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Pharmacokinetics of fluconazole in people with
HIV infection: a population analysis

A.J. McLACHLAN & S.E. TETT*
Clinical Pharmacology & Toxicology, St Vincent’s Hospital Darlinghurst, Australia.

1 The population pharmacokinetics of fluconazole have been investigated in
113 male subjects with HIV infection and AIDS. Plasma concentration–time
data (between 1 and 17 observations per dose) were collected from individuals
as part of a pharmacokinetic investigation (13 subjects) or during routine
fluconazole therapy (100 subjects) for the treatment or prophylaxis of fungal
infection.

2 A one-compartment pharmacokinetic model was used to describe the
disposition of fluconazole after oral and intravenous infusion doses. Population
pharmacokinetic parameters were generated using the NONMEM and
P-PHARM computer programs.

3 The population estimates (calculated using NONMEM) of fluconazole
clearance and volume of distribution were 0.78 l h−1 and 47.6 l, respectively.
The intersubject variability for these parameters was 41% and 8%, respectively.
The model-dependent estimate of the extent of absorption was 0.99 with an
intersubject variability of 6%. Mean population estimates generated by
NONMEM and P-PHARM were in close agreement.

4 Examination of the relationship between patient covariates and pharmaco-
kinetic parameters indicated that intersubject variability in fluconazole
clearance could in part be explained by the severity of disease (as indicated
by CD4+T-lymphocyte count) and renal function (indicated by estimated
creatinine clearance). Other pharmacokinetic parameters were unaffected by
these covariates.

5 Fluconazole clearance (estimated using NONMEM) in subjects with a
CD4+T-lymphocyte count less than and greater than 200 cells mm3 was
0.73 l h−1 (95% CI ; 0.64–0.82 l h−1 ) and 0.99 l h−1 (95% CI ; 0.86–1.12 l h−1 ),
respectively. The regression model for fluconazole clearance that accounted
for changes in renal function and disease severity was CL (l h−1 )=0.25
(33%)+0.0057 (32%)×CLcr (in ml min−1)+0.00068 (10%)×CD4 cell count
(in cells mm−3) where intersubject variability (expressed as %CV) is shown in
brackets.

6 Based on pharmacokinetic considerations a reduction in the dose of fluconazole
would appear to be warranted in people with HIV infection who are seriously
ill or who have compromised renal function. However, the emergence of
resistance to fluconazole must also be considered when thinking of dosage
adjustments.
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Introduction kinetics of fluconazole. These included anti-retroviral
nucleosides (zidovudine, didanosine and zalcitabine) and
co-trimoxazole. The majority of people had or previouslyFluconazole is used in the treatment and prevention of

opportunistic fungal infections, such as candidiasis and had an AIDS defining illness including Kaposi’s sarcoma
(21), pneumocystis carinii pneumonia (35), cytomegalo-cryptococcal meningitis, in people with human immuno-

deficiency virus (HIV) infection [1–3]. Optimal flucon- virus retinitis (25) and herpes simplex virus infection
(12).azole dosage regimen design may involve the targeting

of specific plasma concentrations to ensure anti-fungal
efficacy, whilst avoiding excessive concentrations which
may lead to toxicity. However, to date, fluconazole dose Dose administration and plasma sampling
recommendations for people with HIV infection and
AIDS are based on pharmacokinetic data obtained from The data set consisted of observations from individuals

from two separate studies. In the first study (Study 1)healthy subjects [5, 6] with only a few studies being
conducted in HIV infected subjects [4, 7, 8]. The results 13 male subjects received between one and three oral

doses (Diflucan@ capsules) and one intravenous infusionof a pharmacokinetic study with intensive blood sam-
pling suggested that people with low (less than 200 (administered at a rate of 50 mg per 15 min Diflucan@)

at doses of 50 mg, 100 mg or 400 mg fluconazole as partcells mm−3) CD4+T-lymphocyte counts (n=4) had a
lower clearance of fluconazole than either non-infected of a pharmacokinetic investigation [4]. In Study 1

doses were separated by at least 2 weeks and betweenhealthy subjects (n=10) or those infected by HIV with
higher (greater than 200 cells mm−3) CD4+T- 12 and 17 plasma samples were taken after each dose

administration at or near the following times; 0.25, 0.5,lymphocyte counts (n=9) [4]. Despite prolonged efforts,
it was not possible to recruit further subjects with low 1, 1.5, 2, 3, 4, 6, 8, 10, 24, 32, 48, 72, 96, 120 and 168 h.

Study 2 was a cross-sectional study conducted in maleCD4+T-lymphocyte counts into this study. High quality
information is needed about the pharmacokinetics of subjects receiving between 50 to 800 mg as an oral dose

for the treatment or prophylaxis for fungal infectionsfluconazole, particularly about changes in pharmaco-
kinetic parameters with disease states, in order to (including oral candidiasis and cryptococcal meningitis).

The frequency of dosing ranged from twice daily toaccurately individualize therapy and provide safe and
effective dosing strategies. This information is best once weekly with the majority of subjects receiving

fluconazole as a single daily dose. All subjects had beenobtained using data collected from individuals receiving
the drug as part of their normal therapy. Using a on their present dose regimen for at least 7 days and

were considered to be at steady-state. One plasmapopulation approach it is possible to characterise a
pharmacokinetic model capable of describing and pre- sample was obtained for each subject at an accurately

recorded time after the previous dose (mean 20.9 h;dicting pharmacokinetic behaviour in the target popu-
lation and to examine factors affecting disposition within range 0.42–51.6 h). Informed and written consent was

obtained from each subject. Study 1 and Study 2 hadthat population [9, 10].
The aims of the present analysis were to determine the approval of the Research Ethics Committee of St

Vincent’s Hospital (Sydney, Australia).the population pharmacokinetics of fluconazole in
people with HIV infection and to examine factors
affecting fluconazole disposition in this population.

Fluconazole assay

Concentrations of fluconazole were determined in
plasma samples using a modified version of the gasMethods
liquid chromatographic method of Debruyne et al. [12]
as previously published by Tett et al. [4]. The limit ofStudy population
quantitation of the assay was 0.1 mg l−1. Within run
coefficients of variation were less than 6% at plasmaConcentration–time data from 113 male subjects with

HIV infection was obtained from two separate investi- drug concentrations between 0.5 and 10 mg l−1 [4].
This was confirmed in the present study; the meangations. Covariate information was available for 109

people. The mean (and range) age of the subjects was coefficient of variation of duplicate analyses was 6%.
The conversion factor to obtain fluconazole concen-38 (23–60) years and weight was 63 (42–88) kg. The

mean CD4+T-lymphocyte count of the study group, a tration in SI units is 1 mg l−1 is equivalent to 3.26 m.
measure of disease severity, was 69 cells mm−3 and this
ranged from 0 to 1050. The mean creatinine clearance
for the subjects, estimated from serum creatinine concen- Data analysis
tration, age and weight, using the equation of Cockcroft
& Gault [11], was 68 ml min−1 and this ranged from Concentration-time data were analysed using non-linear

mixed effects modelling implemented in P-PHARM Ver36 to 138 ml min−1. There was no relationship between
disease severity (as measured by CD4+T-lymphocyte 1.3 [13] and NONMEM IV [14]. Computations were

performed on an IBM PC. The population approachcount) and estimated creatinine clearance (r2=0.04).
The majority of patients were receiving other drugs, examines fixed (e.g. pharmacokinetic model parameters

such as clearance and volume) and random (e.g.none of which were known to affect the pharmaco-
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intersubject variance of pharmacokinetic parameters whom numerous observations (670) were available. A
second analysis was then conducted which included theand residual variability) effects [9].
sparse data obtained from 100 subjects (Study 2) so
that the combined data set consisted of 113 subjects
and 770 observations. Both P-PHARM and NONMEMPharmacokinetic model
were used to define the population parameters and
estimates of random effects. The factors (covariates)Preliminary analysis of the concentration-time data

from Study 1 [4] indicated that a linear one- affecting fluconazole pharmacokinetic parameters were
then examined in data for 109 subjects (where covariatecompartment pharmacokinetic model with first-order

elimination and with first-order input after an oral dose information was available) using different strategies for
P-PHARM and NONMEM.and zero-order input after an intravenous infusion best

described the disposition of fluconazole. A single dose P-PHARM generates posterior Bayesian parameter
estimates (for CL and V ) for each subject which aremodel was use for data from Study 1 and a multiple-

dose steady-state model was used to fit data from Study then compared with patient specific factors (e.g.
CD4+T-lymphocyte count, creatinine clearance and2. The pharmacokinetic model was parameterized using

clearance (CL), volume of distribution (V ), a first order weight) using stepwise multiple linear regression. This
approach selects a covariate or combinations of covari-absorption rate constant (ka) and the fraction of the

dose absorbed (F). ates and examines the relationship with pharmacokinetic
parameters using a partial F test to judge the statistical
significance [13]. Alternatively, parameters and covari-
ates can be individually selected to examine thePharmacostatistical model
relationship between each.

The influence of body weight, renal function (assessedRandom effects are considered to consist of inter-
individual variability (termed g with a standard devi- using predicted creatinine clearance) and disease severity

(assessed using the CD4+T-lymphocyte count) wereation v) in each pharmacokinetic parameter (that is
vCL, vV, vka and vF) with the remaining variability tested on clearance and volume of distribution. The

relationship between covariates and the absorption ratebeing termed the residual or unexplained variability
(termed e with a standard deviation s) within subjects constant and the fraction of the dose absorbed were not

investigated. A number of regression models were[9]. Preliminary analysis of the pattern of residuals and
the reduction in the standard error of the parameter examined to test the relationship between pharmaco-

kinetic parameters and covariates (see Table 4). Theestimates indicated that the interindividual variability
was best described by a normal distribution, rather than difference in the NONMEM objective function between

competing models was compared with a chi-squareda log-normal distribution, when using P-PHARM [13]
and a multiplicative model (as described in Equation 1), statistic [14].
rather than an additive error model, when using
NONMEM [14].

pj=ppop (1+gpj) (1)

where pj is a parameter (CL, V, ka or F ) of the jth Results
individual, ppop is the population mean value of the
parameter and gpj is the interindividual error. Residual Population pharmacokinetic analysis
variability, which encompasses measurement error,
model misspecification and intraindividual variability, The mean population pharmacokinetic parameters for

fluconazole obtained from data for 13 subjects arewas described by the following model for the NONMEM
analyses [14], shown in Table 1. The population estimates of clearance

obtained using P-PHARM and NONMEM were
Cij(t)=f (pj,tij)+eij (2) 0.80 l h−1 and 0.88 l h−1, respectively. The intersubject

variability in this parameter, expressed as percentwhere Cij(t) and f (pj,tij) are the observed and predicted
fluconazole concentrations in the jth individual at time coefficient of variation (%CV), was approximately 20%

(for both P-PHARM and NONMEM) in the data fromtij and eij is the residual error. A comparison of the size
of the residual error between competing error models Study 1. The estimated population mean volume of

distribution (%CV) was 44.8 l (8%) and 47.4 l (8%),(0.07 mg l−1 vs 0.39 mg l−1, respectively) indicated that
a heteroscedastic error model (proportional to the from P-PHARM and NONMEM, respectively.

Population model dependent estimates of absorptionsquared value of the prediction), rather than a homosced-
astic error model, best described the residual variability indicated that the rate of fluconazole absorption was

rapid (absorption half-life estimated to be 8 or 14 min)when using P-PHARM [13].
and variable (P-PHARM %CV for ka was 41%) but
essentially complete (F; 0.93 and 0.98, using P-PHARM
and NONMEM, respectively) with little variability inData analysis strategy
the extent of absorption across the 13 subjects (%CV
was 5% and 6%). The residual error was estimatedFirstly, mean population pharmacokinetic estimates

were obtained using data from 13 subjects (Study 1) for to be 0.07 mg l−1 using a heteroscedastic model
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Table 1 Mean population pharmacokinetic estimates for fluconazole obtained using data from Study 1
containing 13 subjects (12–17 observations per sample and up to four doses; 670 observations)

P-PHARM NONMEM

Mean 95% CI* %CV † Mean 95% CI %CV

CL (l h−1 ) 0.80 0.71–0.89 21 0.88 0.73–1.03 20
V (l ) 44.8 42.8–46.8 8 47.4 43.6–51.2 8
ka (h−1 ) 3.05 2.35–3.75 41 5.03 4.19–5.87 246
F 0.93 0.90–0.96 5 0.98 0.91–1.05 6
Residual error (mg l−1) 0.07 0.52

*Upper and lower 95% confidence interval of parameter estimate. †Intersubject variability expressed as
percent coefficient of variation of population.

(implemented in P-PHARM) and 0.52 mg l−1 using an describing 59% of the variability in fluconazole clear-
ance, while weight and age significantly influencedadditive error model (implemented in NONMEM).

The results of the second population analysis using volume of distribution, with 34% and 29% of the
variability in this parameter being explained by thesethe combined rich and sparse data (770 observations)

from 113 individuals are shown in Table 2. The mean covariates, respectively. Estimated creatinine clearance
was not selected as a covariate that significantly affectedpopulation estimates of clearance were 0.73 l h−1 (32%)

and 0.78 l h−1 (41%), obtained using P-PHARM and clearance probably because the 13 subjects in Study 1
had a narrow range of estimated creatinine clearanceNONMEM, respectively, which tended to be lower than

that observed in the analysis of data from Study 1 (80–138 ml min−1). When this analysis was repeated
using data from 109 subjects (for whom covariate data(Table 1). The mean population estimates (and %CV)

of V, ka and F did not change notably from the analysis were available from Studies 1 and 2) P-PHARM did
not select any covariate as significantly influencingof the data from 13 subjects. The estimate of residual

error similarly was unchanged. clearance or volume of distribution. In this revised
analysis, P-PHARM indicated that the combined influ-
ence of CD4+T-lymphocyte count, patient weight and
the estimated creatinine clearance accounted for 11%Covariate analyses: examining the factors affecting

fluconazole pharmacokinetics of the variability in clearance and only 4% of the
variability in the volume of distribution. Based on the
hypothesis raised by Tett et al. [4] the combined dataThe relationship between covariates and the estimates

of fluconazole clearance and volume of distribution were re-analysed with the clearance split for subjects
with a CD4+T-lymphocyte count less than or greaterwere examined. The reason a patient was taking

fluconazole (treatment or prevention of fungal infection) than 200 cells mm−3. This cut-off was selected based on
clinical information and corresponds to the degree ofdid not significantly explain the variability in either

clearance or volume of distribution. Similarly, the immunosuppression where people are more prone to
opportunistic infections. In this P-PHARM analysis theco-administration of zidovudine, didanosine and

co-trimoxazole did not affect these parameters. values of V, ka and F were fixed to the population mean
(Table 2). Table 3 shows the population mean and 95%Furthermore, there was no association between concur-

rent pathophysiology and fluconazole clearance and CI of the mean estimates of fluconazole clearance in
subjects with a CD4+T-lymphocyte count above (n=volume.

Multiple linear regression using P-PHARM on data 12) and below (n=97) 200 cells mm−3. This analysis
indicated that people with a lower CD4+cell count hadobtained from 13 subjects (Study 1) indicated that

whether a subject had a CD4+T-lymphocyte count a lower clearance of fluconazole (0.73 l h−1 vs 0.88 l h−1,
respectively). To investigate further the relationshipgreater or less than 200 cells mm−3 was capable of

Table 2 Mean population pharmacokinetic estimates for fluconazole obtained using the combined data
set (observations from Study 1 and Study 2) containing 113 subjects (1–17 observations after single and
multiple dosing; 770 observations)

P-PHARM NONMEM

Mean 95% CI* %CV † Mean 95% CI* %CV †

CL (l h−1 ) 0.73 0.69–0.77 32 0.78 0.69–0.86 41
V (l ) 44.7 44.0–45.4 8 47.6 45.4–49.8 8
ka (h−1 ) 3.07 2.83–3.31 41 5.02 4.19–5.85 234
F 0.96 0.95–0.97 5 0.99 0.91–1.06 6
Residual error (mg l−1) 0.07 0.52

*Upper and lower 95% confidence interval of parameter estimate. †Intersubject variability expressed as
percent coefficient of variation of population.
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Table 3 Fluconazole clearance (l h−1 ) in 109 HIV-infected people with a CD4+T-lymphocyte
count less than and greater than 200 cells mm−3. Data for other pharmacokinetic parameters
are shown in the Results section.

P-PHARM NONMEM

Mean 95% CI* %CV† Mean 95% CI* %CV†

CD4<200 0.73 0.68–0.77 33 0.73 0.64–0.82 40
CD4>200 0.88 0.77–1.00 22 0.99 0.86–1.12 19

*Upper and lower 95% confidence interval of parameter estimate. †Intersubject variability
expressed as percent coefficient of variation of population.

between fluconazole clearance and renal function a (38%)×CD4 cell count (in cells mm−3), where the
intersubject variability (as %CV) is shown in brackets.linear regression analysis of the posterior Bayesian

estimates of clearance (generated using P-PHARM) and When fluconazole clearance was split between people
who had a CD4+T-lymphocyte count less than (n=97)predicted creatinine clearance was conducted. The

equation for fluconazole clearance derived from or greater than (n=12) 200 cells mm−3 the mean
population and 95% confidence interval estimatesP-PHARM generated Bayesian estimates was CL

( l h−1)=0.39+0.0025×CLcr (in ml min−1). generated by NONMEM for each group are presented
in Table 3. People with a lower CD4+T-lymphocyteTable 4 presents the results of the comparison between

regression models incorporating patient covariates and count had a mean fluconazole clearance of 0.73 l h−1
while people with a higher CD4+T-lymphocyte countfluconazole clearance and volume of distribution using

NONMEM. Patient weight did not influence either had a clearance of 0.99 l h−1. The mean (and intersubject
variability) of other pharmacokinetic parametersclearance or volume of distribution. The relationship

between clearance and CD4+cell count was examined remained unchanged in these two groups (V ; 47.4 l (8%),
ka; 4.99 h−1 (234%) and F; 0.98 (7%)). Residual errorusing both a linear regression model and a categorical

model which split clearance into two sub-populations was unchanged at 0.52 mg l−1. Using a similar approach
to examine the volume of distribution indicated thatwith CD4+cell counts above and below 200 cells mm−3

(as done previously for the P-PHARM analysis). Both disease severity did not influence this parameter. The
relationship between fluconazole clearance and renalmodels resulted in a significant reduction in the

NONMEM objective function (Table 4) indicating that function was assessed using two regression models. The
most appropriate model to describe the relationshipdisease severity influences fluconazole clearance. The

equation for estimating fluconazole clearance using between estimated creatinine clearance and flucon-
azole clearance was CL (l h−1 )=0.20 (9%)+0.0068CD4+cell count derived from NONMEM using a

regression model was CL ( l h−1)=0.70 (11%)+0.001 (34%)×CLcr (ml min−1) indicated by a significant

Table 4 Models employed to examine the influence of covariates on fluconazole clearance and
volume of distribution using NONMEM.

Question Model L L D* Answer†

Does weight influence CL? CL=h1×wt 8 no
Does disease severity influence CL=h1+h2×CD4 −21 yes
CL?‡

CL=h1+CD4h2 1050 no
CL1 vs CL2§ −18 yes

Does renal function influence CL=h1×CLcr −28 yes
CL?‡

CL=h2+h1×CLcr −34 yes
Are there combined influences of renal function and disease severity
on CL?

CL1=h1×CLcr vs CL2=h2×CLcr −29 yes
CL1=h1+h2×CLcr vs CL2=h3+h4×CLcr −36 no
CL=h1+h2×CLcr +h3×CD4 −41 yes

Does weight influence V ? V=h3×wt 5 no
Does disease severity influence V1 vs V2§ −1 no
V?‡

*Difference in the NONMEM objective function compared to the simple model where CL=h1
or V=h3. †A difference of 8 or more was considered statistically significant. ‡Assessed by CD4
count (in units of cells mm−3). §Subscripts 1 and 2 represent subpopulations above and below a
CD4 count of 200 cells mm−3, respectively. ¶Assessed using predicted creatinine clearance
(CLcr; ml min−1 ).
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decrease in the value of the NONMEM objective fluconazole in healthy subjects and found estimates of
clearance ranging from 0.82 to 1.20 l h−1 and a volumefunction (Table 4). Values of other pharmacokinetic

parameters were unchanged. of distribution of 48 l. Other than the study by Tett
et al. [4], data from which were used in this populationThe combined influence of estimated creatinine clear-

ance and CD4+T-lymphocyte count on fluconazole analysis, three reports have been published on the
pharmacokinetics of fluconazole in people with HIVclearance were examined. As before this was tested using

both a regression and categorical model approach infection. The most comprehensive study to date was
conducted by DeMuria et al. [7] in 10 people with(Table 4). The regression model for fluconazole that

resulted in the largest reduction in the NONMEM AIDS (all having a CD4+T-lymphocyte count below
200 cells mm−3) and found a mean (%CV) clearance ofobjective function (-41) of all the models tested (Table 4)

accounted for both changes in renal function and disease 1.06 l h−1 (31%) and volume of distribution of 53.8 l
(14%). In comparison to the findings of the presentseverity, such that CL ( l h−1)=0.25 (33%) +0.0057

(32%)×CLcr (in ml min−1)+0.00068 (10%)×CD4 cell study, the estimate of clearance determined by DeMuria
et al. is at the upper end of the confidence interval forcount (in cells mm−3), where intersubject variability

(expressed as %CV) is shown in brackets after each fluconazole clearance estimated in the group of patients
with a higher CD4 cell count (Table 3), despite thereparameter estimate. Mean population estimates (and

intersubject variability expressed as %CV) of other being no difference in the predicted creatinine clearance
between the two study populations. One possible reasonpharmacokinetic parameters were 47.5 l (8%), 4.98 h−1

(234%) and 0.98 (7%) for volume of distribution, for this difference is that DeMuria et al. [7] collected
plasma samples up to 72 h (only 24 h in four individuals)absorption rate constant and bioavailability. Residual

error was determined as 0.51 mg l−1. and used an assay with a sensitivity limit of 200 ng ml−1.
These limitations have the potential to provide an
underestimate of area-under-the-concentration-time
curve and therefore overestimates of clearance, as has
been demonstrated by Tett & Cutler [15] for chloro-Discussion
quine. Furthermore, the optimal sampling time (esti-
mated using the method detailed by Bourne [22]) toA linear one-compartment model best described the

concentration–time data for fluconazole in the present provide the best estimate of fluconazole clearance after
a single dose was at or near 48 h after a single dose.investigation [4]. DeMuria et al. [7] employed a two-

compartment pharmacokinetic model to describe the For four individuals in the DeMuria et al. study,
sampling did not continue to this time. Yeates et al. [8]disposition of fluconazole after oral and intravenous

administration of fluconazole using an iterative two- studied fluconazole disposition in 10 healthy and 10
HIV infected subjects (CD4+T-lymphocyte countstage population approach. However, the population

estimate of intercompartmental or distributional clear- ranged from 5 to 99 cells mm−3) , collecting plasma
samples up to 120 h after an intravenous infusion, andance (CLd ) from the study by DeMuria et al. [7] was

high (85.4 l h−1 and 20.7 l h−1 after intravenous and found, using non-compartmental pharmacokinetic
methods, that clearance was lower in the HIV infectedoral doses, respectively) indicating very rapid transfer of

fluconazole between the central and peripheral com- individuals (1.02 l h−1 vs 1.38 l h−1) while volume of
distribution was unchanged (57 l). Chin et al. [16]partments, suggesting that a one-compartment model

provides an adequate representation of the data. estimated the clearance of fluconazole in one subject
with AIDS being treated for cryptococcal meningitis.Furthermore, the sampling protocol employed in Study

1 was extensive (which like the DeMuria et al. study Fluconazole clearance (0.57 l h−1) was in good agree-
ment with the results of the present analysis, when thedrew the first sample at 15 min) and therefore capable

of adequately characterizing the disposition of flucona- estimated creatinine clearance (62 ml min−1) was taken
into consideration.zole after a single dose.

In the present study two methods have been used to In the present study, the population estimate of
clearance was lower in the combined analysis (113obtained population parameter estimates. P-PHARM

and NONMEM software are both designed to examine subjects) of data from Studies 1 and 2 (Table 2)
compared with data from Study 1 alone (13 subjects;the central tendency of population data but they

approach the analysis of these data differently. Table 1) while other parameters (V, F and ka) remained
unchanged. The cross-sectional data that comprisedP-PHARM uses an EM-like algorithm [13] whereas

NONMEM uses a first order Taylor series expansion Study 2 consisted mainly of samples collected at the
latter end of the dosing interval (mean sample collectionto obtain a linear random effects model [14]. Despite

different analysis procedures both software packages time; 20.9 h). The optimal sampling time [22] for
volume of distribution was between 1 and 3 h and forprovided similar population estimates. NONMEM had

difficulty estimating the intersubject variability for the clearance between 12 and 18 h during a 24 h dosing
interval at steady-state. Hence in the present analysisabsorption rate constant (ka), probably because of the

very few fluconazole concentrations taken prior to the value of clearance changes when Study 2 data was
introduced into the analysis but the estimate of volumethe peak concentration. However, the population

mean estimates of ka obtained from P-PHARM and of distribution remained unchanged. The reason for the
observed decrease in the estimate of clearance betweenNONMEM were in good agreement.

Humphery et al. [6] examined the kinetics of Table 1 and 2 was due to the increased proportion of

© 1996 Blackwell Science Ltd British Journal of Clinical Pharmacology 41, 291–298



Population pharmacokinetics of fluconazole 297

people with a CD4+cell count below 200 cells mm−3 reduced in people with more severe immunosuppression
due to HIV infection and the activity of the drugand lower predicted creatinine clearance in Study 2. The

volume of distribution of fluconazole (Table 2; approxi- metabolizing enzymes is altered in this group [29].
Fluconazole undergoes net reabsorption in the kidney,mately 0.76 l kg−1) indicates that this drug effectively

distributes into the aqueous space (0.6 l kg−1; [17]) perhaps HIV infection alters a secretion process or the
nature of the proximal tubule, thereby influencingthroughout the body. This finding is supported by

human tissue concentration–time data presented by reabsorption of this drug in the kidney. An alternative
hypothesis is that standard nomograms used for theFischman et al. [18] and is in keeping with the very

low plasma protein binding and the polar nature of this prediction of creatinine clearance [11], based on age,
weight and serum creatinine concentration, which havecompound [19]. Concentration–time data for flucona-

zole after an oral and intravenous dose was simul- been devised in otherwise healthy populations are not
applicable to patients with severe HIV infection. Perhapstaneously modelled allowing a population estimate of

the fraction of the dose absorbed, as proposed by then the correlation between CD4+T-lymphocyte count
and fluconazole clearance is an artefact of an undetectedKaniwa et al. [20]. Fluconazole absorption was rapid

and essentially complete, which is in good agreement decline in the renal drug elimination process with HIV
disease progression.with the work of DeMuria et al. [7] in people with

AIDS and Humphery et al. [6] in healthy subjects. In conclusion, this population analysis has found that
clearance of fluconazole in HIV infected people isThe fact that residual error did not change when the

single observations from Study 2 were included in the influenced by the severity of disease (as indicated by
CD4+T-lymphocyte count) and renal function (indi-analysis (Table 1 vs Table 2), nor when regression

models were used to account for variability in clearance cated by predicted creatinine clearance). People with
advanced HIV infection and compromised renal functionusing covariates, is most likely because the residual

error, representing intraindividual error, could not be would appear to need lower doses of fluconazole, than
otherwise healthy people, to achieve the same concen-further assessed with these additional data as only a

single observation per individual was available. Unadkat tration required for antifungal efficacy, without the
undue risk of toxicity. However, the emergence of& Agosti [21] have highlighted the heterogeneity of the

HIV infected subject population and discussed the resistance to fluconazole must also be considered when
contemplating dosage adjustments.implications of this with respect to pharmacokinetic

studies.
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