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CHAPTERR 9 

Lancett 1999; 353: 2061-64 

Analysiss of HIV- 1 clinical trials: statistical magic? 

Thee AVANTI Steering Committee*  (corresponding author - Andrew Hill ) 

Amongg people who are positive for HIV-1, there is a strong correlation between the between the 
concentrationss of plasma HIV-1 RNA, CD4 cell count, and the risk of progression to AIDS and 
death.11 Consequently, plasma HIV-1 RNA, together with CD4 cell count, have become the primary 
indicatorss to assess the efficacy of antiretroviral treatments.2,3 

Theree are now many different combination regimens available for the treatment of HIV-1 infection, 
includingg combinations of two nucleoside analogues with either a protease inhibitor, a non-
nucleoside,, or triple-nucleoside analogue treatment. Combinations that cause reductions in HIV-1 
RNAA to undetectable concentrations in most patients are typically judged to be the most efficacious. 
Inn many trials, only one analysis of HIV-1 RNA undetectability is presented, so that the clinician 
rememberss a single estimate of percent undetectability for a new treatment. However, there are many 
differentt ways to calculate the percentage of patients with undetectable HIV-1 RNA, which have a 
strongg effect on the results reported. The difficulty for the clinician is how to choose between these 
treatments,, given the different methods. Is the clinician simply under the spell of the statistical 
magiciann who has analysed the data? 

Undetectabilityy of HIV-1 RNA depends on the sensitivity of the assays used to detect the virus. The 
first-generationfirst-generation PCR assays , such as Roche Amplicor, can detect HIV-1 RNA if more than 400-500 
HTV-11 RNA copies are present per mL of plasma. New ultrasensitive assays have a lower limit of 
detectionn of 20-50 HIV RNA copies/mL; 50 copies/mL is the most reliable threshold. Maximum 
suppressionn of viraemia is more likely to delay the emergence of drug resistance, which could lead to 
treatmentt failure. Several trials have shown that reductions to less than 50 copies/mL are required for 
sustainedd virological suppression, and that patients with reductions to 50-400 copies/mL show more 
transientt reductions in HTV-1 RNA.4"6 Therefore, if one aim of treatment is to delay or prevent the 
emergencee of drug resistance, the lower detection limit of the most sensitive assay currently available 
shouldd be used to measure treatment success; thiss limit is currently 50 copies/mL. To classify HIV-1 
RNAA concentrations under 400 copies/mL as "undetectable" is inadequate, given that more sensitive 
assayss might detect viraemia in such patients. 

Intention-to-treatt analyses are supposed to include all patients randomised to treatment, whereas as-
treatedd or per protocol analyses include only those patients who are following the treatment as 
stipulatedd by the study protocol. However, the term intention-to-treat analysis can instil a false sense 
off  security, since it is possible to run an intention-to-treat analysis that closely resembles a per 
protocoll  analysis, depending on how missing data are classified. 

Afterr withdrawal of patients from clinical trials, it can be difficult to continue follow-up for HIV-1 
RNAA measurement, because patients may be lost to follow-up or no longer willing to take part in the 
triall  procedures. For an intention-to-treat analysis, patients with missing data on HIV-1 RNA can be 
classifiedd by two methods: (1) the data can simply be excluded from the intention-to-treat analysis 
(missingg data excluded); or (2) patients with missing data can be classified as treatment failures, with 
HIV-11 RNA at detectable concentrations (missing equals failure). Which of the two analyses is the 
mostt realistic? The difficulty with the exclusion of patients with missing data is the so-called survivor 
effect.. Patients who continue to receive allocated treatments in clinical trials tend to have more 
favourablee outcomes than those who drop out because of toxic effects, do not comply with protocol, 
aree treatment failures, or are lost to follow-up.7 Thus, the exclusion of patients with missing data after 
withdrawall  tends to overestimate the treatment effects. Trials that use this statistical analysis can be 
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identifiedd easily since the number of patients included in the analysis becomes progressively smaller 
withh increasing treatment time. By contrast, in an analysis in which missing data equals failure, the 
samplee size does not change throughout the follow-up. 

HIV-11 RNA increases rapidly after discontinuation of antiretroviral treatment,8 which suggests that 
patientss who drop out of trials and do not receive effective second-line treatments are likely to have 
detectablee HIV-1 RNA concentrations. However, an analysis in which missing data equals failure 
mayy be overly conservative if second-line treatment after the virological failure of initial regimens is 
ablee to cause a return to undetectable HIV-1 RNA concentrations. It is, therefore, important to include 
ass part of the trial design measurement of response to second-line treatment options, with continued 
follow-upp for HIV-1 RNA after withdrawal from the initial regimen. The missing data equals failure 
methodd is a standard analysis for regulatory submission of HIV-1 data to the Food and Drug 
Administrationn in USA. 

Thee results from an analysis of the triple-combination treatment groups of two trials that used the 
abovee methods are shown in Table 1. The trials recruited patients to receive lamivudine plus 
zidovudinee plus indinavir (n=52, AVANTI-2) or lamivudine plus zidovudine plus nelfinavir (n=53, 
AVANTI-3 )) for 52 weeks. Plasma HIV-1 RNA was analysed by means of the Roche assay with lower 
detectionn limits of below 400 copies/mL and 50 copies/mL. For each trial, patients were asked to 
continuee follow-up for HIV-1 RNA after withdrawal from trial medication, but this request was not 
mandated.. The overall baseline mean HIV-1 RNA was 4.9 log10 and the mean CD4 count was 293 
cells/mL,, and was similar in both trials. A longer time was required for patients to achieve reductions 
beloww the 50 copies/mL detection limit than for below 400 copies/mL detection limit, but most 
patientss had achieved below 50 copies/mL by week 28, after which time there was a decline in the 
proportionn of patients with an undetectable HIV-1 RNA to week 52. After 28 weeks of treatment, 
sevenn (13%) of 52 patients randomised to lamivudine plus zidovudine plus indinavir in AVANTI- 2 
andd nine (17%) of 53 patients randomised to lamivudine plus zidovudine plus nelfinavir in AVANTI -
33 had withdrawn from the trial or been lost to follow-up. HIV-1 RNA data was not available for these 
patients.. Three patients in AVANTI- 2 had stopped treatment at week 28, but continued follow-up 
withh measurement of HIV-1 RNA. 

Detectionn limit of Analysis Trial (treatment) 
assayy (copies/Ml) AVANTI- 2 AVANTI- 3 
.. (2idovudine/lamivudine/mdmavir) (zidovudme/lamivudüie/nelfinavir) 
<500 Intention to treat; missing data = treatment failur e 30/52 (58%) 28/53 (53%) 
<500 Intention to treat; missing data excluded 30/45(67%) 28/44(64%) 
<500 Per protocol 30/42(71%) 28/44(64%) 
<4000 Intention to treat: missing date = treatment failur e 35/52 (67%) 37/53 (70%) 
<4000 Intention to treat; missing data excluded 35/45(78%) 37/44(84%) 
<4000 Per protocol 35/42 (83%) 37/44 (84%) 

Tablee 1: Effect of assay and analysis on estimates of percent undetectability at week 28 of treatment 

Tablee 1 shows estimates of percent undetectability at week 28 according to the two lower detection 
limitss of below 50 copies/mL and 400 copies/mL with different populations for analysis. For both 
trials,, there are three main conclusions. The first conclusion is that the percent undetectable was lower 
withh a detection limit of 50 copies/mL compared with the limit of 400 copies/mL. The second is that 
percentt undetectable was lower if patients with missing HIV-1 RNA data after withdrawal were 
classifiedd as having detectable virus, compared with exclusion of those data. Finally, intention-to-treat 
analysiss with exclusion of missing data provided similar estimates of percent undetectable to the per 
protocoll  analysis, because most patients were not followed up for HTV-1 RNA after withdrawal of 
treatment.. These conclusions were also valid for analyses after 16 weeks and 52 weeks of treatment. 

Combiningg results from the two AVANTI trials, of 74 patients with maximum reductions of HTV-1 
RNAA to less than 50 copies/mL during the first 28 weeks of treatment, 11 (15%) had an increase to 
moree than 5000 copies/mL or had missing data at week 52. By contrast, of 21 patients with maximum 
reductionss to 50-400 copies/mL during the first 28 weeks, 12 (57% had an increase to above 5000 
copies/mLL at week 52 (p<0.001, x2 test). Therefore, the minimum HIV-1 RNA concentration of below 
500 copies/mL was associated with more durable reductions in HTV-1 RNA at subsequent time points. 
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Wee reviewed 12 trial s of highly active combination treatment, reported or  presented in 1998, to 
investigatee whether  the effects seen in the AVANT I  trial s were true for  other  triple-combination 

10-12 2 treatments.. Week 24 was the most widely available time point for  these trials. For  this review, 
weekk 28 of AVANTI- 2 and AVANTI- 3 were used, since this time is closest to week 24. For  each 
trial ,, we obtained estimates of the percent of patients with undetectable HIV- 1 RNA for  the detection 
limit ss of 400 copies/mL and 50 copies/mL, and for  the intention-to-treat population with missing data 
classifiedd as failure. In addition, either  the per  protocol population or  the intention-to-treat population 
withh the exclusion of patients who had missing data were used (given that the two populations 
generatedd similar  estimates of the percentage of patients who had undetectable HIV- 1 RNA for  the 
AVANT II  trials). 

Althoughh the trial s were not strictly comparable because of the differences in enrolment criteri a and 
otherr  factors, we obtained useful information on the effects of the different analyses (Table 2). 
Patientss were antiretrovira l treatment naive for  all the trials, with the exception of the Merck 03 54 

trial ,, in which patients had received zidovudine, and the SPICE trial, 19 in which 46% of patients had 
takenn nucleoside analogues. All the trial s showed large differences in the percent of patients with 
undetectablee HIV- 1 RNA between the two methods of analysis. For  the detection limi t of 400 
copies/mLL  and the per  protocol or  intention-to-treat analysis with missing data excluded, the mean 
percentt  of patients with undetectable HIV- 1 RNA across the trial s was 81% (range 57-95). For  the 
withh undetectable HIV- 1 RNA was 52% (30-78). The mean difference in these results between the 
twoo analyses was 29% (15-46). 

Triall  (ref) 

AVANTI-2(11 ) ) 
AVANTI- 33 (12) 
Merckk 035 (13)fi 
DMP-006(10) ) 
START-11 (14) 
START-l f f 
START-22 (15)f 
START-2t t 
SPICEE (16)} 
SPICEJ J 
SPICEJ J 
Danishh PI  Trial (17) 
NV15355(18) ) 
DMP-006(10) ) 
DMP-0055 (19) 
ESTCAS(20) ) 
CNAB3003(21)1 1 
Overalll  range 

Treatment t 

Lamivudme/zidovudme/mdinavir r 
Lanrivudine/zidovudine/nelfinavir r 
Lamivudine/zidovudnie/iiidmavir r 
Laimvudine/zklovudnie/radinavir r 
Larmvudine/stavudme/indiiiavir r 
Larmvudinc/zidovudinc/iiidinavi r r 
Laimvudine/zidoviidine/indinavi r r 
Stavudinc/didanosme/nidinavir r 
22 NRTI/saquma vir 
22 NRTI/nelfinavi r 
22 NRn/saquinavir/Delfinavir 
22 NRTI/ritonavir/saquin a vir 
22 NRTI/saqumavir 
Laimvudine/zidovudiDe/efevirenz z 
Laimvudine/zidovudinc/efevirenz z 
Zkiovudinc/ididanosine/nevirapine e 
Lannvudme/zidovudme/abacavir r 

%% fflV-1  RNA undetectable 
<4000 copies/mL per  protocol 
orr  I'l l with missing data excluded* 
83% % 
84% % 
90% % 
90% % 
87% % 
80% % 
77% % 
68% % 
62% % 
57% % 
87% % 
92% % 
79% % 
95% % 
88% % 
73% % 
86% % 
81%%  (57-95) 

(weekk 24) by detection limit of assay 
<500 copies/mL FIT with missing 
dataa equals treatment failure* 
58% % 
53% % 
66% % 
44% % 
55% % 
61% % 
38% % 
30% % 
42% % 
42% % 
65% % 
78% % 
49% % 
59% % 
49% % 
45% % 
54% % 
52%%  (30-78) 

ee HTV-1 RNA. t500 copy detection limi t used instead of 400. {Included NRTI  pretreated patients. §Data at 16 weeks of treatment 
Tablee 2: Effects of assay and analysis on HIV-1 RNA undetectability after 24 weeks of treatment in 12 reported trials of 
highlyy active combination treatment 

Theree is a large and increasing number  of potential combination regimens for  the treatment of HTV-1 
infection.. Comparison of all such regimens within randomised trial s would be logistically impossible, 
andd therefore there has been a trend to compare the antivira l effects of treatments used in different 
trials.. The review of trial s of zidovudine plus lamivudine plus indinavir  showed a range of estimates 
off  the percentage of patients with undetectable counts from 38% (START-2 trial ) to 66% (Merck 035 
trial) ,, even when the same detection limi t and statistical analysis were used. Other  factors could affect 
estimatess of percent undetectability, such as baseline HIV- 1 RNA treatment history, and compliance 
withh randomised treatment; these factors may differ  between trial s of different designs. Any 
comparisonn of treatment effects between clinical trial s should be treated with caution, even if the 
samee detection limit s and statistical analysis have been used. Randomised clinical trail s are the most 
reliablee way to directly compare the efficacy of treatments. 

Theree can be difficultie s with a comparison of two treatments within open-label trial s if there is a high 
ratee of withdrawal that differs significantly between treatment groups, and if there is limited 
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informationn on subsequent outcome during second-line treatment. In such cases, treatment 
comparisonss that use intention-to-treat with missing data classified as treatment failure can 
automaticallyy favour the treatment groups with the lowest rate of withdrawal, and can provide 
differentt conclusions to treatment comparisons that exclude missing data.9 

Thee mean estimate of percent undetectability for the detection limit of 50 copies/mL with an 
intention-to-treat,, missing data equals failure approach was 52%. Therefore, more potent 
combinationss with improved toxicity profiles and potential for better adherence need to be assessed, 
too attempt to cause higher proportions of patients to achieve maximum virological suppression for 
sustainedd periods. However, for patients who do not achieve suppression of viraemia to under 50 
copies/mL,, development of AIDS is rare until HIV-1 RNA concentration increases above 5,000-
10,0000 copies/mL, particularly if CD4 counts are raised.1 Partial suppression of viraemia confers a 
short-termm clinical benefit, despite the risk of more rapid development of drug resistance. 

Theree is limited data available on the efficacy of triple-combination treatments beyond 12 months. 
Withh the potential for loss of efficacy through development of resistance, progressive toxic effects, 
non-compliancee with complex treatment regimens, and withdrawal from all therapy, it is important to 
havee long-term data from HIV-1 clinical trials. Data from long-term cohort studies may be valuable in 
thiss setting. 

Perr protocol analyses (or intention to treat with exclusion of missing data) provide valuable 
informationn on the potency of treatment among patients who continue to receive their medication, but 
thesee analyses overestimate the efficacy of treatments and can provide a false expectation of the true 
treatmentt efficacy for clinicians and patients if presented in isolation. Intention-to-treat analysis with 
missingg data classified as treatment failure with the most sensitive detection limits available should 
alwayss be presented. In our review of the 12 HIV trials, it was often difficult to extract the estimates 
off  efficacy by this type of analysis. Standardisation needs to be imposed by medical journals and 
internationall  conferences. Without standardisation, the current situation will persist, where a 
treatment'ss reported efficacy could depend as much on the wave of the statistical magician's wand as 
thee true potency and tolerability of the drug combination. 

*AVANT II  Steering Committee 
Davidd Cooper (NCHERR, University of New South Wales, Australia); Nathan Clumeck (Hospital St Pierre, Bruxelles, 
Belgium);; Julio Montaner, Richard Harrigan (St Paul's Hospital, Vancouver, Canada); Jan Gerstoft (Rigshospitale{ 
Copenhagen,, Denmark); Willy Rozenbaum (Höpital Rothschild, Paris, France); Frank D Goebel (Klinikum Universitat' 
Munich,, Germany); Peter Reiss; Joep Lange (NATEC, AMC, Amsterdam, Netherlands); Stefano Vella (Institute Superior̂ 
Dii  Sanita, Rome, Italy); Jose M Gatell Artigas (Hospital Clinic, Provinciaz Barcelona, Spain); Brian Gazzard (Chelsea & 
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