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Thee 2NN study 

Introductio n n 

Severall  randomised clinical trials in antiretroviral therapy (AK1') naive patients have 
shownn that a regimen hased on a non-nucleoside reverse transcriptase inhibitor 
(NNKTI )) is at least as effective as a regimen that includes a protease inhibitor (PI).1-"1 

Duringg the past few years, the use of NNRTI-based ART as the first regimen of choice 
hass become increasingly popular. Among the reasons for this change are the lower pill 
burdenn of such a regimen and the perceived toxicity associated with a Pi-based 
regimen.. Furthermore, NNRTI-based ART does not necessitate any restrictions 
regardingg food intake. These factors can contribute to better adherence to therapy by 
thee patient, which is crucial for a sustained effect of treatment.46 

Thee two most used NNRTI drugs are nevirapine (NVP) and efavirenz (EFV). 
Noo large randomised comparison between these two drugs has yet been undertaken. 
Severall  large cohort studies suggested that EFV is more effective than NVP/q 

However,, interpretation of cohort studies might be hampered by the possible biases 
thatt are inherent to this design. 

Wee report the results of the 2NN study, a large randomised trial in patients 
withh chronic HIV-1 infection, who had not previously received ART, comparing the 
efficacyy and safety of treatment with two nucleoside analogue reverse transcriptase 
inhibitorss (NRT1) and either NVP once daily (od), NVP twice daily (bd), EFV or the 
combinationn of NVP+EFV. The study addressed several questions. Firstly, it compared 
thee standard doses of NVP (bd) with EFV. Secondly, it compared the standard twice 
dailyy 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-bdd has been performed. Thirdly, the study assessed the relative merit of 
combiningg the two NNRTIs. This combination has never been investigated in a clinical 
settingg and in vitro data on the combination are inconclusive.1011 

Methods s 

Participants Participants 

Studyy participants were recruited during regular visits to HIV treatment centres in 
Northh and South America, Australia, Europe, South Africa, and Thailand. Eligible 
patientss were ART-naive, chronically infected with HIV-1, and aged at least 16 years, 
andd had a plasma HIV-1 RNA concentration (pVL) > 5000 copies/ml. There were no 
inclusionn 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/1 
(men)) or < 5.7 mmol/1 (women); neutrophils < 1 x 10yi; platelets < 75 x 10q/l ; serum 
amylasee > 2 x upper limi t 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 
pancreatitiss or neuropathy within the previous 6 months; renal failure necessitating 
dialysis;; radiotherapy, cytotoxic, or immunomodulating treatment within one month 
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Chapterr 2 

precedingg the start of the study or the expected need for it; infection with HIV-2; likely 
non-adherencee as judged by the investigator. 

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

DesignDesign and interventions 

Al ll  patients received stavudine 40 mg bd {30 mg bd if weight < 60 kg) and lamivudine 
1500 mg bd. They also received NVP 400 mg od, NVP 200 mg bd, EFV 600 mg od or a 
combinationn of NVP 400 mg od and EFV 800 mg od. The higher dose of EFV when it is 
usedd in combination is recommended because EFV concentrations are lowered when 
thee drug is used in the presence of NVP.12 NVP was given as 200 mg od for the first two 
weeks. . 

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

Thee 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 
assignedd NVP-bd was added 5 months later because another study had found that the 
efficacyy of NVP was related to the minimum concentration n and raised the question of 
whetherr once dailv NVP resulted in a high enough minimum concentration. 

Thee focus of the trial shifted to the comparisons of NVP-bd versus EFV (testing 
forr equivalence), and of NVP-od versus NVP-bd (testing for superiority)- For these 
comparisons,, the treatment allocation probabilities were recalculated to arrive at the 
endd 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 
fourthh 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 
too one of the four treatment groups. Treatment allocation was done at the central study 
co-ordinationn centre, concealed from the investigator before enrolment, and 
implementedd bv sending a fax to the studv site. Generation and implementation of the 
allocationn sequence were fullv separated. There was no masking after treatment 
allocation. . 

Bvv protocol, patients were not allowed to change anv component of their 
allocatedd treatment for more than 5% of the follow-up time. The onlv exception was a 
changee of stavudine or lamivudine for reason of toxicitv, provided that alwavs two 
NRTIss were used. Women who became pregnant while using EFV were switched to 
NVPP and could remain in the studv, but thev were judged to have had a change of 
allocatedd treatment. The use ot prophvlactic medication for opportunistic infections 
wass at the discretion of the treating phvsician. 
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Thee 2NN study 

Follow-upFollow-up and assessments 

Participantss 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 
andd laboratory adverse events (AE). Further monitoring of pVL was done at day 3, 
weekk 1 and week 18. Plasma samples for pVL were frozen at -70° C and transported to 
aa central laboratory (LabCorp, Research Triangle Park, NC, USA), where the pVL was 
measuredd with an Ultrasensitive Roche Amplicor 1.5 (Roche Diagnostics, New Jersey, 
USA)) with a lower limi t of quantification of 50 copies/ml. All other laboratory tests 
weree 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 
off  the AIDS Clinical Trial Group was used for the reporting of clinical and laboratory 
adversee events.14 

OutcomeOutcome measures 

Thee primary efficacy outcome was the proportion of patients with treatment failure, 
definedd as a composite endpoint with three components: virology (a decline of less than 
11 logio in pVL within the first 12 weeks or two consecutive pVL measurements > 50 
copies/mll  from week 24 onwards; a single pVL > 500 copies/ml at week 48 constituted a 
failure);; disease progression (Centers for Disease Control and Prevention grade C event 
fromm 8 weeks onwards diagnosed according to the published guidelines 15, or death); 
andd therapy change (non-allowable change of allocated treatment). 

Secondaryy endpoints were the proportion of patients with a virologie failure 
(neverr having a pVL < 50 copies/ml, or 2 consecutive pVL > 50 copies/ml after having 
hadd a concentration below the cut-off); the proportion of patients with a pVL < 50 
copies/mll  at each study week; the change in CD4+ cells between start of treatment and 
weekk 48; and the frequencies of clinical and laboratory AEs. Matters that were reported 
ass clinical AE but reflected only asymptomatic laboratory abnormalities were excluded 
fromm the clinical AE listing but incorporated in the listing of laboratory abnormalities. 
Laboratoryy abnormalities were classified as hepatic or non-hepatic. Since hepatic 
abnormalitiess were expected, this approach allowed us to examine the overall 
frequencyy of laboratory toxicities among the treatment groups apart from those 
associatedd with the liver. Hepatic laboratory abnormalities included an increase in 
aspartatee or alanine aminotransaminase, and a high bilirubin concentration that was 
associatedd with an increase in these enzymes. Isolated rises in y-glutaravl transferase 
weree 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 
highestt toxicity grade was included. All the analyses compared the treatment groups at 
weekk 48. 
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StatisticalStatistical analyses 

Categoricall  variables were tested with a x2 o r Fisher's exact test, as appropriate. 
Continuouss variables were tested with a Kruskal-Wallis test. Missing pVL data were 
takenn to be > 50 copies/ml. Patients who withdrew prematurely were therefore 
classifiedd 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. 

Al ll  analyses were done for the intention-to-treat population (ITT), including all 
randomisedd patients (H=1216). In the safety analyses, only AEs that occurred while the 
patientt was taking the allocated treatment were included. A two-sided p-value < 0.05 
wass deemed statistically significant in comparisons comprising all four treatment 
groupss (reported as 'overall'). 

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

Att the time that the fourth treatment group was added, four pairwise 
comparisonss 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 
wass 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'ss method). This significance definition was used for all pairwise 
comparisons,, except for the primary outcome comparing of NVP-bd versus EFV. For 
thatt comparison we assessed equivalence of these two treatment groups, with a null-
hypothesiss 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 
intervall  (95%CI) of this difference were within 10% of zero. The number of patients in 
thee comparison (n=787) provided adequate power for assessment of equivalence within 
thee 10% limits of the proportion of treatment failures if the two treatments were 
equivalentt (assumed failure rate=35%, a=0.05, /?=0.2). A sensitivity analysis assessed 
equivalencee 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). 

Twoo interim analyses were performed. The first was at week 8 and included 
thee first 400 patients that were allocated to NVP-od, EFV, or NVP+EFV. The purpose of 
thiss analysis was to assess viral decay within the first two weeks of treatment, to assure 
thee Data Safety and Monitoring Board (DSMB) that the novel combination of NVP+EFV 
didd not underperform with respect to viral suppression. The second interim analysis 
wass for all patients at week 24, to assess efficacy and safety of the four treatment 
groups.. Results were onlv shared between the trial statistician and the DSMB. The 
DSMBB did not recommend discontinuation or modification of the trial at any stage. 
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Chapterr 2 

Results s 

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

Tablee 1: Baseline characteristics of all randomised patients. 

Male e 
Age,, years* 
BMl/kg/m-* * 
Geographicall  region 
Asiaa / Australia (»=223) 
Europee (n=249) 
Southh Africa (K=430) 
Southh America (/;=249) 
Northh America (jj=f>5) 

HIVV risk behaviour 
11 leterosexual 
Homosexual l 
Intravenouss drug use 
Other,, unknown 

CDCC class C 
CD4++ cells, cells / m m '* 
<50 0 
50-200 0 
>> 200 

HIV-11 RNA, log,,,* 
<< 100,000 
>> 100,000 

11 lepatitis B virus co-infection f 
Hepatitiss C virus co-inlection t 

NVP-od d 
N=220 0 

139(63.2) ) 
34.44 (28.4-40.3) 
19.2(17.4-21.2) ) 

522 (23.6) 
500 (22.7) 
722 (32.8) 
400 (18.2) 
66 (2.7) 

124(56.4) ) 
588 (26.4) 

11(5) ) 
27(12.2) ) 
444 (20.0) 

2000 (95-340) 
35(15.9) ) 
766 (34.6) 
109(49.5) ) 

4.7(4.4-5.4) ) 
152(69.1) ) 
688 (30.9) 
15(6.8) ) 

22(10.0) ) 

NVP-bd d 
N=387 7 

236(61,0) ) 
33,9(29.7-41,0) ) 
19.7(17.7-22.4) ) 

52(13.4) ) 
72(18.6) ) 
146(37.8) ) 
899 (23.0) 
288 (7.2) 

236(61.0) ) 
102(26.4) ) 
13(3.4) ) 
366 (9.2) 
866 (22.2) 

170(60-310) ) 
799 (20.4) 
1388 (35.7) 
170(43.9) ) 

4.7(4.4-5.5) ) 
2644 (68.2) 
123(31.8) ) 
17(4.4) ) 
355 (9.0) 

FFV V 
N=400 0 

2544 (63.5) 
34.7(30.1-39.7) ) 
19.3(17.3-21.8) ) 

76(19.0) ) 
78(19.5) ) 
1411 (35.2) 
844 (21.0) 
211 (5.3) 

2244 (56.0) 
117(29.3) ) 
211 (5.3) 
388 (9.4) 
84(21.0) ) 

190(80-350) ) 
70(17.5) ) 
144(36.0) ) 
186(46.5) ) 

4.7(4.4-5.5) ) 
2633 (65,8) 
137(34.3) ) 
16{4.0) ) 

40(10.0) ) 

NVPP + EFV 
N=209 9 

143(68.4) ) 
33.22 (29.0-39.0) 
19.2(17.2-21.4) ) 

433 (20.6) 
499 (23.4) 
711 (34.0) 
36(17.2) ) 
100 (4.8) 

1111 (53.1) 
733 (34.9) 
10(4.8) ) 
155 (7.2) 

399 (18.7) 
190(80-33(1) ) 

28(13.4) ) 
800 (38.3) 
1011 (48.3) 

4.77 (4.4-5.5) 
139(66.5) ) 
700 (33.5) 
16(7.7) ) 
19(9.1) ) 

Dataa are n (%) unless stated otherwise. * Median (1QR). : presence of 1 iBs.Ag at screening; t presence of 
antibodiess to hepatitis C virus at screening. NVP=nevirapine. FFV=efavirenz. od=once daily. bd=tvvice daily. 
CL)C=Centerss for Disease Control and Prevention. 

Efficacy Efficacy 

Tablee 2 summarises the results from the efficacy analyses separately for the period 
beforee and after the randomisation change. In both periods, the proportion of patients 
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Thee 2NN study 

withh treatment failure differed significantly among the treatment groups, and was 
highestt in the group assigned NVP+EFV. 

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

Thee results of the primary analysis and the contribution of the three 
componentss to the composite endpoint for all patients are summarised in Table 3. The 
proportionn 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, 
andd 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 
statisticallyy significant (p=0.091), but equivalence within the 10% limits could not be 
demonstrated. . 

Thee sensitivity analysis testing for equivalence of NVP-bd and EFV in the 
populationn after exclusion of patients who never started treatment showed similar 
resultss to the primary analysis (77% [95% CI 0.8 to 14.6, p-0.03]). In the population of 
concurrentlyy randomised patients (including only those randomised after the protocol 
change)) the difference was 4.3% (-3.4 to 11.9, p-0.276). 

Theree was no statistically significant difference between patients assigned 
NVP-odd and those assigned NVP-bd (0.1%, p=0.994). Patients assigned NVP+EFV had 
aa 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). 

Thee main reason for treatment failure in each of the treatment groups was 
changee of allocated treatment (Table 3). The only difference statistically significant at 
p=0.01255 was that between EFV and NVP+EFV (14,4%, p< 0.001). The change of 
allocatedd treatment in all treatment groups was predominantly a permanent change in 
thee NNRTI component. 

Thee response to treatment differed among the geographical regions (interaction 
betweenn region and treatment group p=0.035). In Asia/Australia (90% of the patients in 
thiss region were enrolled at one centre in Bangkok), the proportion of treatment failure 
inn the EFV group was much lower and the differences between the NVP groups larger 
thann in the other regions (Table 4, Figure 2). There were no statistically significant 
differencess between the regions other than Asia/Australia (interaction term p=0.328). 
Despitee this modifying effect of region, testing for equivalence of NVP-bd and EFV 
withinn the 10% limits gave similar results to the primary analysis: equivalence could 
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nott be established in either Asia/Australia or the other regions combined (Table 4). 
However,, this analysis lacks power and should interpreted cautiously. 

100n n 

7v v 

50--

25--

Asia/Australiaa South Africa South America Europe/USA/Canada 

100--

75--

g.. 50-

25--

( ) • • 

Asia/Australiaa South Africa South America Europe/USA/Canada 

n== 52,52.76.43 72.146.141.71 40.89.84.36 56.100.99.5') 

•• NVP-od a NVP-bd • EFV o NVP+EF\ 

Figuree 2: Treatment failure (top) and virologie failure (bottom) by region. Error bars=95% CI. 

Forr virologie failure, there was no statistically significant interaction between outcome 
andd region (interaction term p=0.629, Table 4, Figure 2), but region remained significant 
withh Asia/Australia having virologie failure rates below 25% and 
Europe/USA/Canadaa having rates approaching 50%. 
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Tablee 4. Number of patients with treatment failure and virologie failure by region. 

Treatmentt failure 
Asia/Australia a 
Southh Africa 
Southh America 
Europe// USA/Canada 

Treatmentt failure 
Asia/Australia a 
Other r 

Virologiee failure 
Asia/Australia a 
Southh Africa 
Southh America 
Europe// USA/Canada 

NVP-od d 

233 (44.2) 
333 (45.8) 
155 (37.5) 
255 (44.6) 

233 (44.2) 
733 (43.5) 

111 (21.2) 
311 (43.1) 
99 (22.5) 
266 (46.4) 

NVP-bd d 

17(32.7) ) 
733 (50.0) 
355 (39.3) 
444 (44.0) 

17(32.7) ) 
152(45.4) ) 

133 (25.0) 
655 (44.5) 
266 (29.2) 
377 (37.0) 

EFV V 

15(19,7) ) 
544 (38.3) 
333 (39.3) 
499 (49.5) 

15(19.7) ) 
1366 (42.0) 

13(17.1) ) 
499 (34.8) 
255 (29.8) 
422 (42.4) 

NVP+FFV V 

244 (55.8) 
355 (49.3) 
144 (38.9) 
388 (64.4) 

244 (55.8) 
877 (52.4) 

99 (20.9) 
311 (43.7) 
99 (25.0) 
311 (52.5) 

NVP-bd d 

5.99 ( 

13.0 0 
3.44 ( 

vs.. EFV (95% CI) 

-0.99 to 12.8) 

(-- 2.6 to 28.5) 
-4.22 to 11.0) 

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

Thee proportion of patients reaching a pVL < 50 copies/ml at week 48 is summarised in 
Tablee 2 for each randomisation period and in Figure 3 for all patients. The mean values 
att 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 
weree no statistically significant differences in any of the four pairwise comparisons. 

Thee treatment groups had similar median increase in CD4+ cells over 48 weeks 
(overalll  p=0.800). The increase was 170 cells/mm3 for NVP-od, 160 cells/mm3 for the 
groupss 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 
associatedd with treatment failure. 

Patientss with a baseline pVL > 100,000 copies/ml were 1.63 times (95%CI 1.28 
too 2.07) more likely than those with baseline concentrations below this value to 
experiencee treatment failure. The difference in treatment failure rate between patients 
withh a high and low baseline pVL was 19.9% for NVP-od, 15.8% for NVP-bd, 5.9% for 
EFVV and 8.2% for NVP+EFV (overall p=0.004). However, the adverse effect of high 
baselinee pVL on the probability of treatment failure was similar for all treatment 
groupss (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 
adversee effect of a high baseline pVL on treatment failure did not differ between the 
combinedd NVP group and the EFV group (interaction term p=0.105). The same effect of 
highh baseline pVL was seen for virologie failure (interaction term p=0.571, Figure 5). 
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weekss after start allocated treatment 

NVP-odd - - -a- -NVP-bd — • — EFV . - - 0 - - N V PP + EFV 

Figuree 3: Proportion of patients with pVL < 50 copies/ml. Error bars=95% CI. 

Safety Safety 

Inn total, 25 patients died during the study, two before taking any study medication. 
Sevenn (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. 

Onee 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 
pancreatitiss 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, 
attributedd to the use of NVP, 39 days after start of treatment. Although recovering, she 
wass admitted to hospital for assessment of blepharitis. While in the hospital she 
developedd septicaemia due to a methicillin resistant Staphylococcus aureus infection and 
diedd after eight days. One patient assigned NVP-od died of lactic acidosis that was 
attributedd to the use of stavudine. 

Elevenn deaths were related to HIV-disease: three were due to Pneumocystis 
cariniicarinii  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 
studyy medication or HIV-disease (murder, renal failure, brainstem glioma, suicide of a 
patientt who had not started study medication, congestive heart failure, myocardial 
infectionn (two), endocarditis, empyema, and unknown reason (two). 
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**  p=0.800 
<JJ T I I 1 1 I 1 1 — 

00 2 4 8 12 24 36 48 

weekss after start allocated treatment 

—•—NVP-odd ---D--NVP-bd — • — E F V --<>-- NVP + EFV 

Figuree 4: Increase in CD4 cells over 48 weeks. Error bars=lQR. 

Forr all reported safety analyses, the change in randomisation did not modify the 
outcomee analysed. Therefore, all safety analyses are reported for the pooled data. The 
reasonss for temporary or permanent discontinuing one of the study drugs are 
summarisedd in Table 5. The reasons are not mutually exclusive. The commonest reason 
forr discontinuation was adverse events. The rate of AEs differed significantly by 
treatmentt group. However, of the pre-defined comparisons, only the difference 
betweenn 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). 

Althoughh the randomisation period did not statistically modify the proportion 
off patients who temporarily or permanently discontinued study drugs because of an 
AEE or HIV-event (interaction p=0.106), patients assigned EFV were more likely to 
discontinuee study drugs because of this reason before the randomisation change than 
afterwards.. However, this difference did not result in a significantly different 
proportionn of patients in the EFV group having treatment failure because of change of 
allocatedd treatment (Table 2). In the NVP-od group, 15.0% of the patients had at least 
onee grade 3 or 4 clinical AE, compared with 20.4% in the NVP-bd group, 18.0% in the 
EFVV group and 24.4% in the NVP+EFV group (Table 6) There were no statistically 
significantt differences between the single NNRT1 groups. 

es s 

•J J 

jyjv jyjv 

200 0 
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Thee difference in frequency between the group assigned NVP+EFV and the NVP-od 
groupp was statistically significant (p=0.014), but that between the group assigned 
NVP+EFVV and the EFV group was not (p=0.062). The grade 3 or 4 AEs that were 
reportedd in more than 1 % of the patients are listed in Table 6. 

100 0 

75 5 

50 0 

25 5 

NVP-od d NVP-bd d EFV V NVP+EFV V 

100 0 

75--

50 0 

25--

NVP-odd NVP-bd 

n== 68. 152 123. 264 

•• pVl. < 100,000 copies/ml 

EFVV NVP+EFV 

137.. 263 70. 139 

aa pVL > 100.000 copies/ml 

F iguree 5: T rea tmen t failure (top) and virologie failure (bottom) by basel ine p l a sma viral load. 

Errorr bars=95% CI. 

Thee proportion of patients with at least one grade 3 or 4 liver associated laboratory 
toxicityy was 13.6% for NVP-od, 8.3% for NVP-bd, 4.5% for EFV, and 9.1% for NVP+EFV 
(Tablee 6, overall p= 0.001). 
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Thee 2NN study-

Nonee of the predefined pairwise comparisons was statistically significant, but the 
frequencyy was significantly higher for NVP-od than for EFV (p< 0.001). Of the patients 
withh a grade 3 or 4 liver associated laboratory toxicity, the proportion co-infected with 
hepatitiss B or hepatitis C virus were 13.8% and 20.7% in the NVP-od group, 67% and 
20.0%% in the NVP-bd group, 5.6% and 11.1% in the EFV group, and 16.7% and 22.2% in 
thee NVP+EFV group. In the total study population the prevalence of hepatitis B and C 
co-infectionn was 7.7% and 9.1%, respectively. 

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

Discussion n 

Forr each randomisation period separately, and overall, we found a statistically 
significantt difference in proportion of patients with treatment failure at week 48, which 
wass 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-
onlyy groups, our findings show no statistical evidence that EFV is superior to NVP-bd 
inn terms of treatment failure. However, we could not show equivalence within the 10% 
limit ss of these treatment groups even though the study was adequately powered for 
suchh an analysis. The performance of NVP-bd compared favourably with that of other 
drugss that have been formally compared to EFV. In previous studies EFV was found to 
havee better efficacy than indinavir \ nelfinavir 16, or Pi-containing regimens in 
general.177 NVP-od and NVP-bd showed similar rates of treatment failure in our study, 
whichh accords with findings by others in small studies.1819 The simultaneous use of 
NVPP and EFV resulted in a higher probability of treatment failure, mainly due to 
increasedd rates of change of allocated treatment because of an adverse event. 

Theree were no statistically significant differences between the study groups in 
thee proportion of patients with virologie failure, the proportion with a pVL < 50 
copies/mll  at week 48, or the increase in CD4+ T-cells during the study. The difference 
inn treatment failure rates between patients with a baseline pVL above and below 
100,0000 copies/ml was largest for the NVP-only groups, but a detrimental effect of high 
baselinee pVL was observed for all regimens. A higher probability of treatment or 
virologiee failure in patients with such a high baseline pVL has been described 
previouslyy for NVP2021, but not for EFV.1 

Thee observed regional differences in treatment failure might be attributed to 
physicians'' management of patients within the study (210 of the 223 patients in 
Asia/Australiaa were from a single treatment centre in Bangkok). Another reason might 
bee population differences in frequency of drug-related adverse events, since in 
Asia/Australiaa 26% of the patients temporarily or permanently discontinued study 
treatmentt 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 
mutuallyy exclusive. The high rate of discontinuation in Asia/Australia might also be 
thee cause of the difference in temporary or permanent discontinuation of study drug in 
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thee EFV group in the comparison of both randomisation periods. In the period before 
randomisationn change there was an over-representation of patients from 
Asia/Australia. . 

Owingg to the randomisation change and the regional differences, the presented 
overalll  efficacy estimates should be interpreted with caution. However, we believe that 
thee main conclusions of the study are robust. The contributions of the reasons for 
treatmentt failure are similar in the two randomisation periods. Furthermore, the 
differencee 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 
thee comparisons of NVP-bd versus EFV, and NVP-od versus NVP-bd, as well as the 
poorr performance of the NVP+EFV group can be drawn for the region Asia/Australia 
alonee as for the other regions combined. Thus, the results of this study can be seen as 
qualitativelyy generalisable in terms of the direction of effects observed, but not 
numericallyy generalisable in terms of the size of the efficacy estimates. 

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

Thee only data from a randomised trial were reported by Nunez et al22 In this 
smalll  trial, 67 therapy naive patients started a regimen of d4T and ddl with either NVP 
orr EFV; 64% of the NVP group and 74% of the EFV group had a pVL < 50 copies/ml 
afterr 48 weeks in an ITT analysis (p=0.43). However, the study had a power only of 14% 
too find a significant difference in this variable. 

Thee disparities between results from cohort studies and the 2NN study might 
bee partly explained by differences in study design. Since there is no randomisation in 
cohortt studies, selection bias could have been introduced if the choice between NVP 
andd EFV was influenced by patients and physicians. Physicians' preconceived ideas 
aboutt efficacy and safety of certain therapy regimens wil l have a role in decisions on a 
therapyy regimen for a particular patient and on management. Knowledge and 
experiencee of physicians is clearly associated with the adaptation of new treatment 
strategies.233 Although these biases can be kept to a minimum by the use of 
multivariablee models 24, the possibility of residual confounding in cohort studies 
remains.. However, differences in management of patients in an open-label clinical trial 
suchh as the 2NN, even when within the boundaries of the study protocol, could also 
leadd to biased estimates. The magnitude of such bias in clinical trials is difficult to 
establishh but it should not be ignored, especially when the chosen composite endpoint 
includess a component that is easily influenced by management of patients. 
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Thee two NVP-attributed deaths were caused by known complications of the drug. Strict 
adherencee to guidelines on management of rashes could minimise the risk of Stevens-
Johnsonn Syndrome.252* 1 However, monitoring of plasma aminotransaminase 
concentrationss might not prevent the occurrence of fulminant hepatitis.27 28 

Thee reported frequency of clinical and laboratory AEs in patients taking NVP 
orr EFV varies widely. We reported all grade 3 or 4 events irrespective of the relation of 
thee event to the study drugs, to minimise ascertainment bias in the reporting of events, 
althoughh 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 % 
andd 3.4%) were at the lower end of the range reported in other studies. In the 
ATLANTI CC study, 7% of the patients assigned to d4T, ddl, and NVP developed a grade 
33 or 4 rash.2 In the INCAS study, severe rash (grade 4) was seen in 4% of the patients 
allocatedd to zidovudine plus NVP with or without ddl.29 Pollard et al. reported a grade 
33 or 4 rash in 6.6% of the patients included in clinical trials.30 

Gradee 3 or 4 AEs related to the central nervous system were seen only in 
treatmentt 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 
andd EFV had some kind of central nervous system symptom, although none of the 
eventss was reported to be severe.1 

Thee frequency of hepatic laboratory abnormalities and clinical hepatotoxicity 
wass similar to those reported previously. Patients assigned NVP-od had a higher 
frequencyy of hepatic laboratory abnormalities than those assigned NVP-bd. Peak 
plasmaa concentrations are greater with once daily than with twice daily dosing, but the 
totall  exposures to the drug is nearly identical.31 Previous studies have not confirmed a 
relationshipp between NVP concentration and toxicity.3132 

Thee occurrence of liver-associated laboratory toxicities is known to be increased 
inn patients co-infected with hepatitis B or hepatitis C virus.33-34 The proportion of 
patientss with hepatic co-infection who developed liver-associated laboratory toxicity 
differedd between the treatment groups, but the numbers of patients were too small to 
alloww 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. 

Apartt from the drawback of the change in randomisation, the 2NN study has 
thee 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 
drivenn by the change-of-treatment component. However, the study was based in 
centress that had extensive experience with antiretroviral therapies. Inappropriate 
treatmentt changes are unlikely to have occurred on a scale large enough to render the 
studyy results not reproducible. Virologie and immunologic endpoints based on 
laboratoryy results are less influenced by the open-label design. These endpoints 
supportt the findings of the composite endpoint in that there were no significant 
differencess among the single NNRTI groups of the 2NN study. 

Thee follow-up of 48 weeks in this study does not differ from that in manv other 
HIVV trials, but is shorter than in cohort studies. There is a possibility that the difference 
betweenn NVP-bd and EFV wil l grow larger over time and that the efficacy of EFV is 
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moree sustainable than that of NVP-bd.^5 Further follow-up of 2NN patients is planned. 
Thee overall drop-out rate of less than 20% is similar for all treatment groups, and 
similarr to other large HIV-clinical trials. 

Wee conclude that the 2NN study showed no significant differences in 
treatmentt failure between regimens with a single NNRTI in the treatment of ART-naive 
H1V-11 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 
NVPP was associated with two deaths in the study. The safety profiles of the drugs 
differr and should be taken into account when regimens are being chosen. NVP-od had 
aa 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 
moree adverse events than each drugs separately. This regimen is therefore less 
desirablee than the other treatment options presented in this study. 
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