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occurring a median of 3.1 h (range, 0 to 12 h) after the dose.
The wide ranges in these values are reinforced by the variabil-
ity in a plot of the individual LPV time-concentration curves,
shown in Fig. 1.

The final model consisted of linear absorption, after a delay,
into a single compartment. The volume was dependent on
weight and inversely dependent on age, so that a 17-year-old
adolescent would have an 80% smaller V per kilogram of body
weight than a 4 year-old child. Elimination was inversely de-
pendent on weight0.25. The net effect of the parameter depen-
dence on age and weight implied a higher LPV Ctrough on
average in older children. Indeed, age was moderately corre-
lated with the LPV Ctrough in the study population (R ! 0.21;
P ! 0.16) by the same magnitude as in the simulated popula-
tion (R ! 0.21; P " 0.0001), with the latter achieving statistical
significance due to the large number of samples. Sex was not
significantly related to any PK parameter estimate. The me-
dian and interquartile ranges of the individual Bayesian pos-
terior parameter estimates, using the population parameter
estimates as Bayesian priors, are reported in Table 1. The
distributions of estimates for CL were similar whether calcu-
lated from the dose and AUC or kel and V, and the paired
values were tightly correlated (R ! 1.0; P " 0.0001).

The quality of the fit for the model population, as measured
by linear regression of observed versus predicted LPV concen-
trations, was poor for the model-based predictions (Fig. 2A)
but excellent for the Bayesian posterior predictions (Fig. 2B),
reinforcing the high degree of interindividual LPV PK vari-
ability. Plots of the residuals between observed and predicted
concentrations with respect to either the Bayesian predicted
concentration or time were homoscedastic and centered on
zero (Fig. 3). The visual predictive check showed that the
model described the population well (Fig. 4), despite the fact
that the two Ctrough values differed by more than 50% in half of
the children (range, 5% to 9,000%), indicating that many were
not at steady state. Finally, the advantage of the nonparametric

approach is obvious in Fig. 5, which shows that, for example,
lag time is clearly not normally distributed and that, although
the bulk of the children had delays in absorption of less than 30
min, a subgroup of 15 children had delays of up to approxi-
mately 2 h. This can be seen by careful inspection of Fig. 1 for
the trajectories that peak much later than the majority. The
LPV/RTV formulation was significantly associated with ab-
sorption lag time: children dosed with LPV/RTV liquid had a
twofold-shorter median lag time than those dosed with cap-
sules (P ! 0.005).

Probability of achieving PIQ targets. As shown in Fig. 6A,
for wild-type virus, #90% of children are predicted to achieve
an LPV IQ of #15. However, at the Phenosense (Monogram

FIG. 1. Individual observed LPV time-concentration curves for each of the 52 patient visits (gray lines). The median observed time-concen-
tration curve for the entire population is superimposed (black line).

TABLE 1. Estimated and calculated PK parameters in the final
PK model

Parametera
Median (interquartile range)

Estimated
tlag (h) .............................................................. 0.37 (0.12–0.86)
ka (h$1)............................................................ 0.64 (0.21–1.71)
V (liters) ! %1 ! wt/age%2................................ 25.15 (14.00–32.88)
liters/kg ............................................................ 0.69 (0.45–0.98)

%1 .................................................................. 15.04 (10.30–17.79)
%2 .................................................................. 11.44 (3.69–90.66)

kel (h$1) ! %3/wt0.25 ....................................... 0.09 (0.07–0.15)
%3 .................................................................. 0.22 (0.18–0.37)

AUC0–12 (mg*h/liter)..................................... 96.09 (62.73–114.30)
AUC& (mg ! h/liter) .......................................190.40 (123.50–321.20)

Calculated
CL (liters/h) ! dose/AUC ............................ 1.79 (1.00–2.57)

(liters/kg0.75)................................................ 0.11 (0.07–0.20)
CL (liters/h) ! kel ! V.................................... 2.17 (1.39–3.18)

liters/kg0.75 ................................................... 0.14 (0.09–0.24)
t1/2 (h) ! ln(2)/kel........................................... 7.69 (4.63–10.44)
a tlag, lag time; ka, rate constant of absorption.

2534 RAKHMANINA ET AL. ANTIMICROB. AGENTS CHEMOTHER.

Quantile Prop Less P-value

0.05 0.062 0.51

0.25 0.277 0.51

0.50 0.446 0.30

0.75 0.723 0.51

0.95 0.938 0.51
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