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Pharmacokineticss and virologie failure 

Introduction n 

Optimall  adherence to antiretroviral drugs for the treatment of HIV-infection is essential 
forr long-term treatment success.1 5 Inadequate adherence wil l lead to sub-optimal 
plasmaa drug concentrations, the evolution of drug resistant virus and subsequent 
failuree of therapy.6 g There is evidence that monitoring of plasma drug concentrations 
cann be a valuable tool in the treatment of H1V-1. Therapeutic drug monitoring (TDM) 
wass evaluated in a study with therapy naive patients using a treatment regimen 
containingg the protease inhibitors indinavir or nelfinavir. Patients who had their drug 
levelss monitored and, if needed, adjusted, showed a better virologie outcome and less 
toxicityy than patient whose drug levels were not monitored.!011 However, in the 
Pharmadaptt study, this effect of TDM was not seen.12 The presence of a clear 
concentration-responsee relation with prescribed drug regimens is one of the 
prerequisitess for TDM of any antiretroviral drug to be of value in the treatment of HIV-
infectedd patients.1"" 4 For the non-nucleoside reverse transcriptase inhibitors (NNRTIs) 
nevirapinee (NVP) and efavirenz (EFV), there is suggestive evidence from a limited 
numberr of studies that such a concentration-response relation does exist.1517 

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

Methods s 

ParticipantsParticipants and treatment allocation 

Thee 2NN studv was a randomised open-label study, of which the main results have 
beenn published elsewhere.18 Patients enrolled were 16 years of age or older, 
antiretrovirall  therapy naive and had a plasma H1V-1 RNA concentration (pVL) of at 
leastt 5000 copies/ml. Main exclusion criteria were pregnancy or breastfeeding, 
abnormall  laboratory results at screening, the use of immunomodulating therapy, or 
anticipatedd non-adherence. All patients used d4T (40 mg twice daily [bd] or 30 mg bd 
whenn < 60 kg) and 3TC (150 mg bd). In addition, patients were randomly allocated to 
NVPP 400 mg once daily (od), NVP 200 mg bd, EFV 600 mg od, or NVP+EFV 400+800 
mgg 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 
includedd patients who remained on the NNRTI component of their allocated treatment 
forr 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 
didd not include the patients in the NVP+EFV treatment group, since the primary 
analysiss 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 
similarr antiretroviral efficacy in the 2NN study, and both dosing regimens lead to 
similarr total exposure to the drug.14 

PharmacokineticPharmacokinetic parameters 

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

OutcomeOutcome measures and statistical analyses 

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

Thee cut-off values were defined by the 10th, 25th, and 50th percentile of the 
distributionn of the parameters, and previously published target values. For NVP, this 
resultedd in cut-off values of 2.3, 3.1, 3.5, 3.8, and 4.1 mg/1 for the Cmin, and 87, 107, and 
1333 mg.h.1] for the AUC24. The cut-off values for the Cmm of EFV were 0.6, 0.8, and 1.1 
mg/1,, while they were 26, 32, and 40 mg.h.1"1 for the AUC24. 

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

Wee limited our analyses to the patients who remained in the study into the 
steadyy state period. Therefore, patients who had a virologie failure before week 4 were 
excluded,, and follow-up time in the Cox proportional hazard analysis started at week 4 
forr all patients.2^ The threshold for statistical significance was set at 5%. 

Results s 

Thee 2NN Study enrolled in total 1216 patients, of whom 607 weree allocated to NVP and 
4000 to EFV. Of these, 40 (4%) did not start their allocated treatment, while nine (1%) 
patientss 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%) 
patientss did not have any PK sample taken at all, while another 125 (11%) patients had 
onlyy 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) 
contributedd a total of 4291 PK samples. The baseline characteristics of these patients are 
summarisedd in Table 1. 

Tablee 1: Baseline characteristics. 

Male e 
Age,, year * 
Bodyy Mass Index* 
Geographicall  region 
Asia a 
Southh Africa 
Southh America 
Europee / USA / Australia 

CD4+cells,, cells/mm1* 
pVL,, login copies/ml* 
CDCC class C 
Riskk behaviour 
Heterosexual l 
Homosexual l 
Intravenouss drug use 
Otherr / unknown 

NVP P 
N=511 1 

3222 (63.0) 
35(30-41) ) 

19.5(17.6-22.0) ) 

77(15.1) ) 
184(36.0) ) 
107(20.9) ) 
1433 (28.0) 

1800 (70-310) 
4.7(4.4-5.4) ) 
1111 (21.7) 

2988 (58.3) 
1388 (27.0) 

18(3.5) ) 
57(11.2) ) 

EFV V 
N=312 2 

2022 (64.7) 
355 (31-40) 

19.4(17.3-22.0) ) 

611 (19.6) 
116(37.2) ) 
66(21.2) ) 
69(21.1) ) 

180(70-340) ) 
4.77 (4.4-5.5) 

644 (20.5) 

177(56.7) ) 
94(30.1) ) 
10(3.2) ) 
311 (9.9) 

Total l 
N=823 3 

5244 (63.7) 
355 (30-41) 

19.4(17.4-22.0) ) 

1388 (16.8) 
3000 (36.5) 
173(21.0) ) 
212(25.8) ) 

1800 (70-320) 
4.77 (4.4-5.5) 
175(21.3) ) 

4755 (57.7) 
2322 (28.2) 
288 (3.4) 
888 (10.7) 

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

Al ll  measured NVP concentrations were above the in vitro 95% Inhibitory Concentration 
(1C95)) for HIV-1 wild type virus (710 nM).24 The median Cmax was higher for NVP-od 
(7.99 mg/1, Inter Quartile Range [IQR]: 6.3 to 9.5) than for NVP-bd (6.6 mg/1, 5.4 to 8.4), 
whilee the median Cmin for NVP-od (3.3 mg/1, 2.4 to 4.4) was lower than that for NVP-bd 
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(4.44 mg/ l, 3.5 to 6.1). The AUC24 was similar for both NVP regimens (132.5 mg.h.1', 
104.33 to 164.3 for NVP-od, and 133.4 mg.h.11, 107.7 to 174.8 for NVP-bd), as was the 
clearancee 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). . 
Thee proportion of patients using NVP, who had a virologie failure while using 

theirr 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/1, respectively) (Table 2). The risk of 
virologiee failure started to increase when the Cmin fell below 3.1 mg/1, but this was not 
statisticallyy significant (Hazard ratio [HR]: 1.30, 95% confidence interval [CI] : 0.87 to 
1.95,, pO.198). This risk did not increase much further when the Cmin fell below 2.3 
mg/11 (HR: 1.41, 0.81 to 2.47, p=0.228) (Table 2). 

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

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

NVP P 
255 5 
220 0 
181 1 
128 8 
55 5 

588 (22.7) 

47(21.4) ) 

40(22.1) ) 

344 (26 6) 

144 (25.5) 

256 6 
291 1 
330 0 
383 3 
436 6 

600 (23.4) 

711 (24.4) 

788 (23.6) 

84(21.9) ) 

1044 (23.9) 

0.94 4 

0.87 7 

0.97 7 

1.33 3 

1.38 8 

0.66--

0.60--

0.66--

0.89 9 

0.79 9 

1.35 5 

-- 1.26 

-- 1.42 

1.97 7 

241 1 

0.737 7 

0.461 1 

0.883 3 

0.166 6 

0.258 8 

FFV V 
1.11 156 30(19.2) 156 17(10.9) 1.95 1.08-3.54 0.028 
0.88 78 15(19.2) 234 32(13.7) 1.52 0.82-2.80 0.183 
0.66 37 6 (19.4) 275 14(14.6) 1.47 0.63-3.47 0.375 

Dataa are n (%) unless stated otherwise. * in mg/1; Reference 17;' reference 21. HR=hazard ratio, 
CI=confidencee interval. NVP=nevirapine. EFV=efavirenz. 

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

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

Thee predictive properties of both cut-off values for the Cmm of NVP were poor. 
Thee sensitivitv was onlv 23% for the 3.1 mg/1 cut-off and 12% for the 2.3 mg/1 cut-off. 
Thee specificity (77%, and 90%, respectively) and the negative predictive value (78%, 
andd 77%, respectively) were more adequate indices for predicting virologie failure 
(Tablee 4). 

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

Tablee 3: Factors associated with virologie failure, multivariable model. 

C„„ nn < CUt-0ff * 

NVP-bd d 
Female e 
Bodyy Mass Index, per unit 
Asia a 
Southh Africa 
Southh America 
Fuu rope/ USA/ Australia 
CD44 count < 200 cells/nim't 
pVL>> 1 (f1 copies/mL t 

HR R 

1.40 0 
1.29 9 
0.66 6 
1.00 0 
0.55 5 
11 35 
0.87 7 

1 1 
1.35 5 
1.36 6 

NVP P 
95%% CI 

0.87-2.25 5 
0.82-2.02 2 
0.43-1.02 2 
0.95-1.05 5 
0.26-1.18 8 
0.84-2.16 6 
0.49-1.55 5 

--
0.88-2.03 3 
0.90-2.5 5 

P P 

0.171 1 
0.274 4 
0.06 6 
0.850 0 
0.125 5 
0.218 8 
0.643 3 

--
0.149 9 
0.142 2 

MR R 

1.51 1 
na a 

0.93 3 
0.92 2 
0.21 1 
1.11 1 
0,69 9 

1 1 
1.86 6 
1.48 8 

EFV V 
95%% CI 

0.81-2.81 1 
--

0.48-1.78 8 
0.83-1.02 2 
0.06-0.79 9 
0.54-2.29 9 
0.27-1,73 3 

--
0.91-3.78 8 
0.78-2.82 2 

P P 

0.193 3 
--

0.820 0 
0.125 5 
0.021 1 
0.775 5 
0.422 2 

--
0.089 9 
0.233 3 

**  3.1 mg/1 for nevirapine and 1.1 mg/1 for efavirenz. t at start of treatment. NVP=nevirapine. 
HFV=efavirenz.. 1 !R=hazard ratio. CI=conhdence interval. Cm,„=min]mum plasma concentration. 
bd=twicee daily- pVL=plasma viral load. 

Al ll  measured EFV concentrations were above the in vitro IC90-95 for HIV-1 wild type 
(1.77 to 25 nM).25 The median Cmdx was 2.07 mg/1 (IQR: 1.75 to 2.94), the median Cmm 

wass 1.12 mg/1 (0.80 to 1.97), the median AUC24 was 39.99 mg.h.W (32.07 to 61.0), and 
thee median clearance was 15.0 L/h (9.77 to 18.71). 

Alsoo for patients using EFV, the proportion of patients who had a virologie 
failuree was similar in the group of patients with a Cmm below the 50th, 25th, and 10th 

percentilee (1.1, 0.8 and 0.6 mg/1, respectively) (Table 2). In contrast to NVP, the risk of 
virologiee failure was significantly increased when the Cm,n fell below 1.1 mg/1 (HR: 1.95, 
95%% CI: 1.08 to 3.24, p=0.028). This significance disappeared after adjustment for other 
variabless (Table 3). It appears that patients from Thailand drove this initial association. 
InIn the multivariable model, these patients showed a statistically significant lower risk 
forr 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 
Cmmm for EFV in different geographical regions, only the patients in Thailand with a Cmm 
abovee 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 Cmm above the cut-off 
valuee (the baseline group). Patients in Thailand with a Cmin below the cut-off value, and 
alll  other patients regardless of their Cmjn value, had a similar risk of virologie failure 
comparedd to the baseline group. 

Forr the AUC24, the cut-off value for increased risk of virologie failure was 40 
mg.h.W.. The risk of virologie failure was 1.95 times (1.07 to 3.54, p=0.028) higher below 
thiss value compared to above this value. Both the value of the Cmin and the AUC24 
representt the 50th percentile. Also this association was driven by patient from Thailand 
withh a AUC24 > 40 mg.h.W, 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/Australiaa with an AUC24 > 40 mg.h.R 

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

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

Sensitivity y 
Specificity y 
++ Predictive 
-- Predictive 

va a 
va\ va\ 

ue e 
ue e 

Cmin n 

<< 3.1 m g /1 

29% % 
76% % 
27% % 
78% % 

NVP P 

< < 
AUC: : 

1077 mg 

23% % 
77% % 
24% % 
77% % 

h .1' ' 
C„,in n 

<< 1.1 mg/1 

60% % 
53% % 
18% % 
88% % 

EFV V 
AUC:4 4 

<40mg.h.ll  ! 

64% % 
52% % 
19% % 
89% % 

NVP=nevirapine.. EFV=efavirenz. Cmm=minimum plasma concentration. ALiC=area under the curve. 

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

Discussion n 

Thee present sub-study of 2NN study tried to determine a relation between the Cmin and 
AUC244 values for NVP and EFV, and increased risk of virologie failure. The proportion 
off  NNRTI-adherent patients with a Cmin below a specific cut-off value who had a 
virologiee failure, did not markedly change when several cut-off values were analysed. 
Thiss was observed in both the NVP and the EFV treatment group, and indicates poor 
discriminatoryy 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 
derivedd values from drugs with a long half-life and the parameters are therefore closely 
related. . 

Thee risk of virologie failure for NVP started to increase when the Cmin fell 
beloww 3.1 mg/1, but did not reach statistical significance at any chosen cut-off value. A 
Cminn below 1.1 mg/1 for EFV was associated with a statistically significant increase in 
virologiee failure. However, this association was driven bv patients from Thailand. More 
importantly,, the sensitivity of these cut-off values was rather low. Such low sensitivities 
makee these cut-off values inadequate for the prediction of virologie failure in clinical 
practise,, even if thev are associated with a statistically significant increased risk. 
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Inn contrast to the sensitivity of the Cmin parameter, the negative predictive value was 
reasonablee (78% for NVP Cmin < 3.1 mg/1 and 88% for EFV Cmin < 1.1 mg/1, 
respectively).. This indicates that patients who have a Cmm above these concentrations 
havee a reasonable probability of therapy success while remaining on allocated 
treatment. . 

Figuree 1: 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 
purelyy bv chance. Above this line, the parameter of interest starts having predictive properties on its own. 

Thee superiority of the negative predictive value over the sensitivity can also be distilled 
fromm other studies, although the authors did not specifically mention it.1517 In a study 
withh patients receiving a triple drug regimen containing NVP, de Vries et al. reported a 
5-foldd increase in virologie failure when the Cmm for NVP fell below 3 mg/1.15 Despite 
thiss increased risk, the sensitivity of this cut-off value was just 22%, while the negative 
predictivee value was 90%. The INCAS study included patients who were allocated to 
zidovidine,, didanosine and NVP. In this treatment group, patients with a Cmm for NVP 
abovee 3.8 mg/1 had a significant higher chance for therapy success at week 52, 
comparedd to patients who had a Cmm below this cut-off value.17 In the published 
studiess for EFV, there is not enough information to compare different predictive indices 
off  the identified cut-off values for the Cmin of EFV.16-26 

93 3 



Chapterr 5 

Thee lack of a relation between the Cmin for NVP and virologie failure seems to 
contradictt with other studies. Havlir et al. reported that patients who failed therapy had 
aa significantly lower mean Cmin for NVP (3.1 mg/1) compared to patients who did not 
faill  (4.7 mg/mL)27. However, this study explored NVP monotherapy in previously 
treatedd patients. This situation is quite different from the present day combination 
therapyy and direct comparisons of these two types of regimens cannot be made. On the 
otherr hand, in the study bv Havlir et al., the effect of the NVP concentration on the risk 
off  virologie failure is not influenced by the antiretroviral effect of the other drugs used 
inn combination therapy, as could be the case in the present study. 

Ass mentioned previously, de Vries et al. reported a cut-off value for the Cmin of 
NVPP of 3 mg/115 , while Veldkamp et al. found a cut-off value for the Cmin of NVP of 
3.88 mg/l.] 7 These different association should be interpreted with caution since all 
studiess had a different definition of virologie failure or success. 

Thee most important difference between the studies from de Vries et al. and 
Veldkampp et al. with the present study is the patient population. Both studies included 
patientss who were non-adherent, while in the present study we included patients who 
reportedd to have an adequate adherence to their allocated treatment. This difference is 
reflectedd 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., 
hadd a higher median (4.13 vs. 3.79 mg/1) and a more than 10 times higher value for the 
lowestt observation (0.58 vs. 0.04 mg/1). The study by de Vries et al. included patients 
withh undetectable NVP levels. The 1C95 for NVP is 710nM (0.19 mg/1). In the present 
studyy all measurements were clearly above this value, while this was not seen in the 
otherr two studies. We showed that the association between the cut-off values of the 
Cminn and virologie failure was not present when patients reported to be adherent. 

Thee cut-off value for the Cmin of EFV of 1.1 mg/1 in the present study is similar 
too the ones reported earlier. In a study by Marzolini et al, 50% of the patients with an 
EFVV concentration < 1.0 mg/1 had a virologie failure, compared to 22% and 24% of the 
patientss with a concentration between 1.0 and 4.0, and above 4.0 mg/1, respectively.16 

Thee same was seen in a small study by Langmann et al.2b 

Inn contrast to NVP, we did find a relation between both the Cmin and AUC24 for 
EFVV and the risk of virologie failure. This despite the fact that, also for EFV, we 
includedd only patients who reported to be sufficient adherent. The reason for this 
differencee lies in the fact that the interindividual variability in the clearance parameter 
wass much larger for EFV (60.2%) compared to NVP (33.8%).2i Such a large 
interindividuall  variability is, apart from the concentration-response relation, one of the 
prerequisitess when TDM is to be used for identifying patients with suboptimal drug 
concentrations.28 8 

Theree were no objective adherence data collected int the 2NN study. We had to 
relyy on self-reported adherence. At the same time, data on virologie failure were 
censoredd when the patient discontinued the NNRT1 component of the allocated 
treatment.. This implies that the results of this study cannot be influenced bv patients 
withh a virologie failure due to an adverse event associated discontinuation of their 
NNRTI. . 
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Thee absence of a clear concentration-response relation for NVP raises the question 
whetherr TDM for NVP is of value. We realise that the present study was not designed 
too answer this question. However, when one of the prerequisites for TDM is absent, 
thenn the question of the value of TDM for NVP is warranted. The value of TDM for 
EFVV is less debatable from the findings in the present study, since we found both the 
concentration-responsee relation, although driven by the patients from Thailand, and 
thee high interpatient variability. What was not reported earlier was the relatively poor 
sensitivityy of the Cmm and AUC24 of EFV to predict virologie failure. 
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