S2 Text. Pharmacokinetic modelling. 







The chloroquine and hydroxychloroquine population pharmacokinetic models published to date usually do not capture fully the terminal elimination half-life and thus the total apparent volume of distribution of these drugs. Furthermore, some have used whole blood measurements and the others used plasma. Few studies have collected blood samples for longer than 30 days after the last dose, and therefore there are insufficient data to describe adequately the complex multi-compartment kinetic properties of these drugs. The resulting 1- or 2-compartment models underestimate the true terminal elimination half-life. This limitation was highlighted by Frisk-Holmberg and colleagues nearly 40 years ago [1] who reported an increasing terminal half-life when data were quantified for up to 250 days after dose, resulting in a doubling of the estimated terminal elimination half-life (27 vs 53 days) as more data were included in the analysis. This mis-specification results in underestimation of the time to reach steady state, and possibly underestimation of the steady state concentrations. Nevertheless, these simplified (mis-specified) models should predict the concentration-time profiles relatively well for short treatment courses, provided the drugs are not absorbed rapidly enough to outpace distribution from the "central compartment" [2]. This is because the terminal elimination phase has little impact on the acute treatment blood concentration profiles. However, the simplified models are inaccurate when simulating long-term prophylactic regimens because they underestimate the elimination phase and therefore the time to reach steady state. In the pharmacokinetic simulations we therefore used models based on data collected for a long duration in order to characterise both the complex distribution of these drugs and their slow elimination. For chloroquine, a robust population 3-compartment pharmacokinetic model was developed based on "dense" plasma samples collected in healthy volunteers [3]. The final population pharmacokinetic model included body weight as a covariate on clearance and volume parameters, scaled allometrically and centred on 61.9 kg. Between-occasion variability in mean transit time was estimated in the model, but was not included in the simulations. Simulated plasma concentrations were scaled to whole blood concentrations by using a fixed blood-to-plasma ratio of 3 [4]. This correction factor was supported further by comparing simulated population mean values (scaled to whole blood) to measured whole drug concentrations from three clinical studies conducted in healthy volunteers and patients with rheumatological conditions [5-7]. In order to generate model-simulated peak whole blood concentrations after single dose administration, two dose administration and three-months of dosing (i.e. steady-state levels), similar to those observed in the published clinical trials, a blood-to-plasma ratio of 2.85, 2.94, 4.20 was estimated (mean value of 3.33). For hydroxychloroquine, a small but detailed study in healthy volunteers was selected [8], reporting a 3-compartment disposition model resulting in a long terminal half-life of 50 days. Mean pharmacokinetic parameters were derived using the true coefficients and exponents presented in the article. We simulated both short course treatments and repeated dosing to steady-state [9,10], to ensure that model-derived simulated mean concentrations captured the unbiased drug measurements reported in the literature. In the case of a deviation, the relative bioavailability was used to scale the model, resulting in a relative bioavailabity of 60%. Between-patient variability was added exponentially to the hydroxychloroquine model (i.e. 30% between-patient variability in all parameters) in order to capture the approximately 4- to 5-fold variability seen in observed whole blood concentrations. Allometric body weight scaling of clearance and volume parameters was implemented, centred on 63.5 kg, in order to simulate exposures in different weight groups. The final pharmacokinetic model parameters are shown in Table S3. For each scenario 1,000 stochastic simulations were performed and the median and 95% CIs were calculated. The 95% CI was chosen to replicate the approximately 4-fold difference observed between minimum and maximum concentrations in healthy volunteers receiving chloroquine [3]. All models were coded and simulated using the pharmacokinetic software NONMEM v.7.4.3 (Icon Development Solution, Ellicott City, MD). Whole blood simulations were compared to a reported in vitro EC value for SARS-CoV-2 of 1.13M for chloroquine [11] and 0.72M hydroxychloroquine [12]. These indicative values were assumed to correspond to total plasma values and scaled to whole blood using a reported blood-plasma ratio of 3:1 for chloroquine [4] and 4:1 for hydroxychloroquine [13], resulting in a putative in vivo blood EC value of 3.39M and 2.88M for chloroquine and hydroxychloroquine, respectively. The pharmacokinetic model written in NONMEM can be found at http://repository.ddmore.foundation/model/DDMODEL00000323.
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