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Introduction n 

Background d 

Inn 1981, two reports by the Centers for Disease Control and Prevention were published 
describingg patients with what was later to be known as the acquired immunodeficiency 
syndromesyndrome (AIDS).1- The etiologic agent, human immunodeficiency virus (HIV), was 
identifiedd two years later.35 The quest for this agent resulted in a bitter rivalry between 
leadd investigators on both sides of the Atlantic.67 The isolation of the etiologic agent 
openedd the door for the development of therapeutic strategies. Patients infected with 
HIVV formed a strong pressure group for politicians and drug companies alike to 
developp these.8-9 The hope to obtain access to a potentially effective treatment made 
manyy patients volunteer to enrol in clinical studies.10 

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

Antiretrovirall  drugs 

Adequatee suppression of HIV-infection is generally achieved with a combination of at 
leastt three antiretroviral drugs, denoted as highly active antiretroviral therapy (HAART). 
Thiss has shown to be superior to treatment with either one or two different drugs.1117 

Thee molecular targets for antiretroviral drugs closely follow the replicative cycle of the 
viruss (Figure 1). 

7.. transport of virus 
proteinss to plasma 
membrane e 

Figg 1: The replication cycle of HIV. 
Reproducedd with permission from: 
Douglass D Richman (editor). 
HumanHuman Immunodeficiency Virus. 
2003;; pp. 3:1. 
London:: International Medical Press 

Forr entry into the target cell, the virus has to first bind to both the CD4 receptor and 
eitherr one of two co-receptors (CXCR4 or CCR5), after which the virus can fuse with the 
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celll  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) 
inn the USA, and the European Medicines Agency (EMEA). At present, drugs are being 
developedd which block the CCR5 co-receptor.18"2' The clinical development of one 
CXCR44 receptor antagonist as an antiretroviral drug, has recently been abandoned due 
too both side effects and disappointing efficacy-22 However, the efficacy of the drug was 
mostt probably hampered by the co-existence of R5-tropic viruses in these patients. 

Afterr 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 
transcriptasee (RT). This enzyme is a pivotal target for antiretroviral therapy. The first 
drugg approved for the treatment of HIV, zidovudine (ZDV, 3'-azido-3'-
deoxythymidine),, in fact belongs to the class of nucleoside analogue reverse 
transcriptasee 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 
reversee transcriptase. Once incorporated into the growing DNA chain, they lead to 
prematuree chain termination. Unfortunately, also cellular processes may be affected 
throughh inhibition of cellular DNA polymerases, especially DNA polymerase-y. The 
effectt of NRTIs on this key enzyme responsible for mitochondrial DNA replication, is 
consideredd to be associated with the development of mitochondrial toxicities, including 
lipoatrophy.23'244 At the moment there are seven NRTIs licensed as well as one 
nucleotidee analogue RT-inhibitor. Several new compounds in this class are being 
developed. . 

Anotherr class of drugs that has HIV reverse transcriptase as its molecular 
targett is that of the non-nucleoside reverse transcriptase inhibitors (NNRTIs). These 
drugss wil l be described in more detail later. 

Thee double stranded viral DNA that is produced in the cytoplasm is 
transportedd into the nucleus of the target cell and integrated into the host genome using 
thee HIV-encoded enzyme integrase. Drugs targeting this enzyme are being developed, 
butt none are as yet available for clinical use.2526 

Oncee 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 
too form multiple functional proteins. The viral-encoded enzyme protease that is used in 
thiss 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 
initiall yy became the standard HAART regimen and remains one of the options for 
initiall  treatment in antiretroviral treatment guidelines.2729 At the moment there are 
eightt Pis approved for clinical use and new compounds are being developed. 

Molecularr targets based on the assembly of the virion and budding from the 
celll  (the last steps in the viral replication cycle), as well as targets based on viral 
proteinss like gag, vif, vif, and vpr, are in several phases of development. 
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Non-nucleosidee reverse transcriptase inhibitor s 

Thee first NNRTIs were identified in 1989. Mivasaka et al. described a group of 
compoundss found to inhibit HIV-1 replication in vitro. These compound were called 
HEPTT after the acronym of their chemical structure.30 Shortly thereafter, Pauwels ct al. 
describedd the TIBO derivates which also showed anti H1V-1 activity.31 Both groups 
identifiedd their lead compound through rigorous screening for HIV-1 replication 
inhibitionn in vitro. It turned out that these compounds had a similar mode of action by 
directt inhibition of the HIV-1 RT.3K33 These reports were followed by others describing 
compoundss that were identified by specifically screening for HIV-1 RT inhibition in 
vitrovitro of a wide variety of chemical compounds that were explored for drug 
developmentt in unrelated areas: dipyridiazepione derivates 3435, BHAPT derivates 1,h, 
andd 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 
inn clinical use: nevirapine, efavirenz and delaviridine; the latter in the USA onlv. All 
NNRTIss have in common that they specifically interfere with the function of HIV-1 RT. 
Apartt from rare exceptions 34, NNRTIs do not show any inhibitory effect on the RT of 
otherr viruses (e.g. HIV-2, HTLV-1 and -2, simian or feline immunodeficiency virus, 
murinee leukaemia virus) or other polymerases, whether viral or cellular. When bound 
too a specific hydrophobic pocket within the HIV-1 RT, NNRTIs slow down the process 
off  RNA dependent DNA polymerisation.40 

Despitee the good antiretroviral activity in vitro, NNRTIs showed to be 
associatedd with a rapid selection of drug-resistant HIV-1 strains. A single mutation in 
thee HIV-lgenome can increase the 50% inhibitory concentration of all NNRTIs by 40-
1000 fold.41 43 The two main resistance associated mutations are in codon 103 and 181 of 
thee HIV-1 RT. Due to the narrow binding site in the hydrophobic pocket, there is a 
markedd amount of cross resistance between all three NNRTIs.38-44 The dipyridiazepione 
derivatee nevirapine (NVP) selected for resistant strains after only a few passages of 
infectedd cells in vitro*'*  The same was seen in in vitro studies with pyridione derivates.45 

Thiss rapid selection of drug-resistant HIV-1 strains by NNRTIs was confirmed 
inn clinical studies. A study with monotherapy with the pyridione derivate L697,661 
showedd rapid and extensive resistance for the drug within 13 weeks of treatment4'1 

Similarly,, the antiviral effect of monotherapy with NVP in therapy-naive patients was 
nott sustained due the selection of resistant HIV-1 strains.47-48 In an effort to minimise 
thee 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-
basedd regimen with an NNRTI-based regimen, and 3) increasing the dose of the 
NNRTI. . 

Inn a clinical study with L697,661 in combination with ZDV, the selection of 
HIV-11 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 
too L697,661 monotherapy and conferred a lesser level of resistance.44 In studies 
combiningg NVP with ZDV, HIV-1 strains resistant to NVP were selected within four to 
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eightt weeks of treatment, although some antiretroviral effect was seen up to 12 weeks 
inn patients who received the highest dose of NVP (200 mg/day).474!" 

Alternatingg the use of an NRTI-based regimen with an NNRTI-based regimen, 
mightt result in a different selection pressure for H1V-1 RT. Patients who were treated 
forr one week with NVP (200 mg/dav) and subsequently three weeks with ZDV did not 
showw a sustained antiretroviral effect due to the development of NVP-resistance.50 This 
iss likely to be driven by the long half-life time of NVP (25-30 hours) exposing patients 
to-subb optimal plasma concentrations of NVP for extended periods of time, even after a 
singlee dose of NVP.31 

Thee strategy of increasing the dose of the NNRTI with the purpose of attaining 
higherr plasma concentrations was followed for NVP (400 mg/dav) in both 
antiretrovirall  naive and experienced patients. These studies reported inconclusive 
results.511-52 2 

Fromm the moment that Pis, use of which is not associated with such extremely 
rapidd development of viral resistance, became available, the further development of 
NNRTIss was put on a sidetrack. A renewed interest in the use of NNRTIs was seen 
whenn the 1NCAS study showed that a treatment with NVP, ZDV and didanosine (ddl) 
inn antiretroviral therapy naive patients, was superior to a regimen of NVP and ZDV, or 
ZDVV and ddl.53 In the meantime, the development of L697,661 was halted and other 
NNRTIss like atevirdine and Ioviride failed to prove adequate clinical efficacy.54-56 

Youngg et al described for the first time in 1995 the benzoxazione derivative efavirenz 
(EFV).422 It was shown that the selection of resistant HIV-1 strains was much slower 
withh this compound compared to L697,661. Right from the start, efavirenz was used in 
combinationn therapy even in the early dose-finding studies and showed to be an 
effectivee antiretroviral drug.5759 

Noww that NNRTI-based HAART regimens, with either NVP or EFV, had 
shownn to have adequate antiretroviral efficacy, these regimens had to be compared 
withh Pi-based HAART regimens. Pi-based HAART regimens had rapidly become the 
preferredd first-line antiretroviral regimen following the availability of Pis, and proved 
too be very effective in numerous cohort studies '-"WMii and clinical trials.11'12'6264 

However,, the pill burden of the first available Pi-based regimens was high and the side 
effectss considerable. The use of Pis also often mandated strict dietary requirements for 
thee patient that were not always easy to comply with. 

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

Apartt from direct comparisons between Pl-based and NNRTI-based regimens, 
switchh studies also provided evidence that NNRTI-based regimens were a valuable 
option.64700 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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patientss who switched their Pi-based regimen with those who did not, switching to an 
NNRTI-basedd regimen did not compromise virologie efficacy.71"73 The same was seen in 
studiess where all patients switched their Pi-based regimen to an NNRTI-based 
regimen.74^766 Patients who did fail their NNRTI-based regimen after switching from a 
Pl-basedd regimen often showed HIV-1 strains with pre-existing NNRTI and/or NRTI 
resistance.777 A meta-analysis of these and other switch studies confirmed the similar 
antiretrovirall  efficacy of NNRTI-based HAART regimens compared to Pi-based 
regimens.78 8 

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

Outlin ee of the thesis 

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

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

17 7 



Chapterr 1 

References s 

1.. Pneumocystis pneumonia—Los Angeles. MMWR Morb Mortal Wkly Rep. 1981; 
30:250-2. . 

2.. Kaposi's sarcoma and Pneumocystis pneumonia among homosexual men-New 
Yorkk City and California . MMWR Morb Mortal Wkly Rep. 1981; 30:305-8. 

3.. Gallo RC, Salahuddin SZ, Popovic M, et al: Frequent detection and isolation of 
cytopathicc retroviruses (HTLV-III ) from patients with AID S and at risk for 
AIDS.. Science. 1984; 224:500-3. 

4.. Popovic M, Sarngadharan MG, Read E, et al: Detection, isolation, and continuous 
productionn of cytopathic retroviruses (HTLV-III ) from patients wit h AID S 
andd pre-AIDS. Science. 1984; 224:497-500. 

5.. Barre-Sinoussi F, Chermann JC, Rey F, et al: Isolation of a T-lymphotropi c 
retroviru ss from a patient at risk for  acquired immune deficiency syndrome 
(AIDS).. Science. 1983; 220:868-71. 

6.. Montagnier L: Historical essay. A history of HI V discovery. Science. 2002; 298:1727-
8. . 

7.. Gallo RC: Historical essay. The early years of HIV/AIDS . Science. 2002; 298:1728-
30. . 

8.. Shilts R: And the band played on: politics, people and the AID S epidemic. New 
York,, St. Martin's Press, 1987 

9.. Reni N: Longtime Companion, in. USA, American Playhouse/Samuel Goldwyn, 
1990,, p 100 minutes 

10.. Monette P: Borrowed TimeHarcourt Brace & Company, 1988 
11.. Gartland M: AVANT I  3: a randomized, double-blind tria l to compare the efficacy 

andd safety of lamivudine plus zidovudine versus lamivudine plus 
zidovudinee plus nelfinavir  in HIV-1-infected antiretroviral-naiv e patients. 
Antivi rr Ther. 2001; 6:127-34. 

12.. AVANT I  2. Randomized, double-blind tria l to evaluate the efficacy and safety of 
zidovudinee plus lamivudine versus zidovudine plus lamivudine plus 
indinavi rr  in HIV-infected antiretroviral-naiv e patients. AIDS. 2000; 14:367-74. 

13.. Palella FJ, Jr., Delaney KM, Moorman AC, et al: Declining morbidit y and mortalit y 
amongg patients wit h advanced human immunodeficiency viru s infection. 
HI VV Outpatient Study Investigators. N Engl J Med. 1998; 338:853-60. 

14.. Gulick RM, Mellors JW, Havlir D, et al: Treatment with indinavir , zidovudine, and 
lamivudin ee in adults with human immunodeficiency viru s infection and 
prio rr  antiretrovira l therapy. N Engl J Med. 1997; 337:734-9. 

15.. Staszewski S, Hil l AM, Bartlett J, et al: Reductions in HIV- 1 disease progression 
forr  zidovudine/lamivudine relative to control treatments: a meta-analysis of 
controlledd trials. AIDS. 1997; 11:477-83. 

16.. Hammer SM, Katzenstein DA, Hughes MD, et al: A tria l comparing nucleoside 
monotherapyy with combination therapy in HIV-infected adults with CD4 

18 8 



Introduction n 

celll  counts from 200 to 500 per  cubic millimeter . AID S Clinical Trial s Group 
Studyy 175 Study Team. N Engl J Med. 1996; 335:1081-90. 

17.. Delta: a randomised double-blind controlled tria l comparing combinations of 
zidovudinee plus didanosine or  zalcitabine wit h zidovudine alone in HIV -
infectedd individuals. Delta Coordinating Committee. Lancet. 1996; 348:283-91. 

18.. Tsamis F, Gavrilov S, Kajumo F, et al: Analysis of the mechanism by which the 
small-moleculee CCR5 antagonists SCH-351125 and SCH-350581 inhibi t 
humann immunodeficiency viru s type 1 entry. J Virol. 2003; 77:5201-8. 

19.. Tremblay CL, Giguel F, Kollmann C, et al: Anti-human immunodeficiency viru s 
interactionss of SCH-C (SCH 351125), a CCR5 antagonist, with other 
antiretrovira ll  agents in vitro . Antimicrob Agents Chemother. 2002; 46:1336-9. 

20.. DemarestJ, Adkinson K, Sparks S, et al: Single and Multipl e Dose Escalation 
Studyy to Investigate the Safety, Pharmacokinetics, and Receptor  Binding of 
GW873140,, a Novel CCR5 Receptor  Antagonist, in Healthy Subjects. 11th 
Conferencee on Retroviruses and Opportunistic Infections, San Francisco, CA, 
USA,, 8-11 February 

21.. van der Ryst E, Fatkenheuer G, Fozniak AL, et al: Evaluation of dosing fequency 
andd food effect on viral load reduction durin g short-term monotherapy wit h 
UK-427,8577 a novel CCR5 antagonist. XV International Aids Conference, 
Bangkok,, Thailand, 11-16 July 

22.. Hendrix CW, Collier AC, Lederman MM, et al: Safety, Pharmacokinetics, and 
Antivira ll  Activit y of AMD3100, a Selective CXCR4 Receptor  Inhibitor , in 
HIV- 11 Infection. J Acquir Immune Defic Syndr. 2004; 37:1253-62. 

23.. Walker UA, Setzer B, Venhoff N: Increased long-term mitochondrial toxicity in 
combinationss of nucleoside analogue reverse-transcriptase inhibitors . AIDS. 
2002;; 16:2165-73. 

24.. Shikuma CM, Hu N, Milne C, et al: Mitochondria l DNA decrease in subcutaneous 
adiposee tissue of HIV-infected individual s with peripheral lipoatrophy. 
AIDS.. 2001; 15:1801-9. 

25.. Witvrouw M, Van Maele B, Vercammen J, et al: Novel inhibitor s of HIV- 1 
integration.. Curr Drug Metab. 2004; 5:291-304. 

26.. Reinke RA, Lee DJ, McDougall BR, et al: 1-Chicoric acid inhibit s human 
immunodeficiencyy viru s type 1 integration in vivo and is a noncompetitive 
butt  reversible inhibito r  of HIV- 1 integrase in vitro . Virologv. 2004; 326:203-
19. . 

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

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

29.. Pozniak A, Gazzard B, Anderson J, et al: Britis h HI V Association (BHIVA ) 
guideliness for  the treatment of HIV-infected adults with antiretrovira l 
therapy.. HIV Med. 2003; 4 Suppl 1:1-41. 

19 9 

http://aidsinfo.nih.gOv//guidelines


Chapterr 1 

30.. Miyasaka T, Tanaka H, Baba M, et al: A novel lead for  specific anti-HIV- 1 agents: 
l-[(2-hydroxyethoxy)methyl]-6-(phenylthio)thymine.. J Med Chem. 1989; 
32:2507-9. . 

31.. Pauwels R, Andries K, Desmvter J, et al: Potent and selective inhibitio n of HIV- 1 
replicationn in vitr o by a novel series of TIB O derivatives. Nature. 1990; 
343:470-4. . 

32.. Debyser Z, Pauwels R, Andries K, et al: An antivira l target on reverse transcriptase 
off  human immunodeficiency viru s type 1 revealed by tetrahydroimidazo-
[4,5,1-jk]]  [l,4]benzodiazepin-2 (lH)-one and -thione derivatives. Proc Natl 
Acadd Sci U S A. 1991; 88:1451-5. 

33.. Baba M, De Clercq E, Tanaka H, et al: Potent and selective inhibitio n of human 
immunodeficiencyy viru s type 1 (HIV-1 ) by 5-ethyl-6-phenylthiouracil 
derivativess through their  interaction wit h the HIV- 1 reverse transcriptase. 
Procc Natl Acad Sci USA. 1991; 88:2356-60. 

34.. Merluzzi VJ, Hargrave KD, Labadia M, et al: Inhibitio n of HIV- 1 replication by a 
nonnucleosidee reverse transcriptase inhibitor . Science. 1990; 250:1411-3. 

35.. Koup RA, Merluzzi VJ, Hargrave KD, et al: Inhibitio n of human 
immunodeficiencyy viru s type 1 (HIV-1 ) replication by the 
dipyridodiazepinonee BI-RG-587. j Infect Dis. 1991; 163:966-70. 

36.. Romero DL, Busso M, Tan CK, et al: Nonnucleoside reverse transcriptase 
inhibitor ss that potently and specifically block human immunodeficiency 
viru ss type 1 replication. Proc Natl Acad Sci U S A. 1991; 88:8806-10. 

37.. Goldman ME, Nunberg JH, O'Brien J A, et al: Pyridinone derivatives: specific 
humann immunodeficiency viru s type 1 reverse transcriptase inhibitor s with 
antivira ll  activity. Proc Natl Acad Sci U S A. 1991; 88:6863-7. 

38.. Balzarini J: Current status of the non-nucleoside reverse transcriptase inhibitor s 
off  human immunodeficiency viru s type 1. Curr Top Med Chem. 2004; 4:921-
44. . 

39.. Witvrouw M, Pannecouque C, Van Laethem K, et al: Activit y of non-nucleoside 
reversee transcriptase inhibitor s against HIV- 2 and SIV. AIDS. 1999; 13:1477-
83. . 

40.. Spence RA, Kati WM, Anderson KS, et al: Mechanism of inhibitio n of HIV- 1 
reversee transcriptase by nonnucleoside inhibitors . Science. 1995; 267:988-93. 

41.. Wainberg MA: HI V resistance to nevirapine and other  non-nucleoside reverse 
transcriptasee inhibitors . ] Acquir Immune Defic Syndr. 2003; 34 Suppl l:S2-7. 

42.. Young S, Britcher S, Tran L, et al: L-743, 726 (DMP-266): a novel, highly potent 
nonnucleosidee inhibito r  of the human immunodeficiency viru s type 1 
reversee transcriptase. Antimicrob Agents Chemother. 1995; 39:2602-05. 

43.. Richman D, Shih C, Lowy I, et al: Human Immunodeficiency Viru s Type 1 
Mutant ss Resistant to Nonnucleoside Inhibitor s of Reverse Transcriptase 
Arisee in Tissue Culture. PNAS. 1991; 88:11241-45. 

44.. Deeks SG: International perspectives on antiretrovira l resistance. Nonnucleoside 
reversee transcriptase inhibito r  resistance. J Acquir Immune Defic Svndr. 2001; 
266 Suppl l:S25-33. 

20 0 



Introduction n 

45.. Nunberg JH, Schleif WA, Boots EJ, et al: Vira l resistance to human 
immunodeficiencyy viru s type 1-specific pyridinon e reverse transcriptase 
inhibitors .. ] Virol . 1991; 65:4887-92. 

46.. Saag MS, Emini EA, Laskin OL, et al: A short-term clinical evaluation of L-697,661, 
aa non-nucleoside inhibito r  of HIV- 1 reverse transcriptase. L-697,661 Workin g 
Group.. N Engl J Med. 1993; 329:1065-72. 

47.. Cheeseman SH, Havlir D, McLaughlin MM, et al: Phase I/I I  evaluation of 
nevirapinee alone and in combination with zidovudine for  infection with 
humann immunodeficiency virus. J Acquir Immune Defic Syndr Hum 
Retrovirol.. 1995;8:141-51. 

48.. Richman DD, Havlir D, CorbeilJ, et al: Nevirapine resistance mutations of human 
immunodeficiencyy viru s type 1 selected durin g therapy. J Virol . 1994; 68:1660-
6. . 

49.. Staszewski S, Massari FE, Kober A, et al: Combination therapy wit h zidovudine 
preventss selection of human immunodeficiency viru s type 1 variants 
expressingg high-level resistance to L-697,661, a nonnucleoside reverse 
transcriptasee inhibitor . J Infect Dis. 1995; 171:1159-65. 

50.. de Jong MD, Loewenthal M, Boucher CA, et al: Alternatin g nevirapine and 
zidovudinee treatment of human immunodeficiency viru s type 1-infected 
personss does not prolong nevirapine activity. J Infect Dis. 1994; 169:1346-50. 

51.. Cheeseman SH, Hattox SE, McLaughlin MM, et al: Pharmacokinetics of 
nevirapine::  initia l single-rising-dose study in humans. Antimicrob Agents 
Chemother.. 1993; 37:178-82. 

52.. Havlir D, Cheeseman SH, McLaughlin M, et al: High-dose nevirapine: safety, 
pharmacokinetics,, and antivira l effect in patients wit h human 
immunodeficiencyy viru s infection. J Infect Dis. 1995; 171:537-45. 

53.. Montaner JS, Reiss P, Cooper D, et al: A randomized, double-blind tria l 
comparingg combinations of nevirapine, didanosine, and zidovudine for  HIV -
infectedd patients: the INCA S Trial . Italy , The Netherlands, Canada and 
Australi aa Study. JAMA. 1998; 279:930-7. 

54.. Demeter LM, Meehan PM, Morse G, et al: Phase I study of atevirdine mesylate (U-
87201E)) monotherapy in HIV-1-infected patients. J Acquir Immune Defic 
Syndrr Hum Retrovirol. 1998; 19:135-44. 

55.. Randomised tria l of addition of lamivudine or  lamivudine plus lovirid e to 
zidovudine-containingg regimens for  patients with HIV- 1 infection: the 
CAESARR trial . Lancet. 1997; 349:1413-21. 

56.. Gatell J, Lange J, Gartland M: AVANTI1 : randomized, double-blind tria l to 
evaluatee the efficacy and safety of zidovudine plus lamivudine versus 
zidovudinee plus lamivudine plus lovirid e in HIV-infected antiretr o viral -
naivee patients. AVANT I  Study Group. Antivi r Ther. 1999; 4:79-86. 

57.. Stein A, Luskin-Hawk R, Lang J: Efficacy of efavirenz wit h d4T and ddl in 
antiretrovira ll  naive HIV-infected patients. 39th Interscience Conference on 
Antimicrobiall  Agents and Chemotherapy, San Francisco, CA, USA, 26-29 
September. . 

21 1 



Chapterr 1 

58.. New study shows efavirenz effective with d4T and 3TC. Aids Alert. 1999; 14:60. 
59.. Ruiz N, Manion D, Haas D, et al: A phase II , double-blind, placebo-controlled, 

dosee ranging study to assess the antiretrovira l activity and safety of efavirenz 
(EFV)) in combination wit h open-label zidovudine (ZDV) with lamivudine 
(3TC)) at 48 weeks study DMP 266-005. AIDS. 1998; 12S35-S35. 

60.. Staszewski S, Miller V, Sabin C, et al: Virological response to protease inhibito r 
therapyy in an HI V clinic cohort. AIDS. 1999; 13:367-73. 

61.. Ledergerber B, Egger M, Opravil M, et al: Clinical progression and virological 
failur ee on highly active antiretrovira l therapy in HIV- 1 patients: a 
prospectivee cohort study. Swiss HI V Cohort Study. Lancet. 1999; 353:863-8. 

62.. Hammer SM, Squires KE, Hughes MD, et al: A controlled tria l of two nucleoside 
analoguess plus indinavi r  in persons with human immunodeficiency viru s 
infectionn and CD4 cell counts of 200 per  cubic millimeter  or  less. AID S 
Clinicall  Trial s Group 320 Study Team. N Engl J Med. 1997; 337:725-33. 

63.. Lederman MM, Connick E, Landay A, et al: Immunologic responses associated 
wit hh 12 weeks of combination antiretrovira l therapy consisting of 
zidovudine,, lamivudine, and ritonavir : results of AID S Clinical Trial s Group 
Protocoll  315. J Infect Dis. 1998; 178:70-9. 

64.. Carr A, Chuah j , Hudson J, et al: A randomised, open-label comparison of three 
highlyy active antiretrovira l therapy regimens including two nucleoside 
analoguess and indinavi r  for  previously untreated HIV- 1 infection: the 
OzComboll  study. AIDS. 2000; 14:1171-80. 

65.. Van Leeuwen R, Katlama C, Murphy RL, et al: A randomized tria l to study first -
lin ee combination therapy with or  without a protease inhibito r  in HIV-1 -
infectedd patients. AIDS. 2003; 17:987-99. 

66.. Podzamczer D, Ferrer E, Consiglio E, et al: A randomized clinical tria l comparing 
nelfinavirr  or  nevirapine associated to zidovudine/lamivudine in HIV -
infectedd naive patients (the Combine Study). Antivi r Ther. 2002; 7:81-90. 

67.. Staszewski S, Morales-Ramirez J, Tashima KT, et al: Efavirenz plus zidovudine 
andd lamivudine, efavirenz plus indinavir , and indinavi r  plus zidovudine 
andd lamivudine in the treatment of HIV- 1 infection in adults. Study 006 
Team.. N Engl J Med. 1999; 341:1865-73. 

68.. Albrecht MA, Bosch RJ, Hammer SM, et al: Nelfinavir , efavirenz, or  both after  the 
failur ee of nucleoside treatment of HI V infection. N Engl J Med. 2001; 345:398-
407. . 

69.. Murphy RL, Smith WJ: Switch studies: a review. HIV Med. 2002; 3:146-55. 
70.. Movie GJ: Protease inhibitor-sparin g regimens: new evidence strengthens 

position,, j Acquir Immune Defic Syndr. 2003; 33 Suppl LS17-25; quiz S26-8. 
71.. Barreiro P, Soriano V, Blanco F, et al: Risks and benefits of replacing protease 

inhibitor ss by nevirapine in HIV-infected subjects under  long-term 
successfull  tripl e combination therapy. AIDS. 2000; 14:807-12. 

72.. Martinez E, Garcia-Viejo MA, Blanco JL, et al: Impact of switching from human 
immunodeficiencyy viru s type 1 protease inhibitor s to efavirenz in 

22 2 



Introduction n 

successfullyy treated adults with lipodystrophy. Clin Infect Dis. 2000; 31:1266-
73. . 

73.. Negredo E, Cruz L, Paredes R, et al: Virological , immunological, and clinical 
impactt  of switching from protease inhibitor s to nevirapine or  to efavirenz in 
patientss with human immunodeficiency viru s infection and long-lasting 
vira ll  suppression. Clin Infect Dis. 2002; 34. 

74.. Raffi F, Bonnet B, Ferre V, et al: Substitution of a nonnucleoside reverse 
transcriptasee inhibito r  for  a protease inhibito r  in the treatment of patients 
wit hh undetectable plasma human immunodeficiency viru s type 1 RNA. Clin 
Infectt Dis. 2000;31:1274-8. 

75.. Martinez E, Arnaiz JA, Podzamczer D, et al: Substitution of nevirapine, efavirenz, 
orr  abacavir  for  protease inhibitor s in patients wit h human 
immunodeficiencyy viru s infection. N Engl J Med. 2003; 349:1036-46. 

76.. Tebas P, Yarasheski K, Henry K, et al: Evaluation of the virological and metabolic 
effectss of switching protease inhibito r  combination antiretrovira l therapy to 
nevirapine-basedd therapy for  the treatment of HI V infection. AIDS Res Hum 
Retroviruses.. 2004; 20:589-94. 

77.. Masquelier B, Neau D, Chene G, et al: Mechanism of virologie failur e after 
substitutionn of a protease inhibito r  by nevirapine in patients with 
suppressedd plasma HIV- 1 RNA. J Acquir Immune Defic Syndr. 2001; 28:309-
12. . 

78.. Bucher HC, Kofler A, Nuesch R, et al: Meta-analysis of randomized controlled 
trial ss of simplified versus continued protease inhibitor-based antiretrovira l 
therapyy in HIV-1-infected patients. AIDS. 2003; 17:2451-9. 

23 3 




