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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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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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