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Rationale 

A significant barrier to the use of new improved antiretrovirals in many low-to-middle income countries 
(LMIC), where TB is endemic, is a lack of evidence to support their use in patients with tuberculosis (TB). As 
the number of adults on second-line ART in LMIC is anticipated to double over the next decade to about 3 
million people, access to optimal protease inhibitor (PI)-based regimens for patients with and without TB is 
urgent. Darunavir (DRV)/ritonavir(r) is better tolerated than lopinavir (LPV)/r with less propensity to cause 
serum lipid abnormalities, and is robust to the development of resistance. In high-income countries, DRV is 
the preferred boosted PI and is boosted with ritonavir (typically DRV/r 800/100 mg daily) or cobicistat 
(DRV/cobicistat 800/150 mg daily). 

Rifampicin is the key component of first-line TB treatment but is a potent activator of the pregnane-X 
receptor, thereby inducing multiple drug metabolizing enzymes and transporters. Conversely, ritonavir is a 
potent and promiscuous inhibitor of drug metabolizing enzymes and transporters, and it can be used to 
counter many of the effects of rifampicin. TB patients requiring PI-based ART are treated with doubled 
doses of LPV/r (adult dose 800/200 mg twice daily) or superboosted LPV/r (400/400 mg twice daily). Both 
approaches achieve adequate lopinavir concentrations (La Porte 2004; Decloedt 2011). Although high rates 
of hepatitis were reported in healthy volunteer studies evaluating adjusted doses of saquinavir/r, 
atazanavir/r and lopinavir/r with rifampicin, serious toxicity is less common amongst HIV infected study 
populations (Decloedt 2011&2012; Ren 2008, Rabie 2015). However, high rates of gastro-intestinal side 
effects have been reported and linked to treatment discontinuation (L’Homme 2009, Decloedt 2012, 
Sunpath 2014). 

DRV/r is better tolerated than LPV/r, however co-administration of boosted DRV with rifampicin is 
currently contraindicated as significant reductions in darunavir exposures are expected. Siccardi et al., 
using a physiologically-based pharmacokinetic (PK) model recently predicted that DRV/r 800/100 mg twice 
daily or 1600/200 once daily would be sufficient to overcome the inducing effects of rifampicin in standard 
doses. Similar models suggest that cobicistat will be a less efficient inhibitor than ritonavir of DRV clearance 
in the presence of rifampicin.  

Clinical evidence is critical to support these potentially improved approaches using adjusted doses of DRV/r 
for the management of patients with TB requiring PI-based ART. The proposed PK study is designed to 
define such approaches based on the target DRV exposures achieved when currently approved doses are 
applied. This evidence is urgently needed for patients with TB requiring a PI-based regimen, many of whom 
present on a failing first-line regimen (Sunpath 2014). Lower doses of DRV/r are being evaluated for 
patients with viral suppression. Hence emerging data could change the PK targets for DRV. We have 
previously used semi-mechanistic population PK models (dynamically integrating the effects of ritonavir 
and lopinavir, and accounting for concomitant rifampicin and other important covariates such as body size) 
to predict appropriate dosing approaches for different scenarios in adults and children (Zhang 2012, 2013). 
We will adopt similar approaches to predict appropriate adjustments to DRV/r doses to achieve revised 
DRV targets in the presence of rifampin. The rich data generated from this study will also support model-
based prediction of doses for special populations including pregnant women, and patients big and small, 
including children. 



Aims 

To compare the steady state PK of DRV when given in standard DRV/r doses of 800/100 mg without 
rifampicin to 1) DRV/r 1600/200 mg once daily with rifampicin, and 2) DRV/r 800/100 mg 12 hourly with 
rifampicin. To describe the safety of the adjusted doses of DRV/r with rifampicin in HIV infected patients 
established on PI-based ART. 

Study design 

Medically stable, non-pregnant HIV-1-infected adult volunteers on second-line ART with suppressed viral 
load (< 50 copies/mL) and without active TB infection will be enrolled. Eligible volunteers will be switched 
from their standard of care PI to DRV/r and intensive sampling for measurement of drug levels will be 
performed at steady state. Standard daily doses of rifampicin will then be started and subsequently the PI 
doses escalated to DRV/r 1600/200 mg daily (participants randomized to arm A), OR 800/100 mg 12 hourly 
(arm B) for 7 days, after which patients will be switched from the daily to the 12-hourly dosing schedule 
(arm A) or visa-versa (arm B) for a further 7 days. Rifampicin will then be stopped but the full-escalated 
doses of DRV/r continued for a further week, before participants are switched back to their standard-of-
care ART regimen. Dolutegravir (DTG) 50 mg twice daily (the dose which overcomes any interaction with 
rifampicin (ref) will be added to further minimize any risk of viral rebound due to suboptimal PI exposures 
during the study.  

Steady state PK will be evaluated using intensive PK sampling performed on the last day of the treatment 
periods: 

1) DRV/r 800/100 mg daily without rifampicin 
2) DRV/r 1600/200 mg daily with rifampicin 
3) DRV/r 800/100 mg 12 hourly with rifampicin  

The plasma concentrations of DRV and ritonavir will be measured in 8/9 serial venous samples from pre-
dose to 12/24 hours after the dose. Additional pre-dose PK samples will be taken during dose escalation 
and on the last day of DRV/r in full-escalated doses, one week after stopping rifampicin. Study treatment 
periods for the respective study arms are summarized in the Study Schedule attached. 

Plasma concentrations of DRV and ritonavir will be determined using validated liquid chromatography-mass 
spectrometry (LCMS) in the laboratory of the Division of Clinical Pharmacology at UCT. Noncompartmental 
analysis (NCA) will be used to compare the PK measures of exposure (trough concentrations – C0, C12/24; 
peak concentrations – Cmax; area under the concentration-time curve - AUC) for DRV in standard doses with 
those using the DRV/r 1600/200 mg daily and 800/100 12 hourly dosing approaches, respectively. The 
study design evaluating sequential conditions enables comparison of the PK effects of rifampicin enzyme 
induction and DRV/r dose escalation alone, within individuals. Approximately 28 participants will be 
recruited for a target of 24 to complete the study. Measurement of ritonavir and the additional pre-dose 
DRV and ritonavir measurements will support population PK model-based simulations of optimal dosing 
under various scenarios, and allow model-based extrapolation of the observations to special populations 
such as children. 

Safety considerations 

Selection of participants with suppressed viral load mitigates the risk of selecting PI-resistant mutants 
during the short period of low PI concentrations in the early phase of the study. Viral load will be 
monitored on day 21 of study treatment and at study end. Specimens with detectable viral load will be 
tested for viral resistance mutations. Continuation of the dual 2 NRTI backbone throughout and adding DTG 
50 mg twice daily during the period of enzyme induction by rifampicin, will minimize the risk viral rebound 
due to suboptimal PI exposures during the study. Previous work investigating dose escalation among HIV-



infected patients treated with adjusted doses of LPV/r and rifampicin or TB treatment revealed a lower risk 
of hepatotoxicity than that seen in healthy volunteers (Decloedt 2011&2012). In this study of DRV with 
rifampicin, volunteers with alanine transaminase (ALT) abnormalities (≥ grade 2) will not be enrolled Safety 
monitoring will be conducted frequently throughout the study, with ALT measurements every 2-3 days 
after the initiation of rifampicin. Stopping rules and the oversight of an independent data safety monitoring 
committee (IDSMC) will support participant safety. In addition, an initial cohort of 5 patients will complete 
the study and be reviewed by the IDSMB before further enrolment. 

Key facilities  

Participants will be recruited from the Hannan Crusaid Treatment Centre (HCTC) in Cape Town. (HCTC) is a 
primary health facility with a research focus in Gugulethu, Cape Town, where the HIV prevalence is greater 
than 20%. HCTC provides care to more than 8,000 HIV-positive people. Approximately 1300 individuals, of 
whom more than 50% are virally suppressed, are on second-line LPV/r-based therapy. Dr ORRELL (at HCTC) 
has successfully collaborated with MCILLERON and MAARTENS to recruit virally suppressed HIV infected 
patients taking a PI for previous PK studies [refs]. Suitable volunteers will be referred to the Clinical 
Research Centre (CRC), Groote Schuur Hospital, for study visits and admissions for PK evaluation. CRC is a 
phase I–specialized research facility run by a dedicated team of clinical trials staff experienced in every 
aspect of conducting PK studies to a high standard. 

The laboratory of the Division of Clinical Pharmacology at UCT has considerable expertise in developing and 
performing novel LCMS drug assays according to Good Clinical Laboratory Practice. All assays are validated 
according to international guidelines, including the FDA and EMA. The laboratory is funded in part by 
infrastructural awards from the Adult Clinical Trial Group and the International Maternal, Paediatric and 
Adolescent AIDS Clinical Trial group, and therefore participates in the Clinical Pharmacology Quality 
Assurance group which measures the proficiency of member laboratories on a biannual basis. In addition to 
this, the laboratory quality systems are periodically reviewed by members of the CPQA. 
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