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The pharmacokinetics of amphotericin B lipid complex (ABLC) were investigated in neonates with invasive
candidiasis enrolled in a phase II multicenter trial. Sparse blood (153 samples; 1 to 9 per patient, 1 to 254 h
after the dose) and random urine and cerebrospinal fluid (CSF) samples of 28 neonates (median weight [WT],
1.06 kg; range, 0.48 to 4.9 kg; median gestational age, 27 weeks; range, 24 to 41 weeks) were analyzed. Patients
received intravenous ABLC at 2.5 (n = 15) or 5 (n = 13) mg/kg of body weight once a day over 1 or 2 h,
respectively, for a median of 21 days (range, 4 to 47 days). Concentrations of amphotericin B were quantified
as total drug by high-performance liquid chromatography. Blood data for time after dose (TAD) of <24 h fitted
best to a one-compartment model with an additive-error model for residual variability, WI®7> (where 0.75 is
an exponent) as a covariate of clearance (CL), and WT as a covariate of volume of distribution (V). Prior
amphotericin B, postnatal age, and gestational age did not further improve the model. The final model
equations were CL (liters/h) = 0.399 x WT®7 (interindividual variability, 35%) and V (liters) = 10.5 x WT
(interindividual variability, 43%). Noncompartmental analysis of pooled data with a TAD of >24 h revealed a
terminal half-life of 395 h. Mean concentrations in the urine after 1, 2, and 3 weeks ranged from 0.082 to 0.430
rg/ml, and those in CSF ranged from undetectable to 0.074 pwg/ml. The disposition of ABLC in neonates was
similar to that observed in other age groups: weight was the only factor that influenced clearance. Based on
these results and previously published safety and efficacy data, we recommend a daily dosage between 2.5 and

5.0 mg/kg for treatment of invasive Candida infections in neonates.

Invasive Candida infections are important causes of in-
fectious morbidity and mortality in premature neonates (10,
34, 36). The reported frequency in very-low-birth-weight
infants, the neonatal population at highest risk, is as high as
20%, with a case fatality rate as high as 50% despite the best
available treatment (33, 41, 43). Current therapeutic options
with documented antifungal efficacy include amphotericin B
deoxycholate (DAMB) alone or in combination with flucy-
tosine, fluconazole, and the small liposomal formulation of
amphotericin B (19, 23, 39). While treatment with DAMB is
frequently limited by the compound’s inherent nephrotox-
icity (6), fluconazole, a generally well-tolerated, highly wa-
ter-soluble, renally cleared drug, is not always active (40)
and accurate dosing is difficult in very premature neonates
that often display extreme variations in the extracellular
fluid compartment and urinary output (42). Similarly, while
liposomal amphotericin B appears to be well tolerated and
effective (30, 31), no pharmacokinetic data exist for neo-
nates and dosing is therefore still determined by maximally
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tolerated dosages. For these reasons, there clearly is a need
for improved, pharmacokinetically based antifungal thera-
pies in neonates with invasive Candida infections.

Amphotericin B lipid complex (ABLC) is a unique lipid
formulation and is composed of dimiristoyl phosphatidylcho-
lin/dimiristoyl phospatidylglycerol in a 1:1 molar ratio of lipid
to amphotericin B and forms large ribbon-like structures. Fol-
lowing intravenous administration, ABLC is rapidly and effi-
ciently taken up by cells of the mononuclear phagocytic system,
mainly of the liver, spleen, and lungs, resulting in a larger
volume of distribution (V) than that of conventional DAMB
but a lower peak maximum concentration of the drug in the
serum and lower values in the blood for the area under the
concentration-time curve (25, 27). Based on a series of large,
open-label, noncomparative clinical trials (44, 46), ABLC was
approved by the Food and Drug Administration for the treat-
ment of adult and pediatric patients with invasive fungal infec-
tions who are intolerant of or refractory to DAMB therapy. In
addition, a prospective, randomized multicenter trial in 231
patients =16 years of age with invasive Candida infections has
demonstrated that a dosage of 5 mg/kg of ABLC was less
nephrotoxic and as effecitve as DAMB at a dosage of 0.6 to 1.0
mg/kg of body weight (WT) (E. J. Anaissie, M. H. White, O.
Uzun, C. Singer, G. P. Bodey, N. Azarnia, G. Lopez-Berestein,
and D. Matzke, Abstr. 35th Intersci. Conf. Antimicrob. Agents
Chemother., abstr. LM21, 1995).
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ABLC may be a useful therapeutic option for neonates with
invasive Candida infections. However, little is known about the
disposition and the appropriate dosage of ABLC in this pop-
ulation. A recently completed phase II multicenter clinical trial
has demonstrated the safety and efficacy of ABLC in neonates
with invasive Candida infections at dosages of 2.5 and 5.0
mg/kg (F. C. Adler-Shohet, A. C. Arrieta, L. A. Ross, J. L.
Rowen, N. O’Donnell, H. Waskin, and J. M. Lieberman, Abstr.
2001 Annual IDSA Meeting, abstr. 645, 2001). This study
found that treatment with ABLC was well tolerated and effec-
tive against neonatal invasive Candida infections, with docu-
mented mycological eradication and complete clinical re-
sponses achieved by 22 (73.3%) of the 30 patients enrolled in
this trial. Herein we report the population pharmacokinetics of
ABLC in whole blood and drug concentrations in urine and
cerebrospinal fluid (CSF) in neonates enrolled into this phase
II multicenter clinical trial. To the best of our knowledge, this
is the first investigation that provides a pharmacokinetics-
based dosing rationale for a lipid formulation of amphotericin
B in neonates.

MATERIALS AND METHODS

Patients. The study was performed at four U.S. study sites under a protocol
approved by the institutions’ respective internal review boards. Written informed
consent was obtained from the parent or legal guardian of the patient prior to
study entry. Male and female infants =90 days of age with invasive Candida
infections were eligible for enrollment. Infants were excluded if they had a
documented history of hypersensitivity to amphotericin B, an anticipated survival
time of less than 3 days, or an infection with Candida lusitaniae or if they had
undergone treatment with an unlicensed drug or therapy with more than two
doses of another systemic antifungal agent within 7 days prior to enrollment in
the study. Any other medications were permitted except for the concomitant
administration of systemic antifungal azoles. The definition of invasive Candida
infection included a minimum of one positive culture from blood or cerebrospi-
nal fluid or a positive culture from a site temporally associated with at least one
out of a panel of predefined signs and symptoms and the absence of another
documented infectious or noninfectious cause. Isolated candiduria was not con-
sidered to be an invasive infection.

Administration of study drug. The study was designed as a multicenter, open-
label, sequential-dose escalation trial of intravenous ABLC for the treatment of
invasive Candida infections. The first cohort of 15 children received ABLC at a
dosage of 2.5 mg/kg once daily over 60 min, and the second cohort of 15 children
received ABLC at a dosage of 5.0 mg/kg once daily over 120 min. Both cohorts
were evaluated for pharmacokinetics, safety, and antifungal efficacy. Enrollment
of patients into the second cohort was permitted after 10 patients had completed
therapy at the 2.5-mg/kg dosage in compliance with protocol-defined safety
criteria. The protocol-defined duration of treatment was at least 14 days for
candidemia and at least 3 weeks for Candida meningitis or other deep tissue
infections. ABLC was provided by The Liposome Company (Princeton, NJ) as
the approved product ABELCET marketed in the United States. ABLC was
prepared and administered according to the manufacturer’s recommendations in
5% dextrose at a final concentration of 1 mg/ml.

Pharmacokinetic sampling. Blood specimens (0.2 ml) were collected in hep-
arinized tubes following the first dose of ABLC and weekly thereafter until the
discontinuation of the drug. On day 1 of therapy with ABLC, infants were
randomly assigned to have specimens collected within two of the following three
time periods: 0 to 3 h, 6 to 9 h, and 17 to 24 h after administration. Thereafter,
a weekly blood sample was collected for the duration of therapy. In patients who
remained hospitalized after the completion of therapy, additional blood samples
were obtained within 24 h and 1 week after discontinuation of ABLC. Urine
specimens were obtained weekly using a catheter or a bagged specimen. Cere-
brospinal fluid was obtained as clinically indicated. Samples of whole blood,
urine, and CSF were immediately processed and stored at —70°C.

Analytical method. Sample extraction was performed by precipitation of blood
cells and proteins using 1:3 (vol/vol) methanol-blood or 1:1 (vol/vol) methanol-
urine or -CSF, followed by incubation of the samples for 30 min at 4°C, centri-
fugation at 2,000 X g for 10 min, transfer of the methanolic supernatant into a
0.22-pm Durapore filter tube, and centrifugation at 4,000 X g for 4 min for
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injection. Standards and quality controls were similarly prepared by adding
known amounts of amphotericin B to pooled, drug-free normal human blood,
urine, and commercially available CSF standards (Instrumentation Laboratories,
Lexington, MA). Blank samples of these matrices also were extracted and sub-
mitted to assay to assess the absence of interfering peaks.

Concentrations of ABLC in blood, urine, and CSF were determined as con-
centrations of total (bound and free) amphotericin B by an in-house-validated,
reversed-phase high-performance liquid chromatographic method (20). A commer-
cially available amphotericin B preparation dissolved in 50:50 (vol/vol) methanol-
dimethyl sulfoxide was used as the reference standard (Sigma, St. Louis, MO).
The mobile phase was methanol-acetonitrile-0.0025 M Na-EDTA (500:350:200),
delivered at 1.6 ml/min. The injection volume was 75 pl. Amphotericin B eluted
at 3.5 to 4.5 min using a C,g analytical column (Waters, Milford, MA), preceded
by a NewGuard C g precolumn (Perkin Elmer, Norwalk, CT), and was detected
at 382 nm by UV absorbance.

Quantitation was based on the peak-height-concentration response of the
external calibration standard. Twelve-point standard curves (0 to 5.0 pg/ml) were
linear, with R? values of =0.999. The lower limits of quantitation were 0.05 pg/ml
in whole blood and 0.01 pg/ml in urine and CSF. The mean recovery rates from
whole blood in comparison to those from the spiked mobile phase ranged from
84.9 to 91% and were close to 100% for urine and CSF. Accuracies were within
+9%, and intra- and interday variability (precision) was <7.5% for all matrices.
The maximum time of sample storage after processing was 24 months. Validation
data generated in our laboratory indicate the stability of polyenes in biological
specimens of dosed subjects at —70°C for at least 10 months (21).

Pharmacokinetic analysis. The development of the population pharmacoki-
netic model for ABLC in blood is provided in detail as supplemental material. In
brief, data were analyzed by nonlinear mixed-effect modeling using NONMEM
software (version 5.0, level 1.0; University of California, San Francisco, CA) (7).
This model accounts for population parameter variability (between subjects) and
residual variability (random effects), as well as parameter differences predicted
by covariates (fixed effects). The first-order method was used during the model-
building process. Covariate selection was performed by general additive model-
ing (GAM) with the Xpose program, version 3.010 (29), run within the S-PLUS
statistical package (MathSoft Corporation, Seattle, WA).

RESULTS

Patients. A total of 30 infants with invasive Candida infec-
tions were enrolled in the study, of which 26 (87%) had Can-
dida spp. detected in blood. Twenty-eight of the 30 patients
underwent pharmacokinetic sampling. The demographic char-
acteristics of the 28 infants are shown in Table 1. There were
18 boys and 10 girls, with a median gestational age of 27 weeks
(range, 24 to 41 weeks) and a median birth weight of 910 g
(range, 460 to 4,600 g). Fifteen infants received ABLC at 2.5
mg/kg, and 13 infants received ABLC at 5.0 mg/kg once daily
for a median duration of 21 days (range, 4 to 47 days). At the
start of treatment, the median postgestational age was 27 days
(range, 8 to 89 days) and the median weight was 1,060 g (range,
480 to 4,900 g). Fifteen patients had received at most two
dosages of DAMB prior to the first dose of ABLC. No statis-
tically significant differences were found between patients re-
ceiving 2.5 mg/kg/day and patients receiving 5 mg/kg/day with
respect to their gestational age, birth weight, sex, age, and
weight at baseline and prior therapy with DAMB.

Concentrations of amphotericin B in blood. A total of 153
blood samples were obtained, corresponding to a median of 5
(range, 1 to 15) blood samples per patient. Following the first
dose of ABLC, mean AMB concentrations (*standard errors
of the means) in infants dosed with 2.5 mg/kg of ABLC de-
creased from 0.249 * 0.05 pg/ml during the first sampling
interval to 0.111 = 0.01 pg/ml during the third sampling inter-
val; those in infants dosed with 5 mg/kg decreased from
0.651 = 0.35 pg/ml during the first sampling interval to 0.220 =
0.04 wg/ml during the third sampling interval. Mean AMB
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TABLE 1. Demographic and treatment characteristics of 28 neonates with invasive candidiasis
and pharmacokinetic sampling following ABLC therapy

Value”

Parameter and unit”

ABLC at 2.5 mg/kg ABLC at 5.0 mg/kg All patients

(n = 15) (n =13) (n = 28)
Gender (no. of males/no. of females) 11/4 7/6 18/10
Gestational age (wk) 27 (24-40) 28 (24-41) 27 (24-41)
Birth wt (g) 820 (470-4,600) 980 (460-4,400) 910 (460—4,600)
Age at BL (days) 23 (10-89) 31 (8-73) 27 (8-89)
Wt at BL (g) 970 (480-4,900) 1,300 (840-4,400) 1,060 (480-4,900)
No. of patients with prior DAMB (yes/no) 10/5 5/8 15/13
No. of days on therapy with ABLC 21 (4-47) 20 (5-35) 21 (4-47)

¢ Single numbers are medians, and numbers in parentheses are ranges.
b BL, baseline (start of therapy with ABLC).

concentrations were higher following the administration of the
5 mg/kg dose than following the 2.5-mg/kg dose. During ther-
apy with ABLC and at the end of treatment (Table 2), the
average amphotericin B concentrations (6 to 13 data points per
sampling interval and cohort) did not increase with the dura-
tion of treatment and ranged from 0.173 = 0.02 to 0.277 = 0.03
pg/ml in the 2.5-mg/kg cohort and from 0.407 = 0.07 to 0.498 =
0.07 pg/ml in the 5-mg/kg cohort. Similar to what occurred on
the first day of therapy, mean concentrations in each sampling
period were consistently higher in the 5-mg/kg cohort.
Concentrations of amphotericin B in urine and CSF. Ran-
dom urine samples obtained at the end of weeks 1, 2, and 3 of
therapy with ABLC (n = 53; 5 to 13 samples per sampling
interval and cohort) yielded mean AMB concentrations rang-
ing from 0.082 = 0.02 to 0.205 = 0.04 pg/ml in the 2.5-mg/kg
dosage cohort and from 0.280 = 0.11 to 0.430 = 0.26 pg/ml in
the 5.0-mg/kg dosage cohort (Table 2). Concentrations of
AMB in CSF, which was obtained from 13 infants at different
time points during both the dosing interval and the time course
of therapy with ABLC, ranged from undetectable to 0.074
pg/ml without apparent difference between the dosage cohorts.
Population pharmacokinetics in blood. Of the 153 blood
samples, 130 were obtained within 24 h after dosing and 23
were obtained from >24 h to 245 h after dosing (Fig. 1).
Therefore, model and covariate building were first performed
with data for a time after dose (TAD) of =24 h, the standard
dosing interval. In a second step, all data were analyzed. For
modeling, five samples with blood concentrations below the
lower limit of quantification (0.05 pwg/ml) were defined as one-
half of the lower limit of quantification. One additional sample
(dose, 5 mg/kg; TAD, 2.2 h; blood concentration, 2.44 pg/ml)
was excluded from the analysis, as results obtained with it were

outside the range of the data of its respective cohort (4 stan-
dard deviations).

Model for data with a TAD of =24 h. Primary analysis
revealed that WT was an important determinant of both CL
and V. Therefore, WT was included as the primary covariate in
the model building. Based on both theoretical reasons (48) and
a large body of empirical evidence (4), V' was modeled propor-
tionally to WT and CL was modeled proportionally to WT?7°
(where 0.75 is an exponent). Data for a TAD of =24 h fitted
best to a one-compartment structural model with an exponen-
tial-error model for between-subject variability and an addi-
tive-error model for residual variability, including WT%7° as
covariate of CL and full WT as a covariate of V.

Potentially significant covariates detected by a GAM analy-
sis of CL were gestational age, postnatal age, and pretreatment
with DAMB; pretreatment with DAMB was the only poten-
tially significant covariate of V. Based on residuals of Student’s
t test and Cook’s distance test, none of the patients was diag-
nosed as an outlier in the GAM analysis.

Backward exclusion of the candidate covariates showed that
none of the covariates significantly decreased the objective
function on the P level of 0.01 (Table 3). Thus, the basic model
was found to be the final model for ABLC: CL (liter/h) =
0.399 X WT®” and V (liter) = 10.5 X WT.

Parameter estimates of the final model and the goodness of
fit between the observed and the model-predicted concentra-
tions based on population-derived parameters and individual
parameters are provided in Table 4 and in Fig. 2, respectively.
Of note, changing the normalization of WT from 1 kg to a
centered weight of 70 kg, as proposed by Holford (26), had no
impact on the robustness of the parameter estimates.

TABLE 2. Random concentrations of amphotericin B in blood and urine

Mean concn of AMB (ug/ml) = SEM*

Specimen® Dosage (mg/kg)
Wk 1 Wk 2 Wk 3 EOT
Blood 2.5 0.226 = 0.02 0.173 £ 0.02 0.277 = 0.03 0.180 = 0.04
5.0 0.458 £ 0.04 0.498 = 0.07 0.460 = 0.08 0.407 = 0.07
Urine 2.5 0.082 £ 0.02 0.145 = 0.04 0.205 = 0.04
5.0 0.430 = 0.26 0.280 = 0.11 0.310 = 0.12

“ Samples were obtained at random time points during weeks 1, 2, and 3 and at the end of therapy (EOT).
® The total number of blood samples was 80 (6 to 13 samples per interval and cohort) and that of urine samples was 53 (5 to 13 samples per interval and cohort).



VoL. 49, 2005

1.0
0.8
064 o
0.4 19 o
0.2 .
0.0
[ ]
0848
[ ]
0.6 4,
0.4 4

Dose: 2.5 mg/kg

..o":O g .

Dose: 5 mg/kg

Amphotericin B [ug/mL]

o4 L4 P
0.0 = T T T T T
0 50 100 150 200 250 300

Time after dose [h]

FIG. 1. Plot of observed blood concentrations of amphotericin B at
various times after administration of ABLC at 2.5 and 5 mg/kg used for
population pharmacokinetic analysis.

Model for all data. Based on the final model, a two-com-
partment model was applied in order to model all of the data
(additional 23 data points for a TAD of >24 h). However, the
number of data points was too small to describe the terminal
phase sufficiently. Compartment-free analysis of pooled, ob-
served, dose-normalized data with a TAD of >24 h revealed a
terminal half-life of 395 h.

DISCUSSION

The results of this study indicate that the disposition of
ABLC in neonates is not different from that observed in other
age groups: population pharmacokinetic analysis using blood
data for a TAD of <24 h fitted best to a one-compartment
model with an additive-error model for residual variability,
with WT®75 as a covariate of CL and WT as a covariate of V.
Other potentially significant covariates (prior amphotericin B,
postnatal and gestational age on CL, and prior amphotericin B
on V) identified by generalized additional modeling did not
decrease the objective function value after backward exclusion
(P < 0.01). Mean blood concentrations after a dosage of 2.5
mg/kg were lower than corresponding values after a dosage of

TABLE 3. Summary of covariate population pharmacokinetic
models tested for CL and V" as proposed by generalized
additional modeling*®

Model Co‘gafnéf ©) Co;/'?r;d te ]i?legl?{?[? Improvement
Basic
Full GA, age, DAMB DAMB
Backward Age, DAMB DAMB —5.82 No
exclusion DAMB DAMB —6.33 No
DAMB —5.59 No
DAMB —1.91 No

4 For all models, WT®7° is a covariate of CL and WT' is a covariate of V.
Residual variability was modeled using an additional-error model; interindi-
vidual variability was modeled using an exponential model. GA, gestational age;
age, age at baseline; DAMB, prior treatment with DAMB.

b Decrease in the objective function value (OFV) compared with that of the
hierarchically preceding covariate model.
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TABLE 4. Population pharmacokinetic analysis final parameter
estimates for data with a TAD of =24 h

Parameter/unit Typical value Relative SE*
Theta CL (liters/h) 0.399 0.10
Theta V' (liters) 10.5 0.15
Residual error (ug/ml) 0.11
Interindividual variability CL (%) 35
Interindividual variability V' (%) 43

@ Standard error divided by the parameter estimate.

5 mg/kg; altogether, the mean blood concentrations did not
substantially differ from those reported for adults (1, 2). There
was no apparent accumulation of amphotericin B following
multiple dosing, and noncompartmental analysis of dose-nor-
malized data with a TAD of >24 h revealed a mean terminal
elimination half-life of 395 h. In accordance with experimental
data (20; A. H. Groll, D. Mickiene, V. Petraitis, R. Petraitiene,
K. Roussillion, M. Hemmings, L. A. Lyman, and T. J. Walsh,
Abstr. 41st Intersci. Conf. Antimicrob. Agents Chemother.,
abstr. J-1607, 2001), random sampling demonstrated substan-
tial exposure in urine and low concentrations in the CSF.

Characterizing and understanding the disposition of sys-
temic therapeutics are prerequisites for their safe and effective
use. In pediatric patients, developmental changes may have a
major impact on the distribution, metabolism, and excretion of
drugs, potentially leading to serious untoward effects or sub-
optimal therapeutic efficacy. Therefore, simple extrapolation
of adult dosages is generally not feasible, and separate phar-
macokinetic studies are needed to establish the appropriate
dosage regimens for further assessment of safety and efficacy
(3, 18).

Pharmacokinetic studies of special populations usually re-
quire a rigid experimental design with serial sampling of mul-
tiple blood samples to fully characterize the concentration-
time relationship of one or several dose intervals. Although
this conventional approach leads to an accurate and precise
estimation of pharmacokinetic parameters, its feasibility and
interpretation, however, are limited by several factors, includ-
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0.4

0.2 1

0.0 T T T T ' v v v
00 02 04 06 0800 02 04 06 08
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FIG. 2. Goodness of fit of observed versus predicted concentra-
tions of amphotericin B in blood. Predictions were made based on
population (PRED, left panel) or individual (IPRED, right panel)
parameters.
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ing difficulties in recruitment, patient selection by exclusion
criteria, the inability to estimate the magnitude of variability in
the target population and to identify and quantify covariates of
pharmacokinetic variability, and, particularly relevant in neo-
nates, potentially relevant blood loss (32). Considering a total
blood volume of approximately 40 ml in a preterm infant of
500 g, the multiple comorbidities of these patients, and the
additional presence of a life-threatening invasive fungal infec-
tion, serial blood sampling in this highly vulnerable population
is difficult to justify.

Unlike conventional pharmacokinetic studies, population
pharmacokinetic analysis allows an estimate of the means and
variances of pharmacokinetic parameters directly in the pop-
ulation of interest and an assessment of the relationship be-
tween these parameters and specific patient covariates with a
minimum of blood sampling from each patient (15, 32). In
neonates, population pharmacokinetic parameters can be ac-
curately estimated with fewer than 30 patients with NONMEM
software using as few as two concentration-time points for each
subject and each dosing interval (15). The use of random
sampling within predefined sampling windows allows the ac-
commodation to patient care algorithms and has been shown
to be more robust than fixed-sampling designs (24, 28).

In our study, initial population pharmacokinetic model
building revealed a significant improvement using weight as a
covariate of both V" and CL. Based on the general allometric
power model, IV was modeled proportionally to WT and CL
was modeled proportionally to WT®7> (4, 48). Covariate anal-
ysis showed that neither gender, gestational age, birth weight,
age at baseline, prior therapy with DAMB, nor dosage and
duration of therapy with ABLC further improved the pharma-
cokinetic model for concentration data with a TAD of <24 h.
Thus, the final model corresponded to the basic model with
WT as the covariate of CL and V. While the residual variability
of 35% for CL and 43% for V observed in our study may
appear high, similar variabilities have been reported in the
neonatal setting by other investigators (15) and may be inher-
ent to multicenter population analyses (32). Apart from factors
associated with a less strictly controlled study setting, this vari-
ability may be due to intraindividual changes in patient phys-
iology over time and also to the limited number of patients and
blood samples included in these analyses. Of note, weight has
been identified as a primary covariate of the CL and V' of
several drugs in neonates, including amikacin (12), tobramycin
(17), vancomycin (14, 16), paracetamole (5), and cisapride
(37). Few studies have reported further improvement of the
models when gestational age, postconceptional age, and post-
natal age were included in addition to WT (5, 13, 35). Levels of
binding of AMB and ABLC to albumin, lipoproteins, and
other proteins may differ between neonates and adults.

Noncompartmental pharmacokinetic studies of adults (1, 2)
and children 4 to 7 years of age (47) have shown that the
disposition of AMB after the administration of ABLC is mul-
tiexponential and characterized by a high clearance rate, a
large volume of distribution, and a prolonged terminal elimi-
nation half-life, but there is no evidence for accumulation in
the blood. These pharmacokinetic features are consistent with
the rapid removal of the large AMB-loaded lipid aggregates
from the blood into mainly the liver, spleen, and lungs, with
subsequent slow redistribution of AMB back into the circula-
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tion (1, 11, 38, 45). AMB does not undergo relevant hepatic
metabolism and is excreted in unchanged form into the urine
and feces at a rate that is determined by the fraction of un-
bound compound (8, 9). This fraction may theoretically be
affected by serum albumin and, indirectly, bilirubin concentra-
tions. However, given the small fraction of redistributed drug,
these effects are unlikely to have major effects on CL and V.
Since AMB does not appear to accumulate in plasma and is
not hepatically metabolized, and since <1% of AMB is ex-
creted in unchanged form within 24 h following ABLC dosing
(package insert [1995] for amphotericin B lipid complex injec-
tion; The Liposome Company, Inc., Princeton, NJ), no pre-
dictable major differences in the dispositions of ABLC were to
be expected between neonates and adults.

Pharmacokinetic data of ABLC in adults and children be-
yond the first year of life are limited to noncompartmental
analyses of small samples of subjects (1, 2, 47). Mean clearance
rates for these subgroups varied considerably and ranged from
6.55 £ 1.41 liter/h in children with hepatosplenic candidiasis
treated with 2.5 mg/kg/day (47) and from 17.8 = 5.2 liter/h to
28.85 = 4.33 and 32.6 = 14.0 liter/h in adult patients treated
with 5 mg/kg/day for systemic fungal infections, mucocutane-
ous leishmaniasis, and proven or suspected fungal infections in
the state of granulocytopenia (1, 2). When clearance rates are
normalized as a function of weight, neonates display an ap-
proximately twofold-higher mean weight-normalized popula-
tion clearance rate than children older than 1 yr of age (0.399
versus 0.218 liter/h/kg [47]), but similar weight-normalized
clearance rates were observed in adult subjects (0.272, 0.390,
and 0.410 liter/h/kg [1, 2]). In addition, the population value
for a IV of 10.5 liter/kg in the neonates was comparable to the
mean V of 12.4 liter/kg observed in adults receiving 5 mg/kg/
day for probable or proven invasive infections, and compart-
ment-free analysis of the dose-normalized pooled data for a
TAD of >24 h revealed an estimated elimination half-life of
395 h that was very similar to the 393 h reported for the adults
(1). Of note, average blood concentrations were similar to
those observed in adults, and like in adults (1, 2), the CL in
neonates was independent of dose and duration of treatment
within the investigated dosage range of 2.5 to 5.0 mg/kg. Taken
together, these data suggest the absence of fundamental dif-
ferences in the dispositions of ABLC between neonates and
adults.

The assessment of drug concentrations in urine and CSF
during ABLC therapy bears note. Random sampling of urine
demonstrated substantial AMB concentrations in the urine
following treatment with ABLC exceeding the MIC of many
Candida isolates. This observation is consistent with substan-
tial exposure in urine in an experimental kidney target model
of invasive candidiasis (A. H. Groll, D. Mickiene, V. Petraitis,
R. Petraitiene, K. Roussillion, M. Hemmings, L. A. Lyman,
and T. J. Walsh, Abstr. 41st Intersci. Conf. Antimicrob. Agents
Chemother., abstr. J-1607, 2001). In this model, however, ad-
ministration of DAMB (1 mg/kg) resulted in a higher exposure
of AMB in the urine, a higher renal clearance rate, a higher
amount of AMB excreted into the urine, and a higher recovery
of AMB than occurs with ABLC and liposomal amphotericin B
(5 mg/kg each). This behavior coincided with the improved
clearance from infected kidney tissue. Randomly timed CSF
samples showed low or no detectable AMB concentrations
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after the administration of ABLC. The lack of achievement of
CSF concentrations is a finding common to all AMB formula-
tions; nevertheless, AMB is effective in the treatment of fungal
infections of the central nervous system (22). Concentration-
time-effect relationships of AMB formulations have been in-
vestigated in an experimental model of Candida meningoen-
cephalitis (20). In comparison to DAMB and liposomal
amphotericin B, ABLC (5 mg/kg/day) achieved a lower expo-
sure of total AMB in plasma and was only partially effective.
Thus, carrier effects are pharmacodynamically important for
therapy with AMB. However, it is unknown at present whether
and how these experimentally derived observations may impact
the treatment of patients with invasive Candida infections of
the urinary tract and the central nervous system.

In summary, this is the first report that provides a pharma-
cokinetics-based dosing rationale for a lipid formulation of
amphotericin B in neonates with invasive candidiasis. The dis-
position of ABLC in neonates was not substantially different
from that observed in other age groups, and weight was the
only factor that influenced the clearance of amphotericin B
from blood. Random sampling demonstrated substantial drug
exposure in urine and, as with other amphotericin formula-
tions, low concentrations in CSF. Based on the results of this
study, previously published safety and efficacy data, and the
results of a comparative randomized clinical trial with adults, a
dosage between 2.5 and 5.0 mg/kg/day of ABLC administered
as an intravenous infusion over 2 h is recommended for the
treatment of invasive Candida infections in neonates.
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