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Content 

In the TORO, RESIST and POWER trials, the HIV-RNA < 50 copy endpoint showed the strongest durability over time, whereas HIV-
RNA reductions of more than 1 log10 or below 400 copies/ml were less sustained during 48 weeks of treatment. Clinical trials of new 
antiretroviral drugs in highly experienced patients also show high rates of HIV-RNA suppression below 50 copies/ml. HIV-RNA 
suppression below 50 copies/ml should now become the standard efficacy endpoint across trials of both naive and experienced 
patients. 

Plasma HIV RNA is now used as the primary efficacy endpoint in most randomized clinical trials, with the CD4 cell count a key 
secondary efficacy parameter.[1] The latest International AIDS Society USA adult HIV treatment guidelines recommend plasma HIV-
RNA levels of less than 50 copies/ml as the virological target for all patients.[2] For clinical trials of first-line HAART, the most 
common primary efficacy analysis is the proportion of patients with HIV RNA under 50 copies/ml. For clinical trials in treatment-
experienced patients, numerous endpoints involving HIV-RNA levels have been used: HIV RNA less than 50 copies/ml (DUET trials 
of darunavir boosted with ritonavir and TMC125); HIV RNA less than 400 copies/ml (TITAN trial of darunavir/ritonavir), BENCHMRK 
trials of the integrase MK-0518;[3,4] HIV-RNA reduction greater than 1 log10 copy/ml (TORO trials of enfuvirtide,[5-7] RESIST trials of 
tipranavir/ritonavir,[8] POWER trials of darunavir/ritonavir[9]); and a continuous log10 reduction in HIV RNA from baseline (MOTIVATE 
trials of maraviroc,[10,11] BMS-045 trial of atazanavir/ritonavir,[12] the Gilead 907 trial of tenofovir[13] and the CONTEXT trial of 
fosamprenavir/ritonavir.[14] 

Given the availability of new treatments with activity against drug-resistant HIV, the efficacy of HAART is improving for highly 
treatment-experienced patients, enabling increasing proportions to reach undetectable plasma HIV-RNA levels. Three controlled 
sets of trials of antiretroviral agents in treatment-experienced patients, POWER 1 and 2, RESIST 1 and 2 and TORO 1 and 2, were 
analysed using different HIV-RNA endpoints, to assess their relative durability over time. In all the trials, highly treatment-
experienced patients received study medication plus an individually optimized background regimen (OBR) of other antiretroviral 
agents. 

The POWER 1 and 2 trials compared four doses of darunavir/ritonavir with investigator-selected control protease inhibitors (PI). All 
patients also received an OBR of at least two nucleoside reverse transcriptase inhibitors (NRTI) with or without enfuvirtide. Only 
data from the 131 patients receiving the licensed dose of darunavir/ritonavir, 600/100 mg twice a day, were included in this analysis. 
The RESIST 1 and 2 trials compared the efficacy of tipranavir/ritonavir 500/200 mg twice a day (n = 746) with that of control PI. 
Patients also received an OBR of NRTI and non-nucleoside reverse transcriptase inhibitors (NNRTI) with or without enfuvirtide. The 
TORO 1 and 2 trials compared the virological outcomes of patients who received 90 mg enfuvirtide subcutaneously plus an OBR of 
three to five antiretroviral drugs including NRTI, NNRTI and PI (n = 661) compared with a control arm of the OBR without enfuvirtide. 

For the three pairs of trials, the proportions of patients in the experimental treatment arms reaching the endpoints of HIV-RNA 
reduction greater than 1 log10 copy/ml, HIV RNA less than 400 copies/ml or HIV RNA less than 50 copies/ml were assessed over 
time using published intent-to-treat, time to loss of virological failure analyses. 

The maximum response for the HIV-RNA reduction greater than 1 log10 copy/ml endpoint was observed after 4 weeks of treatment ( 
Table 1 ), with a gradual reduction in response from weeks 24 to 48. For the HIV RNA less than 400 copies/ml endpoint, the 
maximum response was observed at week 16, with subsequent gradual reductions in response at weeks 24 and 48. For the HIV 
RNA less than 50 copies/ml endpoint, the HIV RNA less than 50 copy responses remained stable between weeks 24 and 48. This 
trend is also seen from the time-course of the different endpoints over 48 weeks for the POWER 1 and 2 trials, shown in Figure 1.  



 
Figure 1.   

Darunavir boosted with ritonavir 600/100 mg twice a day: POWER 1 and 2 HIV-RNA responses (time to loss of virological 
response). -  HIV-RNA reduction ≥ 1 log10 copies/ml; -  HIV RNA < 400 copies/ml; -  HIV RNA < 50 copies/ml. SE, 
Standard error. 

       

The TORO, POWER and RESIST trials were all designed with a primary endpoint of a greater than 1 log reduction in HIV RNA. The 
responses in the control arms showed that HIV-RNA suppression below 50 copies/ml was not a realistic goal for the standard of 
care treatment when these trials were initiated. Given the development of new antiretroviral agents since the start of the new 
millennium, however, long-term HIV-RNA suppression below 50 copies/ml should be an achievable target for control arms of new 
clinical trials in highly experienced patients. Combinations of new antiretroviral drugs with a low potential for cross-resistance, such 
as enfuvirtide, integrase inhibitors, CCR5 antagonists, darunavir, and tipranavir, are likely to lead to full suppression of HIV RNA in 
the majority of patients with resistance to NRTI, NNRTI and PI. For example, 24-week data from the phase III trials of the integrase 
inhibitor MK-0518, in which combinations of new antiretroviral drugs were used, showed 61-62% of patients with HIV-RNA levels of 
less than 50 copies/ml at week 24 in the MK-0518 arm.[3,4] Phase III trials of the CCR5 antagonist maraviroc have also shown strong 
antiviral efficacy at week 24.[10,11] Consequently, the current design of clinical trials for experienced patients, in which an 
experimental drug is added to optimized background therapy, may soon only be feasible in the most highly experienced patients. 
For clinical trials of first-line HAART reported in US product labels, most treatment discontinuations have been either for adverse 
events or patient preference, with only 28% of endpoints being virological failure in intent-to-treat analysis.[15] The same situation 
may start to emerge in trials of experienced patients. If the novel antiretroviral agents can be successfully combined, outcomes from 
most clinical trials in experienced patients may begin to be influenced more by differences in safety and tolerability than by 
virological potency. 

There is a predicted clinical benefit for patients achieving endpoints of at least a 1 log reduction in HIV RNA. In the PLATO cohort of 
patients with triple class experience, those with HIV-RNA levels sustained below 10 000 copies/ml showed stable or rising CD4 cell 
counts over time.[16] Full suppression of HIV RNA below 50 copies/ml leads to progressive reductions in the risk of subsequent 
virological failure,[17] and patients with detectable HIV RNA on HAART gradually accumulate resistance to the drug classes being 
taken.[18] If HIV-RNA suppression below 50 copies/ml can be achieved by a significant percentage of highly treatment-experienced 
patients who receive combinations of the newly developed antiretroviral agents, it is appropriate to switch to this endpoint in new 
clinical trials. Using a standardized HIV-RNA endpoint across clinical trials would make clinical trial results easier to interpret. Full 
virological suppression should now be a viable treatment goal across the spectrum of antiretroviral treatment experience. 

 

Table 1. Baseline Disease Characteristics and HIV-RNA Endpoints in POWER, RESIST and TORO Trials 

 



 
 
 
 

References 

1. Murray JS, Elashoff MR, Iacono-Connors LC, Cvetkovich TA, Struble KA. The use of plasma HIV RNA as a study endpoint in 
efficacy trials of antiretroviral drugs. AIDS 1999; 13:797-804  

2. Hammer SM, Saag MS, Schechter M, Montaner JSG, Schooley RT, Jacobsen D, et al. Treatment for adult HIV infection. 2006 
recommendations of the International AIDS Society- USA Panel. JAMA 2006; 296:827-843  

3. Cooper D, Gatell J, Rockstroh J, Katlama C, Yeni P, Lazzarin A, et al. Results of BENCHMRK-1, a phase III study evaluating the 
efficacy and safety of MK-0518, a novel HIV-1 integrase inhibitor, in patients with triple-class resistant virus. In: 14th Conference on 
Retroviruses and Opportunistic Infections. Los Angeles, USA, 25-28 February 2007. Abstract 105aLB  

4. Steigbegel R, Kumar P, Eron J, Schechter M, Markowitz M, Loufty M, et al. Results of BENCHMRK-2, a phase III study evaluating 
the efficacy and safety of MK-0518, a novel HIV-1 integrase inhibitor, in patients with triple-class resistant virus. In: 14th Conference 
on Retroviruses and Opportunistic Infections. Los Angeles, USA, 25-28 February 2007. Abstract 105bLB  

5. Lalezari JP, Henry K, O'Hearn M, Montaner JSG, Piliero PJ, Trottier B, et al. Enfuvirtide, an HIV-1 fusion inhibitor, for drug-
resistant HIV infection in North and South America. N Engl J Med 2003; 348:2175-2185  

6. Lazzarin A, Clotet B, Cooper D, Reynes J, Arasteh K, Nelson M, et al. Efficacy of enfuvirtide in patients infected with drug-resistant 
human immunodeficiency virus type 1 in Europe and Australia. N Engl J Med 2003; 348:2186-2195  

7. Nelson M, Arasteh K, Clotet B, Cooper D, Henry K, Katlama C, et al. Durable efficacy of enfuvirtide over 48 weeks in heavily 
treatment-experienced HIV-1-infected patients in the T-20 versus optimized background regimen only 1 and 2 clinical trials. J Acquir 
Immune Defic Syndr 2005; 40:404-411  

8. Hicks CB, Cahn P, Cooper DA, Walmsley SL, Katlama C, Clotet B, et al. Durable efficacy of tipranavir-ritonavir in combination with 
an optimised background regimen of antiretroviral drugs for treatment-experienced HIV-1-infected patients at 48 weeks in the 
Randomized Evaluation of Strategic Intervention in multidrug reSistant patients with Tipranavir (RESIST) studies: an analysis of 
combined data from two randomised open-label trials. Lancet 2006; 368:466-475  

9. Clotet B, Bellos N, Molina J, Cooper D, Goffard J, Lazzarin A, et al. Efficacy and safety of darunavir/r in treatment experienced 
patients: week 48 results of POWER 1 and 2. Lancet 2007; 369:1169-1178  

10. Nelson M, Fatkenheuer G, Konourina I, Lazzarin A, Clumeck N, Horban A, et al. Efficacy and safety of maraviroc plus optimized 
background therapy in viremic, ART-experienced patients infected with CCR5-tropic HIV-1 in Europe, Australia, and North America: 
24-week results. In: 14th Conference on Retroviruses and Opportunistic Infections. Los Angeles, USA, 25-28 February 2007. Abstract 
104aLB  

11. Lalezari J, Goodrich J, DeJesus E, Lampiris H, Gulick R, Saag M, et al. Efficacy and safety of maraviroc plus optimized background 
therapy in viremic, ART-experienced patients infected with CCR5-tropic HIV-1: 24-week results of a phase 2b/3 study in the US and 
Canada. In: 14th Conference on Retroviruses and Opportunistic Infections. Los Angeles, USA, 25-28 February 2007. Abstract 
104bLB  

12. Johnson M, Grinsztejn B, Rodriguez C, Coco J, DeJesus E, Lazzarin A, et al. Atazanavir plus ritonavir or saquinavir, and 
lopinavir/ritonavir in patients experiencing multiple virological failures. AIDS 2005; 19:685-694  

13. Squires K, Pozniak AL, Pierone G Jr, Steinhart CR, Berger D, Bellos NC, et al. Tenofovir disoproxil fumarate in nucleoside-resistant 
HIV-1 infection: a randomized trial. Ann Intern Med 2003; 139:313-320  

14. GlaxoSmithKline, Inc. Lexiva (fosamprenavir) US prescribing information. June 2006. Available at: http://www.lexiva.com; 



Accessed: 3 October 2006  
15. Hill A, DeMasi R. Discordant conclusions from HIV clinical trials- an evaluation of efficacy endpoints. Antivir Ther 2005; 10:367-

374  
16. Ledergerber B, Lundgren J, Walker A, Sabin C, Justice A, Reiss P, et al. Predictors of trend in CD4-positive T cell count and 

mortality among HIV-1 infected individuals with virological failure to all three antiretroviral-drug classes. Lancet 2004; 364:51-62  
17. Benzie A, Bansi L, Sabin C, Walsh J, Phillips A. Viral rebound in patients on HAART with viral suppression. BHIVA Spring 

Conference, Brighton, UK, April 2006. HIV Med 2006; 7(Suppl. 1):1-9. Abstract O9  
18. Cozzi-Lepri A, Phillips A, Ruiz L, Clotet B, Loveday C, Kjaer J, et al. Evolution of drug resistance in HIV-infected patients 

remaining on a virologically failing combination antiretroviral therapy regimen. AIDS 2007; 21:721-732 

 
Andrew Hilla, Diego Mirallesb, Tony Vangeneugdenb, and Eric Lefebvrec 
 
aDepartment of Pharmacology, University of Liverpool, UK 
bTibotec Research and Development, Mechelen, Belgium 
cJanssen-Cilag, Tilburg, the Netherlands 
 


