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The acyclic phosphonate analog adefovir is a potent inhibitor of retroviruses, including human immunode-
ficiency virus (HIV) type 1, and, unlike some antiviral nucleosides, does not require the initial phosphorylation
step for its activity. Two oral dosages of the adefovir prodrug adefovir dipivoxil were evaluated in a phase I
study with children with HIV infection. A total of 14 patients were stratified into age groups ranging from 6
months to 18 years of age. Eight patients received 1.5 mg of adefovir dipivoxil per kg of body weight, and six
patients received 3.0 mg of adefovir dipivoxil per kg. Serum samples were obtained at intervals during the 8 h
postdosing and were analyzed for adefovir concentrations. Patients were monitored for adverse effects. All
samples collected resulted in quantifiable levels of adefovir (lower limit of quantitation, 25 ng/ml) from each
patient. The areas under the concentration-versus-time curves (AUCs) were similar (P 5 0.85) for the 1.5- and
3.0-mg/kg doses, while the apparent oral clearance (CL/F) was significantly higher (P 5 0.05) for the 3-mg/kg
dose. Pharmacokinetic parameters differed by patient age. In comparing those children older and younger than
the median age of 5.1 years, AUC (P 5 0.03), maximum concentration of drug in serum (P 5 0.004), and the
concentration at 8 h postdosing (P 5 0.02) were significantly lower for the younger children. There were no
significant differences for apparent volume of distribution and CL/F normalized to body surface area, but there
was a suggestive difference in half-life (P 5 0.07) among the subjects in the older and younger age groups. No
significant adverse events were encountered. These data provide the basis for a multidose phase II study of
adefovir dipivoxil in HIV-infected infants and children.

Nucleoside analogues remain essential for increasingly ef-
fective combination treatment regimens for human immuno-
deficiency virus (HIV) type 1 (HIV-1) infections. Unphosphor-
ylated nucleoside analogues such as zidovudine, didanosine,
zalcitabine, lamivudine, and stavudine rely on cellular nucleo-
side kinase for conversion to the active triphosphate form. The
expression of these nucleoside kinases is cell type and cell cycle
dependent, and resting lymphocytes and macrophages/mono-
cytes do not express high levels of these enzymes. In contrast,
adefovir dipivoxil, 9-[2-[[bis[(pivaloyloxy)methoxy]phosphinyl]
methoxy]ethyl] adenine (bis-POM PMEA), contains a phos-
phonate moiety which has been stabilized by switching the
oxygen in the phosphoester bond with the proximate carbon in
the nucleotide. This class of compounds is not dependent on
nucleoside kinase for its conversion to the active diphosphate
form, phosphinylmethoxyethyl adenine (PMEA) diphosphate,
and thus may possess greater activity than nucleoside analogs
in a broader range of cell types. The active intracellular me-
tabolite, PMEA diphosphate, is a potent inhibitor of retroviral
reverse transcriptase (1). Therefore, PMEA may accumulate
intracellularly in uninfected host cells, preventing infection and
subsequent viral replication (2, 6). Synergistic effects with

PMEA and zidovudine against HIV-1 replication have been
reported (24).

Adefovir is poorly absorbed in a number of species, includ-
ing rats (23), monkeys (3, 4, 12), and humans (10). The low oral
bioavailability of adefovir appears to be in part a consequence
of the limited intestinal permeability of the phosphonate (18).
However, the oral bioavailability of adefovir has been substan-
tially improved with the development of the prodrug adefovir
dipivoxil. Studies of the prodrug in rats (22), dogs (13), cyno-
molgus monkeys (11, 19, 20, 21), and humans (8, 16) have
demonstrated that plasma adefovir concentrations are suffi-
cient for antiviral activity following oral administration. Some
evidence suggests that adefovir dipivoxil has enhanced activity
due to the increased cellular uptake and metabolism of the
lipophilic prodrug (25), resulting in high intracellular concen-
trations of adefovir. Adefovir is eliminated from the serum
exclusively by renal excretion of unchanged drug by a combi-
nation of glomerular filtration and tubular secretion.

Tablet and granule (for suspension) formulations of adefovir
dipivoxil have been studied in HIV-infected adults (8, 16).
Following oral administration of granules suspended in con-
centrated grape juice, adefovir dipivoxil was rapidly absorbed
and cleaved to the parent compound, and no intact prodrug or
monoester was detected in blood. The maximum concentration
in serum (Cmax) for adefovir was dose proportional over the
dose range of 200 to 500 mg, and the time to Cmax (Tmax) was
approximately 1.5 h at all doses. Following the administration
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of a single dose of 125, 250, and 500 mg of adefovir dipivoxil as
tablet formulations to adults, the observed Cmax values were
0.211 6 0.131 (61 standard deviation), 0.436 6 0.073, and
0.831 6 0.143 mg/ml, respectively. Recoveries in urine after
administration of the first dose were 44.4% 6 15.6%, 32.8% 6
6.06%, and 29.6% 6 12.2%, respectively.

The rationale for pursuing a phase I study with HIV-infected
infants and children at this juncture in the development of
adefovir dipivoxil is multifold. The safety and pharmacokinetic
parameters of drugs in infants and children often differ from
those in adults, and the type and extent of variation are not
predictable. Pediatric AIDS, like adult AIDS, is fatal, and no
curative treatment is available. Unlike HIV-infected adults,
HIV-infected infants commonly have a rapid downhill course
and early death. Many of the antiretroviral agents in general
use in adults have not undergone even phase I studies with
children, and most lack U.S. Food and Drug Administration
approval for use in individuals younger than 13 years of age.
Ethically, infants with HIV infection deserve equal access to
experimental drugs for this universally fatal disease. The
present report describes the pharmacokinetic and safety data
from a phase I single-dose study with HIV-infected infants and
children.

MATERIALS AND METHODS

Study design and subjects. The primary objectives of this phase I, open-label,
single-dose study (AIDS Clinical Trials Group [ACTG] Protocol 310) were to
determine the safety, tolerance, and pharmacokinetics of adefovir dipivoxil in
infants and children. The study was designed to evaluate the pharmacokinetics,
safety, and potential toxicity of single oral doses of 1.5 and 3.0 mg/kg of body
weight in HIV-infected patients younger than 18 years of age stratified into two
age cohorts (#3 months and .3 months). The younger and older age groups
were designed to include a minimum of four and eight patients in each dosage
cohort, respectively. The older age group was further stratified to include two
patients from each of the following age categories (3 months to ,1 year, 1 year
to ,2 years, 2 to ,10 years, and 10 to 18 years). This initial report includes data
only for children older than 3 months of age for the 1.5-mg/kg cohort and 1 year
of age or older for the 3.0-mg/kg cohort. Dose escalation began with the older
age group and the lower dose. Each patient was studied only once. No other
antiretroviral drugs were administered.

The study was conducted at four Pediatric AIDS Clinical Trial Group centers:
St. Jude Children’s Research Hospital, Memphis, Tenn.; The Johns Hopkins
University Hospital, Baltimore, Md.; Children’s Hospital of Philadelphia; and
the University of California, San Francisco, according to ACTG Protocol 310.
Parents or guardians of the participants agreed to the informed consent state-
ments approved by the institutional review Boards of the respective institutions.
Children were eligible for enrollment if they had a diagnosis of HIV infection by
Centers for Disease Control and Prevention criteria (7) for category N (asymp-
tomatic) or category A (mildly symptomatic); greater than 2,500-g birth weight;
absence of any acute or chronic infections; negative pregnancy tests for girls of
childbearing age; adequate renal function (less than grade 1 toxicity criteria for
blood urea nitrogen and creatinine levels and urinalysis); and no greater than
grade 1 toxicity criteria for complete blood count and differential platelets;
reticulocytes, electrolytes, amylase, lipase, calcium, phosphorous, magnesium,
glucose, bilirubin, aspartate transaminase (serum glutamic oxalacetic transami-
nase), alanine transaminase (serum glutamic pyruvic transaminase), uric acid,
and electrocardiogram. The Division of AIDS Toxicity Tables for Grading of
Pediatric Adverse Effects of the National Institute for Allergy and Infectious
Diseases were used for grading of laboratory and clinical parameter values.
Patients were deemed ineligible for enrollment if they were receiving (i) other
investigational agents, (ii) drugs with theoretical or known adverse interactions
with adefovir dipivoxil in vivo, (iii) drugs likely to interfere with the quantitation
of adefovir, or (iv) drugs which may affect renal excretion (e.g., probenecid,
acyclovir, ganciclovir, foscarnet, amphotericin B, and pentamidine).

Formulation and administration. Adefovir dipivoxil granules were mixed with
food prior to oral administration. The composition of the granule formulation
included adefovir dipivoxil, 85.1%; pregelatinized starch, NF, 9.57%; croscar-
mellose sodium, NF, 4.26%; and magnesium stearate, NF, 1.06%. The dose for
each patient, based on body weight at the time of study entry, was prepared by
a pharmacist using an analytic balance at McKesson Biosciences Cooperation,
under contract to the Division of AIDS, Pharmacy and Regulatory Affairs
Branch, National Institute for Allergy and Infectious Diseases, and was shipped
to each site. The preweighed granules were mixed in milk, formula, apple juice,
grape syrup, vanilla ice cream, or water and were administered under the super-
vision of a research nurse.

Observations. Prior to dosing and on day 6 or 7 postdosing, the following were
measured, performed, or observed: physical examination, vital signs, medical
history, complete blood cell count and differential, reticulocyte and platelet
counts, urinalysis, serum electrolytes, blood urea nitrogen, creatinine, amylase,
lipase, calcium, magnesium, glucose, bilirubin, aspartate transaminase, alanine
transaminase, and uric acid. An electrocardiogram was performed prior to dos-
ing and on day 1 after dosing.

All laboratory values except the white blood cell count were graded by using
the standard toxicity tables. The following scheme, not included in the toxicity
tables, was derived prospectively and was applied to the white blood cell count:
5,000 to 15,000/mm3 5 grade 0; 4,000 to 5,000/mm3 5 grade 1; 3,000 to 4,000/
mm3 5 grade 2; 1,000 to 3,000/mm3 5 grade 3; and less than 1,000/mm3 5 grade
4. Patients with signs, symptoms, and laboratory test values of grade 3 toxicity or
greater were reviewed monthly by the protocol team.

One patient with a grade 3 neutropenia at the baseline when the drug was
given was entered into the study, but the white cell count was grade 1 on the next
day.

Pharmacokinetic design. Blood samples (1.5 ml) were withdrawn from each
patient at 0 h (predosing) and 0.5, 1.0, 1.5, 2, 3, 6, and 8 h postinitiation of dosing.
Serum was separated, decanted, frozen, and stored at 220°C until it was ana-
lyzed. The concentrations of adefovir in serum samples were determined by a
validated high-pressure liquid chromatography method (9). The method involves
derivatization of adefovir with chloroacetaldehyde followed by reverse-phase
ion-pair high-pressure liquid chromatography with fluorescence detection. The
method was validated at Harris Laboratories (Lincoln, Nebr.) and was linear for
both compounds over the range 25 to 1,000 ng/ml, with a limit of quantitation of
25 ng/ml. The intraday precision and accuracy for human serum were ,4.1 and
,1.8%, respectively; interday values were ,4.8 and ,1.5%, respectively. When
necessary, samples with concentrations of adefovir beyond the linear range of the
assay were diluted with pooled normal human serum prior to analysis.

A one-compartment first-order absorption model with a lag time was fit to
each patient’s concentration data by using maximum likelihood estimation (14).
The model was parameterized with an apparent volume of distribution term
(V/F) and first-order absorption (ka) and elimination (kel) rate constants. Each
observation was weighted by assuming that the variance of the model estimate
was inversely proportional to the value predicted by the model. Lag times
estimated to be less than 0.1 h were assumed to be zero. Oral clearance (CL/F)
was calculated as the product of kel and V/F. The area under the concentration-
versus-time curve (AUC) was calculated by dividing the dose by CL/F, with the
dose and the concentration referenced to those for PMEA.

RESULTS
A total of 14 patients (9 females and 5 males) were evaluated

for pharmacokinetics, tolerance, and safety with one of the two
doses (1.5 and 3.0 mg) of adefovir dipivoxil prodrug per kilo-

TABLE 1. Patient characteristics according to adefovir
dipivoxil dose

Parameter 1.5 mg/kg 3.0 mg/kg

No. of patients 8 6

Age stratum (no. of patients) 3 mo to 1 yr 2
1 to 2 yr 2 2
2 to 10 yr 2 2
10 to 18 yr 2 2

Gender (no. of patients)
Male 3 2
Female 5 4

Ethnicity (no. of patients)
Black 7 5
Hispanic 1 1

CDCa HIV disease category (no. of
patients)

A 5 5
N 3 1

Body wt (kg)
Median 15.9 18.2
Range 5.5–92.1 9.4–80

a CDC, Centers for Disease Control and Prevention.
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gram of body weight (equivalent to 0.82 and 1.6 mg of adefovir
per kg). Comparisons of dosing cohorts 1 (low dose) and 2
(high dose) for demographic and other characteristics are
given in Table 1. There were no discernible differences among
the subjects in the two dosage cohorts with the exception of
age. The median age for the low-dose group was 3.8 years
(range, 0.5 to 17.9 years), and that for the high-dose group was
5.3 years (range, 1.5 to 17.1 years). Two patients in the group
ages 3 months to 1 year were enrolled in the low-dose cohort,
but none of the patients in this age stratum was enrolled in the
high-dose cohort. Two patients in each of the other three age
strata received each dose.

Adefovir pharmacokinetics. All patients ingested and re-
tained the full dose of adefovir dipivoxil. Summary statistics for
the pharmacokinetic parameters are provided in Table 2. Body
surface area was used to normalize V/F and CL/F, as the
correlations were similar but slightly higher than those for
body weight. The AUC for PMEA was not significantly differ-
ent (P 5 0.85) for the 1.5- and 3.0-mg/kg doses (Fig. 1A). AUC
did increase with dose, expressed as milligrams per square
meter (r2 5 0.81; Fig. 1B). A univariate regression analysis
suggested that age was a potentially significant covariate for
pharmacokinetic parameters, with younger age associated with
lower values of AUC, Cmax, and the concentration 8 h after
drug administration (C8) (Fig. 2). As expected, given the sim-
ilar AUCs for the low and high doses, CL/F was significantly
higher (P 5 0.05) for the 3-mg/kg dose than for the 1.5-mg/kg
dose (value versus volume). The dosage cohort did not appear
to significantly affect AUC (Fig. 1A), Cmax, or C8 (Fig. 3A).
The measured concentrations for each dose (Fig. 4) indicate
similar values, despite the twofold differences in doses. To
further examine the effect of age on pharmacokinetic param-
eters, children were divided into two age groups on the basis of
age above or below the median value, and data for these two
groups were compared by a two-sample Student’s t test. AUC
(P 5 0.03), Cmax (P 5 0.04), and C8 (P 5 0.02) were signifi-
cantly lower for younger children (Fig. 3B and C). The half-life
was suggestively shorter (P 5 0.07) for the high-dose group
(median, 4.4 h) than for the low-dose group (median, 6.9 h)
(data not shown), but there was no significant difference for
V/F (P 5 0.23). When CL/F was normalized to body weight
there was a weak (r2 5 0.14) relationship with age by linear
regression analysis. However, there was no apparent relation-
ship between age and CL/F normalized to body surface area by
linear regression analysis.

Adverse events. No signs, symptoms, or laboratory test ab-
normalities of grade 3 or greater were attributed to the study
drug in any of the patients. Among the eight patients in group
1 (1.5 mg/kg), one patient experienced two grade 3 events,
namely, mild dehydration and mucus-like stools. However,

these were determined to be associated with gastroenteritis
due to a Salmonella sp. and were not drug related. With the
observed adverse reaction rate of zero for this low-dose (1.5-
mg/kg) group, the lower and upper 95% confidence limits were
0 and 37%, respectively. Thus, there is only a 2.5% chance that
the true rate of adverse effects is greater than 37%. None of
the six evaluable patients in the high-dose (3.0-mg/kg) group
experienced an event of grade 3 or greater (95% confidence
limits, 0 and 46%).

FIG. 1. Comparison of the dose of adefovir dipivoxil (bis-POM PMEA) and
the AUC for adefovir (PMEA). (A) Dose based on body weight. (B) Dose based
on body surface area (r2 5 0.81).

TABLE 2. Adefovir dipivoxil pharmacokinetic parametersa

Dose (mg/kg) Measure Cmax (ng/ml) C8 (ng/ml) AUC (ng z h/ml) t1/2 (h) Tmax (h) CL/F (liters/kg/h) V/F (liters/kg)

1.5 Median 86 42 854 6.9 2.0 1.0 8.1
Mean 101 54 993 6.5 1.8 1.0 9.0
Range 48–205 26–109 551–1,622 2.3–8.9 1–3 0.5–1.5 1.7–16
Coef. var. (%) 54 57 42 36 3,651 39 53

3.0 Median 104 37 944 4.4 1.3 1.8 11.3
Mean 133 51 1056 4.0 1.4 2.9 14.1
Range 46–280 4–150 191–2,465 0.9–7.6 0.5–3.0 0.7–8.6 1.9–34
Coef. var. (%) 68 100 76 58 69 100 85

a These pharmacokinetic parameters were generated after administration of a single dose and were not determined in the context of steady-state conditions. Coef.
var., coefficient of variation.
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DISCUSSION

The purpose of drug evaluations with infants and children,
in addition to adults, is to determine if differences in pharma-
cokinetics, safety, and efficacy occur due to age. Although this
study was necessarily limited to a small number of patients,
there is evidence for age-related differences in adefovir dispo-
sition. These differences in AUC, Cmax, and C8 values were
clearly discernible for both dosages when the dosages were
referenced to body weight. The overall variability in pharma-
cokinetic parameters makes it difficult to determine the respec-
tive influence of age, dose, or formulation on drug disposition;
but these data suggest that younger children given the same
dose on the basis of body weight will have substantially lower
levels of systemic exposure. For example, for the 1.5-mg/kg

dose, all four children younger than 5 years of age had an AUC
of less than 1,000 mg z h/liter, while three of four children older
than 5 years of age had AUC values greater than 1,250 mg z
h/liter. The increase in serum adefovir concentrations with
increasing age could represent either higher CL/F or lower
bioavailability in the younger patients. However, a greater
CL/F of adefovir in infants seems unlikely, because the drug is
eliminated by a combination of glomerular filtration and tubu-
lar secretion, both of which should increase with age.

It is possible that the observed decrease in exposure to
adefovir with younger patient age is related to the use of a
nonoptimized formulation and the total amount of drug ad-
ministered. The preweighed granules were mixed in formula,
milk, water, baby food, juice, etc., prior to administration.
While no obvious breach in the drug administration protocol
was observed, the dosing was somewhat cumbersome. Recent
data suggest that this strategy is not necessary when the for-
mulation is used more uniformly in children (A. Wiznia, R.
Nelson, R. Van Dyke, S. Bakshi, K. Cundy, K. Dawson, A.

FIG. 2. Comparison of age and AUC for PMEA or concentration in serum.
(A) AUC compared with age (r2 5 0.71). (B) Cmax compared with age (r2 5
0.71). (C) C8 compared with age (r2 5 0.75).

FIG. 3. Comparison of Cmax and C8 with dose (A) and age (B) and compar-
ison of AUC with age (C). (A) Box plots showing the influence of adefovir
dipivoxil dose on the Cmax and C8 of PMEA in serum. (B) Box plots showing the
influence of patient age on the Cmax and C8 of PMEA in serum. (C) Box plots
showing the influence of patient age on the AUC for PMEA in serum. D, range
of AUC.
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Kosloff, J. Esinhart, and D. Coakley, Abstr. 38th Intersci. Conf.
Antimicrob. Agents Chemother., abstr. I-9, p. 365, 1998).

The pharmacokinetic data for adefovir are somewhat sur-
prising in that the systemic exposure, as reflected by AUC,
Cmax, and C8, was not significantly different for the two doses
studied. Given the similar AUCs for each dose, there was a
correspondingly higher estimate for apparent CL/F at the
higher dose. Although adefovir is primarily eliminated by the
kidney, there is no obvious reason to believe that renal func-
tion differences might exist between the two dose groups. The
CL/F of adefovir in HIV-infected adults after administration of
a 60-mg dose is 422 6 82 ml/h/kg. Thus, the CL/F for children
is greater than that for adults.

The possibility that there are dose-related differences in the
absorption of adefovir dipivoxil warrants further scrutiny. The
reason that no greater increase in AUC occurred when the
dose of 3.0 mg/kg was given than when the 1.5-mg/kg dose was
given is not apparent. Saturable absorption is one consider-
ation. However, previous studies with adults have suggested
dose-proportional increases in AUC (5, 15). The absorption of
adefovir dipivoxil in adults is not saturated at doses of 60 to 500
mg (approximately 0.9 to 7.1 mg/kg). Limited intestinal per-
meability of the drug is suggested by studies with Caco-2 cells
and other biological models (18). The additional variables of
formulation and administration for younger children may fur-
ther complicate absorption of a drug with variable absorption
characteristics. The greater apparent CL/F at the lower dose in
our study may have been the result of a prototype formulation
that required dispensing of small amounts of the drug formu-
lation. Larger numbers of patients of similar ages will need to
be studied to clarify this issue. The proposed dosage of adefo-
vir dipivoxil for adults is 60 or 120 mg per day in phase III
clinical trials. Currently, the lower dose of 60 mg seems to be
preferred because of the adequate antiviral effect and a lower
incidence of proximal renal tubular dysfunction.

No drug-related adverse effects were observed in children
when the doses of adefovir dipivoxil were adequate to achieve

therapeutic concentrations in serum. In studies with adults who
received adefovir dipivoxil, gastrointestinal adverse events, hy-
perbilirubinemia, and elevations in liver enzyme levels have
been reported at frequencies higher than those in groups that
received a placebo (5, 17, 25). Additionally, nephrotoxicity
manifested as elevations in serum creatinine levels and hy-
pophosphatemia has been reported in patients taking adefovir
dipivoxil for longer than 20 to 24 weeks (17). In a pediatric
multidose study of adefovir dipivoxil (1.5 or 3.0 mg/kg) admin-
istered in combination with nelfinavir and other reverse tran-
scriptase inhibitors, gastrointestinal adverse effects were the
most commonly reported events in these children administered
the regimen for up to 20 weeks (Wiznia et al., 38th ICAAC).

This phase I single-dose study has provided data on the
pharmacokinetics of adefovir dipivoxil in the pediatric popu-
lation and a first estimation of the safety and tolerance of oral
administration of a suspension formulation of adefovir dipiv-
oxil to HIV-infected infants and children. The results of this
study provide sufficient information to warrant proceeding to a
multidose study to further evaluate the safety, pharmacokinet-
ics, and efficacy of adefovir dipivoxil.
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