
DRV PK concept 

Associations between darunavir (DRV) plasma concentrations and virological suppression, lipids and 
glucose, in participants on a low-dose DRV second-line antiretroviral regimen: a pharmacokinetic sub-

study of WRHI 052 

 

Rationale: New, simpler, safer, more robust, and more cost-effective second-line antiretroviral therapy 
(ART) regimens are needed in South Africa. The current second-line protease inhibitors (PIs) that are 
routinely used in South Africa, ritonavir-boosted lopinavir (LPV/r) and atazanavir (ATV/r), have significant 
toxicity, limiting the durability of these regimens. Darunavir (DRV), a newer PI has a significantly better side 
effect profile and greater resistance barrier compared to other PIs, including LPV/r and ATV/r, as shown in 
several studies including POWER 1 and 2 (in PI-experienced patients)1,2

, ARTEMIS3 and TITAN4 (these were 
conducted in participants who were PI-naïve and/or had no DRV-associated resistance mutations, which 
would approximate the patients moving from first- to second-line ART in South Africa). Several studies have 
suggested that DRV could have the dose halved from current levels. Providing efficacy can be maintained, 
lower doses will decrease the toxicity of DRV, as well as reduce the cost of DRV, which is an important 
consideration as the dose of drug is a major cost-driver for generic manufacturers. Low-dose DRV is being 
studied in a randomized controlled trial (RCT), WRHI 052 (A randomized, open label switch study comparing 
darunavir/ritonavir 400/100 mg daily with lopinavir/ritonavir (LPV/r) 800/200 mg daily, in HIV-positive 
participants).  

During the development of DRV, healthy volunteer studies showed no significant short-term differences in 
DRV concentrations in a DRV/r 400/100 mg dose versus a 600/200 mg dose5. In two PK studies in PI-
experienced HIV-positive participants, halving the 800 mg dose resulted in a 37% AUC reduction, but all 
retained blood levels above the EC50 range6,7. The initial dose ranging treatment studies on DRV/r (POWER 1 
and POWER 2)1,2 suggested that 600/100 mg twice daily was the optimal dose, and this was selected for 
further development. However, these studies were conducted in patients who had previously failed more 
than one PI-containing regimen. The POWER studies included 400/100 mg twice daily and daily arms; and 
participants who had no PI mutations did as well in these arms as the 600 /100 mg twice-daily arm 1,2. 
Subsequent studies, including the ARTEMIS3 and ODIN8 studies, showed no correlation between DRV 
concentrations and virological suppression, at different doses, and demonstrated the efficacy of once daily 
dosing DRV regimens in ARV- and PI-naïve patients respectively. A more recent switch study in virologically 
suppressed participants with no history of PI failure demonstrated that virological suppression was 
maintained on DRV/r 600/100 mg daily at 48 weeks9. WRHI 052 presents the opportunity to explore 
associations between plasma DRV levels and HIV-1 RNA levels in second-line ART patients receiving a low 
dose DRV regimen. 

Primary objective: The primary objective of WRHI 052 is to assess the non-inferiority of DRV/r 
400mg/100mg daily when compared with LPV/r total dose 800mg/200mg per day in combination with a 
nucleoside backbone, as determined by the proportion of participants on each regimen with undetectable 
plasma HIV-1 RNA levels (<50 copies/mL) at week 48. We would like to propose a pharmacokinetic sub-
study to describe the proportion of participants on second-line ART randomized to the low-dose DRV/r 
(400/100 mg) arm of WHRI 052 with DRV trough concentrations that are above the protein-adjusted 
EC50/EC95 concentration. 

Secondary objectives: 

1. To explore associations between plasma DRV concentrations and virological suppression in participants 
on second-line ART randomized to the low dose DRV/r (400/100 mg) arm of WHRI 052. 

2. To explore associations between plasma DRV concentrations and fasting glucose, triglyceride, and 
cholesterol concentrations in participants on second-line ART randomized to the low-dose DRV/r 
(400/100 mg) arm of WHRI 052. 
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Study design: Pharmacokinetic study of the experimental arm of an RCT  

Study population 

In WRHI 052, three hundred adult participants infected with HIV-1 on standard second-line therapy with 
LPV/r, with plasma HIV-1 RNA levels <50 copies/mL, will be randomly assigned in a 1:1 ratio (approximately 
150 participants per treatment group) to Treatment Group 1 (DRV/r + 2 N(t)RTIs) or Treatment Group 2 
(LPV/r + 2 N(t)RTIs). This PK study will include only those participants from Treatment Group 1. 

Methods 

During the course of WRHI 052, viral loads will be measured every 12 weeks. In addition, 4 mL of plasma 
will be stored at the same time points. Study participants will be instructed not to take study medication on 
the morning of these 12-weekly visits and to record the time of their last dose on the day before the visit 
with an SMS reminder. DRV plasma trough concentrations will be measured at each visit in each participant 
in Treatment Group 1, using 200 µL of the stored plasma. Samples will be centrifuged, and plasma will be 

stored at -80∘C for analysis in a batch at the end of the study. UCT will set up the appropriate DRV 
quantitative assay and will process and analyze all the PK specimens. 

 

Sample size: All 150 participants randomized to the low dose DRV/r (400/100 mg) arm of WHRI 052 will be 
invited to participate in the PK sub-study. A 95% confidence level will be used to describe a proportion of 
participants with DRV trough concentrations that are above the protein-adjusted EC50 concentration. 
Exploratory analyses to determine associations between DRV concentrations and virological suppression 
and metabolic outcomes will be done. 

Data analysis: Medians and interquartile ranges of DRV concentrations will be described for each time 
point. Viral loads will be dichotomized in two ways to define virologic non-suppression: > 50 and > 400 
copies/mL. The following variables will be tested for their effect on the change in the hazard of viral non-
suppression in a Cox proportional hazards regression model allowing for multiple failure events: DRV 
concentrations, age, sex, baseline CD4 count, and body mass index (BMI). Univariate linear regression will 
be used to explore associations between DRV concentrations and lipids/glucose concentrations, and 
multivariate linear regression analyses adjusted for age, sex, and body mass index. All analyses will be done 
using the statistical software package STAT 14. Age, sex, baseline CD4 count, height, weight (at every visit), 
and lipids (baseline, weeks 24 and 48) and glucose (baseline and week 48) will be collected as part of WRHI-
052. 

Limitations: Ideally trough DRV concentrations should be done after observing ingestion of an accurately 
timed last dose, but this is not feasible. Our experience of using SMS reminders to participants to record 
the time of the last dose has been positive. In order to mitigate the lack of objective evidence of timing of 
the last DRV dose, trough concentrations will be measured at all 12-weekly follow up visits, and participants 
with DRV concentrations below the lower limit of quantification can be regarded as non-adherent. 
Sensitivity analyses excluding participants that are regarded as non-adherent will be explored.  

Study Visit 
Baseline 

Visit 1 Visit 2 Visit 3 Visit 4 
Visit 5 
/EOS Screening Enrolment 

Study Week – 0 4 12 24 36 48 

Study Day/Window  –60 to –1 0 15-42 71–98 155–182 239–266 323–350 

Informed consent X       

Plasma HIV-1 RNA X   X X X X 

DRV plasma trough 
concentrations  

   X X X X 
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