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Efficacyy of non-nucleoside reverse transcriptase inhibitors 

Highlyy active antiretroviral therapy (HAART) including a non-nucleoside reverse 
transcriptasee inhibitor (NNRT1) is one of the recommended strategies for the initial 
treatmentt of H1V-1 infection.1 ^ In this thesis, we have shown that the antiretroviral 
efficacyy of two of the most commonly used NNRTls nevirapine (NVP) and efavirenz 
(EFV)) is similar with respect to viral suppression, both in the initial two weeks of 
treatmentt and during 48 weeks. Although we could not assume formal equivalence of 
thee two drugs within a-priori defined limits, differences in efficacv were small. This 
similarr efficacy was seen for all patients regardless of the stage of H1V-1 infection at 
whichh treatment was initiated. Only in patients with a CD4 count less than 25 
cel ls/mm\\ there was a slight, but statistically non-significant, advantage of EFV over 
NVP. . 

Thesee findings from the 2NN study seem to contradict the results of large 
observationall  cohort studies, as discussed in chapter 2. Comparing results from 
differentt types of studies is difficul t due to issues inherent to the study design. The 
randomisationn 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 
difficul tt to generalise the results from such a clinical trial. A cohort study has the 
generall  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 
choicee of treatment in this type of study depends on patient characteristics and 
physician'ss preferences, which can influence the eventual success of the treatment.411 

Althoughh the randomised clinical trial is considered the gold standard to assess 
drugg efficacy, estimates can be biased. Freemantle et al. discussed the frequent use of 
compositee endpoints in randomised clinical trials." A composite endpoint includes 
severall  components of the disease in one single outcome measurement. Composite 
endpointss are also frequently used in the field of HIV-research through the endpoint of 
treatmenttreatment failure* This endpoint incorporates a measure of tolerabilitv for the allocated 
treatment.. When, even within the margins of the study protocol, there are large 
differencess between study sites in the interpretation of tolerabilitv and subsequent 
changingg of allocated treatment, such a composite endpoint can be biased and influence 
thee overall study result. 

Too a certain extent this might have happened in the 2NN study, where we 
foundd geographical differences in the frequency in which participants changed 
allocatedd treatment. These changes were at least to some extent patient or physician 
driven,, rather than based on the incidence of adverse events.4 This possible bias in the 
2NNN study has, if anything, overestimated the overall differences in efficacv between 
NVPP and EFV. In a cohort study it is almost impossible to control treatment change and 
suchh a composite endpoint is not very useful in such a design. 

Duringg protocol development and data analysis of both clinical trials and 
cohortt studies, one should be aware of the possible biases introduced. The use of a 
compositee 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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influencedd by conscious or unconscious behaviour. In cohort studies, care should be 
takenn to adjust the analyses for non-randomisation or clustering of patients within 
specificc centers of the cohort. Analyses techniques like propensity scores or frailty 
adjustmentsadjustments are promising tools for making such adjustments.1014 

Sidee effects and quality of lif e 

Thee side effects of NNRTIs have been well characterized. For NVP, one of the main side 
effectt is a drug induced skin rash. A severe rash (grade 3 or 4 according to the AIDS 
ClinicalClinical Trial Group [ACTG] toxicity grading scale 15) is seen in between three and seven 
percentt of the patients using NVP as part of their HAART regimen, prompting 
discontinuationn of NVP.1619 Occasionally this rash can be more severe and develop into 
aa Stevens-Johnson Syndrome (SJS) or toxic epidermal necrolysis (TEN) with a 
potentiallyy fatal outcome.2022 The occurrence of rash can not be prevented by 
simultaneouss use of antihistamines or prednisolone during the early weeks of 
treatment.23277 Current guidelines advise an initial lead-in dose of half the drug dose in 
thee first two weeks of treatment to avoid high concentrations of NVP. The rash occurs 
mostt frequently in the early weeks of treatment.17 

NVPP is also clearly associated with the occurrence of hepatotoxity, being 
increasedd transaminase levels or, less often, clinical hepatitis. In an extensive analysis of 
patientss 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 
withh rash. This risk of symptomatic hepatic events in patients using NVP was higher 
thann the risk seen in patients not using NVP in the controlled trials.28 Co-infection with 
hepatitss B or hepatitis C virus is a major risk factor for the development of 
hepatotoxicityy in patients using NVP.29-30 Close monitoring of transaminase levels, 
especiallyy during the initial phase of therapy is recommended but can not prevent a 
suddenn development of a fulminant hepatitis.3132 

Thee 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 
moree than half of the patients.33 Although severe effects are much less common, these 
sidee effects can still have a marked negative influence on the health related quality of 
lif ee (HRQoL). In general, these side effects of EFV are transient, although some studies 
indicatee differently.34 

Inn the 2NN study, we did not see adverse events that were outside the scope of 
thee events described above. The occurrence of an adverse event was the main reason lo 
changee the allocated treatment, both in patients using NVP and EFV. Despite the fact 
thatt the tvpes of reported adverse events were clearly different for the two drugs, the 
changess in HRQoL did not differ. This is an important finding, since a deterioration of 
thee HRQoL when using medication might lead to non-adherence and subsequent 
treatmentt failure.35 In the era of very potent antiretroviral regimens and small 
differencess in efficacy between regimens, studies on HRQoL should be performed more 
often.. Not onlv as a routine measurement in randomised trials, but specifically 
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designedd to capture the effect of side effects on patients' well being. The study on 
HRQoLL presented in this thesis showed that it is very difficult to capture these effects 
whenn not specifically designed for, despite specific analyses strategies being available 
too deal with HRQoL assessment in studies where a substantial number of the patients 
leavee the study because of an adverse events5^ 

Changess in lipid s and lipoproteins 

Inn contrast to the similar antiretroviral efficacy of NNRTl-based HAART and a regimen 
basedd on a protease inhibitor (PI), these two types of HAART regimens have a 
markedlyy different effect on the plasma concentration of lipids and lipoproteins. Most 
Pi-containingg therapy is associated with increased levels of triglycerides (TG), total 
cholesteroll  (TC) and low-density lipoprotein cholesterol (LDL-c).^411 Although 
regimenss including an NNRT1 may induce increases in TC and LDL-c levels, they may 
alsoo induce a concurrent increase in high-density lipoprotein cholesterol (HDL-c) 
levels,, that is not seen, or to a much lesser extent, with traditional Pl-based HAART.41 

Inn this thesis we have confirmed these findings in the large multinational 'Data 
Collectionn on Adverse events of Anti-HlV Drugs' (D:A:D) cohort. Patients who started 
forr the first time an NNRTI-based HAART regimen had a lower risk of having a low 
HDL-cc level during treatment. This resulted in a lower TCHDL-c ratio for patients who 
startedd an NNRTI- based regimen compared to patients who started a Pi-based 
regimen.. Such lower TQHDL-c ratio is expected to be associated with a lower risk for 
coronaryy heart disease (CHD).4243 The magnitude of the HDL-c increase seen with NVP 
iss of a similar magnitude as the HDL-c increases reported with the most powerful 
HDL-cc increasing drugs that are currently in clinical development.44 Unravelling the 
mechanismss behind the NNRTI-associated HDL-c increase might give a valuable 
contributionn to the development of novel interventions to be used in CHD-risk 
reducingg strategies. 

Inn chapter 3 we showed that in the 2NN study both NVP and EFV were 
associatedd with an increase in HDL-c after 48 weeks of treatment. The proportional 
increasee from baseline was, however, larger for NVP than for EFV. At the same time, 
thee increase in TC was larger in the EFV group compared to the NVP group. This 
resultedd 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 
atherogenicc when patients are using NVP, in comparison to EFV. This distinction can 
bee used when considering first-line antiretroviral treatment in a population that is 
knownn for its high prevalence of other risk factors for CHD.45 

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

Twoo of these markers are the intima-media thickness (IMT) of the carotid 
artery4648,, and measurement of atherosclerotic plaques.49 In a recent study, it was 
shownn that HIV-infection was associated with increased IMT values, and that the rate 
off  IMT progression was several times larger than in non HIV-infected persons.50 The 
studyy did not assess the relation between IMT values and antiretroviral therapy use. 
Otherr studies tried to assess such a relation, especially with the use of Pl-containing 
regimens,, but with contradictory results.4651 

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

Whichh NNRTI  to choose 

Thee overall conclusion from the research presented in this thesis is that one size does not 
fitfit  all. NVP and EFV show similar antiretroviral efficacy, although subtle differences in 
efficacyy exists between the two drugs. Since both drugs are associated with similar 
gainss in CD4+ cells and HRQoL, there is room for optimising NNRTI-based HAART to 
thee patient's need. This observation was also made in two editorials that accompanied 
thee publication of separate 2NN manuscripts.5253 

Thee differential effect of the drugs on the lipid profile gives NVP advantage in 
patientss with pre-existing risk factors for CHD. Furthermore, NVP can be used in 
pregnancvv in contrast to EFV, which is contraindicated due to possible teratogenicity. 
Forr this reason, NVP is widely used in programmes for the prevention of mother-to-
childd transmission (MCTC), where it has proven to be an invaluable asset.54-5*1 Even a 
singlee dose of NVP given to the mother during labour and to the child directly after 
birthh lowered the risk of HIV transmission during pregnancy and birth with almost 
50%.5f11 Unfortunately, recent studies have shown that this strategv needs to be amended 
sincee the use of single dose NVP in MCTC prevention programmes is associated with 
widespreadd NVP-resistance in both the mother and the baby.5758 This impacts on the 
efficacvv of subsequent therapv when this is initiated.57 Embedding NVP in a HAART 
regimenn during pregnancv and delivery, rather than providing just a single dose of 
NVP,, might reduce this problem. 

Inn the 2NN studv, EFV had a slightlv better efficacv compared to NVP, with 
respectt to the proportion of patients with treatment failure. However, this difference 
wass not statistically significant. Apart from its antiretroviral efficacy, another 
advantagee of EFV is its once dailv dosing, since this is an option that is preferred by 
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manyy patients. Although the data indicate that NVP once daily is effective, it is not 
licensedd for once daily dosing. In the 2NN study, NVP once daily was associated with a 
significantlyy higher incidence of transminase elevations compared to the twice dailv 
regimen. . 

Thee side effects of both drugs are well described and these can be taken into 
accountt when choosing between NVP and EFV. Close monitoring for these side effects 
wil ll  minimise the risk of occurrence but wil l not prevent them. Although the impact 
andd extent of the neuropsychiatric events associated with EFV should not be ignored, 
fatall  side effects of NVP have been reported. A careful assessment of possible risk 
factorss for the development of some of these events, like female sex and high baseline 
CD44 cell count, is possible. By doing so, high risk patients can be identified and given 
alternativee treatment regimens.59 

Neww NNRTIs 

Thee low genetic barrier of NNRTIs has led to the search for new drugs within this class, 
whichh are not associated with a rapid development of drug-resistance. The drugs 
furthestt in their development are TMC-125 and capravirine. Both drugs are very 
promisingg with respect to antiretroviral efficacy. Monotherapy with TMC-125 showed 
too be effective in lowering HIV-1 RNA in plasma in a placebo-controlled trial.60 Another 
studyy showed a similar early decline in HIV-1 RNA in patients using TMC-125 
monotherapyy when retrospectively compared to the decline seen with a 5-drug 
regimenn in therapy naive patients.111 TMC-125 also showed to be effective in patients 
withh NNRTI resistance when substituting the current NNRTI with TMC-125.62 

Resistancee to TMC-125 seems to happen at a lower rate compared to the present 
NNRTIss in in vitro experiments.b3M 

Inn a phase-I study with capravirine, patients showed a good initial decline in 
HIV-11 RNA during the first 15 davs of treatment, without major adverse events 
occurring.655 Capravirine also showed activity against HIV-1 isolates from patients who 
hadd failed their NNRTI regimen.66 Just as for TMC-125, the selection of capravirine 
resistantt virus seems to be delayed in in vitro experiments compared to the present 
NNRTIs.67 7 

Apartt from these new NNRTIs in clinical development, there are manv 
compoundss being developed with a wide range of chemical structures and properties. 
Modificationn of the NVP molecule has identified several lead components that show 
excellentt activity against HIV-1 virus with key mutations associated with NNRTI 
resistance.688 When the stability of these compounds is improved, thev might be 
potentiall  compounds for future development. Lead compounds from the group of 
benzophenoness are potent inhibitors of both wild-type and NNRTI-resistant HIV-1 
virusess in vitro.,69 MSK-076 is a compound from the PETT group. It not only showed 
potentt inhibition of NNRTI-resistant HIV-1 viruses in vitro, but also activitv against 
HIV-22 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 
conformationn of the NNRT1 binding pocket.71 

Conclusion n 

Thee class of NNRTls is and wil l be one of the cornerstones of everyday antiretroviral 
treatmentt in H1V-1 infection. A proper choice at the start of treatment, adequate 
monitoringg of its potency and optimising adherence wil l give the patient the full 
benefitss of these compounds. The development of new NNRTls has the potential to 
overcomee cross-resistance with the existing compounds. 

Despitee this optimistic statement, we should not forget that in non-western 
countries,, onlv 7% of the patients who need antiretroviral therapy actually has access to 
it.722 Scaling up access to antiretroviral drugs is one of the priorities of the World Health 
OrganisationOrganisation but this wil l demand mobilisation of large quantities of both political wil l 
andd resources.7^74 The institution of funding mechanisms like the World Bank, 
MultkountryMultkountry AIDS Programme (MAP), the Global Fund to Fight AIDS, Tuberculosis and 
MalariaMalaria (GFATM) and the President's Emergency Plan for AIDS Relief (PEPFAR), has been 
ann important step in this direction, but the effective implementation of treatment 
programmess in several African countries requires a departure from business as usual.75ib 
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