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Methods

External validation of the bilirubin-atazanavir nomogram

Baseline bilirubin measurements (n=76) together with one or more
matching bilirubin and atazanavir steady state plasma concentrations
(n=98) were available from 76 HIV-1 infected Norwegian patients. The data
was retrospectively analyzed to assess if the bilirubin-atazanavir nomogram
can predict suboptimal atazanavir exposure.

Bilirubin levels were plotted on the bilirubin-atazanavir nomogram (Figure
1). Bilirubin observations below the lower solid black line of the homogram
were Identified as corresponding to atazanavir exposure below the
minimum effective concentration (MEC) of 0.2 pmol/L. Observations
correctly and incorrectly identifled as below MEC were considered to be
true positives (TP) and false positives (FP), respectively. Observations
correctly and incorrectly identified as above MEC were considered to be
true negatives (TN) and false negatives (FN), respectively.

Simulation based validation of the bilirubin-atazanavir nomogram

In order to evaluate If the nhomogram can predict non-adherence it was
applied to data from 1000 simulated patients of whom 10% were non-
adherent to therapy. Three scenarios were simulated (Figure 2) using the
previously developed PK/PD model [1]. Correctly and incorrectly identified
non-adherent and adherent patients were labeled as TP, FP, TN and FN,
respectively. The ability to detect non-adherence using the nomogram was
compared to the use of atazanavir plasma measurements.

Table 1. Patient demographics and clinical characteristics

Characteristic Value Mean(=£SD)
Number of patients 76 -
Male patients 59 -
Female patients 17 -
Number of atazanavir concentrations at steady state 08
Number of bilirubin samples at baseline 76 -
Number of bilirubin samples at steady state 08
Body weight (kg) - 71.9 (13.9)
Age (years) - 41.2 (10.2)
Bilirubin at baseline (umol/L) - 7.5 (3.7)
Bilirubin at steady state (umol/L) - 32.2 (19.1)
Atazanavir plasma concentration below MEC 4 -
CD4 cell count at baseline, (X 10° /uL) - 268 (168)
Detectable viral load at baseline 61 -
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S 40 Estimate Value 95% ClI
E Sensitivity 1.0 (0.28-1.0)
r Specificity 0.91 (0.84-0.96)
S 20 PPV 0.33 (0.10-0.65)
Z NPV 1.0 (0.94-1.0)
= Accuracy 0.92 (0.84-0.96)
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Flgure 2. Study design for the simulation based validation. The crosses represent days of non-
adherence to atazanavir while the ellipsoids represent administered doses. The dashed lines
represent sampling/monitoring events. Event la: patients are monitored/sampled 24 hours after a
period of non-adherence. Event 1b: patients are monitored/ sampled 1 hour after an undisclosed
dose of atazanavir following a period of non-adherence. Event 2: patients are monitored/sampled 48
h after a period of non-adherence.

Results

External validation of the bilirubin-atazanavir nomogram

The nomogram Iidentified 12 bilirubin observations as corresponding to
atazanavir exposure below MEC, 4 of these were true positives and 8 were
false positives. The nomogram identified 85 bilirubin observations as
corresponding to atazanavir exposure over the MEC of which all were
categorized as true negatives (Figure 1). Predictive properties (positive
predictive value [PPV], negative predictive value [NPV], accuracy,
sensitivity and specificity) of the nomogram are shown in Table 2.

Simulation based validation of the bilirubin-atazanavir nomogram

The predictive properties of the bilirubin nomogram and measured
atazanavir concentrations in assessing treatment adherence are shown in
Flgure 3. Based on NPV, both the nomogram and atazanavir
measurements showed good performance in detecting ongoing non-
adherence (Event 1a). Performance decreased when attempting to detect
past episodes of non-adherence. (Eventlb and 2)
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Flgure 3. Summary of predictive properties of the bilirubin nomogram (circles) and atazanavir drug
monitoring (triangles) based on simulations of 1000 virtual patients. The solid and dashed lines
represent the estimated parameter and its 95% confidence interval, respectively. PPV: positive
predictive value, NPV: negative predictive value. The scenarios and the events are explained in the
methods section and in Figure 2.
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