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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 



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

103

Summary

8

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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