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The distribution of abacavir into the cerebrospinal fluid (CSF) was assessed by use of a population
pharmacokinetic analysis. Plasma and CSF abacavir concentrations in 54 subjects were determined. The
abacavir CSF/plasma ratio averaged 36% and increased throughout the dose interval. Abacavir penetrates into
the CSF in adequate concentrations to inhibit local human immunodeficiency virus replication.

Nucleoside reverse transcriptase inhibitors, in combination
with potent nonnucleoside reverse transcriptase inhibitors or
protease inhibitors, can decrease viral replication, improve im-
mune function, and prolong survival. Combination antiretro-
viral regimens may also reduce viral replication in the central
nervous system (CNS). Nucleosides appear to penetrate into
the CNS better than protease inhibitors and have been useful
in treating patients with human immunodeficiency virus
(HIV)-associated dementia (5, 12). Many of these agents are
substrates for active transporter systems that effectively pump
drugs out of the CNS. Cerebrospinal fluid (CSF) and plasma
exhibit different viral dynamics, indicating that the CNS may
serve as an independent reservoir for HIV replication (4, 6).
Optimal antiretroviral concentrations in the CNS are necessary
to limit local HIV replication and prevent the development of
drug-resistant virus and overall treatment failure (11). A few
pharmacokinetic evaluations of abacavir in primates and hu-
mans have reported limited penetration into the CNS, as char-
acterized by CSF/plasma ratios, ranging from less than 20% to
35% (3, 8). However, most of these evaluations were derived
from measurements collected early in the dose interval, which
may have biased the estimates of CSF penetration (4, 5, 7).
The CSF/plasma concentration ratio is a dynamic measure,
and single measurements may not accurately estimate expo-
sure in this potential sanctuary. The ratio of the areas under
the CSF and plasma concentration-time curves (AUCCSF/
AUCplasma) is a better estimate of drug exposure, as it accounts
for the variability over the entire dosing interval, thus giving a
more accurate estimate of CNS penetration (2, 10). Since mul-
tiple CSF samples for individual AUC determinations are dif-
ficult to collect, we used sparse CSF and plasma concentrations
with population pharmacokinetic analysis to estimate the pop-
ulation abacavir AUCCSF/AUCplasma ratio in HIV-infected pa-
tients.

Plasma and CSF samples were obtained from 54 male adult
HIV-infected patients receiving an abacavir-containing regi-

men. All subjects were consenting participants in prospective
research studies conducted at the University of California San
Diego HIV Neurobehavioral Research Center and approved
by the University of California San Diego Institutional Review
Board. Fifty-one subjects (94%) were taking abacavir accord-
ing to a conventional dosing schedule, (300 mg twice daily),
while three received 150 mg, 400 mg, or 600 mg twice daily,
respectively. All patients were at steady state and free of op-
portunistic infection at the time of sample collection.

Several subjects contributed multiple samples, resulting in
70 CSF and 64 plasma abacavir measurements available for
analysis. No attempts to standardize the dose to sample col-
lection time were made. This resulted in samples that were
obtained throughout the dosing interval. Most samples were
collected in pairs (CSF and plasma) and obtained within 1 h of
each other during a single visit. The average number of CSF
samples/patient was 1.2 (range, 1 to 4). Abacavir plasma and
CSF levels were measured by use of validated high-perfor-
mance liquid chromatography assays for each matrix. The as-
say limit of detection was 40 ng/ml for plasma and 8.3 ng/ml for
CSF, and the intra-assay and interassay variabilities were
�12% for both matrices.

Population pharmacokinetic (PPK) parameters were esti-
mated by use of NONMEM software (version V.1) using the
FOCE (first-order conditional estimation) subroutine with in-
teraction. A two-compartment physiologic model with first-
order absorption and elimination was used to fit the data (9,
13, 15). A “bioavailability fraction” corresponding to the
AUCCSF/AUCplasma ratio was estimated for the population.
Thirteen plasma concentrations were below the assay limit of
detection (20 ng/ml) and were set to half the assay limit value
and given an additional residual error equal to their assigned
value. All CSF samples had measurable abacavir concentra-
tions. The data were well described by the pharmacokinetic
model, with no significant biases, and the estimated systemic
pharmacokinetic parameters were similar to those previously
published (1). The calculated residual model errors were 49%
for concentrations in plasma and 36% for CSF.

The median abacavir concentrations were 139 ng/ml (range,
�40 to 1,130) in plasma and 128 ng/ml (range, 37 to 384) in
CSF. PPK modeling (Fig. 1) estimated the maximum CSF
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abacavir concentration to be 215 ng/ml. The CSF curve was
flatter than the plasma curve, likely due to slow influx and
efflux of abacavir from the CSF compartment. The estimated
half-life in CSF was 2.5 h and was significantly longer than the
half-life seen for the drug in plasma. Table 1 summarizes the
pharmacokinetic parameters and intersubject variability for
the model. The fraction of abacavir that penetrated into the
CSF from plasma was 36% (95% confidence interval, 0.28 to
0.46), similar to that previously reported with intensive sam-
pling with three subjects (0.35) (8). The PPK model predicted
CSF and plasma troughs of 46 and 17 ng/ml, exceeding the
50% inhibitory concentration of 70 ng/ml for 85 and 60% of
the dose interval, respectively. The median abacavir CSF/
plasma ratio increased over the dosing interval. For paired
samples, the abacavir CSF/plasma ratio correlated with sample
collection time postdose (r2 � 0.36; P � 0.001). The median
CSF/plasma ratio for samples collected during the first half of
the dose interval was one-third of that collected during the
second half of the dose interval.

Optimal antiretroviral therapy requires achieving adequate
drug concentrations in all sites where viral replication occurs,
including the CNS. Initial studies indicated that abacavir re-
duces CSF viral load, suggesting significant CNS penetration
(B. J. Brew, S. J. Brown, J. Catalan, N. Sacktor, M. Halman,
W. T. Symonds, C. Romero, and CNAB 3001 Study Team,
Abstr. 12th World AIDS Conf., abstr. 32192, 1998). We found
that a sparse sample collection approach could be used to

construct a population pharmacokinetic model of abacavir dis-
tribution in CSF. This model demonstrated different CSF and
plasma abacavir concentration profile shapes, and thus, the
CSF/plasma ratio from paired samples is a function of collec-
tion time. The estimated CSF AUCCSF/AUCplasma ratio avoids
the influence of collection time on isolated CSF/plasma ratios.
van Praag et al. found that average CSF abacavir concentra-
tions collected 1 h postdose were 75 ng/ml, about 5% of peak
abacavir plasma concentrations, and less than the typical aba-
cavir CSF concentrations in the current study (14). This sug-
gests that the early sampling may have missed the peak CSF
abacavir concentration. Although abacavir demonstrated
greater CSF penetration than most other antiretrovirals, its
CSF penetration is less than that of its free fraction, suggesting
active transport out of the CNS. The slow CSF distribution
results in prolonged drug exposure above the 50% inhibitory
concentration compared to the plasma compartment. While
intracellular carbovir triphosphate, the active moiety of aba-
cavir, was not measured and the study was not designed to
assess viral replication in the CNS, these results suggest that
abacavir penetration may be sufficient to reduce viral replica-
tion in sanctuary sites such as the central nervous system.
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FIG. 1. Abacavir CSF and plasma concentrations.

TABLE 1. Pharmacokinetic parameters and intersubject variability

Pharmacokinetic parametera
Estimated mean
pharmacokinetic

value and SE

Intersubject
variability (%)

Vol of distribution (liters) 135 � 32 43
AUCCSF/AUCplasma ratio (%) 36 � 5
KPlasma-to-CSF (h�1) 0.075 � 0.036
KCSF-to-plasma (h�1) 0.28 � 0.06
Plasma half-life (h) 1.2 � 0.2 50
CSF half-life (h) 2.5 � 0.6

a KPlasma-to-CSF, rate constant from plasma into the CSF; KCSF-to-plasma, rate
constant out of the CSF to plasma.
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