to investigate the effect of a simplified regimen on patients’ adherence, 
treatment satisfaction and quality of life (chapter 5).

In Chapter 6, we describe an observational study to assess skin autofluorescence (SAF) as an estimate 
of tissue accumulation of advanced glycation end products in HIV-infected patients. Aim of this 
study was to compare SAF values with results from healthy volunteers, to address determinants of 
SAF, and to find out whether SAF was predictive of CVD events in the 5 years of follow-up after these 
measurements.

In Chapter 7, we explore the influence of antiretroviral therapy on the hemostatic system in HIV-
infected individuals. In a prospective setting we studied the effect of one year of cART on individual 
markers of coagulation, and on global tests of hemostasis in ART-naive patients.

Chapters 8 and 9 summarize the findings of this Thesis in English (Chapter 8) and Dutch (Chapter 9). 
Chapter 10 provides a Discussion with Future Perspectives.
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ABSTRACT

Background: Single-drug class regimens with nucleoside/nucleotide reverse transcriptase inhibitors 
(NRTIs) are generally not recommended as initial therapy, because they were inferior compared with 
therapy with 2 NRTIs plus efavirenz. However, triple-NRTI combinations can be useful in specific 
circumstances such as in tuberculosis coinfection, pregnancy, or dyslipidemia. Here, we review 
the potential of such combinations to maintain viral suppression after induction of suppression by 
standard combination antiretroviral therapy (cART), and to evaluate the trade-off of NRTI-only 
regimens for metabolic control. 
Methods: We conducted a systematic search of the literature in two databases from 1 January 1998 up 
to 1 March 2013: Medline, through the search engine PubMed and Embase.
Results: A total of 11 randomized controlled trials (RCTs) with 2,105 patients, and 3 observational 
studies with 2,639 patients were included. Studies including patients with mono- or dual-NRTI 
treatment before start of effective cART showed a tendency to higher failure rate due to resistance 
based on archived viral mutations. In studies with ART-naïve subjects before start of cART, triple-
NRTI combination showed virologic activity comparable to two NRTIs plus a protease inhibitor, or 
a nonnucleoside reverse transcriptase inhibitor in all RCTs, but not in one cohort study. Switching 
improved serum lipids significantly. 
Conclusions: Of the studied triple-NRTI combinations only abacavir/lamivudine/zidovudine was 
sufficiently potent. Triple-NRTI maintenance after successful induction with two-class cART appeared 
successful in treatment-naïve subjects and remains a useful option in specific circumstances, especially 
when other drugs are not available or drug interactions are an issue.
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INTRODUCTION

Current guidelines recommend starting with two nucleoside/nucleotide reverse transcriptase 
inhibitors (NRTIs) in a fixed-dose combination and a third agent, either an  a non-nucleoside reverse 
transcriptase inhibitor (NNRTI), a ritonavir-boosted protease inhibitor (PI), or an integrase strand 
transfer inhibitor [1]. Adverse effects of current cART include dyslipidemia, insulin resistance, and 
diabetes mellitus, and with older regimens, lipodystrophy. In follow-up studies, increased risk 
of myocardial infarction (MI) has been demonstrated, especially for exposure to PIs, and at least 
partially explained by these toxicities [2,3]. Recent exposure to abacavir (ABC) and, to a lesser extent, 
didanosine (ddI) has also been associated with an increased risk of myocardial infarction [4]. However, 
the associations with ABC have not been confirmed in meta-analyses of randomized controlled trials 
(RCTs) [5,6]. 

NRTI-only regimens are not recommended as initial regimens. The major problem with NRTI-only 
approaches is suboptimal virologic activity. Nevertheless the abacavir/lamivudine/zidovudine 
(ABC/3TC/ZDV) combination in RCTs showed comparable activity to unboosted PIs plus 2 NRTIs [7-11], 
especially with baseline viral loads <100,000 copies/ml [7,11]. Compared to cART based on ritonavir-
boosted lopinavir (LPV/r) ABC/3TC/ZDV also showed the same viral suppression in 560 HIV-infected 
pregnant women with CD4+ T-cell counts ≥200 cells/�l, and cART from 26-34 weeks gestation through 
planned weaning at 6 months post-partum [12]. 

However, in the AGTC study 5095 ABC/3TC/ZDV was virologically inferior to an NNRTI-based regimen 
with efavirenz (EFV) [13]. In the CLASS study (ABC/3TC plus EFV, ritonavir-boosted amprenavir or 
stavudine) no significant differences were seen in the primary end point for this trial, the proportion 
of patients with HIV-1 RNA <400 copies/ml. However, the secondary analyses favored the NNRTI 
arm over the triple-NRTI arm and the PI arm [14]. In the setting of resource-limited countries (DART 
trial) triple-NRTI regimens showed remarkable clinical results compared to nevirapine (NVP) in 
HIV-infected adults with CD4+ T-cell counts <200 cells/�l [15]. With >80% of patients starting with 

a triple-NRTI regimen overall survival at 5 years was 88%. In a placebo controlled sub-study of this 
trial, ABC/3TC/ZDV showed a suboptimal virologic response at week 48 compared to the NVP-based 
regimen only in patients with a baseline viral load >150,000 copies/ml [16-18]. Over the next 5 years of 
follow-up clinical outcomes were similar between the two regimens [19]. 

Three randomized trials compared triple-NRTI regimens without ZDV to either NNRTI- or PI-containing 
regimens [14,20,21]. In two there were no differences between study arms in viral suppression [14,20], 
in the other the triple-NRTI regimen was inferior to 2 quadruple two- or three-drug class regimens [21]. 

Triple-NRTI regimens containing tenofovir (TDF) with 3TC, plus ABC or ddI showed high rates of 
virologic failures [22-25]. TDF with 3TC/ZDV showed a favourable virologic response in a substudy of 
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the DART trial and in two pilot studies [26-28]. Quadruple NRTI-only regimens with TDF and ABC/3TC/
ZDV also showed low rates of virologic failure in three pilot studies [29-31]. However, in secondary 
analyses of the Altair study, a quadruple-NRTI regimen with ZDV, ABC and TDF/emtricitabine (FTC), 
and not cART with TDF/FTC and ritonavir-boosted atazanavir, showed a significantly lower proportion 
of patients with HIV-1 RNA ≤50 copies/ml compared to a regimen with TDF/FTC and EFV at week 48 [32]. 

On the basis of these results, NRTI-only regimens are not recommended as preferred options for initial 
treatment, although a recent Cochrane review concludes that ABC/3TC/ZDV remains a viable option 
for initiating cART, especially in HIV-infected patients with pre-existing dyslipidemia [33]. 

Because situations can occur in which continuation of standard combinations is contra-indicated, it is 
important to know if, after viral suppression has been achieved, (temporary) maintenance with a single 
class regimen is possible, with good tolerability, without endangering adherence and without inherent 
hazards of emergence of drug-resistant mutant virus. NRTI-only regimens can have advantages when 
there are concerns about adverse effects, or drug interactions with current recommendations, or 
during pregnancy. 

Two earlier studies, one with ART-naïve patients, addressed the question whether a regimen with two 
NRTIs could maintain viral suppression after an induction phase with a combination of dual NRTIs and 
a PI [34,35]. Both studies were terminated early because significantly more patients in the simplified 
maintenance regimens compared with patients who continued induction therapy showed increases in 
plasma HIV-1 RNA levels. 

Here we review strategies for maintenance therapy with single-class triple-NRTI regimens, after 
achieving viral suppression with standard-induction cART. This review will not discuss maintenance 
therapy with single-class PI as this has been extensively reviewed recently [36-39]. 

The primary objective of this review was to assess the antiviral efficacy of maintenance therapy with 
NRTI-only regimens. The secondary objective was to evaluate the metabolic effects of this strategy. 

A previous meta-analysis of simplified therapy with ABC/3TC/ZDV or an NNRTI-based regimen versus 

continued PI-based cART included only three studies with a triple-NRTI regimen [40]. The study 
concluded that maintenance with ABC/3TC/ZDV rather than the continued PI regimen increased the 
risk of virologic failure. The study did not have enough statistical power to detect or exclude if this 
higher virologic failure rate was restricted to patients with prior exposure to mono- or dual- NRTI 

therapy. Two subsequent reviews concluded that simplification to ABC-based triple-NRTI regimens 
may be a feasible option, but that this strategy should be used in patients with no prior history of 
suboptimal treatment [41,42]. A recently published Cochrane review looked at ABC-based triple-NRTI 

maintenance regimens after successful treatment with PI containing ART [43]. The study showed 
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an overall failure rate comparable to that of continuing a PI regimen or to switching to an NNRTI. 
Subgroup analysis showed a higher incidence of virologic failure in patients with earlier exposure to 
NRTI mono- or dual therapy. 

In this systematic review studies with triple-NRTI maintenance after NNRTI-based induction regimens 
are also included, as are observational cohort studies. Furthermore we did not restrict the search to 
ABC-based triple-NRTI regimens. 

METHODS

We conducted a systematic search of the literature in two databases from 1 January 1998, up to 1 March 
2013: Medline through the search engine PubMed, and Embase. The search strategy for PubMed 
was: (“nucleoside reverse transcriptase inhibitor OR nucleotide reverse transcriptase inhibitor OR 
dideoxynucleoside OR zidovudine OR AZT OR lamivudine OR 3TC OR abacavir OR tenofovir OR combivir 
OR trizivir”), AND (“simplif* OR substitut* OR chang* OR switch* OR maintenance OR induction”) AND 
(“HIV NOT salvage NOT hepatitis B”). Limits were “human” and “English”. Reference lists of primary 
articles identified were also searched, aiming to find additional studies presented at relevant HIV/AIDS 
or infectious diseases conferences which have not appeared as articles. The results of searches were 
independently reviewed by 2 authors (HGS and TSvdW). Disagreements were resolved by discussion 
with two other authors (EHG and CR). RCTs were included if they were comparing NRTI-only regimens 
with PI- or NNRTI-based cART in HIV-1 infected patients, after successful induction treatment with 
three- or four-drug standard cART. Observational studies addressing our review questions were 
also included. HIV-infected patients could be antiretroviral-naïve or treatment-experienced at the 
beginning of their induction regimen. Period of follow-up for included patients had to be at least 
24 weeks and a minimum number of 50 patients was needed to include a study. 

The primary outcome measure of this analysis was virologic failure as defined in the articles. Secondary 

outcome measures were change in CD4+ T-cell count, in lipid profile and serious adverse events. Data 
were extracted as they were available in the articles and abstracts.

The quality of included RCTs was assessed for descriptive purpose by the Jadad score, in which 
three items are addressed; was the study described as randomized, as double-blind and was there a 

description of withdrawals and dropouts [44]. The score ranges from 0-5, where a score of at least 3 is 
considered to be consistent with good quality. The quality of nonrandomized studies was assessed by 
the Newcastle-Ottawa Scale for cohort and case-control studies [45]. A maximum of nine points can 

be assigned for the following items: comparability of cohorts, the representativeness of the exposed 
cohort, selection of the non-exposed cohort, how exposure and outcome were assessed, adequacy and 
appropriate length of follow-up. Studies with 1-3 points on this scale were judged as low quality, with 
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4-6 as of average quality and with 7-9 points as of good quality. Quality assessment was done by two 
authors (WFWB and HGS); disagreements were resolved by discussion and consensus.
A distinction was made between maintenance therapy in patients who had been on suboptimal initial 
antiretroviral regimens and maintenance therapy in patients with successful antiretroviral therapy 
from the beginning. In the latter group we distinguished between studies comparing maintenance 
therapy to PI-based therapy, NNRTI-based therapy or to both. 

RESULTS 

Included studies 
The described search strategy in Medline revealed 2,438 hits, yielding 24 eligible articles for the study. 
In Embase we found 2,592 studies, but no additional relevant articles. By checking the bibliography 
of these articles we identified another three studies that had been presented at international 
conferences, but had not been published in a peer-reviewed medical journal. Of these 27 studies, 
10 had to be excluded because of low sample size [46-55], and 3 because of lack of a control arm in 
the maintenance phase [56-58]. Of the remaining 14 studies 11 were an RCT, involving a total of 2,105 
patients, and 3 an observational cohort study, involving 2,639 patients. 

A total of 4 of the 11 RCT`s, were considered to be of good methodological quality according to the Jadad 
score, none of the trials was blinded. Of the three observational cohort studies one was considered to 
be of good quality according to the Newcastle Ottowa Scale. 

NRTI-only maintenance after suboptimal regimens
Five RCTs and two observational cohort studies were identified (Table 1). 

An RCT [59] included 163 patients with HIV-1 RNA plasma levels <400 copies/ml for ≥6 months after 

induction with a PI (11% two PIs) and NRTI cART. Patients with a known failure on ZDV/3TC or a 
reverse transcriptase mutation at codon 215 were excluded. Patients either continued their regimen or 
switched to ABC and 3TC/ZDV. In the intention-to-treat (ITT) analysis virologic failure (HIV-1 RNA >400 
copies/ml) was more frequent in the NRTI-only group than in controls, but not reaching statistical 

significance. Previous ZDV as monotherapy or as part of dual therapy was a predictor for virologic 
failure in the NRTI-only group. Simplification to the NRTI-only regimen decreased non-fasting total 
and non-high-density lipoprotein cholesterol and triglyceride levels significantly.

In the NEFA study [60], 460 patients were included with viral load <200 copies/ml for ≥6 months on two 

NRTIs and at least one PI. Half of the study group had used suboptimal therapy with NRTIs. Patients 
were randomly assigned to switch the PI to NVP, EFV or ABC while continuing to take their NRTIs. 
After 12 months there was a trend toward a higher failure rate in the NRTI-only arm in the ITT analysis, 
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while this was statistically significant in the as-treated analysis, (7% NVP, 5% EFV and 14% NRTI-only 
arm; P=0.03). Virologic failure occurred almost exclusively among patients with prior suboptimal 
therapy. Rates of discontinuation due to side effects were significantly higher in the EFV and NVP 
groups compared with the ABC group. The NRTI-only group had significantly lower plasma cholesterol 
levels and a significantly smaller proportion of patients with triglyceride concentrations >4.5 mmol/L 
compared with the other two groups. Median fasting plasma glucose levels were significantly higher 
in the EFV group compared to both other groups. 

In the Trizal study [61], 209 patients were included who had been receiving two NRTIs plus a PI 
(63%), or an NNRTI (19%) or three NRTIs (17%), with viral load <400 copies/ml for ≥6 months, and 
further suppression <50 copies/ml within 2 weeks of study entry. Subjects previously treated with 
monotherapy were not included. Patients were randomized to maintain their current regimen or 
to switch to ABC/3TC/ZDV. At 48 weeks the proportion of patients with treatment failure (viral load 
≥400 copies/ml or premature discontinuation of study treatment) in the ITT analysis was similar in 
both groups, as was viral load suppression ≤50 copies/ml. Six subjects had virologic failure - one in the 
continued treatment arm and five subjects on ABC/3TC/ZDV, three of which had received prior dual 
NRTI therapy. Patients on ABC/3TC/ZDV showed a significant decrease in triglyceride levels and total 
cholesterol.

In a single-centre study [62], 209 patients were recruited with viral load <50 copies/ml over the past six 
months on a stable PI-based regimen. They were randomized to continue treatment, or to replace the PI 
with ABC or EFV. Patients previously treated with NNRTIs or ABC were excluded. Only 30% of patients 
in each group were ART-naïve before the start of their PI-based regimen. Differences in treatment 
failure (viral load >500 copies/ml, pre-defined increases in fasting triglyceride and cholesterol levels, 
presence of lipodystrophy, progression to AIDS, or death) were only statistically significant between 
the PI group (61%) and the other groups, the EFV group (29%) and the NRTI-only group (35%). The 
proportion of virologic failure was significantly higher in the ABC group compared to the other groups 
at 48 weeks, which was not confirmed at the end of the extended follow-up period. In the ABC group, 

previous dual therapy with a thymidine analogue and 3TC predicted virologic failure (22.7%, P=0.02) 
compared to previous exposure to thymidine analogues and NRTIs other than 3TC (15.8%); no failure 
occurred in those without previous suboptimal therapy. Cholesterol levels were significantly lower 
during NRTI-only treatment; a significant increase was observed in the PI group, which was less 

marked but also significant in the EFV group. In contrast to ABC and EFV groups, triglyceride levels 
significantly increased in the PI group. 

In ESS40003, a randomized, pilot study [63], changes in lipids were compared in 104 hyperlipidemic 
patients who had all been on a PI-containing cART for >3 months; were naïve to ABC and NNRTIs; two most 

recently consecutive HIV-1 RNA levels were <400 copies/ml; and had HIV-1 RNA <50 copies/ml at screening. 
They were also eligible if their initial ART consisted of 2 NRTIs followed within 1 year by the addition of a 
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PI. Patients either continued the PI-containing regimen, or substituted the PI for ABC. 3TC/ZDV was 
the common NRTI backbone in both arms (47% versus 52%). Primary end point was change from 
baseline in fasting total cholesterol. Secondary end points were changes in other lipid parameters, 
viral load and CD4+ T-cell counts. Patients in the ABC arm had a significantly greater decrease from 
baseline in total cholesterol, low-density lipoprotein (LDL) cholesterol, and triglycerides at week 28. 
In the ABC arm 3 patients (6%) had protocol-defined virologic failure (HIV-1 RNA >1000 copies/ml) 
in contrast to none in the PI arm. In the ITT: missing equals failure analysis, no statistically significant 
differences were observed in viral response (HIV-1 RNA <400 and <50 copies/ml, respectively). In the 
ITT: observed analysis, the proportion of patients with HIV-1 RNA <50 copies /ml was significantly 
higher in the in the PI arm, compared with the ABC arm (98% versus 80%; P=0.029). Changes in CD4+ 
T-cell counts were similar.

From the French Hospital Database on HIV 2,462 patients were selected who switched to a triple-
drug regimen containing EFV, NVP or ABC while their HIV-1 RNA was <500 copies/ml on an initial 
PI-containing regimen with at least 2 NRTIs [64]. NVP-cART and ABC-cART were associated with a 
significantly higher risk of virologic failure (HIV-1 RNA ≥500 copies/ml) than EFV-cART (adjusted 
hazard ratio [aHR] 1.53 [95% CI 1.21- 1.94] and 1.53 [1.1 – 2.08]) . Among patients who were ART-naïve 
before starting their first PI-containing regimen (65%), NVP-cART, but not ABC-cART was associated 
with a significantly higher risk of virologic rebound than EFV-cART. 

In an observational study [65] in 3 outpatient clinics in Italy, 177 patients were enrolled who had 
switched to EFV, NVP or ABC after viral suppression induction with PI-containing cART (HIV-1 RNA 
<80 copies/ml and CD4 count >200 cells/�l for ≥6 months). 76 patients (42.9%) were ART naïve before 
starting the PI-containing regimen. During a median time of follow-up of 344 days 13 out of 151 patients 
with ≥2 consecutive HIV-1 RNA assessments showed virologic failure (HIV-1 RNA >500 copies/ml), 4/71 
(6%) in the EFV group, 6/47 (13%) in the NVP group and 3/33 (9%) in the NRTI-only group (P=0.40). In 
the ITT analysis patients that were treatment-naïve before cART showed a significantly lower risk of 
failure. 

In summary, none of the RCT switch studies showed a significantly higher rate of virologic failure in 
the overall population in the triple-NRTI arm compared to a PI-arm or NNRTI arm (Table 1). However, 
in some studies there was a trend toward a higher failure rate in the NRTI-only groups, especially in 

patients with earlier exposure to NRTI mono- or dual therapy [59,60,63]. In one cohort study, NRTI-
only therapy was significantly associated with a higher rate of virologic rebound compared to EFV (not 
to NVP), but only in the patients with earlier exposure to NRTI mono- or dual therapy [64]. It should be 
noted that most of the studies used a high HIV-1 RNA threshold (>400 copies/ml) for virologic failure 
and that the majority of the PIs used in all studies were unboosted. Beneficial effects of switching to 

NRTI-only on cholesterol and triglycerides were shown in all studies. 
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2

Maintenance therapy after successful first-line antiretroviral therapy in ART-naïve subjects

NRTI-only maintenance compared to a PI-based regimen

Here we identified three RCTs, and one observational cohort study, which also contained NNRTI-based 
switch arms (Table 2). 

In the CNA30017 study 207 patients were enrolled who were initially treated with two NRTIs or two 
NRTIs plus one or two PIs [66]. Patients were required to have maintained undetectable HIV-1 RNA 
since starting ART, and to have HIV-1 RNA <50 copies/ml at screening. Current therapy had to be two 
NRTIs plus a PI for ≥6 months before screening. Patients were randomized to continue or to switch the 
PI for ABC. In the ABC arm 5% and in the PI arm 8% of patients had received a dual NRTI combination 
as their first ART. Although an exclusion criterion, in the ABC arm 4% and in the PI arm 2% of patients 
were found to have received ZDV monotherapy as initial treatment. Mainly unboosted PIs were used at 
entry. The primary outcome measure was treatment failure (HIV-1 RNA >400 copies/ml, or premature 
discontinuation). At 48 weeks 12 patients (12%; four virologic failures) failed in the ABC arm, versus 
24 (23%; two virologic failures) in the PI arm. The difference in proportions (11.8%) demonstrated 
superiority of the ABC arm to the PI arm (P=0.03). In an ITT-exposed (switch included) analysis, virologic 
success was similar: 91-89% (≤400 copies/ml), or 90-85% (≤50 copies/ml). Significant reductions in 
cholesterol and triglyceride levels were observed in the ABC arm.

The FREE trial was an open-label, 96 week study. Patients with CD4+ T-cell counts ≤350/�l and HIV-1 
RNA >30,000 copies/ml started with 3TC/ZDV and LPV/r. Patients with HIV-1 RNA <50 c/ml between 
week 12 and week 24 were randomized to ABC/3TC/ZDV or to continue their PI-based regimen. 
Interim results have been reported [67]. Here we report the definitive results. Out of 207 patients in 
the induction phase, 120 reached the maintenance phase. At 96 weeks, 39 (66%) of the 59 patients 
continuing the PI regimen and 43 (71%) of the 61 patients receiving ABC/3TC/ZDV had HIV-1 RNA 

levels <400 copies/ml (primary end point). With a difference in failure rate ABC/3TC/ZDV minus PI 
of -4.4% (95% confidence interval [CI]: -21.0 to +12.3), this established ABC/3TC/ZDV as noninferior 
to continued PI. For HIV-1 RNA levels <50 copies/ml the proportion of patients was 37/59 (63%) in the 
PI arm and 38/61 (62 %) in the ABC/3TC/ZDV arm, also showing noninferiority of ABC/3TC/ZDV with 

a difference in failure rate of 0.4% (95% CI: -16.9 to +17.7). The proportion of virologic failure HIV-1 

RNA >400 copies/ml in the per-protocol analysis in the triple-NRTI group (2/45) was 4.4 percentage 
points higher (95% CI: -2.1 to +11.0) than that in the PI group (0/39). For virologic failure HIV-1 RNA >50 
copies/ml the proportion in the ABC/3TC/ZDV group (3/45) was 1.5 percentage points higher (95% CI: 
-8.6 to +11.7) than that in the PI group (2/39). For either virologic failure type the upper limit of the CI 

did not pass the noninferiority boundary of 20 percentage points. Total cholesterol and triglycerides 
significantly improved in the NRTI-group, not in the PI arm, with total and high-density lipoprotein 
cholesterol and triglycerdides significantly higher in the PI arm compared to the ABC/3TC/ZDV arm at 

all time points.
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In a pilot study [68] ABC- and NNRTI-naïve patients receiving 2 NRTIs and 1 PI for ≥6 months, with HIV-
1 RNA <50 copies/ml, were randomized 1:2 to continue their regimen or to switch to ABC/3TC/ZDV. In 
an ITT analysis 45 out of 58 patients (78%) in the triple-NRTI arm, and 22/29 (76%) in the PI arm had 
HIV-1 RNA<50 copies/ml at 24 weeks. 

From the French Hospital Database [64] a cohort study was performed in which selection was confined 
to HIV patients on their first-line virologically successful cART (HIV-1 RNA <500 copies/ml) with a 
ritonavir-boosted PI. Patients were selected who switched to cART composed of two NRTIs (3TC/ZDV 
in 64% of patients) plus EFV, NVP or ABC [69]. Each exposed patient was matched with three initially 
treatment naïve patients who had not switched. There was no difference in the rate of virologic 
rebound for patients who switched to PI-free cART and for patients who did not switch. The 12-month 
probability of virologic rebound was not different between the subgroups of patients who switched. 
However, after adjustment for the PI included in the first-line regimen (LPV/r), as well as the CD4 
count and AIDS status at the date of switch, switching to ABC-containing cART was associated with 
a higher risk of virologic failure compared to continuing PI-treatment (aHR, 1.99; 95% CI: 1.05-3.97), 
while switching to EFV- or NVP-containing regimens was not (aHR, 0.82; 95% CI: 0.41-1.65 and 0.96; 
0.44-2.07).

The three RCTs demonstrate that maintenance therapy with triple-NRTI in patients without virologic 
failure on earlier ART is a successful treatment option compared to continuation of a PI-based regimen. 
In addition, such a strategy leads to improvement in the metabolic profile [66]. The observational 
study showed a higher risk of virologic failure after switching to an NRTI-only regimen. 

NRTI-only maintenance compared to an NNRTI-based regimen

Three RCTs were identified (Table 2). 

In the ESS40013 study [70] patients started with ABC/3TC/ZDV and EFV for 48 weeks, followed by 

either ABC/3TC/ZDV or continued therapy. During the induction phase 166 (37%) of the 448 patients 
enrolled discontinued treatment, of whom 55 patients (12.3%) did so because of adverse events. 
A total of 282 eligible patients (HIV-1 RNA <50 copies/ml) were randomized. At 96 weeks 79% of 
patients continuing quadruple therapy and 77% receiving ABC/3TC/ZDV had HIV-1 RNA <50 copies/
ml, establishing ABC/3TC/ZDV as noninferior to continued quadruple therapy. Virologic failure (HIV-1 

RNA >500 copies/ml) occurred in 16 ABC/3TC/ZDV-treated patients and 8 patients in the quadruple 
therapy group (P=0.13). Total cholesterol, LDL cholesterol and triglyceride levels were persistently 
elevated in the quadruple therapy group but decreased substantially in the triple-NRTI group. 

In the TIME (AZL30004) study [71,72] 377 patients started with ABC/3TC/ZDV and EFV during 24 weeks 
before randomization to maintenance treatment. There was a high incidence of adverse events 
leading to drug discontinuation (90/377 [24%] patients). After successful induction therapy (HIV-1 
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RNA <50 copies/ml) 245 patients were randomized: continue their cART during 48 weeks (group A); 
continue their cART for 24 weeks and then switch to ABC/3TC/ZDV for 24 weeks (group B); switch 
to ABC/3TC/ZDV for 48 weeks (group C). In the ITT analysis the proportion of patients with HIV-1 
RNA <50 copies/ml at week 72 was similar (74-76%). Noninferiority of group B to A and of C to A was 
established. Virologic failure occurred in 2, 7 and 10 patients, respectively. Only 3 of 7 (group B) and 3 of 
10 patients (group C) had viral loads >400 copies/ml.

The SimplifiHAART Study Group [73] conducted an open-label trial to assess the virologic non-
inferiority of ABC/3TC/ZDV compared to 3TC/ZDV plus NVP. A total of 134 patients with suppressed 
viral load during ≥6 months prior to inclusion in the study after receiving first line cART containing 
PIs (91% of patients) or NNRTIs plus two NRTIs, were randomized. At week 48, 71% of ABC/3TC/ZDV 
patients and 73% of 3TC/ZDV+NVP patients had viral loads suppressed (<200 copies/ml; ITT analysis). 
The study was underpowered to detect differences in viral suppression <50 copies/ml (65 and 63%). 
Median total and LDL cholesterol declined significantly in both arms but the triple-NRTI group had a 
better profile improvement than the NVP-treated group. 

In summary the three RCTs show that triple-NRTI maintenance is also noninferior to an NNRTI-based 
regimen. Furthermore, the studies showed a better lipid profile with triple-NRTI regimens compared 
to NNRTI-based cART. 

DISCUSSION

This systematic review focuses on the use of NRTI-only combinations, mainly ABC/3TC/ZDV, in the 
concept of induction-maintenance. The most important finding from our literature review is that 
triple-NRTI maintenance regimens appear to be noninferior compared to standard two-class triple- 

(or even quadruple-) regimens, whether PI- or NNRTI-based. Our findings are in agreement with the 
results of a recently published Cochrane review, although that review only included PI-based induction 
regimens [43]. 

As has been mentioned previously, there is convincing evidence that a triple-NRTI combination as 

initial therapy is inferior to standard first line cART, especially to EFV-based cART [13, 14]. 

Maintenance with dual NRTI regimens after successful induction with standard PI-based cART was 
tried first, but this approach failed [34,35]. 

Initial studies with triple-NRTI maintenance regimens showed a tendency to higher failure rate in the 
NRTI-only arms because of archived NRTI resistance in patients with a history of suboptimal therapy, 

and possibly because of limitations in viral detection threshold at that time [59,60,64]. There is no doubt 
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that patients who had been treated with NRTI mono- or dual therapy before start of effective cART are 
at high risk for virologic failure when they switch to a triple-NRTI combination, even if virologically 
fully suppressed before switching. However, subgroup analyses in these initial studies showed that in 
most treatment-naïve patients before start of cART, viral suppression can be maintained with a triple-
NRTI combination, at least during the follow-up periods of the studies. 

As discussed above, triple-NRTI maintenance regimens in patients with no history of virologic failure 
appeared to be noninferior compared to standard two-class triple- (or even quadruple) maintenance 
regimens, irrespective of whether these were PI- or NNRTI-based [48,66,70,72,73]. One observational 
study showed a higher risk of virologic failure after switching to an ABC-based triple-NRTI regimen 
compared to the continued PI arm, however, the triple-NRTI regimen in the cohort study was not always 
ABC/3TC/ZDV [69]. Furthermore, in routine clinical practice adherence to treatment may be lower than 
in the setting of RCTs. It is conceivable that single-class regimens compared to standard cART have 
a lower forgiveness for non-adherence, as has been demonstrated for boosted PI monotherapy [74].

Some studies show treatment failures with the induction-maintenance approach because of drug 
intolerance, especially if quadruple two-class induction therapy was used [61,70,72]. The results 
of these studies question the feasibility of the induction-maintenance approach with a quadruple 
induction regimen, because only a fraction of those randomized entered the maintenance period. The 
use of ≥ four drugs has not been shown to enhance reduction of viral load after initiation of cART, not 
even in patients with a very high viral load, and additional toxicity was prohibitive [75]. This strategy 
should therefore not be recommended. 

The studies with triple-NRTI maintenance regimens have only shown effectiveness for the 
combination of ZDV, 3TC and ABC. Of triple-NRTI combinations including TDF, combinations with ABC 
appear inferior, unless ZDV is added [56]. This better effect of a combination with ZDV and TDF can 
be explained by a bidirectional antagonism in the occurrence of resistance mutations [76]. However, 
concerning single-class NRTI including TDF as maintenance therapy, we only found studies that did 

not meet the inclusion criteria of this review [49,51,53,56]. 

Limitations of this systemic review are that only four of the eleven RCTs were considered to be of 
good methodological quality according to the Jadad score [59,61,67,77], and that all included RCTs 

were nonblinded. Of the three included observational cohort studies only one was of good quality, 
introducing risks of biases in selection of study participants and uncontrolled confounding factors. 
Furthermore, it should be noted that most of the RCTs with PI-based regimens used unboosted PIs 
in the control arms, and that virologic outcome data were reported using different protocols. We 
restricted our search to two databases and to studies reported in English language, so we cannot rule 

out the possibility that there are other published or unpublished studies. 
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Why should NRTI-only regimens still be propagated at this point in time? All-NRTI regimens 
are potentially advantageous: few drug interactions (for example, no interaction with rifampin, 
methadone or oral contraceptives), a class-sparing effect, possibly a lower pill burden, can be used in 
women of child-bearing age and during lactation [12,78]. Some of these advantages can be particularly 
important for less affluent populations and low-income settings. 

In addition, studies both in the treatment-experienced groups [59-63], and in the antiretroviral-naive 
groups [48,70,71,73] showed that switching from a standard two-class regimen to a triple-NRTI regimen 
had beneficial metabolic effects, especially with regard to total and LDL cholesterol and triglycerides. 
Because of the increased incidence of cardiovascular disease found for cumulative exposure to PIs [3], 
these beneficial effects on dyslipidemia are an additional advantage. A recent Cochrane review even 
concluded that, especially in HIV-infected patients with pre-existing dyslipidemia, the fixed-dose 
combination of ABC/3TC/ZDV remains a viable option for initiating cART [33]. 

On the other hand, NRTIs are linked to a wide variety of pathology associated with mitochondrial 
toxicity [79-82] and other side effects [83-85], and some require twice-daily dosing.

In conclusion, previously treatment-naïve patients who have achieved viral suppression with 
standard-multiple classs cART regimens can be effectively switched to maintenance with triple-NRTI 
with sustained viral suppression (<50 copies/ml). This apparently virologically safe strategy showed an 
advantage in terms of effects on lipid metabolism. 
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ABSTRACT

Maintenance with a triple nucleoside reverse transcriptase inhibitor (NRTI) regimen after successful 
induction with a dual NRTI / protease inhibitor (PI) combination may be advantageous, because of low 
pill burden, favourable lipids and less drug interactions. This strategy to become FREE of PI-related 
problems without losing viral efficacy has not been formally tested. We performed a randomized, 
open-label, multicenter, 96-week comparative study in antiretroviral therapy (ART)-naïve patients 
with CD4 cell counts ≤350 cells/mm³ and HIV-1 RNA concentrations (viral load [VL]) >30,000 copies/
mL. Patients were randomized after reaching VL <50 copies/mL on two consecutive occasions between 
12 and 24 weeks after start of zidovudine/lamuvidine and lopinavir/ritonavir combination. Eligible 
subjects switched to abacavir/lamivudine/zidovudine (TZV) or continued the PI-containing regimen. 
Here we present the 48-week data with virologic success rate (failure: VL >50 copies/mL). Two hundred 
and seven patients had similar baseline characteristics: median CD4 cell count 180 cells/mm³, median 
VL 5.19 log10 copies/mL. One hundred and twenty subjects (58%) met randomization criteria. Baseline 
VL differed significantly between dropouts and randomized subjects (median 5.41 versus 5.06 log10 
copies/mL, P=0.017), as did CD4 cell counts cells (median 160 and 200 cells/mm³, P=0.044). Sixty-one 
subjects received TZV and 59 subjects continued NRTIs/PI. At week 48, 2 patients in the TZV-group 
and 5 in the PI-group did not have a sustained virologic suppression. (log-rank test; P=0.379). CD4 cell 
counts increased significantly in both arms. 

In ART-naïve patients, TZV maintenance had similar antiviral efficacy compared to continued standard 
ART at 48 weeks after baseline. Patients on successful standard ART can be safely switched to an NRTI-
only regimen, at least for the tested time period.
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INTRODUCTION

Current standard therapy of HIV infection consists of a two-class combination of three antiretroviral 
(ART) agents (Panel on Antiretroviral Guidelines for Adult and Adolescents. Guidelines for the 
use of antiretroviral agents in HIV-1-infected adults and adolescents. Department of Health and 
Human Services. December 1, 2009. Available at: http://www.aidsinfo.nih.gov/ContentFiles/
AdultandAdolescentGL.pdf). Preferred starting regimens include a backbone of two nucleoside reverse 
transcriptase inhibitors (NRTIs) either combined with a non-nucleoside reverse transcriptase inhibitor 
(NNRTI) or a ritonavir-boosted protease inhibitor (PI). In the backbone, one of two NRTIs may be a 
nucleotide reverse transcriptase inhibitor. These combination antiretroviral therapies (cART) usually 
suppress HIV replication adequately, with increase of CD4 cell count and at least partial restoration of 
immunity. Triple-NRTI regimens are generally not recommended, although in ART-naïve patients, the 
combination of abacavir/ lamivudine/zidovudine (TZV) demonstrated virologic activity comparable to 
indinavir- based [1,2], nelfinavir-based [3], and atazanavir-based [4] regimens. In two of these studies 
[1,4] virologic response to TZV was suboptimal in subjects with higher baseline viral loads (HIV1-RNA 
≥100,000 copies/mL). In addition, the AIDS Clinical Trial Group (ACTG) 5095 study showed that TZV 
was inferior to an efavirenz (EFV)-based regimen regardless of baseline viral load [5].

Current cART has been associated with significant short- and long-term adverse events, including 
hyperlipidemia, insulin resistance, and lipodystrophy syndrome [6-8]. These metabolic side effects 
appear to translate into an increase of cardiovascular events in HIV-infected patients compared to 
HIV-seronegative individuals [8-11]. Because of these and other toxicities, there is a need to explore 
other therapeutic approaches, including induction-maintenance strategies with simplified treatment 
regimens. 

Simplifying treatment regimens can also improve adherence, which in turn is pivotal to achieve 
optimal response to treatment [12]. Complex regimens, higher daily pill burden, and higher dosing 
frequencies are predictors of nonadherence, with relatively low difference between once or twice daily 

dosing [13-15]. PI-based regimens appear associated with lower adherence compared to triple- NRTI 
regimens [16-18]. Lower adherence to PI-based cART than to NNRTI-based regimens has also been 
shown [19,20]. Similar adherence was observed during maintenance phase between patients on an 
NRTI-only regimen or an NNRTI-based regimen [21]. Compared with continued quadruple NNRTI-
based treatment , adherence to triple-NRTI maintenance therapy was better [22].

 
Earlier studies addressing a switch to triple NRTI included patients who had not been ART-naïve from 
the start, resulting in suboptimal responses [17,21,23-27]. Subsequent studies exploring the induction-

maintenance concept in ART-naïve patients showed similar virologic success (i.e., noninferiority) for 
triple-NRTI regimens compared to two-class cART [16,21,22,28-31]. However, some of these studies 
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were not entirely prospective [16,21,29], or did not have a comparative design for the maintenance 
phase [28,30], or used poorly tolerated quadruple regimens as induction regimens [22,32].
 
Here we describe a randomized, prospective study in ART-naïve patients using a standard triple cART 
as induction therapy, followed by maintenance with TZV in those who reached an undetectable 
plasma viral load (<50 copies/mL). We report the interim results at 48 weeks after baseline, specifically 
addressing the question of virologic efficacy of maintenance with single-class ART.

METHODS 

Study population
HIV-1-infected, ART-naïve adults were eligible with a CD4 cell count ≤350 cells/mm³ and an HIV-1 RNA 
level ≥30,000 copies/mL at screening. Exclusion criteria included diabetes mellitus or being treated 
for abnormality of the lipid spectrum. Laboratory exclusion criteria were hemoglobin <10g/dL (male) 
or 9 g/dL (female), absolute neutrophil count <1000 cells/mm³, platelet count <75,000 cells/mm³, 
transaminases > x 5 times the upper limit of normal (ULN), total bilirubin >2 mg/L, serum pancreatic 
amylase > x 1.5 times the ULN, fasting glucose >6.9 mmol/L or nonfasting glucose >11 mmol/L, fasting 
triglyceride level >4 mmol/L, or fasting low-density lipoprotein (LDL) cholesterol >5 mmol/L or LDL/
high-density lipoprotein (LDL/HDL)ratio >5. Patients were also excluded if they had a history of 
cardiovascular events or diabetes mellitus, combined with fasting triglyceride level >3 mmol/L; or 
fasting LDL cholesterol >4 mmol/L; or LDL/HDL ratio >4.

Study design and study sites
FREE is an investigator-initiated, randomized, open-label, 96-week study conducted at 10 sites in the 
Netherlands and 1 site in Belgium. During the induction phase, all patients were treated with 1 fixed-
dose tablet of lamivudine (3TC) 150 mg/zidovudine (ZDV) 300 mg (Combivir®; GlaxoSmtihKline, Zeist, 
The Netherlands, and Genval, Belgium) twice daily and with 3 capsules lopinavir (LPV) 133 mg /ritonavir 

(r) 33 mg (Kaletra®; Abott, Hoofddorp, The Netherlands and Louvain-La-Neuve, Belgium) twice daily. In 
2005, the manufacturer changed the formulation of LPV/r, and the capsules were replaced by tablets x 
200/50 mg, 2 tablets taken twice daily. 

Only patients with HIV-1 RNA levels <50 copies/mL between week 12 and week 24, measured on two 

consecutive visits at least 4 weeks apart, were eligible for randomization into the maintenance phase. 
Patients were randomized on a 1:1 basis by computer-generated allocation to either continue 3TC/
ZDV and LPV/r (PI arm) or to 1 fixed-dose tablet of Abacavir 300 mg/3TC 150 mg/ZDV 300 mg (Trizivir; 

GlaxoSmtihKline, Zeist, the Netherlands, and Louvain-La-Neuve, Belgium; TZV arm), twice daily. A 
minimization rule was applied for the patient factor: HIV-1 RNA copy number. Patients were stratified 
in three groups: 30,000-100,000; >100,000-1,000,000; or >1,000,000 copies/mL at study entry. 
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Screening evaluation included a clinical assessment and laboratory evaluations: plasma HIV-1 RNA, 
CD4 cell count, hematology, clinical chemistries and collections of a plasma sample for retrospective 
research for viral resistance mutations. Screening for the presence of the human leukocyte antigen 
(HLA)-B*5701 subtype was not performed. In recent years a statistically significant correlation with 
the abacavir hypersensitivity reaction and the presence of this allele has been shown [33]. At the 
time this study was started routine genotyping for the HLA-B*5701 allele was not available. On-study 
evaluations included clinic visits at baseline and at weeks 4, 8, 12, 18 and 24, for the induction phase; 
and at weeks 36, 48, 60, 72, 84 and 96 for the maintenance phase. HIV-1 RNA was assessed locally at 
each visit using the Roche Ultra Sensitive Assay with a lower limit of detection of <50 copies/mL.

End points
The primary end point of the study was antiviral efficacy at week 96, defined as plasma HIV-1 RNA 
<400 copies/mL. The purpose of the study was to assess treatment equivalence of this end point 
between both groups. Secondary end points included safety and tolerability; effect on absolute 
and cumulative CD4+ cell count changes compared to baseline; use of cART related co-medication, 
especially lipid lowering agents; and time to treatment failure (HIV-1 RNA <50 copies/mL). Here we 
addressed the secondary end points at week 48: virologic efficacy (sustained viral load suppression <50 
copies/mL), and premature discontinuation of allocated ART for any reason. We considered detectable 
viral load as well as treatment discontinuation as treatment failure for the present interim analysis. 

Sample size
With an expected antiviral efficacy percentage of 80% at week 96 and an equivalence limit of 20 percent 
points (as assumed in the protocol), 50 randomized evaluable subjects per group are needed to show 
equivalence with 80% power, using a test size of 0.05 (one-sided). 

Statistical analyses
Time to virologic failure was analyzed using the Kaplan-Meier method, and the log-rank test was 
used to compare survivor functions (sustaining HIV RNA <50 copies/mL) between groups. The 95% 
confidence interval (CI) was estimated of the difference in the percentages of treatment failure 

(virologic failure or premature discontinuation) between the two groups. All tests for secondary end 
points were two-sided with a confidence level of 95%. Changes in the absolute numbers of CD4 cells 
during the randomization phase were analysed using mixed-model analysis of variance (ANOVA). 
Statistical analyses were performed using SPSS version 16 (SPSS, Inc., Chicago, IL, USA). 

Ethics
The protocol was approved by the Institutional Review Boards of all hospitals involved. All participants 
gave consent after written information had been given, in accordance with the national and 

international legislation, as well as the declaration of Helsinki. 
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Role of sponsor.
This was an investigator-driven study; the sponsor was not involved in the design, data analysis, draft 
of the paper, or in the decision to submit the paper for publication. 

The protocol (with revisions and updates) was registered at Clinicaltrials.com; Registration Identifier 
Number: NCT00405925.

RESULTS

Patient disposition
Of 241 patients screened, 207 were enrolled in the induction phase. Table 1 shows their demographic 
and baseline characteristics. Patients at baseline were predominantly male, with a median age of 
40.8 years (range 19.4-78.1), a median baseline HIV-1 RNA 5.19 log10 copies/mL (range 2.97-7.45) and 
a median CD4 cell count 180/mm3 (range 10-440). Eighty-seven patients (36%) did not reach the 
maintenance phase (Figure 1) primarily because they did not achieve virologic suppression (HIV-1 
RNA <50 copies/mL on two occasions) before week 24 (47 patients, 54%), or because of side effects (22 
patients, 25%). Of baseline variables only HIV-1 RNA level and CD4 cells differed significantly between 
the patients who did not reach the maintenance phase of the study (dropouts; HIV-1 RNA median 5.41 
log10 copies/mL) and the patients who could be randomized (median 5.06 log10copies/mL). Median 
CD4 cell count was 160 cells/mm³ in the dropouts and 200 cells/ mm³ in the randomized group. A total 
of 120 patients were randomized to either continuation of the induction regimen (n=59) or to switch to 
TZV (n=61). The two groups were similar, and characteristics did not change between initial enrolment 
of participants and at randomization (Table 1). Nine patients were randomized, but did not start with 
the maintenance phase, 5 patients randomized into the PI arm and 4 into the TZV arm. These 9 patients 
had no follow-up visits during the maintenance phase and were excluded from the analyses. Figure 1 
provides details about these study participants that did not follow the allocated treatment regimen. 

Virologic response and treatment (dis-)continuation
At week 48, the proportion of patients with treatment failure (virologic, or treatment discontinuation) 
was 12% (7/57) in the TZV group and 11% (6/54) in the PI group. The difference between the TZV group 

and the PI group was 1.2 percentage points (TZV-PI; 95% CI: -11.0 to +13.4). With these confidence limits 
lying wholly in the predefined range equivalence is demonstrated. In the TZV group most failures 
(5 out of 7) were not virologic, but premature discontinuations because of adverse events. Five patients 
in the PI group had HIV-1 RNA ≥50 copies/mL at any one time before the end of week 48, compared 
to two patients in the TZV group (log-rank test; P=0.379). In two of the patients in the PI group only a 

transient viral ‘ blip’ (defined as a single isolated, or recurrent but transient episode of detectable low-
level viremia >50 copies/mL ) was detected (at week 24, and at week 36), the three other patients had 
HIV RNA >50 copies/mL for the first time at their visit in week 48. In the TZV group one patient had 
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HIV-1 RNA >50 copies/mL in week 36, with no result known at week 48. The second patient in the TZV 
group had HIV-1 RNA >50 copies/mL only at week 48.

There was an increase of CD4 cells in both maintenance treatment arms at week 48 compared to their 
CD4 cell counts at randomization: in the PI group 95 (95% CI: 42 to 149) CD4 cells/mm³ (P=0.001), and 
in the TZV group 69 (95% CI: 25 to 113) CD4 cells/mm³ (P=0.002). The increase of CD4 cells at week 48 
was not significantly different between groups (P=0.46). 

207 patients entered         
induction phase CBV +LPV/r

 
 

87 (42%) not randomized  

47 failure
 

22 adverse event
 

18 miscellaneous  reasons
 

 

61 randomized to TZV  
57 received allocated 

treatment  
59 continued CBV + LPV/r

 

54 received allocated 
treatment

 
 

 
 

 

 
  
 

 
     
     
 

 
    
     

 
 

2 HIV1 -RNA >50 
copies/mL 

 

48 continued CBV +
LPV/r with viral

suppression at week 48 

50  continued TZV with
viral suppression at 

week 48  

120 randomized into 
maintenance phase

4 did not receive allocated 
treatment -
   - 3 adverse event
   - 1 consent withdrawn

5 did not receive allocated
treatment
   - 4 patient request
   - 1 protocol violation

5 discontinued  treatment
   -5 adverse event

1 discontinued  treatment
    -1 patient request

5 HIV1-RNA >50 copies/mL

Figure 1. Flow chart and disposition of study participants. CBV=lamivudine/zidovudine; LPV/r= 
lopinavir/ritonavir; TZV=abacavir/lamivudine/zidovudine.
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Table 1. Demographic and Baseline Characteristics of Patients

Induction phase Maintenance phase

CBV/LPV/r 
(n=207)

CBV/LPV/r 
(n=59)

TZV 
(n=61)

Median age (range) , y 39.7 (19.4-78.1) 40.3 (24.7-62.0) 43.1 (21.9-68.6)

Male sex, n (%) 181 (87%) 52 (88%) 50 (82%)

Median baseline plasma HIV-1 RNA 

Level (range), log10 copies/mL 5.19 (2.97-7.45) 5.03 (4.17-6.61) 5.07 (2.97-6.18)

≥100,000 copies/mL 115 (60%) 29 (49%) 33 (54%)

Median CD4 cell count at baseline cells/mm³ (range) 180 (10-440) 207 (10-370) 195 (10-437)

<50 cells/mm³, n (%) 31(15%)  6 (11%) 9 (16%)

>50-<200 cells/mm³, n (%) 73 (35%) 18 (34%) 20 (35%)

Median CD4 cell count at randomization cells/mm³ 
(range) 

NA 407 (110-700)  370 (80-800)

CBV=lamivudine/zidovudine; LPV/r= lopinavir/ritonavir; TZV=abacavir/lamivudine/zidovudine; NA=not applicable.

DISCUSSION

The FREE trial is the first study exploring a 100% prospective, well designed induction-maintenance 
strategy in ART-naïve patients after induction therapy with standard cART. We show that viral 
suppression can be maintained by a single-class regimen after successful induction by two-class triple 
cART standard induction therapy. At week 48, virologic success rates with the triple-NRTI regimen 
(TZV: 96.5%) and the continued standard PI-based cART regimen (90.7%) were similar. 

Our interim results confirm findings from two earlier studies showing that the induction-maintenance 

approach is effective [22,32], but induction therapy in these studies consisted of four drugs, TZV and 
EFV. In these studies the four-drug regimens had high discontinuation rates (24% and 37%). The 
Trizefal study [30] compared two quadruple induction regimens, TZV with either LPV/r or EFV, which 
after successful induction were followed by maintenance therapy with TZV. In the induction phase 

there was also a high discontinuation rate: 45% did not reach the maintenance phase primarily 
because of adverse events. 

Although we show that a triple cART as induction therapy can be followed successfully by a single-
class maintenance regimen, our dropout was fairly high, mainly because of strict inclusion criteria 

for the decision to switch to maintenance. Undetectable viral load (HIV-1 RNA <50 copies/mL) on two 
different visits 4-6 weeks apart within 24 weeks after baseline was an unattainable goal for nearly half 
the patients; only 58% of patients enrolled at baseline could therefore be randomized. Patients (42%) 
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who could not be randomized had significantly higher HIV-1 RNA copies/mL, and a lower CD4 count at 
baseline. Other studies used longer induction periods (24 - 48 weeks) [22,30] and such policy would have 
increased the sample size of our study subjects. The rationale to determine a relatively short induction 
period was the fear to include subjects with pre-existing resistant mutant (quasi-)species virus with an 
enhanced chance to fail on a single-class NRTI maintenance regimen. Since the average second phase 
HIV-1 RNA decay after cART initiation is 2-4 weeks on average [34], treatment of approximately 6-12 
half-lives, or approximately 24-48 weeks, would result in a substantially reduced residual viral burden 
at the time of treatment simplification. Our findings at 48 weeks suggest that such a policy to prolong 
continue the induction phase to reduce the risk for failure may not be necessary for those subjects that 
reach undetectable viral loads at week 20 and week 24, as virologic failure was equally uncommon in 
both arms of our study analysed at week 48. 

Potential weaknesses of our study are first, the limited sample size; had the design allowed for 
randomization with viral suppression after week 24, this would have increased the sample size. 
Second, lack of concealment may have influenced failure rates, especially because the major source of 
failure was not virologic failure per se, but rather stopping study medication ‘for any reason’. Third, at 
this interim analysis at week 48, it is too early to predict the success of simplified treatment with TZV 
if such maintenance regimen were continued for longer periods of time.

The simplification of cART after a successful induction period to a single-class regimen may be 
advantageous, even if such simplified treatment were only justified for limited periods of time. 
Triple -NRTI regimens offer convenient dosing regimens with a very low pill burden (two pills per day) 
leading to better adherence, show favourable lipid profiles [16,22,25], and result in fewer potentially 
serious drug interactions than standard cART. This may be helpful if during intercurrent medical or 
surgical events, drug-drug interactions need to be avoided, e.g., the use of rifamycin-based regimens 
for tuberculosis and nontuberculous mycobacterial infections; anti-convulsive, anti-arrhythmic, 
or anti-malaria therapy. Based on our observations, patients with viral suppression who need to 
interrupt PI or NNRTI agents, can be safely managed with single-class NRTI – at least temporarily, with 

acceptably low chances of viral failure. With continued viral suppression <50 copies/mL, the chances of 
acquiring drug resistance are generally low [35].

Although there was a low virologic failure rate after randomization in both arms in our study at week 

48, results at week 96 have to be awaited to determine the safety and efficacy of single-class NRTI 
maintenance therapy during longer periods of time. 
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ABSTRACT

Objectives: The aim of the study was to test the antiviral efficacy of a triple nucleoside reverse 
transcriptase inhibitor (NRTI) regimen, with potential beneficial metabolic effects, as maintenance 
therapy after induction with dual NRTI and a boosted protease inhibitor (PI). 
Methods:  An open-label, noninferiority study was carried out. Antiretroviral therapy (ART)-naïve 
patients with CD4+ T-cell count ≤350 cells/�l and HIV-1 RNA >30,000 copies/ml (n=207) were treated 
with zidovudine/lamivudine and lopinavir/ritonavir. After achieving HIV-1 RNA <50 copies/ml on two 
consecutive occasions between weeks 12 and 24 after baseline, 120 patients (baseline: median HIV-
1 RNA 5.19 log10 copies/ml, median CD4+ T-cell count 180 cells/�l), were randomized to abacavir/
lamivudine/zidovudine (ABC/3TC/ZDV) (n=61) or to continue PI-based ART (n=59). 
Results: For the proportions of patients (intention-to-treat, missing=failure) with HIV-1 RNA <400 
copies/ml (PI group, 66%; ABC/3TC/ZDV group, 71%) and <50 copies/ml (PI group, 63%; ABC/3TC/
ZDV group, 62%) at 96 weeks, switching to ABC/3TC/ZDV was noninferior compared to continuing the 
PI regimen; the difference in failure rate (ABC/3TC/ZDV minus PI) was −4.4 percentage points [95% 
confidence interval (CI) −21.0 to +12.3 percentage points] and +0.4 percentage points (95% CI −16.9 to 
+17.7 percentage points), respectively. In the per-protocol analysis, the difference in virologic failure for 
HIV-1 RNA >400 copies/ml (0 of 39 patients in the PI group and two of 45 patients in the NRTI group) 
and for HIV-1 RNA >50 copies/ml (two of 39 and three of 45 patients, respectively) was +4.4 percentage 
points (95% CI: -2.1 to +11.0) and +1.5 percentage points (95% CI −8.6 to +11.7 percentage points), 
respectively, also showing noninferiority. Serum lipids significantly improved in the NRTI-group, but 
not in the PI arm.
Conclusions: A single-class NRTI regimen after successful induction with standard ART had similar 
antiviral efficacy compared to continuation of a PI-based regimen at 96 weeks after baseline, with 
improved serum lipids. 
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INTRODUCTION

Combination antiretroviral therapy (cART) only consisting of nucleoside/nucleotide reverse 
transcriptase inhibitors (NRTIs) is not recommended as first-line treatment for HIV infections [1]. 

Antiretroviral  regimens frequently have to be adjusted because of toxicity, drug-drug interactions 
or pregnancy. Our hypothesis was that a triple-NRTI regimen can be used safely as a maintenance 
regimen after successful virologic suppression with a standard cART. This study was initiated at a time 
when preferred regimens were still complex with a high pill burden and with more concerns about 
toxicity, resulting in, for example,  lipodystrophy.

Initial studies addressing a switch to triple NRTIs included patients that had not been ART-naïve 
from the start, resulting in suboptimal responses [2-6]. Subsequent studies exploring the induction-
maintenance concept in ART-naïve patients demonstrated noninferiority for triple-NRTI regimens 
compared with two-class triple- (or quadruple) cART [7-11]. Some of these studies were not entirely 
prospective [7,10], or did not have a comparative design for the maintenance phase [12]. Other studies 
showed treatment failures because of drug intolerance [9,11,12]. 

Here we describe the final results of a randomized, prospective, 96-week study in ART-naïve patients 
using protease inhibitor (PI)-based triple cART as induction therapy, followed by maintenance with 
abacavir/lamivudine/zidovudine (ABC/3TC/ZDV) in those who reached an undetectable plasma HIV-1 
RNA level (<50 copies/ml). Our objective was to evaluate noninferiority of ABC/3TC/ZDV compared 
with continued cART with lopinavir /ritonavir (LPV/r). We were also interested in the metabolic effects 
of the switch. Interim results at week 48 showed that virologic success rates with the triple-NRTI 
regimen and the PI-based cART regimen were similar [13]. 

METHODS 

Study population
ART-naïve adults with a CD4+ T-cell count ≤350 cells/�l and an HIV-1 RNA level ≥30,000 copies/ml at 
screening were eligible for inclusion in the study. Exclusion criteria included diabetes mellitus, being 
treated for dyslipidemia, or predefined laboratory abnormalities. Female patients were excluded if 
they were pregnant or breast-feeding. 

Study design and study sites
FREE (to become free of PI-related problems, such as toxicity, pill burden) is an investigator-initiated, 

randomized, open-label, 96-week study conducted at 10 sites in the Netherlands and one site in 
Belgium. During the induction phase, patients were treated with one fixed-dose tablet of lamivudine 
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150 mg/zidovudine 300 mg (Combivir; GlaxoSmithKline, Zeist, The Netherlands, and Genval, Belgium) 
twice daily and with three capsules lopinavir 133 mg/ritonavir 33 mg (Kaletra; Abbott, Hoofddorp, 
The Netherlands and Louvain-La-Neuve, Belgium) twice daily. In 2005, the capsules were replaced by 
tablets 200/50 mg, taken as two tablets twice-daily. 

Patients with HIV-1 RNA levels <50 copies/ml between weeks 12 and 24, measured on two consecutive 
visits, were eligible for randomization in the maintenance phase. 

Patients were randomly allocated on a 1:1 basis either to continue 3TC/ZDV and LPV/r or to switch to 
one fixed-dose tablet of ABC 300 mg/3TC 150 mg/ZDV 300 mg (Trizivir; GlaxoSmithKline, Zeist, the 
Netherlands, and Louvain-La-Neuve, Belgium) twice daily. Randomization was based on computer-
generated randomization lists stratified by baseline HIV-1 RNA levels (stratum 1: 30,000-100,000, 
stratum 2: 100,000-1,000,000 and stratum 3: >1,000,000 copies/ml). Randomly permuted blocks of 
size four were used. There was no predetermined restriction on the number of patients randomized 
per stratum. Actual randomization of a patient took place within two weeks after week 12, week 18, or 
week 24, depending on when viral load undetectability was reached in the patient on two consecutive 
visits. Patients were allocated by stratum according to the method of sequentially numbered and 
opaque sealed envelopes to be opened by a designated person. For each patient becoming eligible in 
a certain stratum, the designated person was asked to open the next envelope in that stratum. Open 
envelopes were stored during the study. Each randomization number could only be allocated once to 
an eligible patient. 

Screening and on-study evaluations included a clinical assessment and laboratory evaluations: plasma 
HIV-1 RNA, CD4+ T-cell count, hematology and clinical chemistry tests, including lipid profiles. Blood was 
taken while fasting only at screening; no food restriction was imposed at follow-up visits. At the time at 
which this study started, routine genotyping for the human leucocyte antigen (HLA)-B*5701 allele was 
not available. The presence of this allele was identified as a risk factor for development of the abacavir 
hypersensitivity reaction [14]. On-study evaluations included clinic visits at baseline and at weeks 4, 8, 12, 

18, 24 for the induction phase; and at weeks 30 (only for patients switched to ABC/3TC/ZDV at week 26), 
36, 48, 60, 72, 84 and 96 for the maintenance phase. HIV-1 RNA was assessed locally at each visit using the 
Roche Ultra Sensitive Assay with a lower limit of detection of 50 copies/ml. Virologic failure was defined 
as plasma HIV-1 RNA >400 copies/ml on two consecutive occasions or HIV-1 RNA >1000 copies/ml at any 

one time point after randomization. Treatment failure was defined as a composite of virologic failure and 
withdrawal from the study in the maintenance phase for any reason.

The purpose of the study was to show noninferiority of switching to ABC/3TC/ZDV as compared with 
continuation of the PI by a margin of >20 percentage points.



Processed on: 10-4-2017Processed on: 10-4-2017Processed on: 10-4-2017Processed on: 10-4-2017

509405-L-bw-sprenger509405-L-bw-sprenger509405-L-bw-sprenger509405-L-bw-sprenger

53

Single-class NRTI maintenance ART

4

End points
The primary end point of the study was antiviral efficacy determined by comparing the proportion 
of patients with plasma HIV-1 RNA of <400 copies/ml at week 96 for the intention-to-treat (ITT) 
population, including all randomized patients, missing equals failure (M=F). Secondary end points 
included:
1) antiviral efficacy, determined using the proportion of patients with plasma HIV-1 RNA of 

<50 copies/ml at week 96 for the ITT population (M=F);
2) time to virologic failure defined as HIV-1 RNA >400 copies/ml in the per-protocol population (i.e. 

the participants actually receiving the study treatment after randomization and not withdrawn 
because of reasons other than virologic failure before week 96); 

3) time to virologic failure defined similarly, with the 400 copies/ml cut-off point replaced by 
50 copies /ml; 

4) time to treatment failure (HIV-1 RNA >400 and >50 copies/ml); 
5) absolute and cumulative CD4+ T-cell count changes compared to baseline;
6) safety and tolerability.

Other secondary end points were changes in adherence, treatment satisfaction and quality of life, 
measured by using self-reported questionnaires. Results for these outcomes have been reported 
separately [15].

Sample size
With an expected antiviral efficacy of 80% at week 96 and a noninferiority margin of 20 percentage 
points, 50 randomized evaluable subjects per group were needed to show noninferiority with 80% 
power, using a test size of 0.05 (one-sided). 

Statistical analyses
The proportion of subjects with virologic failure was compared between the two groups using a 95% 
confidence interval (CI) for the difference in proportions between the two treatment groups in the ITT 
analysis (primary end point) and in the per-protocol analysis. Time to virologic failure was analyzed 

using the Kaplan-Meier method. The exact log-rank test was used to test the hypothesis of equal 
time-to-failure distributions in the two treatment groups. Subjects who developed a virologic failure 
(according to either definition) reached their end point during the trial earlier than week 96. 

The proportion of subjects with total treatment failure was compared between the two groups using a 

95% CI for the difference in proportions in the per-protocol analysis. 

Changes in the absolute numbers of CD4+ T cells during the randomization phase were analyzed using 

linear mixed modelling. All patients with at least one CD4 measurement were included in the analysis. 
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Missing CD4-values in patients with an incomplete series of CD4-measurements were appropriately 
dealt with by the restricted maximum likelihood estimation method used in linear mixed modelling.

Lipids were analyzed after log-transformation using linear mixed modelling for the two study phases 
separately: induction phase (phase 1) and maintenance trial phase (phase 2). Phase 1 ran from 
screening to week 12. For phase 2 analyses the time of randomization was considered a fixed starting 
time, although it was not a fixed moment in time as subjects were randomized at week 12, 18 or 24 
from the start of study (phase 1) . In the model adjustment was made for fasting (yes/no). 

Statistical analyses were performed using SPSS version 16 (SPSS Inc., Chicago, IL, USA). 

Ethics
The protocol was approved by the Institutional Review Boards of all the hospitals involved. All 
participants gave consent after written information had been given, in accordance with national and 
international legislation, as well as the declaration of Helsinki. 

The protocol (with revisions and updates) was registered at Clinicaltrials.com; Registration Identifier 
Number: NCT00405925.

RESULTS

Patients and treatment
A total of 241 patients were assessed for eligibility between March 2003 and August 2007 (the last visit 
for the last patient occurred on 17 June 2009), 207 patients were enrolled in the induction phase. The 
findings at baseline of the patients are given in Table 1. 

Patients were predominantly white (79%). Eighty-seven patients (36%) did not reach the maintenance 
phase (Figure 1) primarily because they did not achieve virologic suppression before week 18 (47 
patients), or because of side effects (22 patients). Of baseline variables, only HIV-1 RNA level and CD4+ 

T-cell count differed significantly between the patients who did not reach the maintenance phase 

(‘dropouts’; median HIV-1 RNA 5.41 log10 copies/ml) and the randomized patients (median HIV-1 
RNA 5.06 log10copies/ml; P=0.004). Median CD4+ T-cell count was 160 cells/�l in the dropouts and 
200 cells/�l in the randomized group (P=0.027). A total of 120 patients were eligible for randomization 

in the maintenance phase. Fifty-nine patients were randomized to continue the PI-based regimen, 
and 61 were switched to ABC/3TC/ZDV. There were no significant differences at baseline in CD4+ 
T-cell count (P=0.15) or HIV-1 RNA level (P=0.084) between the groups at randomization. Of these 120 

patients, nine did not start with the allocated treatment: five patients randomized in the PI arm, and 
four in the ABC/3TC/ZDV arm (Figure 1). 
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Figure 1. Enrollment and outcomes. ABC=abacavir; 3TC=lamivudine; LPV/r=lopinavir/ritonavir; ZDV=zido-
vudine.

Virologic efficacy
Intention-to-treat analysis
At 96 weeks, 39 (66%) of the 59 patients continuing the PI regimen and 43 (71%) of the 61 patients 

receiving ABC/3TC/ZDV had HIV-1 RNA <400 copies/ml (primary end point). With a difference in 
failure rate (ABC/3TC/ZDV minus PI) of −4.4 percentage points (95% CI: −21.0 to +12.3) this established 
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ABC/3TC/ZDV as noninferior to continued PI treatment, with the upper limit of the CI not exceeding 
the noninferiority boundary of 20 percentage points. For HIV-1 RNA <50 copies/ml, the proportion of 
patients was 37 of 59 (63%) in the PI arm and 38 of 61 (62 %) in the ABC/3TC/ZDV arm, also showing 
noninferiority with a difference in failure rate of +0.4 percentage points (95% CI: −16.9 to +17.7).

Table 1. Characteristics of the Study Participants at Baseline and at Randomization

Induction phase Maintenance phase 

3TC/ZDV+LPV/r 3TC/ZDV+LPV/r ABC/3TC/ZDV

Patients

Total, n 207 59 61

Median age, years (range) 39.7 (19.4-78.1) 40.3 (24.7-62.0) 43.1 (21.9-68.6)

Male gender, n (%)  181 (87%) 52 (88%) 50 (82%)

HIV-1 RNA at baseline

Median, log10 copies/ml (range) 5.19 (2.97-7.45) 5.03 (4.17-6.61) 5.07 (2.97-6.18)

≥100000 copies/ml, n (%) 115 (60%) 29 (49%) 33 (54%)

CD4+ T cells/�l at baseline 

Median (range) 180 (10-440) 207 (10-370) 195 (10-347)

<50, n (%) 31 (15%) 6 (11%) 9 (16%)

>50-<200, n (%) 73 (35%) 18 (34%) 20 (35%)

CD4+ T cells/�l at randomization 

Median (range) NA 407 (110-700) 370 (80-800)

 3TC=lamivudine; ABC=abacavir; LPV/r= lopinavir/ritonavir; ZDV=zidovudine; NA=not applicable.

Per-protocol analysis
The number of subjects withdrawn before week 96 without virologic failure was 36 (20 in the PI 

group, 16 in the ABC/3TC/ZDV group). Of these 36 subjects, nine subjects withdrew immediately 
after randomization and had contributed no follow-up information during the trial (see Patients and 

treatment). The remaining 27 subjects (15 in the PI group, 12 in the ABC/3TC/ZDV group) withdrew 
during the maintenance phase. The number of subjects for the per-protocol analysis for virologic 

failure was 84 (39 in the PI group, 45 in the ABC/3TC/ZDV group). The proportion of subjects with 

virologic failure with HIV-1 RNA >400 copies/ml (according to the predefined criteria) in the ABC/3TC/
ZDV group (two of 45) was 4.4 percentage points higher (95% CI: -2.1 to +11.0) than that in the PI group 
(none of 39). For virologic failure with HIV-1 RNA >50 copies/ml, the proportion in the ABC/3TC/ZDV 

group (three of 45) was 1.5 percentage points higher (95 % CI: -8.6 to +11.7) than that in the PI group 
(two of 39). For either virologic failure type, the upper limit of the CI did not exceed the noninferiority 
boundary of 20 percentage points. The Kaplan-Meier curves comparing the failure-free probabilities 
between the two treatment arms are shown in Figure 2. The distribution of time to virologic failure 
with HIV-1 RNA >400 copies/ml during the trial did not differ significantly between the two groups 
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(exact log-rank test P=0.33). Also for the distribution of time to virologic failure with HIV-1 RNA >50 
copies/ml, no significant difference between the two groups was seen (exact log-rank test P=0.64). 
For a difference in the distribution of time to virologic failure between the two arms, no noninferiority 
boundary was defined in the protocol.

When virologic failure was defined as HIV-1 RNA >400 copies/mL, the proportion of patients with total 
treatment failure in the ABC/3TC/ZDV group (14 of 57) was 3.2 percentage points lower (95 % CI: -19.6 
to +13.1) than that in the group on standard PI treatment (15 of 54). When virologic failure was defined 
as HIV-1 RNA >50 copies/ml, the proportion of patients with total treatment failure in the ABC/3TC/
ZDV group (15 of 57) was 5.2 percentage points lower (95% CI: −22.0 to +11.7) than that in the group on 
standard PI treatment (17 of 54). For either treatment failure type, the upper limit of the CI did not pass 
the noninferiority boundary of 20 percentage points. 

Intermittent low-level viremia (HIV-1 RNA >50 and <400 copies/ml) occurred in 10 patients in the PI 
arm and in 14 patients in the ABC/3TC/ZDV arm (P=0.78). In seven patients in the PI arm this occurred 
once, in two it occurred on two occasions and in one it occurred three times. In the ABC/3TC/ZDV arm 
this occurred once in 11 patients and three times in 3 patients. The distribution of low-level viremia 
among the different HIV-1 RNA strata at baseline is shown in Table 2. 

Immunologic outcome
After randomization, the number of CD4+ T cells continued to increase. At week 96, the raw mean 
CD4+ T-cell count was 490 cells/�l (standard deviation [SD] 157) for the 40 patients in the PI group 
and 439 cells/�l (SD 204) for the 43 patients in the ABC/3TC/ZDV group (P=0.20). For the PI group, the 
mean increase in CD4+ T-cell count was 156 cells/�l (95% CI: 121-190), for the ABC/3TC/ZDV group the 
mean increase was 95 cells/�l (95% CI: 52-139) according to this crude analysis (P=0.033). Using a more 
sophisticated analysis employing linear mixed modelling using all repeated CD4+ T-cell measurements 

and more appropriately dealing with missing values, the difference was no longer significant. All 120 
patients had at least one valid measurement of CD4+ T-cell count and were included in the linear 
mixed modelling analysis. In the PI group, the mean increase was 182 cells/�l (95% CI: 103-261) and 
in the ABC/3TC/ZDV group, the mean increase was 132 cells/�l (95% CI: 72-193) in the ABC/3TC/ZDV 

group, with a mean difference of 50 cells/�l (95% CI: -50 to + 150; P=0.33).

Adverse events and metabolic effects
Adverse events leading to discontinuation of study drugs occurred in seven patients in the PI arm 
and in six patients in the ABC/3TC/ZDV arm (Figure 1). In the PI arm, five patients stopped because 

of lipodystrophy or dyslipidemia; one patient developed Hodgkin’s lymphoma. In the ABC/3TC/ZDV 
arm there were two patients with a possible hypersensitivity reaction to ABC, one patient with grade 3 
anemia on ZDV, and one patient with grade 2 myopathy on ZDV. There were no myocardial infarctions 
in either group. 
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Figure 2. Kaplan-Meier estimates of time virologic failure with HIV-1 RNA <400 copies/ml (Panel A) and HIV-1 
RNA <50 copies/ml (Panel B). ABC=abacavir; 3TC=lamivudine; LPV/r=lopinavir/ritonavir; ZDV=zidovudine.

Table 2. Patients with Intermittent Low-Level Viremia (HIV-1 RNA >50 and <400 copies/ml) and Patients with HIV-1
RNA >400 copies/ml (Including Virological Failures) According to Baseline HIV-1 RNA Stratum

HIV-1 RNA at baseline
copies/ml

Viremia
copies/ml

3TC/ZDV+LPV/r
No. of patients (%)

ABC/3TC/ZDV
No. of patients (%)

<100,000 >50-<400
>400

2 (8)
0

5 (19)
0

>100,000-<1,000,000 >50-<400
>400

6 (24)
0 

6 (22)
2 (7)

>1,000,000 >50-<400
>400 

1 (50)
0

1 (33)
0

Unknown >50-<400
>400

0
1 (25

0
0

ABC=abacavir; 3TC=lamivudine; LPV/r=lopinavir/ritonavir; ZDV=zidovudine.
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At week 12 after baseline, total cholesterol values had increased by 21 % P<0.0005), low-density 
lipoprotein (LDL) cholesterol by 11% (P<0.0005) , high-density lipoprotein (HDL) cholesterol by 22% 
(P<0.0005) and triglyceride levels by 56% (P<0.0005). During the maintenance phase, total cholesterol 
was significantly higher in the PI group than in the ABC/3TC/ZDV group: 19% at week 96 (P<0.0005). 
Although LDL cholesterol was always higher in the PI group than in the ABC/3TC/ZDV group at the 
different time points, this difference was not statistically significant at week 96. HDL cholesterol 
values were also insignificantly higher in the PI group. Triglyceride values were significantly higher 
in the PI group, with a difference of 54% (P<0.0005) at week 96. In the ABC/3TC/ZDV arm all lipid 
values decreased compared with levels at randomization. Values were only significantly lower for 
total cholesterol (9.8%; P=0.007) and triglycerides (31%; P=0.001) for nonfasting subjects at week 96 
(Figure 3). 

Figure 3. Geometric mean values (95% CI) of total cholesterol (A) and triglyerides (B) during maintenance 
phase. ABC=abacavir; 3TC=lamivudine; LPV/r=lopinavir/ritonavir; ZDV=zidovudine.
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DISCUSSION

This study shows that maintenance therapy with ABC/3TC/ZDV was noninferior to continuation of 
cART with LPV/r, for virologic outcome HIV-1 RNA >400 and >50 copies/ml for the treatment duration 
studied, provided that successful viral suppression was achieved with the cART induction regimen. 
Also in terms of total treatment outcome, the antiviral efficacy of ABC/3TC/ZDV was noninferior to that 
of the PI-based treatment. 

This is the first prospective trial looking at ABC/3TC/ZDV maintenance after a 3-drug two-class induction 
regimen and the only trial comparing the triple-NRTI regimen with a boosted PI regimen. Two other 
prospective trials compared ABC/3TC/ZDV as maintenance therapy to a continued 4-drug two-class 
induction regimen with ABC/3TC/ZDV plus the nonnucleoside reverse transcriptase inhibitor (NNRTI) 
efavirenz (EFV) [9,11]. Here noninferiority was also shown with HIV-1 RNA <50 in 79% of patients in 
the quadruple arm and 77% in the ABC/3TC/ZDV arm (ITT; M = F; P = 0.7) [11], and 75% and 74%, point 
estimate of the difference 1% (95% CI: –13 to +14%) [9]. 

There have been trials in the past that also showed noninferiority of maintenance therapy with 
triple-NRTI regimens in antiretroviral-naïve patients at the start of their treatment [7,10,16-18]. 
However, these trials were not completely prospective from the beginning of the cART, and the various 
PIs used in these studies were predominantly unboosted. 

The results of our trial are in line with the conclusions of a recently published Cochrane review of the 
use of abacavir-based triple-NRTI regimens for maintenance therapy after successful induction therapy 
with a PI-based regimen [19]. This showed an overall failure rate comparable to that of continuing the 
PI regimen or to switching to an NNRTI. 

There are some caveats with our approach. Patients with higher initial viral loads (strata 2 and 3; HIV-1 
RNA >100,000 copies/ml) tended to have less beneficial responses. Both patients with virologic failure 
in the ABC/3TC/ZDV arm occurred in stratum 2. In both groups we saw patients with intermittent 

low-level viremia, which also tended to occur more in the patients with higher initial viral loads. 
Regimens with a boosted PI have a high genetic barrier. The concern with triple-NRTI regimens is that 
resistance-associated mutations in the presence of viral rebound might be acquired [20]. Our results 
are consistent with the results of other trials at that time. A comparison between three regimens for 
ART-naïve patients showed virologic failure in as many as 20-35% and regimen failure in 55-65% after 

two years [21]. Nowadays the response rate is higher, but because of changes in guidelines, the CD4+ 
T-cell counts of included patients are higher and HIV-1 RNA levels lower at baseline [22].

In addition, this study has some shortcomings. First, the sample size was limited, as it was based on 
a noninferiority boundary of 20 percentage points for the difference in proportion of virologic failure. 
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With a larger sample size a smaller noninferiority boundary would have been detectable. The sample 
size was also limited because only patients who had HIV-1 RNA < 50 copies/mL by week 18 (or earlier) 
were eligible for randomization, causing a high dropout rate of patients in the induction phase. Second, 
the definition of virologic failure with the threshold for HIV-1 RNA of 400 copies/ml, the accepted 
limit of detection at the time the study was initiated, would now be considered too high. A sample 
size based on noninferiority for the time to virologic failure defined as HIV-1 RNA >50 copies/ml and 
HIV-1 RNA <50 copies/ml at 96 weeks as primary outcome would now be considered more appropriate. 
There was no parametric noninferiority limit defined in the protocol for the difference in the 
distribution of time to virologic failure. In this study, however, these distributions did not appear to 
be significantly different between the treatment arms. In analyzing the results of this noninferiority 
study intention-to-treat as well as per-protocol analyses were performed. Both types of analyses 
showed noninferiority of ABC/3TC/ZDV to PI. In the protocol (created in 2002) only an intention-to-
treat analysis was prescribed. Later, it became generally recognized that an intention-to-treat analysis 
is too liberal for a noninferiority study as it favors a zero difference result between the treatment arms. 
That is the reason why per-protocol analyses were also performed [23]. 

With the current wealth of treatment options, one might wonder whether NRTI-only regimens should 
still be considered for use. cART only consisting of ABC/3TC/ZDV is generally not recommended 
as first-line treatment because of suboptimal virologic activity [1]. However, a recent Cochrane 
review of the use of ABC/3TC/ZDV for initial treatment of HIV infection concluded that this regimen 
might still be useful, especially in patients with pre-existing hyperlipidemia and those not tolerating 
ritonavir [24]. The combination of ABC/3TC/ZDV is also considered an acceptable alternative by the 
World Health Organization (WHO) in selected situations where standard cART is contraindicated or 
unavailable [25]. 

In special circumstances, triple-NRTI regimens are potentially advantageous because they have 
a low pill burden, are well tolerated, have fewer drug interactions, have no dietary restrictions, are 
available in alternative formulations [26], have a class-sparing effect, and have low costs. Moreover, 

triple-NRTI regimens can be used successfully in women of child-bearing age and during lactation 
[27,28]. Some of these advantages can be particularly important for less affluent populations and 
low-income countries. In addition, most NRTIs, especially ZDV and ABC, are drugs with a good central 
nervous system penetration, and a high central nervous system penetration-effectiveness (CPE) score 

as proposed by the CNS HIV Anti-Retroviral Therapy Effects Research (CHARTER) study group [29]. 
Furthermore, in our study we showed improvement in lipid profiles, especially with regard to total 
cholesterol and triglycerides. These beneficial metabolic effects have been shown in other induction-
maintenance studies both in the treatment-experienced groups [2,4-6] and in antiretroviral-naïve 
groups [9-11,17]. Because of the increased incidence of cardiovascular disease found for cumulative 

exposure to PIs [30], these effects on dyslipidemia are an additional advantage. However, thymidine 
analogue NRTIs are associated with lipoatrophy and reduced insulin sensitivity, whether or not 
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combined with PIs [14,31,32]. In contrast, ABC or tenofovir disoproxil fumarate are much less associated 
with lipodystrophy [33,34]. Current exposure to ABC has been associated with an increased risk of 
myocardial infarction in two large observational cohort studies[35, 36]. Other studies did not confirm 
these findings [37-39]. Moreover, two recent meta-analyses of randomized, controlled trials indicate 
that ABC does not have a significant association with myocardial infarction[40,41]. 

Although NRTI-only regimens are no longer preferred regimens, this study shows that we can safely 
fall back on an NRTI-only regimen in special circumstances in patients with adequately suppressed HIV 
replication. Compared with continuing standard cART, such a switch also offers metabolic advantages. 
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ABSTRACT

Objective: The aim of the study was to investigate the effect of a simplified regimen, in terms of 
reducing pill burden, dietary requirements and possible adverse effects, on patients’ adherence, 
treatment satisfaction and quality of life (QoL).
Methods: Antiretroviral-naïve patients who achieved a viral load <50 HIV-1 RNA copies/ml after 
induction therapy with twice-daily (bid) lopinavir/ritonavir (LPV/r) and fixed-dose zidovudine (ZDV/
lamivudine (3TC) (CBV) were randomly assigned to continue CBV/LPV/r or switch to fixed-dose 
ZDV/3TC/abacavir (TZV). Patients completed standardized questionnaires on adherence, treatment 
satisfaction and QoL at randomization (between weeks 12 and 24) and at weeks 48, 72 and 96. 
Results: Patients on CBV/LPV/r were more likely to have skipped medicines in the last week (P=0.035) 
and during the preceding weekend (P=0.027) than patients on TZV. Patients on CBV/LPV/r were 
significantly less satisfied with convenience of their treatment (P=0.004) and tended to be less 
satisfied with side effects of their treatment (P=0.091) and continuation of their present treatment 
(P=0.056) than patients on TZV. Patients on CBV/LPV/r reported significantly lower levels of role 
functioning (P=0.013) than patients on TZV.
Conclusion: In this randomized controlled trial, simplification of therapy to fixed-dose TZV among 
patients with suppressed HIV RNA was perceived to be more convenient, and resulted in improved 
adherence and better role functioning, than continuing treatment with CBV/LPV/r. 
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INTRODUCTION

The introduction of combination antiretroviral therapy (cART) has been accompanied by a significant 
decline in HIV- and AIDS-related morbidity and mortality. This significantly improved life expectancy 
has turned HIV infection into a chronic rather than a fatal disease. The goal of cART is to suppress 
the plasma viral load below the limits of detection and to maintain this suppression for as long as 
possible. To date, suppression of HIV is possible in the vast majority of patients with a wide variety of 
combination antiretroviral therapy (cART) regimens. Each of these effective cART regimens, however, 
may differ in their associated characteristics, including the complexity of regimen and side-effect 
profile. Optimal adherence to cART is the key to success. It is generally assumed that simplification 
of cART regimens will lead to better adherence, higher treatment satisfaction and a better quality of 
life (QoL), but randomized studies demonstrating such advantages of simplified regimens are scarce. 

Regimen complexity is considered to be composed of a number of regimen attributes including the 
number of prescribed pills (“pill burden”), the frequency of daily dosing, dietary requirements and 
adverse events [1]. Most randomized studies investigating the advantages of simplified regimens have 
focussed on the effect of once-daily dosing versus twice-daily dosing on treatment adherence and 
treatment satisfaction, generally yielding more favourable outcomes for once-daily regimens [2-6]. 

Whereas it is likely that reducing pill burden and dietary requirements also result in higher levels of 
adherence to cART, there is little empirical evidence to support this assumption. We could identify only 
two observational studies that have investigated the association between pill burden, adherence and 
patient’s QoL [7,8]. The aim of our study was to investigate the effect of a simplified regimen in terms 
of reducing pill burden, dietary requirements and possible adverse effects on patient’s adherence, 
treatment satisfaction and QoL within the context of a randomized trial.

METHODS

The FREE study was an investigator-initiated, randomized, open-label, 96-week study conducted at 10 
sites in the Netherlands and 1 site in Belgium. During the induction phase, all patients were treated 

with one fixed-dose tablet of lamivudine 150 mg /zidovudine 300 mg (CBV) twice daily and three 
capsules lopinavir 133 mg/ritonavir 33 mg twice daily (LPV/r). In 2005 the manufacturer changed the 
formulation of LPV/r and the capsules were replaced by tablets of 200/50 mg, taken as two tablets 
twice daily. After 12 to 24 weeks of induction therapy, patients were randomized after achieving a viral 
load <50 HIV-1 RNA copies/ml at two consecutive visits. Group 1 switched to a fixed-dose single-tablet 

of zidovudine 150 mg/ lamivudine 300 mg/ abacavir 300mg (TZV) twice daily and group 2 continued 
LPV/r and CBV. All patients were naïve to cART when entering the study. The two arms yielded similar 
antiviral efficacy after 48 weeks, as reported previously [9].
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Patients completed questionnaires on adherence, treatment satisfaction and QoL at randomization 
and after 48, 72 and 96 weeks. Adherence was measured with the Simplified Medication Adherence 
Questionnaire (SMAQ) [10]. The SMAQ is a self-reported questionnaire containing six items. The 
questions ask how forgetful and careless patients are in taking their cART and if they stop taking 
medicines if they are feeling worse. It also asks about missed doses in the past seven days and in the 
last weekend and how many days within the past three months patients did not take their pills.

Treatment satisfaction was measured using the HIV Treatment Satisfaction Questionnaire (HIVTSQ) 
[11]. The HIVTSQ consists of 10 items, which ask about satisfaction with current treatment, with control 
of HIV infection and with side effects of treatment. It also asks about the extent to which treatment 
is demanding and flexible, satisfaction with understanding HIV infection, with the extent to which 
treatment fits into life style and satisfaction to continue present treatment. It also asks if a patient 
would recommend their treatment to someone else. Items are scored on a seven-point scale, ranging 
from “very satisfied” to “very dissatisfied”, “very convenient” to “very inconvenient”, and from “yes, I 
would definitely recommend the treatment” to “no, would definitely not recommend the treatment”.

To measure QoL we used the Medical Outcome Study HIV (MOS-HIV) Health Survey. This questionnaire 
contains 10 subscales: physical functioning, pain, role functioning, social functioning, health 
perceptions, mental health, health distress, overall quality of life, cognitive functioning, and energy/
vitality. All subscales range from 0-100 with higher scores indicating better QoL [12]. 

Statistical analyses
We compared characteristics at randomization between both study groups using Student t-tests, 
Mann-Whitney U tests, and Chi-squared tests for continuous variables with a normal distribution, for 
continuous variables with a nonnormal distribution and for categorical variables, respectively. 

We used repeated-measures linear mixed models to test for differences between the two study groups 
in treatment satisfaction and QoL over time. Model results were summarized by the estimated mean 
values. We used generalized estimating equations to investigate the difference between the 2 groups in 

treatment adherence over time. Model results were summarized by odds ratios (OR) and 95% confidence 
intervals (CI). 

Both linear mixed models and generalized estimating equation use all the available data, without 
excluding patients with missing observations. Both methods use maximum likelihood estimation for 

estimating missing data based on available data. 

We conducted a sensitivity analysis to examine how our substantive results depend on the way we 

handled missing data. First, we conducted a complete cases analysis. Second, we repeated the analysis 
using last observation carried forward (LOCF) as imputation methods. 
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Two-sided P values <0.05 were considered to indicate statistical significance. Data were analyzed using 
SPSS version 19 (SPSS Inc., Chicago, IL, USA)

RESULTS

Of the 207 patients participating in the FREE study who were enrolled in the induction phase with 
CBV/LPV/r, 120 patients were randomized to either continuation of the induction regimen (n=59) or 
a switch to TZV (n=61). A total of 95 of these patients (79%) completed at least one questionnaire of 
whom 53 patients were allocated to the TZV group (87%) and 42 to the CBV/LPV/r group (71%). These 
patients were included in the present study on treatment satisfaction, treatment adherence and QoL.

There were no statistically significant differences between patients who completed at least one 
questionnaire and those who completed no questionnaires in gender, race, CD4+ T-cell count and 
plasma HIV RNA concentration at the start of the induction therapy and at randomization. Patients 
who completed questionnaires were, however, slightly older (mean age 43 years) than patients who 
did not complete questionnaires (mean age 37 years) (P=0.01). The characteristics at randomization of 
patients in the two study groups who completed questionnaires are shown in Table 1.

A total of 65 patients completed a questionnaire at randomization (CBV/LPV/r: n=22, TZV: n=43), 
53 patients completed a questionnaire at week 24 (CBV/LPV/r: n= 23, TZV: n=30), 41 patients completed 
a questionnaire at week 48 (CBV/LPV/r: n=19, TZV: n=22) and 39 patients completed a questionnaire at 
week 72 (CBV/LPV/r: n=19, TZV: n=20).

Table 1. Characteristics at randomization

LPV/r n=42 TZV n=53 P value

% males 83 81 0.50

% Caucasian race 82 76 0.61

Age, mean (SD) 43 (10) 44 (11) 0.51

CD4 count at start induction, median (IQR) 220 (145-300) 180 (90-248) 0.03

CD4 count at randomization, median (IQR) 387 (280-490) 300 (195-396) 0.09

HIV-1 RNA log10 copies/ml at start induction, mean 
(IQR)

5.00 (4.78-5.31) 5.00 (4.70-5.25) 0.63

IQR=interquartile range; LPV/r=lopinavir/ritonavir; SD=standard deviation; TZV=zidovudine/lamivudine/abacavir.

Overall, 17% of the patients reported forgetting to take their medicines sometimes, 23% reported 

being careless sometimes when taking medicines, and none of the patients reported stopping taking 
medicines when they were feeling worse. A total of 16% reported having skipped medicines at least 
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once during the past week, 5% reported skipping medicines during the last weekend and 1% reported 
not taking medicines on more than two days within the past three months. Patients in the CBV/LPV/r 
group were significantly more likely to report skipping medication in the last week (OR: 1.81; 95% CI: 
1.04 to 3.14; P=0.035) and to report not taking medicines in the last weekend (OR: 2.87; 95% CI: 1.13 to 
7.29; P=0.027).

Patients in the TZV group found their present treatment more convenient (mean score 5.6 versus 5.1; 
P=0.004), tended to be more satisfied with the side effects of treatment (mean score 5.4 versus 4.9; 
P=0.091) (Figure 1A) and tended to be more satisfied to continue with their present treatment (mean 
score 5.6 versus 5.1; P=0.056) (Figure 1B) than patients in the CBV/LPV/r group. 

Figure 1. Treatment satisfaction. CBV/LPV/r=zidovudine/lamivudine and lopinavir/ritonavir; TZV= 
zidovudine/lamivudine/abacavir.

Patients in the TZV group had a significantly better QoL with respect to role functioning than patients 
in the CBV/LPV/r group over follow-up (mean score 91 versus 80; P=0.013).

Overall, the results from our sensitivity analyses were in the same direction as those from our primary 
analysis and generally in favor of the TZV group. Using complete cases analysis, we observed no 
significant differences between the two study groups in terms of treatment adherence and the same 
differences between the two study groups with respect to treatment satisfaction, and found patients 
in the TZV group to be significantly more inclined to recommend their treatment to someone else 

(mean score 5.8 versus 5.0 for the CBV/LPV/r group; P=0.042). The complete cases analysis also yielded 
similar results with respect to QoL as the primary analysis. 

The analysis using LOCF as imputation method yielded similar results with respect to treatment 
adherence and treatment satisfaction as our primary analysis, with two exceptions. First, we found no 
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difference between both groups in satisfaction with side effects. Secondly, patients in the TZV group 
tended to be more satisfied with the extent to which treatment fits in with their lifestyle (mean score 
4.9 versus 4.6 for the CBV/LPV/r group; P=0.088). However, using LOCF as imputation method, we 
observed the same difference between the two groups in QoL as in our primary analysis, i.e., in role 
functioning. Additionally, we observed a better QoL in the TZV group with respect to energy/fatigue 
(mean score 66 versus 61; P=0.021), but a lower QoL with respect to social functioning (mean score 81 
versus 87; P=0.032) than patients in the CBV/LPV/r group. 

DISCUSSION

In this randomized clinical trial, simplification of therapy to a fixed-dose single-class regimen resulted 
in higher treatment satisfaction, better adherence and better QoL than continuing a ritonavir-boosted 
protease inhibitor (PI)-based regimen among patients with suppressed HIV-1 RNA. 

To date, randomized studies investigating advantages of simplified regimens in terms of treatment 
satisfaction, adherence and QoL are scarce. We believe that the present study provides a proof of 
principle that simplifying regimens in terms of pill burden, dietary requirements and potential side 
effects can lead to more favourable patient reported outcomes. 

Our finding that a simplified regimen consisting of TZV resulted in better adherence than a standard 
PI- or NNRTI based regimen is consistent with two previous randomized studies (13, 14). Our finding 
that a simplified regimen consisting of TZV resulted in better adherence and in higher treatment 
satisfaction is consistent with one nonrandomized switch study [15]. Clearly, advantages of simplified 
regimens in terms of treatment satisfaction, adherence and QoL should be weighed against treatment 
efficacy and the choice for simplified regimens should be individualized.

Our study has several limitations. It had a relatively small sample size. Also, a considerable number 

of patients did not complete the questionnaire on treatment satisfaction, adherence and QoL on 
one or more occasions. Moreover, patients enrolled in the CBV/LPV/r group more often missed the 
baseline measurement at randomization than did patients in the TZV group. We can only speculate 
why patients in the CBV/LPV/r group more often missed the baseline measurement. Possibly, patients 

themselves or the persons responsible for handing over the questionnaire to the patient perceived it to 
be more relevant in the TZV group. At randomization, patients in the TZV group had a change in their 
treatment regimen whereas patients in the CBV/LPV/r group just continued their prescribed regimen. 

Patients who did complete questionnaires were on average 5 years older than patients who did not. 

Otherwise, we found no differences in demographic or clinical characteristics between patients who 
did and did not complete questionnaires.
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Because of the relatively high number of missing questionnaires, we performed a sensitivity analysis 
to determine whether the use of  different methods for handling missing observations would lead 
to different results from our primary analysis. The results of both our primary analysis and our 
sensitivity analysis were in the same direction and yielded evidence in favor of the simplified regimen. 
Nevertheless, we cannot rule out the possibility that the missing observations may have biased our 
results and caused an overestimation of the beneficial effect of the simplified regimen.
Another limitation is that we used a self-report measure of adherence, which is known to overestimate 
adherence. Because such possible overestimation was probably present in both study arms, we doubt 
whether this has influenced the comparison of adherence between the treatment arms. 

Conclusions
In this randomized controlled trial, simplification of therapy to fixed-dose TZV among patients with 
suppressed HIV RNA was perceived to be more convenient, and resulted in improved adherence and 
better role functioning than continuing treatment with CBV/LPV/r.

Although TZV is not a treatment of choice these days, this study provides a proof of concept to show 
that simplification enhances treatment satisfaction, adherence and QoL. Increasing availability of 
single-tablet combination cART regimens is a major advance, but food restrictions may still hamper 
optimal adherence. With expected treatment durations of over 30 years, convenience and treatment 
adherence will be of major importance to maintain patients on cART in the long term. As patients live 
different lives, individualization of therapy remains of the utmost importance.
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Skin advanced glycation end products in 
HIV infection are increased and predictive of 

development of cardiovascular events

Herman G. Sprenger, Wouter F.W. Bierman, Melanie I. Martes,  

Reindert Graaff, Tjip S. van der Werf, and Andries J. Smit

AIDS. 2017;31(2):241-46



Processed on: 10-4-2017Processed on: 10-4-2017Processed on: 10-4-2017Processed on: 10-4-2017

509405-L-bw-sprenger509405-L-bw-sprenger509405-L-bw-sprenger509405-L-bw-sprenger

76

Chapter 6

ABSTRACT

Objective: HIV-1 infection is associated with an increased cardiovascular disease (CVD) risk. Advanced 
glycation end products (AGEs) are formed as stable markers of glycemic and oxidative stress. Skin 
autofluorescence (SAF) as marker of accumulated AGEs is increased and predictive of CVD events in 
diabetes mellitus, chronic kidney disease (CKD) and pre-existing CVD. We determined SAF levels in 
HIV-1 infected patients, testing the hypothesis that SAF predicts CVD events in HIV infection.
Design: Single centre prospective cohort study.
Methods: In 2010-2011 SAF was measured in 91 patients. Development of CVD events was monitored 
during a median follow-up of 4.8 years. SAF values of the subjects were expressed as a ratio (rSAF) to 
expected SAF levels in age-matched healthy volunteers.
Results: Sevety-nine men and 12 women were included, mean age 47 years; 81 patients were on 
combination antiretroviral therapy. With a mean rSAF of 1.155, SAF levels in patients were 15.5% higher 
than predicted for their age (95% confidence interval, 10.0-20.0; P<0.001). In multivariate regression 
analysis rSAF was associated with nadir CD4+ T-cell count <200 cells/mm3 (  -0.274; P=0.01), smoking 
(  0.240; P=0.03), and men having sex with men (MSM) (  0.202; P=0.07). CVD events occurred in 6 
patients (7%). In Cox regression analysis including age, SAF, smoking, diabetes, hypertension and CKD, 
SAF (P=0.01) and CKD (P=0.03) remained as independent predictors of CVD events.
Conclusion: SAF is increased in HIV-infected subjects, and related with smoking, low nadir CD4+ T-cell 
count and MSM. Larger studies are needed to confirm whether SAF is an independent predictor of CVD 
events.
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INTRODUCTION 

In the current era of combination antiretroviral therapy (cART), premature morbidity and mortality 
in HIV-1 infected patients is mainly caused by non-AIDS age-related comorbidity, in particular 
cardiovascular disease (CVD) caused by atherosclerosis [1]. Both HIV-1 infection itself, as well as 
antiretroviral medications may contribute to increased atherosclerosis compared with age-matched 
HIV-uninfected controls [2-6]. This may be due to persistent low-grade inflammation and immune 
activation, and subsequent oxidative stress despite viral suppression by cART, and to antiretroviral 
drugs themselves, promoting insulin resistance and dyslipidemia [7-9]. Advanced glycation end 
products (AGEs) are the end products of nonenzymatic glycation of proteins, lipids, and nucleic acids 
but are also more rapidly formed from reactive carbonyl compounds during oxidative stress [10,11]. 
They accumulate on long-lived proteins with aging in all subjects. Increased accumulation of AGEs 
occurs in diabetes mellitus because of hyperglycemia, and in chronic kidney disease (CKD) mainly 
because of decreased excretion of AGE precursors. Accumulation is also increased in patients with 
prior CVD, and in inflammatory diseases like systemic lupus erythematosus [12,13]. Accumulation of 
AGEs can be assessed noninvasively in the skin using their characteristic fluorescence properties [14]. 
High levels of skin autofluorescence (SAF) have been shown to be predictive of macrovascular and 
microvascular complications and mortality in diabetes mellitus, and of CVD and mortality in patients 
with CKD [15-18]. Most studies did not find a significant association of SAF with current HbA1c level or 
blood glucose level, demonstrating its value as marker of metabolic memory [19,20]. 

Our hypothesis was that HIV-infected people have higher levels of SAF compared with healthy subjects 
with the same age, and that SAF might be a predictor of CVD events. 

METHODS 

All patients with an HIV-1 infection, who were treated at our hospital, and for whom a valid SAF 
measurement was available, were included. There were no further exclusion criteria. SAF measurements 
have become a standard procedure in the evaluation of CVD assessment in our centre, and because 
other data, including those on development of CVD events, are collected as part of usual care, the 
study was not subject to the national Medical Research Involving Human Subjects Act (WMO). 

SAF was measured noninvasively with the AGE Reader™ (DiagnOptics Technologies BV, Groningen, 
The Netherlands), a desktop device using the characteristic fluorescent properties of certain AGEs 

to estimate the level of AGE accumulation in the skin. Technical details concerning the optical 
technique and measuring procedure have been extensively described elsewhere [14]. The device is still 
investigational in the United States of America. The AGE Reader software 2.3 was used. The device 
considers measurements not valid when the ultraviolet light reflectance level is <6 %, occurring 
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in persons with dark skin colour or use of certain skin creams [21,22]. The measurement, taking 
approximately 30 s, was performed on the flexor side of the forearm. The mean value of three SAF 
measurements, expressed as Arbitrary Units (AU), was used for analysis. SAF values of the patients 
were expressed as a ratio, rSAF, defined as the SAF value of the patients relative to the expected SAF 
levels in age-matched healthy volunteers, rSAF = SAF / SAFage, with SAFage =0.024 * age + 0.83, as was 
derived previously [23]. CVD risk factors were assessed: blood pressure, body mass index, nonfasting 
total, HDL and LDL-cholesterol, smoking status, diabetes, history of CVD, family history. In addition, 
C-reactive protein, creatinine/estimated glomerular filtration rate, cytomegalovirus serostatus, HIV-
RNA, CD4+ T-cell count, and past and current use of antiretroviral agents and nadir (or pretreatment) 
CD4+ T-cell count were assessed. To determine 10-year CVD risk, we used the Systematic Coronary Risk 
Evaluation (SCORE) equation as applied in the Netherlands, SCORE-NL 2011, a risk function based on 
Dutch cohorts [24,25]. In addition, we used the risk score derived from a large multicentre cohort study 
of HIV-infected patients, the Data Collection on Adverse Effects of Anti-HIV Drugs (D:A:D) Study, that 
predicts 5-year CVD risk [26]. 

We performed a follow-up study in our cohort to examine the relationship of SAF levels with the 
occurrence of CVD events. Data were collected from hospital patient files up till November 2015; ICD-
10 codes were used to define CVD events. 

Data were analyzed with SPSS software, version 22.0 (IBM Corp., Armonk, New York, USA) using 
independent-samples t-test or Spearman’s rank correlation as appropriate. Backward stepwise 
regression analysis was performed to determine independent predictors of rSAF; variables were 
excluded when P>0.1. Cox regression model was used to identify independent risk factors for CVD 
events at follow-up. Event-free survival was computed with the Kaplan-Meier method. 

RESULTS 

SAF was measured in 2010 and 2011 in 121 persons (99 men). In 91 persons, a valid SAF measurement was 

obtained, 30 persons were excluded because reflectance levels were <6%.In total, 79 men and 12 women 
were included for analysis. Of these participants 87 were of white ethnicity. Mean duration of the HIV-
1 infection was 9.7 years (SD 7.1). Three patients had coinfection with hepatitis B virus and five with 
hepatitis C virus, 11 had hypertension, two diabetes mellitus. For further characteristics see Table 1.

Mean SAF in the patients was 2.27 AU (SD 0.52), which was increased compared with the expected 
value for control subjects (mean difference 0.30 AU; 95% confidence interval [CI], 0.22-0.39; P<0.001). 
With a mean rSAF of 1.155 SAF levels in patients were 15.5% higher than expected for their age 
(95% CI: 11.0-20.0; P<0.001). Univariate analyses and correlations were performed to determine the 

relationship of different parameters with rSAF. rSAF levels were significantly higher in current smokers 
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compared with nonsmokers (mean 1.22 [SD 0.24] versus 1.11 [SD 0.18], P=0.02), in men who have sex 
with men (MSM) compared with the other individuals (mean 1.19 [SD 0.21] vs. 1.07 [SD 0.23], P=0.02), 
and in patients with a nadir CD4+ T-cell count <200 cells/mm3 compared with those with a higher nadir 
CD4+ T-cell count (mean 1.22 [SD 0.19] versus 1.10 [SD 0.22], P=0.02). D:A:D risk score was significantly 
correlated with rSAF (r= 0.29; P=0.04), correlation between rSAF and SCORE was not statistically 
significant (r=0.13; P=0.27). Systolic and diastolic blood pressure , total, LDL and HDL-cholesterol 
showed no significant association with rSAF (data not shown). Other patient characteristics also had 
no significant influence on rSAF (Table 1). Current use of abacavir and ever exposed to abacavir were 
almost significant. Backward linear regression analysis of rSAF was performed with smoking, MSM, 
nadir CD4+ T-cell count, D:A:D risk score, current use of abacavir, and ever exposed to abacavir. Nadir 
CD4+ T-cell count <200 cells/mm3 (  -0,274; P=0.01), smoking (  0.240; P=0.03), and MSM (  0,202; 
P=0.07)were the significant determinants of rSAF (Table 1).

Table 1. Patient characteristics and relation with relative skin autofluorescence 

Characteristics Relation with rSAF

Univariate 
analysis

Multivariate regression 
analysis

Age, year, mean (SD) 47 (11) P=0.76 -

Sex n (%)

Male / female 79/12 (87/13) P=0.47 -

MSM n (%) 63 (69) (4 missing) P=0.02 0.202; P=0.07

On cART n (%) 81 (89) P=0.24 -

Current use of abacavir n (%) 38 (42) P=0.07 NS

Ever exposed to abacavir n (%) 44 (48) P=0.08 NS

Current smoker n (%) 39 (43) P=0.02 0.240; P=0.03

HIV-1 RNA <40 copies/ml n (%) 71 (78) (1 missing) P=0.11 -

Current CD4 count <200 cells/mm3 n (%) 6 (7) P=0.11 -

Nadir CD4 count <200 cells/mm3 n (%) 40 (44) (4 missing) P=0.02 -0.27; P=0.01

CKD category ≥3 n (%) 7 (8) P=0.81 -

C reactive protein ≥5 n (%) 19 (21) (12 missing) P=0.43 -

Family history of CVD n (%) 27 (30) (5 missing) P=0.98 -

History of CVD n (%) 9 (10) P=0.86 -

History of malignancy n (%) 17 (19) P=0.17 -

IgG anti-CMV seropositive n (%) 82 (90)  P=0.37 -

SCORE-NL 2011, %, median (IQR) 4 (2-8) (17 missing)  r=0.13; P=0.27 -

D:A:D risk score, %, median (IQR) 3.2 (1,5-6.6) (9 missing)  r=0.29; P=0.04 NS

SAF skin autofluorescence, rSAF indicates ratio of the SAF value of the patients and the expected SAF level in age-matched 
healthy volunteers; MSM men who have sex with men; cART combination antiretroviral therapy; PI protease inhibitor; CKD 
chronic kidney disease category ≥3 (eGFR <60 ml/min* 1.73 m2); CMV cytomegalovirus; CVD cardiovascular disease; SCORE-
NL Systematic Coronary Risk Evaluation version Netherlands; D:A:D Data Collection on Adverse Effects of Anti-HIV Drugs. 
Variables reported as numbers, unless otherwise specified. NS=not significant (P>0.10). 
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During a median follow-up of 4.8 years (interquartile range 4.4-5.0) CVD events occurred in six patients 
(two myocardial infarction/ischemia, two peripheral artery disease, one cerebrovascular accident, 
and one sudden cardiac death). In a Cox regression analysis including age, SAF, smoking, diabetes, 
hypertension, and CKD, SAF and CKD remained as independent predictors of CVD events (SAF P=0.01, 
CKD P=0.03). In Kaplan-Meier survival curves according to SAF values above or below the median, or 
stratified by tertiles, no significant difference was found. Due to the small numbers, no optimal cut-off 
levels for SAF could be determined (Figure 1). 

Figure 1. Kaplan-Meier estimates of time to cardiovascular disease events according to the median skin 
autofluorescence value as cut-off level. The tick marks indicate censoring events.

DISCUSSION

We show that HIV-1 infected individuals have increased rSAF values compared with healthy age-
matched controls. Furthermore, Cox regression analysis showed that rSAF is an independent predictor 
of CVD in this population over a 5-year follow-up period. SAF is a validated marker for accumulation 
of tissue AGEs in the skin [14]. Deposition of tissue AGEs has been shown to be elevated in patients 
with increased cardiovascular risk, such as patients with CKD and diabetes, conditions characterized 

by increased oxidative stress or glycemic stress [15,27]. Under both conditions, SAF is an independent 
predictor of CVD events [15,28]. Recently, it was also demonstrated in patients with peripheral artery 
disease that SAF was independently associated with all-cause mortality and with CVD events [29]. 

These studies suggest a role of AGEs in generalized atherosclerosis independent of diabetes and 
CKD. HIV-1 infection is characterized by systemic immune activation and inflammation and by a 
procoagulant state [30,31]. Interleukin-6, C-reactive protein, and D-dimer levels are increased and 
independently associated with increased CVD risk [32]. Although cART decreases most markers of 
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immune activation and inflammation, immune activation persists, even after many years of ART-
induced viral suppression [33]. Despite effective cART, HIV-infected patients, when compared with 
the general population, still experience higher morbidity and mortality because of chronic illnesses 
as CVD, cancer, CKD, and neurocognitive decline [34-39]. These so-called HIV-associated non-AIDS 
conditions are associated with age and chronic inflammation. Their increased incidence may be due to 
accelerated aging, although there is debate whether HIV-1 infection accelerates aging or accentuates the 
prevalence of chronic diseases at every age [40-43]. The increased rSAF in our cohort indicates a higher 
biological age of the participants. In multivariate analysis, increased rSAF was associated with smoking, 
low nadir CD4+ T-cell count (<200 cells/mm3) and MSM. Smoking can be considered as a condition in 
which there is chronic inflammation and oxidative stress. Notably, the high prevalence of smoking in 
our cohort is in accordance with the up to three times increased prevalence rate among HIV-infected 
patients compared with the general population [44]. A low nadir CD4+ T-cell count before start of cART 
has been associated with a premature onset of chronic non-AIDS related conditions, compared with HIV-
uninfected persons [45-47]. Studies comparing HIV-negative MSM with heterosexual men have found 
conflicting results regarding increased levels of CVD risk [48]. Traditional CVD risk factors other than 
smoking showed no correlation with rSAF. Overall CVD risk scores, SCORE and D:A:D, showed only a 
significant relationship between D:A:D risk score and rSAF in univariate, but not in multivariate analysis. 

The use of abacavir has been associated with a higher risk of myocardial infarction and other CVD 
events [49-51]. However, some studies did not confirm these findings [52,53]. We did not find a 
statistically significant relationship between rSAF and current use of abacavir and ever exposure of 
abacavir in multivariate analysis. 

The main strength of our study is the duration of follow-up, median 4.8 years. However, the study 
has several limitations. The sample size is small, and consequently lacking power to detect potential 
influence of several parameters on the level of SAF. We could not calculate CVD risk scores for all our 
patients. Furthermore, our conclusions can only be applied to a white population, because in most 
nonwhite patients no reliable SAF measurements could be obtained owing to a low reflectance of the 

excitation light. 

In conclusion, SAF may be of value as independent predictor of CVD events in HIV infection. However, 
our finding should be replicated in a larger cohort. Also, because of the relatively limited increase 

of 15.5% in SAF in the HIV-infected population, clearer definitions of risk cut-off levels for CVD risk 
prediction are warranted.
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SUMMARY

The incidence of venous thrombosis in untreated HIV-1 infected patients is increased. This is consistent 
with increased levels of procoagulant proteases and decreased levels of anticoagulant ones, partially 
caused by HIV infection itself and partially by HIV-associated comorbidity. The role of combination 
antiretroviral therapy (cART) on the risk of venous thrombosis and coagulation levels is on the long term 
unclear. Therefore, we studied the effect of one year of cART on the coagulation system. We performed 
a prospective, longitudinal cohort study in antiretroviral-naïve patients who were followed up for 48 
weeks after initiation of cART. Tests for coagulation markers, thrombin generation and fibrinolytic 
potential were performed before and after start of cART. Forty men with HIV-1 infection were included. 
At baseline, levels of hs-CRP, D-dimer, FVIII and von Willebrand factor were significantly elevated, 
as well as the endogenous thrombin potential (ETP), peak thrombin level and velocity index from 
the thrombin generation assay, compared to healthy controls. Also, a clear increase in the clot lysis 
time was found. After 48 weeks of cART, levels of D-dimer, FVIII, von Willebrand factor and ETP (at 24 
weeks) showed a significant decline, and levels of protein S were significantly increased. However, the 
haemostatic balance did not completely normalize. Clot lysis time remained significantly increased in 
patients compared to healthy controls at 24 weeks. Our results suggest that HIV-1 infected patients are 
in a procoagulant and hypofibrinolytic state before starting cART, which only partially improves after 
48 weeks of cART. 
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INTRODUCTION

The incidence of venous thrombosis (VT) is increased in HIV-1 infected patients, with a risk 1.3 to 10 
times greater than in HIV-negative control populations [1-5]. This increased risk for VT is at least partly 
mediated by the presence of increased levels of procoagulant factors such as factor VIII (FVIII), von 
Willebrand factor (VWF), fibrinogen, and tissue factor (TF) [6-11] and decreased levels of anticoagulant 
factors such as AT, protein C and (free) protein S [9,10,12-15]. Increased levels of plasminogen-activator 
inhibitor type 1 (PAI-1) leading to impairment of endogenous fibrinolysis can also contribute to this 
increased risk [16]. Most studies found a relationship with advanced HIV disease and with high HIV-
RNA levels [5-7,9,10,12,15-17], showing that (chronic) inflammation and hypercoagulability share 
common pathways [18]. Indeed, HIV infection is characterized by systemic immune activation and 
inflammation [19] and increased levels of interleukin (IL)-6 and high-sensitivity C-reactive protein 
(hs-CRP) have been reported [20-23]. Although the use of combination antiretroviral therapy (cART) 
decreases most markers of immune activation and inflammation, many studies have shown that 
immune activation persists, even after many years of cART-induced viral suppression [24-26]. Certain 
inflammatory markers are of prognostic significance regarding all-cause mortality, non-AIDS related 
death and cardiovascular disease (CVD) [22,23,27]. Other markers of persistent immune dysfunction, 
such as a decreased ratio of CD4+ to CD8+ T cells (CD4/CD8 ratio) despite cART, have also been shown 
to be an independent predictor of serious non-AIDS events and mortality [28]. 

The effect of cART on hypercoagulability is less clear. Persistent immune activation may, despite cART, 
also contribute to a procoagulant state and increased risk of VT. Some studies showed that treatment of 
HIV infection improves coagulation abnormalities [6-8,29], but certain antiretroviral drugs, especially 
protease inhibitors (PI), might be risk factors themselves [1,3,4,10,30].

Due to a lack of prospective studies with a longer follow-up time, still little is known about the influence 
of cART on the haemostatic system in HIV-infected patients. Therefore, we performed a longitudinal 
study in antiretroviral-naïve HIV-1 infected patients to assess the effect of cART on the coagulation 

system during the first 48 weeks. 

METHODS 

Study participants 
We conducted a single-centre, prospective cohort study of consecutive, antiretroviral-naïve, HIV-
1 infected subjects visiting the outpatient clinic or staying on the hospital ward and for whom the 
treating physician had decided that cART should be started. Subjects 18 years of age or older were 
eligible. Exclusion criteria were HIV-2 infection, pregnancy, use of oral contraception and not being 

able to understand the Dutch or English language. The ethics committee of the hospital approved 
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the study protocol. All participants provided written informed consent. There was no commercial 
sponsorship.

Study design and blood sampling 
At baseline (t=0), before cART was started, data were collected from all subjects, including 
demographics, general medical history, risk factors for venous and arterial thrombosis, (family) history 
regarding venous and arterial thrombosis, medication use, and smoking. Blood samples were taken 
at baseline and at 4, 12, 24 and 48 weeks after start of cART. Blood was drawn by venous puncture 
from the antecubital vein. For all coagulation tests, blood was collected into a 5-mL citrated Vacutainer, 
anticoagulated with 1:10 volume of 0.109 mol/L trisodium citrate. Platelet-poor plasma (PPP) was 
prepared by centrifugation at 2500 x g for 15 minutes, aliquoted and immediately frozen at -80 degrees 
Celsius and analysed later after rapidly thawing at 37 degrees Celsius. 

Assays
We measured fibrinogen with Dade® Thrombin Reagent from Siemens, and D-dimer with Tina-quant 
reagent from Roche Diagnostics (Mannheim, Germany). A one-stage FVIII activity (FVIII:C) assay was 
performed with APTT reagents (Dade® Actin® FS Reagent) and factor deficient plasmas, obtained from 
Siemens and measured on a CA-7000® system (Sysmex Corporation, Siemens). VWF was tested by 
ristocetin cofactor (VWF:RCo) activity measured with Von Willebrand Reagent (lyophilized stabilized 
platelets and ristocetin) from Siemens in an optical aggregometer from Chrono-Log Corp (Haverton, 
PA, USA). Total protein S antigen levels were measured with an enzyme-linked immunosorbent assay 
(ELISA) with reagents obtained from DAKO (Glostrup, Denmark). Free protein S antigen levels were 
assessed by ELISA after precipitation of protein S bound to C4-binding protein with 3.75% PEG 6000. 
Activity of protein C (Berichrom Protein C, Dade Behring, Liederbach, Germany) and AT (Coatest, 
Chromogenix, Mölndal, Sweden) were assessed by chromogenic substrate assays. Post hoc, we decided 
to determine thrombin generation by calibrated automated thrombinography and clot lysistime as 
global tests of coagulation and fibrinolysis, and to measure tissue factor pathway inhibitor (TFPI) 
levels. For these tests, specimens of 16 patients were available from both baseline and 24 weeks. 

Thrombin generation testing was performed with the fluorometric method using PPP in the presence 
and absence of thrombomodulin as described previously [31]. Thrombin generation variables analysed 
were endogenous thrombin potential (ETP), peak thrombin generation, lag time (time needed for 
thrombin concentration to reach 1/6th of the peak concentration) and velocity index (slope between 
the end of lag time and peak thrombin generation). Furthermore, a normalized thrombomodulin 
sensitivity ratio (TM-SR) was determined by dividing the ETP in the presence of thrombomodulin 

divided by the ETP in the absence of thrombomodulin of an individual, by the ETP in the presence of 
thrombomodulin divided by the ETP in the absence of thrombomodulin of pooled normal plasma. 
A TM-SR >1 reflects a decreased anticoagulant response to thrombomodulin in comparison with 

pooled normal plasma. Clot lysis time was assessed by using an in-house, plasma-based clot lysis 
assay, measuring the changes in plasma turbidity during tissue-factor induced clot formation and 
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subsequent lysis by exogenous tissue plasminogen activator as previously described [32]. Free TFPI 
antigen levels were determined using an ELISA as described previously [33]. 

Furthermore, CD4+ and CD8+ T-cell count (cells/mm3) were measured by flow cytometry, and HIV-1 
RNA by polymerase chain reaction (lower limit of detection 40 copies/mL; Abbott m2000 Real-Time 
HIV-1, Abbott Laboratories, Wiesbaden, Germany).

Outcomes
Primary outcomes were mean differences in levels of pro- and anticoagulants measured before 
the start of cART and 48 weeks after start of cART. The following markers were measured: D-dimer, 
FVIII, VWF, antithrombin (AT), protein C, protein S, free protein S. We also measured high-sensitive 
C-reactive protein (hs-CRP), fibrinogen, CD4+ T-cell counts and HIV RNA levels at the same time points 
during the study. Secondary outcomes were mean differences in parameters of thrombin generation 
by calibrated automated thrombography (CAT), clot lysis time, and in tissue factor-pathway inhibitor 
(TFPI) levels, between t=0 (before start of cART) and 24 weeks after start of cART. These outcomes are 
secondary and post-hoc determined, therefore we had not enough plasma available of all patients. We 
only could analyse the secondary outcomes in 16 random patients, of whom we had enough plasma at 
t=0 and 24 weeks. The selection of these patients was utterly random (due to the presence of leftover 
citrated plasma). Finally, we performed post hoc subgroup analyses on the outcome variables FVIII, 
VWF, free protein S, D-dimer, and ETP with thrombomodulin, for the following subgroups: type of 
cART regimen (PI-containing cART versus non-PI-containing cART), patients with a viral load above 
versus below the median of the group before start of cART, patients with a detectable viral load versus 
undetectable viral load at t=48w, patients with a CD4/CD8 ratio above versus below the median of the 
group before start of cART, patients with a CD4/CD8 ratio above 1 versus below 1 at t=48w and patients 
who had a chronic comorbidity, i.e. Kaposi sarcoma, non-Hodgkin lymphoma, chronic hepatitis B virus 
infection and chronic hepatitis C virus infection during the study versus patients without such a chronic 
co-morbidity. Finally, a sensitivity analysis for the primary and secondary outcomes was performed by 
excluding patients with a malignancy, acute or chronic infections, or anticoagulant use. 

For the individual coagulation and anticoagulant factor assays we used the normal values of the 
laboratory as reference values. A control group of 30 healthy non-matched volunteers, working at our 
laboratory yielded reference values for the thrombin generation test and the clot lysis time test, and 
TFPI. 

Statistical analysis
Data of baseline characteristics are presented as means with standard deviation (SD) or as medians 
with range for continuous data (stated between parenthesis), and as counts (n) and percentages (%) for 

categorical data. To correct for missing data in the analyses, we used multiple imputation techniques 
(method=auto, number of imputations=10). Consequently, for the primary and secondary outcomes, 
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we presented means with standard errors of the mean (SEM) (Table 2 and 3), and calculated a p for 
trend as a general estimate of the effect of cART over time on the outcomes. Second, we calculated a 
difference of means between baseline levels and levels at 48 weeks of treatment with cART (t=48w) 
for primary outcomes, and a difference of the mean between baseline levels and levels at 6 months of 
treatment with cART for secondary outcomes. For this method, we used a design of mixed models for 
repeated measures with a Bonferroni correction when testing for statistical significant differences. For 
dichotomous data, we used Cochran’s Q test for k-related samples to calculate a p for trend. 

For each subgroup analysis, we used general linear models for repeated measures to look for 
interactions between the within-groups variable of time (on cART) and between-groups factors on 
defined outcomes. For definition of these factors and outcomes, see the paragraph Outcomes above 
here. All statistical analyses were performed using IBM SPSS, version 20 (IBM Corp., Armonk, NY, USA).

RESULTS

Participants 
Consecutive subjects were enrolled from July 2009 through May 2011. Patient characteristics at 
baseline are shown in Table 1. Forty men were included, of which 87.5% were men who have sex with 
men. All subjects started with their cART according to the prevailing guidelines at the time of the 
study, which recommended starting cART in patients with a CD4+ T-cell count <350 cells/mm3. Median 
CD4+ T-cell count was 262 cells/mm3 (range 10-670). Ten patients (25%) had a CD4+ T-cell count of 
≤200 cells/mm3. Of the 40 participants, one had a VT and two an arterial thrombotic event (2.5 and 5% 
respectively) in their medical history. 

Table 1. Baseline characteristics of 40 patients

    n or mean (%) or SD

Male sex 40 (100)

Age (years) 40.7 15.3

Ethnicity

African origin 5 (12.5)

Caucasian origin 35 (87.5)

HIV transmission

Homosexual 35 (87.5)

Heterosexual 4 (10)
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Table 1. Continued

    n or mean (%) or SD

Time since diagnosis (months) (median, range) 10.5 (0-100)

HIV-1 RNA (copies/mL) (median, range) 87,100 (22,000-7,600,000)

CD4 count (cells/mm3) (median, range) 262  (10-670)

CD4/CD8 ratio (median, range) 0.24 (0.05-0.58)

VTE in history 1 (2.5)1

VTE in first-degree relative 6 (15)

ATE ever 2 (5)2

BMI (kg/m2) 23.5 3.2

Hypertension 7 (17.5)

Antihypertensive drugs 6 (15)

Hypercholesterolemia 2 (5)

Lipid-lowering drugs 4 (10)

Diabetes mellitus type 2 1 (2.5)

Oral antidiabetic drugs 1 (2.5)

Smoking

Former 10 (25)

Current 17 (42.5)

Packyears 19 14

Anticoagulation therapy 3 (7.5)3

Malignancy 2 (5)4

Chronic hepatitis B virus infection 2 (5)

Chronic hepatitis C virus infection 1 (2.5)

cART at start

TDF/FTC/EFV 27 (67.5)

TDF/FTC + DRV/r 6 (15)

TDF/FTC +ATV/r 4 (10)

TDF/FTC + RAL 1 (2.5)

ZDV/3TC + LPV/r 1 (2.5)

ZDV/3TC + EFV 1 (2.5)

Protease inhibitor use 11 (27.5)

cART switch 8 (20)

VTE, venous thrombotic event; ATE, arterial thrombotic event; BMI, body mass index; 
cART, combination antiretroviral therapy; TDF, tenofovir; FTC, emtricitabine; EFV, efavirenz;
DRV/r, ritonavir boosted darunavir; ATV/r, ritonavir boosted atazanavir; RAL, raltegravir;
ZDV, zidovudine; 3TC, lamivudine; LPV/r, ritonavir boosted lopinavir.
1 First and recurrent pulmonary embolism in the same patient, diagnoses before HIV diagnosis.
2 Two participants with acute coronary syndrome, diagnosed before HIV diagnosis.
3 One subject on vitamin K antagonist, two on low dose aspirin.
4 Two participants with Kaposi’s sarcoma, one also with non-Hodgkin lymphoma.
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Effectiveness of antiretroviral therapy
The vast majority of the participants had a rapid decline of HIV-1 RNA. Twenty-four and forty-
eight weeks after starting cART, HIV-1 RNA levels were undetectable in 30 of 39 (77%), and 34 of 40 
participants (85%) respectively. Mean CD4+ T cell count was 466 cells/mm3 (SEM 240) after 48 weeks 
of treatment, a statistically significant increase of 205 cells/mm3 (95% confidence interval [CI], 150 to 
260) compared to CD4+ T cell levels at baseline (Table 2). 

Markers of coagulation
Before the start of cART, levels of FVIII, VWF and D-dimer were clearly elevated (mean levels 222 IU/
dL [SEM 11], 211 IU/dL [SEM 15] and 564 ng/mL [SEM 125], respectively) compared to the reference 
values of the laboratory (Table 2). Although mean free protein S levels (76 IU/dL [SEM 5]) were within 
reference range, they were below the lower limit of the reference in 11 subjects (28%). D-dimer levels 
were above the upper limit of normal (500 ng/mL) in 16 patients (40%). FVIII, VWF and D-dimer levels 
steadily decreased over time during treatment, reaching lowest levels at 48 weeks after start of cART 
(difference of the means between t=0 and t=48w: -61 IU/dL (95% CI: -89 to -32) for FVIII, -79 IU/dL (95% 
CI: -113 to -46) for VWF and -378 ng/ml (95% CI: -623 to -133) for D-dimer). However, FVIII and VWF 
levels did not reach reference levels in 22 (56%) and 11 (28%) subjects, respectively. Mean free protein S 
levels had increased with 16 IU/dL (95% CI: 5 to 27) after 48 weeks on cART, with one patient still having 
a level below the reference range. 

Clot lysis time, thrombin generation parameters and plasma levels of TFPI
These tests were performed in 16 subjects for whom paired plasma specimens were available (Table 
3). Availability was random, patient characteristics for these 16 subjects and the whole group were 
similar (data not shown). The mean clot lysis time in HIV-1 positive patients was significantly increased 
compared to controls (81 minutes [SEM 8] versus 51 [SEM 7]). After 6 months on cART, the mean clot 
lysis time decreased slightly with 9 minutes (95% CI: -22 to 4 minutes), but remained significantly 
increased compared to controls. All thrombin generation parameters that included thrombomodulin 
in the model showed significantly increased levels in patients at baseline compared to controls 

(Table 3). Most striking changes were observed in the ETP with thrombomodulin, with a mean of 
682 nM*min (SEM 50) in patients compared to 510 nM*min (SEM 259) in controls. After 6 months of 
cART, ETP with thrombomodulin levels decreased significantly with 126 nM*min (95% CI: -247 to -5) to 
556 nM*min [SEM 50], a comparable level to that of the controls. Calculation of a TM-SR demonstrates 
thrombomodulin resistance in HIV-1 infected patients (TM-SR patients median 1.3 [range 0.8-2.0], 

controls median 1.1 [range 0.3-1.7]; P<0.05). Plasma levels of TFPI at baseline were significantly higher 
in patients than in controls (mean level 199% [SEM 14] versus 78% [SEM 31], P<0.05), and did not 
decrease after 6 months of cART. 

Subgroup analyses 
We observed significant interaction terms (P<0.05) for the outcomes of FVIII and VWF with time, for 
patients that had a viral load below the median at baseline and patients with a viral load above the 
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median at baseline. While baseline levels of FVIII and VWF did not differ between subgroups, both 
FVIII and VWF levels decreased less quickly and less profoundly over time and were significantly 
higher after 48 weeks of cART in patients with HIV RNA below the median at baseline (mean FVIII level 
182 IU/dL, mean VWF level 152 IU/dL), compared to the group with HIV RNA levels above the median at 
baseline (mean FVIII level 141 IU/dL, mean VWF level 112 IU/dL) (both P<0.05). 

Table 3. Clot lysis time, TFPI levels and thrombin generation parameters of patients and controls

Cases

  Controls t=0 t=24w Mean Diff.† 95%CI P value for trend

CLT (min) 51 (7) 81 (8)* 71 (8)* -9 -22 to 4 n.s.

ETP (nM.min) 945 (267) 1050 (47) 989 (47) -61 -197 to 76 n.s.

ETP+TM (nM.min) 510 (259) 682 (50)* 556 (50) -126 -247 to -5 <0.05

Peak (nM) 188 (50) 235 (12)* 222 (12)* -13 -48 to 21 n.s.

Peak+TM (nM) 131 (53) 184 (13)* 157 (13) -27 -59 to 5 n.s.

Velindex (nM/min) 79 (31) 92 (7) 87 (7) -4 -25 to 16 n.s.

Velindex+TM (nM/min) 68 (29) 90 (8)* 77 (8) -13 -30 to 5 n.s.

Lagtime (min) 1.5 (0.21) 2.3 (0.09)* 2.3 (0.9)* -0.016 -0.27 to 0.24 n.s.

Lagtime+TM (min) 1.5 (0.19) 2.1 (0.07)* 2.0 (0.07)* -0.016 -0.22 to 0.19 n.s.

TFPI (%) 78 (31) 199 (14)* 194 (14)* -5 -35 to 24 n.s.

Data are means with standard deviation (controls) or standard error of the mean (cases)
w=weeks; CLT=clot lysis time; ETP=endogenous thrombin potential; TM=thrombomodulin; Peak=maximum thrombin 
concentration generated; Velindex=velocity index; TFPI=tissue factor pathway inhibitor. 
* P<0.05 compared to controls; † between t=0 and t=24w; n.s.: not significant (P>0.05) 

Two significant interactions (P<0.05) were found regarding levels of free protein S. Patients with a 
viral load above median at baseline had lower levels of free protein S at baseline (mean 68 IU/dL), 
compared to patients with a viral load below median at baseline (mean 85 IU/dL, mean difference 17 
IU/dL [95% CI: -0.2 to 34]). A similar difference in free protein S levels at baseline was also observed 

between patients with a CD4/CD8 ratio below the median versus those with a CD4/CD8 ratio above 
the median at baseline (mean levels 68 versus 84 IU/dL, respectively; mean difference 16 IU/dL [95%CI: 
-1 to 33]).

Finally, we observed a significant different trend over time regarding levels of FVIII and VWF between 

patients who had a CD4/CD8 ratio <1 at t=48w and patients with a (normalized) CD4/CD8 ratio >1 at 
t=48w (n=5). Over time, all levels of FVIII and VWF were significantly (P<0.05) lower in patients with 
a low CD4/CD8 ratio than in patients with a high CD4/CD8 ratio (mean difference in FVIII: 51 IU/dL 

[95%CI: 5-100] and in VWF: 57 IU/dL [95%CI: 9-105]). 

Further subgroup analyses, as stated in the methods section, did not result in significant differences in 
trends over time between groups for the other outcomes. Our sensitivity analysis (exclusion of patients 
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with malignancy, acute or chronic infections, or anticoagulant use) had no influence on the analysis of 
our primary or secondary outcomes (data not shown). The subgroup effects as described above, were 
partially comorbidity driven, as we lost statistical significance for 3 of 4 above described differences 
after adjustment, except for the difference in FVIII levels at 48 weeks  between patients with a baseline 
HIV RNA level below or above the median. 

DISCUSSION

We showed that patients with an HIV-1 infection are in a procoagulant and hypofibrinolytic state 
before the start of cART. This is based on abnormally high levels of FVIII, VWF, D-dimer, decreased 
free protein S levels, increased thrombin generation parameters (endogenous thrombin potential, 
peak thrombin and velocity index) and elongated clot lysis time. Secondly, we showed that after 
starting cART, these parameters partially normalized, but the haemostatic balance remained slightly 
procoagulant and hypofibrinolytic, marked by persistently increased levels of FVIII, increased clot lysis 
time and a significantly higher peak thrombin parameter after at least 24 weeks on cART. 

Improvement of markers of coagulation and endothelial activation, but not reaching reference levels, 
has also been demonstrated in other studies [6-8,29]. This is in analogy with studies that showed that 
markers of HIV-1 associated immune activation decrease after start of cART, but do not reach normal 
levels in HIV-1 infected patients, even after long-term treatment with successful suppression of HIV 
replication [24,34-37]. However, the participants that kept abnormal values of coagulation parameters 
at 48 weeks of follow-up were not typically those with a detectable HIV-1 RNA level at 48 weeks. 
Moreover, FVIII and VWF levels dropped more and faster in the group with a baseline viral load above 
the median, leading to a significant difference in FVIII and VWF levels between these subgroups after 
48 weeks of cART. This might mean that patients that with a higher viral burden at baseline responded 

better to cART regarding levels of FVIII, VWF and free protein S as outcomes. Second, patients with 
a normalized CD4/CD8 ratio (>1) at t=48w, indicating better immune competence, had significantly 
higher levels of FVIII and VWF during the whole year than patients with a lower ratio. These somewhat 
counterintuitive findings might be partially explained by the presence of comorbidity in these 

patients, as after exclusion of patients with comorbidity the differences in levels of FVIII and VWF 

between patients with a CD4/CD8 ratio <1 and those with a ratio >1 at t=48w became smaller and lost 
statistical significance. 

Our findings are in accordance with some other studies showing a significantly lower total thrombin 

generation in treated HIV-1 infected patients compared with untreated patients [10,38]. In contrast 
to our study, two other studies reported a significantly lower total thrombin generation in untreated 
and treated HIV-1 infected patients compared to non-infected controls [29,39]. Since the thrombin 

generation test is an overall test of coagulation reflecting pro-and anticoagulant reactions, our 
findings of elevated procoagulant and decreased anticoagulant factors at baseline as well as the 
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improvement of these factors during cART, are consistent with the results of the thrombin generation 
test we demonstrated. 

We found a statistically significant prolonged lag time in the thrombin generation test in our patients 
that was not influenced by cART. In line with this finding, we showed that TFPI, an important inhibitor 
of initiation of coagulation and determinant of the lag time [40], was highly up regulated. 

Our white, male patients kept an impaired plasma fibrinolytic potential during treatment. This is 
associated with an increased risk of venous and arterial thrombosis [41,42]. A cross-sectional study 
among black South African patients [43], showed that HIV-1 infected participants had a significantly 
longer clot lysis time than HIV-negative participants, but no information was given about the 
treatment status. Levels of PAI-1 are highly increased in HIV-1 infected patients [16] and remained 
significantly elevated after 48 weeks of cART compared to HIV-uninfected controls [44], thus offering 
a potential explanation for a prolonged hypofibrinolytic state, as PAI-1 is an important determinant of 
the clot lysis time [45]. A recent study found that high levels of PAI-1 in HIV-1 infected patients receiving 
cART were independently associated with a first myocardial infarction [46].

Our study has several strengths and limitations. Strengths of our study are the prospective design; the 
longer follow-up time compared to most previously reported studies (12 versus 6 months), and the 
homogeneity of its participants. The restricted number of patients and the lack of female participants 
form limitations. In addition, due to missing plasma samples we were not able to perform post-hoc 
testing in all participants and at all moments of follow-up. Furthermore, because of the sample size 
of the study and the still quite short follow-up time, we had too few patient-years of follow-up for 
clinically relevant vascular events to occur. 

In conclusion, white male HIV-1 infected patients are in a procoagulant and hypofibrinolytic state before 
start of antiretroviral treatment, and some slightly remain so, in spite of significant improvement of 
the haemostatic balance caused by cART. This is best explained by persistent activation or dysfunction 

of the endothelium, pictured by our findings of still high levels of FVIII and TFPI, and an increased 
clot lysis time. Unfortunately, we were not able to fully characterize the individual patients subject to 
this phenomenon, although regain of immune competence together with comorbidity might partially 
explain these observations. 

More studies are needed to determine the possible pathophysiological pathways of the persistent 
activation of the endothelium, as well as to understand the clinical relevance of our findings. Regarding 
the latter, we are currently performing an observational study to investigate whether HIV-1 infected 
patients still have an increased risk of VT under long-term successful cART. Finally, other studies could 

look into the role of the thrombin generation and clot lysis time test in predicting venous and arterial 
thrombotic events in patients with HIV-1 infection. 
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Chapter 8

Twenty years ago, thirty years after the discovery of the first anti-HIV drug zidovudine, HIV replication 
could for the first time be effectively suppressed by a combination of antiretroviral drugs (ARVs). 
Today, over 25 different ARVs belonging to six different drug classes have entered the market for the 
treatment of HIV infection. Unfortunately, sustained viral suppression of HIV can only be maintained by 
ongoing ARV treatment. Indeed, viral control with currently available ARVs is excellent, but challenges 
beyond viral control have remained. First, side effects of ARVs have remained problematic, although 
current ARV regimens appear less toxic than those that were developed early on. Another challenge 
is ongoing low-grade inflammation, believed to be due to ongoing low-grade viral replication during 
ARV treatment, and activation of venous and arterial coagulation. Also, pill burden and other factors 
influencing treatment adherence remain challenging. In this thesis, we address these issues that may 
be related to HIV infection, its treatment, or both. 

Chapter 1 gives an introductory historical overview of the early years of the HIV epidemic and describes 
the development of antiretroviral therapy from monotherapy with nucleoside reverse transcriptase 
inhibitors (NRTIs) to the first combination ARV regimens, which led to a marked decline of HIV related 
illnesses. The chapter ends by providing an outline of the thesis. 

Chapter 2 is a systematic review of single-class regimens with NRTIs. These regimens are not 
recommended as initial therapy because they are inferior compared to two-class ARV therapy. At 
the time of their development, triple-NRTI combinations were used in specific circumstances such 
as in tuberculosis co-infection, pregnancy, or dyslipidemia. Here, we review the potential of such 
combinations to maintain viral suppression after induction of suppression by standard combination 
ARV therapy (cART) and to evaluate the trade-off of NRTI-only regimens for metabolic control. We 
conducted a systematic search of the literature in two databases from 1 January, 1998, up to 1 March, 
2013: Medline through the search engine PubMed, and Embase. A total of 11 randomized controlled 
trials (RCTs) with 2,105 patients, and three observational studies with 2,639 patients were included. 
Studies including patients with mono- or dual-NRTI treatment before start of effective cART showed 
a tendency to higher failure rate due to resistance based on archived viral mutations. In studies with 

ART-naive subjects before start of cART, triple-NRTI combination showed virologic activity comparable 
to two NRTIs plus a protease inhibitor or a non-nucleoside reverse transcriptase inhibitor in all RCTs, 
but not in one cohort study. Switching improved serum lipids significantly.

Of the triple-NRTI combinations studied, only abacavir/lamivudine/zidovudine was sufficiently 
potent. Triple-NRTI maintenance after successful induction with two-class cART appeared successful 
in treatment-naive subjects, and remains a useful option in specific circumstances, especially when 
other drugs are not available (e.g., in poor-resources programs in low- and middle income countries) 
or drug interactions are an issue. 
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Chapter 3 is an interim analysis of the FREE trial. The FREE trial was designed to study maintenance 
with a triple NRTI regimen after successful induction with a dual NRTI/protease inhibitor (PI) 
combination. This approach may be advantageous, because of lower pill burden, favorable metabolic 
control reflected by lower blood lipids, and less drug interactions. This was the first study exploring 
the strategy to become free of PI-related problems without losing viral efficacy. We performed a 
randomized, open-label, multicenter, 96-week comparative study in ARV-naïve patients with CD4 
count ≤350 cells/mm3 and HIV-1 RNA concentrations (viral load; VL) greater than 30,000 copies/mL. 
Patients were randomized after reaching VL less than 50 copies/mL on two consecutive occasions 
between 12 and 24 weeks after start of ARV consisting of zidovudine/lamuvidine (CBV) and lopinavir/
ritonavir (LPV/r) combination. Eligible subjects switched to abacavir/lamivudine/zidovudine (TZV) 
or continued the PI-containing regimen. Here we present the 48-week data with virologic success 
rate (failure: VL>50 copies/mL). Two hundred seven patients had similar baseline characteristics: 
median CD4 180 cells/mm3, median VL 5.19 log10 copies/mL. One hundred twenty subjects (58%) 
met randomization criteria. Baseline VL differed significantly between dropouts and randomized 
subjects (median 5.41 versus 5.06 log10 copies per milliliter, P=0.017), as did CD4 cells (median 160 and 
200 cells/mm3, P=0.044). Sixty-one subjects received TZV and 59 subjects continued NRTIs/PI. At week 
48, 2 patients in the TZV group and 5 in the PI group did not have a sustained virologic suppression 
(log-rank test; P=0.379). CD4 counts increased significantly in both arms. In ART-naïve patients, TZV 
maintenance had similar antiviral efficacy compared to continued standard ART at 48 weeks after 
baseline. These preliminary results suggested that patients on successful standard ART can be safely 
switched to a NRTI-only regimen, at least for the limited time period of observation.

In Chapter 4, we present the final results of the FREE trial. At 96 weeks, switching to TZV was non-
inferior compared with continuing the PI regimen; the difference in failure rate (TZV minus PI) 
was -4.4 percentage points [95% confidence interval (CI) -21.0 to +12.3 percentage points] and +0.4 
percentage points (95% CI: -16.9 to +17.7 percentage points), respectively. In the per-protocol analysis, 
the difference in virological failure for HIV-1 RNA >400 copies/mL (0 of 39 patients in the PI group 
and two of 45 patients in the NRTI group) and for HIV-1 RNA >50 copies/mL (two of 39 and three of 45 

patients, respectively) was +4.4 percentage points (95% CI: -2.1 to +11.0 percentage points) and +1.5 
percentage points (95% CI: -8.6 to +11.7 percentage points), respectively, also showing noninferiority. 
Serum lipids significantly improved in the NRTI group, but not in the PI arm. In conclusion, a single-class 
NRTI regimen after successful induction with standard ART had similar antiviral efficacy compared to 

continuation of a PI-based regimen at 96 weeks after baseline, with improved serum lipids.

In Chapter 5 we report treatment satisfaction and quality of life (QoL) in participants of the FREE trial; 
we explore the impact of reducing pill burden, dietary requirements and possible adverse effects, 
on patients’ adherence with their ARV regimen. Patients participating in the FREE trial completed 

standardized questionnaires on adherence, treatment satisfaction and QoL at randomization 
(between weeks 12 and 24) and at weeks 48, 72 and 96. Patients on CBV/LPV/r were more likely to 
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have skipped medicines in the last week (P=0.035) and during the preceding weekend (P=0.027) 
than patients on TZV. Patients on CBV/LPV/r were significantly less satisfied with the convenience 
of their treatment (P=0.004) and tended to be less satisfied with the side effects of their treatment 
(P=0.091) and continuation of their present treatment (P=0.056) than patients on TZV. Patients on 
CBV/LPV/r reported significantly lower levels of role functioning (P=0.013) than patients on TZV. 
Participants in this randomized controlled trial with suppressed HIV RNA that were allocated to fixed-
dose TZV perceived their treatment to be more convenient, and had better adherence and better role 
functioning, than those continuing treatment with CBV/LPV/r.

In Chapter 6 we explored cardiovascular disease (CVD) risk in HIV-1 infection. Generally, HIV-1 infection 
is associated with an increased CVD risk. Advanced glycation end products (AGEs) are formed as stable 
markers of glycemic and oxidative stress. Skin autofluorescence (SAF) as marker of accumulated AGEs 
is increased and predictive of CVD events in diabetes mellitus, chronic kidney disease (CKD) and pre-
existing CVD. We determined SAF levels in HIV-1 infected patients, testing the hypothesis that SAF 
predicts CVD events in HIV infection. In 2010-2011, we measured SAF in 91 patients. Development 
of CVD events was monitored during a median follow-up of 4.8 years. SAF values of the subjects 
were expressed as a ratio (rSAF) to expected SAF levels in age-matched healthy volunteers. In all, 
79 males and 12 females were included, mean age 47 years; 81 patients were on cART. With a mean 
rSAF of 1.155, SAF levels in patients were 15.5% higher than predicted for their age (95% confidence 
interval, 10.0-20.0; P<0.001). In multivariate regression analysis rSAF was associated with nadir CD4 
count <200/mm3 (-0.274; P=0.01), smoking (0.240; P=0.03), and men having sex with men (MSM) 
(0.202; P=0.07). CVD events occurred in 6 patients (7%). In Cox regression analysis including age, SAF, 
smoking, diabetes, hypertension and CKD, SAF (P=0.01) and CKD (P=0.03) remained as independent 
predictors of CVD events. In conclusion, SAF appears increased in HIV-infected subjects, and related 
with smoking, low nadir CD4 count and MSM. Larger studies are needed to confirm whether SAF is an 
independent predictor of CVD events.

In Chapter 7 we address venous thrombosis among patients with HIV infection. The incidence of 
venous thrombosis in untreated HIV-1 infected patients is increased. This is consistent with increased 
levels of pro-coagulant proteases and decreased levels of anticoagulant factors, either caused by HIV 

infection itself and or by HIV-associated comorbidity – or perhaps, both. The role of ARV on the risk of 

venous thrombosis and the coagulation system in the long term is unclear. Therefore, we studied the 
effect of one year of cART on the coagulation system. We performed a prospective, longitudinal cohort 
study in ARV-naive patients who were followed up during 48 weeks after initiation of cART. Tests for 
coagulation markers, thrombin generation and fibrinolytic potential were performed before and after 

start of cART. Forty men with HIV-1 infection were included. At baseline, levels of hs-CRP, D-dimer, FVIII 
and von Willebrand factor were significantly elevated, as well as the endogenous thrombin potential 
(ETP), peak thrombin level and velocity index from the thrombin generation assay, compared to 

healthy controls. Also, a clear increase in the clot lysis time was found. After 48 weeks of cART, levels 
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of D-dimer, FVIII, von Willebrand factor and ETP (at 24 weeks) showed a significant decline, and 
levels of protein S were significantly increased. However, the haemostatic balance did not completely 
normalize. Clot lysis time remained significantly increased in patients compared to healthy controls at 
24 weeks. Our results suggest that HIV-1 infected patients are in a procoagulant and hypofibrinolytic 
state before starting cART, which only partially improves after 48 weeks of cART. 

Chapters 8-9 provide a summary in English and Dutch, and Chapter 10 provides a Discussion of our 
findings in the context of current literature with reflections for future research to further improve 
health of HIV-1 infected people, to improve their chances for healthy aging.
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In 1981 werd een nieuwe ziekte beschreven bij enkele mannen in de Verenigde Staten die een 
verzwakt imuunsysteem bleken te hebben waardoor bijzondere infecties ontstonden. Deze ziekte 
kreeg de naam aids: het acquired immune deficiency syndrome, ofwel het syndroom van verworven 
verzwakking van het afweersysteem. De afweerstoornis werd gekenmerkt door een vermindering 
van witte bloedcellen (leukocyten) van het afweersysteem die in hun celwand een speciaal molecuul 
hebben, het CD4 molecuul. Vooral bepaalde lymfocyten behoren tot deze cellen, de CD4+ lymfocyten. 
Zij spelen een belangrijke rol in het deel van het afweersysteem dat ziekteverwekkers bestrijdt die in 
cellen van de gastheer zijn binnengedrongen. Verlies ervan leidt tot ontstaan van bepaalde ernstige 
infecties of kwaadaardige ziekten - en voortijdige sterfte.

Na de ontdekking van het humaan immunodeficiëntie (=menselijk afweer verlagend) virus type 1 (hiv-
1) in 1983 als oorzaak van aids, bleek dat eiwitten in de buitenmembraan van het virus zich specifiek 
kunnen binden aan het CD4 molecuul. Door die binding lukt het hiv om CD4+ cellen binnen te dringen 
en te infecteren. Daarmee wordt op den duur zowel de functie als het aantal van die cellen aangetast. 

In 1987 werd het eerste medicijn tegen hiv geregistreerd, azidothymidine (AZT), later zidovudine 
genaamd. Hiv behoort tot de familie van retrovirussen. Een retrovirus wordt gekenmerkt door een 
uniek enzym dat, zodra het virus een gastheercel infecteert, de erfelijke informatie gedragen door 
het RNA van het virus omzet in DNA, de bouwsteen van de erfelijkheid; daardoor kan het virus in het 
DNA van de gastheercel worden ingebouwd. Dit is een omgekeerde omzetting (reverse transcriptase) 
vergeleken met wat meestal in de natuur gebeurt, waarbij genetische informatie van DNA in RNA 
wordt omgezet. Zidovudine was het eerste middel uit de klasse van analogen van bouwstenen 
(nucleosiden) van DNA of RNA, die de werking van het reverse transcriptase enzym van het hiv-
remmen (nucleoside reverse transcriptase inhibitors, NRTIs). Het vertraagde de ziekteprogressie van 
hiv-geïnfecteerden, maar verbeterde hun overleving op langere termijn helaas niet. Al spoedig bleek 
dat bij langer gebruik van zidovudine als enig antiretroviraal middel (monotherapie), het hiv resistent 
werd tegen de werking ervan. 

In de jaren na de introductie van zidovudine kwamen meerdere andere NRTIs ter beschikking voor 
behandeling. In 1995 werd duidelijk dat een combinatie van 2 NRTIs beter was dan monotherapie met 
zidovudine, maar ook daarmee bleef het succes op de langere termijn beperkt.

Ondertussen werden ook hiv-remmers ontwikkeld die tot andere klassen van antiretrovirale 
geneesmiddelen behoorden. Dat waren in eerste instantie middelen die het reverse transcriptase 
enzym op een andere manier dan de NRTIs remmen (non-nucleoside reverse transcriptase inhibitors, 
NNRTIs) en middelen die de werking van een ander hiv-enzym, het protease, remmen (protease 
inhibitors, PIs). Bovendien was het mogelijk geworden de hoeveelheid virus, de ‘viral load’, in het 

bloedplasma te monitoren met behulp van kwantitatieve tests die het hiv-RNA meten. 
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Met het ter beschikking komen van de nieuwe klassen van hiv-remmers ontstond in 1996 een 
doorbraak in de behandeling van de hiv-infectie, door een combinatie van 3 middelen (tripeltherapie) 
aan hiv-geïnfecteerden te geven. Aanvankelijk bestonden die combinaties uit 2 NRTIs en 1 PI, later 
ook uit 2 NRTIs en 1 NNRTI. Met deze combinatie antiretrovirale therapie (cART), in het begin ook 
wel HAART (hoog-actieve antiretrovirale therapie) genoemd, werd het mogelijk de hoeveelheid virus 
in het bloed in een aantal maanden blijvend te doen dalen tot onder de meetgrens van de hiv-RNA 
testen. Daardoor kon het aantal CD4+ lymfocyten in het bloed blijvend op een hoger niveau komen. 
Helaas was het virus niet volledig verdwenen en was het niet mogelijk de hiv-infectie te genezen. Het 
was duidelijk dat de hiv-remmers levenslang gebruik moesten worden. 

De toepassing van cART leidde tot een dramatische afname van ernstige ziekte en sterfte onder 
hiv-geïnfecteerden. Wel moesten bij het gebruik van cART in de beginjaren grote aantallen pillen 
geslikt worden – men sprak wel van de cocktail therapie. De hiv-remmers moesten meerdere malen 
per dag worden ingenomen, hadden wisselende voedselvoorschriften bij inname en bij gelijktijdig 
gebruik van andere medicijnen konden die elkaars werkingen en bijwerkingen beïnvloeden 
(geneesmiddeleninteractie). De hoge mate van therapietrouw die voor een succesvolle werking van 
de cART noodzakelijk was, werd hierdoor zwaar op de proef gesteld. Ook werd al spoedig duidelijk 
dat er belangrijke bijwerkingen konden optreden tijdens de behandeling. Patiënten hadden vaak last 
van diarree, de concentraties van vetwaarden in het bloed zoals cholesterol en triglyceriden stegen, 
de bloedsuikerspiegels stegen, en veel patiënten zagen de vetverdeling over het lichaam veranderen: 
lipodystrofie. Daarbij kon sprake zijn van toename van vetophoping in de buik, viscerale adipositas, of 
van vetverlies met afname van onderhuids vet in armen, benen en gezicht, lipoatrofie. Aanvankelijk 
werd de lipodystrofie met het gebruik van PIs in verband gebracht, maar al snel bleek dat vooral voor 
het vetverlies bepaalde NRTIs, waaronder stavudine en zidovudine, verantwoordelijk waren. 

De afname van de aan de hiv-infectie gerelateerde ziekte en sterfte onder patiënten met een hiv-
infectie ging gepaard met een toename in het optreden van chronische niet-hiv gerelateerde ziekten, 
zoals hart- en vaatziekten, kwaadaardige ziekten en botontkalking (osteoporose).

In dit proefschrift worden de effecten beschreven van onderhoudstherapie met slechts één klasse 
antiretrovirale middelen na aanvankelijke succesvolle onderdrukking van het hiv-RNA met standaard 
cART. Dit vergelijkend onderzoek werd in ziekenhuizen in Nederland en België uitgevoerd, de 

zogenaamde FREE studie; daarna worden de risico’s op hart- en vaatziekten bij hiv-geïnfecteerde 
patiënten en de invloed van hiv-behandeling op de bloedstolling bestudeerd. 

In hoofdstuk 2 worden de resultaten beschreven van een systematisch onderzoek naar alle 
gepubliceerde studies, waarin hiv-patiënten die op succesvolle wijze behandeld werden met standaard 

cART gebaseerd op 2 klassen hiv-remmers, overgezet werden op een onderhoudsbehandeling met 
hiv-remmers afkomstig uit alleen de klasse van NRTIs. Tripeltherapie met alleen NRTIs als eerste 
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behandeling van hiv-infectie bleek minder effectief dan standaard cART, vooral vergeleken met cART 
bestaande uit 2 NRTIs en 1 NNRTI. 

Er werden 11 onderzoeken met in totaal 2105 patiënten gevonden, waarin het lot bepaalde welke 
patiënten wel of niet overgingen op een onderhoudsbehandeling (gerandomiseerde trials) en 3 
studies met in totaal 2639 patiënten waarin de arts in overleg met de patiënt had besloten wel of niet 
op een onderhoudsbehandeling over te gaan (observationele cohort studies). In de studies waaraan 
patiënten meededen die voor de introductie van cART al behandeld waren met mono- of duotherapie 
met NRTIs, liet de onderhoudstherapie met tripel NRTI een tendens zien naar minder effectieve 
onderdrukking van het hiv-RNA, omdat bij hen al hiv-resistentie tegen NRTIs aanwezig was toen 
zij startten met cART. In alle gerandomiseerde onderzoeken verricht onder patiënten die vanaf het 
begin met standaard cART waren behandeld, was de tripel NRTI combinatie gelijkwaardig aan het 
voortzetten van cART met 2 NRTIs en 1 PI of 1 NNRTI. Alleen in 1 cohort studie bleek een tripel NRTI 
combinatie minder effectief dan een cART met daarin 1 PI. Effectiviteit van tripel NRTI combinaties 
werd alleen aangetoond voor de combinatie abacavir/lamivudine/zidovudine. Het switchen naar een 
onderhoudsbehandeling met tripel NRTI verbeterde de vetwaarden in het bloed.

Hoofdstuk 3 is een tussentijdse analyse van de FREE studie. In deze trial werd onderzocht of 
onderhoudsbehandeling met een combinatietablet van 3 NRTIs na succesvolle start van de 
behandeling met cART bestaande uit 2 NRTIs en 1 PI (inductiebehandeling) niet slechter (noninferior) 
zou zijn dan doorgaan met de standaard cART. De voordelen van deze onderhoudsbehandeling ten 
opzichte van de standaard cART zijn een lager aantal tabletten, minder geneesmiddeleninteracties, 
mogelijk een gunstiger effect op de vetwaarden in het bloed en blootstelling van het HIV aan slechts 
1 klasse van hiv-remmers (‘vrij van PIs’). We verrichtten een gerandomiseerde studie gedurende 96 
weken in 11 hiv-centrumziekenhuizen in hiv-geïnfecteerde personen die niet eerder met antiretrovirale 
therapie waren behandeld. In totaal 207 patiënten gaven hun geïnformeerde toestemming om mee te 

doen aan de studie. Vervolgens werd gestart met cART. Patiënten bij wie binnen 12-24 weken na start 
van de cART op 2 achtereenvolgende 4-6 wekelijkse polibezoeken het hiv-RNA in het bloed niet meer 
aantoonbaar was, konden aan het onderzoek blijven meedoen. De deelnemers bij wie de hiv-RNA 
resultaten na start van de cART niet aan de criteria voor de studie voldeden, vielen af voor het vervolg 

van het onderzoek. In totaal kwamen 120 patiënten (58%) in aanmerking voor de randomisatiefase 

van de studie, d.w.z. bij hen bepaalde het lot of ze overgingen naar de onderhoudsbehandeling of dat 
ze doorgingen met de cART waarmee gestart was. De uitvallers voor het vervolg van de studie bleken 
bij de start van de studie een hogere viral load en een lager aantal CD4+ lymfocyten in het bloed te 

hebben dan de deelnemers die in de studie konden blijven. Van de 120 patiënten die in de studie 
bleven, kregen 61 de onderhoudsbehandeling met het combinatietablet van 3 NRTIs, 59 patiënten 
gingen door met de 2 NRTIs en 1 PI. Bij de analyses na 48 weken van de studie was bij 2 patiënten in de 
NRTI-combinatietablet groep het hiv-RNA weer aantoonbaar geworden in het bloed en bij 5 patiënten 
in de NRTI + PI groep. Statistisch gezien was het verschil tussen de 2 groepen niet significant. Na 48 



Processed on: 10-4-2017Processed on: 10-4-2017Processed on: 10-4-2017Processed on: 10-4-2017

509405-L-bw-sprenger509405-L-bw-sprenger509405-L-bw-sprenger509405-L-bw-sprenger

109

Nederlandse samenvatting (Dutch summary)

9

weken van de studie was de conclusie dat het in ieder geval voor de korte termijn veilig was om, na 
succesvolle onderdrukking van hiv-RNA met standaard cART, Hiv-geïnfecteerde patiënten na een 
relatief korte tijd al over te zetten op een onderhoudsbehandeling met alleen NRTIs.

In hoofdstuk 4 worden de definitieve resultaten van de FREE studie gepresenteerd. Na 96 weken was 
bij 39 (66%) van de 59 deelnemers in de standaard cART groep en bij 43 (71%) van de 61 deelnemers 
in de alleen NRTI groep het hiv-RNA onder de 400 hiv-RNA kopieën per ml plasma gebleven. Voor het 
onder de meetgrens van de HIV-RNA test van 50 kopieën per ml plasma blijven gold dat voor 37 van 
de 59 (63%) in de cART groep en voor 38 van de 61 (62%) in de alleen NRTI groep. Van de 120 patiënten 
die gestart waren in de studie na de randomisatie, waren in totaal 36 patiënten (20 in de cART groep en 
16 in de alleen NRTI groep) voor het einde van de studie gestopt zonder dat er bij hen sprake was van 
verlies van onderdrukking van het hiv-RNA. Van hen waren 9 al meteen gestopt na de randomisatie 
zonder verder mee te doen aan de studie. Van de overige 27 deelnemers waren 15 in de cART groep 
en 12 in de alleen NRTI groep voortijdig uitgevallen. Indien vervolgens de gegevens geanalyseerd 
werden van de overgebleven patiënten, was er geen patiënt in de cART groep (0 van 39) en waren er 
2 patiënten in de alleen NRTI groep (2 van 45) met een hiv-RNA testresultaat groter dan 400 kopieën 
per ml plasma. Virologisch falen met hiv-RNA groter dan 50 kopieën per ml plasma trad bij 2 van de 39 
patiënten in de cART groep en bij 3 van de 45 in de alleen NRTI groep. Bij statistisch analyse waren de 
verschillen tussen de groepen niet significant. De vetwaarden in het bloed, die tijdens de behandeling 
met de standaard cART waren gestegen, verbeterden na de randomisatie statistisch significant in de 
groep die was overgegaan op de onderhoudsbehandeling met alleen NRTIs.

In Hoofdstuk 5 worden de gevolgen van de vereenvoudigde combinatietherapie voor hiv op de 
therapietrouw beschreven, en ook de kwaliteit van leven en de tevredenheid, bij de personen 
die meededen met de FREE trial. Voor de deelnemers was de nieuwe combinatie beter dan de 
standaardbehandeling; ze sloegen minder vaak de medicijnen over, ze waren meer tevreden over 

hun behandeling en de ervaren bijwerkingen, waren meer tevreden om door te gaan met hun nieuwe 
combinatie en ervoeren minder beperkingen in hun dagelijks leven dan de patiënten die door waren 
gegaan met de standaardbehandeling. 

Patiënten met hiv-infectie blijken een verhoogde kans te hebben op hart- en vaatziekten. In 

Hoofdstuk 6 wordt het meten van weerkaatsing door de huid van licht met een bepaalde golflengte 
(autofluorescentie) als test gebruikt om iets te kunnen zeggen over risico op hart- en vaatziekten 
bij patiënten met een hiv-infectie. De autofluorescentie van de huid (skin autofluorescence, SAF) is 

een maat voor de hoeveelheid versuikerde eiwitten (advanced glycation end products, AGEs) in de 
huid. Stapeling van AGEs vindt onder andere plaats in de huid en de bloedvatwanden, waar ze zich 
binden aan andere eiwitten en schade veroorzaken. Vorming ervan wordt beïnvloed door de hoogte 
van de bloedsuikerspiegel en aanwezigheid van ontstekingsprocessen. Stapelen van AGEs is een 
proces dat optreedt bij veroudering, maar is versneld bij onder meer patiënten met suikerziekte 



Processed on: 10-4-2017Processed on: 10-4-2017Processed on: 10-4-2017Processed on: 10-4-2017

509405-L-bw-sprenger509405-L-bw-sprenger509405-L-bw-sprenger509405-L-bw-sprenger

110

Chapter 9

(diabetes mellitus) en patiënten met een chronische nierziekte. Bij die patiëntengroepen blijkt de 
mate van huidautofluorescentie ook voorspellend te zijn voor het optreden van complicaties zoals 
hart- en vaatziekten. Het meten van de huidautofluorescentie kan op een snelle en voor de patiënt 
niet belastende wijze verricht worden met behulp van een klein instrument, de AGE Reader genoemd. 
Wij hebben de AGE reader ingezet bij hiv-patiënten, waarvan 89% cART kregen. Het blijkt dat de 
huidautofluorescentie bij hiv-patiënten verhoogd is ten opzichte van die bij gezonde leeftijdgenoten. 
Vervolgens hebben we aangetoond dat het gemeten niveau van de huidautofluorescentie een 
voorspeller is voor het optreden van hart- en vaatziekten, onafhankelijk van andere risicofactoren, 
zoals b.v. roken en verhoogde bloeddruk. De testuitslagen bleken minder betrouwbaar bij personen 
met een donkere huidskleur. 

Er bestaat een verband tussen ontstekingen en infecties en het stollingssysteem. Eerder is al eens 
vastgesteld dat er een verhoogde kans is op het ontstaan van een bloedstolsel in een ader (veneuze 
trombose) bij patiënten met hiv-infectie. In Hoofdstuk 7 beschrijven wij de analyse van stollingstesten 
in het bloed van patiënten met hiv-infectie en het effect daarop van cART. Na starten van cART 
verminderde de toegenomen stolbaarheid van het bloed, maar die werd niet helemaal normaal ten 
opzichte van gezonde proefpersonen. Verklaring voor het persisteren van het verhoogde risico op 
trombose kan zijn dat, ondanks succesvolle onderdrukking van het hiv door cART, het afweersysteem 
van hiv-geïnfecteerden geactiveerd blijft, gepaard gaande met verhoogde ontstekingsactiviteit. 
Oorzaak daarvoor is waarschijnlijk dat er in de zeer vroege fase van de hiv-infectie al blijvende schade 
is aangebracht aan het afweersysteem. Verder is het hiv nog steeds aanwezig, zij het in een slapende 
(latente) vorm.

Hoofdstuk 8 geeft de Engelstalige samenvatting.
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After the turning point in 1996, with the groundbreaking success of triple combination antiretroviral 
therapy (cART), it was soon becoming clear that people living with human immunodeficiency virus 
infection (HIV) would still have to face many hardships and challenges. Indeed, there were major 
concerns about important short-term and long-term adverse events of cART, quality of life issues, 
such as the number of pills (‘pill burden’), daily dosing frequency, with some of the drugs to be taken 
with food, and others while fasting. All of this resulted in difficulties for people living with HIV to 
adhere to therapy; indeed, although they now survived, their lives were dictated by their therapy, 
and resuming normal life was virtually impossible. The first preferred cART regimens to start with 
consisted of 2 nucleoside reverse transcriptase inhibitors (NRTIs) and a protease inhibitor (PI), or – 
after 1998 – 2 NRTIs and a nonnucleoside reverse transcriptase inhibitor (NNRTI), efavirenz. Not long 
after the introduction of cART, it was also recognized that a long-lived reservoir of HIV persists in 
latently infected CD4+ T cells despite continued successful suppression of viral replication, and that 
cART probably had to be continued for life [1]. Initially, the major concern was drug-induced toxicity 
rather than inflammation by uncontrolled viral replication. For instance, there were alarming reports 
on cardiovascular events associated with the use of PIs [2].

Strategies to avert toxicity of cART
The first reaction to the adverse effects of cART was to postpone start of HIV therapy until occurrence 
of severe immunodeficiency (CD4+ T-cell count below 250 or 200 cells/mm3). Switching to single class 
regimens would be yet another option to avoid toxicity. Single-class NRTIs combinations like the 
combination drug studied in the FREE trial 3,4, though effective in maintaining viral control [5,6], had –
despite being class-sparing – the disadvantage of important toxicity, especially mitochondrial toxicity 
such as lipoatrophy, with emerging evidence that abacavir carried an increased risk of cardiovascular 
disease (CVD) [7].Therefore NRTI-based single-class regimens have only limited added value, e.g., in 
low-resourced settings in low- and middle income countries where temporary ‘triple nuke maintenance 
therapy’ might help to avoid drug-drug interactions with tuberculosis treatment. Adherence might be 

yet another argument in support of single-class NRTIs [8], but clearly with the advent of more single-
tablet two-class antiretroviral drugs (ARVs) this argument has also become less valid. 

Other single-class switch regimens like ritonavir-boosted PI monotherapy have limitations as well, such 

as poor central nervous system penetration. Moreover, they have a small but significantly increased 

risk of virologic failure compared to cART regimens [9-11]. Integrase strand transfer inhibitors (INSTI), 
especially the second generation INSTI dolutegravir with a high genetic barrier to resistance, are 
attractive as single class regimen, but results of these trials are still pending [12].
 

In an another attempt to avoid cART-induced toxicity, the Strategies for Management of Antiretroviral 
Therapy (SMART) trial studied scheduled cART interruption in patients with CD4+ T-cell counts 
>350/cells/mm3, with a chosen CD4+ T-cell count threshold of 250 cells/mm3 for initiation of therapy. 
The investigators demonstrated that episodic cART increased the relative risk of cardiovascular disease 
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(CVD) events with 60% compared to patients who continued cART [13]. Furthermore, earlier treatment 
initiation was more favorable than delayed initiation regarding CVD [14]. 

Cardiovascular disease in HIV infection
Large cohort studies with increasing observation time since the introduction of cART, demonstrated 
an approximate 1.5- to 2-fold increased risk of CVD in HIV-infected patients compared to the general 
population [15,16]. Already in the pre-cART era, accelerated atherosclerosis had been reported in 
young HIV-infected patients without known risk factors of CVD, including children, albeit sporadically 
[17,18]. Though incompletely understood, multiple explanations have been proposed for the increased 
risk of CVD in HIV [19]. 

Some of the traditional risk factors for CVD such as smoking, appear to be more prevalent in HIV 
infected patients compared to controls [20]. Studies on diabetes in relation to HIV and cART have 
reported inconsistent results [21-24]. No insulin resistance has been demonstrated in treatment-naïve 
HIV patients [25]. Some of the older protease inhibitors, including ritonavir-boosted lopinavir, have 
been shown to induce insulin resistance [26]. Other studies also demonstrated that the thymidine 
analogues, stavudine and zidovudine, which are associated with lipoatrophy and mitochondrial 
dysfunction, can cause insulin resistance ]27,28[. In a study in HIV infected individuals, comparing an 
NRTI-containing to an NRTI-sparing regimen, only the former caused reduced insulin sensitivity [29]. 
Also newer ARVs have been associated with an increase in fasting glucose and a decrease in insulin 
secretory capacity [30].

In the pre-cART era, prevalence of hypertension was not increased [31]. Conflicting results have been 
reported about the possible influence of cART on hypertension [32-34]. 

In untreated HIV infection dyslipidemia is present with elevated levels of triglycerides, and low 

concentrations of HDL- and LDL-cholesterol [35]. cART increases total cholesterol, LDL-cholesterol, 
and in a variable way, HDL-cholesterol [36,37]. Although these changes can partly be seen as a ‘return 
to health’ phenomenon, they likely contribute to an increased risk of CVD [36,38]. Effects on lipids 
depend on the regimens used and combinations including modern ARVs such as INSTIs are more 

favorable than older cART regimens, especially those containing older PIs [38,39].

Direct effects of antiretroviral drugs on cardiovascular disease risk
Protease inhibitors
The D:A:D (Data Collection on Adverse Effects of Anti-HIV Drugs) investigators found increased risk 
of myocardial infarction with longer exposure to cART. With longer follow-up time, the association 
remained significant for PIs, not for NNRTIs [40] but no increased risk of CVD was seen with ritonavir-
boosted atazanavir [41]. Data on the newer second-generation PI darunavir and CVD risk are still 

lacking. 
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NRTIs
In follow-up analyses of the D:A:D study, the investigators found an profoundly increased risk of 
myocardial infarction with use of abacavir and less so with the use of didanosine. Associations were 
not found with cumulative use of abacavir, didanosine, or other NRTIs [7,42]. Post-hoc analyses of the 
results of the SMART trial confirmed the increased risk of myocardial infarction in patients currently 
on abacavir [43]. These findings were unexpected, because, in contrast to some other NRTIs, use of 
abacavir is not associated with an increased risk of metabolic complications such as dyslipidemia 
or insulin resistance. One explanation could be that there was a prescription bias with abacavir for 
patients with chronic kidney disease in whom tenofovir is contraindicated [44]. Other cohort studies 
and three meta-analyses of randomized clinical trials could not confirm the findings of the D:A:D 
study [44-49]. However, with recent studies still showing an association, the debate is ongoing [50,51]. 

HIV-associated immune activation, inflammation and CVD 
The findings of the aforementioned SMART trial focused attention on the consequences of untreated 
HIV infection and changed our understanding of the pathogenesis of HIV-associated CVD and other 
age-related diseases. Follow-up analyses of the SMART trial showed that activation of inflammatory 
and coagulation pathways contributed to the excess morbidity and mortality [52-55]. These findings 
have been confirmed by other studies. Cellular markers and plasma biomarkers of monocyte 
activation, such as soluble (s) CD14 and sCD163 are also increased in HIV infection [56-58]. cART 
naïve HIV patients with a detectable viremia have more advanced subclinical atherosclerosis. This is 
associated with endothelial dysfunction, traditional CVD risk factors and elevated levels of circulating 
proinflammatory cytokines [59-61]. 

To assess the effect of viremia, cohorts of HIV  ‘elite controllers’ – i.e., patients who maintain undetectable 
plasma HIV RNA by conventional assays in the absence of antiretroviral therapy – were studied. In 
these elite controllers, both the prevalence of atherosclerosis and markers of immune activation 
are increased compared to HIV-negative controls, and similar compared to HIV-infected individuals 
with detectable viremia or who are virologically suppressed on cART. In elite controllers levels of the 

monocyte activation marker sCD163 were higher than in virologically suppressed individuals [62-64]. 

Inflammation and immune activation during cART
Markers of inflammation and immune activation decrease with successful suppressive cART, but 
remain slightly elevated [53,65]. Ongoing microbial translocation stimulates this inflammatory 
response, as the CD4 T-cell depletion in the lymphoid tissue of the gut is not completely restored by 

cART [66,67]. Another driver of immune stimulation can be coinfection with cytomegalovirus (CMV) 
[68]. Residual viremia of HIV under suppressive cART may also contribute to ongoing stimulation of 
the immune system [69]. 
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Low CD4+ T-cell counts have inconsistently been associated with increased CVD risk [16,47,70-7]. A 
persistently low CD4/CD8 ratio during effective cART is associated with immune activation and a 
higher risk of non-AIDS morbidity and mortality [76]. It has remained unclear whether persistent T-cell 
activation enhances CVD risk [71,77,78]. Some studies did find a correlation with carotid intima-media 
thickness [79,80], while another did not [81]. Decreased expression of CD14 on monocytes is associated 
with carotid intima-media thickness, and increased expression of CD16 with progression of coronary 
artery calcium [82,83]. Plasma monocyte activation marker sCD14 has been independently associated 
with mortality in the SMART study, and with CVD [84,85]. 

Advanced glycation end products and HIV infection
In our study in a cohort of predominantly male and virologically suppressed HIV-infected patients we 
demonstrated an increased accumulation of advanced glycation end products (AGEs) by measuring 
elevated skin autofluorescence (SAF) levels which we compared with SAF levels found in age-matched 
healthy controls. Our findings of elevated accumulation of AGEs in HIV-infected patients compared 
to age matched controls fit in the theory that HIV-infected patients demonstrate an aged clinical 
phenotype driven by persistent chronic inflammation [86]. 

AGEs are the end products of a complex process of reducing sugars irreversibly bound to other 
molecules, usually amino acids. AGEs accumulate over the life time of proteins, such as the long-
lived proteins in the collagen of the skin (estimated half-life of 15 years) or of the vascular wall, and 
form cross-links altering the structure and function of tissue proteins [87,88]. These changes are 
regarded as a normal process in aging [89,90]. The production of AGEs is increased under conditions 
of hyperglycemia, oxidative stress and inflammation [91,92]. AGEs can also be exogenously derived 
from tobacco smoke and certain foods [93,94]. Through interaction with receptors for AGEs expressed 
on a wide range of cells, including monocytes, macrophages and endothelial cells, AGEs induce 
inflammatory responses and oxidative stress [95,96]. 

SAF is elevated in diabetes mellitus and end-stage renal disease. In both conditions SAF independently 

predicts CVD events and mortality [97-99]. In other diseases SAF has proven to be an indicator of 
widespread atherosclerosis, irrespective of hyperglycemia and renal insufficiency [100-103]. 

As we found that SAF was a marker for CVD events in our small cohort of HIV-infected patients, we 
propose that a larger study should be performed in which SAF is assessed as an additional indicator for 

CVD risk. SAF might replace more burdening tests like carotid intima-media thickness measurements, 
non-contrast coronary computed tomography (CT) and coronary CT angiography [104-107]. SAF levels 
are associated with subclinical atherosclerosis [101,108], and therefore measuring SAF would be an 

easily applicable and non-invasive tool to identify a high risk CVD profile in HIV-infected individuals. 
A drawback of measuring SAF with the device and software we used, is that it cannot be employed in 
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patients with a dark skin because these skin types absorb too much excitation light [109]. Studies are 
ongoing to address and resolve these limitations [110].

Venous thrombosis and HIV infection 
Like the incidence of arterial thrombosis, the incidence of venous thrombosis (VT) is also increased 
in HIV-1 infected patients [111-117]. Several studies found elevated levels of procoagulant factors such 
as factor VIII and fibrinogen and deficiencies of anticoagulant factors as protein S and protein C in 
HIV-infected patients [116,118-129]. Endothelial activation markers are also elevated in HIV-infected 
patients [128,130-136]. Monocytes of HIV-infected patients more often express detectable tissue factor 
(TF) on their cell surfaces than uninfected controls, and HIV-infected patients have higher levels of 
bioactive TF in their plasma [137]. Most of these studies found correlations with the stage of HIV 
infection and with HIV RNA levels. Although HIV infection can be associated with thrombocytopenia 
[138], HIV-infected patients also show enhanced platelet activation [131,139-142]. In a small case-control 
study – mainly patients on cART – markers of endothelial dysfunction and coagulation were strongly 
and independently linked to a subsequent first VT when measured prior to the event occurrence [143].
 
Whether the use of certain ARVs increases the risk of VT, has not been clearly demonstrated 
[112-114,116,117]. Moreover, the use of cART appears to be associated with a lower prevalence of 
coagulation abnormalities even though in most treated patients coagulation levels do not normalize 
[128,131,134,136]. 

Association between infection and thrombosis has also been demonstrated in other infectious 
diseases, such as CMV and tuberculosis [144,145]. In HIV-infected patients an association between 
higher levels of CMV immunoglobulin G antibodies and hypercoagulability independent of the stage 
of HIV disease has been reported [146].

In chapter 7 we described functional hemostatic tests of coagulation and fibrinoloysis demonstrating 
prothrombotic features in untreated HIV-infected patients. After cART the increased thrombin 
generation in the thrombomodulin-modified thrombin generation test decreased significantly and 

normalized to a large extent. However, prothrombotic features remained present, especially with a 
still significantly increased clot lysis time compared to controls. With persistent high levels of factor 
VIII and TFPI and a persistently prolonged lag time in the thrombin generation test, we demonstrate 
that endothelial dysfunction persists under cART. 

Also in the current era with early treatment in the majority of people living with HIV in the Netherlands, 
HIV infection is still associated with an increased incidence of VT [147]. These findings may deserve 
attention in preventative recommendations for use of thromboprophylaxis in HIV-infected patients. 
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Whether the risk of recurrent thrombosis is also increased in HIV infection needs to be studied. Results 
of this research could lead to specific recommendations for secondary thrombosis prophylaxis in HIV-
infected patients.

Two recent trials, The Strategic Timing of Antiretroviral Therapy (START) trial and The Trial of Early 
Antiretrovirals and Isoniazid Preventive Therapy in Africa (TEMPRANO) demonstrated the health 
benefits of early start of antiretroviral therapy in asymptomatic individuals with a CD4+ T-cell count 
>500 cells/mm3 compared with patients who deferred therapy until their CD4+ T-cell count dropped to 
<350 cells/mm3 [148,149]. Consequently, delaying start of cART at certain CD4+ T-cell count thresholds 
has largely been abandoned in current international treatment guidelines . Moreover, the test-and-
treat strategy has enormous advantages to control the HIV epidemic [150-152].

The question remains whether start of early cART will be able to completely prevent persistent 
inflammation and immune activation and subsequent aging-related diseases. Recent observational 
studies have reported a decline in CVD events over time with changes in disease management, 
including earlier start of cART [153,154]. Strikingly, despite the beneficial effects of early therapy in 
clinical outcome, the rate of CVD events in the START trial did not differ between the 2 groups. Indeed, 
arterial elasticity is already pathologically decreased early on during HIV infection [155]. Probably 
irreversible damage to the immune system occurring in the first weeks of the infection drives persistent 
inflammation and immune activation despite early initiation of cART [156]. This emphasizes the need 
for continuous stringent cardiovascular risk management even in the current ‘test and treat’ scenario.
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Het opperen van ideeën voor en zelfs aanvangen van onderzoek, is vele malen makkelijker gebleken 
dan het tot een goed einde brengen ervan. Dat het afronden van onderzoek uiteindelijk is gelukt, heb 
ik aan een aantal mensen speciaal te danken.

Allereerst aan mijn promotor Tjip van der Werf, hoofd van de Infectieziekten binnen het UMCG. 
Beste Tjip, het traject dat nu al weer wat jaren geleden begon met ons gezamenlijke bezoek aan 
Clemens Richter in Arnhem, is dan toch voltooid. Dank dat je mij hebt willen begeleiden. Jouw 
vermogen de grote lijnen te zien, snel inzicht te hebben in de betekenis van onderzoeksresultaten en 
jouw gevoel voor scherp formuleren, hebben in belangrijke mate geholpen de eindstreep te halen. 
Daarnaast bleef je steeds een positieve grondhouding aannemen ten aanzien van de waarde van het 
onderzoek. Hopelijk wordt het inderdaad “Wie het laatst lacht …”. 

Vervolgens aan mijn copromotor Wouter Bierman. 
Beste Wouter, in de afgelopen jaren ben je de motor geworden waarop het onderzoek bleef draaien. Ik 
heb jouw scherpzinnige en geconcentreerde manier van denken en werken zeer gewaardeerd en kijk 
met veel plezier terug op onze inhoudelijke gesprekken over het onderzoek. Dank voor je steun. Jou, 
wat mijn klinische werk betreft als een opvolger te zien, heeft mij vanaf het begin van je komst naar 
Groningen een tevreden gevoel gegeven. Succes in je verdere carrière. 

De leden van de beoordelingscommissie, de hoogleraren Peter Reiss, David Burger en Bert Niesters 
dank ik voor hun vriendelijke woorden en hun oordeel om mij toe te laten tot de verdediging van dit 
proefschrift.

Vervolgens ben ik veel dank verschuldigd aan de collega’s van de hiv-behandelcentra in Nederland en 

in België, die geparticipeerd hebben in de FREE trial. 

In het bijzonder geldt mijn dank het team in het ziekenhuis Rijnstate te Arnhem, destijds onder 
leiding van Clemens Richter. 

Beste Clemens, jij hebt aan de wieg gestaan van dit deel van het onderzoek. Ik heb veel bewondering 
voor de zeer actieve wijze waarop jij, naast jouw klinische werk in een niet-academisch ziekenhuis, 
betrokken bent geweest bij het klinisch wetenschappelijk onderzoek in Nederland op het gebied 
van infectieziekten. Dank dat je mij de verantwoordelijkheid hebt gegeven voor dit deel van het 
onderzoek. Jouw positieve, optimistische houding tijdens de begeleiding heb ik zeer op prijs gesteld. 

Dank ook aan de andere leden van het Rijnstate team, in het bijzonder Jet Gisolf en Nienke Langebeek. 
Beste Jet, dank voor je vlotte, energieke inzet bij de afwikkeling van de trial en evenzo actieve bijdragen 
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aan de artikelen. Beste Nienke, dank voor jouw inspanningen bij het verzamelen van de resultaten van 
de FREE trial. Die trial vormde voor jou ook een startsein van een promotietraject, waarmee dus voor 
een deel sprake is van een soort ‘zusterpromotietraject’. Succes gewenst wanneer jij binnenkort jouw 
proefschrift gaat verdedigen in Amsterdam. 

Een aparte vermelding verdient ook Paul Mulder van het Erasmus MC te Rotterdam. Beste Paul, dank 
voor jouw uitvoering van de statistiek in de FREE studie en je immer geduldige bereidheid mijn vragen 
te beantwoorden.

De overige hiv-behandelaren en medeauteurs van de artikelen over de FREE trial dank ik voor de 
samenwerking en hun bijdragen die ik altijd als zeer enthousiasmerend heb ervaren. Dank ook aan 
de verpleegkundig specialisten / consulenten hiv in de deelnemende centra voor de ondersteuning bij 
het verzamelen van de data. 

Wat het onderzoek met de AGE Reader betreft, gaat mijn dank uit naar Andries Smit, Reindert Graaff 
en Melanie Martes.
Beste Andries, goede wijn behoeft geen krans, maar ik wil toch iets noemen. Je hebt op een jou 
kenmerkende rustige en zeer kundige wijze dit onderzoek begeleid en er richting aan gegeven. Dank 
hiervoor.
Beste Reindert, dank voor jouw belangrijke hulp bij het interpreteren van de resultaten. Ik heb de 
gesprekken met jou, mede dankzij jouw achtergrond als natuurkundige, zowel als zeer verhelderend 
als plezierig ervaren. 
Beste Melanie, jij hebt destijds als student de verantwoordelijkheid gedragen voor de metingen met 
de AGE-reader en de resultaten in een database verzameld en meegewerkt aan de eerste analyses. 
Dank voor de nauwkeurige uitvoering van deze taken. Succes in je specialisatie tot psychiater. 
Dank ook aan Lisanne de Vos voor hulp bij de statistische analyses.

Voor het stollingsonderzoek gaat mijn dank speciaal uit naar Karina Meijer en Vladimir Tichelaar van 

de afdeling hematologie.
Beste Karina, dank voor de mij geboden gelegenheid om de vervolgstudie uit te voeren van het, in het 
kader van samenwerking tussen de infectieafdeling en stollingsafdeling, al langer lopende HIV BEAST 
onderzoek.

Beste Vladimir, jij bent als verse postdoc de drijvende en inhoudelijke kracht geweest achter dit 
onderzoek. Ik heb daar zeer veel steun aan gehad. Succes in jouw verdere opleiding tot internist in de 
differentiatie vasculaire geneeskunde.
Daarnaast dank ik Ton Lisman van het chirurgisch laboratorium en André Mulder van het laboratorium 
bijzondere hematologie en de analisten van die laboratoria voor het uitvoeren van de verschillende 

stollingstesten. 
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In Groningen was al mijn onderzoek niet mogelijk geweest zonder de steun van de verpleegkundig 
specialisten hiv. In de eerste plaats Piet van der Meulen.
Beste Piet, we zijn zeer lang geleden, oktober 1985, samen begonnen aan ons hiv avontuur op de 
‘aids polikliniek’. Die was in die tijd net opgezet dankzij de vooruitziende blik van Jan Weits, de 
eerste internist voor infectieziekten in wat toen het Academisch Ziekenhuis Groningen heette. Ik 
heb het samen met jou zeer goed kunnen volhouden op de infectieafdeling. Altijd een plezierige 
samenwerking, waarbij ik ook goede herinneringen bewaar aan onze samenwerking bij de zeer 
vele multicentrische onderzoeken waaraan we hebben deelgenomen. Later is ook jouw steun bij de 
onderzoeken die in dit proefschrift zijn beschreven, zeer belangrijk geweest. Ik ben blij dat je bereid 
bent paranimf bij mijn promotie te zijn. 

Dank natuurlijk ook aan de andere verpleegkundige specialisten hiv, Rita Georg en haar opvolgster 
Dorien de Weerd. Beste Rita en Dorien, dank voor de prettige samenwerking, jullie alerte ondersteuning 
was belangrijk bij de onderzoeken.

Aparte vermelding verdienen eveneens de administratieve medewerkers. Dank aan de medewerkers 
zorgadministratie van de polikliniek Infectieziekten, in de laatste jaren in het bijzonder Carla Kooistra, 
voor het steeds maar weer klaar leggen van de toen nog vaak papieren administratie. Verder dank 
aan Ryanne Henstra, dataverzamelaar bij de Stichting HIV Monitoring, op wie regelmatig een beroep 
gedaan kon worden voor het opzoeken van gegevens. 

De internist-infectiologen Ymkje Stienstra, Eveline Kloeze, Sander van Assen, Martijn Bakker en Kasper 
Wilting dank ik voor de prettige samenwerking tijdens mijn actieve carrière. 
Hier wil ik ook graag de collega`s van de afdeling Medische Microbiologie danken voor de 
samenwerking, in het bijzonder de virologen Coretta van Leer-Buter, Annelies Riezebos-Brilman en 
Bert Niesters als hoofd van de sectie Klinische Virologie. 

Verder dank aan de overige collega‘s van de onderafdeling algemene interne geneeskunde, Jan van 
Leeuwen, die tot 2009 ook nog een aantal jaren een collega op de hiv polikliniek is geweest, Elske 
Marije, Suzanne, Harianne, Mark, Ewout, Joop, Jack, Herman, Jan, Friso, Tycho en Rijk, hoofd van de 
afdeling Interne Geneeskunde. Met jullie heb ik de samenwerking evenzo als zeer plezierig ervaren. 

Mijn bijzondere dank gaat uit naar de patiënten die hebben deelgenomen aan de studies. Ook de 
overige patiënten op de hiv polikliniek wil ik danken. Ik ben er trots op dat wij al vele jaren en als eerste 
hiv-behandelcentrum in Nederland op structurele wijze overleg voeren met een vertegenwoordiging 
van de patiënten om de kwaliteit van de patiëntenzorg te bevorderen.

De laatste woorden van dank richt ik tot de belangrijkste mensen in mijn leven, mijn familieleden. Op 
de allereerste plaats mijn lieve echtgenote, ik ben je dankbaar voor de steun die je mij al die jaren hebt 

gegeven. Jij hebt voor de rust gezorgd en daarmee een basis gecreëerd waarop ik kan functioneren. 
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Ik voel mij gezegend met mijn kinderen en kijk met blijheid naar hun families. Ik ben bijzonder trots 
op jullie. Extra bijzonder voor mij is dat Reinier als jonge internist mijn paranimf wil zijn. Tot slot hoop 
ik natuurlijk dat we nog vele jaren van elkaars aanwezigheid kunnen genieten.
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Herman Sprenger werd op 2 oktober 1949 in Groningen geboren. Na het behalen van het HBS 
B-diploma aan de Rijks Hogere Burgerschool te Groningen in 1966, ging hij geneeskunde studeren 
aan de Rijks Universiteit Groningen. Het artsexamen werd behaald In maart 1976. Daarna volgde 
hij de Beroepsopleiding Huisartsgeneeskunde aan de RUG en werd in oktober 1977 geregistreerd 
als huisarts. Van september 1977 tot december 1978 werd de militaire dienstspicht vervuld bij 
de Koninklijke Luchtmacht op de Vliegbasis Leeuwarden, rang Reserve-eerste-Luitenant-arts. 
Hierna was hij tot juli 1980 arts-assistent niet in opleiding tot specialist op de afdelingen Interne 
Geneeskunde en Chirurgie van het Diaconessenhuis in Groningen. Vervolgens werd hij in juli 1980 
arts-assistent op de Diabetesafdeling van Beatrixoord te Haren. In 1981 begon hij met zijn opleiding 
tot internist in het Academisch Ziekenhuis Groningen, die in februari 1986 werd afgerond met zijn 
registratie als internist. Hij werd in 1986 in het AZG aangesteld bij de afdeling Interne Geneeskunde 
als Aidscoördinator en werd staflid interne geneeskunde bij de onderafdeling Algemene Interne 
Geneeskunde, sectie Infectieziekten, AZG. In 1993 volgde registratie als internist-infectioloog. Van 2002 
tot 2013 was hij hoofdbehandelaar van het hiv-behandelcentrum UMCG. Naast zijn werkzaamheden 
in de patiëntenzorg op de afdelingen algemene interne geneeskunde en infectieziekten heeft hij 
onderwijstaken verricht. In het geneeskundeonderwijs van de Medische Faculteit was hij in de 
curricula C2000 van 1994 tot 2005 en G2010 van 2005 tot 2014, coördinator van onderdelen van het 
onderwijs betreffende infectieziekten. Daarnaast werd bijgedragen aan het onderwijs aan de arts-
assistenten in opleiding tot internist . Ook werd sinds 2002 bijgedragen aan de master Advanced 
Nursing Practice van de Hanzehogeschool Groningen bij de opleiding tot verpleegkundig specialisten 
hiv. Op het gebied van onderzoek is hij voor het AZG/UMCG coördinator geweest van meer dan 20 
voornamelijk multicentrische fase 1- tot fase 4-geneesmiddelonderzoeken, vooral met antiretrovirale 
geneesmiddelen. Daarnaast heeft hij klinisch wetenschappelijk onderzoek verricht op het terrein van 
diagnostiek en behandeling van infecties door het cytomegalovirus, non-tuberculeuze mycobacteriën 
en de gist Candida bij hiv-patiënten. Ook heeft hij meegewerkt aan studies naar gezondheids- en 

farmaco-economische aspecten van diagnostiek en behandeling van hiv-infecties. Hij is als auteur bij 
ongeveer 60 wetenschappelijke artikelen betrokken geweest. In oktober 2014 is hij al als internist met 
pensioen gegaan. Momenteel werkt hij parttime als docent bij het Onderwijsinstituut in het UMCG.
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ABC  abacavir
AGEs advanced glycation end products
AIDS acquired immune deficiency syndrome
cART combination antiretroviral therapy
ARV antiretroviral drug
AZT azidothymidine
CBV lamivudine/ zidovudine
CKD chronic kidney disease
CMV cytomegalovirus
CVD cardiovascular disease
D:A:D  Data Collection on Adverse Effects of Anti-HIV Drugs
d4T stavudine
ddC zalcitabine
ddI didanosine
EFV efavirenz
FTC emtricitabine
HAART highly active antiretroviral therapy
HIV human immunodeficiency virus
HIVTSQ HIV Treatment Satisfaction Questionnaire 
INSTI integrase strand transfer inhibitor 
ITT  intention-to-treat 
LPV/r lopinavir/ritonavir
MOS-HIV  Medical Outcome Study HIV Health Survey
MSM men having sex with men
NRTI nucleoside reverse transcriptase inhibitor 

NNRTI nonnucleoside reverse transcriptase inhibitor
NVP nevaripine
PI protease inhibitor
QoL  Quality of life

 RCT randomized controlled trial
SAF skin autofluorescence
SMAQ  Simplified Medication Adherence Questionnaire 
TDF tenofovir disoproxil fumarate
TZV abacavir/lamivudine/zidovudine

VL viral load
VT venous thrombosis
ZDV zidovudine
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