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Background 

In 1981, two reports by the Centers for Disease Control and Prevention were published 
describing patients with what was later to be known as the acquired immunodeficiency 
syndrome (AIDS).1,2 The etiologic agent, human immunodeficiency virus (HIV), was 
identified two years later.3-5 The quest for this agent resulted in a bitter rivalry between 
lead investigators on both sides of the Atlantic.6,7 The isolation of the etiologic agent 
opened the door for the development of therapeutic strategies. Patients infected with 
HIV formed a strong pressure group for politicians and drug companies alike to 
develop these.8,9 The hope to obtain access to a potentially effective treatment made 
many patients volunteer to enrol in clinical studies.10  

Today, just over twenty years after the emergence of the AIDS epidemic, we 
have more than twenty antiretroviral drugs from four distinct classes, making effective 
chronic treatment of HIV-infection possible.  
 

Antiretroviral drugs 

Adequate suppression of HIV-infection is generally achieved with a combination of at 
least three antiretroviral drugs, denoted as highly active antiretroviral therapy (HAART). 
This has shown to be superior to treatment with either one or two different drugs.11-17 
The molecular targets for antiretroviral drugs closely follow the replicative cycle of the 
virus (Figure 1).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

For entry into the target cell, the virus has to first bind to both the CD4 receptor and 
either one of two co-receptors (CXCR4 or CCR5), after which the virus can fuse with the 

Fig 1: The replication cycle of HIV. 
Reproduced with permission from:  
Douglas D Richman (editor).  
Human Immunodeficiency Virus. 
2003; pp. 3:1.  
London: International Medical Press 
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cell membrane. The viral protein gp41 is essential in this fusion process. The first fusion 
inhibitor, enfuvirtide, was approved in 2003 by the Food and Drug Administration (FDA) 
in the USA, and the European Medicines Agency (EMEA). At present, drugs are being 
developed which block the CCR5 co-receptor.18-21 The clinical development of one 
CXCR4 receptor antagonist as an antiretroviral drug, has recently been abandoned due 
to both side effects and disappointing efficacy.22 However, the efficacy of the drug was 
most probably hampered by the co-existence of R5-tropic viruses in these patients. 

After the viral single stranded RNA has entered the cytoplasm of the target 
cell, it is transcribed into double stranded DNA by the virus-encoded enzyme reverse 
transcriptase (RT). This enzyme is a pivotal target for antiretroviral therapy. The first 
drug approved for the treatment of HIV, zidovudine (ZDV, 3'-azido-3'-
deoxythymidine), in fact belongs to the class of nucleoside analogue reverse 
transcriptase inhibitors (NRTIs). Drugs from this class are dideoxynucleoside 
analogues, which need to be intracellularly phosphorylated into active triphosphate 
moieties. They then serve as competitive analogues of the natural substrates for HIV 
reverse transcriptase. Once incorporated into the growing DNA chain, they lead to 
premature chain termination. Unfortunately, also cellular processes may be affected 
through inhibition of cellular DNA polymerases, especially DNA polymerase-γ. The 
effect of NRTIs on this key enzyme responsible for mitochondrial DNA replication, is 
considered to be associated with the development of mitochondrial toxicities, including 
lipoatrophy.23,24 At the moment there are seven NRTIs licensed as well as one 
nucleotide analogue RT-inhibitor. Several new compounds in this class are being 
developed.  

Another class of drugs that has HIV reverse transcriptase as its molecular 
target is that of the non-nucleoside reverse transcriptase inhibitors (NNRTIs). These 
drugs will be described in more detail later. 

The double stranded viral DNA that is produced in the cytoplasm is 
transported into the nucleus of the target cell and integrated into the host genome using 
the HIV-encoded enzyme integrase. Drugs targeting this enzyme are being developed, 
but none are as yet available for clinical use.25,26 

Once integrated into the host cell genome, viral DNA may be transcribed into 
mRNA, which is translated into polyproteins, which in turn need to be cleaved in order 
to form multiple functional proteins. The viral-encoded enzyme protease that is used in 
this cleavage process is another pivotal antiretroviral target. The first protease inhibitor 
(PI) approved for clinical use was saquinavir in 1995. A PI-based triple drug regimen 
initially became the standard HAART regimen and remains one of the options for 
initial treatment in antiretroviral treatment guidelines.27-29 At the moment there are 
eight PIs approved for clinical use and new compounds are being developed. 

Molecular targets based on the assembly of the virion and budding from the 
cell (the last steps in the viral replication cycle), as well as targets based on viral 
proteins like gag, vif, and vpr, are in several phases of development. 
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Non-nucleoside reverse transcriptase inhibitors 

The first NNRTIs were identified in 1989. Miyasaka et al. described a group of 
compounds found to inhibit HIV-1 replication in vitro. These compound were called 
HEPT after the acronym of their chemical structure.30 Shortly thereafter, Pauwels et al. 
described the TIBO derivates which also showed anti HIV-1 activity.31 Both groups 
identified their lead compound through rigorous screening for HIV-1 replication 
inhibition in vitro. It turned out that these compounds had a similar mode of action by 
direct inhibition of the HIV-1 RT.31-33 These reports were followed by others describing 
compounds that were identified by specifically screening for HIV-1 RT inhibition in 

vitro of a wide variety of chemical compounds that were explored for drug 
development in unrelated areas: dipyridiazepione derivates 34,35, BHAPT derivates 36, 
and pyridione derivates.37 Today, the NNRTIs form a diverse class of antiretroviral 
drugs, with over 50 structurally different compounds.38 Of these, only three drugs are 
in clinical use: nevirapine, efavirenz and delaviridine; the latter in the USA only. All 
NNRTIs have in common that they specifically interfere with the function of HIV-1 RT. 
Apart from rare exceptions 39, NNRTIs do not show any inhibitory effect on the RT of 
other viruses (e.g. HIV-2, HTLV-1 and -2, simian or feline immunodeficiency virus, 
murine leukaemia virus) or other polymerases, whether viral or cellular. When bound 
to a specific hydrophobic pocket within the HIV-1 RT, NNRTIs slow down the process 
of RNA dependent DNA polymerisation.40  

Despite the good antiretroviral activity in vitro, NNRTIs showed to be 
associated with a rapid selection of drug-resistant HIV-1 strains. A single mutation in 
the HIV-1genome can increase the 50% inhibitory concentration of all NNRTIs by 40-
100 fold.41-43 The two main resistance associated mutations are in codon 103 and 181 of 
the HIV-1 RT. Due to the narrow binding site in the hydrophobic pocket, there is a 
marked amount of cross resistance between all three NNRTIs.38,44 The dipyridiazepione 
derivate nevirapine (NVP) selected for resistant strains after only a few passages of 
infected cells in vitro.43 The same was seen in in vitro studies with pyridione derivates.45

 This rapid selection of drug-resistant HIV-1 strains by NNRTIs was confirmed 
in clinical studies. A study with monotherapy with the pyridione derivate L697,661 
showed rapid and extensive resistance for the drug within 13 weeks of treatment.46 
Similarly, the antiviral effect of monotherapy with NVP in therapy-naive patients was 
not sustained due the selection of resistant HIV-1 strains.47,48 In an effort to minimise 
the selection of resistant virus with the use of NNRTIs, several strategies were 
considered: 1) combining an NNRTI with an NRTI, 2) alternating the use of an NRTI-
based regimen with an NNRTI-based regimen, and 3) increasing the dose of the 
NNRTI. 

In a clinical study with L697,661 in combination with ZDV, the selection of 
HIV-1 strains resistant to L697,661 was delayed for approximately 10 weeks only. 
However, the mutations in the HIV-RT were different with the dual therapy compared 
to L697,661 monotherapy and conferred a lesser level of resistance.49 In studies 
combining NVP with ZDV, HIV-1 strains resistant to NVP were selected within four to 
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eight weeks of treatment, although some antiretroviral effect was seen up to 12 weeks 
in patients who received the highest dose of NVP (200 mg/day).47,48  

Alternating the use of an NRTI-based regimen with an NNRTI-based regimen, 
might result in a different selection pressure for HIV-1 RT. Patients who were treated 
for one week with NVP (200 mg/day) and subsequently three weeks with ZDV did not 
show a sustained antiretroviral effect due to the development of NVP-resistance.50 This 
is likely to be driven by the long half-life time of NVP (25-30 hours) exposing patients 
to-sub optimal plasma concentrations of NVP for extended periods of time, even after a 
single dose of NVP.51  

The strategy of increasing the dose of the NNRTI with the purpose of attaining 
higher plasma concentrations was followed for NVP (400 mg/day) in both 
antiretroviral naive and experienced patients. These studies reported inconclusive 
results.50,52 

From the moment that PIs, use of which is not associated with such extremely 
rapid development of viral resistance, became available, the further development of 
NNRTIs was put on a sidetrack. A renewed interest in the use of NNRTIs was seen 
when the INCAS study showed that a treatment with NVP, ZDV and didanosine (ddI) 
in antiretroviral therapy naive patients, was superior to a regimen of NVP and ZDV, or 
ZDV and ddI.53 In the meantime, the development of L697,661 was halted and other 
NNRTIs like atevirdine and loviride failed to prove adequate clinical efficacy.54-56 
Young et al described for the first time in 1995 the benzoxazione derivative efavirenz 
(EFV).42 It was shown that the selection of resistant HIV-1 strains was much slower 
with this compound compared to L697,661. Right from the start, efavirenz was used in 
combination therapy even in the early dose-finding studies and showed to be an 
effective antiretroviral drug.57-59  

Now that NNRTI-based HAART regimens, with either NVP or EFV, had 
shown to have adequate antiretroviral efficacy, these regimens had to be compared 
with PI-based HAART regimens. PI-based HAART regimens had rapidly become the 
preferred first-line antiretroviral regimen following the availability of PIs, and proved 
to be very effective in numerous cohort studies 13,60,61 and clinical trials.11,12,62-64 
However, the pill burden of the first available PI-based regimens was high and the side 
effects considerable. The use of PIs also often mandated strict dietary requirements for 
the patient that were not always easy to comply with.  

It was shown that a combination of NVP, stavudine (d4T), and ddI in therapy-
naive patients was comparable with respect to antiretroviral potency to a regimen of 
IDV, d4T and ddI.65 Similarly, NVP combined with ZDV and 3TC had a comparable 
efficacy as nelfinavir (NFV) with these same NRTIs.66 A study that compared EFV and 
IDV in combination with AZT and 3TC showed superior efficacy of the EFV-based 
regimen in antiretroviral naive patients.67 An EFV-based regimen was superior to a 
NFV-based regimen in patients who failed their prior NRTI-only regimen.68  

Apart from direct comparisons between PI-based and NNRTI-based regimens, 
switch studies also provided evidence that NNRTI-based regimens were a valuable 
option.69,70 In these studies, patients on a stable PI-based regimen with adequate viral 
suppression, substituted their PI for an NNRTI. In studies that directly compared 
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patients who switched their PI-based regimen with those who did not, switching to an 
NNRTI-based regimen did not compromise virologic efficacy.71-73 The same was seen in 
studies where all patients switched their PI-based regimen to an NNRTI-based 
regimen.74-76 Patients who did fail their NNRTI-based regimen after switching from a 
PI-based regimen often showed HIV-1 strains with pre-existing NNRTI and/or NRTI 
resistance.77 A meta-analysis of these and other switch studies confirmed the similar 
antiretroviral efficacy of NNRTI-based HAART regimens compared to PI-based 
regimens.78 

With this observation, the question remained whether NVP-based regimens 
differed from EFV based regimens. The 2NN study was the first randomised controlled 
trial that compared the efficacy of an NVP-based and an EFV-based HAART regimen, 
as well as the combination of both NNRTIs in therapy-naive patients. The results of this 
2NN study form the cornerstone of this thesis. 
 

Outline of the thesis 

In the first part, the focus is on the antiretroviral efficacy of NVP and EFV. In chapter 2 
we describe the main results of the 2NN study. This study compared the efficacy of 
NVP and / or EFV in combination with d4T and 3TC as first-line antiretroviral therapy. 
The efficacy of these two NNRTIs was never compared directly in a clinical trial, but 
only in cohort studies. A randomised controlled trial is the preferred study design to 
compare drug efficacy. In chapter 3, we more specifically assess the antiretroviral 
efficacy of NVP and EFV for patients in the 2NN study with an advanced stage of HIV-
1 infection. This because there was some concern among treating physicians that 
NNRTIs, and especially NVP, would not be efficacious enough in such patients. In 
chapter 4, we compare the initial decline in plasma HIV-1 RNA between NVP and / or 
EFV-based treatment. This decline is a measurement of early antiretroviral potency. A 
more rapid decline is expected to prevent the evolution and selection of drug resistant 
virus strains. In chapter 5, we explore whether the observed efficacy of NVP and EFV is 
related to pharmacokinetic parameters. We report in chapter 6 the patients’ reported 
‘Health Related Quality of Life (HRQoL)’ scores in the 2NN study, in order to assess 
whether the differences in efficacy and adverse events seen with NVP and EFV 
translate into differences in HRQoL. Chapter 7 describes an analysis of a cohort study, 
rather than one from the 2NN study. The analysis was performed to explore the 
findings from smaller studies that NVP would be inferior to PI-based regimens with 
respect to CD4+ cell increase during therapy. 

In the second part of this thesis, the focus is on the changes in lipids and 
lipoproteins with the use of NNRTI-based regimens. In chapter 8, we directly compare 
the emerging changes in lipid and lipoprotein concentrations between NVP and EFV in 
the 2NN study. In chapter 9 we put the lipid changes seen with NNRTIs into context 
with those seen with the use of PIs within the setting of a large multinational 
observational cohort study.  
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Introduction 

Several randomised clinical trials in antiretroviral therapy (ART) naive patients have 
shown that a regimen based on a non-nucleoside reverse transcriptase inhibitor 
(NNRTI) is at least as effective as a regimen that includes a protease inhibitor (PI).1-3 
During the past few years, the use of NNRTI-based ART as the first regimen of choice 
has become increasingly popular. Among the reasons for this change are the lower pill 
burden of such a regimen and the perceived toxicity associated with a PI-based 
regimen. Furthermore, NNRTI-based ART does not necessitate any restrictions 
regarding food intake. These factors can contribute to better adherence to therapy by 
the patient, which is crucial for a sustained effect of treatment.4-6 

The two most used NNRTI drugs are nevirapine (NVP) and efavirenz (EFV). 
No large randomised comparison between these two drugs has yet been undertaken. 
Several large cohort studies suggested that EFV is more effective than NVP.7-9 
However, interpretation of cohort studies might be hampered by the possible biases 
that are inherent to this design.  

We report the results of the 2NN study, a large randomised trial in patients 
with chronic HIV-1 infection, who had not previously received ART, comparing the 
efficacy and safety of treatment with two nucleoside analogue reverse transcriptase 
inhibitors (NRTI) and either NVP once daily (od), NVP twice daily (bd), EFV or the 
combination of NVP+EFV. The study addressed several questions. Firstly, it compared 
the standard doses of NVP (bd) with EFV. Secondly, it compared the standard twice 
daily regimen of NVP with a once daily dose. The use of NVP-od helps to simplify 
treatment. Although once daily dosing is used widely, no large formal comparison with 
NVP-bd has been performed. Thirdly, the study assessed the relative merit of 
combining the two NNRTIs. This combination has never been investigated in a clinical 
setting and in vitro data on the combination are inconclusive.10,11 
 

Methods 

Participants 

Study participants were recruited during regular visits to HIV treatment centres in 
North and South America, Australia, Europe, South Africa, and Thailand. Eligible 
patients were ART-naive, chronically infected with HIV-1, and aged at least 16 years, 
and had a plasma HIV-1 RNA concentration (pVL) > 5000 copies/ml. There were no 
inclusion criteria for the number of CD4+ T-lymphocyte cells (CD4 cells) or disease 
stage. Reasons for exclusion were: pregnancy or lactation; haemoglobin < 6.3 mmol/l 
(men) or < 5.7 mmol/l (women); neutrophils < 1 x 109/l; platelets < 75 x 109/l; serum 
amylase > 2 x upper limit of normal (ULN) in combination with serum lipase > 1.5 x 
ULN; aspartate aminotransferase > 5 x ULN; or bilirubin > 2.5 x ULN; history of clinical 
pancreatitis or neuropathy within the previous 6 months; renal failure necessitating 
dialysis; radiotherapy, cytotoxic, or immunomodulating treatment within one month 
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preceding the start of the study or the expected need for it; infection with HIV-2; likely 
non-adherence as judged by the investigator. 

The study was approved by the ethics review bodies in the participating 
countries and all patients gave written informed consent. 
 

Design and interventions 

All patients received stavudine 40 mg bd (30 mg bd if weight < 60 kg) and lamivudine 
150 mg bd. They also received NVP 400 mg od, NVP 200 mg bd, EFV 600 mg od or a 
combination of NVP 400 mg od and EFV 800 mg od. The higher dose of EFV when it is 
used in combination is recommended because EFV concentrations are lowered when 
the drug is used in the presence of NVP.12 NVP was given as 200 mg od for the first two 
weeks.  

At the central study co-ordination centre (International Antiviral Therapy 
Evaluation Center, Amsterdam, The Netherlands) a treatment allocation sequence was 
generated using the minimisation variables CD4 count (≤ 350 vs. > 350 cells/mm3) and 
study region. Treatment allocation was stratified by baseline pVL (≤ 30,000 copies/ml 
vs. > 30,000 copies/ml).  

The study started with three comparison groups, an estimated sample size of 
450, and a treatment allocation of 1:1:1 for NVP-od, EFV and NVP+EFV. The group 
assigned NVP-bd was added 5 months later because another study had found that the 
efficacy of NVP was related to the minimum concentration 13 and raised the question of 
whether once daily NVP resulted in a high enough minimum concentration.  

The focus of the trial shifted to the comparisons of NVP-bd versus EFV (testing 
for equivalence), and of NVP-od versus NVP-bd (testing for superiority). For these 
comparisons, the treatment allocation probabilities were recalculated to arrive at the 
end of the inclusion period at a 1:2:2:1 allocation for NVP-od, NVP-bd, EFV, and 
NVP+EFV, and an estimated sample size of 1200 patients. The decision to add the 
fourth treatment group was taken without knowledge of outcomes for patients already 
enrolled. For 828 (68%) of the total 1216 patients, treatment allocation could have been 
to one of the four treatment groups. Treatment allocation was done at the central study 
co-ordination centre, concealed from the investigator before enrolment, and 
implemented by sending a fax to the study site. Generation and implementation of the 
allocation sequence were fully separated. There was no masking after treatment 
allocation. 

By protocol, patients were not allowed to change any component of their 
allocated treatment for more than 5% of the follow-up time. The only exception was a 
change of stavudine or lamivudine for reason of toxicity, provided that always two 
NRTIs were used. Women who became pregnant while using EFV were switched to 
NVP and could remain in the study, but they were judged to have had a change of 
allocated treatment. The use of prophylactic medication for opportunistic infections 
was at the discretion of the treating physician. 
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Follow-up and assessments 

Participants were assessed at study week –6 (screening), 0 (start of treatment), 2, 4, 8, 
12, 24, 36 and 48. At these visits, we measured pVL, CD4+ cells, and recorded clinical 
and laboratory adverse events (AE). Further monitoring of pVL was done at day 3, 
week 1 and week 18. Plasma samples for pVL were frozen at –70o C and transported to 
a central laboratory (LabCorp, Research Triangle Park, NC, USA), where the pVL was 
measured with an Ultrasensitive Roche Amplicor 1.5 (Roche Diagnostics, New Jersey, 
USA) with a lower limit of quantification of 50 copies/ml. All other laboratory tests 
were done at local or regional laboratories using standard techniques or enzymatic 
assays. The Virtual Central Laboratory (VCL, Zeist, the Netherlands) selected these 
laboratories, assured the quality and normalised all results. The toxicity grading scale 
of the AIDS Clinical Trial Group was used for the reporting of clinical and laboratory 
adverse events.14 
 

Outcome measures 

The primary efficacy outcome was the proportion of patients with treatment failure, 
defined as a composite endpoint with three components: virology (a decline of less than 

1 log10 in pVL within the first 12 weeks or two consecutive pVL measurements ≥ 50 
copies/ml from week 24 onwards; a single pVL ≥ 50 copies/ml at week 48 constituted a 
failure); disease progression (Centers for Disease Control and Prevention grade C event 
from 8 weeks onwards diagnosed according to the published guidelines 15, or death); 
and therapy change (non-allowable change of allocated treatment).  

Secondary endpoints were the proportion of patients with a virologic failure 

(never having a pVL < 50 copies/ml, or 2 consecutive pVL ≥ 50 copies/ml after having 
had a concentration below the cut-off); the proportion of patients with a pVL < 50 
copies/ml at each study week; the change in CD4+ cells between start of treatment and 
week 48; and the frequencies of clinical and laboratory AEs. Matters that were reported 
as clinical AE but reflected only asymptomatic laboratory abnormalities were excluded 
from the clinical AE listing but incorporated in the listing of laboratory abnormalities. 
Laboratory abnormalities were classified as hepatic or non-hepatic. Since hepatic 
abnormalities were expected, this approach allowed us to examine the overall 
frequency of laboratory toxicities among the treatment groups apart from those 
associated with the liver. Hepatic laboratory abnormalities included an increase in 
aspartate or alanine aminotransaminase, and a high bilirubin concentration that was 
associated with an increase in these enzymes. Isolated rises in γ-glutamyl transferase 
were excluded because they reflect only enzyme induction caused by the use of NVP, 
EFV, or both. If an event occurred more than once in the same patient, that with the 
highest toxicity grade was included. All the analyses compared the treatment groups at 
week 48. 
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Statistical analyses 

Categorical variables were tested with a χ2 or Fisher’s exact test, as appropriate. 
Continuous variables were tested with a Kruskal-Wallis test. Missing pVL data were 
taken to be > 50 copies/ml. Patients who withdrew prematurely were therefore 
classified as failures because two pVL measurements were missing and taken to be > 50 
copies/ml. Risk factors for treatment failure were assessed by logistic regression. 

All analyses were done for the intention-to-treat population (ITT), including all 
randomised patients (n=1216). In the safety analyses, only AEs that occurred while the 
patient was taking the allocated treatment were included. A two-sided p-value < 0.05 
was deemed statistically significant in comparisons comprising all four treatment 
groups (reported as ‘overall’).  

All outcome measurements were analysed by randomisation period (before or 
after adding the fourth treatment group). The data of both periods were pooled only 
when the outcome was not modified by the randomisation period (non-significant 
interaction term in models excluding the NVP-bd treatment group). 

At the time that the fourth treatment group was added, four pairwise 
comparisons were defined: NVP-od versus NVP-bd, NVP-bd versus EFV, EFV versus 
NVP+EFV, and NVP-od versus NVP+EFV. This last analysis was chosen because NVP 
was dosed once daily in the group assigned NVP+EFV. On the basis of these four 
comparisons, the definition of statistical significance was adjusted to p < 0.0125 
(Bonferroni’s method). This significance definition was used for all pairwise 
comparisons, except for the primary outcome comparing of NVP-bd versus EFV. For 
that comparison we assessed equivalence of these two treatment groups, with a null-
hypothesis of at least 10% more treatment failures in the NVP-bd group than in the EFV 
group. Equivalence was assumed if the limits of the conventional 95% confidence 
interval (95%CI) of this difference were within 10% of zero. The number of patients in 
the comparison (n=787) provided adequate power for assessment of equivalence within 
the 10% limits of the proportion of treatment failures if the two treatments were 

equivalent (assumed failure rate=35%, α=0.05, β=0.2). A sensitivity analysis assessed 
equivalence in the same way with the exclusion of patients who never started allocated 
treatment. Data were analysed with SAS statistical software (version 8.02, SAS Institute, 
Cary, North Carolina, USA). 

Two interim analyses were performed. The first was at week 8 and included 
the first 400 patients that were allocated to NVP-od, EFV, or NVP+EFV. The purpose of 
this analysis was to assess viral decay within the first two weeks of treatment, to assure 
the Data Safety and Monitoring Board (DSMB) that the novel combination of NVP+EFV 
did not underperform with respect to viral suppression. The second interim analysis 
was for all patients at week 24, to assess efficacy and safety of the four treatment 
groups. Results were only shared between the trial statistician and the DSMB. The 
DSMB did not recommend discontinuation or modification of the trial at any stage. 



 

 
 
 
 
 
 

Figure 1: Trial profile.
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Results 

Of the 1432 patients screened, 1216 underwent randomisation between February 2000 
and June 2001. Five months after the start of enrolment, a group to receive NVP-bd was 
opened for treatment allocation as described above. Fifty patients, who potentially 
knew their treatment allocation, never started their study drugs. In total, 1166 patients 
started follow-up of whom 1016 (83.6% of those randomised) reached week 48 (Figure 
1). The baseline characteristics of all randomised patients were similar among the 
treatment groups (Table 1). 
  

Table 1: Baseline characteristics of all randomised patients. 

 NVP-od NVP-bd EFV NVP + EFV 
 N=220 N=387 N=400 N=209 

     
Male 139 (63.2) 236 (61.0) 254 (63.5) 143 (68.4) 
Age, years* 34.4 (28.4-40.3) 33.9 (29.7-41.0) 34.7 (30.1-39.7) 33.2 (29.0-39.0) 
BMI, kg/m2 * 19.2 (17.4-21.2) 19.7 (17.7-22.4) 19.3 (17.3-21.8) 19.2 (17.2-21.4) 
Geographical region     
  Asia / Australia (n=223)  52 (23.6) 52 (13.4) 76 (19.0) 43 (20.6) 
  Europe (n=249) 50 (22.7) 72 (18.6) 78 (19.5) 49 (23.4) 
  South Africa (n=430) 72 (32.8) 146 (37.8) 141 (35.2) 71 (34.0) 
  South America (n=249) 40 (18.2) 89 (23.0) 84 (21.0) 36 (17.2) 
  North America (n=65) 6 (2.7) 28 (7.2) 21 (5.3) 10 (4.8) 
HIV risk behaviour     
  Heterosexual 124 (56.4) 236 (61.0) 224 (56.0) 111 (53.1) 
  Homosexual 58 (26.4) 102 (26.4) 117 (29.3) 73 (34.9) 
  Intravenous drug use 11 (5) 13 (3.4) 21 (5.3) 10 (4.8) 
  Other, unknown 27 (12.2) 36 (9.2) 38 (9.4) 15 (7.2) 
CDC class C 44 (20.0) 86 (22.2) 84 (21.0) 39 (18.7) 
CD4+ cells, cells /mm3 * 200 (95-340) 170 (60-310) 190 (80-350) 190 (80-330) 
  < 50 35 (15.9) 79 (20.4) 70 (17.5) 28 (13.4) 
  50-200 76 (34.6) 138  (35.7) 144 (36.0) 80 (38.3) 
  > 200 109 (49.5) 170 (43.9) 186 (46.5) 101 (48.3) 
HIV-1 RNA, log10 * 4.7 (4.4-5.4) 4.7 (4.4-5.5) 4.7 (4.4-5.5) 4.7 (4.4-5.5) 
  < 100,000 152 (69.1) 264 (68.2) 263 (65.8) 139 (66.5) 
  > 100,000 68 (30.9) 123 (31.8) 137 (34.3) 70 (33.5) 
Hepatitis B virus co-infection † 15 (6.8) 17 (4.4) 16 (4.0) 16 (7.7) 
Hepatitis C virus co-infection ‡ 22 (10.0) 35 (9.0) 40 (10.0) 19 (9.1) 

Data are n (%) unless stated otherwise. * Median (IQR). † presence of HBsAg at screening; ‡ presence of 
antibodies to hepatitis C virus at screening. NVP=nevirapine. EFV=efavirenz. od=once daily. bd=twice daily. 
CDC=Centers for Disease Control and Prevention.  
 

Efficacy 

Table 2 summarises the results from the efficacy analyses separately for the period 
before and after the randomisation change. In both periods, the proportion of patients



 
 

 
 
 
 
 
 

           

 

                                Table 2: Outcome of efficacy analyses before and after protocol change in randomisation. 

 Before protocol change After protocol change 
         

 NVP-od EFV NVP+EFV p NVP-od EFV NVP+EFV p 
 N=131 N=131 N=126  N=89 N=269 N=83  

         
Treatment (Rx) failure  61 (46.6) 45 (34.4) 65 (51.6) 0.016 35 (39.3) 106 (39.4) 46 (55.4) 0.0289 
  95% CI 37.8 - 55.5 26.3 - 43.2 42.5 - 60.6  29.1 - 50.3 33.5 - 45.5 44.1 - 66.3  
         
Component of Rx-failure         
  Virologic 16 (12.2) 19 (14.5) 18 (14.3) 0.838 9 (10.1) 42 (15.6) 16 (19.3) 0.235 
  Progression 5 (3.8) 2 (1.5) 3 (2.4) 0.529 2 (2.3) 8 (3.0) 2 (2.4) 0.918 
  Change allocated treatment 40 (30.5) 24 (18.3) 44 (34.9) 0.009 24 (27.0) 56 (20.8) 28 (33.7) 0.048 
         
pVL <50 copies/ml 91 (69.5) 97 (74.1) 78 (61.9) 0.107 63 (70.8) 183 (68.0) 53 (63.9) 0.618 
  95% CI 60.8 - 77.2 65.7 - 81.3 52.8 - 70.4  60.2 - 80.0 62.1 - 73.6 52.6 - 74.1  
         
CD4 cell increase, cells/mm3 * 160 150 145 0.676 185 170 180 0.558 
  IQR 105 - 230 90 - 230 70 - 240  100 - 320 70 - 260 100 - 290  

                                Data are n (%) unless stated otherwise. *Median (IQR). NVP=nevirapine. EFV=efavirenz. od=once daily. bd=twice daily. CI= confidence interval. 
                                pVL=plasma viral load.  
 



 

 
 
 
 
 
 
 

 

              Table 3: Number of patients with treatment failure, components of treatment failure, and with pVL < 50 copies/ml. 

 NVP-od NVP-bd EFV NVP+EFV p § 
 A: N=220 B: N=387 C: N=400 D: N=209 Overall A vs. B B vs. C A vs. D C vs. D 

          
Treatment (Rx) failure  96 (43.6) 169 (43.7) 151 (37.8) 111 (53.1) 0.004 0.994 0.091 0.050 <0.001 
   (95% CI) (37.0 - 50.5) (38.7 - 48.8) (33.0 - 42.7) (46.1 - 60.0)      
          
Components of Rx-failure          
  Virologic * 25 (11.3) 73 (18.9) 61 (15.3) 34 (16.3) 0.108 0.016 0.178 0.140 0.742 
  Progression † 7 (3.2) 11 (2.8) 10 (2.5) 5 (2.4) 0.949 0.813 0.766 0.620 0.935 
  Change of Rx ‡ 64 (29.1) 85 (22.0) 80 (20.0) 72 (34.4) < 0.001 0.050 0.499 0.233 < 0.001 
    Permanent change NNRTI 37 (57.8) 61 (71.7) 51 (63.7) 51 (70.8)      
    Temporary discontinuation NNRTI 13 (20.3) 13 (15.3) 8 (10) 6 (8.3)      
    Additional antiretroviral drugs 2 (3.1) 1 (1.2) 1 (1.3) 2 (2.8)      
    Change NRTI backbone 0 1 (1.2) 1 (1.3) 3 (4.2)      
    Never started ART 12 (18.8) 9 (10.6) 19 (23.7) 10 (13.9)      
pVL < 50 copies/ml at 48 weeks, n (%)          
  Intention to treat 154 (70.0) 253 (65.4) 280 (70.0) 131 (61.7) 0.193 0.244 0.165 0.109 0.067 
    (95% CI) (63.5 - 76.0) (60.4 - 70.1) (65.2 - 74.5) (55.7 - 69.3)      

              Data are n (%) unlessstated  otherwise. * less than 1log10 decline in pVL between start of allocated treatment and week 12, or 2 consecutive pVL > 50 copies/ml from  
              week 24 onwards. † having a new CDC-C event from week 8 onwards, or death. ‡ less than 95% of study time on allocated treatment, but change of NRTI backbone 
              because of toxicity allowed. § p-value for assuming significance: overall (4 groups) p< 0.05, pairwise comparisons p< 0.013. NVP=nevirapine. EFV=efavirenz. od=once 
              daily. bd=twice daily. CI= confidence interval. pVL=plasma viral load. 
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with treatment failure differed significantly among the treatment groups, and was 
highest in the group assigned NVP+EFV. 

In both randomisation periods, the main reason for treatment failure was 
change of allocated treatment, which occurred in a higher proportion of the NVP+EFV 
group than of the other groups. In the logistic regression analysis to assess the effect of 
randomisation period on the risk of treatment failure, there was no evidence for such 
an effect (Odds Ratio =1.01, p=0.868), nor significant evidence that treatment 
differences varied by randomisation period (interaction term p=0.326). Furthermore, 
there were no significant effects of randomisation period on the proportion of patients 
with a pVL < 50 copies/ml at week 48 or the increase in CD4+ cells (interaction p=0.513 
and 0.892, respectively). Subsequently, the data were pooled for all efficacy analyses, 
despite numerical differences between the randomisation periods.  

The results of the primary analysis and the contribution of the three 
components to the composite endpoint for all patients are summarised in Table 3. The 
proportion of patients with treatment failure at week 48 was 43.6% (95% CI 37.0% to 
50.5%) for NVP-od, 43.7% (38.7% to 48.8%) for NVP-bd, 37.8% (33.0% to 42.7%) for EFV, 
and 53.1% (46.1% to 60.0%) for NVP+EFV (overall p=0.004). The difference of 5.9% 
(95% CI -0.9% to 12.8%) between the groups assigned NVP-bd and EFV was not 
statistically significant (p=0.091), but equivalence within the 10% limits could not be 
demonstrated. 

The sensitivity analysis testing for equivalence of NVP-bd and EFV in the 
population after exclusion of patients who never started treatment showed similar 
results to the primary analysis (7.7% [95% CI 0.8 to 14.6, p=0.03]). In the population of 
concurrently randomised patients (including only those randomised after the protocol 
change) the difference was 4.3% (-3.4 to 11.9, p=0.276).  

There was no statistically significant difference between patients assigned 
NVP-od and those assigned NVP-bd (0.1%, p=0.994). Patients assigned NVP+EFV had 
a statistically significant higher probability of treatment failure than those assigned EFV 
(15.3%, p< 0.001), but no statistically significant difference from those assigned NVP-od 
(9.5%, p=0.050).  

The main reason for treatment failure in each of the treatment groups was 
change of allocated treatment (Table 3). The only difference statistically significant at 
p=0.0125 was that between EFV and NVP+EFV (14,4%, p< 0.001). The change of 
allocated treatment in all treatment groups was predominantly a permanent change in 
the NNRTI component. 

The response to treatment differed among the geographical regions (interaction 
between region and treatment group p=0.035). In Asia/Australia (90% of the patients in 
this region were enrolled at one centre in Bangkok), the proportion of treatment failure 
in the EFV group was much lower and the differences between the NVP groups larger 
than in the other regions (Table 4, Figure 2). There were no statistically significant 
differences between the regions other than Asia/Australia (interaction term p=0.328). 
Despite this modifying effect of region, testing for equivalence of NVP-bd and EFV 
within the 10% limits gave similar results to the primary analysis: equivalence could 
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not be established in either Asia/Australia or the other regions combined (Table 4). 
However, this analysis lacks power and should interpreted cautiously.  
 

For virologic failure, there was no statistically significant interaction between outcome 
and region (interaction term p=0.629, Table 4, Figure 2), but region remained significant 
with Asia/Australia having virologic failure rates below 25% and 
Europe/USA/Canada having rates approaching 50%.  
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Figure 2: Treatment failure (top) and virologic failure (bottom) by region. Error bars=95% CI. 
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Table 4. Number of patients with treatment failure and virologic failure by region. 

 NVP-od NVP-bd EFV NVP+EFV NVP-bd vs. EFV (95% CI) 

      
Treatment failure      
  Asia/Australia  23 (44.2) 17 (32.7) 15 (19.7) 24 (55.8)  
  South Africa  33 (45.8) 73 (50.0) 54 (38.3) 35 (49.3) 5.9 (- 0.9 to 12.8) 
  South America  15 (37.5) 35 (39.3) 33 (39.3) 14 (38.9)  
  Europe/USA/Canada  25 (44.6) 44 (44.0) 49 (49.5) 38 (64.4)  
      
Treatment failure      
  Asia/Australia 23 (44.2) 17 (32.7) 15 (19.7) 24 (55.8) 13.0 (- 2.6 to 28.5) 
  Other 73 (43.5) 152 (45.4) 136 (42.0) 87 (52.4) 3.4 (- 4.2 to 11.0) 
      
Virologic failure      
  Asia/Australia  11 (21.2) 13 (25.0) 13 (17.1) 9 (20.9)  
  South Africa  31 (43.1) 65 (44.5) 49 (34.8) 31 (43.7)  
  South America  9 (22.5) 26 (29.2) 25 (29.8) 9 (25.0)  
  Europe/USA/Canada 26 (46.4) 37 (37.0) 42 (42.4) 31 (52.5)  

Data are n (%) unless stated otherwise. NVP=nevirapine. EFV=efavirenz. od=once daily. bd=twice daily. 
CI= confidence interval.  

 
The proportion of patients reaching a pVL < 50 copies/ml at week 48 is summarised in 
Table 2 for each randomisation period and in Figure 3 for all patients. The mean values 
at week 48 were 70.0% (95% CI 63.5 to 76.0) for NVP-od, 65.4% (60.4 to 70.1) for NVP-
bd, 70.0% (65.2 to 74.5) for EFV, and 62.7% (55.7 to 69.3) for NVP+EFV. Overall, there 
were no statistically significant differences in any of the four pairwise comparisons. 

The treatment groups had similar median increase in CD4+ cells over 48 weeks 
(overall p=0.800). The increase was 170 cells/mm3 for NVP-od, 160 cells/mm3 for the 
groups assigned NVP-bd and EFV, and 150 cells/mm3 for NVP+EFV (Figure 4). Age, 
sex, disease stage, baseline CD4 cell count and mode of HIV-1 transmission were not 
associated with treatment failure. 

Patients with a baseline pVL > 100,000 copies/ml were 1.63 times (95%CI 1.28 
to 2.07) more likely than those with baseline concentrations below this value to 
experience treatment failure. The difference in treatment failure rate between patients 
with a high and low baseline pVL was 19.9% for NVP-od, 15.8% for NVP-bd, 5.9% for 
EFV and 8.2% for NVP+EFV (overall p=0.004). However, the adverse effect of high 
baseline pVL on the probability of treatment failure was similar for all treatment 
groups (interaction term p=0.368, figure 5). If the groups assigned NVP-only were 
combined, the difference in treatment failure within this stratum was 17.3%. Again, the 
adverse effect of a high baseline pVL on treatment failure did not differ between the 
combined NVP group and the EFV group (interaction term p=0.105). The same effect of 
high baseline pVL was seen for virologic failure (interaction term p=0.571, Figure 5). 
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Safety 

In total, 25 patients died during the study, two before taking any study medication. 
Seven (3.2%) patients assigned to NVP-od died compared with nine (2.3%) assigned 
NVP-bd, seven (1.8%) assigned EFV, and two (1.0%) assigned NVP+EFV. 

One patient in the NVP-bd group, without evidence for hepatitis B or C virus 
coinfection, developed a fulminant hepatitis, attributed to the use of NVP, as well as 
pancreatitis and renal failure 32 days after start of treatment; this patient died a week 
later. Another patient assigned NVP-bd developed a Stevens-Johnson syndrome, 
attributed to the use of NVP, 39 days after start of treatment. Although recovering, she 
was admitted to hospital for assessment of blepharitis. While in the hospital she 
developed septicaemia due to a methicillin resistant Staphylococcus aureus infection and 
died after eight days. One patient assigned NVP-od died of lactic acidosis that was 
attributed to the use of stavudine. 

Eleven deaths were related to HIV-disease: three were due to Pneumocystis 

carinii pneumonia, one each to generalised cytomegalovirus infection, tuberculous 
meningitis, Mycobacterium avium infection, generalised histoplasma infection, Kaposi’s 
sarcoma, and three to end-stage HIV-disease. The other 11 deaths were not related to 
study medication or HIV-disease (murder, renal failure, brainstem glioma, suicide of a 
patient who had not started study medication, congestive heart failure, myocardial 
infection (two), endocarditis, empyema, and unknown reason (two). 
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Figure 3: Proportion of patients with pVL < 50 copies/ml. Error bars=95% CI. 
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For all reported safety analyses, the change in randomisation did not modify the 
outcome analysed. Therefore, all safety analyses are reported for the pooled data. The 
reasons for temporary or permanent discontinuing one of the study drugs are 
summarised in Table 5. The reasons are not mutually exclusive. The commonest reason 
for discontinuation was adverse events. The rate of AEs differed significantly by 
treatment group. However, of the pre-defined comparisons, only the difference 
between EFV and NVP+EFV was statistically significant at p=0.0125 level (14.3%, p< 
0.001). The difference between NVP-od and EFV also reached statistical significance 
(8.3%, p=0.011).  

Although the randomisation period did not statistically modify the proportion 
of patients who temporarily or permanently discontinued study drugs because of an 
AE or HIV-event (interaction p=0.106), patients assigned EFV were more likely to 
discontinue study drugs because of this reason before the randomisation change than 
afterwards. However, this difference did not result in a significantly different 
proportion of patients in the EFV group having treatment failure because of change of 
allocated treatment (Table 2). In the NVP-od group, 15.0% of the patients had at least 
one grade 3 or 4 clinical AE, compared with 20.4% in the NVP-bd group, 18.0% in the 
EFV group and 24.4% in the NVP+EFV group (Table 6) There were no statistically 
significant differences between the single NNRTI groups. 
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Figure 4: Increase in CD4 cells over 48 weeks. Error bars=IQR. 
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The difference in frequency between the group assigned NVP+EFV and the NVP-od 
group was statistically significant (p=0.014), but that between the group assigned 
NVP+EFV and the EFV group was not (p=0.062). The grade 3 or 4 AEs that were 
reported in more than 1% of the patients are listed in Table 6.  

 

 
The proportion of patients with at least one grade 3 or 4 liver associated laboratory 
toxicity was 13.6% for NVP-od, 8.3% for NVP-bd, 4.5% for EFV, and 9.1% for NVP+EFV 
(Table 6, overall p= 0.001). 
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Figure 5: Treatment failure (top) and virologic failure (bottom) by baseline plasma viral load.  
Error bars=95% CI. 
 



 
 
 
 
 
 

 

       

                           Table 5: Reasons for temporary or permanent discontinuation of study drugs. 

          . NVP-od NVP-bd EFV NVP + EFV p * 

 A: N=220 B: N=387 C: N=400 D: N=209 Overall A vs. B B vs. C A vs. D C vs. D 

          
Reasons for temporary or permanent discontinuation of study drugs     
Adverse event or HIV-event 53 (24.1) 83 (21.5) 63 (15.8) 63 (30.1) < 0.001 0.453 0.040 0.158 < 0.001 
Subject’s request 5 (2.3) 8 (2.1) 15 (3.8) 16 (7.7) 0.004 0.877 0.161 0.010 0.037 
Physicians decision 14 (6.4) 26 (6.7) 11 (2.3) 20 (9.6) 0.005† 0.866 0.009 0.219 < 0.001 
Other 27 (12.3) 32 (8.3) 36 (9.0) 27 (12.9) 0.175 0.109 0.715 0.840 0.132 
     
Adverse events leading to temporary or permanent discontinuation of study drugs     
Rash 27 (12.3) 25 (6.5) 15 (3.8) 29 (13.9)      
CNS/psychiatric 11 (5) 22 (5.7) 27 (6.7) 16 (7.7)      
Clinical hepatitis 4 (1.8) 6 (1.6) 1 (0.3) 2 (1.0)      
Peripheral neuropathy 6 (2.7) 12 (3.1) 9 (2.3) 8 (3.8)      
Hepatic laboratory abnormality 13 (5.9) 9 (2.3) 1 (0.3) 6 (2.9)      
Vomiting 1 (0.5) 5 (1.3) 5 (1.3) 4 (1.9)      

                     Data are n (%) unless stated otherwise. * p-value for assuming significance: overall (4 groups) p< 0.05, pairwise comparisons p< 0.0125. † Fisher’s exact  

                     test for overall significance and subsequent pairwise comparisons. NVP=nevirapine. EFV=efavirenz. od=once daily. bd=twice daily. CNS=central nervous  
                     system. 



 

 
 
 
 
 

                      Table 6: Number of patients with at least one grade 3 or 4 clinical adverse event or laboratory toxicity. 

 NVP-od  NVP-bd  EFV  NVP+EFV  p * 
 A: N=220 B: N=387 C: N=400 D: N=209 Overall A vs. B B vs. C A vs. D C vs. D 

          
Clinical adverse events          
Hepato-biliary 4 (1.8) 10 (2.6) 2 (0.5) 2 (1.0) 0.082† 0.546 0.017 0.686 0.610 
  Clinical hepatitis 3 (1.4) 8 (2.1) 1 (0.3) 2 (1.0)      
Cutaneous 9 (4.1) 14 (3.6) 15 (3.8) 12 (5.7) 0.619 0.769 0.922 0.428 0.257 
  Rash 9 (4.1) 13 (3.4) 8 (2.0) 11 (5.3)      
CNS / Psychiatric  3 (1.4)  14 (3.6)  22 (5.5) 16 (7.7) 0.001 0.106 0.337 0.002 0.296 
  Insomnia / abnormal dreams - - 6 (1.5) 5 (2.4)      
  Anxiety - - 4 (1.0) 3 (1.4)      
Depression - 1 (0.3) 6 (1.5) 1 (0.5)      
Diarrhoea 1 (0.5) 3 (0.8) 4 (1.0) 4 (1.9)      
Vomiting 3 (1.4) 4 (1.0) 4 (1.0) 3 (1.4)      
Pyrexia 2 (0.9) 8 (2.1) 3 (0.8) 2 (1.0)      
Total number of patients (%)‡ 33 (15.0) 79 (20.4) 72 (18.0) 51 (24.4) 0.077 0.098 0.390 0.014 0.062 
          
Laboratory toxicities          
Hepatobiliary  30 (13.6) 32 (8.3) 18 (4.5) 19 (9.1) 0.001 0.036 0.030 0.139 0.024 
Non hepato-biliary  20 (9.1) 53 (13.7) 41 (10.3) 22 (10.5) 0.276 0.094 0.133 0.617 0.915 
  Neutropenia  6 (2.7) 17 (3.9) 9 (2.3) 13 (6.2)      
  Amylase increased 4 (1.8) 13 (3.6) 15 (3.8) 3 (1.4)      
  Triglycerides increased 3 (1.4) 5 (1.3) 5 (1.3) 1 (0.5)      
  Alkaline phosphatase 2 (0.9) 5 (1.3) 3 (0.8) 4 (1.9)      

                     Data are n (%) . * p-value for assuming significance: overall (4 groups) p< 0.05, pairwise comparisons p< 0.013. † Fisher’s exact test for overall significance and 

                     subsequent pairwise comparisons. ‡ patients with at least one grade 3 or 4 clinical adverse event. NVP=nevirapine. EFV=efavirenz. od=once daily. bd=twice 
                     daily. CNS=central nervous system. 
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None of the predefined pairwise comparisons was statistically significant, but the 
frequency was significantly higher for NVP-od than for EFV (p< 0.001). Of the patients 
with a grade 3 or 4 liver associated laboratory toxicity, the proportion co-infected with 
hepatitis B or hepatitis C virus were 13.8% and 20.7% in the NVP-od group, 6.7% and 
20.0% in the NVP-bd group, 5.6% and 11.1% in the EFV group, and 16.7% and 22.2% in 
the NVP+EFV group. In the total study population the prevalence of hepatitis B and C 
co-infection was 7.7% and 9.1%, respectively. 

There were no statistically significant differences between the groups in the 
incidence of non-hepatobiliary laboratory toxicities (Table 6), overall or by 
randomisation period. 

 

Discussion 

For each randomisation period separately, and overall, we found a statistically 
significant difference in proportion of patients with treatment failure at week 48, which 
was driven by the higher risk of failure in the group assigned NVP+EFV. Although, 
overall, treatment failure was numerically lower in the EFV group than in the NVP-
only groups, our findings show no statistical evidence that EFV is superior to NVP-bd 
in terms of treatment failure. However, we could not show equivalence within the 10% 
limits of these treatment groups even though the study was adequately powered for 
such an analysis. The performance of NVP-bd compared favourably with that of other 
drugs that have been formally compared to EFV. In previous studies EFV was found to 
have better efficacy than indinavir 1, nelfinavir 16, or PI-containing regimens in 
general.17 NVP-od and NVP-bd showed similar rates of treatment failure in our study, 
which accords with findings by others in small studies.18,19 The simultaneous use of 
NVP and EFV resulted in a higher probability of treatment failure, mainly due to 
increased rates of change of allocated treatment because of an adverse event.  

There were no statistically significant differences between the study groups in 
the proportion of patients with virologic failure, the proportion with a pVL < 50 
copies/ml at week 48, or the increase in CD4+ T-cells during the study. The difference 
in treatment failure rates between patients with a baseline pVL above and below 
100,000 copies/ml was largest for the NVP-only groups, but a detrimental effect of high 
baseline pVL was observed for all regimens. A higher probability of treatment or 
virologic failure in patients with such a high baseline pVL has been described 
previously for NVP 20,21, but not for EFV.1 

The observed regional differences in treatment failure might be attributed to 
physicians’ management of patients within the study (210 of the 223 patients in 
Asia/Australia were from a single treatment centre in Bangkok). Another reason might 
be population differences in frequency of drug-related adverse events, since in 
Asia/Australia 26% of the patients temporarily or permanently discontinued study 
treatment because of AEs, whereas in other regions this proportion was between 18 and 
23%. However, distinction between these two hypotheses is difficult, and they are not 
mutually exclusive. The high rate of discontinuation in Asia/Australia might also be 
the cause of the difference in temporary or permanent discontinuation of study drug in 
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the EFV group in the comparison of both randomisation periods. In the period before 
randomisation change there was an over-representation of patients from 
Asia/Australia. 

Owing to the randomisation change and the regional differences, the presented 
overall efficacy estimates should be interpreted with caution. However, we believe that 
the main conclusions of the study are robust. The contributions of the reasons for 
treatment failure are similar in the two randomisation periods. Furthermore, the 
difference in treatment failure in both periods is driven by the poor performance of 
NVP+EFV. The secondary efficacy endpoints are also comparable between the two 
periods. With respect to the effect of region on treatment failure, the conclusions about 
the comparisons of NVP-bd versus EFV, and NVP-od versus NVP-bd, as well as the 
poor performance of the NVP+EFV group can be drawn for the region Asia/Australia 
alone as for the other regions combined. Thus, the results of this study can be seen as 
qualitatively generalisable in terms of the direction of effects observed, but not 
numerically generalisable in terms of the size of the efficacy estimates.  

Our findings contrast with those of cohort studies in ART-naive patients. In the 
Italian ICoNA cohort, patients who started treatment with two NRTIs and NVP had a 
relative hazard (RH) of virologic failure of 2.15 (95% CI: 0.9 to 5.1) compared with those 
starting with two NRTIs and EFV.7 Although this estimate did not achieve conventional 
statistical significance, the increased risk is large. In a cohort of 888 patients, Matthews 
et al. found a HR for therapy failure at 24 weeks of 2.03 (1.26 to 3.18) for patients 
starting NVP-based ART compared with those starting EFV-based therapy.9 In a study 
by Keiser et al., including more than 1000 patients, EFV was superior to NVP in terms 
of time to virologic failure, decrease in pVL, and the proportion of patients with 
undetectable pVL.8 

The only data from a randomised trial were reported by Núñez et al.22 In this 
small trial, 67 therapy naive patients started a regimen of d4T and ddI with either NVP 
or EFV; 64% of the NVP group and 74% of the EFV group had a pVL < 50 copies/ml 
after 48 weeks in an ITT analysis (p=0.43). However, the study had a power only of 14% 
to find a significant difference in this variable. 

The disparities between results from cohort studies and the 2NN study might 
be partly explained by differences in study design. Since there is no randomisation in 
cohort studies, selection bias could have been introduced if the choice between NVP 
and EFV was influenced by patients and physicians. Physicians’ preconceived ideas 
about efficacy and safety of certain therapy regimens will have a role in decisions on a 
therapy regimen for a particular patient and on management. Knowledge and 
experience of physicians is clearly associated with the adaptation of new treatment 
strategies.23 Although these biases can be kept to a minimum by the use of 
multivariable models 24, the possibility of residual confounding in cohort studies 
remains. However, differences in management of patients in an open-label clinical trial 
such as the 2NN, even when within the boundaries of the study protocol, could also 
lead to biased estimates. The magnitude of such bias in clinical trials is difficult to 
establish but it should not be ignored, especially when the chosen composite endpoint 
includes a component that is easily influenced by management of patients. 
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The two NVP-attributed deaths were caused by known complications of the drug. Strict 
adherence to guidelines on management of rashes could minimise the risk of Stevens-
Johnson Syndrome.25,26 However, monitoring of plasma aminotransaminase 
concentrations might not prevent the occurrence of fulminant hepatitis.27,28 

The reported frequency of clinical and laboratory AEs in patients taking NVP 
or EFV varies widely. We reported all grade 3 or 4 events irrespective of the relation of 
the event to the study drugs, to minimise ascertainment bias in the reporting of events, 
although the open-label design of the study cannot fully prevent the occurrence of such 
bias. The frequency of grade 3 or 4 rash in the NVP-od and the NVP-bd groups (4,1% 
and 3.4%) were at the lower end of the range reported in other studies. In the 
ATLANTIC study, 7% of the patients assigned to d4T, ddI, and NVP developed a grade 
3 or 4 rash.2 In the INCAS study, severe rash (grade 4) was seen in 4% of the patients 
allocated to zidovudine plus NVP with or without ddI.29 Pollard et al. reported a grade 
3 or 4 rash in 6.6% of the patients included in clinical trials.30  

Grade 3 or 4 AEs related to the central nervous system were seen only in 
treatment groups assigned EFV, apart from one patient in the NVP-bd group who had 
depression. Staszewski et al. reported that 58% of the patients allocated to ZDV, 3TC 
and EFV had some kind of central nervous system symptom, although none of the 
events was reported to be severe.1 

The frequency of hepatic laboratory abnormalities and clinical hepatotoxicity 
was similar to those reported previously. Patients assigned NVP-od had a higher 
frequency of hepatic laboratory abnormalities than those assigned NVP-bd. Peak 
plasma concentrations are greater with once daily than with twice daily dosing, but the 
total exposures to the drug is nearly identical.31 Previous studies have not confirmed a 
relationship between NVP concentration and toxicity.31,32  

The occurrence of liver-associated laboratory toxicities is known to be increased 
in patients co-infected with hepatitis B or hepatitis C virus.33,34 The proportion of 
patients with hepatic co-infection who developed liver-associated laboratory toxicity 
differed between the treatment groups, but the numbers of patients were too small to 
allow definitive conclusions about the effect of hepatic co-infection on the risk of such 
events. Factors other than hepatic co-infection might be in play. 

Apart from the drawback of the change in randomisation, the 2NN study has 
the limitation of an open-label design, which might have influenced decisions to change 
therapy. Such influences could affect the result for the composite endpoint, which was 
driven by the change-of-treatment component. However, the study was based in 
centres that had extensive experience with antiretroviral therapies. Inappropriate 
treatment changes are unlikely to have occurred on a scale large enough to render the 
study results not reproducible. Virologic and immunologic endpoints based on 
laboratory results are less influenced by the open-label design. These endpoints 
support the findings of the composite endpoint in that there were no significant 
differences among the single NNRTI groups of the 2NN study. 

The follow-up of 48 weeks in this study does not differ from that in many other 
HIV trials, but is shorter than in cohort studies. There is a possibility that the difference 
between NVP-bd and EFV will grow larger over time and that the efficacy of EFV is 
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more sustainable than that of NVP-bd.35 Further follow-up of 2NN patients is planned. 
The overall drop-out rate of less than 20% is similar for all treatment groups, and 
similar to other large HIV-clinical trials. 

We conclude that the 2NN study showed no significant differences in 
treatment failure between regimens with a single NNRTI in the treatment of ART-naive 
HIV-1 infected patients. Although NVP-bd and EFV were not equivalent within the 
10% limit, the two regimens are valid options for first-line therapy. However, the use of 
NVP was associated with two deaths in the study. The safety profiles of the drugs 
differ and should be taken into account when regimens are being chosen. NVP-od had 
a similar antiretroviral efficacy to NVP-bd and seems therefore suitable for treatment 
simplification. The regimen of NVP+EFV did not have additional efficacy and caused 
more adverse events than each drugs separately. This regimen is therefore less 
desirable than the other treatment options presented in this study. 
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Introduction  

Current guidelines on treatment of HIV-1 infection are in general agreement that highly 
active antiretroviral therapy (HAART) for a chronic HIV-1 infection should be 
commenced before the number of CD4+ T-lymphocytes (CD4 count) falls below 200 
cells/mm3.1-3 Two collaborative cohorts comprising of patients from Europe and North 
America reported a significant proportion of patients initiating HAART only at low to 
very low CD4 counts.4,5 This makes possible differences in virologic efficacy between 
drug classes or specific drugs within a class in patients with an advanced HIV-1 
infection of major importance. 

The threshold in the guidelines is based on results from large cohort studies. 
Hogg et al. reported an increased risk of AIDS/death in patients who started HAART at 
a CD4 count < 200 cells/mm3.6 Egger et al. estimated the risk of AIDS or death 
according to baseline CD4 cell count, plasma HIV-1 RNA concentration (pVL), age, 
disease stage and history of intravenous drug use at the start of treatment.4 The risks 
were estimated in a cohort of over 12,000 therapy-naive patients with a total follow-up 
of over 24,000 person-years. The authors conclude that the 3-year risk of AIDS/death in 
patients who start HAART at a CD4 cell count < 200 cells/mm3 was significantly 
increased. The benefits of initiating HAART at a CD4 count > 350 cells/mm3 is 
marginal, at the most 4,6,7, and might depend on additional factors like baseline pVL.8 
However, some studies suggest that deferring treatment is associated with a more 
rapid clinical progression even in patients with a baseline CD4 count > 350 
cells/mm3.9,10  

Several randomised clinical trials in therapy-naive patients have shown that the 
efficacy of a HAART regimen based on a non-nucleoside reverse transcriptase inhibitor 
(NNRTI) is at least comparable to a regimen containing a protease inhibitor (PI).11-14 
NNRTI-based regimens have also been shown to be effective in patients with an 
advanced stage of their HIV-1 infection.12-16 In recent years, the use of an NNRTI-based 
regimen as the first regimen of choice has become increasingly popular. Among the 
reasons for this are the lower pill burden of such a regimen compared to a PI-based 
regimen and the perceived toxicity associated with a PI-based regimen.  

The efficacy of the two most widely used NNRTIs, nevirapine (NVP) and 
efavirenz (EFV), was recently compared in a large randomised study.17 It was shown 
that regimens containing either NVP or EFV, together with stavudine and lamivudine 
were not statistically significantly different with respect to the proportion of patients 
with either treatment failure or a pVL < 50 copies/ml at week 48. The increase in the 
number of CD4+ cells during follow-up was also comparable. The question remains 
whether this situation holds for the full spectrum of baseline CD4 counts or pVLs 
shown by patients when they start treatment. There is a perception that starting an 
NVP-based HAART regimen in patients with a more advanced HIV-1 infection is less 
effective than starting with an EFV-based regimen. This idea arose from observations in 
clinical trials that the difference in efficacy between patients with a high or low baseline 
pVL was larger in NVP trials compared to EFV trials.13,14,18,19  
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We conducted a post-hoc analysis in the 2NN study to investigate at which level of 
baseline CD4 count and pVL the risk for subsequent virologic failure was increased and 
whether differences existed between NVP and EFV with respect to virologic efficacy in 
patients with advanced HIV-1 infection. 
 

Methods 

Participants and treatment allocation 

The 2NN study has been described elsewhere.17 Patients were 16 years of age or older, 
ART-naive and had a pVL of at least 5000 copies/ml. Main exclusion criteria were 
pregnancy or breastfeeding, abnormal laboratory results at screening, the use of 
immunomodulating therapy, or anticipated non-compliance. All patients used 
stavudine (40 mg twice daily [bd] or 30 mg bd when < 60 kg) and lamivudine (150 mg 
bd). In addition, patients were randomly allocated to NVP 400 mg once daily [od], NVP 
200 mg bd, EFV 600 mg od, or NVP+EFV 400+800 mg od. Treatment allocation was 
minimised for CD4 count (≤ 350 vs. > 350 cells/mm3) and region (Asia/Australia, 
North America, South America, South Africa and Europe). Furthermore, treatment 
allocation was stratified by baseline pVL (≤ 30,000 copies/ml vs. > 30,000 copies/ml).  
 

Follow-up and assessments 

Evaluation of pVL and CD4 count took place at study week –6 (screening), days 0 (start 
of treatment) and 3, and weeks 1, 2, 4, 8, 12, 24, 36 and 48. The pVL was measured using 
Ultrasensitive Roche Amplicor 1.5 (Roche Diagnostics, New Jersey, USA) with a lower 
limit of quantification (LLQ) of 50 copies/ml. CD4 count was assessed by flow 
cytometry. 
 

Outcome measures and statistical analyses 

The primary outcome for the present study was risk of virologic failure, defined as 
never reaching a pVL < 400 copies/ml or a rebound to two consecutive pVL ≥ 400 
copies/ml. We used this cut-off to be able to compare the results with those found in 
studies of clinical progression. The risk was calculated for initially seven CD4 strata (< 
25, 25-49, 50-99, 100-199, 200-349, 350-499, ≥ 500) and five pVL strata (< 10,000, 10-
49,999, 50-99,999, 100-399,999, ≥ 400,000).  

Based on statistical inference and clinical relevance, these strata were collapsed 
to arrive at broader CD4 and pVL strata. The risk of virologic failure in the final CD4 or 
pVL strata was assessed by Cox proportional hazards analysis. Patients who never 
started therapy were given a failure time of 0 days. Patients who started treatment but 
never reached a pVL < 400 copies/ml were given a failure time of time between start of 
treatment and pVL-nadir. The data of patients were censored at the time of premature 
discontinuation of the study. This definition constitutes an intention-to-treat analysis in 
which treatment changes are ignored 20 and is different from a missing=failure analysis.  
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In a subsequent analysis, we combined the CD4 and pVL strata to compare the efficacy 
of NVP and EFV. For this we calculated Kaplan Meier estimates, which were compared 
with a Log Rank test. The NVP+EFV treatment group was not included in this 
comparison, since from the 2NN study it became clear that this regimen was not a 
viable choice of initial therapy. Furthermore it increases the power of the study when 
fewer sub-groups are included. Patients in the NVP-od and NVP-bd groups were 
combined in the current analyses, since virologic efficacy in these groups was 
comparable. Sensitivity analyses were performed in which the cut-off for virologic 
failure was decreased to 50 copies/ml. 

We looked in a second sensitivity analysis at the effect of treatment changes by 
repeating the primary analysis but with an additional censoring of the data at the time 
that the patients discontinued the allocated treatment. In this situation, on treatment 
was defined as having used all components of the allocated treatment at least 95% of 
the time (self report). Patients could change d4T and/or 3TC for reasons of toxicity 
only, as long as two nucleoside analogue reverse transcriptase inhibitors were used 
alongside the allocated NNRTI. Although all randomised patients are included, such an 
analysis denotes an on-treatment analysis, since data after discontinuation of the 
allocated treatment are completely ignored.20 

The increase in CD4+ cells was compared for NVP and EFV within the final 
CD4 and pVL strata defined. The differences were tested for significance using the 
Kruskal Wallis test. For the final CD4 strata, the incidence of adverse events according 
to the AIDS Clinical Trial Group toxicity scale (none, grade 1/2, grade 3/4) was 
analysed.21 A two-sided p-value < 0.05 was considered statistically significant. For 
interaction terms, the p-value for significance was < 0.15. The SAS statistical package 
was used all for analyses (version 8.02, SAS institute, Cary, North Carolina, USA). 
 

Results 

The 2NN study included a total of 1216 patients from 65 treatment centres in 17 
countries. Of these, 607 were allocated to the NVP treatment group, 400 to the EFV 
treatment group, and 209 to the NVP+EFV treatment group (Figure 1). In the NVP 
group, 21 (3.5%) patients did not start treatment, compared to 19 (4.8%) in the EFV 
group, and 10 (4.8%) in the NVP+EFV treatment group. The proportion of patients 
completing the study was similar in the three groups, but the proportion of patients 
who remained on their allocated treatment was lower for the NVP+EFV group (61%), 
compared to the NVP group (69%), and the EFV group (72%) The baseline 
characteristics did not differ between the study groups (Table 1). The proportions of 
patients within the initial seven CD4 and five pVL strata were well balanced over the 
treatment groups. 

Of the patients who did start treatment in the NVP group, 38 (6.5%) patients 
never reached a pVL < 400 copies/ml, and 105 (17.9%) patients rebounded to two 
consecutive pVL measurements > 400 copies/ml. In the EFV treatment group, these
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figures were 18 (4.7%) and 66 (17.3%), respectively, while in the NVP+EFV treatment 
group they were 15 (7.5%) and 42 (21.1%), respectively. 
 

Table 1: Baseline characteristics. 

 NVP  EFV NVP +EFV Total 
 N=607 N=400 N=209 N=1216 

     
Male 375 (61.8) 254 (63.5) 143 (68.4) 772 (63.5) 
Age, years* 34.0 (29.2-41.0) 34.7 (30.1-39.7) 33.2 (29.0-39.0) 34.2 (29.3-40.1) 
Geographical region     
  Asia / Australia  104 (17.1) 76 (19.0) 43 (20.6) 223 (18.3) 
  Europe 122 (20.1) 78 (19.5) 49 (23.4) 249 (20.5) 
  South Africa  218 (35.9) 141 (35.2) 71 (34.0) 430 (35.4) 
  South America  129 (21.3) 84 (21.0) 36 (17.2) 249 (20.5) 
  North America  34 (5.6) 21 (5.3) 10 (4.8) 65 (5.3) 
HIV risk behaviour     
  Heterosexual 360 (59.3) 224 (56.0) 111 (53.1) 695 (57.2) 
  Homosexual 160 (26.4) 117 (29.3) 73 (34.9) 350 (28.8) 
  Intravenous drug use 24 (4.0) 21 (5.3) 10 (4.8) 55 (4.5) 
  Other / Unknown 63 (10.4) 38 (9.5) 15 (7.2) 116 (9.5) 
CDC-class C 130 (21.4) 84 (21.0) 39 (18.7) 253 (20.8) 
CD4+ cells, cells/mm3     
  <  25 73 (12.0) 47 (11.8) 20 (9.6) 140 (11.5) 
  25 - 49 41 (6.8) 23 (5.8) 8 (3.8) 72 (5.9) 
  50 - 99 65 (10.7) 44 (11.0) 29 (13.9) 138 (11.3) 
  100 - 199 133 (21.9) 93 (23.3) 48 (23.0) 274 (22.5) 
  200 - 349 159 (26.2) 91 (22.8) 58 (27.8) 308 (25.3) 
  350 - 499 92 (15.2) 69 (17.3) 29 (13.9) 190 (15.6) 
  ≥ 500 44 (7.3) 33 (8.3) 17 (8.1) 94 (7.7) 
HIV-1 RNA, copies/ml      
  < 10,000 55 (9.1) 31 (7.8) 15 (7.2) 101 (8.3) 
  10,000 - 49,999 262 (43.2) 176 (44.0) 90 (43.1) 528 (43.4) 
  50,000 - 99,999 99 (16.3) 56 (14.0) 34 (16.3) 189 (15.5) 
  100,000 - 399,999 70 (11.5) 50 (12.5) 27 (12.9) 147 (12.1) 
  ≥ 400,000 121 (19.9) 87 (21.8) 43 (20.6) 251 (20.6) 

Data are n (%) unless stated otherwise. *Median (IQR). NVP=nevirapine. EFV=efavirenz. CDC=Centers for 
Disease Control and Prevention. 

 
In the initially defined CD4 strata, patients with a lower CD4 count had a larger risk of 
virologic failure compared to patients with a higher baseline CD4 count, although none 
of the Kaplan Meier estimates between two consecutive strata was statistically different 
and none of the hazard ratios differed significantly from the reference stratum (≥ 500 
cells/mm3) (Table 2). This was also seen when the seven strata were collapsed to five (< 
25, 25-99, 100-199, 200-349, ≥ 350). It became apparent that those patients who had an 
extreme low CD4 count < 25 cells/mm3 drove the risk of virologic failure. In the final 
strata this risk was 1.3 times (95% confidence interval [CI]: 0.86 to 1.76, p=0.25) that of 
patients with a baseline CD4 count ≥ 200 cells/mm3. 

With a lower cut-off value for virologic failure of < 50 copies/ml, the increased 
risk of virologic failure already occurred at a baseline CD4 count < 200 cells/mm3 
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(Hazard Ratio [HR]: 1.24, 95% CI: 101 to 1.52, p=0.036), which was not seen with the 
cut-off value of 400 copies/ml.  

 

   Table 2: Risk of virologic failure by baseline CD4 count and HIV-1 viral load. 

 N Failed p KM* HR 95% CI p PH† 

       
CD4 count, cells/mm3       
Initial strata       
  < 25 140 0.34 0.479 1.19 0.75 – 1.90 0.466 
  25 - 49 72 0.29 0.175 0.98 0.55- 1.72 0.933 
  50 - 99 138 0.21 0.239 0.67 0.40 - 1.13 0.132 
  100 - 199 274 0.26 0.834 0.86 0.56 - 1.33 0.505 
  200 - 349 308 0.27 0.729 0.89 0.58 - 1.37 0.603 
  350 - 499 190 0.28 0.810 0.95 0.60 - 1.49 0.813 
  ≥ 500 94 0.30  1   
Final strata       
  < 25 140 0.34 0.028 1.28 0.93-1.77 0.132 
  25 - 199 484 0.25 0.313 0.89 0.70-1.12 0.319 
  ≥ 200 592 0.28  1   
       
pVL, copies/ml       
Initial strata       
  < 10,000 101 0.27  1   
  10 - 49,999 528 0.26 0.710 0.93 0.61 - 1.40 0.713 
  50 - 99,999 189 0.27 0.771 0.97 0.61 - 1.54 0.883 
  100 - 399,99 147 0.33 0.145 1.30 0.81 - 2.08 0.275 
  ≥ 400,000 251 0.28 0.228 1.03 0.66 – 1.61 0.884 
Final strata       
  < 100,000 818 0.26  1   
  ≥ 100,000 398 0.30 0.111 1.20 0.96-1.50 0.115 

  Cut-off for virologic failure: > 400 copies/ml. Treatment changes ignored. * p-value for comparison with 
  next stratum. † p-value for comparison with baseline group. KM=Kaplan Meier analysis. HR=Hazard ratio. 
  CI=Confidence interval.  PH=proportional hazard analysis. pVL= plasma viral load.  
 
The risk of virologic failure was increased for patients with a baseline pVL ≥ 100,000 
copies/ml, although in none of the strata this increase was statistically significant 
(Table 2). Further collapsing of the strata did not change this threshold. A dichotomous 
variable based on this threshold estimated the risk of virologic failure for above this 
value as 1.2 times (95% CI: 0.96 to 1.5) that of patients with a pVL below this value 
(p=0.115). Using the more sensitive cut-off value for virologic failure showed similar 
results (HR: 1.48, 95% CI: 122 to 1.80, p< 0.001).  

Within each CD4 stratum and for both NVP and EFV, with the exception of ≥ 
200 cells/mm3 in the NVP treatment group, the risk of virologic failure was larger for 
patients with a baseline pVL ≥ 100,000 copies/ml (Table 3, Figure 2) 
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Table 3: Risk of virologic failure comparing NVP and EFV. By combined CD4/pVL strata and assay cut-off 
value. 

  Less than 400 copies/ml Less than 50 copies/ml 
  NVP EFV  NVP EFV  

CD4 pVL N Failed N Failed p* Failed Failed p 

          
< 25 all 73 0.38 47 0.28 0.259 0.44 0.32 0.232 
 < 100,000 25 0.32 16 0.19 0.353 0.36 0.25 0.446 

 ≥ 100,000 48 0.42 31 0.32 0.455 0.48 0.35 0.355 
          

25 - 199 all 239 0.24 160 0.26 0.767 0.40 0.38 0.593 
 < 100,000 135 0.21 81 0.25 0.562 0.33 0.32 0.975 

 ≥ 100,000 104 0.28 79 0.27 0.801 0.49 0.43 0.332 
          

≥ 200 all 295 0.26 193 0.25 0.740 0.31 0.28 0.496 
 < 100,000 256 0.27 166 0.25 0.580 0.29 0.28 0.651 

 ≥ 100,000 39 0.21 27 0.26 0.495 0.41 0.30 0.507 

 Treatment changes ignored. * p-value for comparison of NVP and EFV within the stratum (Kaplan Meier 
  analysis). pVL= plasma viral load. NVP=nevirapine. EFV=efavirenz.   

 
There were no statistically significant differences in virologic failure comparing NVP 
and EFV in any of the combined CD4/pVL strata. This remained after adjusting for 
age, sex, geographical region, and Centers for Disease Control and Prevention stage at 
baseline (data not shown). When a lower cut-off value of < 50 copies/ml was used for 
virologic failure, the same conclusions could be drawn (Table 3).  

Although none of the comparisons between NVP and EFV was statistically 
significant, it appears that in the lowest CD4 stratum, the risk of virologic failure when 
starting an EFV-based regimen is slightly lower than with an NVP-based regimen. 
Also, within each CD4 stratum the differences in the proportion of patients with 
virologic failure between the two baseline pVL strata were larger for NVP than for EFV. 
In the high baseline pVL strata, the proportion of patients with virologic failure was 
always larger for NVP compared to EFV, although this was not statistically significant.  

In the second sensitivity analysis, where we censored the data when patients 
changed their allocated treatment, the levels of CD4 count and pVL at which virologic 
failure occurred were identical but more pronounced. With the cut-off value for 
virologic failure of > 400 copies/ml, there was a significantly increased risk of failure 
when treatment was started at a baseline CD4 count < 25 cells/mm3 (HR: 1.50, 95% CI: 
1.02 to 2.20, p=0.040). Also patients who started treatment with a baseline pVL ≥ 
100,000 copies were at an increased risk  (HR: 1.48, 95%CI: 1.14 to 1.93, p=0.004).  

Just as in the primary analysis, when using a cut-off for virologic failure of > 50 
copies/ml, the risk of failure with respect to baseline CD4 count changed to < 200 
cells/mm3, while the increased risk of failure with respect to baseline pVL remained at 
≥ 100,000 copies/ml. 
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NVP low baseline pVL

NVP high baseline pVL

EFV low baseline pVL

EFV high baseline pVL

Figure 2: Risk of virologic failure by baseline CD4 cell count and pVL. 
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In the comparison of the efficacy of NVP and EFV, the same conclusions could be 
drawn as in the primary analysis. There were no statistically significant differences in 
the proportion of patients failing within each of the combined CD4/pVL strata. But 
again, in the stratum denoting the patients with the most advanced HIV-1 infection (< 
25 CD4+ cells/mm3) at the start of their treatment, there seemed to be a small 
advantage for EFV over NVP. With the cut-off value of 400 copies, the proportion of 
patients failing in the CD4 count < 25 cells/mm3 stratum was 0.28 and 0.24 for NVP 
and EFV, respectively (p=0.665). With the cut-off of 50 copies, these figures were 0.38 
and 0.28, respectively, p=0.232). 

The increases in the number of CD4+ cells by baseline CD4 stratum and 
baseline pVL stratum are reported in Table 4. There was only a statistically significant 
difference between NVP and EFV in the CD4 stratum of < 25 cells/mm3. Patients in the 
EFV group showed a larger CD4 count increase compared to patients in the NVP group 
in this stratum. 
 

             Table 4: Increase in CD4+ cells by CD4 stratum and pVL stratum. 

 NVP EFV  
 N Increase* N Increase* p† 

CD4 stratum      

  < 25 73 160 (100 - 210) 47 195 (150 – 230) 0.020 

  25 - 199 25 160 (100 – 240) 16 145 (70 – 230) 0.227 

  ≥ 200 48 170 (80 - 290) 31 160 (70 – 280) 0.492 

      

PVL stratum      

  <100,000 416 160 (90 – 260) 263 150 (70 – 155) 0.511 

  ≥ 100,000 191 180 (110 – 260) 137 180 (100 – 240) 0.842 

            Treatment changes ignored. *Median increase (IQR). † p-value for comparison of NVP and EFV  
            within the stratum. pVL= plasma viral load. NVP=nevirapine. EFV=efavirenz.  
 
The association between CD4 stratum and incidence of rash events differed 
significantly between the two treatment groups (interaction term p=0.038). These were 
most frequently reported in patients with a baseline CD4 count > 200 cells/mm3 in the 
NVP treatment group (Table 5). This was also seen for hepatitis (although the 
interaction term was invalid because of quasi-fit model due to ‘empty cells’) and 
increased liver enzymes (interaction p=0.061). There was no clear relationship between 
these events and CD4 stratum in the EFV treatment group. Severe neuropsychiatric 
events tended to occur more often in the lowest CD4 stratum both in the NVP and the 
EFV treatment group (interaction p=0.282). 

There was evidence for an additional interaction in the NVP treatment group 
between CD4 stratum and sex (p=0.106). Women with a CD4 cell count > 200 
cells/mm3 had a statistically significantly increased risk (Odds Ratio [OR] 2.0, 95% CI: 
1.2 to 3.4) to develop a rash compared to men within the same stratum. This despite the 
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fact that in these patients with a rash, the median (IQR) CD4 count was comparable for 
men (340 [270 to 420]) and women (345 [260 to 490]). 

An increased risk for rash in women was not seen in the  < 200 cells/mm3 
stratum (OR=1.1, 95% CI: 0.6 to 1.8). Differences between men and women were not 
seen for the other groups of adverse events. 

 

Table 5: Incidence of adverse events by baseline CD4 count. 

 NVP EFV 
Toxicity * < 25 25-200 > 200 < 25 25-200 > 200 

             
Rash             
  0 59 (80.8) 183 (76.6) 219 (74.2) 30 (63.8) 128 (80) 155 (80.3) 
  1 13 (17.8) 42 (21.8) 59 (20) 17 (36.2) 27 (16.9) 35 (18.1) 
  2 1 (1.4) 4 (1.7) 17 (5.8) 0 (0) 5 (3.1) 3 (1.6) 
             
Hepatitis             
  0 73 (100) 238 (99.6) 283 (95.9) 47 (100) 159 (99.4) 193 (100) 
  1 0 (0) 1 (0.4) 1 (0.3) 0 (0) 0 (0) 0 (0) 
  2 0 (0) 0 (0) 11 (3.7) 0 (0) 1 (0.6) 0 (0) 
             
Neuro/psych.             
  0 40 (54.8) 140 (58.6) 108 (61) 27 (57.5) 71 (44.4) 96 (49.7) 
  1 30 (41.1) 93 (38.9) 107 (36.3) 16 (34) 82 (51.3) 86 (44.6) 
  2 3 (4.1) 6 (2.5) 8 (2.7) 4 (8.5) 7 (4.4) 11 (5.7) 
             
Transam. elev.             
  0 38 (52.1) 123 (51.5) 154 (52.2) 17 (36.2) 96 (60.0) 114 (59.1) 
  1 32 (43.8) 95 (39.8) 103 (34.9) 28 (59.6) 54 (33.8) 73 (37.8) 
  2 3 (4.1) 21 (8.8) 38 (12.9) 2 (4.3) 10 (6.3) 6 (3.1) 

Data are n (%).  * 0= no toxicity, 1=maximum grade 1 or 2, 2= maximum grade 3 or 4. NVP=nevirapine. 
EFV=efavirenz. Neuro/psych=neuropsychiatric. Transam elev.=transaminase elevation.  
 

Discussion 

Patients with a baseline CD4 count < 25 cells/mm3 had an increased risk for virologic 
failure when the cut-off for failure was 400 copies/ml, although this risk did not reach 
statistical significance. With a more strict definition (< 50 copies/ml) of failure, this 
increased risk already became noticeable at a baseline CD4 count of < 200 cells/mm3. A 
baseline pVL ≥ 100,000 copies/ml increased the risk of virologic failure irrespective of 
the cut-off used. These thresholds were found in both the analyses incorporating or 
ignoring allocated treatment discontinuations. 

There were no statistically significant differences between NVP and EFV in any 
CD4 and/or pVL stratum using either cut-off value for virologic failure or either 
censoring technique. However, in the stratum including patients with the lowest CD4+ 
cells at the time of treatment initiation, EFV did perform numerically better. Whether in 
such situation the choice of a first-line NNRTI-based regimen is recommended is 
debatable. There is evidence that an NNRTI-based regimen might have less potential 
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than a PI-based regimen in increasing the number of CD4+ cells. This effect is especially 
seen in patients starting their treatment with low CD4+ cells.22,23 

These data indicate that the choice between NVP and EFV as part of initial 
HAART within a wide range of baseline values of CD4 count or pVL can not be made 
on the basis of efficacy alone. This is in line with the findings of the 2NN study where 
treatment efficacy was not statistically significantly different between these two 
regimens.  

The present study included all randomised patients, whether or not they 
started with their allocated treatment. For this approach was chosen to avoid a 
potential selection bias. Patients and physicians knew the treatment allocation and 
could therefore decide not to start the treatment based on the perceived efficacy of that 
treatment in a patient with a specific number of baseline CD4+ cells. This approach, 
however, could have blurred the differences in efficacy between NVP and EFV in the 
separate treatment strata. Repeating the analyses excluding the patients who did not 
start treatment increased all estimates, making the conclusions stronger. Specifically, 
the difference between NVP and EFV in patients starting treatment in the stratum with 
the lowest CD4 count and highest pVL became statistically significant (p=0.055) in the 
analysis with the 50 copies/ml cut-off value. 

Besides the 2NN study, only one other clinical trial comparing NVP and EFV 
has been published. This trial was too small (n=67) to be able to perform a subgroup 
analysis of patients with advance disease.24 Keiser et al. analysed the virologic response 
of therapy-naive patients starting a HAART regimen based on NVP or EFV.25 They 
reported that both a lower CD4 count and a higher pVL were associated with virologic 
failure. EFV showed superior performance in all CD4 and pVL strata defined, but it is 
unclear whether within the strata these differences were statistically significant. The 
data used in this study by Keiser et al. were from 1996 to 2000. Early in this time frame 
only NVP was available for an NNRTI-based regimen. From 1998 onwards, EFV was 
licensed for use. It is possible that in this later period, physicians were more 
experienced in using NNRTIs for patients with advanced disease. Physician experience 
is considered to be a major contributor to treatment efficacy.26  

In a recent study by Manosuthi et al. there were no differences seen in efficacy 
between patients starting NVP or EFV when their CD4 count was < 100 cells/mm3 or 
there pVL > 100,000 copies/ml.27 Unfortunately, this study lacked sufficient power to 
detect any such differences (n=53). Other cohorts comparing NVP and EFV either did 
not report a subgroup analysis for patients with advanced disease 28, or did not directly 
compare the two drugs within different CD4/pVL strata.29  

Despite the lack of directly comparable studies, the efficacy of NVP or EFV-
based HAART in patients with advanced HIV-1 disease has been well described in a 
clinical endpoint study which compared a regimen of zidovudine (ZDV) and 
lamivudine (3TC) with either NVP or placebo.15 In this study, the proportion of patients 
with a baseline pVL > 500,000 copies/ml who reached a pVL < 50 copies/ml at week 48 
was 43%, compared to 50% in patients with a baseline pVL < 45,000 copies/ml. In the 
COMBINE study, using the same regimen, 57% of the patients with a baseline pVL > 
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100,000 copies/ml reached a pVL < 20 copies/ml at week 48, compared to 69% in 
patients with a lower baseline pVL.13  

Raffi et al. combined the results from two clinical trials and six cohort studies 
using NVP-based regimens.30 In the aggregate data at 6 months the proportion of 
patients with a baseline pVL < 100,000 copies/ml and > 100,000 copies/ml who had a 
pVL below the LLQ was 89% and 83%, respectively. At 12 months these proportions 
were reversed (77% and 83%, respectively). In this last study, the analyses were done 
for patients who remained on their allocated treatment during the follow-up time. This 
might have influenced the results, although the authors state that the number of 
patients discontinuing NVP was similar in both strata. 

The DMP 006 study investigated the effect of a regimen containing ZDV, 3TC 
and EFV. In this study, the proportion of patients with a pVL < 50 copies/ml at week 48 
was not significantly different between patients with a high (> 100,000 copies/ml) or 
low (< 100,000 copies/ml) baseline pVL. The retrospective EfaVIP study showed a good 
virologic and immunologic efficacy of EFV-based HAART in patients with severely 
advanced HIV-1 disease.16 In a randomized trial including both a once daily and a 
twice daily EFV-based HAART regimen, patient with a high baseline pVL did not 
differ from patients with a low baseline pVL with respect to the proportion of patients 
with a pVL < 50 copies/ml at week 52.31 

In the present study we found a relationship between baseline CD4 count and 
the incidence of rash. Sub-group analyses for adverse events should be interpreted with 
caution. In randomised trials the occurrence is often limited, making it difficult to draw 
conclusions. In an open label study like the 2NN there is additional room for 
ascertainment bias leading to spurious differences, just as would happen in cohort 
studies. The fact that there are statistically significant interactions even with the small 
number of events in the NVP treatment group, points towards a high likelihood that 
these differences actually exist. To our knowledge this is the first study that reports the 
incidence of adverse events stratified by baseline CD4 count.  

In a recent ‘Dear Doctor letter’, Boehringer Ingelheim reported the increased 
risk of severe hepatotoxicity in women with a CD4 count > 250 cells/mm3.32 In the 
present study, an increased risk for adverse events in general when NVP was started at 
a higher CD4 count was also seen. The relationship between high CD4 count and sex 
was only seen for rash. However, severe rash and LEE often present together and might 
be part of the same underlying pathology. Complex relationships between sex, baseline 
CD4 count and type of adverse event must therefore be interpreted cautiously. 

A limitation of the present study was the small number of patients in the 
lowest CD4 strata. However, the 2NN is the only randomized clinical trial up to date 
that can address the question whether differences between NVP and EFV exist in 
patients with advanced HIV-1 disease. Cohorts have the disadvantage that 
‘confounding by indication’ can bias treatment comparisons, especially when subgroup 
analyses are performed. Despite the low statistical power in the analyses of the smaller 
strata, the magnitude and the direction of the point estimates give a clear indication 
that possible differences, if they would exist, are small. Only in the most extreme 
situation of a very low CD4 count, there is a numerical advantage of EFV over NVP.  
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Within the present study we performed many statistical tests, introducing the 
probability of spurious results due a Type I error. Although this asks for caution, we 
feel that the conclusions drawn are based on a careful interpretation, including the 
width of the confidence intervals and clinical relevance of reported strata. The results 
show that both NVP and EFV are effective drugs in patients with advanced HIV-1 
disease. The choice between these two as part of initial HAART regimens will depend 
on factors like safety profile, influence on quality of life, and costs, among others.
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CHAPTER  4 

 

PLASMA HIV-1 RNA DECLINE WITHIN THE FIRST 2 WEEKS OF 

TREATMENT IS COMPARABLE FOR NEVIRAPINE, EFAVIRENZ, OR 

BOTH DRUGS COMBINED AND IS NOT PREDICTIVE OF LONG-TERM 

VIROLOGIC FAILURE. 
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Introduction 

The initial decline in plasma HIV-1 RNA concentration (pVL) after the start of 
antiretroviral therapy (ART) is considered to be a marker of early antiretroviral 
efficacy.1-4 A rapid decline shortens the duration and the level of ongoing viral 
replication in the presence of drugs and thereby supposedly limits the potential 
evolution of drug-resistant virus. Studies in patients starting highly active ART 
(HAART) have shown that the level of pVL after eight weeks 5, 16 weeks 6, or six 
months 7 is predictive for long-term treatment efficacy. The same was shown earlier in 
treatment-experienced patients.8  

Whether rates of pVL decline in the initial weeks of treatment, rather than pVL 
estimates at specific time points, are also predictive of late virologic efficacy remains 
uncertain. This predictive characteristic would enable the clinician to adjust therapy 
early after the start of treatment. Such an association was reported by Pollis et al. in a 
population of patients starting a combination of lamivudine (3TC), zidovudine (ZDV), 
indinavir (IDV), and nevirapine (NVP).9 Similarly, it was reported for patients on 
nelfinavir monotherapy.10 In contrast, Wu et al. did not find a significant association 
between the viral decay rate and late virologic response in patients treated with 
abacavir (ABC) and one of five different protease inhibitors (PI).11 The same was 
reported for patients treated with ritonavir (RTV) for ten days and additional 3TC and 
ZDV thereafter.12  

The 2NN study is the first large randomised controlled trial to assess the 
efficacy and safety of the non-nucleoside reverse transcriptase inhibitors nevirapine 
(NVP) and efavirenz (EFV) in addition to stavudine (d4T) and 3TC.13 There were two 
reasons to assess the rate of pVL decline as a marker for early efficacy. The first reason 
was to establish that patients who were randomised to the NVP+EFV treatment group 
did not receive a sub-optimal drug regimen. There were some data that the two drugs 
might have an antagonistic antiviral effect.14 We conducted an interim analysis based 
on the data from the first 400 patients to assess possible differences in pVL decline 
between the treatment groups. The Data Safety and Monitoring Board did not see a 
reason to stop randomisation to the NVP+EFV treatment group based on the results of 
this interim analysis. The second reason was to further characterise the antiviral 
potency profile of NVP and EFV. This potency is most clearly assessed by analysing the 
direct effects of the drugs on the pVL at the start of ART. 

 

Methods 

Participants and treatment allocation 

The 2NN study has been described elsewhere.13 In brief, patients were adults, ART-
naive and had a pVL of at least 5000 copies/ml. All patients received d4T (40 mg twice 
daily [bd] or 30 mg bd when < 60 kg) and 3TC (150 mg bd), and were randomly 
allocated to NVP 400 mg once daily (od), NVP 200 mg bd, EFV 600 mg od, or 
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NVP+EFV 400+800 mg od. Patients were included from 65 different study sites in 17 
countries in Asia, Australia, North America, South America, South Africa and Europe. 
  The present study included patients who remained on their allocated treatment 
(all components of the regimen used at least 95% of the time) during the first two weeks 
of treatment and had at least two pVL measurements during this period. Patients could 
change d4T and/or 3TC for reasons of toxicity as long as two nucleoside analogue 
reverse transcriptase inhibitors were used. The NVP od and bd group were combined 
for this analysis, because the dose taken (200 mg od) in the first two weeks was the 
same as a result of the recommended dose escalation when starting NVP. 
 

Sample selection 

The pVL was measured at day 0, 3, 7, and 14 at a central laboratory (LabCorp, Research 
Triangle Park, NC, USA) using Ultrasensitive Roche Amplicor 1.5 (Roche Diagnostics, 
New Jersey, USA) with a lower limit of quantification (LLQ) of 50 copies/ml. Samples 
up and including the first sample with a pVL below the LLQ were included in the 
analyses. This first sample below the LLQ was regarded as 50 copies/ml. Plasma 
concentrations of NVP and EFV were quantitatively assessed at day 3, 7 and 14, by a 
validated high-performance liquid chromatographic with ultraviolet detection 
method.15 Bayesian trough concentrations (Cmin) were calculated using random plasma 
concentration-time point and non-linear mixed effect modelling (NONMEM).16 It 
turned out that for both NVP and EFV the clearance rate for the samples taken between 
day 3 and day 14 did not differ. This means that all samples would give comparable 
trough concentrations based on time between drug intake and blood draw, as well as 
these identical clearance rates. We choose to use the samples of day 7 to estimate the 
Bayesian trough concentrations and use these estimates in the current study. 
 

Outcome measures 

The primary outcome was the ‘viral decay constant’ (VDc) during the first two weeks 
of treatment using the non-linear function V(t)=V(0) * e (-kt), where V(0) and V(t) are the 
pVL at baseline and time t, respectively, and k is the VDc. The VDc denotes the log10 
copies of virus cleared per day. It was calculated separately for week 1 and 2, and for 
both weeks combined.  

Factors assessed for an association with a high VDc (> 75th percentile) were age 
(per year increase), sex, region (Asia/Australia, South Africa, South America, 
Europe/USA/Canada), baseline pVL (≤ 100,000 vs. > 100,000 copies/ml), baseline CD4 
count (< 50 vs. 50-200 vs. > 200 cells/mm3), and a Centers for Disease Control and 
Prevention (CDC) event of category C 17 at baseline (present vs. absent). Finally, we 
examined the association of the VDc with the Cmin at day 7 in the NVP and EFV 
treatment groups and with the occurrence of virologic failure on or before week 48 
(never reaching a pVL < 50 copies/ml or a rebound to two consecutive pVL > 50 
copies/ml). 
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Statistical analyses 

The VDcs of the different treatment groups were compared using the Kruskal-Wallis 
test. The correlation between the VDc in weeks 1 and week 2 was calculated as the 
Spearman correlation coefficient. Factors associated with a high VDc were assessed by 
univariable and multivariable logistic regression analysis. The multivariable model 
included the variables ‘treatment group’, all variables associated with the outcome with 
a p-value < 0.1 in the univariable model, and possible interaction terms between 
treatment group and other variables. The relationship between VDc and Cmin was 
assessed by linear regression, and between VDc and virologic failure by Cox regression 
analysis, where data were censored at change of allocated treatment. A two-sided p-
value < 0.05 was considered statistically significant in the final analyses. SAS statistical 
software was used for all analyses (version 8.02, SAS Institute, Cary, North Carolina, 
USA). 
 

Results 

Of the 1216 patients enrolled in the 2NN study, 1111 (91%) met the inclusion criteria for 
the present study. The baseline characteristics of these patients did not differ between 
the treatment groups and were comparable with the characteristics of the patients in 
the main study (Table 1).  
 

         Table 1: Baseline characteristics. 

 NVP EFV NVP+EFV Total 
 N=563 N=361 N=188 N=1111 

     
Male 347 (62) 229 (63) 129 (69) 705 (63) 
Age, year *  34 (29-41) 35 (30-40) 33 (29-39) 34 (29-40) 
CD4+ cells, cells/mm3 * 180 (70-330) 180 (70-340) 190 (90-330) 190 (80-330) 
  < 50 105 (19) 62 (17) 23 (12) 190 (7) 
  50-200 200 (36) 132 (37) 74 (40) 406 (37) 
  > 200 253 (46) 167 (46) 90 (48) 515 (46) 
HIV-1 RNA, log10 copies/ml 4.7 (4.4-5.4) 4.7 (4.4-5.6) 4.7 (4.4-5.4) 4.7 (4.4-5.5) 
  > 5.0 171 (30) 126 (35) 57 (30) 354 (32) 
CDC-class C 118 (21) 77 (21) 33 (18) 228 (21) 
Risk behaviour     
  Heterosexual  336 (60) 206 (57) 98 (52) 640 (58) 
  Homosexual 148 (26) 107 (30) 66 (35) 321 (29) 
  Intravenous drug use 19 (3) 13 (4) 9 (5) 41 (4) 
  Other / unknown 60 (11) 35 (10) 14 (6) 109 (10) 

        Data are n (%) unless stated otherwise. * Median (IQR). NVP=nevirapine. EFV=efavirenz. 
        CDC=Centers for Disease Control and Prevention.  

 
The median VDc (log10 copies/day; interquartile range [IQR]) in the first week was 0.47 
(0.37 to 0.59) for NVP, 0.51 (0.43 to 0.60) for EFV, and 0.49 (0.39 to 0.59) for NVP+EFV 
(p=0.002, Figure 1). In the second week, the clearance of virus occurred at a lower rate 
of 0.15 (0.09 to 0.23) for NVP, 0.13 (0.07 to 0.21) for EFV, and 0.15 (0.10 to 0.21) for 
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NVP+EFV (p=0.036). A high VDc in week 1 was correlated with a low VDc in week 2 
(Spearman coefficient: -0.22, p< 0.001). This indicates that the VDc in week 2 was 
dependent of the amount of virus cleared in week 1. Therefore, a separate VDc for 
week 2 is a rather arbitrary estimate. We combined these two time periods and 
calculated the VDc between week 0 and week 2. This new estimate (IQR) was 0.30 (0.25 
to 0.36) for NVP, 0.31 (0.27 to 0.37) for EFV, and 0.30 (0.27 to 0.36) for NVP+EFV 
(p=0.109). 
 

  

Factors in the multivariable analyses that were independently associated with a high 
VDc (> 75th percentile) are summarised in Table 2. Patients with a baseline pVL  > 
100,000 copies/ml were 8.7 times (95% confidence interval [CI]: 6.2 to 12.3, p< 0.001) 
more likely to have a high VDc, compared to patients with a baseline pVL ≤ 100,000 
copies/ml. Compared to patients in Europe/USA/Canada, patients in Asia/Australia 
had a slightly higher chance of having a high VDc (Odds Ratio [OR]: 1.3; 95%CI: 0.8 to 
2.0), while patients form South Africa had a significantly lower chance (OR: 0.7; 95%CI: 
0.4 to 1.0). Within each region however, there were no differences in effect between the 
three treatment groups (interaction group and region: p=0.539). Sex, age, baseline CD4 
count, and disease stage were not independently associated with VDc; neither was 
there evidence of interaction between any of these variables and treatment group. After 
adjusting the VDc in the first two weeks of treatment for baseline pVL and region, the 
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Figure 1: Decline in plasma HIV-1 RNA concentration. 
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estimates (IQR) were identical in all three treatment groups, being 0.30 (0.28 to 0.34) for 
NVP, 0.30 (0.29 to 0.35) for EFV, and 0.30 (0.29 to 0.34) for NVP+EFV. 

The relationship between high VDc (> 75th percentile) and virologic failure was 
assessed by Cox proportional hazards analyses. The proportional hazards assumption 
was tested and found valid. It was shown earlier in the 2NN study that a high baseline 
pVL was associated with virologic failure on or before week 48.13 We therefore 
included this parameter in the Cox proportional hazard analysis. There was no 
statistical evidence that patients with a high VDc were less likely to have a virologic 
failure while on treatment compared to patients with a lower VDc (Hazard ratio [HR]: 
0.8, 95% CI: 0.6 to 1.2, p=0.253). 
 

    Table 2: Factors associated with a high viral decay constant. 

 HR (95% CI) 
Univariable 

p HR (95% CI) 
Multivariable 

p 

     
Study group     
  NVP 1.0 (0.7-1.5)  0.9 (0.6-1.5)  
  EFV 1.2 (0.8-1.8)  1.1 (0.7-1.7)  
  NVP+EFV 1 0.496 1 0.830 
Sex     
  Male 1.1 (0.8-1.5)    
  Female 1 0.452   
Age, per year increase 1.0 (1.0-1.0) 0.409   
Baseline pVL, copies/ml     
  > 100,000 9.1 (6.7-12.4)  8.7 (6.2-12.3)  
  ≤ 100,000  1 < 0.001 1 < 0.001 
Baseline CD4+ cells, cells/mm3     
  < 50 4.2 (2.9-6.0)  1.5 (0.9-2.5)  
  50-200 1.8 (1.3-2.5)  0.9 (0.6-1.3)  
  > 200 1 < 0.001 1 0.062 
Region     
  Asia/Australia 1.6 (1.1-2.4)  1.3 (0.8-2.0)  
  South Africa 1.0 (0.7-1.4)  0.7 (0.4-1.0)  
  South America 1.0 (0.7-1.6)  1.0 (0.6-1.6)  
  Europe/USA/Canada 1 0.060 1 0.024 
Disease stage     
  C 1.9 (1.5-2.7)  1.1 (0.7-1.6)  
  Non-C 1 < 0.001 1 0.722 

    HR=hazard ratio. CI=confidence interval. NVP=nevirapine. EFV=efavirenz. pVL=plasma viral load. 

 
The median (IQR) Cmin at day 7 was 2.8 (2.2 to 3.6) mg/l for NVP and 1.3 (0.9 to 2.1) 
mg/l for EFV. All patients had a Cmin at day 7 above the IC95 (for NVP 710 nM, for EFV 
25 nM). There was no association between the Cmin of NVP or EFV with the VDc 
(regression coefficient 0.004, p=0.230 and 0.006, p=0.142, respectively (Figure 2). 

The Cmin of NVP and EFV differed significantly between the regions, with 
patients from Asia/Australia having the highest concentrations and patients from 
Europe/USA/Canada having the lowest (Table 3). Repeating the linear regression  
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analysis adjusting for geographical region did not change the results (regression 
coefficient: 0.001, p=0.718 and 0.006, p=0.135 for NVP and EFV, respectively). 

Although region was significantly associated with both the VDc and the Cmin 
for NVP and EFV at day 7, the pattern of association clearly differed. Patients from 
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Figure 2: Relation between plasma concentration of nevirapine (top) and efavirenz 
(bottom) and the viral decay constant. 
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Asia/Australia had the largest probability of having a high VDc, and showed the 
highest Cmin for both NVP and EFV. Patients from South Africa had likewise a higher 
Cmin for NVP and EFV compared to patients from Europe/USA/Canada, but the 
probability of a high VDc was significantly lower. This illustrates that it is not possible 
to interpret the VDc within a specific region as a simple function of plasma drug 
concentrations. 
 

Discussion 

The present study showed a similar rate of initial decline of pVL for NVP, EFV and 
NVP+EFV after adjusting for baseline pVL and region. The VDc was not predictive for 
longer-term virologic efficacy and was not associated with NNRTI plasma 
concentrations. Combining NVP and EFV does not have an additional effect on early 
efficacy. The results of the present study are consistent with the overall findings of the 
2NN study.13 These showed no statistically significant differences between NVP and 
EFV in the proportion of patients with virologic failure or the proportion of patients 
with a pVL < 50 copies/ml at week 48. 

The evidence for a relationship between the initial pVL decline and longer-term 
treatment success is inconclusive.9-12 The absence of such a relationship in the present 
study might be related to the potency of the treatment regimens used. This potency can 
be implied from the strong relationship between baseline pVL and VDc. The more HIV-
1 RNA is present at the start of treatment, the larger the VDc in the first two weeks of 
treatment. Another reason might be that long-term efficacy is not only based on the 
intrinsic potency of the antiretroviral drugs used, but also relies heavily on treatment 
adherence by the patients.  

The initial decline in pVL after start of ART is a result of the elimination of free 
virus particles and the decline in productively infected CD4+ T-lymphocytes (‘first 
phase’), followed by a much slower decline representing the loss of long-lived infected 
CD4+ T-lymphocytes (‘second phase’).18-20 Because of the absence of information on the 
turnover of the T-lymphocyte pool in the present study, we interpreted the observed 
decline in pVL as a compound effect of both mechanisms over a two week period, as 
described earlier.21 Reported viral decay rates vary widely between studies, due to 
analytical differences (like sampling frequency and formula used) and differences in 
populations studied.12,22 Cross-study comparisons of the viral decay rate are therefore 
not very useful. 

We used a formula for estimating the VDc that disregards the turnover of the 
T-lymphocytes and assumes that ART completely blocks the production of new HIV-1 
virions. The resulting estimate therefore represents only a lower bound of the VDc.2 
Since the main aim of the study was to compare treatment regimens within the same 
study, this assumption is unlikely to affect the relative effectiveness of the treatment 
regimens. 

The positive association between baseline pVL and VDc reported in the present 
study has been described previously by Notermans et al.18 Others have described a 
negative correlation between baseline pVL and first phase VDc and a positive 
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correlation with the second phase VDc.11,12 It is unclear what the duration of the phases 
were in these studies and it is therefore impossible to say whether the present relation 
between baseline pVL and VDc is in concordance with these findings. More 
importantly, the effect of a high baseline pVL on the VDc was similar in all three 
treatment groups. This is contrary to the general perception that the early efficacy of 
NVP is inferior to EFV in patients who start treatment with a high baseline pVL. This 
perception arose from observations in clinical trials that the difference in efficacy 
between patients with a high or low baseline pVL was larger in NVP trials compared to 
EFV trials.  

An estimated one percent of the patients in the 2NN study had drug resistant 
virus at baseline.23 The presence of genotypic resistance for the study drugs used did 
not impact on the VDc, which was 0.29 (95% CI: 0.23 to 0.35) for patients with resistant 
virus and 0.31 (95% CI: 0.29 to 0.37, p=0.181) for patients without genotypic resistance 
at baseline.  

With all patients having a Cmin at day seven above the IC95, it is not surprising 
that there is no association with the VDc. It indicates that both NVP and EFV exert their 
maximal antiviral effect. Even in patients with a baseline pVL > 100,000 copies/ml, the 
achieved plasma concentrations were high enough to clear free virus. To our 
knowledge, this is the first time that VDc is analysed directly in relation to NNRTI drug 
concentrations. Earlier studies examining the efficacy of high dose NVP have focused 
on the steady state period after four weeks of NVP treatment.24,25  

The findings of the present study of no difference in early virologic efficacy 
between the treatment groups expand the overall results of the 2NN study. NVP and 
EFV demonstrate comparable efficacy both early and later during treatment, especially 
when comparing their direct effect on pVL. Combining these drugs does not have 
additional effect and therefore there is no rationale for the use of this combination. 
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Introduction 

Optimal adherence to antiretroviral drugs for the treatment of HIV-infection is essential 
for long-term treatment success.1-5 Inadequate adherence will lead to sub-optimal 
plasma drug concentrations, the evolution of drug resistant virus and subsequent 
failure of therapy.6-9 There is evidence that monitoring of plasma drug concentrations 
can be a valuable tool in the treatment of HIV-1. Therapeutic drug monitoring (TDM) 
was evaluated in a study with therapy naive patients using a treatment regimen 
containing the protease inhibitors indinavir or nelfinavir. Patients who had their drug 
levels monitored and, if needed, adjusted, showed a better virologic outcome and less 
toxicity than patient whose drug levels were not monitored.10,11 However, in the 
Pharmadapt study, this effect of TDM was not seen.12 The presence of a clear 
concentration-response relation with prescribed drug regimens is one of the 
prerequisites for TDM of any antiretroviral drug to be of value in the treatment of HIV-
infected patients.13,14 For the non-nucleoside reverse transcriptase inhibitors (NNRTIs) 
nevirapine (NVP) and efavirenz (EFV), there is suggestive evidence from a limited 
number of studies that such a concentration-response relation does exist.15-17 

To explore the relation between pharmacokinetic parameters and antiretroviral 
efficacy of NVP and EFV, we analysed prospectively collected pharmacokinetic data 
from over 800 adherent patients enrolled in the NVP and EFV treatment groups of the 
2NN Study. This large randomised controlled trial assessed the efficacy and safety of 
first-line antiretroviral treatment with NVP, EFV or both drugs combined, together 
with stavudine (d4T) and lamivudine (3TC). The primary goal of the present study was 
to determine the minimum plasma drug concentration (Cmin) or total daily drug 
exposure (AUC24) for both NVP and EFV, below which the risk of virologic failure was 
increased. Furthermore, we evaluated the predictive properties of these cut-off values 
to assess their utility in potential TDM strategies. 

 

Methods 

Participants and treatment allocation 

The 2NN study was a randomised open-label study, of which the main results have 
been published elsewhere.18 Patients enrolled were 16 years of age or older, 
antiretroviral therapy naive and had a plasma HIV-1 RNA concentration (pVL) of at 
least 5000 copies/ml. Main exclusion criteria were pregnancy or breastfeeding, 
abnormal laboratory results at screening, the use of immunomodulating therapy, or 
anticipated non-adherence. All patients used d4T (40 mg twice daily [bd] or 30 mg bd 
when < 60 kg) and 3TC (150 mg bd). In addition, patients were randomly allocated to 
NVP 400 mg once daily (od), NVP 200 mg bd, EFV 600 mg od, or NVP+EFV 400+800 
mg od. Patients were included from 65 different study sites in 17 countries in Asia, 
Australia, North America, South America, South Africa and Europe. The present study 
included patients who remained on the NNRTI component of their allocated treatment 
for at least 95% of their follow-up time. Adherence to therapy was assessed by self-
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reporting. Changes in the NRTI component were ignored. In the present analyses we 
did not include the patients in the NVP+EFV treatment group, since the primary 
analysis of the 2NN study showed that this regimen was not a valid option for first-line 
treatment. Furthermore, we combined the two NVP groups because they showed 
similar antiretroviral efficacy in the 2NN study, and both dosing regimens lead to 
similar total exposure to the drug.19 
 

Pharmacokinetic parameters 

Timed plasma samples for evaluation of study drug concentrations were collected at 
day 3, weeks 1, 2, 4, 24, and 48. The time of ingestion of the last dose and the sampling 
time were recorded, from which the time after ingestion was calculated. The 
concentrations of NVP and EFV were quantitatively assessed by a validated high-
performance liquid chromatographic with a ultraviolet detection method in a Good 
Laboratory Practice licensed laboratory.20 A detailed description of the pharmacokinetic 
models for NVP and EFV developed in the 2NN study, using the non-linear mixed 
effect modelling (NONMEM) software program (level 1.1, GloboMax LLC, Hanover 
MD, USA) is described elsewhere.21 In brief, both models consisted of a single 
compartment with first-order absorption and elimination. Random plasma 
concentrations time points of NVP and EFV, and the population pharmacokinetic 
models were used to obtain for each patient a single Bayesian estimates of the Cmin, 
maximum concentration (Cmax) and the AUC24 in both the induction phase (day 3 till 
week 2) and at steady state (from week 4). This procedure used the POSTHOC option 
in NONMEM.22 We only used the steady state estimates in the present analysis. 
  

Outcome measures and statistical analyses 

The primary outcome was virologic failure, defined as never reaching a pVL < 50 
copies/ml or a rebound to two consecutive pVL > 50 copies/ml. This outcome was 
compared for patients above or below specific cut-off value for the Cmin or AUC24 using 
Cox proportional hazard analyses. Patients who never reached a pVL < 50 copies/ml 
were given a failure time of time between start of treatment and pVL-nadir. The data 
were censored when the patient was no longer using the NNRTI component of the 
allocated treatment.  

The cut-off values were defined by the 10th, 25th, and 50th percentile of the 
distribution of the parameters, and previously published target values. For NVP, this 
resulted in cut-off values of 2.3, 3.1, 3.5, 3.8, and 4.1 mg/l for the Cmin, and 87, 107, and 
133 mg.h.l-1 for the AUC24. The cut-off values for the Cmin of EFV were 0.6, 0.8, and 1.1 
mg/l, while they were 26, 32, and 40 mg.h.l-1 for the AUC24.  

For the cut-off value at which the risk of virologic failure was increased we 
calculated the sensitivity (the proportion of patients correctly identified of having a 
virologic failure), the specificity (the proportion of patients correctly identified of not 
having a virologic failure), the positive predictive value (the proportion of patients with 
a Cmin below the cut-off value having a virologic failure), and the negative predictive 
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value (the proportion of patients with a Cmin above the cut-off value not having a 
virologic failure). We calculated Receiver Operator Characteristics for these cut-off 
values. 

We limited our analyses to the patients who remained in the study into the 
steady state period. Therefore, patients who had a virologic failure before week 4 were 
excluded, and follow-up time in the Cox proportional hazard analysis started at week 4 
for all patients.23 The threshold for statistical significance was set at 5%. 

 

Results 

The 2NN Study enrolled in total 1216 patients, of whom 607 were allocated to NVP and 
400 to EFV. Of these, 40 (4%) did not start their allocated treatment, while nine (1%) 
patients were not using their allocated treatment by day 3 (the date for the first PK 
sample). This leaves 958 (95%) patients for inclusion in the PK sub-study. Ten (1%) 
patients did not have any PK sample taken at all, while another 125 (11%) patients had 
only PK data in the non steady state. In the present analyses, a total of 823 patients 
(82% of those enrolled in the NVP and EFV treatment groups of the 2NN Study) 
contributed a total of 4291 PK samples. The baseline characteristics of these patients are 
summarised in Table 1. 
 

               Table 1: Baseline characteristics. 

 
NVP 
N=511 

EFV 
N=312 

Total 
N=823 

    
Male 322 (63.0) 202 (64.7) 524 (63.7) 
Age, year * 35 (30-41) 35 (31-40) 35 (30-41) 
Body Mass Index* 19.5 (17.6–22.0) 19.4 (17.3-22.0) 19.4 (17.4-22.0) 
Geographical region    
  Asia 77 (15.1) 61 (19.6) 138 (16.8) 
  South Africa 184 (36.0) 116 (37.2) 300 (36.5) 
  South America 107 (20.9) 66 (21.2) 173 (21.0) 
  Europe / USA / Australia 143 (28.0) 69 (21.1) 212 (25.8) 
CD4+ cells, cells/mm3 * 180 (70–310) 180 (70-340) 180 (70-320) 
pVL, log10 copies/ml* 4.7 (4.4-5.4) 4.7 (4.4-5.5) 4.7 (4.4-5.5) 
CDC class C 111 (21.7) 64 (20.5) 175 (21.3) 
Risk behaviour    
  Heterosexual 298 (58.3) 177 (56.7) 475 (57.7) 
  Homosexual 138 (27.0) 94 (30.1) 232 (28.2) 
  Intravenous drug use 18 (3.5) 10 (3.2) 28 (3.4) 
  Other / unknown 57 (11.2) 31 (9.9) 88 (10.7) 

               Data are n (%) unless stated otherwise. * Median (IQR). NVP=nevirapine. EFV=efavirenz. 
               pVL= plasma viral load. CDC=Centers for Disease Control and Prevention. 

 
All measured NVP concentrations were above the in vitro 95% Inhibitory Concentration 
(IC95) for HIV-1 wild type virus (710 nM).24 The median Cmax was higher for NVP-od 
(7.9 mg/l, Inter Quartile Range [IQR]: 6.3 to 9.5) than for NVP-bd (6.6 mg/l, 5.4 to 8.4), 
while the median Cmin for NVP-od (3.3 mg/l, 2.4 to 4.4) was lower than that for NVP-bd 
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(4.4 mg/l, 3.5 to 6.1).  The AUC24 was similar for both NVP regimens (132.5 mg.h.l-1, 
104.3 to 164.3 for NVP-od, and 133.4 mg.h.l-1, 107.7 to 174.8 for NVP-bd), as was the 
clearance rate (2.9 L/h, 2.3 to 3.4, and 3.0 L/h, 2.3 to 3.7, for NVP-od and NVP-bd, 
respectively). 

The proportion of patients using NVP, who had a virologic failure while using 
their allocated treatment, was similar in the group of patients with a Cmin below the 
50th, 25th, and 10th percentile (4.1, 3.1 and 2.3 mg/l, respectively) (Table 2). The risk of 
virologic failure started to increase when the Cmin fell below 3.1 mg/l, but this was not 
statistically significant (Hazard ratio [HR]: 1.30, 95% confidence interval [CI]: 0.87 to 
1.95, p=0.198). This risk did not increase much further when the Cmin fell below 2.3 
mg/l (HR: 1.41, 0.81 to 2.47, p=0.228) (Table 2).  
 

      Table 2: Hazard ratio for virologic failure in patients receiving nevirapine (top) or efavirenz (bottom),  
      for different minimum plasma concentration values. 

Cut-off * Below cut-off Above cut-off HR 95% CI p 
 N failure  N failure    

        
NVP         
  4.1 255 58 (22.7) 256 60 (23.4) 0.94 0.66 - 1.35 0.737 
  3.8 † 220 47 (21.4) 291 71 (24.4) 0.87 0.60 – 1.26 0.461 
  3.5 ‡ 181 40 (22.1) 330 78 (23.6) 0.97 0.66 – 1.42 0.883 
  3.1 128 34 (26.6) 383 84 (21.9) 1.33 0.89 - 1.97 0.166 
  2.3 55 14 (25.5) 436 104 (23.9) 1.38 0.79 - 2.41 0.258 
        
EFV        
  1.1 156 30 (19.2) 156 17 (10.9) 1.95 1.08 - 3.54 0.028 
  0.8 78 15 (19.2) 234 32 (13.7) 1.52 0.82 - 2.80 0.183 
  0.6 37 6 (19.4) 275 14 (14.6) 1.47 0.63 – 3.47 0.375 

      Data are n (%) unless stated otherwise. * in mg/l; † reference 17; ‡ reference 21.
 
HR=hazard ratio.  

     CI=confidence interval. NVP=nevirapine. EFV=efavirenz.  

 
These risk estimates did not change markedly after adjustment for dose frequency 
(NVP-od or NVP-bd), sex, geographical region, baseline values of CD4 count and pVL, 
or body mass index (Table 3). None of these covariables reached statistical significance 
in the multivariable model. 

There was no statistically significant differential effect of a low Cmin on the risk 
of virologic failure in men or women (data not shown). Neither was such an effect seen 
on the risk of virologic failure in different geographical regions (data not shown). 

The predictive properties of both cut-off values for the Cmin of NVP were poor. 
The sensitivity was only 23% for the 3.1 mg/l cut-off and 12% for the 2.3 mg/l cut-off. 
The specificity (77%, and 90%, respectively) and the negative predictive value (78%, 
and 77%, respectively) were more adequate indices for predicting virologic failure 
(Table 4).  

A cut-off value based on the AUC24 for NVP did not show a clear relation with 
virologic failure. The HR for virologic failure when the AUC24 fell below the 25th 
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percentile (107 mg.h.l-1) was 1.13 (95%CI: 0.75 to 1.71, p=0.559). The sensitivity of this 
cut-off value was 23%. 
 

   Table 3: Factors associated with virologic failure, multivariable model. 

 NVP EFV 
 HR 95% CI p HR 95% CI p 

       
Cmin < cut-off * 1.40 0.87-2.25 0.171 1.51 0.81-2.81 0.193 
NVP-bd 1.29 0.82-2.02 0.274 na - - 
Female 0.66 0.43-1.02 0.06 0.93 0.48-1.78 0.820 
Body Mass Index, per unit 1.00 0.95-1.05 0.850 0.92 0.83-1.02 0.125 
Asia 0.55 0.26-1.18 0.125 0.21 0.06-0.79 0.021 
South Africa 1.35 0.84-2.16 0.218 1.11 0.54-2.29 0.775 
South America 0.87 0.49-1.55 0.643 0.69 0.27-1.73 0.422 
Europe/USA/Australia 1 - - 1 - - 
CD4 count < 200 cells/mm3 † 1.35 0.88-2.03 0.149 1.86 0.91-3.78 0.089 
pVL > 105 copies/mL † 1.36 0.90-2.5 0.142 1.48 0.78-2.82 0.233 

    * 3.1 mg/l for nevirapine and 1.1 mg/l for efavirenz. †  at start of treatment. NVP=nevirapine. 
    EFV=efavirenz. HR=hazard ratio. CI=confidence interval. Cmin=minimum plasma concentration. 
    bd=twice daily. pVL=plasma viral load. 

 
All measured EFV concentrations were above the in vitro IC90-95 for HIV-1 wild type 
(1.7 to 25 nM).25 The median Cmax was 2.07 mg/l (IQR: 1.75 to 2.94), the median Cmin 
was 1.12 mg/l (0.80 to 1.97), the median AUC24 was 39.99 mg.h.l-1 (32.07 to 61.0), and 
the median clearance was 15.0 L/h (9.77 to 18.71).  

Also for patients using EFV, the proportion of patients who had a virologic 
failure was similar in the group of patients with a Cmin below the 50th, 25th, and 10th 
percentile (1.1, 0.8 and 0.6 mg/l, respectively) (Table 2).  In contrast to NVP, the risk of 
virologic failure was significantly increased when the Cmin fell below 1.1mg/l (HR: 1.95, 
95% CI: 1.08 to 3.24, p=0.028). This significance disappeared after adjustment for other 
variables (Table 3). It appears that patients from Thailand drove this initial association. 
In the multivariable model, these patients showed a statistically significant lower risk 
for failure (HR: 0.21, 95% CI: 0.06 to 0.79, p=0.021) compared to patients from 
Europe/USA/Australia. In the analysis assessing a possible differential effect of a low 
Cmin for EFV in different geographical regions, only the patients in Thailand with a Cmin 
above the cut-off value had a lower risk of failure (HR: 0.08, 95% CI: 0.01 to 0.65, 
p=0.019) compared to patient in Europe/USA/Australia with a Cmin above the cut-off 
value (the baseline group). Patients in Thailand with a Cmin below the cut-off value, and 
all other patients regardless of their Cmin value, had a similar risk of virologic failure 
compared to the baseline group.  

For the AUC24, the cut-off value for increased risk of virologic failure was 40 
mg.h.l-1. The risk of virologic failure was 1.95 times (1.07 to 3.54, p=0.028) higher below 
this value compared to above this value. Both the value of the Cmin and the AUC24 
represent the 50th percentile. Also this association was driven by patient from Thailand 
with a AUC24 > 40 mg.h.l-1, who had a significantly decreased risk of virological failure 
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(HR: 0.09, 95% CI: 0.01 to 0.83, p=0.033) compared to patients in 
Europe/USA/Australia with an AUC24 > 40 mg.h.l-1. 

The predictive properties of the EFV cut-off values were better than those for 
the NVP cut-off points. The sensitivity was 64% for both the Cmin < 1.1 mg/l cut-off and 
the AUC24 <40 mg.L.h-1 cut-off. Also for these cut-off values, the negative predictive 
value was the most predictive parameter, being 88% for the Cmin and 89% for the 
AUC24. 

 

        Table 4: Predictive indices for identified cut-off values for nevirapine and efavirenz. 

 NVP EFV 
 Cmin 

< 3.1 mg/l 
AUC24 

< 107 mg.h.l-1 
Cmin 

< 1.1 mg/l 
AUC24 

< 40 mg.h.l-1 

     
Sensitivity 29% 23% 60% 64% 
Specificity 76% 77% 53% 52% 
+ Predictive value 27% 24% 18% 19% 
-  Predictive value 78% 77% 88% 89% 

        NVP=nevirapine. EFV=efavirenz. Cmin=minimum plasma concentration. AUC=area under the curve. 

 
A Receiver Operator Characteristics (ROC) curve plots the sensitivity against the 1-
specificity value of a diagnostic test. It visualises the proportion of patients correctly 
identified with the test in relation to the proportion of patients falsely identified. A test 
with adequate predictive properties will show a steep rise in sensitivity without much 
change in the 1-specificity value. The ROC curves for the Cmin and the AUC24 for both 
NVP and EFV were flat indicating poor predictive properties (Fig 1). 
 

Discussion 

The present sub-study of 2NN study tried to determine a relation between the Cmin  and 
AUC24 values for NVP and EFV, and increased risk of virologic failure. The proportion 
of NNRTI-adherent patients with a Cmin below a specific cut-off value who had a 
virologic failure, did not markedly change when several cut-off values were analysed. 
This was observed in both the NVP and the EFV treatment group, and indicates poor 
discriminatory properties of the Cmin parameter. The same was seen for the AUC24 
parameter. This is not surprising since both the Cmin and the AUC24 parameters were 
derived values from drugs with a long half-life and the parameters are therefore closely 
related.  

The risk of virologic failure for NVP started to increase when the Cmin fell 
below 3.1 mg/l, but did not reach statistical significance at any chosen cut-off value. A 
Cmin below 1.1 mg/l for EFV was associated with a statistically significant increase in 
virologic failure. However, this association was driven by patients from Thailand. More 
importantly, the sensitivity of these cut-off values was rather low. Such low sensitivities 
make these cut-off values inadequate for the prediction of virologic failure in clinical 
practise, even if they are associated with a statistically significant increased risk.  
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In contrast to the sensitivity of the Cmin parameter, the negative predictive value was 
reasonable (78% for NVP Cmin < 3.1 mg/l and 88% for EFV Cmin < 1.1 mg/l, 
respectively). This indicates that patients who have a Cmin above these concentrations 
have a reasonable probability of therapy success while remaining on allocated 
treatment.  
 

The superiority of the negative predictive value over the sensitivity can also be distilled 
from other studies, although the authors did not specifically mention it.15,17 In a study 
with patients receiving a triple drug regimen containing NVP, de Vries et al. reported a 
5-fold increase in virologic failure when the Cmin for NVP fell below 3 mg/l.15 Despite 
this increased risk, the sensitivity of this cut-off value was just 22%, while the negative 
predictive value was 90%. The INCAS study included patients who were allocated to 
zidovidine, didanosine and NVP. In this treatment group, patients with a Cmin for NVP 
above 3.8 mg/l had a significant higher chance for therapy success at week 52, 
compared to patients who had a Cmin below this cut-off value.17 In the published 
studies for EFV, there is not enough information to compare different predictive indices 
of the identified cut-off values for the Cmin of EFV.16,26  
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Figure 2: Receiver Operator Characteristics for the parameters Cmin (left) and AUC24 (right) for nevirapine 
(top) and efavirenz (bottom). The dotted line represents the predictive properties that would have arisen 
purely by chance. Above this line, the parameter of interest starts having predictive properties on its own. 
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The lack of a relation between the Cmin for NVP and virologic failure seems to 
contradict with other studies. Havlir et al. reported that patients who failed therapy had 
a significantly lower mean Cmin for NVP (3.1 mg/l) compared to patients who did not 
fail (4.7 mg/mL)27. However, this study explored NVP monotherapy in previously 
treated patients. This situation is quite different from the present day combination 
therapy and direct comparisons of these two types of regimens cannot be made. On the 
other hand, in the study by Havlir et al., the effect of the NVP concentration on the risk 
of virologic failure is not influenced by the antiretroviral effect of the other drugs used 
in combination therapy, as could be the case in the present study.  

As mentioned previously, de Vries et al. reported a cut-off value for the Cmin of 
NVP of 3 mg/l15 , while Veldkamp et al. found a cut-off value for the Cmin of NVP of 
3.8 mg/l.17 These different association should be interpreted with caution since all 
studies had a different definition of virologic failure or success. 

The most important difference between the studies from de Vries et al. and 
Veldkamp et al. with the present study is the patient population. Both studies included 
patients who were non-adherent, while in the present study we included patients who 
reported to have an adequate adherence to their allocated treatment. This difference is 
reflected in the distribution of NVP concentrations within the different study 
populations. The Cmin in the present study compared to the study by Veldkamp et al., 
had a higher median (4.13 vs. 3.79 mg/l) and a more than 10 times higher value for the 
lowest observation (0.58 vs. 0.04 mg/l). The study by de Vries et al. included patients 
with undetectable NVP levels. The IC95 for NVP is 710nM (0.19 mg/l). In the present 
study all measurements were clearly above this value, while this was not seen in the 
other two studies. We showed that the association between the cut-off values of the 
Cmin and virologic failure was not present when patients reported to be adherent.  

The cut-off value for the Cmin of EFV of 1.1 mg/l in the present study is similar 
to the ones reported earlier. In a study by Marzolini et al., 50% of the patients with an 
EFV concentration < 1.0 mg/l had a virologic failure, compared to 22% and 24% of the 
patients with a concentration between 1.0 and 4.0, and above 4.0 mg/l, respectively.16 
The same was seen in a small study by Langmann et al.26  

In contrast to NVP, we did find a relation between both the Cmin and AUC24 for 
EFV and the risk of virologic failure. This despite the fact that, also for EFV, we 
included only patients who reported to be sufficient adherent. The reason for this 
difference lies in the fact that the interindividual variability in the clearance parameter 
was much larger for EFV (60.2%) compared to NVP (33.8%).21 Such a large 
interindividual variability is, apart from the concentration-response relation, one of the 
prerequisites when TDM is to be used for identifying patients with suboptimal drug 
concentrations.28 

There were no objective adherence data collected int the 2NN study. We had to 
rely on self-reported adherence. At the same time, data on virologic failure were 
censored when the patient discontinued the NNRTI component of the allocated 
treatment. This implies that the results of this study cannot be influenced by patients 
with a virologic failure due to an adverse event associated discontinuation of their 
NNRTI. 
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The absence of a clear concentration-response relation for NVP raises the question 
whether TDM for NVP is of value. We realise that the present study was not designed 
to answer this question. However, when one of the prerequisites for TDM is absent, 
then the question of the value of TDM for NVP is warranted. The value of TDM for 
EFV is less debatable from the findings in the present study, since we found both the 
concentration-response relation, although driven by the patients from Thailand, and 
the high interpatient variability. What was not reported earlier was the relatively poor 
sensitivity of the Cmin and AUC24 of EFV to predict virologic failure.  
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Introduction 

With the increasing availability of different potent antiretroviral therapy (ART) 
regimens for the treatment of HIV-infection, patient-reported outcome measures such 
as ‘health related quality of life’ (HRQoL) will play a more important role in assessing 
differences between otherwise comparable drug combinations. ART that has a negative 
impact on HRQoL may result in a decline in adherence, which in turn can have a 
detrimental effect on treatment effects.1,2 
The non-nucleoside reverse transcriptase inhibitors (NNRTIs) nevirapine (NVP) and 
efavirenz (EFV) are widely used in the treatment of patients with HIV-1 infection, and 
have been recommended as part of first-line regimens in the most recent WHO 
guidelines on antiretroviral therapy in resource-poor settings.3  

The 2NN study is the first large randomised trial comparing the relative 
efficacy and safety of first-line ART including these drugs separately or in combination, 
together with stavudine and lamivudine. The main finding of the study was that there 
were no significant differences in the percentage of patients with treatment failure 
when comparing NVP (once [od] or twice [bd] daily) and EFV. In contrast, treatment 
failure was observed more frequently in patients using NVP+EFV due to an increased 
occurrence of adverse events.4 Although of comparable efficacy, NVP and EFV had 
very different side effect profiles. Skin rash and hepatic toxicity were more frequently 
seen with NVP, while neuropsychiatric symptoms were more frequent with EFV use. 
With this in mind, the present sub-study of the 2NN protocol was designed to 
investigate whether these differences in safety profile translate into differences in 
HRQoL. 

 

Methods 

Participants and treatment allocation 

The 2NN study has been described elsewhere.4 In brief, patients were at least 16 years 
old, ART-naive and had a plasma HIV-1 RNA concentration (pVL) of at least 5000 
copies/ml. The main exclusion criteria were abnormal laboratory results at screening, 
the recent use of immunomodulating therapy, or anticipated non-adherence. All 
patients used stavudine (40 mg or 30 mg bd if body weight < 60 kg) and lamivudine 
(150 mg bd). In addition, the patients were randomly allocated to receive NVP 400 mg 
od, NVP 200 mg bd, EFV 600 mg od, or NVP+EFV 400+800 mg od, based on a 1:2:2:1 
distribution. Patients were enrolled from 65 different study centres in 17 countries in 
Asia, Australia, North America, South America, South Africa and Europe. 
 

Health related quality of life measures 

HRQoL was assessed using the ‘Medical Outcomes Study HIV Health Survey’ (MOS-
HIV) questionnaire, which is an often-used tool in HIV research and has good 
psychometric properties It has been validated in several large studies comprising a 
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wide variety of patients based on sex, socio-economic status, ethnicity and disease 
stage.5,6 It consists of 35 items grouped into 11 dimensions (overall health, physical, 
role, social, and cognitive function, pain, mental health, energy/fatigue, distress, 
quality of life and a transition score). Two summary scores, physical health score (PHS) 
and mental health score (MHS), were calculated using factor analysis.6 Items were 
scored on a scale of 1(worst) to 100 (best). All scores were normalised to a t-score with a 
mean of 50 and standard deviation of 10. At the discretion of the patient, the 
questionnaire was self- or physician-administered at week 0, 4, 8, 12, 24, 36 and 48. 

In this study we used appropriate, validated translations of the MOS-HIV 
questionnaires in study sites where English was not the first language. Patients from 
Thailand (n=210), Poland (n=26), and Greece (n=8) were excluded, since no appropriate 
translations of the MOS-HIV existed for the native languages of participants from these 
countries. 
 

Outcome measures 

The primary outcome was the change in PHS and MHS between start of allocated 
treatment and week 48. Secondary outcomes were the changes in scores in the 
underlying dimensions during the same time frame. Factors assessed for a possible 
association with the primary outcome were age (per year increase), sex, study region 
(South Africa, South America, Europe/North America/Australia), baseline CD4+ T-
lymphocytes count (CD4 count; < 200 vs. ≥ 200 cells/mm3), CD4 count increase (per 100 
cells/mm3), baseline pVL (< 5 vs. ≥ 5 log10 copies/ml), pVL decrease (per 1 log10 
copies/ml), or AIDS defining event on/before start of treatment. Furthermore, we 
compared the PHS and MHS for patients who did or did not develop a clinical grade 3 
or 4 adverse event according to the AIDS Clinical Trials Group (ACTG) toxicity scale 7 
during follow-up. 
 

Statistical analyses 

The study population consisted of all patients that had both baseline and week 48 
HRQoL measurements. The differences in PHS, MHS and dimension scores between 
baseline and week 48 were tested with analysis of variance. Mean values for PHS and 
MHS were plotted for each study week. To minimise the type I error, we only 
performed significance testing at week 48. Risk factors associated with the primary 
outcome were assessed by multivariable regression analyses. All analyses were based 
on the intention-to-treat principle. Data for NVP-od and NVP-bd were combined since 
there were no differences in the percentage of patients with protocol-defined treatment 
failure between these treatment groups.  

A two-sided p-value < 0.05 was considered statistically significant. The SAS 
statistical package was used for analyses (version 8.02, SAS institute, Cary, North 
Carolina, USA). The ethical committees of the participating institutions approved the 
study, and all patients gave informed consent. 
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Sensitivity analyses 

Differential dropout in the treatment groups can heavily influence HRQoL score. We 
performed two sensitivity analyses to assess the robustness of the findings. In the first, 
missing data for a particular patient were estimated with a value based on the mean 
value of all available data of patients in the same treatment group. In the second, the 
missing data for a particular patient were imputed from the last data available for the 
same patient. The first analysis is based on a generalised linear model incorporating 
repeated measurements including all patients who have at least one PHS or MHS 
determination. The second is based on a last observation carried forward (LOCF) 
approach including all patients with a baseline PHS or MHS determination. 
 

Results 

In total, 1216 patients were enrolled in the 2NN study. Apart from the 244 patients who 
were excluded due to unavailability of an appropriately translated and validated 
questionnaire, another 55 patients had no HRQoL data. Of the remaining 917 patients, 
471 patients (51%) had HRQoL data for both baseline and week 48 and were included 
in the analyses (Figure 1). The distribution of these patients over the NVP (n=238), EFV 
(n=146) and NVP+EFV (n=87) groups paralleled the distribution obtained in the 2NN 
study (3:2:1 for NVP od and bd combined, EFV and NVP+EFV, respectively).  

Of the 447 patients excluded from this sub-study, the majority (n=309 [69%]) 
did complete the study but did not return the questionnaires. In the cases of non-
completion of the study, the reasons were comparable between the treatment groups 
(death/adverse event, p=0.183; lost to follow-up, p=0.805). The proportion of patients 
with at least one moderate to severe adverse event (grade 3 or 4) who were included in 
the analyses or not was 18% and 18%, for NVP, respectively, 15% and 20% for EFV, 
respectively (p=0.247), and 24% and 25%, for NVP+EFV, respectively. If such adverse 
events have a disproportional impact on HRQoL, the benefits for EFV in this study may 
be somewhat overestimated. 

The baseline characteristics for the three treatment groups did not differ (Table 
1). Compared to the patients enrolled in the main 2NN study, the patients in the 
current sub-study were slightly older and reported more frequently to have 
homosexual contacts as risk behaviour for HIV transmission. 

The baseline values for PHS and MHS were comparable in all three treatment 
groups (p=0.883 and p=0.937, respectively) (Table 2). At 48 weeks, the increase 
(standard error [se]) in PHS was 3.9 (0.7) for NVP, 3.4 (0.8) for EFV, and 2.4 (0.9) for 
NVP+EFV (p=0.712). The increases in MHS were 6.1 (0.7) for NVP, 7.0 (0.9) for EFV and 
3.9 (1.1) for NVP+EFV (p=0.098). The changes in PHS and MHS occurred 
predominantly in the first 12 weeks of treatment (Figure 2). 

None of the increases in dimensions differed significantly between the three 
treatment groups (Table 2). However, the increase of the dimension QoL was smaller 
for NVP+EFV (4.2) compared to NVP (10.7) or EFV (10.5, p=0.094). 
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Factors associated with the change in PHS and MHS between baseline and week 48 are 
summarised Table 3. Patients with a baseline pVL ≥ 100,000 copies/ml had a 
significantly lower baseline score of PHS (p< 0.001) but a comparable PHS from week 
12 onwards, and therefore a larger increase of PHS over 48 weeks (7.7), compared to 
patients with a baseline pVL < 100,000 copies/ml (increase of 1.8, p< 0.001). The same 
holds true for MHS, where the increase over 48 weeks was 8.6 for patients with a high 
baseline pVL and 4.9 for those with a lower baseline pVL (p< 0.001). A larger decrease 

NVP+EFV 

400 + 800 mg od
n =154

NVP 

400 mg od or 200 mg bd
n =466

EFV 

600 mg od
n =297

Patients with at least one QoL questionnaire n=917

n=87n=146n=238

no questionnaires n =244

Potential study population n=972

Randomised n =1216

Thailand n =74
Poland n =26
Greece n =8

no QoL data  at all n =55

never started Rx n =39
started Rx n =16
  completed study n =13

  adverse event n =1
  lost to follow-up n  =2   

Missing QoL data at  week 0 and/or 48

completed study
death
adverse event

lost to follow-up 

n =67

n =46
n =3
n =4
n= 14 

n =228

n =152
n =12
n =12
n= 52 

n =151

n =111
n =5
n =3
n= 32 

Patients with week 0 and week 48 QoL questionnaires n=471

Figure 1: Patient disposition. 
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in pVL was significantly associated with a larger increase of PHS and MHS (both p< 
0.001), although the amount of variance explained by decrease in pVL was low (r2=0.07 
and 0.34 for PHS and MHS, respectively). Increase in CD4 count over 48 weeks was not 
associated with increases of PHS (p=0.576) and MHS (p=0.921). 

After adjusting for all significantly associated variables, the increase (se) of PHS 
was 4.6 (0.8) for NVP, 4.8 (0.9) for EFV (1.2), and 3.8 for NVP+EFV (p=0.790). The 
adjusted increase of MHS was 6.1 (0.8), 7.3 (1.0), and 3.8 (1.3), respectively (p=0.093). 
 

Table 1: Baseline characteristics. 

 NVP  EFV NVP+EFV Total 
 N=238 N=146 N=87 N=471 

     
Male 150 (63) 103 (71) 60 (69) 313 (66) 
Age, years * 34 (29-42) 35  (31-40) 34  (30-40) 35 (30-41) 
Region†     
  Asia 0 0 0 0 
  South Africa 112 (47) 71 (48) 48 (55) 231 (49) 
  South America 73 (31) 42 (29) 21 (24) 136 (29) 
  Europe/North America/Australia 53 (22) 33 (23) 18 (21) 104 (22) 
CD4+ cells, cells/mm3 * 190 (80-330) 215 (70-370) 175  (70-340) 195 (80-350) 
pVL, log10 copies/ml * 4.6 (4.3-5.2) 4.6 (4.3-5.2) 4.7 (4.3-5.5) 4.6 (4.3-5.3) 
CDC-class C 52 (22) 33 (23) 20 (23) 105 (22) 
Risk behaviour     
  Heterosexual  132 (55) 75 (51) 43 (50) 250 (53) 
  Homosexual 75 (32) 50 (34) 36 (41) 161 (34) 
  Intravenous drug use 5 (2) 4 (3) 2 (2) 11 (2) 
  Other / unknown 26 (11) 17 (12) 6 (7) 49 (11) 

Data are n (%) unless stated otherwise. * Median (IQR); † percentages for the different regions in the present 
sub-study can not be compared with those of the main study, due to the exclusion of patients from Thailand, 
Poland and Greece. NVP=nevirapine. EFV=efavirenz. pVL=plasma viral load. CDC=Centers for Disease 
Control and Prevention.  

 
Patients who reported a clinical grade 3 or 4 adverse event had a slightly lower increase 
of PHS (2.9, se: 1.1), compared to those who did not (3.5, se.: 0.5, p=0.606) However, 
patients who reported a grade 3 or 4 adverse event had a significantly lower increase of 
MHS (3.4, se: 1.7)), compared to those who did not (6.2, se: 0.6, p=0.029), regardless of 
treatment group. 

Of the 917 patients with available HRQoL data, 893 (97%) had at least one PHS 
and MHS score and were included in the first sensitivity analysis, and 711 (78%) had a 
measurement at baseline (included in the second sensitivity analysis). 

In the first sensitivity analysis, the week 48 estimates for PHS increase (se) were 
3.6 (0.5) for NVP, 3.6 (0.6) for EFV, and 2.6 (0.8) for NVP+EFV (p=0.422). For MHS these 
estimates were 6.0 (0.5), 6.3 (0.7), and 4.1 (0.9), respectively (p=0.735). In the second 
sensitivity analysis (LOCF), the estimates for both PHS and MHS were lower compared 
to the other analyses. PHS increases (se) at week 48 were 2.9 (0.5) for NVP, 3.2 (0.7) for 
EFV, and 2.4 (0.9) for NVP+EFV (p=0.772). MHS values were 5.3 (0.6) 5.3 (0.7), and 4.0 
(1.0), respectively (p=0.465). 



 

 

.  

                       Table 2: Baseline values and increase between baseline and week 48 for HRQoL summary scores and dimension scores.  

 NVP  EFV  NVP+EFV  p 
 N=238  N=146  N=87  (for increase) 

 Baseline Increase (sd) Baseline Increase (sd) Baseline Increase (sd)  

        
Summary measures        
  Physical Health Score 51.0 3.9 (10.2) 50.5 3.4 (10.3) 50.9 2.9 (8.2) 0.712 
  Mental Health Score 46.7 6.1 (11.0) 46.9 7.0 (10.7) 47.1 3.9 (10.5) 0.098 
        
Dimensions        
  Overall health 50.1 15.0 50.8 13.8 49.6 11.1 0.449 
  Physical function 76.0 7.1 75.7 7.6 77.0 5.6 0.825 
  Role function 82.2 6.8 77.8 7.2 79.7 4.9 0.865 
  Social function 79.1 7.1 76.1 9.4 79.9 3.8 0.348 
  Cognitive function 77.4 6.6 77.0 9.5 77.1 4.0 0.109 
  Pain 76.8 7.5 75.3 8.7 76.0 5.0 0.502 
  Mental health 64.8 8.1 63.7 10.5 64.6 7.9 0.463 
  Energy/fatigue 61.6 10.1 60.9 10.9 61.2 8.3 0.670 
  Distress 67.9 12.9 67.7 14.4 68.9 8.3 0.133 
  Quality of life 61.6 10.7 62.1 10.5 64.6 4.2 0.094 
  Transition score 61.8 12.5 62.1 10.8 57.6 9.0 0.635 

                         NVP=nevirapine. EFV=efavirenz. sd=standard deviation. 



 

 

                  Table 3: Factors associated with changes in HRQoL summary scores. Univariable and multivariable analyses. 

 Physical Health Score Mental Health Score 
 Univariable Multivariable Univariable Multivariable 
 Baseline Increase p Increase (se) p Baseline Increase p Increase (se) p 

           
Treatment group           
  NVP 51.0 3.9 4.6 (0.8) 46.7 6.1 6.1 (0.8) 
  EFV 50.5 3.4 4.8 (0.9) 46.9 7.0 7.3 (1.0) 
  NVP+EFV 50.9 2.4 

 
0.712 

3.8 (1.2) 

 
0.790 

47.1 3.9 

 
0.098 

3.8 (1.3) 

 
0.093 

Baseline CD4+ cells, cells/mm3           
  < 200 48.4 4.9 4.4 (0.9) 45.6 7.2 5.9 (0.8) 
  ≥ 200 53.1 2.2 

0.003 
4.4 (0.7) 

0.970 
48.1 4.8 

0.015 
5.6 (0.9) 

0.827 

Baseline pVL, copies/ml)           
  < 100,000  52.4 1.8 2.7 (0.8) 47.5 4.9 5.5 (0.8) 
  ≥ 100,000 47.0 7.7 

< 0.001 
6.1 91.4) 

0.018 
45.1 8.6 

< 0.001 
6.0 (1.3) 

0.791 

AIDS at/before baseline           
  Yes 45.6 6.3 5.4 (1.0) 44.9 7.6  -- 
  No 52.3 2.7 

0.001 
3.4 (0.7) 

0.087 
47.3 5.5 

0.08 
  

CD4+ cells increase *  0.2 0.576    -0.04 0.921  -- 
pVL decrease †  3.0 < 0.001 1.6 (0.7) 0.036  2.3 < 0.001 2.2 (0.9) 0.013 

                  * per 100 cells/mm3. † per log10 copies/ml. NVP=nevirapine. EFV=efavirenz. pVL=plasma viral load. 
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Discussion 

First-line treatment with NVP and/or EFV-based ART improved the HRQoL over 48 
weeks. The changes in PHS and MHS did not differ between patients using NVP or 
EFV, but were slightly smaller in patients using NVP+EFV. This outcome is in 
concordance with the efficacy results of the 2NN study where no major differences in 
efficacy were found between NVP and EFV, but an increased percentage of patients 
with treatment failure due to adverse events in the NVP+EFV group.  

The effect size of changes in HRQoL can be expressed as the ratio between the 
estimate and the standard deviation (see Table 2), with a ratio of 0.2 being a small 
change, 0.5 a moderate and 0.8 a large change.5 In the present study the effect size of 
the increase of PHS was approximately 0.35 in all treatment groups, denoting small to 
moderate effects. For MHS, the effect sizes were larger, ranging from 0.37 for 
NVP+EFV, to 0.55 and 0.65 for NVP and EFV, respectively. 

Data on changes in HRQoL in patients starting a regimen with either NVP or 
EFV are sparse. Bucciarini et al. reported an increase of PHS and MHS of approximately 
three points over 24 weeks in ART-naive patients starting a regimen of zidovudine, 
didanosine and NVP, whereby the increases occurred only from week 8 onwards.8 The 
estimates of the present study are somewhat larger and almost fully established at 
week 12. This observation is not surprising. In this time frame, most patients will have 
experienced a marked improvement in their pVL, which might be associated with an 
improvement of psychical and mental health status. Most of the medication-associated 
side affects that could have a negative impact on HRQoL would occur in a similar time 
frame, such that their effect will be fully measured around week 12. 

Two studies where patients switched from a PI-based regimen to a NVP-based 
regimen, showed an increase in HRQoL measurements after this therapy switch.9,10 In 
another study by Fumaz et al., patients switching from an PI-based to an EFV-based 
regimen showed a significant increase of the QoL dimension of the MOS-HIV 
questionnaire, despite a high incidence of neuropsychiatric adverse events at week 24, 
like sleep disturbances (7%) and abnormal dreams (18%).11 This finding could not be 
confirmed in a study by Lochet et al. that included patients on an EFV containing 
regimen (either therapy naive or experienced patients). In this study comparable 
percentages of EFV-related adverse events were found to the ones reported by Fumaz 
et al., but in contrast, 20% of the patients reported these events to have a moderate to 
severe impact on their HRQoL when measured with a questionnaire based on the 
‘Diagnostic and Statistical Manual of Mental Disorders’ (DSMB IV) and the ‘General 
Health Questionnaire’ (GHQ-28).12  

The absence of a relation between HRQoL measurements and EFV use when 
measured by the MOS-HIV questionnaire, while other HRQoL tools do find such a 
relationship, poses the question whether the MOS-HIV questionnaire has an adequate 
responsiveness to neuropsychiatric events. Studies that focus directly on the association 
between specific adverse events and changes in HRQoL are needed to answer this 
question. 
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Figure 2: Increase in Physical Health Score (top) and Mental Health Score (bottom). 
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The association between pVL (baseline and change over 48 weeks), and increases of 
PHS and MHS are consistent with the findings of Weinfurt et al.13 In a study by Call et 
al.14, a similar association between decrease of pVL and change in HRQoL was found, 
but there was no effect of baseline values of pVL on this parameter. The often-reported 
association between CD4 count increase and improvement of HRQoL 13,15 could not be 
confirmed in the present study. The baseline CD4 count of the present study was 
comparable to one of these studies, but not the other. 

The side effects of NVP are well described 16-18 and include skin rashes (which 
can, in their most serious form, present as Stevens-Johnson syndrome), and 
hepatotoxicity (which can be fatal in 0.1% cases). There were two such events in the 
2NN study. As they were quite rare, they did not have any impact on the results of the 
current sub-study, but must be borne in mind when NVP is to be prescribed. More 
broadly, a significant body of knowledge exists to support the use of NVP in large 
numbers of individuals without a significant increase in morbidity. Many studies have 
been done in which patients receiving a PI-based regimen have had single drug 
switches of the PI to NVP for reasons of increased convenience or decreased 
toxicity.9,10,19 In the vast majority of cases, efficacy is maintained without any cost in 
terms of NVP-associated side effects. 

The major limitation of the study was the incompleteness of data due to 
dropout of patients during follow-up. However, from week 4 onwards, the availability 
of HRQoL data was rather consistent (Figure 2), and results comparable to those for 
week 48 were found at earlier time points. When the reason for dropout of patients was 
the occurrence of an adverse event, this could potentially bias the analyses.20 For the 
NVP and the NVP+EFV group, the proportion of patients with at least one grade 3 or 4 
adverse event were similar in those patients included into the analyses, and those who 
were not. Only in the EFV group there was a small, but not statistically significant, 
under representation of patients with a grade 3 or 4 adverse event. The two sensitivity 
analyses included the patients who prematurely discontinued the study due to death or 
another adverse events. In the general linear model that estimates data based on mean 
values of other patients, the primary outcome was very similar. The fact that in the 
LOCF analysis, the estimates of PHS and MHS were consistently lower might indicate 
that patients drop out at the time that their HRQoL is lowered. However, the relative 
estimates between the three treatment groups are very similar in all three types of 
analyses, suggesting that even if we take this into account, our main finding (that is, 
comparable increases in HRQoL in patients receiving NVP or EFV) would still hold. 

The patients included in these analyses differed from the patients not included 
with respect to demography and risk behaviour for HIV-infection. In the 2NN study 
there was no effect on treatment efficacy of region (when Asia was excluded as in the 
present study) or risk behaviour. Together with the finding that region and risk 
behaviour did also not influence the HRQoL outcomes, we think that this different 
representation has no effect on the main conclusions. 

The MOS-HIV is available in a wide variety of languages which all show good 
reliability and construct validity supporting pooling of the data.5 However, using 
different translations of the questionnaire in the same study might have introduced 
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some random variation in the measurements. It is to be expected that, if anything, the 
differences between treatment groups have become smaller due to this bias.  

The English version of the MOS-HIV questionnaire had to be used in South 
Africa due to lack of translation into Afrikaans. No data on ethnicity were available due 
to restrictions put forward by the ethical committees in this country. Given the type of 
institutions where the study was performed, it can be assumed that the majority of 
patients from South Africa were able to fully understand the English language. 
Repeating the analysis with the South African patients excluded to avoid a possible 
ascertainment bias, revealed comparable results as in the primary analysis. The mixture 
of self- and physician-administration is unlikely to have biased the outcome of the 
study.21 

The 2NN study has shown that both NVP and EFV-containing ART regimens 
are a viable option for the first-line treatment of HIV-1 infected patients with respect to 
virologic efficacy over 48 weeks. The combination of NVP+EFV is not recommended 
since it does not result in an additional effect on treatment efficacy, while being 
significantly more toxic. The findings of the present sub-study are fully in concordance 
with these findings. Despite their different safety profiles, the use of NVP and EFV as 
part of first-line ART leads to a comparable improvement in HRQoL in a large study 
population. The use of EFV and NVP can thus be individualized based on the specific 
side effect profile that presents a greater or lesser risk in a given patient. 
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Introduction 

The CD4+ T-lymphocyte count (CD4 count) is a well-defined predictor for disease 
progression and death in HIV-1 infected individuals using antiretroviral therapy.1-4 
Criteria for discontinuing prophylactic medication for opportunistic infections have 
been based on increases of the CD4 count during HAART.5-9 

Initially, highly active antiretroviral therapy (HAART) regimens contained two 
nucleoside analogue reverse transcriptase inhibitors (NRTIs) plus one or two HIV 
protease inhibitors (PI). Because of the high pill burden of these regimens and their 
considerable toxicity 10, PI-sparing HAART regimens have gained in popularity. 
HAART regimens containing the non-nucleoside reverse transcriptase inhibitor 
(NNRTI) nevirapine (NVP) result in a durable HIV-1 suppression that is comparable 
with the suppression obtained by the use of PI-based HAART regimens.11,12 Whether 
NVP-based HAART results also in the same immunologic benefit as PI-based HAART 
is unclear. Several studies comparing patients using either PI- or NVP-based HAART 
reported that increases in CD4 count were comparable between these groups, both in 
patients starting these regimens for the first time 13,14, and in patient replacing their PI-
based regimen for an NNRTI-based regimen.15-17 Other studies found smaller increases 
of the CD4 count in patients using NVP-based HAART compared with patients using 
PI-based HAART. 

Previously, in the ATLANTIC study, we reported a difference in CD4 count 
increase when comparing antiretroviral therapy naive patients using either indinavir 
(IDV) or NVP in combination with stavudine (d4T) and didanosine (ddI), where the 
latter had a lower increase between baseline and 96 weeks of follow-up.18 

In a group of 138 patients successfully treated with PI-based HAART Barreiro 
et al. compared continued therapy and replacing the PI with NVP. They reported a 
continued increase of the CD4 count in the patients who continued PI-based HAART, 
and a decrease of the CD4 count in the patients who substituted NVP for the PI, 
although the differences were not statistically significant.19 

In another study, Barreiro et al. reported a similar differential effect on CD4 
count increases when comparing patients using first-line PI-based HAART with those 
using NNRTI-based HAART.20 This study had low patient numbers (n=100) and the 
main conclusion was derived from a selective subgroup analysis. Furthermore, the 
increase in CD4 count was compared at several different time points with an Analysis 
of Variance (ANOVA). Thus, the authors considered the CD4 measurements at each 
time point as independent, while at the same time an increased risk for spurious results 
was introduced by the repeated testing.  

Plana et al. reported a larger increase of the CD4 count in patients using IDV-
based HAART compared with patients using NVP-based HAART after one year of 
therapy.21 This study contained low patient numbers (n=20). 

Giannakopoulou et al. found that patients using PI-based HAART experienced 
greater CD4 count increases than patients using HAART not containing a PI.22 This 
study contained low patient numbers (n=170) and the composition of the non-PI group 
remained unclear. 
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The objective of the present study is to validate the findings of a differential change in 
CD4 counts comparing PI- and NVP-based HAART in a large observational cohort 
study, using appropriate statistical techniques to take into account the non-
independence of the CD4 measurements at different time points. To minimise the effect 
of differences in antiretroviral activity between the HAART regimens on a possible 
difference in immunologic benefit, we limited our study to patients with successful 
HIV-1 suppression on either PI- or NVP-based HAART. This approach represents a 
‘best case scenario’ where both regimens can exert their maximal immunologic benefit. 
 

Methods 

Setting 

We used data from the ATHENA cohort study. ATHENA is an observational clinical 
cohort of HIV-1 infected individuals in the Netherlands. All 22 Dutch hospitals that 
provide treatment to HIV-infected individuals participate in the cohort. According to 
national guidelines for HIV treatment, patients receiving antiretroviral treatment visit 
the outpatient clinic at approximately 3-monthly intervals.23 Data from patients starting 
antiretroviral therapy before 1998 were collected retrospectively using patient charts. 
From 1998 onwards, data were collected prospectively. On 1 November 2001, a total of 
3691 patients had been included and inclusion is ongoing at present. The database 
contains information on patient characteristics (e.g. age, sex, date and cause of death, 
height and weight), HIV infection (e.g. HIV type, HIV-related events, route of HIV 
transmission, CD4 counts and plasma HIV-1 RNA levels [pVL]), detailed treatment 
data (e.g. use of antiretrovirals and prophylactic medications against opportunistic 
infections, dose frequencies, start and stop dates and reasons for treatment change) and 
adverse events data. All patients gave written informed consent. 
 

Study cohort 

To be selected for this study, the patients had to be 16 years of age or older, and 
completely antiretroviral therapy naive at the start of first-line HAART. Furthermore, a 
baseline (pre-treatment) CD4 count and pVL measurement needed to be available with 
at least one follow-up measurement. HAART was defined as a regimen containing at 
least three drugs of which exactly two were nucleoside analogue reverse transcriptase 
inhibitors (NRTIs). The additional drug(s) needed to be either from the PI class or NVP, 
whereby simultaneous use of PI and NVP was not allowed. Additional use of a third 
NRTI, hydroxyurea or saquinavir as a single PI was also not permitted. Changes in the 
NRTI backbone were allowed, as long as exactly two NRTIs were used. Modifications 
of the PI component of the HAART regimen were permitted. Patients could not change 
from the NVP group to the PI group, and vice versa. 
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Outcome measures and statistical analysis 

The primary study outcome was the change from baseline in the absolute number of 
CD4+ cells. Secondary outcomes were the change from baseline in the CD4+ cells as a 
proportion of the total number of lymphocytes (CD4%), the absolute number of CD8+ 
cells (CD8 count), and the CD4:CD8 ratio. Furthermore, we analysed the factors 
associated with an increase in CD4 count, as well as the proportion of patients with 
disease progression (the development of an AIDS-defining event or death).24 All 
analyses were carried out at 96 weeks of follow-up after the start of HAART and 
compared patients in the PI group with those in the NVP group. The data of the 
patients were censored when there was a non-allowable switch in medication or a 
virologic failure defined as a single pVL > 1000 copies/ml. The immunologic 
parameters measured at the moment a patient failed virologically were also censored. 

The increases from baseline in CD4 count, CD4%, CD8 count, and CD4:CD8 
ratio were analysed by a repeated measurements procedure using a generalised linear 
model (PROC MIXED of SAS software [SAS version 8.02, SAS Institute, Cary, NC, 
USA]), which provides a valid statistical estimate of the main effect. Such an analysis 
takes into account that serial measurements of the outcome variable in one patient are 
correlated. Missing data from a particular patient are estimated based on previous 
available data of all patients in the same treatment group. Due to this modelling 
strategy, no patient is lost to follow-up with respect to the outcome measures. An 
autoregressive covariate structure was used to give the best fit to the models. 

 Univariable and multivariable linear regression analyses identified factors 
associated with CD4 count increase. Categorical variables were tested using a χ2-test or 
Fisher's exact test where appropriate. Continuous variables other than the outcome 
variables were tested using the Kruskal-Wallis test. Differences in disease progression 
were analysed by Kaplan-Meier estimates and tested by the log rank test. 
 

Results 

Out of 3691 patients enrolled in the ATHENA cohort, 1108 patients satisfied the 
inclusion criteria regarding antiretroviral medication use. Of these, 1029 (93%) patients 
had sufficient data on CD4 count and pVL to be included in the study. The baseline 
characteristics of these patients (920 using first-line PI-based HAART and 109 using 
first-line NVP-based HAART) are summarised in Table 1. The majority of patients were 
male with a median age of 37 years. The NVP group was comprised of slightly more 
patients with homosexual contacts or intravenous drug use as risk behaviour for HIV-
transmission. The patients in the PI group had more advanced HIV-disease (15% CDC 
stage C disease at start of HAART vs. 6% in the NVP group), a lower median baseline 
CD4 count (234 vs. 250 cells/mm3 in the NVP group), and a higher median baseline 
pVL (5.0 vs. 4.7 log10 copies/ml in the NVP group). The percentage of patients with a 
baseline CD4 count < 200 cells/mm3, was 44.5% in the PI group and 33.9% in the NVP 
group (p=0.037). Although the type of NRTI used was different between the two 
groups, most patients (97% in the PI group, 95% in the NVP group) used a combination 
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of zidovudine (ZDV) plus lamivudine (3TC) or a combination of d4T plus 3TC. The 
majority of patients in the PI group (73%) used a single PI as part of their HAART 
regimen. IDV was most commonly used, followed by nelfinavir and ritonavir. 
 

   Table 1: Baseline characteristics. 

 PI NVP p Total 
 N=920 N=109  N=1029 

     
Male 802 (87.2) 98 (89.9) 0.415 900 (87.5) 
Age, years * 37 (32-45) 38 (32-46) 0.885 37 (32-45) 
Risk behaviour     
  Homosexual 582 (63.3) 77 (70.6) 0.208 659 (64.0) 
  Heterosexual 216 (23.5) 20 (18.4)  236 (22.9) 
  Intravenous drug use 38 (4.1) 7 (6.4)  45 (4.4) 
  Other/unknown 84 (9.1) 5 (4.6)  89 (8.7) 
CDC-C class 139 (15.1) 7 (6.4) 0.042 146 (14.2) 
CD4+ T-lymphocytes, cells/mm3 * 234 (83-370) 250 (160-396) 0.031 230 (90-370) 
Baseline CD4 count < 200 cells/mm3 409 (44.5) 37 (33.9) 0.037 446 (43.3) 
pVL, log10 copies/ml 5.0 (4.5-5.4) 4.7 (4.3-5.2) < 0.001 5.0 (4.4-5.4) 
NRTI backbone at start HAART   < 0.001  
  ZDV/3TC 588 (63.9) 86 (78.9)  674 (65.5) 
  d4T/3TC 302 (32.8) 17 (15.6)  319 (31.0) 
  ddI/3TC - 3 (2.8)  3 (0.3) 
  d4T/ddI 20 (2.2) 2 (1.8)  22 (2.14) 
  ZDV/ddI 10 (1.1) 1 (0.9)  11 (1.07) 
PIs used in HAART regimen     
  IDV 320 (34.8) n.a.   
  NFV 210 (22.8)    
  RTV 145 (15.8)    
  SQV/RTV 117 (12.7)    
  IDV/RTV 71 (7.7)    
  SQV/NFV 54 (5.9)    
  Other 3 (0.3)    
Duration of follow-up, weeks * 103 (53-161) 96 (71-119) 0.118 102 (54-153) 

    Data are  n (%) unless stated otherwise. * Median (IQR). PI=protease inhibitor. NVP=nevirapine. 
    CDC=Centers for Disease Control and Prevention. pVL=plasma viral load. ZDV=zidovudine. 
    3TC=lamivudine. d4T=stavudine. ddI=didanosine. IDV=indinavir. NFV=nelfinavir. RTV=ritonavir. 
    SQV=saquinavir.  

 
After 96 weeks of follow-up, the mean increase from baseline in the absolute number of 
CD4+ cells, adjusted for baseline level, was 301 cells/mm3 in the PI group compared to 
199 cells/mm3 in the NVP group (p=0.001). The parameters age, sex, CDC-class, 
baseline pVL, and use of ZDV were statistically significantly associated with the 
increase in CD4 count and therefore included in a multivariable analysis. Apart from 
CDC-class, these factors remained independently associated with the CD4 count 
increase (Table 2). The mean increase from baseline in CD4 count, adjusted for baseline 
CD4 count, age, sex, baseline pVL and ZDV use was 310 cells/mm3 in the PI group and 
212 cells/mm3 in the NVP group (p=0.003) (Figure 1a).  The differences in CD4 count 
increase became apparent after 12 weeks of antiretroviral therapy and seems to be 
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mainly attributable to the patients who started HAART with a baseline CD4 count < 
200 cells/mm3 (Figure 1b).  A differential change from baseline between the PI and 
NVP group was not seen for CD4% (Figure 1c). 
 

      Table 2: Factors associated with CD4 count increase. 

 Univariable Multivariable 
 Estimate (se) p Estimate (se) p 

     
Female -40.3 (10.7) < 0.001 -33.9 (10.7) 0.002 
Age, year increase -1.6 (0.37) < 0.001 -1.4 (0.4) < 0.001 
Risk behaviour  0.417   
  Homosexual 17.6 (12.5)    
  Heterosexual 21.2 (13.9)    
  Intravenous drug use 5.8 (20.7)    
  Other/unknown 0    
CDC-class  0.053  0.233 
  A 25.0 (10.5)  17.7 (10.4)  
  B 15.8 (11.4)  14.3 (11.2)  
  C 0  0  
Use of zidovudine -15.0 (7.2) 0.037 -16.2 (7.1) 0.022 
Baseline pVL, log10 c/ml 10.5 (4.8) 0.030 18.4 (4.8) 0.005 
Baseline CD4 count < 200 cells/mm3 -46.8 (10.2) < 0.001 -46.4 (10.3) < 0.001 

      SE=standard error. CDC=Centers for Disease Control and Prevention. pVL=plasma viral load. 

 
Figure 1d shows the changes from baseline in the CD8 count. The CD8 count in the PI 
group peaked 8 weeks after the start of HAART, returned to baseline within 24 weeks, 
and remained at baseline levels for the rest of the 96 weeks of follow-up. The CD8 
count in the NVP group showed a rapid decrease of about 100 cells/mm3 in the first 4 
weeks, but from week 4 onwards the pattern was very similar to the PI group. The 
changes in CD4:CD8 ratio were similar in the PI and NVP group (Figure 1e). 

The percentage of patients with disease progression after 96 weeks of follow-up 
was 6.7% and 3.3% for the PI group and NVP group, respectively (log-rank, p=0.15). 
 

Discussion 

We studied the immunologic efficacy of antiretroviral therapy in virologically 
suppressed patients using either PI- or NVP-based first-line HAART. We observed 
significantly smaller increases in the absolute CD4 counts in patients using NVP 
compared with PI-based HAART over a period of 96 weeks. In both groups, the CD4 
response showed a biphasic pattern with an initial sharp increase of the CD4 count 
representing the redistribution of CD4+ cells trapped in the lymphoid tissues to the 
blood.25 Following the redistribution phase, the CD4+ cells increase in the NVP group 
began to lag behind the CD4+ cells increase in the PI group. These findings confirm 
results from previous studies.18-22 The possibility that the difference in CD4 count 
increase could be caused by differences in the use of ZDV or d4T between the two 
groups is unlikely, since we adjusted for ZDV use in the multivariable analysis. 



 
 
 
 
 
 

Chapter 7 

122 
 
 
 
 
 
 

 
 

Figure 1: Increases in CD4+ cells (overall [A] and stratified by baseline CD4 counnt [B]), CD4% (C), CD8 
count (D), and CD4:CD8 ratio (E).  

 
Apart from the difference in absolute CD4 count, the CD8 counts were also lower in the 
NVP group compared to the PI group. Despite these differences, the CD4% and the 
CD4:CD8 ratio did not differ between the study groups. These observations together 
strongly suggests a differential effect on the absolute numbers of T-lymphocytes in 
peripheral blood, with the NVP group probably having a relative lymphopenia.  
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This relative lymphopenia may be caused by either a positive effect of PI or a negative 
effect of NVP on the T-lymphocyte count in the blood, or both. PI could increase the T-
lymphocyte count by inhibiting apoptosis of T-lymphocytes.26-29 NVP might be toxic for 
T-lymphocytes, for instance by inducing apoptosis of T-lymphocytes as has been 
shown for another NNRTI, efavirenz.30 However, Benito et al. showed no differences in 
immune activation or levels of apoptosis between patients using PI-containing ART or 
NNRTI-containing ART.31 The lack of a study group treated with HAART regimens 
without PI and without NVP makes it impossible for us to differentiate between these 
possibilities 

The smaller increase in CD4 count in the NVP group compared to the PI group 
was more pronounced in patients initiating NVP-based HAART with a baseline CD4 
count < 200 cells/mm3. The decline of the CD4 count during the natural history of HIV-
1 infection is mainly caused by induction of apoptosis of T-lymphocytes.32-34 The later 
stages of HIV-1 infection are associated with higher rates of apoptosis.35-37 Any pro-
apoptotic properties of NVP or anti-apoptotic properties of PI are therefore expected to 
have a greater effect in patients with lower CD4 counts. In the NVP group but not in 
the PI group, a lower baseline CD4 count was associated with a lower CD4 count 
increase, suggesting this effect is more likely related to an immunomodulatory 
property of NVP rather than of PI.  

This finding might have implications for the choice of initial therapy in patients 
with a baseline CD4 count < 200 cells/mm3. If a rapid increase in CD4+ cells is one of 
the main reasons to start therapy, then the current data support the choice of a PI-based 
regimen over an NVP-based regimen. However, many additional factors play a role in 
the choice of initial therapy and these should be given equal consideration.  

The design of our study means that differences in antiretroviral activity 
between the PI- and NVP-based regimens or differences in replicative fitness of PI-
resistant HIV strains compared to NVP-resistant HIV strains are unlikely explanations 
for these findings. We only selected patients with an adequate virologic response after 
the start of HAART and the observation period ended as soon as virologic failure 
occurred. Furthermore, the initial rate of the pVL decrease after the initiation of 
HAART and the incidence of transient viraemia, so-called ‘blips’ 38 were similar in the 
PI and NVP groups (data not shown). However, we do not have data on low-level 
residual HIV-1 replication in lymphoid tissues, cerebrospinal fluid, semen or other 
body compartments. 

Another limitation of this study is inherent to retrospective cohort studies 
where the patients were not randomised to be treated with either NVP or a PI. Despite 
the fact that we controlled for differences at baseline between the two groups, it cannot 
be excluded that some residual confounding exists. However, immunologic parameters 
were collected prospectively and it seems therefore unlikely that the collection of these 
parameters is biased by the study outcome. Although the findings point strongly in the 
direction of a relative lymphopenia in the NVP group, we have no information on 
lymphocyte subsets, T-lymphocyte receptor rearrangement excision circles (TRECs), 
lymphocyte function tests, markers of apoptosis, or lymph node-architecture. 
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An important issue is whether the smaller increase in absolute CD4 count in the NVP 
group compared to the PI group is clinically relevant. We found no difference in 
disease progression between the PI and the NVP group. Longer follow-up may be 
needed to detect any such clinical differences.
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Introduction 

Numerous large epidemiological studies have unambiguously demonstrated a strong 
inverse relationship between the plasma concentration of high-density lipoprotein 
cholesterol (HDL-c) and the incidence of coronary heart disease (CHD).1,2 Recent 
attempts to develop therapies aimed at increasing HDL-c as innovative CHD-risk 
reducing strategies illustrate the potential of HDL-c as a potent anti-atherogenic 
mediator.3-6  

Combination antiretroviral therapy (ART) for the treatment of HIV-1 infection 
has been associated with fat redistribution, insulin resistance and changes in plasma 
concentrations of lipids and lipoproteins.7-9 Each of these phenomena is associated with 
increased CHD risk in the general population. It is not surprising, therefore, that in the 
setting of HIV-1 infection, increasing exposure to potent combination ART has been 
demonstrated to be associated with an incremental risk of CHD in a recent prospective 
study.10 Interestingly, however, the changes in lipids and lipoproteins differ between 
patients using an ART regimen containing a protease inhibitor (PI) or a non-nucleoside 
reverse transcriptase inhibitor (NNRTI). Whereas many of the PI-based regimens are 
often associated with increased levels of triglycerides (TG), total cholesterol (TC) and 
low-density lipoprotein cholesterol (LDL-c),8,9,11 NNRTI-based regimens importantly 
differ from PI-based regimens by being associated with marked increases of HDL-c and 
lesser increases of LDL-c and TG.12,13 Notably, the increases in HDL-c demonstrated 
with NNRTI-containing ART markedly exceed those that may be induced with any of 
the currently licensed statins or fibrates.14  

Although as yet no clinical data have been generated to support this, these 
differences between ART regimens raise the expectation that NNRTI-based regimens, 
particularly in view of their effects on HDL-c, may favourably modify the CHD-risk 
compared with many of the PI-containing regimens. With respect to the two currently 
commonly used NNRTIs, nevirapine (NVP) and efavirenz (EFV), no detailed 
comparative data have been reported concerning their effect on plasma lipids and 
HDL-c in particular. 

We prospectively analysed lipid and lipoprotein changes in a pre-planned sub-
study of the 2NN trial in which ART-naive patients received stavudine (d4T) and 
lamivudine (3TC) with the randomly assigned addition of NVP, EFV or both drugs 
combined. 

 

Methods 

Participants and treatment allocation 

The 2NN was an open-label study, the main results of which have been published 
elsewhere.15 Patients enrolled were 16 years of age or older, ART-naive and had a 
plasma HIV-1 RNA concentration (pVL) of at least 5000 copies/ml. Main exclusion 
criteria were pregnancy or breastfeeding, abnormal laboratory results at screening, the 
use of immunomodulating therapy, or anticipated non-adherence. All patients used 
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d4T (40 mg twice daily [bd] or 30 mg bd when < 60 kg) and 3TC (150 mg bd). In 
addition, patients were randomly allocated to NVP 400 mg once daily (od), NVP 200 
mg bd, EFV 600 mg od, or NVP+EFV 400+800 mg od. Patients were included from 65 
different study sites in 17 countries in Asia, Australia, North America, South America, 
South Africa and Europe. The 2NN study had been approved by the ethics committees 
of all participating institutions, and all patients had given written informed consent. 

The current analyses were pre-planned. Only those patients were included who 
used all components of their allocated treatment for at least 95% of the time during the 
48 weeks of follow-up (self-reported). Change of d4T and/or 3TC was allowed for 
reasons of toxicity. Employing such ‘on-treatment’ (OT) analysis, allows the best 
possible assessment of lipid changes that actually result from differences in regimens. 
Patients in the NVP-od and NVP-bd groups were combined, given that the virologic 
efficacy of these treatment groups was comparable and no differences in risk of 
virologic failure were observed. 
  

Follow-up and assessments 

Plasma samples for prospective determination of lipids and lipoproteins were collected 
at baseline (before start of treatment), weeks 2, 4, 8, 12, 24, 36 and 48. Bloods were 
drawn after a mandatory fast of at least 3 hours. The samples were analysed in the local 
laboratories according to predefined protocols. These laboratories were selected by the 
Virtual Central laboratory (Zeist, The Netherlands), which also assured the quality of 
the analyses and data, and standardised all results. Plasma concentrations of HDL-c, 
TC, and TG were assessed by standard enzymatic assays. The concentration of LDL-c 
was calculated using the Friedewald equation, but only when the concentration of TG 
was below 4.5 mmol/l.16 Because the calculation of LDL-c depends on the measured TG 
concentrations and these TG levels might be biased due to the relatively short 
mandatory fasting period, we also calculated the non-HDL levels. These are considered 
to be much less influenced by TG levels. The pVL was measured at a central laboratory 
(LabCorp, Research Triangle Park, NC, USA) using Ultrasensitive Roche Amplicor 1.5 
(Roche Diagnostics, New Jersey, USA) with a lower limit of quantification of 50 
copies/ml. 
 

Outcome measures 

The primary study outcome was the mean percentage change of HDL-c, TC, TC:HDL-c 
ratio, non-HDL-c, LDL-c, and TG between start of allocated treatment and week 48. For 
each patient at each specific study week we calculated this estimate as concentration at 
week X minus concentration at baseline divided by concentration at baseline, times 100. 
Study week specific estimates were used for the subsequent analyses. 

Factors assessed for a possible association with the primary outcome were sex, 
geographical region (Asia/Australia, South Africa, South America, Europe/North 
America), Body Mass Index (continuous), increase between start of therapy and week 
48 in CD4+ cells (< 100, 100-250, > 250 cells/mm3) or decrease in pVL (< 2.5, 2.5-3.5, > 
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3.5 log10), and virologic failure during follow-up. Virologic failure was defined as never 
having obtained a pVL < 50 copies/ml, or a rebound to two consecutive pVL ≥ 50 
copies/ml. A single pVL ≥ 50 copies/ml at week 48 was also considered a virologic 
failure. 
 

Statistical analyses 

The analyses included the NVP and EFV treatment groups only. This choice was made 
since the results of the main 2NN study clearly showed that the simultaneous use of 
NVP+EFV shouldn’t be recommended in clinical practice in view of increased toxicity 
of this combination in the absence of increased virologic efficacy.  

The mean percentage changes in lipid concentrations were modelled using a 
mixed model incorporating repeated measurements. This model handles missing data 
adequately by estimating the outcome of a specific variable based on the available data 
given the specified covariate structure. The variables (fixed effects) in the model were 
tested for significance using the Type III F-statistic. The estimates of a specific level of 
the fixed effect were modelled using the ‘least squared means’ approach. Differences in 
these estimates between different levels of the variable were tested for significance 
using the t-statistic. 

Since the analyses might be biased due to the OT approach or the modelling of 
data, we performed two sensitivity analyses. The first was an analysis using the same 
modelling strategy but for an intention-to-treat (ITT) population including all patients 
who started their randomised treatment. The second was an analysis using only 
available data for the OT population, without modelling of data points. 

 Independent risk factors were assessed by multivariable regression analyses. 
The multivariable analysis included the variable ‘treatment group’ and all pre-defined 
variables. Interaction between treatment group and a specific variable was assumed at 
a p-value < 0.15. A two-sided p-value < 0.05 was considered statistically significant in 
the final analyses. The SAS statistical package was used for analyses (version 8.02, SAS 
institute, Cary, North Carolina, USA). 
 

Results 

Disposition of patients 

Of the 1216 patients included in the 2NN study, 607 were allocated to the NVP 
treatment group and 400 to the EFV treatment group. Of these, 42 (6.9%) patients in the 
NVP group and 25 (6.3%) patients in the EFV group did not start their treatment or 
were considered a ‘study entry violator’ by an (blinded to treatment) independent 
endpoint committee. These patients were excluded from the analyses. From the 
remaining patients (565 for NVP and 375 for EFV), only those who remained on their 
assigned treatment during the follow up were included in the analyses. This resulted in 
a final sample size of 417 (68.7%) patients in the NVP group and 289 (72.3%) in the EFV 
group. 
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All of the included patients had at least one measurement of each lipid parameter and 
could therefore be used in the statistical models.  The baseline characteristics of the 
subset of patients included in the current analyses are summarised in Table 1. They 
were comparable with those of all patients enrolled in the main 2NN study. 

 

                Table 1: Baseline characteristics. 

 NVP  EFV Total 
 N=417 N=289 N=706 

    
Male 261 (63) 185 (64) 446 (63) 
Age, years * 35 (29-42) 35  (30-40) 35 (30-40) 
Body Mass Index * 20 (18-22) 19 (17-22) 20 (17-22) 
Region    
  Asia/Australia 74 (18) 62 (22) 136 (19) 
  South Africa 145 (35) 108 (37) 253 (36) 
  South America 87 (21) 61 (21) 148 (21) 
  Europe/North America 107 (26) 58 (20) 165 (23) 
CD4+ cells, cells/mm3  * 180 (70-310) 190 (70-350) 180 (70-330) 
pVL, log10  * 4.6 (4.4-5.4) 4.7 (4.4-5.5) 4.7 (4.5-5.5) 
CDC-class C 89 (21) 58 (20) 147 (21) 
Risk behaviour    
  Heterosexual  244 (59) 161 (56) 405 (57) 
  Homosexual 115 (27) 93 (32) 208 (29) 
  Intravenous drug use 15 (4) 8 (3) 23 (3) 
  Other / unknown 43 (10) 27 (9) 70 (10) 

                Data are n (%) unless stated otherwise. * Median (IQR). NVP=nevirapine. EFV=efavirenz. 
                pVL=plasma viral load. CDC=Centers for Disease Control and Prevention. 

 
In the NVP group, 148 (26.2%) of the 565 eligible patients were not included in the OT 
analyses. Of these 96 (65%) were non-adherent (including lost to follow-up while on 
randomised treatment), 30 (20%) changed their NNRTI to EFV, and 22 (15%) changed 
their regimen by adding a PI. In the EFV group, 76 (20.3%) of the 375 eligible patients 
were not included in the OT-analyses. Of these 54 (71%) were non-adherent, 17 (22%) 
changed their NNRTI to NVP, 3 (4%) added a PI, and 2(3%) added a third NRTI. 
 

Changes in lipids and lipoproteins 

All changes within the treatment groups in lipid and lipoprotein concentration, as well 
as in TC:HDL-c ratio were statistically significant.  

The increase in HDL-c was 8.9% (95% confidence interval [CI]: 0.6 to 17.1) 
larger in the NVP treatment group (42.5%) compared to the EFV treatment group 
(33.7%). This was statistically significant (p= 0.036) (Table 2). In contrast, the increase in 
TC was smaller in the NVP group (26.9%) compared to the EFV group (31.1%), but this 
difference (- 4.2%, 95%CI: - 8.7 to 0.4) was not statistically significant (p=0.073). These 
changes resulted in a decrease of the TC:HDL-c ratio in the NVP group (- 4.1%) 
compared to an increase in the EFV group (+ 5.9%, p< 0.001), and a significant smaller 
increase of non-HDL-c in the NVP group (difference: - 8.9%, 95% CI: - 15.4 to –2.5, 
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p=0.007. The increase of TG was 28.9% (95% CI: - 42.3 to –5.0) smaller in the NVP group 
(20.1%), compared to the EFV group (49.0%, p< 0.001). The difference in LDL-c increase 
was not statistically significant (35.4% for the NVP group, 40.0% for the EFV group, 
p=0.378).  

In the first sensitivity analysis (ITT-population), the increases of HDL-c were 
slightly lower (41.2% for the NVP group, 32.4% for the EFV group), just as for TC 
(26.1% and 30.4%, respectively) and non-HDL-c (24.3% and 33.1%, respectively). The 
TC:HDL-c ratio showed a smaller decrease for patient receiving NVP (-2.6%), but a 
larger increase for patients receiving EFV (+7.2%). The increase in TG was larger for 
both the NVP group (24.3%) and EFV group (49.3%). The LDL-c increase was 
somewhat smaller for the NVP group (33.1%) but larger for the EFV group (47.3%).  

The difference between patients receiving NVP and those receiving EFV for 
HDL-c (8.8%, 95% CI: 1.3 to 16.3) remained statistically significant, just as the difference 
in the TC: HDL-c ratio (-9.8% 95% CI: -14.7 to –4.9), non-HDL-c (-8.8% 95% CI: -14.6 to –
3.0), and TG (-24.9% 95% CI: -37.2 to –12.6). Additionally, the difference between NVP 
and EFV treatment groups became statistically significant for TC  (-4.2%, 95% CI: -8.5 to 
0.0) and LDL-c (-14.2%, 95% CI: -28.4 to 0.0), compared to the original OT-analysis. The 
second sensitivity analysis (using only available data for the OT-population) also 
showed comparable estimates (data not shown).  

The increase in HDL-c for patients who started their ART when their HDL-c 
levels were, according to the National Cholesterol Education Program (NCEP) guidelines, 
low (< 1.03 mmol/l), normal (1.03-1.55 mmol/l), or high (> 1.55 mmol/l) are reported 
in Table 3. In both treatment groups, the majority of patients had a low HDL-c at the 
start of therapy. These patients showed the largest increase in HDL-c over 48 weeks. 
Even patients with a normal baseline HDL-c showed statistically significant, marked 
increases of HDL-c. The effect of baseline HDL-c level on percentage increase was 
comparable in both treatment groups (interaction: p=0.409). 

 

Multivariable analyses 

Factors independently associated with changes in the lipid concentrations were 
analysed by a multivariable regression analyses (Table 4). 

Men had a significantly smaller increase of HDL-c, compared to women, but a 
larger increase of TC. This resulted in an increased TC:HDL-c ratio for men and a 
decreased ratio for women, while the increase of non-HDL-c was significantly larger in 
men. 

The changes in lipid concentrations varied markedly by region. Patients from 
Asia/Australia and South Africa had the largest decrease in the TC:HDL-c ratio due to 
an increase of HDL-c that outweighed the increase of TC. Patients from South America, 
compared to those from other geographical regions, had a significantly smaller HDL-c 
increase with a comparable TC increase, resulting in an increased TC:HDL-c ratio. 
Although patients from Europe showed the largest change in HDL-c, the increases in 
TC and TC:HDL-c ratio were intermediate. A striking finding is the much larger 
increase of TG in patients from South America compared to patients from other regions 



 

 

 

 

 

 

Table 2: Lipid concentrations at baseline and week 48, with proportional increase. 

 NVP 
N=417 

EFV 
N=289 

NVP - EFV 
(95% CI) 

p 

 Week 0* Week 48* % Increase Week 0 Week 48 % Increase    

         
Total cholesterol 3.9 (3.3-4.6) 4.9 (4.1-5.7) 26.9 (1.5) 3.9 (3.4-5.9) 5.0 (4.3-5.9) 31.1 (1.8) - 4.2 (- 8.7 to 0.4) 0.073 
HDL cholesterol 1.0 (0.8-1.2) 1.3 (1.1-1.6) 42.5 (2.7) 1.0 (0.8-1.2) 1.2 (1.0-1.5) 33.7 (3.2) 8.9 (0.6 to 17.1) 0.036 
Non-HDL cholesterol 3.0 (2.3-3.6) 3.5 (2.7-4.3) 24.7 (2.1) 3.0 (2.4-3.5) 3.6 (3.0-4.7) 33.6 (2.5) - 8.9 (- 15.4 to – 2.5) 0.007 
LDL cholesterol 2.2 (1.7-2.9) 2.8 (2.2-3.5) 35.4 (3.4) 2.3 (1.9-2.9) 2.9 (2.4-3.8) 40.0 (4.0) - 4.6 (- 14.9 to 5.7) 0.378 
Triglycerides 1.2 (0.8-1.8) 1.2 (0.8-2.2) 20.1 (4.4) 1.2 (0.8-1.7) 1.4 (0.9-2.3) 49.0 (5.3) - 28.9 (- 42.3 to – 15.5) < 0.001 
TC:HDL-c ratio 4.2 (3.3-5.0) 3.7 (2.9-4.7) - 4.1 (1.6) 4.2 (3.3-5.0) 4.2 (3.3-5.2) + 5.9 (1.9) -10.0 (- 14.9 to – 5.0) < 0.001 

* Median (IQR). NVP=nevirapine. EFV=efavirenz. CI=confidence interval. HDL=high-density lipoprotein. LDL=low-density lipoprotein. TC=total 
cholesterol. 
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which, to a lesser extent, was also seen for non-HDL-c. 
For all lipid concentrations, except TG, there was a clear pattern of larger 

increases of lipid levels with larger decreases of pVL over 48 weeks. This was also seen 
when the pVL increase over 48 weeks was analysed as a continuous variable. For each 
log10 larger decrease in pVL there was a 4.6% increase in TC (p< 0.001), a 7.8% increase 
in HDL-c (p< 0.001), a 10.2% increase in LDL-c (p< 0.001), and a 3.6% increase in non-
HDL-c (p=0.002), while the TC:HDL-c ratio declined with 1.6% (p=0.051). In this 
analysis, there was also a clear association between pVL decline and change in TG 
(6.3% decline per log10, p=0.002).  

In general, a smaller CD4+ cell increase was associated with a smaller increase 
in lipid concentration, while increases of more than 250 cells/mm3 did not show 
markedly different effects compared to increases of 100-250 cells/mm3. When analysed 
as a continuous variable, there was no statistically significant association between 
CD4+ cell increase and change in any of the lipid parameters. 

Body Mass Index (BMI) was independently associated with increases in all 
lipid parameters, except TC. Although the increases per unit increase in BMI were 
statistically significant, the magnitude of increases was rather low. 

All these factors exhibited a similar effect in both the NVP and the EFV group 
(no significant interactions). There were, however, two exceptions. For changes in TG, 
the effect of sex and pVL decrease differed between the study groups (interaction 
p=0.005, and p=0.075, respectively). Men had a significant increase of TG in both the 
NVP (14.1%) and the EFV group (43.3%); women using NVP had no significant TG 
increase (6.5%%), while those using EFV had (15.9%).  The effect of pVL decrease on TG 
increase was quite different for patients receiving NVP compared to those receiving 
EFV. In the NVP group, the increase in TG concentration was 17.2 % for a pVL decrease 
less than 2.5 log10, 16.6% for a decrease between 2.5 and 3.5 log10, and – 6.1% (denoting 
a decrease) for a pVL decrease more than 3.5 log10. In the EFV group, these estimates 
were 27.4%, 37.2% and 26.0%, respectively. 

 

      Table 3: Increase in high-density lipoprotein cholesterol, stratified by baseline HDL-c group.* 

 NVP 
N=417 

EFV 
N=289 

p 

 N (%) % Increase  N (%) % Increase   

      
Low (< 1.03 mmol/l) 251 (60.2) 53.7 (3.0) 173 (59.9) 51.1 (4.3) 0.698 
Normal (1.03-1.55 mmol/l) 140 (33.6) 30.8 (4.0) 95 (32.9) 11.1 (5.7) < 0.001 
High (> 1.55 mmol/l) 26 (6.2) - 0.9 (9.5) 21 (7.3) - 5.7 (12.1) 0.614 

      * as defined by the National Cholesterol Education Programme (NCEP). HDL-c=high-density lipoprotein 
      cholesterol. NVP=nevirapine. EFV=efavirenz.  

 
Adjusting for the variables included in the multivariable model, the difference between 
patients receiving NVP and those receiving EFV in HDL-c increase (9.8%, 95% CI: 3.4 to 
16.3) and decrease of the TC:HDL-c ratio (-11%, 95% CI: -15.1 to –6.8) remained 
statistically significant.  Also, the difference in non-HDL-c increase (-9.5%, 95% CI: -14.6 
to –4.4) and TG increase (-27.2%, 95% CI: -38.0 to –16.4) remained statistically 
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significant. The difference in TC increase (-4.4%, 95% CI: - 8.0 to -0.8) became 
statistically significant. The difference between NVP and EFV groups for the increase in 
LDL-c remained statistically non-significant (-6.1%, 95% CI: -14.7 to 2.6).  

The adjusted increase of HDL-c was 42.3% and 32.4% for the NVP and EFV 
groups, respectively (p=0.003). The adjusted change in TC:HDL-c ratio was  – 4.3% for 
the NVP group and + 6.6% for the EFV group (p< 0.001). These values were 26.6% and 
31.0% for TC (p=0.020); 24.4% and 33.9% for non-HDL-c (p< 0.001); 17.9% and 45.1% for 
TG (p< 0.001); and 35.5% and 41.5% for LDL-c (p=0.168). These estimates were very 
similar in the two sensitivity analyses (data not shown). 

The proportional changes of the different plasma lipid concentrations over 48 
weeks are graphically depicted in Figure 1(a-f). 

 

Discussion 

Initiation of an ART regimen containing NVP or EFV is accompanied by a significant 
increase of HDL-c, with concomitant increases of TC, non-HDL-c, TG, and LDL-c. The 
proportional increase of HDL-c was significantly larger in the NVP treatment group 
compared to the EFV treatment group, while the proportional increase of TC, non-
HDL-c and TG was significantly smaller. In the NVP group, the TC:HDL-c ratio 
decreased compared to an increase in the EFV group. These observations are different 
from what is seen with most PI-based ART regimens, in which higher concentrations of 
TC, LDL-c, and TG are reported but without the concurrent higher levels of HDL-c.17, 18  

In contrast to a small randomised study (n=67) that did not show significant 
differences between NVP and EFV 19, the present study demonstrates a more 
favourable lipid profile for treatment including NVP than for treatment including EFV 
in ART-naive patients. 

 

HDL-c increase and NNRTI 

Increases of HDL-c with the use of NVP or EFV have been described in studies for 
patients switching from a PI-based regimen to an NNRTI-based regimen.20,21 Data for 
ART-naive patients starting therapy with an NNRTI-based regimen are scarce. Van der 
Valk et al. reported an increase of HDL-c of 0.44 mmol/l for patients initiating 
treatment with didanosine (ddI), d4T and NVP in the ATLANTIC trial.12 Tashima et al. 
reported an increase of HDL-c of 0.21 mmol/l in patients treated with EFV and either 
zidovudine plus 3TC, or indinavir 13, while Negredo et al. showed an increased HDL-c 
concentration in therapy-naive patients starting a regimen of ddI, d4T and EFV (0.34 
mmol/l).22  

The present study showed a clear effect of baseline HDL-c on the proportional 
increase of HDL-c. The largest increases were seen for patients who had an increased 
CHD risk based on their low HDL-c level (< 1.03 mmol/l) according to NCEP 
guidelines. But also patients with a normal HDL-c level, who are not at an increased 
CHD risk, showed marked increases in HDL-c. This baseline effect can likewise be 
distilled from the other studies, where those with the lowest baseline value (0.93 
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mmol/l, ATLANTIC study12) showed the largest HDL-c increase, while the smallest 
increase was seen in the study with the highest baseline value (1.23 mmol/l, Tashima et 
al.13). The study by Negredo et al.21 that included patients with a similar baseline HDL-c 
as in the present study showed a comparable increase of HDL-c (0.34 and 0.36 mmol/l, 
respectively). The much more modest HDL-c increasing effect of statins likewise shows 
such an association with baseline level in patients without HIV-1. 

One may postulate that the HDL-c increase merely reflects an adequate 
suppression of HIV-1 infection (‘return towards normal’). In support, a larger decrease 
in pVL was associated with a larger increase of HDL-c in the present study. However, 
the magnitude of the HDL-c increase was only slightly different for patients 
experiencing virologic failure during these 48 weeks (29.5%) and those with complete 
suppression (34.0%, p=0.161), and the increases of HDL-c remained statistically 
significant after adjustment for pVL decrease.  

Riddler et al. compared changes in lipid concentrations before seroconversion 
for HIV-1, initiation of ART, and during ART in patients using different ART regimens, 
which all but one included a PI.23 The period between seroconversion and start of ART 
was characterised by decreases in TC, LDL-c and HDL-c.  

Between initiation of ART and the first follow-up visit (mean: 1.3 years) the 
concentrations of TC and LDL-c increased again to levels that did not differ 
significantly from before seroconversion. Such a ‘return to normal’ as a result of ART 
was not seen for HDL-c. The reported increases by Riddler et al. in TC (0.88 mmol/l) 
and LDL-c (0.41 mmol/l) were of a comparable magnitude to that found for patients 
receiving NVP in this present study (0.97, and 0.55 mmol/l, respectively). However, the 
HDL-c increase was more than ten times smaller (0.03 mmol/l) in the Riddler et al. 
study than the 0.36 mmol/l observed in patients receiving NVP in the present study, 
while the mean HDL-c values at which ART was started were comparable in the two 
studies (1.04, and 1.0 mmol/l, respectively). This indicates that although at least part of 
the change in TC and LDL-c may reflect a ‘return towards normal’, the magnitude of 
the HDL-c increase observed in our study must have occurred through additional 
mechanisms. Since we have no information on the antiretroviral efficacy of the 
regimens used in the Riddler et al. study, we have to consider that the reported 
differences between the Riddler et al. study and the present study might be partly due 
to differences in HIV-1 suppression. However, the type of PI-based regimens used by 
Riddler et al. study and the long-term adequate adherence by the patients, make large 
differences in antiretroviral efficacy unlikely. 

We are currently conducting studies to unravel whether NVP possibly 
stimulates synthesis of the most important apolipoprotein of HDL-c, apoAI, or 
alternatively for instance decreases the clearance of HDL-c particles.  



 

 

Table 4: Factors associated with percentage increase in lipid parameters, multivariable analysis. 

 TC HDL-c TC:HDL-c ratio Non-HDL-c LDL-c TG 
 Base* Increase† Base Increase Base Increase Base Increase Base Increase Base Increase 

             
Sex             
  Male 3.9 24.4 (1.0) 0.9 29.4 (1.9) 4.3 + 1.4 (1.1) 2.9 24.5 (1.5) 2.2 34.1 (2.8) 1.3 27.6 (2.7) 
  Female 4.0 22.2 (1.3) 1.0 34.3 (2.3) 3.9 - 4.6 (1.4) 3.0 19.8 (1.9) 2.4 30.5 (3.5) 1.0 12.0 (3.4) 
p‡  0.103  0.045  < 0.001  0.021  0.326  < 0.001 
Region §             
  A 4.1 24.2 (1.6) 0.9 33.7 (3.0) 4.6 - 4.2 (1.8) 3.1 21.2 (2.5) 2.4 34.9 (4.5) 1.4 21.0 (4.3) 
  B 4.0 20.7 (1.2) 0.9 33.5 (2.2) 4.4 - 6.2 (1.3) 3.0 16.7 (1.8) 2.5 26.2 (3.2) 1.0 13.5 (3.2) 
  C 3.7 25.0 (1.5) 1.0 25.5 (2.7) 3.7 + 4.5 (1.6) 2.6 26.8 (2.2) 2.1 31.0 (4.1) 1.1 32.5 (4.0) 
  D 3.9 23.3 (1.6) 1.0 34.6 (2.9) 4.0 - 0.5 (1.7) 2.8 23.9 (2.4) 2.3 37.2 (4.3) 1.3 12.3 (4.2) 
p  0.052  0.029  < 0.001  < 0.001  0.092  < 0.001 
BMI (per unit)  0.2 (0.2)  - 0.7 (0.3)  0.7 (0.2)  0.6 (0.3)  1.0 (0.5)  1.1 (0.5) 
p  0.179  0.028  < 0.001  0.023  0.037  0.022 
pVL decrease (log10)             
  < 2.5 4.1 18.6 (1.5) 1.0 23.5 (2.6) 3.9 - 0.4 (1.6) 3.1 18.3 (2.2) 2.5 22.5 (3.9) 1.0 23.4 (3.9) 
  2.5-3.5 4.0 22.5 (1.2) 1.0 31.4 (2.2) 4.1 - 0.9 (1.3) 3.0 21.9 (1.8) 2.3 29.7 (3.3) 1.1 26.9 (3.2) 
  >  3.5 3.8 28.9 (1.4) 0.9 40.7 (2.6) 4.4 - 3.5 (1.6) 2.8 26.2 (2.1) 2.1 44.7 (3.9) 1.5 9.2 (3.8) 
p  < 0.001  < 0.001  0.221  0.018  < 0.001  < 0.001 
CD4 increase (cells/mm3)             
  < 100 4.0 21.6 (1.4) 1.0 28.3 (2.5) 4.0 - 0.7 (1.5) 3.0 20.4 (2.0) 2.3 28.3 (3.7) 1.1 20.0 (3.6) 
  100-250 3.9 25.1 (1.2) 0.9 37.9 (2.2) 4.4 - 3.7 (1.3) 3.0 23.6 (1.8) 2.3 34.3 (3.2)) 1.2 18.3 (3.2) 
  > 250 3.9 23.3 (1.4) 1.0 29.3 (2.6) 4.1 - 0.4 (1.6) 2.9 22.3 (2.1) 2.3 34.3 (3.9) 1.2 21.2 (3.8) 
p  0.066  < 0.001  0.073  0.378  0.312  0.755 
Virologic failure             
  No 3.9 22.7 (0.8) 1.0 32.5 (1.5) 4.2 - 2.0 (0.9) 3.0 21.5 (1.2) 2.3 31.2 (2.2) 1.2 14.1 (2.2) 
  Yes 3.9 24.0 (1.7) 0.9 31.1 (3.0) 4.2 - 1.2 (1.8) 2.8 22.7 (2.5) 2.3 33.4 (4.5) 1.2 25.5 (4.4) 
p  0.471  0.663  0.657  0.650  0.642  0.017 

* mmol/l. † Mean percentage increase (standard error). ‡ for percentage increase. § A=Asia/Australia, B=South Africa, C=South America, D=Europe/North 
America. TC=total cholesterol. HDL-c=high-density lipoprotein cholesterol. LDL-c=low-density lipoprotein cholesterol. TG=triglycerides. BMI=Body Mass 
Index. pVL=plasma viral load. 
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Several studies have convincingly shown that an HDL-c increase is associated with a 
significant decrease in CHD mortality independent of changes in LDL-c.1,2 Overall, 
extrapolation of these studies indicate that a 0.025 mmol/l increase in HDL-c is 
expected to be associated with a 2-3% reduction in CHD-risk, while an increase of 1.0 
mmol/l in LDL-c will increase the CHD risk with 25%. The mean absolute increases 
(mmol/l) in HDL-c and LDL-c were 0.36 and 0.54, respectively for patients receiving 
NVP, and 0.24 and 0.65, respectively for patients receiving EFV. It can therefore be 
estimated that, taking both the observed effects on HDL-c and LDL-c into account, the 
reduction in CHD-risk would be 15% for patients using NVP and 3% for patients using 
EFV compared to ART regimens that do not include NNRTIs. Although the differences 
in absolute concentrations of HDL-c- and LDL-c may seem modest when comparing 
the NVP and EFV treatment groups, the combined effect of these changes on CHD risk 
seems marked.  

It should be emphasised however that these are theoretical estimates, which do 
not take into account that increases in TG would be expected to have an opposite effect 
on CHD-risk. The increase in this last parameter is however smaller for NVP compared 
to EFV. Furthermore, we do not have information on the presence of conventional risk 
factors for CHD. The actual effect of the lipid changes associated with particular ART 
regimens on CHD can only be substantiated by clinical endpoint studies. 

 

Changes in TG, TC and LDL-c 

The data indicate that EFV might have a more detrimental effect on TG levels than 
NVP. The observation that EFV indeed can be associated with an increase in TG was 
shown in two studies, in which sporadically hypertriglyceridaemia was reported in 
patients starting an ART regimen with EFV but without d4T.24, 25 A difference between 
NVP and EFV treatment with respect to the TG effect is also in line with a study by 
Negredo et al.20   In this study patients were randomised to either continue their 
successful PI-based regimen or to change to an NVP-based or an EFV-based regimen. 
Only patients switching to the NVP regimen showed a significant decrease in TG levels. 
The proportional increase in TG levels for both NVP and EFV seems large, but the 
median absolute TG level at week 48 was still low in both treatment groups (1.2 
mmol/l and 1.4 mmol/l, respectively). In the NCEP guidelines, a TG concentration 
below 1.69 mmol/l is still considered normal.26 The increase in TG level is therefore 
probably not clinically meaningful. 

The differences between patients receiving NVP and those receiving EFV in 
changes in TC as well as TG are unlikely to be explained by the concurrent use of d4T. 
In both treatment groups, the percentage of patients who used d4T as part of their 
regimen throughout follow up was high (96% in the NVP group and 98% in the EFV 
group). This high rate of d4T use might, however, be responsible for the impression 
that the increases in TC and TG seem to continue or even accelerate towards the end of 
the study period, as opposed to a somewhat declining effect on HDL-c after 24 weeks. 
A possible explanation for this may be a gradual progressive worsening of fat 
redistribution or lipodystrophy that one would expect to occur in this continuously
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Figure 1: Change in plasma concentrations of lipids and lipoproteins. Adjusted for sex, region, pVL decrease 
and CD4+ cell increase. HDL-c=high-density lipoprotein cholesterol (A), TC=total cholesterol (B), TC:HDL-c 
ratio (C), LDL-c=low-density lipoprotein cholesterol (D), non-HDL-c (E), TG=triglycerides. (F) 
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d4T-exposed patient population. Both the incidence and severity of lipodystrophy are 
particularly increased with d4T-containing ART regimens, and lipodystrophy has been 
reported to be associated with increased of TC and TG levels.27-32 It is therefore 
conceivable that the lipid changes in the second part of the study represent a combined 
effect of the NNRTI used and a superimposed effect resulting from gradually 
worsening fat redistribution.  

Due to the relatively short mandatory fasting period (3 hours), the measured 
TG concentration might be biased, possibly even more so given that HIV-1 infection 
may be associated with reduced TG clearance following food intake.33 As a 
consequence, the estimates of calculated LDL-c might be biased. TG levels influences 
changes in non-HDL-c less. The fact that in the present study the increases of non-HDL-
c, LDL-c and TG are all smaller for patients receiving NVP compared to those receiving 
EFV suggests that the LDL-c and TG results are valid despite the potentially short 
mandatory fasting periods. 
 

ART and CHD 

The relationship between ART and CHD has been the subject of several studies, based 
on either clinical or validated surrogate endpoints (like arterial intima-media thickness 
[IMT] 34 or endothelial wall function 35).  

Studies examining IMT in HIV-1-infected patients treated with ART, or more 
specifically with PI-based ART, remain inconclusive as to whether ART use induces 
accelerated intima-media thickening.36-39 PI-use may have a detrimental effect on 
endothelial function in vivo, or accelerate foam cell formation in vitro.40, 41  

In a retrospective clinical endpoint study including almost 37000 patients, 
Bozzette et al. reported no relation between ART use and hospital admission for 
cardiovascular events.42, a finding confirmed in the ‘Kaiser Permanente’ cohort.43 
However, the large prospective ‘Data collection on Adverse events of anti-HIV Drugs’ 
study (D:A:D), specifically designed to identify the extent to which ART may be 
associated with increased CHD-risk, did show that every additional year of ART use 
was associated with a 26% increased risk of myocardial infarction.10 The latter 
resembles the results from other retrospective and prospective studies.44-46 The 
relatively high prevalence of known CHD risk factors in HIV-1-infected patients, 
especially smoking 47, 48, complicates interpretation of the relation between ART use and 
CHD. None of these studies allows definitive conclusions about the potentially 
different degree of risk associated with particular ART regimens.  

 

Limitations and possible biases 

The selection of patients remaining on their allocated treatment for the full 48 weeks 
might have introduced sampling bias with inflated treatment effects. The reported 
estimates from this OT-analysis were very similar to the estimates from the ITT-
analysis. This is caused by the fact that only a few patients who were not included in 
the OT analyses changed their drug regimen by adding a PI that could potentially 
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influence the lipid estimates. The majority remained on their randomised treatment but 
were insufficiently adherent (or lost to follow-up on their original regimen) to meet the 
criteria for being eligible for the OT-analysis. Patients replacing their assigned NNRTI 
by the NNRTI from the other treatment group of the study would have little effect on 
the lipid estimates, since both NNRTIs show changes in lipid concentrations, which go 
in the same direction. Another possible reason for the similarity between these two 
could be the relatively late timing of treatment changes (mean 75 days for patients 
using NVP and 95 days for patients using EFV). The fact that the second sensitivity 
analysis also showed comparable results indicates that modelling of data did not affect 
the lipid estimates. 

A limitation of the present study is the lack of data on conventional CHD risk 
factors like smoking. The 2NN being a randomised study, it may be expected that these 
and other confounding variables are equally distributed over the treatment groups. 
Possible residual confounding, however, cannot be excluded and the results should 
therefore be interpreted cautiously. 
 

Conclusion 

While awaiting the results of future studies, the less atherogenic lipid profile of patients 
using NVP in comparison to those using EFV may be among the various factors to 
consider when selecting the most appropriate initial ART regimen, particularly for 
those HIV-1-infected patients with a significant a-priori CHD-risk. Including such a 
consideration seems warranted, since treatment of the ART-induced lipid changes with 
currently licensed lipid-lowering agents is not without problems. Most of the available 
statins except pravastatin and fluvastatin, are metabolised through cytochrome 
isoenzyme CYP3A4, just as the PIs and NNRTIs are, providing concern for potential 
drug-drug interactions. Furthermore, statin therapy in patients using a PI-based 
regimen is in general not able to reduce the lipid concentrations to normal levels.49,50 
Studies on the effectiveness of gemfibrozil in patients on a PI-based regimen show 
conflicting results.51-53 Finally, the introduction of yet another type of medication in a 
patient population that often needs to use not only ART but also a considerable amount 
of concomitant medication, might jeopardize treatment adherence, which is of crucial 
importance for the sustained success of antiretroviral treatment.  

Use of the novel PI atazanavir may also be considered an attractive option in 
patients at high risk of CHD, given that it is associated with markedly smaller increases 
of TC, LDL-c and TG compared to previously available PI-based regimens 54,55, but it 
lacks the concurrently large increase in HDL-c seen with NNRTI-based regimens.  

The reported increase of HDL-c concentration with NNRTI use is far greater 
than seen with conventional lipid lowering drugs and is of a similar magnitude as the 
HDL-c increases reported with the most powerful HDL-c increasing drugs which are 
currently in clinical development.6,56 Asztalos et al. reported the effect on HDL-c for five 
major statins in patients with CHD.57 They concluded that the HDL-c increase was 
between 4% (simvastatin) and 11% (pravastatin and lovastatin). Treatment with 
fluvastatin or lovastatin proved to be most effective in patients with a low baseline 
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HDL-c.58,59 Clinical trials assessing the effects of fibrates reported an HDL-c increase of 
6% and 11% for gemfibrozil2,60, and 18% for bezafibrate.61  

Unravelling the mechanism or mechanisms by which NVP and EFV raise HDL-
c could contribute to the development of novel interventions aimed at increasing HDL-
c and thereby ultimately to reducing CHD-risk in the population at large. 
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Introduction 

The aetiology of coronary heart disease (CHD) is multifactorial.1,2 Amongst other 
factors, high levels of low-density lipoprotein cholesterol (LDL-c) 3,4 and low levels of 
high-density lipoprotein cholesterol (HDL-c) 5-7 have been identified as risk factors for 
CHD in the general population. 

HIV-infected patients generally experience a decrease in HDL-c and LDL-c 
levels, followed by an increase in plasma triglyceride (TG) levels, in the years prior to 
developing AIDS.8,9 The treatment of HIV infection with protease inhibitors (PIs) and 
non-nucleoside reverse transcriptase inhibitors (NNRTIs) is also associated with several 
metabolic disorders 10,11, including dyslipidaemia, which may result in an increased risk 
of CHD.12-17 PI-containing combination antiretroviral therapy (CART), in particular, is 
associated with increased TG, total cholesterol (TC) and LDL-c levels.13,15,18-20 There are 
data suggesting that the extent of these metabolic disturbances could differ according 
to different drugs within the PI class itself.11,15,19,21-24 Although regimens including an 
NNRTI may induce increases in TC and LDL-c levels, they may also induce a 
concurrent increase in HDL-c levels, in contrast to what is observed with PI containing 
CART.25 Less data are available on the comparison between different NNRTIs, and the 
results of those studies are inconsistent.26,27 More recently, some studies have suggested 
that nucleoside analogue reverse transcriptase inhibitors (NRTIs) may also contribute 
to the development of dyslipidaemia.28,29 

The possible relationship between CART use and the development of CHD-risk 
has been investigated in studies of various designs, with conflicting results.30-32 The 
Data Collection on Adverse events of Anti-HIV Drugs (D:A:D) study recently reported 
a 26% increase in the risk of myocardial infarction (MI) per year of exposure to CART.33 
In the present study, we use data collected as part of the baseline D:A:D dataset to 
perform a cross-sectional comparison of lipid profiles in patients enrolled in the D:A:D 
study who were receiving different PIs and NNRTIs at enrolment. Furthermore, we 
also report the results of a comparison of lipid profiles in patients receiving specific 
drugs within each class. Although we have chosen not to focus on the NRTIs received, 
all analyses do control for the current and previous use of different NRTIs. 
 

Methods 

Study population 

The D:A:D study is a prospective observational study formed by the collaboration of 11 
previously established cohorts of HIV-infected patients. The primary aim of the study 
is to establish whether an association exists between the use of CART (defined in the 
study as any combination antiretroviral drug regimen containing a PI and/or an 
NNRTI) and an increased risk of CHD. The 11 cohorts currently contribute data on over 
23000 HIV-infected patients monitored at 188 clinics in the United States, Australia, and 
19 countries in Europe. This article presents a cross-sectional analysis of information 
collected as part of the baseline D:A:D dataset. Two of the eleven cohorts that are part 
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of the D:A:D study (the CPCRA cohort from the United States, and St. Pierre Cohort 
from Belgium) did not submit data until a later stage, and have not been included in 
this analysis. Thus, the total potential study population for the current analyses 
contains 17852 individuals from 9 of the 11 cohorts. 

The D:A:D study methodology has been described in detail elsewhere.34 In 
brief, patients eligible for inclusion in the D:A:D study were all actively followed up at 
the time of initiation of the D:A:D protocol, irrespective of antiretroviral treatment 
status. Patients are followed prospectively, and data were obtained during visits to 
outpatient clinics scheduled as part of regular medical care. Patients were enrolled 
between December 1st 1999 and April 1st 2001. At enrolment, and at least every 8 
months thereafter, standardised data collection forms were completed. Data collected 
include patient socio-demographic characteristics, clinical data (AIDS events, and 
known risk factors for CHD), laboratory markers (CD4 cell counts, HIV RNA load 
[pVL], and TC, HDL-c, and TG where available), and treatment variables (antiretroviral 
treatment, and drugs which may modify lipid levels or risk of CHD). Lipid levels were 
not required to be obtained after an overnight fast, although, where possible, 
information was obtained on whether fasting or non-fasting samples had been 
analysed. All collected data were transformed into a standardised format and 
transferred to the co-ordinating centre (Copenhagen HIV Programme, Hvidovre 
Hospital, Denmark) as anonymised computerised files, where they are merged into a 
central dataset. 

 

Comparisons performed 

Two sets of analyses were performed: first, a between-class comparison of lipid profiles 
for patients receiving their first CART regimen including either a PI or NNRTI at 
enrolment in D:A:D study, and second a within-class comparison of lipid profiles for 
patients receiving specific drugs within each class. 
 

Between-class comparison 

For this analysis, we selected patients from the overall D:A:D cohort who, at the time of 
enrolment were either antiretroviral-naive, or were receiving a first-line CART regimen 
that included either one PI (denoted as ‘single PI’), 2 PI’s (denoted as ‘dual PI’) or one 
NNRTI. Although patients were receiving first-line CART regimens, they could have 
previously used NRTIs. Information with regard to the dose of ritonavir (RTV) received 
was not available; thus, it was not possible to distinguish between patients receiving 
dual PI regimens in which RTV was used at a low dose for pharmacologic boosting of 
the other PI and patients receiving dual PI regimens in which RTV was used at higher 
doses with intrinsic antiviral activity. 
 
Within-class comparison 

For this analysis, we selected all patients who were receiving either a PI-containing or 
an NNRTI-containing regimen at enrolment in the D:A:D study. To maximise the 
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power of the analyses and because some of the PIs and NNRTIs were predominantly 
used in ART-experienced patients, this comparison included all patients receiving these 
drugs, irrespective of treatment history. 

For this within-class comparison, the effect on lipid profiles of various 
antiretroviral agents was evaluated via two sets of analyses. The first analysis 
considered patients receiving PI-containing regimens, and compared lipid profiles in 
patients receiving combinations including indinavir (IDV), nelfinavir (NFV), saquinavir 
(SQV, soft-gel and hard-gel formulations were studied jointly), amprenavir (AMP), 
RTV, two PIs including RTV, and two PIs not including RTV. The group receiving IDV 
alone was designated as the reference group for this analysis. As before, information 
concerning the dose of RTV was not available. The second set of analyses considered 
patients receiving efavirenz (EFV) and nevirapine (NVP). The NVP group was 
designated as the reference group. The number of patients receiving other PIs or 
NNRTIs was too small for comparison; therefore these patients have been excluded. 
 

Definitions of dyslipidaemia 

The association between dyslipidaemia at enrolment in D:A:D and the drugs received 
was explored by use of the following dependent variables: TC, HDL-c, and TG levels; 
TC:HDL-c ratio; and, for the between-class comparison only, LDL-c level (calculated by 
use of the Friedewald formula only when fasting values were available and when TG 
level was < 4.52 mmol/l 35; otherwise LDL-c level was treated as missing) In each case, 
patients were classified as having dyslipidaemia if their lipid level at enrolment was 
above (or, for HDL-c, below) a pre-specified threshold level as described elsewhere.34 
The threshold levels for TC (> 6.2 mmol/l), HDL-c (< 0.9 mmol/l), LDL-c (> 4.1 
mmol/l) and TG (> 2.3 mmol/l) were based on cut-off values for high risk of CHD, as 
recommended in the US National Cholesterol Education Program (NCEP) guidelines.36 A 
cut-off value for the TC:HDL-c ratio was not defined in the NCEP guidelines and was 
therefore chosen as > 6.5 on the basis of other published studies, to define a group at 
high risk of CHD.2,37 
 

Statistical methods 

The associations between the different treatment groups and variables of interest were 

studied in univariable analyses by use of the χ² test, for categorical variables, and by 
use of the Kruskal-Wallis test, for continuous variables. Unless otherwise stated, p-
values reflect global comparisons across all treatment groups. 

The relationships between the dependent variables (TC, HDL-c, LDL-c, and TG 
levels and TC:HDL-c ratio) and treatment group were studied by use of multiple 
logistic regression models. Associations were considered to be statistically significant if 
the p-value was below 0.05. All statistical analyses were performed using Statistical 
Analysis Software (SAS) version 6.12 (SAS Institute Inc, Cary; NC). 

The relationships between the dependent variables and treatment group were 
adjusted for demographic factors (age [per 10 years older], sex), known risk factors for 
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CHD (history of MI or stroke before the age of 50 in first-degree relatives, personal 
history of MI or stroke, body mass index [BMI, classified similarly for both sexes as < 18 
kg/m2, 18-26 kg/m2, 26.1-30 kg/m2 and > 30 kg/m2], smoking status [current, ex-
smoker, unknown], the presence of physician-reported lipodystrophy, hypertension 
[systolic blood pressure > 150 mmHg and/or diastolic blood pressure > 100 mmHg] or 
use of anti-hypertensive agents, diabetes or use of anti-diabetic agents, and use of lipid-
lowering or antiplatelet agents), and HIV-related variables (log2 CD4+ T-cell count and, 
log10 pVL at entry to D:A:D study, AIDS stage [defined according to 1993 CDC clinical 
classification]38, and risk behaviour for HIV-infection [homosexual or bisexual, 
heterosexual, injecting drug user, other/unknown]). All regression analyses were also 
adjusted for cohort, which captures some differences in risk factor profiles in different 
geographical regions. Because the EuroSIDA cohort includes patients from across 
Europe, with a wide gradient in both cardiovascular risk and risk factor profiles, this 
cohort was further divided into three sub-cohorts for the purposes of adjustment: 
EuroSIDA North, EuroSIDA Central and EuroSIDA South.39 

Adjustment for treatment history and the use of other concomitant NRTIs was 
performed differently for the two comparisons. For the between-class comparison, the 
analyses were adjusted to take into account the NRTIs received as part of the current 
treatment combination, the cumulative duration of exposure to NRTIs and to the 
current CART regimen at entry to D:A:D study, and the duration of time receiving the 
current regimen (which were all set to zero for the untreated group of patients). 
Because this comparison included an untreated group, it was not possible to adjust for 
the year of initiation of antiviral therapy. In contrast, patients included in the within-
class comparison were all receiving CART at enrolment in D:A:D study. Thus, for this 
comparison analyses were adjusted for the NRTIs received as part of the current 
treatment combination, the year of ART initiation and whether the individual was 
ART-naive at the time of initiating the PI or NNRTI. In addition, because patients in 
this group may have been heavily treatment experienced, the analyses also adjusted for 
previous exposure to treatment by adjusting for the number of and cumulative 
duration of exposure to NRTIs, PIs and NNRTIs at entry to the D:A:D study. 

 

Sensitivity analyses 

Several sensitivity analyses were performed, including analyses of lipid measurements 
known to be from fasting patients only, analyses that only included cohorts for whom 
lipid values were routinely measured (cohorts were excluded from this analysis if > 
10% of data were missing for TC and TG levels and if > 30% of data were missing for 
HDL-c, and LDL-c levels and TC:HDL-c ratio) and, for the within-class comparison 
only, analyses based on the sub-population of patients who were ART-naive at the time 
of starting the current PI or NNRTI. Because of the smaller numbers of patients with 
fasting values available at enrolment, analyses of these measurements were not 
adjusted for the current use of NRTIs at enrolment. Furthermore, because of the very 
small numbers of available LDL-c level measurements included in the between-class 
comparison, these were not included in sensitivity analyses. 



 

 

     Table 1: Baseline characteristics at the time of enrolment in the D:A:D study. Between-class comparison. 

 Naive Single PI Dual PI NNRTI p Total 
 N=2315 N=3444 N=607 N=1117  N=7483 

       
Female 31.5 20.7 16.3 22.7 0.001 24.0 
Age, yrs * 36 (32-41) 39 (35-46) 39 (35-46) 38 (33-44) < 0.001 38 (34-44) 
BMI * 22.9 (20.9-25.2) 23.2 (21.3-25.3) 22.9 (21.3-25.2) 22.9 (20.9-25.2) 0.04 23.1 (21.1-25.2) 
HIV-1 RNA < 500 copies/ml  17.1 81.7 84.0 75.1 < 0.001 38.8 
CD4+ cells, cells/mm3 * 463 (305-658) 470 (308-670) 467 (302-657) 490 (320-686) 0.07 470 (309-667) 
Previous AIDS 7.8 27.6 33.9 16.4 < 0.001 19.9 
HIV risk behaviour       
  Homosexual 30.0 41.5 54.2 45.8  39.7 
  Heterosexual 35.2 28.7 27.2 28.0  30.6 
  Intravenous drug use 29.9 23.0 13.5 18.6  23.7 
  Other/unknown 4.9 6.9 5.1 7.6 0.001 6.2 
Year start antiretroviral therapy *  - 97 (96-98) 96 (95-98) 98 (96-99) < 0.001 - 

Therapy-naive at start current regimen - 56.6 50.1 55.0 0.01 - 

No. of NRTIs exposed to by entry in D:A:D.* - 2 (2-4) 3 (2-4) 2 (2-4) < 0.001 - 
Cumulative exposure to NRTIs, yrs * - 2.7 (1.8-3.9) 3.1 (1.7-4.2) 1.7 (0.8-3.3) < 0.001 - 
Cumulative exposure to current regimen * - 2.4 (1.5-3.1) 2.8 (1.7-3.4) 1.1 (0.6-1.5) < 0.001 - 
NRTIs received as part of regimen       
  Zidovudine - 51.0 44.5 48.7 0.009 - 
  Didanosine - 14.0 10.1 24.2 0.001 - 
  Zalcitabine - 2.6 0.8 1.5 0.004 - 
  Stavudine - 47.2 51.2 45.5 0.07 - 
  Lamivudine - 83.4 74.6 74.8 0.001 - 
  Abacavir - 1.4 2.1 4.0 0.001 - 

    Data are percentages unless stated otherwise. * Median (IQR). PI=protease inhibitor. NNRTI=non-nucleoside reverse transcriptase inhibitor.  
    BMI=body mass index. NRTI=nucleoside reverse transcriptase inhibitor.  
  .  
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Results 

Between-class comparison 

A total of 7483 patients from the D:A:D cohort were either antiretroviral-naive (n=2315, 
31%), or were receiving a CART regimen containing a single PI (n=3444, 46%), a dual PI 
(n=607, 8%, 95% of whom used RTV), or a NNRTI (n=1117, 15%) for the first time at 
time of enrolment in the D:A:D study. These 7483 patients were included in the between-

class comparison. 
Patients receiving therapy were significantly older and more likely to be male 

than were antiretroviral-naive patients (Table 1). Between 75% and 84% of patients in 
the different CART groups had a pVL below 500 copies/ml compared to only 17% of 
patients who were antiretroviral-naive. Patients receiving CART were more likely to 
have had an AIDS-defining illness, although 8% of antiretroviral-naive patients were 
also reported to have prior AIDS.  

Patients receiving a single PI-containing regimen had been receiving their 
current PI for a median of 2.4 years, whereas patients receiving dual PI-containing 
regimens had been receiving these PIs for a median of 2.8 years. Patients receiving an 
NNRTI-containing regimen had been exposed to their current regimen for a median of 
1.1 years. Cumulative exposure time to NRTIs differed significantly between the 
groups; 2.7 years, 3.1 years and 1.7 years, for single PI-containing, dual PI-containing or 
NNRTI-containing CART, respectively.  

Patients receiving therapy were less likely to be current smokers but were more 
likely to have lipodystrophy, diabetes, hypertension, and to be using anti-platelet or 
lipid-lowering drugs than antiretroviral-naive patients (Table 2). 
 

   Table 2: Known risk factors for CHD or increased lipid levels at the time of enrolment in the D:A:D study. 
   Between-class comparison.  

 Naive Single PI Dual PI NNRTI p Total 
 N=2315 N=3444 N=607 N=1117  N=7483 

       
Current smoker 49.3 43.1 45.9 38.0 0.001 44.5 
Lipodystrophy 2.2 24.4 33.3 13.5 0.001 16.6 
Previous cardiovascular event 0.6 0.9 1.2 1.1 0.300 0.9 
Hypertension 5.9 7.7 7.4 5.3 0.007 6.8 
Anti-platelet agents 0.3 1.0 0.9 1.0 0.001 0.8 
Lipid lowering agents 0.2 3.6 5.6 0.6 0.001 2.3 
Diabetes mellitus 1.2 2.4 1.2 1.3 0.003 1.7 
Family history of MI 8.6 7.5 8.9 6.7 0.190 7.8 

    Data are percentages. PI=protease inhibitor. NNRTI=non-nucleoside reverse transcriptase inhibitor. 
    MI=myocardial infarction.  

 
Information on the number of patients with available lipid measurements, including 
measurements obtained after patients had fasted overnight, and the median 
concentrations of the lipids and lipoproteins at enrolment in D:A:D study are shown, 
by therapy class, in Table 3. Patients who were antiretroviral-naive had the lowest TC 
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and LDL-c levels, whereas levels in the three treated groups were higher, particularly 
in patients receiving dual PI-containing regimens. Similar patterns were seen for TG 
levels, with lowest levels in those who were antiretroviral naive and highest levels in 
those receiving PIs, although TG levels in those receiving NNRTIs were similar to those 
in antiretroviral-naive individuals. Median HDL-c levels did not differ greatly between 
patients who were antiretroviral-naive and patients receiving PI-containing regimens, 
although levels were slightly higher in patients receiving NNRTI-containing regimens. 
As a result, trends in the TC:HDL-c generally mirrored those in TC levels, with the 
exception of the NNRTI group, in which the ratio was similar to that in antiretroviral-
naive patients. 
 

   Table 3: Lipid and lipoprotein values at the time of enrolment in the D:A:D study. Between class comparison. 

 Naive Single PI Dual PI NNRTI p Total 
 N=2315 N=3444 N=607 N=1117  N=7483 
       
Total cholesterol * 4.4 (3.7-5.2) 5.3 (4.4-6.2) 5.7 (4.9-6.7) 5.1 (4.3-5.9) < 0.001 5.0 (4.1-5.9) 
  available samples 1887 (81.5) 2886 (83.8) 504 (83.0) 874 (78.2)  6151 (82.2) 
  fasting samples 1122 (48.5) 998 (77.4) 103 (17.0) 263 (23.5)  2486 (33.2) 
       
HDL cholesterol* † 1.1 (0.9-1.4) 1.1 (0.9-1.4) 1.1 (0.9-1.4) 1.3 (1.1-1.6) < 0.001 1.1 (0.9-1.4) 
  available samples 1112 (48.0) 1641 (47.6) 321 (52.9) 386 (34.9)  3460 (46.2) 
  fasting samples 578 (25.0) 614 (17.8) 82 (13.5) 137 (12.3)  1411 (42.4) 
       
LDL cholesterol *  2.9 (2.4-3.5) 3.6 (2.8-4.4) 3.8 (3.1-4.5) 3.2 (2.7-4.0) < 0.001 3.2 (2.6-4.0) 
  available samples 561 (47.6) 554 (47.2) 67 (52.4) 132 (33.9)  1314 (17.6) 
  fasting samples * 561 (47.6) 554 (47.2) 67 (52.4) 132 (33.9)  1314 (17.6) 
       
TC:HDL-c ratio  3.9 (3.1-4.9) 4.7 (3.6-6.1) 5.3 (4.1-6.9) 3.8 (2.9-5.0) < 0.001 4.4 (3.4-5.7) 
  available samples 1102 (47.6) 1625 (47.2) 318 (52.4) 379 (33.9)  3424 (45.8) 
  fasting samples 577 (24.9) 614 (42.8) 82 (13.5) 136 (12.2)  1409 (18.8) 
       
Triglycerides * 1.3 (0.9-1.9) 1.8 (1.2-2.9) 2.5 (1.6-3.9) 1.3 (0.9-2.1) < 0.001 1.5 (1.0-2.5) 
  available samples 1912 (82.6) 2891 (83.9) 485 (79.9) 892 (79.9)  6180 (82.6) 
  fasting samples 1150 (49.7) 1059 (80.4) 120 (19.8) 270 (24.2)  2599 (34.7) 

    Data are n (%) unless stated otherwise. * mmol/l (IQR). † LDL was only calculated for fasting samples. 
    PI=protease inhibitor. NNRTI=non-nucleoside reverse transcriptase inhibitor. HDL=high-density 
    lipoprotein. LDL=low-density lipoprotein.  

 
The prevalence of dyslipidaemia in patients receiving each CART regimen is shown in 
Figure 1. For TC levels, the prevalence of dyslipidaemia was lowest in antiretroviral-
naive patients and progressively increased in patients receiving an NNRTI-containing 
regimen, a single PI-containing regimen, and a dual PI-containing regimen, 
respectively. A similar trend was also seen in LDL-c and TG levels and TC:HDL-c ratio. 
In terms of a low HDL-c level, however, the prevalence of dyslipidaemia was lower in 
patients receiving NNRTIs than in patients in all other groups. 

Compared with antiretroviral-naive patients (reference group) and after 
adjustment for other potential confounding factors, patients receiving either a single PI- 
or a dual PI-containing regimen had a statistically significantly higher risk for 
dyslipidaemia with respect to TG level and TC:HDL-c ratio (Table 4). Although the risk 
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estimates for these parameters for patients receiving an NNRTI-containing regimen 
were likewise increased, these differences were less marked. Patients receiving a dual 
PI-containing regimen had a statistically significantly increased risk of dyslipidaemia 
with respect to TC level, whereas increased risks in patients receiving a single PI-
containing regimen or an NNRTI-containing regimen did not reach statistical 
significance. There were no statistically significant differences between the CART 
regimens, in risk for dyslipidaemia with respect to either LDL-c or HDL-c level. 

 

 
We used a similar model to compare the risk of dyslipidaemia directly between 
patients receiving a single PI-containing regimen (reference group) and patients 
receiving a dual PI-containing regimen or an NNRTI-based regimen (Table 4). 
Compared with patients receiving a single PI-containing regimen, patients receiving a 
dual PI-containing regimen were at an increased risk of dyslipidaemia for each of the 
lipid parameters, except LDL-c and HDL-c levels. In contrast, patients receiving an 
NNRTI-containing regimen had a statistically significant lower risk for dyslipidaemia 
with regard to LDL-c, HDL-c, and TG levels, an TC:HDL-c ratio than did patients 
receiving a single PI-containing regimen. 
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Figure 1: Prevalence of dyslipidaemia by type of antiretroviral regimen at the time of 
enrolment in the D:A:D study. Between-class comparion. 
Dyslipidaemia is defined as total cholesterol (TC) > 6.2 mmol/L, high-density lipoprotein 
cholesterol (HDL-c) < 0.9 mmol/L, low-density lipoprotein cholesterol (LDL-c) > 4.1 mmol/L, 
TC:HDL-c ratio > 6.5, or triglycerides (TG) > 2.3 mmol/L. 



 

 

 

 

Table 4: Risk of developing dyslipidaemia by drug regimen for all enrolled patients (top) and patients on antiretroviral therapy (bottom). 

 TC  HDL-c  LDL-c  TC:HDL-c ratio  TG  
 OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p 

           
All enrolled patients          
Therapy-naive * 1  1  1  1  1  
Single PI 1.77 

(0.91-3.42) 
 

0.090 
1.20 

(0.46-3.15) 
 

0.710 
2.13 

(0.30-15.26) 
 

0.450 
4.77 

(1.68-13.51) 
 

0.003 
3.26 

(1.82-5.87) 
 

< 0.001 
Dual PI 2.77 

(1.44-5.35) 
 

0.002 
1.26 

(0.49-3.27) 
 

0.630 
2.65 

(0.36-19.68) 
 

0.340 
7.46 

(2.70-20.62) 
 

< 0.001 
5.87 

(3.25-10.60) 
 

< 0.001 
NNRTI 1.40 

(0.73-2.68) 
 

0.310 
0.81 

(0.31-2.14) 
 

0.670 
1.08 

(0.15-7.69) 
 

0.940 
2.99 

(1.04-8.60) 
 

0.040 
1.90 

(1.06-3.39) 
 

0.030 
           
Patients on antiretroviral treatment 
Single PI * 1  1  1  1  1  
Dual PI 1.55 

(1.23-1.96) 
 

< 0.001 
1.04 

(0.76-1.42) 
 

0.870 
1.24 

(0.69-2.22) 
 

0.480 
1.58 

(1.15-2.18) 
 

0.005 
1.81 

(1.44-2.28) 
 

< 0.001 
NNRTI 0.80 

(0.62-1.02) 
 

0.080 
0.68 

(0.47-0.98) 
 

0.040 
0.47 

(0.26-0.85) 
 

0.010 
0.61 

(0.39-0.95) 
 

0.030 
0.59 

(0.47-0.74) 
 

< 0.001 

All analyses are adjusted for all demographic factors, risk factors for coronary heart disease, HIV-factors, and previous exposure to nucleoside reverse 
transcriptase inhibitor and combination antiretroviral therapy (see methods). Dyslipidaemia is defined as total cholesterol (TC) > 6.2 mmol/l, high-density 
lipoprotein cholesterol (HDL-c) < 0.9 mmol/l, low-density lipoprotein cholesterol (LDL-c) > 4.1 mmol/l, TC:HDL-c ratio > 6.5, or triglycerides (TG) > 2.3 
mmol/l. * reference group. OR=odds ratio. CI=confidence interval. PI=protease inhibitor. NNRTI=non-nucleoside reverse transcriptase inhibitor. 
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Between-class sensitivity analyses 

Analyses of fasting values yielded results similar to those of the models based on all 
patients; however, because of the smaller number of patients included in the analyses 
(Table 3), the results were, in some cases, less significant. Results of analyses of HDL-c 
levels based on fasting values, however, suggested stronger relationships. In particular, 
the odds ratios (OR) for an HDL-c level < 0.9 mmol/l being associated with receipt of 
single PI- or dual PI-containing regimens were 1.66 (95% confidence interval [CI], 0.93 
to 2.97; p=0.09) and 2.25 (1.05 to 4.82; p=0.04), respectively, suggesting an increased risk 
of lower HDL-c level in patients receiving these treatment combinations. Results of 
analyses from those cohorts with the smallest amounts of missing data yielded results 
similar to those from the overall cohort. 
 

Within-class comparison 

Of the 17852 patients included in the overall D:A:D cohort, 7729 (43.3%) were receiving 
one or more PIs at the time of enrolment (Table 5), and 3476 (19.5%) were receiving an 
NNRTI (Table 6). These 11205 patients have been included in the within-class 
comparison. 
 
Patients receiving PIs 

Patients receiving IDV, NFV, SQV and RTV were generally comparable in terms of age, 
risk behaviour for infection, BMI, AIDS status, CD4 count and pVL (Table 5). The 
median CD4 cell count in these groups was > 350 cells/mm³, whereas the proportion 
with a pVL < 500 copies/ml was 64% in patients receiving SQV and 81% in patients 
receiving IDV. However, patients receiving AMP or the different PI combinations were 
markedly different, with lower CD4 cell counts and a higher pVL, which reflects the 
more complex treatment histories of these patients. These patients had also been 
exposed to antiretroviral treatment for longer periods and had more extensive exposure 
to PIs and NNRTIs at the time of starting the current regimen. The proportion of 
smokers was lowest in those receiving RTV, as were the proportions of patients with 
lipodystrophy and personal and family history of cardiovascular events, but the use of 
lipid lowering drugs was most prevalent in this group (Table 7). Otherwise, the groups 
were broadly similar in terms of risk factors for CHD at entry in the D:A:D study. 

TC levels were highest in patients receiving RTV, either alone or in 
combination with another PI, and were lowest in those receiving SQV (Table 8). Results 
relating to the prevalence of dyslipidaemia confirmed these findings (Figure 2); the 
proportion of patients with TC levels > 6.2 mmol/l was significantly higher among 
patients receiving RTV and lower among patients receiving SQV. HDL-c levels were 
highest in patients receiving NFV and, conversely, the proportion of patients with 
HDL-c levels < 0.9 mmol/l was lower in this group. The proportion of patients whose 
TC:HDL-c ratio was > 6.5 was highest in patients receiving RTV, either alone or in 
combination with another PI, and were lowest in patients receiving NFV and SQV. 



 

 

  Table 5: Baseline characteristics of patients receiving protease inhibitors at time of enrolment in the D:A:D study. Within-class comparison. 

 IDV NFV SQV AMP RTV 2 PI 
Incl. RTV 

2 PI 
Excl. RTV 

p Total  

 N=2354 N=2574 N=576 N=72 N=515 N=1464 N=174  N=7729  

           
Female 18.5 26.9 25.4 13.9 15.5 15.3 17.2 0.001 20.9  
Age, yrs * 40 (35-47) 38 (34-45) 38 (34-45) 40 (33-47) 39 (35-45) 40 (35-46) 38 (34-46) < 0.001 39 (35-46)  
HIV RNA <500 copies/ml 81.3 73.5 63.6 40.9 75.8 70.0 55.2 < 0.001 73.9  
CD4+ cells, cells/mm3 * 463 

(307-664) 
432 

(273-616) 
468 

(294-686) 
240 

(130-478) 
447 

(290-639) 
400 

(248-590) 
358 

(206-567) 
< 0.001 435 

(277-630) 
 

Previous AIDS 32.1 27.0 32.1 51.5 33.4 39.3 42.1 0.001 32.2  
HIV risk behaviour        0.001   
  Homo/bisexual 6.2 7.0 5.4 6.9 6.8 6.2 4.6  44.4  
  Heterosexual 44.1 38.2 38.0 55.6 49.3 55.0 51.2  26.6  
  Intravenous drug use 26.5 29.6 28.7 20.8 23.3 22.5 23.6  22.6  
  Other/unknown 23.3 25.1 28.0 16.7 20.6 16.3 20.7  6.4  
Naive at start of PI 46.0 53.7 49.1 20.8 35.0 37.2 20.1 0.001 45.6  
No. of NRTIs exposed * 3 (2-4) 3 (2-4) 3 (2-4) 5 (4-7) 3 (2-4) 4 (3-5) 4 (3-5) < 0.001 4 (2-4)  
exposure NRTIs, yrs * 3.3 

(2.3-4.7) 
2.7 

(1.6-4.0) 
3.0 

(2.3-4.6) 
4.4 

(3.1-6.8) 
3.6 

(2.6-4.9) 
3.6 

(2.4-5.1) 
3.8 

(2.7-5.7) 
< 0.001 3.2 

(2.1-4.6) 
 

No. of PIs exposed * 1 (1-1) 2 (1-2) 1 (1-2) 3 (2-5) 1 (1-2) 2 (2-3) 3 (2-4) < 0.001 1 (1-2)  
Exposure to PIs, yrs * 2.8 

(2.1-3.4) 
2.2 

(1.4-3.0) 
2.6 

(2.0-3.3) 
2.8 

(1.9-3.6) 
2.8 

(1.9-3.5) 
2.8 

(2.0-3.5) 
2.8 

(2.3-3.5) 
< 0.001 2.6 

(1.8-3.3) 
 

Previously exposed to NNRTIs 4.8 8.9 9.6 69.4 8.5 21.8 25.3 0.001 11.1  
NRTIs received           
  Zidovudine 49.5 41.0 47.9 30.6 46.8 35.5 19.0 0.001 42.9  
  Didanosine 11.5 18.9 17.9 43.1 17.3 20.3 27.6 0.001 17.1  
  Zalcitabine 2.3 0.5 9.4 1.4 2.5 1.4 1.2 0.001 2.0  
  Stavudine 48.4 56.8 47.2 43.1 47.2 53.8 65.5 0.001 52.4  
  Lamivudine 86.2 80.2 69.8 62.5 80.0 68.4 53.5 0.001 78.3  
  Abacavir 1.7 3.2 3.1 47.2 2.1 9.5 9.8 0.001 4.4  

   Data are percentages unless otherwise stated. * Median (IQR). IDV=indinavir. NFV=nelfinavir. SQV=saquinavir. AMP=amprenavir. RTV=ritonavir.   
   PI=protease inhibitor. NNRTI=non-nucleoside reverse transcriptase inhibitor. NRTI=nucleoside analogue reverse transcriptase inhibitor.
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TG levels were generally higher in patients receiving RTV, either alone or in 
combination with another PI, and were lowest in patients receiving SQV. 

 

            Table 6: Baseline characteristics of patients receiving non-nucleoside reverse transcriptase inhibitors 
            at time of enrolment in the D:A:D study. Within-class comparison. 

 NVP EFV p Total 
 N=2040 N=1436  N=3476 

     
Female 20.9 26.2 0.001 23.1 
Age, yrs * 39 (35-47) 39 (34-46) 0.14 39 (35-47) 
HIV RNA < 500 copies/ml 73.6 78.8 < 0.001 75.8 
CD4+ cells, cells/mm3 * 480 (308-663) 419 (265-613) < 0.001 456 (289-648) 
Previous AIDS 30.1 27.6 0.14 28.9 
HIV risk behaviour   0.004  
  Homo/bisexual 51.9 45.7  49.4 
  Heterosexual 24.2 28.3  25.9 
  IDU 16.4 17.8  17.0 
  Other/unknown 7.6 8.2  7.3 
Naive at start of NNRTI 21.4 16.9 0.001 19.5 
No. of NRTIs exposed * 4 (2-4) 4 (2-5) < 0.001 4 (2-5) 
Exposure to NRTIs, yrs * 2.9 (1.7-4.2) 3.1 (1.7-4.7) 0.07 3.0 (1.7-4.4) 
No. of PIs exposed * 1 (0-1) 1 (0-2) < 0.001 1 (0-2) 
Exposure to PIs, yrs * 0.6 (0-2.0) 1.7 (0-2.6) < 0.001 1.1 (0-2.3) 
No. of NNRTIs exposed * 1 (1-1) 1 (1-1) < 0.001 1 (1-1) 
Exposure to NNRTIs, yrs * 1.2 (0.7-1.7) 0.7 (0.4-1.2) < 0.001 1.0 (0.5-1.5) 
NRTIs received     
  Zidovudine 42.4 40.7 0.34 41.7 
  Didanosine 20.5 25.4 0.001 22.6 
  Zalcitabine 1.0 1.1 0.94 1.1 
  Stavudine 50.3 49.7 0.76 50.0 
  Lamivudine 78.8 71.1 0.001 75.6 
  Abacavir 8.0 18.3 0.001 12.3 

            Data are percentages unless otherwise stated. * Median (IQR). NVP=nevirapine. EFV=efavirenz. 
            PI=protease inhibitor. NNRTI=non-nucleoside reverse transcriptase inhibitor. NRTI=nucleoside  
           analogue reverse transcriptase inhibitor. 
 

In multivariable logistic regression analyses, the risk of a patients having a TC level > 
6.2 mmol/l remained significantly higher in patients receiving RTV, either alone or in 
combination, and, to a lesser extent, for patients treated with NFV (Table 9). The risk of 
having a HDL-c levels < 0.9 mmol/l was significantly lower in patients receiving NFV 
than patients receiving IDV. The other PIs were associated with comparable risks of a 
low HDL-c level. After adjustment for other potential confounding factors, the risk of 
having of a TC:HDL-c ratio > 6.5 was higher in those receiving RTV, either alone or in 
combination with another PI, than in patients receiving IDV. The risk of having a 
TC:HDL-c ratio > 6.5 was lower in patients receiving SQV. The trend observed in 
univariable analysis for a lower TC:HDL-c ratio in patients receiving NFV was 
maintained, although this relationship was not statistically significant (p=0.08). 



 

 

      

 

 

       Table 7: Known risk factors for CHD or increased lipid levels in patients using protease inhibitors. Within-class comparison. 

 IDV NFV SQV AMP RTV 2 PI 
Incl. RTV 

2 PI 
Excl. RTV 

p Total 

 N=2354 N=2574 N=576 N=72 N=515 N=1464 N=174  N=7729 

          
Current smoker 41.5 47.4 45.1 43.7 36.8 45.6 45.7 0.001 44.4 
Lipodystrophy 28.8 27.1 25.9 37.5 21.9 36.6 42.5 0.001 29.4 
Previous cardiovascular event 1.6 1.2 1.1 - 0.4 1.8 0.6 0.13 1.3 
Hypertension 9.0 8.8 5.0 11.1 5.2 7.9 8.1 0.007 8.2 
Anti-platelet agents 1.5 1.1 1.4 - 0.8 1.3 0.6 0.64 1.2 
Lipid lowering agents 4.4 2.1 3.7 4.2 9.3 5.9 5.8 0.001 4.2 
Diabetes mellitus 3.1 1.8 3.1 4.2 0.8 1.8 0.6 0.001 2.2 
Family history of MI 7.1 7.8 7.7 13.0 5.9 9.7 7.1 0.04 7.8 

        Data are percentages. IDV=indinavir. NFV=nelfinavir.  SQV=saquinavir. AMP=amprenavir. RTV=ritonavir. PI=protease inhibitor.  
        MI=myocardial infarction. 
 



 

 

   

 

   Table 8: Lipid and lipoprotein values in patients receiving protease inhibitors. Within class comparison. 

 IDV NFV SQV AMP RTV 2 PI 
Incl. RTV 

2 PI 
Excl. RTV 

p Total 

 N=2354 N=2574 N=576 N=72 N=515 N=1464 N=174  N=7729 

          
Total cholesterol * 5.3 (4.4-6.1) 5.2 (4.5-6.2) 4.8 (3.9-5.6) 5.1 (4.3-6.2) 5.7 (4.6-6.8) 5.6 (4.7-6.7) 5.4 (4.4-6.3) 0.001 5.3 (4.5-6.3) 
  available samples 1972 (83.8) 2207 (85.7) 431 (74.8) 63 (87.5) 452 (87.8) 1226 (83.7) 146 (83.9)  6497 (84.1) 
  fasting samples 751 (30.5) 622 (24.2) 210 (53.4) 5 (5.9) 104 (20.2) 268 (18.3) 30 (17.2)  1990 (25.7) 
          
HDL cholesterol * 1.0 (0.9-1.3) 1.2 (1.0-1.4) 1.0 (0.9-1.3) 0.9 (0.7-1.4) 1.1 (0.9-1.4) 1.1 (0.9-1.3) 1.1 (0.9-1.4) < 0.001 1.1 (0.9-1.4) 

  available samples   1078 (45.8) 1431 (55.6) 175 (30.4) 31 (43.1) 223 (43.3) 782 (53.4) 65 (37.4)  3785 (49.0) 
  fasting samples 469 (19.9) 437 (17.0) 102 (17.7) 5 (6.9) 64 (12.4) 212 (14.5) 25 (14.4)  1314 (17.0) 
          
TC:HDL-c ratio  5.0 (3.9-6.4) 4.5 (3.5-5.9) 4.3 (3.3-5.4) 5.4 (3.8-6.7) 5.1 (4.0-6.9) 5.4 (4.0-6.9) 4.8 (3.4-6.3) < 0.001 4.8 (3.7-6.3) 
  available samples 1064 (45.2) 1423 (55.3) 172 (29.9) 31 (43.1) 220 (42.7) 776 (53.0) 63 (36.2)  3749 (48.5) 
  fasting samples 166 (7.1) 437 (17.0) 102 (17.7) 4 (5.6) 63 (12.2) 209 (14.3) 23 (13.2)  1304 (16.9) 

          
Triglycerides * 1.8 (1.2-2.8) 1.7 (1.2-2.8) 1.6 (1.0-2.5) 2.4 (1.6-3.3) 2.8 (1.7-4.3) 2.5 (1.6-4.2) 2.2 (1.4-3.0) < 0.001 1.9 (1.2-3.1) 
  available samples 1996 (84.8) 2206 (85.7) 438 (76.0) 62 (86.1) 448 (87.0) 1190 (81.3) 145 (83.3)  6485 (83.9) 
  fasting samples 800 (34.0) 650 (25.3) 227 (39.4) 8 (11.1) 113 (21.9) 299 (20.4) 40 (23.0)  2137 (27.6) 

     Data are n (%) unless otherwise stated. * mmol/l (IQR). IDV=indinavir. NFV=nelfinavir.  SQV=saquinavir. AMP=amprenavir. RTV=ritonavir. 
     PI=protease inhibitor. HDL=high-density lipoprotein. LDL=low-density lipoprotein. TC=total cholesterol. 
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After adjustment for other potential confounding factors, only patients receiving RTV 
or a PI combination containing RTV had a significantly higher risk of having a TG level 
> 2.3 mmol/l. 
 

 

Patients receiving NNRTIs 

Patients receiving NVP were more likely to be antiretroviral-naive when starting the 
current treatment regimen than were patients receiving EFV (Table 6). The cumulative 
duration of exposure to NNRTIs was 1.2 years in the NVP group but only 0.7 years in 
the EFV group. The duration of exposure to PIs was 0.6 years and 1.7 years, 
respectively. Although patients receiving NNRTIs were less likely to be current 
smokers than were patients receiving PIs, there were few differences between the levels 
of risk factors for CHD between those receiving NVP and EFV (Table 10). 

Although TC and TG levels were higher in those receiving EFV at enrolment, 
levels of HDL-c and TC:HDL-c ratios were similar in the two treatment groups (Figure 
3 and Table 11). After adjustment for other potential confounding factors, the risk of 
having a TG level > 2.3 mmol/l was significantly higher in patients receiving EFV than 
in patients receiving NVP; the risk of having increased TC levels was similarly elevated 
(Table 9). There were, however, no significant differences between either HDL-c level 
or the TC:HDL-c ratio between patients receiving NVP or EFV, either before or after 
adjustment for other factors. 
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Figure 2: Prevalence of dyslipidaemia by type of antiretroviral regimen in patients using 
protease inhibitors. Between-class comparion. 
Dyslipidaemia is defined as total cholesterol (TC) > 6.2 mmol/L, high-density lipoprotein 
cholesterol (HDL-c) < 0.9 mmol/L, low-density lipoprotein cholesterol (LDL-c) > 4.1 mmol/L, 
TC:HDL-c ratio > 6.5, or triglycerides (TG) > 2.3 mmol/L. 



 

 

             Table 9: Risk of developing dyslipidaemia by drug regimen for patients receiving protease inhibitors (top) and patients receiving  
                 non-nucleoside reverse transcriptase inhibitors (bottom). 

 TC  HDL-c  TC:HDL-c 
ratio 

 TG  

 OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p 

         
Patients receiving PIs         
  IDV * 1  1  1  1  
  NFV 1.28 

(1.07-1.54) 
 

0.007 
0.61 

(0.48-0.76) 
 

< 0.001 
0.80 

(0.62-1.03) 
 

0.080 
1.05 

(0.89-1.24) 
 

0.540 
  SQV  0.75 

(0.53-1.06) 
 

0.110 
0.85 

(0.56-1.31) 
 

0.470 
0.52 

(0.30-0.91) 
 

0.020 
0.90 

(0.68-1.20) 
 

0.480 
  AMP 1.16 

(0.57-2.36) 
 

0.690 
0.92 

(0.39-2.17) 
 

0.840 
0.81 

(0.31-2.10) 
 

0.660 
1.33 

(0.73-2.43) 
 

0.360 
  RTV 1.99 

(1.54-2.58) 
 

< 0.001 
0.98 

(0.69-1.40) 
 

0.930 
1.48 

(1.02-2.14) 
 

0.040 
3.22 

(2.51-4.12) 
 

< 0.001 
  2 PI incl. RTV 2.13 

(1.70-2.68) 
 

< 0.001 
0.79 

(0.59-1.04) 
 

0.090 
1.42 

(1.06-1.91) 
 

0.020 
1.95 

(1.57-2.41) 
 

< 0.001 
  2 PI excl. RTV 1.19 

(0.74-1.92) 
 

0.480 
0.74 

(0.40-1.39) 
0.350 0.81 

(0.40-1.62) 
 

0.550 
1.18 

(0.78-1.79) 
 

0.440 
         
Patients receiving NNRTIs         
  NVP * 1  1  1  1  
  EFV 1.29 

(1.00-1.66) 
 

0.005 
1.38 

(0.94-2.02) 
 

0.100 
1.31 

(0.86-1.98) 
 

0.210 
1.46 

(1.16-1.83) 
 

0.001 

               All analyses are adjusted for all demographic factors, risk factors for coronary heart disease, HIV-factors, and previous exposure to  
               nucleoside analogue reverse transcriptase inhibitor and combination antiretroviral therapy (see methods). Dyslipidaemia is defined as total  
               cholesterol (TC) > 6.2 mmol/l, high-density lipoprotein cholesterol (HDL-c) < 0.9 mmol/l, low-density lipoprotein cholesterol (LDL-c) > 4.1 
              mmol/l, TC:HDL-c ratio > 6.5, or triglycerides (TG) > 2.3 mmol/l. * Reference group. OR=odds ratio. CI=confidence interval. PI=protease 
               inhibitor. IDV=indinavir; SQV=saquinavir. AMP=amprenavir. RTV=ritonavir. NNRTI=non-nucleoside reverse transcriptase inhibitor. 
               NVP=nevirapine. EFV=efavirenz. 
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Within-class sensitivity analyses 

The analyses were repeated among patients whose lipid measurement had been 
obtained after they had fasted overnight (see Table  8 and 11 for sample sizes) and also 
among cohorts with relatively small proportions of missing data. In both cases, both for 
the PI and NNRTI comparison, the results from the sensitivity analyses confirmed the 
findings in the main analysis. Finally, the analyses were repeated for the patients who 
were ART-naive at the time of starting the current therapy. The results from the 
analysis of groups receiving PIs generally confirmed the analysis of patients from the 
full population, in that RTV, whether administered alone or in combination with 
another PI, remained the PI associated with the highest risk of both 
hypercholesterolaemia and hypertriglyceridaemia. Analyses of previously 
antiretroviral-naive individuals receiving NNRTIs yielded results broadly similar to 
those for the full population, although the relationship between EFV and a raised TG 
level did not remain in this analysis (OR: 0.80; p=0.57). 
 

                   Table 10: Known risk factors for CHD or increased lipid levels in patients using non-nucleoside 
                   reverse transcriptase inhibitors. Within-class comparison. 

 NVP EFV p Total 
 N=2040 N=1436  N=3476 

     
Current smoker 38.5 38.4 0.93 38.5 
Lipodystrophy 30.0 32.1 0.08 30.8 
Previous cardiovascular event 1.9 1.6 0.53 1.7 
Hypertension 9.4 7.7 0.08 8.7 
Anti-platelet agents 1.6 1.0 0.24 1.4 
Lipid lowering agents 3.6 3.8 0.85 3.7 
Diabetes mellitus 2.9 4.0 0.12 3.4 
Family history of MI 7.8 9.7 0.07 8.6 

                    Data are percentages. NVP=nevirapine. EFV=efavirenz. MI=myocardial infarction. 
 

Discussion 

HIV-1 infected patients enrolled in the D:A:D study and treated with different types of 
CART demonstrated clearly different plasma lipid profiles. In particular, individuals 
receiving CART regimens, which, for the first time, included either one or two PIs, had 
higher levels of TC and TG levels and TC:HDL-c ratios than did patients who were 
ART-naive, with patients receiving a dual P-containing regimen having significantly 
higher levels of each lipid than patients who received a single PI-containing regimen. 
Although TC and LDL-c levels were still increased in patients receiving NNRTIs, 
compared with ART-naive individuals, the risk of having a low HDL-c level was 
reduced in these patients, compared with patients receiving a single PI-containing 
regimen. HDL-c levels were slightly higher in patients receiving an NNRTI, which 
contributed to a lower TC:HDL-c ratio in this group .  

Our results also suggest that the various PIs and NNRTIs within each class are 
associated with different risks of dyslipidaemia. RTV-containing regimens were 
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associated with the most pronounced elevations of TC and TG levels and TC:HDL-c 
ratios, NFV-containing regimens were associated with a lower risk of having a reduced 
HDL-c level, and SQV-containing regimens were associated with a lower risk of having 
an elevated TC:HDL-c ratio. Treatment regimens combining two PIs other than RTV 
did not appear to be associated with a higher risk of dyslipidaemia, compared with 
single PI-containing regimens, with the exception of RTV. In comparison to treatment 
with NVP, use of EFV was associated with higher TC and TG levels. HDL-c levels and 
TC:HDL-c ratios, however, were similar in patients receiving NVP- or EFV-containing 
regimens. 
 

                 Table 11: Lipid and lipoprotein values in patients receiving non-nucleoside reverse transcriptase 
                 inhibitors. Within- class comparison. 

  NVP EFV p Total 
 N=2040 N=1436  N=3476 

     
Total cholesterol * 5.2 (4.4-6.0) 5.3 (4.5-6.2) 0.030 5.3 (4.5-6.1) 
  available samples 1451 (71.1) 1258 (87.6)  2709 (77.9) 
  fasting samples 448 (22.0) 337 (23.5)  785 (22.6) 
     
HDL cholesterol * 1.2 (1.0-1.5) 1.2 (1.0-1.5) 0.450 1.2 (1.0-1.5) 
  available samples 558 (27.4) 741 (51.6)  1299 (37.4) 
  fasting samples 249 (12.2) 249 (17.3)  498 (14.3) 
     
TC:HDL-c ratio 4.2 (3.3-5.6) 4.4 (3.2-5.8) 0.280 4.3 (3.2-5.7) 
  available samples 547 (26.8) 733 (51.0)  1280 (36.8) 
  fasting samples 246 (12.1) 247 (17.2)  493 (14.2) 
     
Triglycerides * 1.5 (1.0-2.5) 1.7 (1.1-2.9) < 0.001 4.3 (3.2-5.7) 
  available samples 1468 (72.0) 1282 (89.3)  2750 (79.1) 
  fasting samples 468 (22.9) 354 (24.7)  822 (23.6) 

                    Data are n (%) unless otherwise stated. * mmol/l (IQR). NVP=nevirapine. EFV=efavirenz. 
                    HDL=high-density lipoprotein. LDL=low-density lipoprotein. TC=total cholesterol. 

 
Few other studies have reported differences in lipid profiles between patients receiving 
different classes of drugs per se, although a number of clinical trials have reported 
comparisons of lipids in patients receiving specific treatment combinations involving 
different classes of drugs. In another study, van der Valk et al. compared patients 
randomly assigned to a first line regimen of stavudine (d4T) and didanosine together 
with either IDV, NVP or lamivudine (3TC).25 After 24 weeks of treatment, patients 
using NVP had significantly higher increases in HDL-c levels, compared to other 
patients. Although the TC and LDL-c levels also increased, the TC:HDL-c ratio was 
significantly reduced and was lowest in patients using NVP. Virgili et al. reported 
similar differential lipid changes in ART-naive patients using a combination of 
zidovudine plus 3TC, together with either NFV or NVP.40 

A number of studies have reported differences in lipid profiles among patients 
receiving drugs from the same class. For example, several studies have suggested that  
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RTV, whether administered alone or in combination, may induce more severe 
dyslipidaemia, than other PIs.15,24,41 The results of the present study confirm these 
results with regard to both TC and TG levels. Furthermore, our finding that the 
TC:HDL-c ratio was highest in patients receiving RTV is also of interest, because the 
ratio may be a better indicator of ischaemic coronary risk than either the LDL:HDL-c 
ratio or TC level.42 It should be reiterated that we were not able to collect information 
on the dose of RTV given to patients receiving dual PI combinations, and, thus, we are 
unable to ascertain whether dyslipidaemia is more common in patients receiving RTV 
at high dose in combination with another PI. It is of interest to note that combinations 
of two PIs that do not include RTV do not appear to induce a higher risk of 
dyslipidaemia than these PIs alone, confirming the results published by Carr et al. 

In the present study, NFV-containing regimens were associated with a 
significantly lower risk of a low HDL-c level than were IDV-containing regimens, 
which, in turn, resulted in a lower TC:HDL-c ratio in these patients. In contrast, a study 
conducted in 1998 on 129 patients did not report any effect on HDL-c levels in patients 
receiving NFV.15 It is unclear why NFV may induce a smaller reduction in HDL-c level 
than other PIs. This association is present even after adjusting for pVL and CD4 cell 
count, and thus, is not explained by a particular indirect effect of NFV on pVL.43  

The results of the present study also suggests that SQV, when used as a single 
PI, is associated with a significantly lower risk of a high TC:HDL-c ratio than is 
treatment with IDV. Because of its preferential use in combination with other PIs, 
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Figure 3: Prevalence of dyslipidaemia by type of antiretroviral regimen in patients using 
protease inhibitors. Between-class comparison. 
Dyslipidaemia is defined as total cholesterol (TC) > 6.2 mmol/L, high-density lipoprotein 
cholesterol (HDL-c) < 0.9 mmol/L, low-density lipoprotein cholesterol (LDL-c) > 4.1 mmol/L, 
TC:HDL-c ratio > 6.5, or triglycerides (TG) > 2.3 mmol/L. 
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especially RTV, very few studies have considered lipid changes in patients receiving 
SQV per se, and only one has focused on its link with hypercholesterolaemia. Our 
results are consistent with those of a prior study, in which fewer than 10% of patients 
treated with soft-gel SQV had a TC level > 6.5 mmol/l after a median exposure of 6.7 
months.44 Similarly, in a clinical trial including over 300 patients and comparing two 
boosted treatment strategies (IDV [800 mg] / RTV [100 mg] twice daily and SQV [1000 
mg]/ RTV [100 mg twice daily]), Dragsted et al. reported a larger increase of TC and TG 
levels in the IDV group than in the SQV group.45 Several hypotheses have been 
suggested to explain why SQV might induce fewer cholesterol abnormalities than other 
PIs, including lower bio-availability of the molecule in its capsule form and its lower 
affinity for the p450 cytochrome isoenzyme.46,47 

To our knowledge, limited data are available concerning the comparison of the 
effects of NVP and EFV on the lipid profiles of HIV-1 infected patients. Studies in 
patients successfully treated with PI-containing ART, for whom their PI was replaced 
by either NVP or EFV, have also shown an increase in HDL-c levels.48-51 Our findings 
suggest that, compared to PIs, NNRTI are associated with a lower risk of 
dyslipidaemia, but that there are no significant differences between NVP and EFV with 
regard to either the HDL-c levels or the TC:HDL-c ratios. Statistically significant 
differences were demonstrated for TC and TG levels, although absolute differences 
were small.  

It is important to acknowledge that, at present, there is no conclusive evidence 
that drug-induced elevations of HDL-c levels will be associated with a lower risk of 
CHD.52 Furthermore, if ART-induced dyslipidaemia in the context of HIV-infection 
translates into risk of CHD in a way similar to that of non-pharmaceutically induced 
dyslipidemia in the general population, a difference of 0.1 mol/l in TC level (the 
difference observed on our study for NVP and EFV) would be associated with a 
difference of relative risk of coronary heart disease over 10 years in the range of 3%.53 

Results from the 2NN study, a randomised comparison of once-daily NVP, twice-daily 
NVP, EFV and NVP+EFV in combination with 3TC and d4T in ART-naive patients, 
suggested larger differences in lipid profiles of the drugs and favoured NVP.27 Further 
studies are required to determine the clinical impact of these differences. 

It should be recognised that, although the present study and others have 
reported differences in lipid profiles between patients receiving different ART 
regimens, the relationship between ART-induced changes in plasma lipids and 
lipoproteins in HIV-1 infected patients and the risk of CHD remains unclear. In 
particular, it is not known whether increases (or decreases) in any of the lipid levels 
correlate with the same change in risk of CHD as is seen in HIV-negative individuals. 

There is accumulating evidence that among HIV-negative individuals, 
abnormal serum lipids, especially increased levels of TC and TG, are correlated with 
increased thickening of the intima-media layer (IMT) of the arterial wall 54, which is 
closely correlated with increased risk of CHD.55 A number of studies have found that 
thickening of IMT was more pronounced in patients receiving PI-containing regimens 
than in ART-naive patients and individuals without HIV-1 infection 56,57, however, in 
one of these studies, this effect disappeared after adjusting for known CHD risk factors 
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57, and the relationship has not been reported in all studies.58 Although preliminary 
analyses from the D:A:D study have begun to investigate the relationships between 
changes in plasma lipid levels and the subsequent development of CHD, further 
follow-up is required before a definitive answer can be reached. 

The present study has a number of limitations. Firstly, the analysis is based on 
data obtained from a large number of observational cohorts. In this type of cohort, 
treatment allocation is rarely random, and, as a consequence, treatment groups differ 
substantially at entry to the D:A:D study.  In particular, patients receiving PIs (either 
single or dual combinations) tended to have more advanced disease than did patients 
receiving NNRTIs. Even among patients receiving PIs, patients receiving AMP or a 
combination of 2 PIs generally had more advanced disease than did patients receiving 
other treatment regimens. Although our analyses were adjusted to take account of 
observed differences between treatment groups, it is possible that some unmeasured 
differences may remain. 

Although we have reported relationships between specific treatment 
combinations and risk of dislipidaemia, the cross-sectional nature of the present study 
prevents us from establishing a causal relationship between the various drugs or 
classes and dyslipidemia. In particular, because information on pre-treatment lipid 
levels is unavailable for the majority of patients, we are unable to exclude the 
possibility that dyslipidaemia occurred before exposure to ART. Because the routine 
monitoring of lipid measurements has only recently been recommended for patients 
receiving ART, it is not surprising that there are substantial amounts of data missing 
both at enrolment in D:A:D study and at the start of ART. However, it is unlikely that 
these missing data will lead to a serious bias in the results. These data are missing 
primarily because they had only been collected for patients thought to be at high risk of 
dislipidaemia. Furthermore, because knowledge about a possible relationship between 
ART and CHD risk is relatively recent, it is unlikely that this influenced the choice of 
initial ART regimen or that it could explain the differences in lipid profiles seen at 
baseline. Sensitivity analyses in which cohorts with substantial amounts of missing 
data were excluded reached conclusions similar to those of the main analyses. 

Not all blood samples for lipid measurements were obtained after an overnight 
fast. The effect of fasting is of importance when analysing TG level but should be 
minimal when analysing TC or HDL-c levels.59-61 We repeated the multivariable logistic 
regression analyses for each of the lipid parameters by use of only samples that were 
documented to have been obtained after an overnight fast. With the exception of the 
analyses for HDL-c levels for the between-class comparison, results of our sensitivity 
analyses were generally similar to those from the whole study population. For HDL-c 
levels, however, analyses excluding non-fasting values suggested a stronger 
relationship between PI-containing regimens and low HDL-c levels. However, because 
of the smaller number of patients in this analysis, and because we could not adjust for 
current NRTI use in these sensitivity analyses, these results should be interpreted 
cautiously. 

The study populations included in the analyses, particularly in the within-class 

comparison, were heterogeneous, both in terms of their treatment history and prior 
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known risk factors for CHD. All analyses were adjusted for treatment history, and 
sensitivity analyses for the within-class comparison that considered only those patients 
who were naive for any treatment before their current regimen gave very similar 
results. It is possible that the NRTI backbone may have contributed to the differences in 
lipid profiles 28,29, although, because adjustment was made for the current use of 
specific NRTIs, it is unlikely that differential use of NRTIs in the treatment groups can 
explain our findings. The proportion of patients who were already known to be 
receiving lipid-lowering agents, ranged from 0.2% to 9.3% in the different treatment 
groups. Whilst we did not exclude these patients from our analyses, we did adjust for 
this factor in any multivariable analyses; therefore it is unlikely that these factors could 
lead to bias in our results. Finally, because of the timing of recruitment for the D:A:D 
study, we were unable to consider the role of newer drugs and combinations on lipid 
profiles, such as lopinavir/RTV, which has been reported to have a greater impact on 
lipid profiles than NFV 62, or tenofovir or atazanavir, both of which have been reported 
to have smaller effects than earlier ART regimens.63 Further follow-up and a possible 
extension to the D:A:D study may enable us to consider these drugs in the future. 

Studies such as D:A:D investigate whether CART-associated metabolic 
disorders contribute to premature onset of CHD. Given the current need for lifelong 
therapy, considerations of longer-term toxicities are becoming increasingly important 
when choosing between different regimens that are anticipated to be similar 
virologically. Our results, particularly in terms of an increased risk of dyslipidaemia in 
patients receiving RTV and a reduced risk of a low HDL-c in patients receiving 
NNRTIs, particularly NVP, may be associated with differences in CHD risk, and, 
therefore, may give the NNRTI regimens an advantage over current PI-containing 
regimens, particularly in patients with pre-existing known risk factors for CHD. 
However, we would like to underscore that, at this stage, this discussion remains 
speculative. With additional follow-up and clinical endpoints, the D:A:D study may, in 
due course, have data to assess the association between different types of CART 
regimens and the risk of CHD. 
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Efficacy of non-nucleoside reverse transcriptase inhibitors 

Highly active antiretroviral therapy (HAART) including a non-nucleoside reverse 
transcriptase inhibitor (NNRTI) is one of the recommended strategies for the initial 
treatment of HIV-1 infection.1-3 In this thesis, we have shown that the antiretroviral 
efficacy of two of the most commonly used NNRTIs nevirapine (NVP) and efavirenz 
(EFV) is similar with respect to viral suppression, both in the initial two weeks of 
treatment and during 48 weeks. Although we could not assume formal equivalence of 
the two drugs within a-priori defined limits, differences in efficacy were small. This 
similar efficacy was seen for all patients regardless of the stage of HIV-1 infection at 
which treatment was initiated. Only in patients with a CD4 count less than 25 
cells/mm3, there was a slight, but statistically non-significant, advantage of EFV over 
NVP.  

These findings from the 2NN study seem to contradict the results of large 
observational cohort studies, as discussed in chapter 2. Comparing results from 
different types of studies is difficult due to issues inherent to the study design. The 
randomisation process in a clinical trial assures the presence of comparable treatment 
groups, but it is often performed within specific patient populations, which can make it 
difficult to generalise the results from such a clinical trial. A cohort study has the 
general patient population as a starting point and reflects in this respect a more ‘real 
life’ situation. However, the main drawback is the absence of randomisation. The 
choice of treatment in this type of study depends on patient characteristics and 
physician’s preferences, which can influence the eventual success of the treatment.4-6 

Although the randomised clinical trial is considered the gold standard to assess 
drug efficacy, estimates can be biased. Freemantle et al. discussed the frequent use of 
composite endpoints in randomised clinical trials.7 A composite endpoint includes 
several components of the disease in one single outcome measurement. Composite 
endpoints are also frequently used in the field of HIV-research through the endpoint of 
treatment failure.8 This endpoint incorporates a measure of tolerability for the allocated 
treatment. When, even within the margins of the study protocol, there are large 
differences between study sites in the interpretation of tolerability and subsequent 
changing of allocated treatment, such a composite endpoint can be biased and influence 
the overall study result.  

To a certain extent this might have happened in the 2NN study, where we 
found geographical differences in the frequency in which participants changed 
allocated treatment. These changes were at least to some extent patient or physician 
driven, rather than based on the incidence of adverse events.9 This possible bias in the 
2NN study has, if anything, overestimated the overall differences in efficacy between 
NVP and EFV. In a cohort study it is almost impossible to control treatment change and 
such a composite endpoint is not very useful in such a design. 

During protocol development and data analysis of both clinical trials and 
cohort studies, one should be aware of the possible biases introduced. The use of a 
composite endpoint is helpful to capture different aspects of drug efficacy in one 
measurement, but care should be taken not to include components that can easily be 
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influenced by conscious or unconscious behaviour. In cohort studies, care should be 
taken to adjust the analyses for non-randomisation or clustering of patients within 
specific centers of the cohort. Analyses techniques like propensity scores or frailty 
adjustments are promising tools for making such adjustments.10-14 
 

Side effects and quality of life 

The side effects of NNRTIs have been well characterized. For NVP, one of the main side 
effect is a drug induced skin rash. A severe rash (grade 3 or 4 according to the AIDS 
Clinical Trial Group [ACTG] toxicity grading scale 15) is seen in between three and seven 
percent of the patients using NVP as part of their HAART regimen, prompting 
discontinuation of NVP.16-19 Occasionally this rash can be more severe and develop into 
a Stevens-Johnson Syndrome (SJS) or toxic epidermal necrolysis (TEN) with a 
potentially fatal outcome.20-22 The occurrence of rash can not be prevented by 
simultaneous use of antihistamines or prednisolone during the early weeks of 
treatment.23-27 Current guidelines advise an initial lead-in dose of half the drug dose in 
the first two weeks of treatment to avoid high concentrations of NVP. The rash occurs 
most frequently in the early weeks of treatment.17 
 NVP is also clearly associated with the occurrence of hepatotoxity, being 
increased transaminase levels or, less often, clinical hepatitis. In an extensive analysis of 
patients treated with NVP in 16 clinical studies (9 uncontrolled, and 8 controlled trials), 
5% of the patients developed symptomatic hepatic events of which half were associated 
with rash. This risk of symptomatic hepatic events in patients using NVP was higher 
than the risk seen in patients not using NVP in the controlled trials.28 Co-infection with 
hepatits B or hepatitis C virus is a major risk factor for the development of 
hepatotoxicity in patients using NVP.29,30 Close monitoring of transaminase levels, 
especially during the initial phase of therapy is recommended but can not prevent a 
sudden development of a fulminant hepatitis.31,32 

The main side effects for EFV are of a neurologic or psychiatric nature. Sleep 
disturbances, vivid dreams or nightmares, or dizziness in some studies are reported by 
more than half of the patients.33 Although severe effects are much less common, these 
side effects can still have a marked negative influence on the health related quality of 
life (HRQoL). In general, these side effects of EFV are transient, although some studies 
indicate differently.34 

In the 2NN study, we did not see adverse events that were outside the scope of 
the events described above. The occurrence of an adverse event was the main reason to 
change the allocated treatment, both in patients using NVP and EFV. Despite the fact 
that the types of reported adverse events were clearly different for the two drugs, the 
changes in HRQoL did not differ. This is an important finding, since a deterioration of 
the HRQoL when using medication might lead to non-adherence and subsequent 
treatment failure.35 In the era of very potent antiretroviral regimens and small 
differences in efficacy between regimens, studies on HRQoL should be performed more 
often. Not only as a routine measurement in randomised trials, but specifically 
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designed to capture the effect of side effects on patients’ well being. The study on 
HRQoL presented in this thesis showed that it is very difficult to capture these effects 
when not specifically designed for, despite specific analyses strategies being available 
to deal with HRQoL assessment in studies where a substantial number of the patients 
leave the study because of an adverse event.35-37  
 

Changes in lipids and lipoproteins 

In contrast to the similar antiretroviral efficacy of NNRTI-based HAART and a regimen 
based on a protease inhibitor (PI), these two types of HAART regimens have a 
markedly different effect on the plasma concentration of lipids and lipoproteins. Most 
PI-containing therapy is associated with increased levels of triglycerides (TG), total 
cholesterol (TC) and low-density lipoprotein cholesterol (LDL-c).38-40 Although 
regimens including an NNRTI may induce increases in TC and LDL-c levels, they may 
also induce a concurrent increase in high-density lipoprotein cholesterol (HDL-c) 
levels, that is not seen, or to a much lesser extent, with traditional PI-based HAART.41  

In this thesis we have confirmed these findings in the large multinational ‘Data 
Collection on Adverse events of Anti-HIV Drugs’ (D:A:D) cohort. Patients who started 
for the first time an NNRTI-based HAART regimen had a lower risk of having a low 
HDL-c level during treatment. This resulted in a lower TC:HDL-c ratio for patients who 
started an NNRTI- based regimen compared to patients who started a PI-based 
regimen. Such lower TC:HDL-c ratio is expected to be associated with a lower risk for 
coronary heart disease (CHD).42,43 The magnitude of the HDL-c increase seen with NVP 
is of a similar magnitude as the HDL-c increases reported with the most powerful 
HDL-c increasing drugs that are currently in clinical development.44 Unravelling the 
mechanisms behind the NNRTI-associated HDL-c increase might give a valuable 
contribution to the development of novel interventions to be used in CHD-risk 
reducing strategies. 

In chapter 3 we showed that in the 2NN study both NVP and EFV were 
associated with an increase in HDL-c after 48 weeks of treatment. The proportional 
increase from baseline was, however, larger for NVP than for EFV. At the same time, 
the increase in TC was larger in the EFV group compared to the NVP group. This 
resulted in an increased TC:HDL-c ratio for EFV, but a decreased TC:HDL-c ratio for 
NVP. The emerging lipid profile during NNRTI-based HAART seems therefore less 
atherogenic when patients are using NVP, in comparison to EFV. This distinction can 
be used when considering first-line antiretroviral treatment in a population that is 
known for its high prevalence of other risk factors for CHD.45 

Changes in the lipid profile of patients using HAART, has received much 
attention in the last few years. In a meeting of the Forum for Collaborative HIV Research in 
Washington in 2003, experts in the fields of HIV and cardiovascular disease discussed 
the emerging evidence from studies that explored the relation between the use of 
antiretroviral drugs and CHD. At the centre of discussion were the results from the  
D:A:D study. This study showed that with each additional year of antiretroviral 
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therapy use, the risk for CHD increases with 26%. The experts concluded that concern 
about such relation was warranted, but that more research needed to be done. The 
existence of good and validated surrogate markers for atherosclerosis make such 
studies feasible.  

Two of these markers are the intima-media thickness (IMT) of the carotid 
artery46-48, and measurement of atherosclerotic plaques.49 In a recent study, it was 
shown that HIV-infection was associated with increased IMT values, and that the rate 
of IMT progression was several times larger than in non HIV-infected persons.50 The 
study did not assess the relation between IMT values and antiretroviral therapy use. 
Other studies tried to assess such a relation, especially with the use of PI-containing 
regimens, but with contradictory results.46,51  

The underlying mechanisms for the possible relation between HAART and 
CHD are still unclear, just like the precise contribution of changes in the lipid profile. 
The concern about CHD with the use of HAART makes it not surprising that drug 
companies are focussing on the effect of their new drugs on the lipid profile. The latest 
PI that was licensed, atazanavir, was specifically marketed as an antiretroviral drug 
that did not show the detrimental effects on plasma lipids as the other known PIs.  
 

Which NNRTI to choose 

The overall conclusion from the research presented in this thesis is that one size does not 
fit all.  NVP and EFV show similar antiretroviral efficacy, although subtle differences in 
efficacy exists between the two drugs. Since both drugs are associated with similar 
gains in CD4+ cells and HRQoL, there is room for optimising NNRTI-based HAART to 
the patient’s need. This observation was also made in two editorials that accompanied 
the publication of separate 2NN manuscripts.52,53 

The differential effect of the drugs on the lipid profile gives NVP advantage in 
patients with pre-existing risk factors for CHD. Furthermore, NVP can be used in 
pregnancy in contrast to EFV, which is contraindicated due to possible teratogenicity. 
For this reason, NVP is widely used in programmes for the prevention of mother-to-
child transmission (MCTC), where it has proven to be an invaluable asset.54-56 Even a 
single dose of NVP given to the mother during labour and to the child directly after 
birth lowered the risk of HIV transmission during pregnancy and birth with almost 
50%.56 Unfortunately, recent studies have shown that this strategy needs to be amended 
since the use of single dose NVP in MCTC prevention programmes is associated with 
widespread NVP-resistance in both the mother and the baby.57,58 This impacts on the 
efficacy of subsequent therapy when this is initiated.57 Embedding NVP in a HAART 
regimen during pregnancy and delivery, rather than providing just a single dose of 
NVP, might reduce this problem. 

In the 2NN study, EFV had a slightly better efficacy compared to NVP, with 
respect to the proportion of patients with treatment failure. However, this difference 
was not statistically significant. Apart from its antiretroviral efficacy, another 
advantage of EFV is its once daily dosing, since this is an option that is preferred by 
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many patients. Although the data indicate that NVP once daily is effective, it is not 
licensed for once daily dosing. In the 2NN study, NVP once daily was associated with a 
significantly higher incidence of transminase elevations compared to the twice daily 
regimen.  

The side effects of both drugs are well described and these can be taken into 
account when choosing between NVP and EFV. Close monitoring for these side effects 
will minimise the risk of occurrence but will not prevent them. Although the impact 
and extent of the neuropsychiatric events associated with EFV should not be ignored, 
fatal side effects of NVP have been reported. A careful assessment of possible risk 
factors for the development of some of these events, like female sex and high baseline 
CD4 cell count, is possible. By doing so, high risk patients can be identified and given 
alternative treatment regimens.59 
 

New NNRTIs 

The low genetic barrier of NNRTIs has led to the search for new drugs within this class, 
which are not associated with a rapid development of drug-resistance. The drugs 
furthest in their development are TMC-125 and capravirine. Both drugs are very 
promising with respect to antiretroviral efficacy. Monotherapy with TMC-125 showed 
to be effective in lowering HIV-1 RNA in plasma in a placebo-controlled trial.60 Another 
study showed a similar early decline in HIV-1 RNA in patients using TMC-125 
monotherapy when retrospectively compared to the decline seen with a 5-drug 
regimen in therapy naive patients.61 TMC-125 also showed to be effective in patients 
with NNRTI resistance when substituting the current NNRTI with TMC-125.62 
Resistance to TMC-125 seems to happen at a lower rate compared to the present 
NNRTIs in in vitro experiments.63,64   

In a phase-I study with capravirine, patients showed a good initial decline in 
HIV-1 RNA during the first 15 days of treatment, without major adverse events 
occurring.65 Capravirine also showed activity against HIV-1 isolates from patients who 
had failed their NNRTI regimen.66 Just as for TMC-125, the selection of capravirine 
resistant virus seems to be delayed in in vitro experiments compared to the present 
NNRTIs.67 

Apart from these new NNRTIs in clinical development, there are many 
compounds being developed with a wide range of chemical structures and properties. 
Modification of the NVP molecule has identified several lead components that show 
excellent activity against HIV-1 virus with key mutations associated with NNRTI 
resistance.68 When the stability of these compounds is improved, they might be 
potential compounds for future development. Lead compounds from the group of 
benzophenones are potent inhibitors of both wild-type and NNRTI-resistant HIV-1 
viruses in vitro.69 MSK-076 is a compound from the PETT group. It not only showed 
potent inhibition of NNRTI-resistant HIV-1 viruses in vitro, but also activity against 
HIV-2 virus. Selected mutations with this drug are distinct from the ones seen with the 
‘classical’ NNRTIs.70 NNRTIs with a novel way of HIV-1 RT inhibition are also being 
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examined. An example of this is the compound CP-49-707, which alters the 
conformation of the NNRTI binding pocket.71 
 

Conclusion 

The class of NNRTIs is and will be one of the cornerstones of everyday antiretroviral 
treatment in HIV-1 infection. A proper choice at the start of treatment, adequate 
monitoring of its potency and optimising adherence will give the patient the full 
benefits of these compounds. The development of new NNRTIs has the potential to 
overcome cross-resistance with the existing compounds. 

Despite this optimistic statement, we should not forget that in non-western 
countries, only 7% of the patients who need antiretroviral therapy actually has access to 
it.72 Scaling up access to antiretroviral drugs is one of the priorities of the World Health 

Organisation but this will demand mobilisation of large quantities of both political will 
and resources.73,74 The institution of funding mechanisms like the World Bank, 
Multicountry AIDS Programme (MAP), the Global Fund to Fight AIDS, Tuberculosis and 
Malaria (GFATM) and the President’s Emergency Plan for AIDS Relief (PEPFAR), has been 
an important step in this direction, but the effective implementation of treatment 
programmes in several African countries requires a departure from business as usual.75,76



 
 
 
 
 
 

Discussion 

191 
 
 
 
 
 
 

References 

1.  Yeni PG, Hammer SM, Hirsch MS, et al: Treatment for adult HIV infection: 2004 
recommendations of the International AIDS Society-USA Panel. JAMA. 2004; 
292:251-65.  

2.  Pozniak A, Gazzard B, Anderson J, et al: British HIV Association (BHIVA) 
guidelines for the treatment of HIV-infected adults with antiretroviral 
therapy. HIV Med. 2003; 4 Suppl 1:1-41.  

3.  Guidelines for the use of antiretroviral agents in HIV-1 infected adults and 
adolescents. Available at: http://aidsinfo.nih.gov//guidelines. Accessed May 
19, 2004. 

4.  Dunn D, Babiker A, Hooker M, et al: The dangers of inferring treatment effects 
from observational data: a case study in HIV infection. Control Clin Trials. 
2002; 23:106-10.  

5.  Ioannidis JP, Haidich AB, Pappa M, et al: Comparison of evidence of treatment 
effects in randomized and nonrandomized studies. JAMA. 2001; 286:821-30.  

6.  Pocock SJ, Elbourne DR: Randomized trials or observational tribulations? N Engl J 
Med. 2000; 342:1907-9.  

7.  Freemantle N, Calvert M, Wood J, et al: Composite outcomes in randomized trials: 
greater precision but with greater uncertainty? JAMA. 2003; 289:2554-9.  

8.  van Leth F, Lange JM: Use of composite end points to measure clinical events. 
JAMA. 2003; 290:1456-7.  

9.  van Leth F, Kappelhoff BS, Hall DB, et al: Regional differences in treatment failure 
in the 2NN Study. 7th International Congress on Drug Therapy in HIV 
Infection, Glasgow, UK, 14-18 November 

10.  Cepeda MS, Boston R, Farrar JT, et al: Comparison of logistic regression versus 
propensity score when the number of events is low and there are multiple 
confounders. Am J Epidemiol. 2003; 158:280-7.  

11.  Sahu SK, Dey DK: A comparison of frailty and other models for bivariate survival 
data. Lifetime Data Anal. 2000; 6:207-28.  

12.  Joffe MM, Rosenbaum PR: Invited commentary: propensity scores. Am J 
Epidemiol. 1999; 150:327-33.  

13.  Ross EA, Moore D: Modeling clustered, discrete, or grouped time survival data 

with covariates. Biometrics. 1999; 55:813-9.  
14.  D'Agostino RB, Jr.: Propensity score methods for bias reduction in the 

comparison of a treatment to a non-randomized control group. Stat Med. 
1998; 17:2265-81.  

15.  K.V S: AIDS Clinical Trial Group. Table of Grading Severity of Adult Advers 
Experiences. Division of AIDS. National Institute of Allergy and Infectious 
Diseases, 1996 

16.  D'Aquila RT, Hughes MD, Johnson VA, et al: Nevirapine, zidovudine, and 
didanosine compared with zidovudine and didanosine in patients with HIV-
1 infection. A randomized, double-blind, placebo-controlled trial. National 



 
 
 
 
 
 

Chapter 10 

192 
 
 
 
 
  
 

Institute of Allergy and Infectious Diseases AIDS Clinical Trials Group 
Protocol 241 Investigators. Ann Intern Med. 1996; 124:1019-30.  

17.  Pollard RB, Robinson P, Dransfield K: Safety profile of nevirapine, a 
nonnucleoside reverse transcriptase inhibitor for the treatment of human 

immunodeficiency virus infection. Clin Ther. 1998; 20:1071-92.  
18.  Podzamczer D, Ferrer E, Consiglio E, et al: A randomized clinical trial comparing 

nelfinavir or nevirapine associated to zidovudine/lamivudine in HIV-
infected naive patients (the Combine Study). Antivir Ther. 2002; 7:81-90.  

19.  Van Leeuwen R, Katlama C, Murphy RL, et al: A randomized trial to study first-
line combination therapy with or without a protease inhibitor in HIV-1-

infected patients. AIDS. 2003; 17:987-99.  
20.  Warren KJ, Boxwell DE, Kim NY, et al: Nevirapine-associated Stevens-Johnson 

syndrome. Lancet. 1998; 351:567.  
21.  Fagot JP, Mockenhaupt M, Bouwes-Bavinck JN, et al: Nevirapine and the risk of 

Stevens-Johnson syndrome or toxic epidermal necrolysis. AIDS. 2001; 
15:1843-8.  

22.  Metry DW, Lahart CJ, Farmer KL, et al: Stevens-Johnson syndrome caused by the 
antiretroviral drug nevirapine. J Am Acad Dermatol. 2001; 44:354-7.  

23.  Failure of Cetirizine to Prevent Nevirapine-Associated Rash: A Double-Blind 
Placebo-Controlled Trial for the GESIDA 26/01 Study. J Acquir Immune Defic 
Syndr. 2004; 37:1276-81.  

24.  Launay O, Roudiere L, Boukli N, et al: Assessment of cetirizine, an antihistamine, 
to prevent cutaneous reactions to nevirapine therapy: results of the 
viramune-zyrtec double-blind, placebo-controlled trial. Clin Infect Dis. 2004; 
38:e66-72.  

25.  Montaner JS, Cahn P, Zala C, et al: Randomized, controlled study of the effects of 
a short course of prednisone on the incidence of rash associated with 
nevirapine in patients infected with HIV-1. J Acquir Immune Defic Syndr. 
2003; 33:41-6.  

26.  Knobel H, Miro JM, Domingo P, et al: Failure of a short-term prednisone regimen 
to prevent nevirapine-associated rash: a double-blind placebo-controlled 
trial: the GESIDA 09/99 study. J Acquir Immune Defic Syndr. 2001; 28:14-8.  

27.  Wit FW, Wood R, Horban A, et al: Prednisolone does not prevent hypersensitivity 
reactions in antiretroviral drug regimens containing abacavir with or without 
nevirapine. AIDS. 2001; 15:2423-9.  

28.  Stern JO, Robinson PA, Love J, et al: A comprehensive hepatic safety analysis of 
nevirapine in different populations of HIV infected patients. J Acquir 
Immune Defic Syndr. 2003; 34 Suppl 1:S21-33.  

29.  Sulkowski MS, Thomas DL, Mehta SH, et al: Hepatotoxicity associated with 
nevirapine or efavirenz-containing antiretroviral therapy: role of hepatitis C 
and B infections. Hepatology. 2002; 35:182-9.  

30.  den Brinker M, Wit FW, Wertheim-van Dillen PM, et al: Hepatitis B and C virus 
co-infection and the risk for hepatotoxicity of highly active antiretroviral 

therapy in HIV-1 infection. AIDS. 2000; 14:2895-902.  



 
 
 
 
 
 

Discussion 

193 
 
 
 
 
 
 

31.  Schiodt FV, Lee WM: Fulminant liver disease. Clin Liver Dis. 2003; 7:331-49, vi.  
32.  Bissell DM, Gores GJ, Laskin DL, et al: Drug-induced liver injury: mechanisms 

and test systems. Hepatology. 2001; 33:1009-13.  
33.  Staszewski S, Morales-Ramirez J, Tashima KT, et al: Efavirenz plus zidovudine 

and lamivudine, efavirenz plus indinavir, and indinavir plus zidovudine 
and lamivudine in the treatment of HIV-1 infection in adults. Study 006 

Team. N Engl J Med. 1999; 341:1865-73.  
34.  Lochet P, Peyriere H, Lotthe A, et al: Long-term assessment of neuropsychiatric 

adverse reactions associated with efavirenz. HIV Med. 2003; 4:62-6.  
35.  Carballo E, Cadarso-Suarez C, Carrera I, et al: Assessing relationships between 

health-related quality of life and adherence to antiretroviral therapy. Qual 
Life Res. 2004; 13:587-99.  

36.  Mounier N, Ferme C, Flechtner H, et al: Model-based methodology for analyzing 
incomplete quality-of-life data and integrating them into the Q-TWiST 
framework. Med Decis Making. 2003; 23:54-66.  

37.  Raboud JM, Singer J, Thorne A, et al: Estimating the effect of treatment on quality 
of life in the presence of missing data due to drop-out and death. Qual Life 
Res. 1998; 7:487-94.  

38.  Carr A, Samaras K, Thorisdottir A, et al: Diagnosis, prediction, and natural course 
of HIV-1 protease-inhibitor-associated lipodystrophy, hyperlipidaemia, and 
diabetes mellitus: a cohort study. Lancet. 1999; 353:2093-9.  

39.  Behrens G, Dejam A, Schmidt H, et al: Impaired glucose tolerance, beta cell 
function and lipid metabolism in HIV patients under treatment with 
protease inhibitors. AIDS. 1999; 13:F63-70.  

40.  Carr A, Miller J, Law M, et al: A syndrome of lipoatrophy, lactic acidaemia and 
liver dysfunction associated with HIV nucleoside analogue therapy: 

contribution to protease inhibitor-related lipodystrophy syndrome. AIDS. 
2000; 14:F25-32.  

41.  van der Valk M, Kastelein JJ, Murphy RL, et al: Nevirapine-containing 
antiretroviral therapy in HIV-1 infected patients results in an anti-

atherogenic lipid profile. AIDS. 2001; 15:2407-14.  
42.  Criqui MH, Golomb BA: Epidemiologic aspects of lipid abnormalities. Am J Med. 

1998; 105:48S-57S.  
43.  Kinosian B, Glick H, Garland G: Cholesterol and coronary heart disease: 

predicting risks by levels and ratios. Ann Intern Med. 1994; 121:641-7.  
44.  Brewer HB, Jr.: High-density lipoproteins: a new potential therapeutic target for 

the prevention of cardiovascular disease. Arterioscler Thromb Vasc Biol. 2004; 
24:387-91.  

45.  Friis-Moller N, Weber R, Reiss P, et al: Cardiovascular disease risk factors in HIV 
patients--association with antiretroviral therapy. Results from the DAD 
study. AIDS. 2003; 17:1179-93.  

46.  Seminari E, Pan A, Voltini G, et al: Assessment of atherosclerosis using carotid 
ultrasonography in a cohort of HIV-positive patients treated with protease 

inhibitors. Atherosclerosis. 2002; 162:433-8.  



 
 
 
 
 
 

Chapter 10 

194 
 
 
 
 
  
 

47.  Simon A, Gariepy J, Chironi G, et al: Intima-media thickness: a new tool for 
diagnosis and treatment of cardiovascular risk. J Hypertens. 2002; 20:159-69.  

48.  Chambless LE, Heiss G, Folsom AR, et al: Association of coronary heart disease 
incidence with carotid arterial wall thickness and major risk factors: the 

Atherosclerosis Risk in Communities (ARIC) Study, 1987-1993. Am J 
Epidemiol. 1997; 146:483-94.  

49.  Spence JD: Ultrasound measurement of carotid plaque as a surrogate outcome for 
coronary artery disease. Am J Cardiol. 2002; 89:10B-15B; discussion 15B-16B.  

50.  Hsue PY, Lo JC, Franklin A, et al: Progression of atherosclerosis as assessed by 
carotid intima-media thickness in patients with HIV infection. Circulation. 
2004; 109:1603-8.  

51.  Chironi G, Escaut L, Gariepy J, et al: Brief report: carotid intima-media thickness 
in heavily pretreated HIV-infected patients. J Acquir Immune Defic Syndr. 
2003; 32:490-3.  

52.  Carr A: Antiretroviral therapy for previously untreated HIV-1-infected adults: 
2NN, or just one? Lancet. 2004; 363:1248-50.  

53.  Different HIV drugs cause different lipid profiles. PLoS Med. 2004; 1:e24.  
54.  Jackson JB, Musoke P, Fleming T, et al: Intrapartum and neonatal single-dose 

nevirapine compared with zidovudine for prevention of mother-to-child 
transmission of HIV-1 in Kampala, Uganda: 18-month follow-up of the 
HIVNET 012 randomised trial. Lancet. 2003; 362:859-68.  

55.  Efficacy of three short-course regimens of zidovudine and lamivudine in 
preventing early and late transmission of HIV-1 from mother to child in 
Tanzania, South Africa, and Uganda (Petra study): a randomised, double-

blind, placebo-controlled trial. Lancet. 2002; 359:1178-86.  
56.  Guay LA, Musoke P, Fleming T, et al: Intrapartum and neonatal single-dose 

nevirapine compared with zidovudine for prevention of mother-to-child 
transmission of HIV-1 in Kampala, Uganda: HIVNET 012 randomised trial. 
Lancet. 1999; 354:795-802.  

57.  Jourdain G, Ngo-Giang-Huong N, Le Coeur S, et al: Intrapartum exposure to 
nevirapine and subsequent maternal responses to nevirapine-based 
antiretroviral therapy. N Engl J Med. 2004; 351:229-40.  

58.  Eshleman SH, Jackson JB: Nevirapine resistance after single dose prophylaxis. 
AIDS Rev. 2002; 4:59-63.  

59.  Shepard KV. Clarification of risk factors for severe, life-threatening and fatal 
hepatotoxicity with VIRAMUNE® (nevirapine). Available at: 
http://www.bidocs.com/renetnt:/Notifications/Dear+HCP+ltr+Feb+2004.pdf
. Accessed June 3, 2004. 

60.  Gruzdev B, Rakhmanova A, Doubovskaya E, et al: A randomized, double-blind, 
placebo-controlled trial of TMC125 as 7-day monotherapy in antiretroviral 
naive, HIV-1 infected subjects. AIDS. 2003; 17:2487-94.  

61.  Sankatsing SU, Weverling GJ, Peeters M, et al: TMC125 exerts similar initial 

antiviral potency as a five-drug, triple class antiretroviral regimen. AIDS. 
2003; 17:2623-7.  



 
 
 
 
 
 

Discussion 

195 
 
 
 
 
 
 

62.  Gazzard BG, Pozniak AL, Rosenbaum W, et al: An open-label assessment of TMC 
125--a new, next-generation NNRTI, for 7 days in HIV-1 infected individuals 

with NNRTI resistance. AIDS. 2003; 17:F49-54.  
63.  Pauwels R: New non-nucleoside reverse transcriptase inhibitors (NNRTIs) in 

development for the treatment of HIV infections. Curr Opin Pharmacol. 2004; 
4:437-46.  

64.  Vingerhoets J, Azijn H, Fransen E, et al: TMC125 can suppress the selection of 
resistant HIV from a virus population carrying the K103N or the Y181C 

mutation. Antivir Ther. 2002; 7:S11-S11.  
65.  Gewurz BE, Jacobs M, Proper JA, et al: Capravirine, a Nonnucleoside Reverse-

Transcriptase Inhibitor in Patients Infected with HIV-1: A Phase 1 Study. J 
Infect Dis. 2004; 190:1957-61.  

66.  Alexander TN, Leavitt MC, Rudy JJ, et al: Anitviral activity of the HIV-1 non-
nucleoside reverse transcriptase inhibitor (NNRTI) capravirine against HIV-
1 variants from NNRTI-experienced patients. Antivir Ther. 2001; 6.  

67.  Hammond JN, Raber SR, Amantea M, et al: Determination of capravirine 
inhibitory quotient in HIV-infected, NNRTI-treatment experienced patients. 
41st Annual Meeting of the American Society of Infectious Diseases, San Diego, 
USA, 9-12 October 

68.  Yoakim C, Bonneau PR, Deziel R, et al: Novel nevirapine-like inhibitors with 
improved activity against NNRTI-resistant HIV: 8-
heteroarylthiomethyldipyridodiazepinone derivatives. Bioorg Med Chem 
Lett. 2004; 14:739-42.  

69.  Chan JH, Freeman GA, Tidwell JH, et al: Novel benzophenones as non-nucleoside 
reverse transcriptase inhibitors of HIV-1. Journal of Medicinal Chemistry. 
2004; 47:1175-82.  

70.  Auwerx J, Stevens M, Van Rompay AR, et al: The phenylmethylthiazolylthiourea 
nonnucleoside reverse transcriptase (RT) inhibitor MSK-076 selects for a 
resistance mutation in the active site of human immunodeficiency virus type 
2 RT. J Virol. 2004; 78:7427-37.  

71.  Pata JD, Stirtan WG, Goldstein SW, et al: Structure of HIV-1 reverse transcriptase 
bound to an inhibitor active against mutant reverse transcriptases resistant to 

other nonnucleoside inhibitors. Proc Natl Acad Sci U S A. 2004; 101:10548-53.  
72.  UNAIDS: Report on the global HIV/AIDS epidemic: 4th global report, in2004 
73.  Treating 3 million by 2005; Making it happen; the WHO strategy. Available at: 

http://www.who.int/3by5/publications/documents/isbn9241591129/en/. 
Accessed August 2, 2004. 

74.  Taylor K, DeYoung P: WHO's 3-by-5 target. Lancet. 2003; 362:918.  
75.  Lange JM, Thaineua V: Access for all? Science. 2004; 304:1875.  
76.  Rischard JF: High Noon. Oxford, Basic Books, 2002



 

 



 

197 
 
 
 
 
 
 

CHAPTER  11 

 

SUMMARY 

 

NEDERLANDSE SAMENVATTING 

 



 

 



 
 
 
 
 
 

Summary 

199 
 
 
 
 
 
 

Summary 

The main aim of this thesis was to describe differences in efficacy and safety between 
the two most commonly used non-nucleoside reverse transcriptase inhibitors 
(NNRTIs), nevirapine (NVP) and efavirenz (EFV), in the treatment of HIV-1 infection.  
The 2NN study was specifically designed for this comparison. Up to the time this study 
was initiated, only cohort studies had compared the efficacy of NVP and EFV. From 
most of these studies it emerged that EFV had a superior efficacy to NVP. However, a 
cohort study for the comparison of drug efficacy is not the study design of choice due 
to the substantial risk of selection bias. Instead, a randomised controlled trial, like the 
2NN study, is considered the gold standard for efficacy comparisons.  

The 2NN study included 1216 patients from 65 different treatment centres in 17 
different countries of 5 different continents. The primary objective of the study was to 
assess whether the two standard dosing regimens, NVP 200 mg twice daily (bd) and 
EFV 600 mg once daily (od), were equally effective. Furthermore, it compared the 
efficacy of the standard NVP dosing with that of NVP dosed 400 mg od. Such a once 
daily dosing could simplify antiretroviral treatment. Finally, the 2NN study assessed 
the relative merits of combining the two NNRTIs. The study was conducted in 
antiretroviral therapy naive patients who were allocated to the use of NVP-od, NVP-
bd, EFV, or NVP+EFV, together with stavudine and lamivudine. 
 
The primary endpoint in the 2NN study for the assessment of efficacy was treatment 
failure. This was defined as a composite endpoint with three components: virology (a 
decline of less than 1 log10 in plasma HIV-1 RNA concentration [pVL] within the first 12 

weeks or two consecutive pVL measurements ≥ 50 copies/ml from week 24 onwards); 
disease progression (Centers for Disease Control and Prevention grade C event from 8 
weeks onwards or death); and therapy change (non-allowable change of allocated 
treatment).  

The difference between NVP-bd and EFV in the proportion of patients with 
treatment failure was 5.9% in favour of EFV (chapter 2). This difference was statistically 
not significant (95% confidence interval: - 0.9 to 12.8, p=0.091). However, equivalence 
within the 10% limits, as a-priory defined, could not be assumed. Change of the 
allocated treatment was in both treatment groups the main reason for treatment failure 
(22% and 20% in the NVP-bd and EFV group, respectively). The proportion of patients 
with a pVL below 50 copies/ml at week 48 was also not significantly different between 
the two treatment groups (64.4% and 70%, respectively). The median increase in CD4+ 
T-lymphocytes was 170 cells/mm3 in both treatment groups.  

When comparing NVP-od and NVP-bd, there were no statistically significant 
differences in any of the efficacy outcomes. The difference in the proportion of patients 
with treatment failure was just 0.1%. In the NVP-od group, 70% of the patients had a 
pVL below 50 copies/ml at week 48, while the median increase in CD4+ cells was 160 
cells/mm3.  

The treatment group that combined NVP and EFV showed the highest 
proportion of treatment failure (53.1%). The main reason for this was the increased 
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frequency of changing the allocated treatment (34.4%) due to increased toxicity. In the 
other efficacy endpoints, there also was no added value of combing NVP and EFV.  
 
The 2NN study did not impose restrictions on baseline levels of CD4+ cells for 
inclusion. Therefore we were able to compare the efficacy of NVP and EFV in the 
subgroup of patients who had an advanced HIV-1 infection at the start of antiretroviral 
treatment (chapter 3). The baseline values of the CD4 count and the pVL were stratified 
in seven and five groups, respectively, which were subsequently collapsed into three 
and two strata based on statistical parameters and clinical relevance. Within each 
combined CD4/pVL stratum, we compared the risk of virologic failure for NVP and 
EFV. 

There were no statistically significant differences in efficacy between both 
drugs in any of the strata. Only in patients with a CD4 count below 25 cells/mm3, there 
seemed to be a small, but statistically non-significant, advantage of EFV over NVP. The 
proportion of patient with a virologic failure in this stratum was 32% in the EFV group, 
while it was 44% in the NVP group. Also, the increase in CD4+ cells in this stratum was 
larger for EFV (195 cells/mm3) compared to NVP (160 cell/mm3).  
 
The initial decline in pVL after the start of antiretroviral treatment is an indicator of 
early efficacy. A fast decline is important, since continued replication of HIV-1 in the 
presence of drugs can lead to the evolution of resistant HIV-1 strains. This will have 
subsequently a negative impact on the long-term efficacy of a treatment regimen.  

We showed that the initial pVL decline, calculated as the viral decay constant 
(VDc) in the first two weeks of treatment, was very similar for NVP, EFV and 
NVP+EFV (chapter 4). The rate of decline was influenced by the baseline level of pVL. 
Patients with a pVL above 100,000 copies/ml were 8.7 times more likely to have a high 
VDc compared to patients with a lower baseline pVL. However, a fast initial viral decay 
was not associated with a lower risk of virologic failure on or before week 48.  
 
Optimal adherence to antiretroviral drugs for the treatment of HIV-1 infection is 
essential for long-term treatment success. In the pharmacokinetic sub-study of the 2NN 
we analysed over 4000 blood samples from therapy-adherent patients for NVP and EFV 
drug concentrations. 

We showed that patients who reported to be adherent to their treatment 
regimen had all plasma concentrations of NVP or EFV above the in vitro 90-95% 
inhibitory concentration. The risk of virologic failure in the NVP group started to 
increase when the minimum plasma concentration (Cmin) of NVP fell below 3.1 mg/l. 
However, this increased risk was not statistically significant, and we could not find any 
Cmin of NVP that was significantly associated with an increased risk of virologic failure.  
For EFV, we showed that a Cmin below 1.1 mg/l was associated with a 95% increased 
risk of virologic failure (chapter 5).  

However, the sensitivity of both cut-off values for the Cmin was too low (23% 
for NVP, 60% for EFV) to be of prognostic value for identifying virologic failure.  
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The adverse events associated with the use of NVP and EFV are well characterised. For 
NVP these are primarily rash and hepatotoxicity, and for EFV neuropsychiatric 
disorders. Experiencing an adverse event was the main reason for patients in all four 
treatment groups to change their allocated treatment (chapter 2). Of two patients who 
died during the study, the investigator reported a potential association with NVP use, 
one patient who died from a fulminant hepatitis, and another who died from a Stevens-
Johnson syndrome. There were no deaths associated with EFV-use reported.  

The proportion of patients with at least one grade 3 or 4 clinical adverse event 
in the 2NN study was 15% in the NVP-od group, 20.4% in the NVP-bd group, 18.0% in 
the EFV group and 24.4% in the NVP+EFV group. We found an unexpected high 
frequency of transaminase elevations in the NVP-od group (13,6%), compared to the 
NVP-bd group (8.3%), EFV group (4.5%), and the NVP+EFV group (9.1%). Whether 
this is of clinical relevance is not clear, since the frequency of clinical hepatitis was not 
increased in the NVP-od group (1.4%), compared to the other treatment groups (2.1%, 
0.3%, and 1.0% for NVP-bd, EFV, and NVP+EFV, respectively).  

 
Apart from clinical and laboratory parameters describing efficacy and safety of the 
treatment regimens, it is important to assess the effects these treatments have on the 
daily life of the patients. These effects will ultimately impact on the patient’s adherence 
to the prescribed treatment regimen.  

The health related quality of life (HRQoL) in the 2NN study was assessed by 
the ‘Medical Outcome Study HIV’ (MOS-HIV) questionnaire (chapter 6). This is an 
often-used tool in HRQoL research, which has been validated for a wide range of 
patient groups and geographical areas. Through factor analyses, the patient’s changes 
in HRQoL during antiretroviral therapy can be summarised in a physical health score 
(PHS) and mental health score (MHS).  

Despite the small differences in antiretroviral efficacy and the clear differences 
in adverse events, the patients allocated the NVP, EFV, and NVP+EFV reported a very 
similar increase in HRQoL. Patients allocated to any of the treatment groups showed an 
increase in both summary scores. The increases in PHS were smaller than the increases 
in MHS, but the increases were considered to be clinically relevant. 

 
During the last few years there has been an increasing interest in the changes of plasma 
concentrations of lipids and lipoproteins associated with antiretroviral therapy use. 
Marked changes in lipids and lipoproteins can potentially increase the cardiovascular 
risk of a patient. Differences in lipid changes between different antiretroviral regimens 
might therefore be of interest when choosing what regimen to start treatment with.  

In the 2NN study we showed that both NVP and EFV increased the level of 
high-density lipoprotein cholesterol (HDL-c) (chapter 8). An increased HDL-c level is in 
the general population associated with a decreased risk for coronary heart disease 
(CHD). The changes in HDL-c were significantly larger for NVP compared to EFV. At 
the same time, the increase in total cholesterol (TC) was smaller for NVP than for EFV, 
resulting in a decreased TC:HDL-c ratio in the NVP treatment group and an increased 
ratio in the EFV treatment group. This TC:HDL-c ratio is considered to be a marker for 
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CHD risk, where a smaller ratio is associated with a decreased risk in the general 
population. 

 Whether these changes in lipids are associated with CHD risk in the same 
fashion as they are in the general population remains to be seen. Only studies with 
clinical outcomes or validated surrogate markers can answer this question. However, 
the prevalence of CHD risk factors, like smoking, is known to be high in HIV-infected 
patients. In patients with pre-existing risk factors for CHD, the differences in lipid 
changes between NVP and EFV might therefore be one of the things to consider when 
choosing which drug to include in the treatment regimen. 

 
The aim of the two studies reported in this thesis that were not part of the 2NN study 
was to put NNRTI-based antiretroviral therapy into the context of antiretroviral 
therapy based on a protease inhibitor (PI). In chapter 7 we showed that the increase in 
CD4+ cells with an NVP-based regimen was significantly smaller compared to the 
increase seen with a PI-based regimen. This difference was most markedly seen in 
patients who started their therapy with a CD4 count below 200 cells/mm3.  

Finally, we confirmed the results from other studies that the lipid changes seen 
with NVP and EFV are clearly different from those seen with an antiretroviral therapy 
that does not include NNRTIs (chapter 9). For this we used the data from the ‘Data 
Collection on Adverse events of Anti-HIV Drugs’ (D:A:D) study. Amongst others, we 
compared the risk of developing dyslipidaemia in patients who started their 
antiretroviral treatment with an NNRTI-based regimen, and those who started with a 
PI-based regimen. This risk was significantly lower in the former group compared to 
the latter group, when assessing total cholesterol, high-density lipoprotein cholesterol. 
low-density lipoprotein cholesterol, and triglycerides.  

 
In conclusion, the studies presented in this thesis show that the differences in efficacy 
between NVP-bd and EFV are small. This holds true for early efficacy estimates, late 
efficacy estimates and for patients who start their NNRTI-based regimen while having 
advanced HIV-1 infection. The main difference between NVP-bd and EFV in the 
studies reported is their safety profile. Despite this, the gains in HRQoL are similar for 
NVP-based and EFV-based therapy. With respect to NVP-od, its efficacy is similar to 
that of the standard NVP-bd. However, there are concerns about the safety of this 
dosing regimen, which need to be further investigated. Combining NVP and EFV is not 
a valid option in the treatment of antiretroviral therapy naive patients since there is no 
gain in efficacy while toxicity is increased. The lipid changes seen with the use of an 
NNRTI-based regimen are markedly different and probably less atherogenic compared 
to the changes seen with PI-based regimens. Both NVP and EFV show these more 
favourable changes in lipids, but NVP more markedly. 
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Dit proefschrift beschrijft de verschillen in effectiviteit en veiligheid van twee 
veelvuldig gebruikte antiretrovirale middelen in de behandeling van HIV-1 infectie: 
nevirapine (NVP) en efavirenz (EFV). Beide middelen behoren tot de groep van de niet-
nucleoside reverse transcriptase remmers (NNRTI’s). Eerdere vergelijkingen tussen 
deze twee middelen is gedaan in cohortonderzoek.  Bijna zonder uitzondering lieten 
deze cohortonderzoeken een betere werkzaamheid van EFV zien ten opzichte van 
NVP. Echter, cohortonderzoek is niet de meest ideale vorm om de effectiviteit van 
geneesmiddelen te onderzoeken. In plaats daarvan is gerandomiseerd onderzoek, zoals 
de 2NN studie,  de aangewezen studievorm voor effectiviteitsvergelijkingen. 
 In de 2NN studie werden 1216 patiënten geïncludeerd uit 65 verschillende 
studiecentra in 17 verschillende landen van vijf continenten. De primaire doelstelling 
van het onderzoek was om na te gaan of de standaard doseringen van de NNRTI’s, 
NVP 200 mg twee maal daags en EFV 600 mg éénmaal daags, equivalent waren wat 
betreft hun antiretrovirale effectiviteit. Ook vergeleek de 2NN studie de effectiviteit 
van de standaard dosering van NVP met een dosering van 400 mg éénmaal daags. Een 
dergelijke éénmaal daagse dosering zou een versimpeling van de therapie betekenen. 
Als laatste vergeleek de 2NN studie de effectiviteit van een regime dat NVP en EFV 
combineerde. 
 De patiënten in de 2NN studie waren antiretrovirale therapie naïef en werden 
toegewezen aan de groep  NVP éénmaal daags, NVP tweemaal daags, EFV éénmaal 
daags of NVP+EFV éénmaal daags, in combinatie met stavudine en lamivudine. 
 
Het primaire eindpunt met betrekking tot effectiviteit in de 2NN studie was 
therapiefalen. Dit was een samengesteld eindpunt met drie componenten: virologie 
(een minder dan 1 log10 afname in plasma HIV-1 RNA concentratie (pVL) in de eerste 

12 weken of twee opéénvolgende pVL metingen van ≥ 50 kopieën /ml vanaf week 24); 
ziekteprogressie (Centers for Disease Control and Prevention graad C gebeurtenis 
vanaf week 8 of overlijden); therapieverandering (ongeoorloofde verandering van de 
toegewezen therapie). 
 Het verschil tussen NVP tweemaal daags en EFV éénmaal daags in het 
percentage patiënten met therapiefalen was 5.9% in het voordeel van EFV (hoofdstuk 
2). Dit verschil was niet statistisch significant (95% betrouwbaarheidsinterval – 0.9 tot 
12.8; p=0.091). Echter, equivalentie binnen de marges van 10%, zoals van tevoren 
gedefinieerd, kon niet worden aangetoond. In beide therapiegroepen was een 
ongeoorloofde verandering  van de toegewezen therapie de meest voorkomende reden 
van therapiefalen ( 22% voor NVP en 20% voor EFV). Het percentage patiënten met een 
pVL < 50 kopieën/ml op week 48 was ook niet statistisch significant verschillend 
tussen beide therapiegroepen (respectievelijk 64.4% en 70%). De mediane toename in 
het aantal CD4+ cellen was 170 cellen/mm3 voor zowel NVP tweemaal daags als EFV. 
 De vergelijking tussen NVP éénmaal daags en NVP tweemaal daags was voor 
geen enkele effectiviteitsmaat statistisch significant verschillend. Het verschil in het 
percentage patiënten met therapiefalen was slechts 0.1%.  Zeventig procent van de 
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patiënten in de NVP éénmaal daags groep had een pVL < 50 kopieën/ml op week 48, 
terwijl de toename in CD4+ cellen 160 cellen /mm3 bedroeg. 
 De  NVP+EFV groep vertoonde het hoogste percentage patiënten met 
therapiefalen (53.1%). De belangrijkste reden hiervoor was de hoge frequentie van 
patiënten met een ongeoorloofde verandering van de toegewezen therapie (34.4%) als 
gevolg van bijwerkingen. Ook in de andere effectiviteitsmaten was er geen voordeel 
van het combineren van NVP en EFV. 
 
Er waren geen restricties voor inclusie in de 2NN studie met betrekking tot de 
hoeveelheid CD4+ cellen. Daardoor was het mogelijk om de effectiviteit van NVP en 
EFV te vergelijken in de groep patiënten met een vergevorderde HIV-1 infectie op het 
moment dat zij met therapie begonnen (hoofdstuk 3).  Hiervoor werden de 
uitgangswaarden van de CD4+ cellen en de pVL onderverdeeld in respectievelijk zeven 
en vijf groepen. Deze werden vervolgens samengevoegd tot drie en twee groepen op 
grond van statistische overwegingen en klinische relevantie.  Het risico op virologisch 
falen werd vergeleken voor NVP en EFV binnen elke gecombineerde CD4/pVL groep. 

In geen enkele  groep was er  een statistisch significant verschil in effectiviteit 
tussen NVP en EFV. Alleen bij patiënten met een CD4 uitgangswaarde van minder dan 
25 cellen/mm3 was er een, niet statistisch significant, voordeel van EFV ten opzichte 
van NVP. Het percentage patiënten met virologisch falen was in deze groep 32% in 
vergelijking met 44% in de NVP groep. Ook de toename in CD4+ cellen in de EFV 
groep was in deze patiënten groter (195 cellen/mm3) in vergelijking met de NVP groep 
(160 cellen/mm3). 

 
De initiële afname van de pVL na het starten van antiretrovirale therapie is een maat 
voor de vroege effectiviteit. Een snelle afname is van belang omdat aanhoudende 
virusvermenigvuldiging in de aanwezigheid van een geneesmiddel kan leiden tot het 
ontstaan van resistente virusstammen. De aanwezigheid van dergelijke stammen heeft 
een negatieve invloed op de lange-termijns effectiviteit van de therapie. 
 We hebben aangetoond dat de initiële pVL afname in de eerste twee weken, 
gemeten als de ‘virus afname constante ‘ (viral decay constant [VDc])’ vergelijkbaar is 
voor NVP, EFV en NVP+EFV (hoofdstuk 4). Deze virusafname werd sterk beïnvloed 
door de uitgangswaarde van de pVL. Patiënten met een pVL uitgangswaarde van meer 
dan 100.000 kopieën/ml hadden 8.7 keer meer kans op het hebben van een grote VDc 
dan patiënten met een lagere pVL uitgangswaarde. Echter, een snelle initiële 
virusafname was niet gerelateerd aan een kleiner risico op virologisch falen op of voor 
48 weken. 
  
Optimale therapietrouw voor de antiretrovirale middelen is essentieel voor een lange-
termijns succes van de behandeling. In de pharmacokinetische substudie van de 2NN 
hebben we meer dan 4000 bloedmonsters van therapietrouwe patiënten geanalyseerd 
op concentraties van NVP en EFV (hoofdstuk 5). 

We hebben aangetoond dat patiënten die zeggen dat ze therapietrouw zijn, 
allemaal een geneesmiddelconcentratie hebben boven de laboratorium IC90-95. Het 
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risico op virologisch falen in de NVP groep begon toe te nemen wanner de minimum 
concentratie (Cmin) beneden de 3.1 mg/l kwam. Echter, dit verhoogde risico was niet 
statistisch significant. We konden geen enkele Cmin van NVP vinden waarvoor wél een 
significant verhoogd risico op virologisch falen bestond. Voor EFV gold dat een Cmin 
kleiner dan 1.1 mg/l een 95% verhoogd risico op virologisch falen gaf. 
 De gevoeligheid van beide afkappunten van de Cmin was te laag (23% voor 
NVP en 60% voor EFV) om van enige waarde te zijn in het voorspellen van virologisch 
falen.  
 
De bijwerkingen die toegeschreven worden aan het gebruik van NVP en EFV zijn 
duidelijk gekarakteriseerd. Voor NVP zijn het voornamelijk huiduitslag en hepatitis, 
terwijl het bij EFV met name gaat om neurologische en psychiatrische afwijkingen. In 
alle vier de groepen van de 2NN studie was het optreden van bijwerkingen de 
belangrijkste reden om van therapie te veranderen (hoofdstuk 2). Bij twee patiënten die 
tijdens de 2NN  studie zijn overleden is er door de behandelend arts gerapporteerd dat 
er een mogelijke relatie met het gebruik van NVP bestond. Eén van deze patiënten 
overleed als gevolg van een Stevens-Johnson syndroom en de ander als gevolg van een 
ernstige hepatitis. Er werd geen overlijden als gevolg van EFV-gebruik gerapporteerd.  
 Het percentage patiënten in de 2NN studie met tenminste één graad 3 of 4 
bijwerking was 15% in de NVP éénmaal daags groep, 20.4% in de NVP tweemaal daags 
groep, 18% in de EFV groep en 24.4% in de NVP+EFV groep. Er was een onverwachts 
hoog percentage transaminase verhogingen in de NVP éénmaal daags groep (13.6%) in 
vergelijking tot de NVP tweemaal daags groep (8.3%), de EFV groep (4.5%) en de 
NVP+EFV groep (9.1%). Of deze bevinding enige klinische relevantie heeft is 
onduidelijk omdat de frequentie van klinische hepatitis niet was verhoogd in de NVP 
éénmaal daags groep (1.4%) in vergelijking met NVP tweemaal daags (2.1%), EFV 
(0.3%) en NVP+EFV (1.0%). 
 
Behalve de klinische gegevens en de laboratoriumwaarden die de effectiviteit van een 
geneesmiddel beschrijven, is het ook van belang om vast te stellen wat de effecten van 
het gebruik van een geneesmiddel zijn op het dagelijks leven van een patiënt. Deze 
effecten kunnen namelijk van invloed zijn op de therapietrouw van een patiënt. 
 We hebben in de 2NN studie de ‘gezondheid gerelateerde kwaliteit van leven’ 
(health related quality of life [HRQoL]) onderzocht met behulp van de ‘Medical 
Outcome Study HIV’ (MOS-HIV) vragenlijst (hoofdstuk 6). Deze vragenlijst wordt 
vaak gebruikt in het HRQoL onderzoek en is gevalideerd voor verschillende groepen 
patiënten en geografische gebieden. Met behulp van factoranalyse is het mogelijk om 
de veranderingen in de HRQoL van een patiënt samen te vatten in een fysieke 
gezondheidsscore (physical health score [PHS]) en een psychische gezondheidsscore 
(mental health score [MHS]). 

Ondanks kleine verschillen tussen NVP, EFV en NVP+EFV in antiretrovirale 
effectiviteit en de duidelijke verschillen tussen deze groepen wat betreft bijwerkingen, 
waren de verbeteringen in HRQoL erg vergelijkbaar. Patiënten in alle therapiegroepen 



 
 
 
 
 
 

Chapter 11 

206 
 
 
 
 
 
 

vertoonden een toename in beide scores. De toenames in PHS waren kleiner dan de 
toenames in MHS, maar alle toenames waren klinisch relevant. 
 
De laatste jaren is er een toenemende interesse in de veranderingen van de 
concentraties bloedvetten tijdens het gebruik van antiretrovirale therapie. Grote 
veranderingen in deze bloedvetten kunnen potentieel het risico op hart- en vaatziekten 
(coronary heart disease [CHD]) verhogen. Wanneer er verschillen bestaan tussen 
geneesmiddelen in het effect dat zij hebben op de veranderingen in de bloedvetten, dan 
zou dat van belang kunnen zijn in de keuze van de therapie. 
 We hebben in de 2NN laten zien dat zowel NVP als EFV een verhoging geven 
van ‘high-density lipoprotein cholesterol’ (HDL-c) (hoofdstuk 8). Een verhoging van 
dit ‘goede’ cholesterol is in de algemene bevolking geassocieerd met een verlaging van 
het risico op CHD. De toename in HDL-c was significant groter voor NVP in 
vergelijking met EFV. Tegelijkertijd was de toename in totaal-cholesterol (TC) kleiner 
voor NVP in vergelijking met EFV. Hierdoor nam de TC:HDL-c verhouding af bij het 
gebruik van NVP en nam deze verhouding toe bij het gebruik van EFV. Deze TC:HDL-
c verhouding wordt gezien als een maat voor het risico op CHD, waarbij een kleinere 
verhouding is geassocieerd met een lager risico in de algemene bevolking. 
 Het valt te bezien of deze veranderingen in bloedvetten bij het gebruik van 
antiretrovirale middelen een zelfde effect hebben op het risico voor CHD, als dat het 
geval is in de algemene bevolking. Dit kan alleen aangetoond worden in onderzoek 
waarbij klinische eindpunten of gevalideerde laboratoriummaten worden gebruikt. 
Echter, het is bekend dat de frequentie van andere risicofactoren voor CHD , zoals 
roken, hoog is in HIV-geïnfecteerde patiënten. In patiënten met dergelijke 
risicofactoren kunnen de verschillen tussen NVP en EFV met betrekking tot de 
bloedvetten een rol spelen bij de keuze van de antiretrovirale therapie. 
 
De twee studies in dit proefschrift die geen deel uitmaken van de 2NN studie hadden 
als doel om antiretrovirale therapie met NNRTI’s in de context te plaatsen van therapie 
met protease remmers (PI’s). In hoofdstuk 7 hebben we laten zien dat de toename in 
CD4+ cellen significant kleiner was bij het gebruik van een therapie gebaseerd op NVP 
in vergelijking met een therapie gebaseerd op PI’s. Dit verschil was het duidelijkst bij 
patiënten die hun therapie startten bij een CD4 uitgangswaarde van kleiner dan 200 
cellen/mm3. 
 Ten slotte hebben we de resultaten bevestigd van andere studies die lieten zien 
dat de veranderingen in bloedvetten met het gebruik van NVP en EFV duidelijk anders 
zijn dan de veranderingen die gezien worden bij antiretrovirale therapie zonder 
NNRTI’s (hoofdstuk 9). Hiervoor hebben we de gegevens gebruikt van de ‘Data 
Collection on Adverse events of Anti-HIV Drugs’ (D:A:D) study. Eén van de 
bevindingen was dat de kans op het hebben van een afwijkend bloedvetgehalte kleiner 
was voor patiënten die een NNRTI in hun eerste therapie hadden in vergelijking met 
patiënten die een PI in hun eerste therapie hadden. Dit gold zowel voor totaal 
cholesterol, ‘high-density lipoprotein’ cholesterol, ‘low-density lipoprotein’ cholesterol, 
en vetzuren. 
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Concluderend kunnen we zeggen dat de studies die in dit proefschrift zijn beschreven 
laten zien dat de verschillen tussen NVP en EFV wat betreft antiretrovirale effectiviteit 
klein zijn. Dit geldt zowel voor de vroege effectiviteit, de late effectiviteit, als voor 
patiënten die bij aanvang van de therapie een vergevorderde HIV-1 infectie hebben. 
Het belangrijkste verschil tussen NVP en EFV betreft de bijwerkingen. Ondanks dit zijn 
de verbeteringen in de HRQoL voor beide middelen nagenoeg identiek. 
 De effectiviteit van NVP éénmaal daags is vergelijkbaar met die van NVP 
tweemaal daags, maar de veiligheid van dit regime moet verder worden onderzocht. 
De combinatie van NVP+EFV bij therapie-naïeve patiënten is geen goede keuze omdat 
er geen winst in effectiviteit is terwijl dit regime meer bijwerkingen geeft dan de 
afzonderlijke middelen.  
 De veranderingen in  bloedvetten die optreden bij het gebruik van NVP en EFV 
zijn duidelijk anders, en waarschijnlijk geassocieerd met een kleiner risico op CHD, dan 
de veranderingen die gezien worden bij het gebruik van PI’s. Zowel NVP als EFV laten 
deze potentieel goede veranderingen zien, maar NVP in een sterkere mate.
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Weverling about the possibilities of writing a PhD thesis. Now I am at the stage of 
thanking the many people who made this possible. 
 
Prof. dr. J.M.A. Lange, dear Joep,  
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much shorter and are two-way traffic. Thank you for the confidence you gave me to 
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research topics. Thank you for the trust put in me when discussing concept sheets and 
analysis approaches. It are not only these academic discussions that made a huge 
impression on me, but maybe even more the personal talks surrounding them. It is not 
often that one finds a personal touch within an academic environment. 
 
Dr. F.W.N.M Wit, dear Ferdinand,  
Fellow epidemiologist and Director of Science; the situation now is so much different 
from the situation when I joined IATEC. We have both evolved, but not always in the 
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appreciated. Let us see where it goes from here. Thank you for teaching me a lot of 
‘tricks of the PhD-trade’. 
 
My daily work would not have been the same without my direct colleagues. Elly 
Hassink, Igor Schillevoort, Liesbeth van Weert and Rebecca Stellato are, or have been, 
my fellow epidemiologists. All of us had a very different background, which, put 
together, formed an enormous wealth of experience. I like to thank you all for letting 
me be part of this, and to be able to share thoughts and opinions in an informal way. I 
may have a big mouth during these discussions, but I do listen! 
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There have been many people within IATEC who worked on the 2NN study, without 
whom I could not have finished the analyses. Lia Dam and Antonia Potarca took care 
of the project management, assisted by Lody Kreekel and Maaike Cronenberg. Thank 
you for the wonderful job done and all your help. Unfortunately, in the new office we 
will have to miss the mark made by the cork of the champagne bottle, which was 
opened to celebrate the 1000th patient into the study. 
The data management of the 2NN study has been a major operation, which was in the 
good hands of Robert Meester en Judith Wubbels. Joan Khodabaks, Henk-Jan Botma, 
Katja Jansen, Gerald Ruiter and Martine Mulder made a tremendous effort in getting all 
the study data verified, queried and corrected. Ida Farida, Marloes Feenstra, Nouzha 
Esrhir, and Anita Klotz went through the task of entering thousands of CRF pages into 
the database. It was a privilege to work with such a dedicated study team. 
 
I am very grateful for all the patients who agreed to participate in the 2NN study. They 
had to put up with frequent clinic visits and an endless number of questionnaires. Their 
commitment is much appreciated. 
 
Thanks to all the investigators who’s commitment to participate in the studies 
described in this thesis made the research possible in the first place. 
 
I like to thank Nina Friis-Møller, Jens Lundgren, Caroline Sabin, Cristian Pradier, Eric 
Fontas and all the other members of the D:A:D study group for letting me participate in 
one its research topics. The last minute stress of keeping everybody satisfied with the 
CROI presentation will not easily be forgotten. 
 
Back at IATEC, I especially like to thank my fellow PhD-students and fellow Medical 
Doctors. Vincent Bekker, Radjin Steingrover, Joost Vermeulen, Miriam Casula, Katalin 
Pogany, Thomas Ruys, Selwyn Lowe, Marc van der Valk and Sanjay Sankatsing. Being 
it a question about immunology, virology, or a clinical problem, the doors to your 
rooms were always open, which is much appreciated. I think that the output generated 
by the close cooperation between us all is much underestimated. Work activities 
divided over two different office buildings are not going to make things easier. 
 
Thanks to Gerrit-Jan Weverling who started the ball rolling. 
 
Dear Peter en Leonie, thank you for being my paranimfen. It is wonderful to have you 
two next to me. 
 
My dear Stavros, you had to put up with me being away many times for another 
conference or another presentation. No amount of T-shirts can make up for this. Let us 
continue our journey for a long, long time, whatever the destination will be.  
Ευχαριστώ ̟άρα ̟ολύ. Είσαι το µοράκι µου και η αγά̟η της ζωής µου.  
 
Athens, January 2005.
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