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Observations from early clinical pharmacology studies of amprenavir, an inhibitor of human immunodefi-
ciency virus type 1 (HIV-1) protease that is highly bound to human plasma proteins (;90%), showed the
single-dose pharmacokinetics of amprenavir to be variable between and within individuals. A cross-study
analysis of various demographic, laboratory, and clinical covariates was therefore performed. Differences in
amprenavir pharmacokinetics could be due to variable concentrations in a1-acid glycoprotein (AAG), the
predominant plasma protein to which amprenavir binds. Therefore, AAG was considered an important factor
to study since the literature suggested that AAG levels vary by race, age, and weight and following trauma or
infection, including HIV disease. Pooled data from three single-dose studies analyzed by stepwise linear
regression indicated that AAG concentrations significantly correlated with age and race and that only AAG
concentrations were a significant predictor of amprenavir apparent total clearance (CL/F). A significant
inverse linear relationship was found between AAG and amprenavir CL/F. Compared to white subjects, black
subjects had significantly lower AAG concentrations and therefore significantly higher amprenavir CL/F.
Although AAG has a significant influence on the variability of total drug pharmacokinetics, unbound, or free,
drug concentrations are not affected by AAG concentrations. Incorrect conclusions could be drawn on the
pharmacokinetics of highly protein-bound drugs if AAG concentration is not included in the analysis.

Amprenavir is a potent inhibitor of the human immunode-
ficiency virus type 1 (HIV-1) protease enzyme, with an inhibi-
tion constant (Ki) of 0.6 nM (5). Like almost all of the com-
mercially available HIV protease inhibitors, amprenavir
exhibits a high degree of binding to plasma proteins (;90%);
indinavir is the notable exception, with approximately 60%
binding to human plasma proteins (prescribing information for
Crixivan, Merck & Co.). In vitro studies have shown that the
plasma proteins to which amprenavir primarily binds are a1-
acid glycoprotein (AAG) and albumin, with fractional binding
of 89 and 42%, respectively (10). Although serum albumin
concentrations in humans are relatively stable (3.5 to 4.5 g/dl),
AAG concentrations fluctuate widely (15 to 250 mg/dl), de-
pending on such factors as HIV serostatus, age, and weight (2,
6, 11). In addition, AAG concentrations have been suggested
to vary by race or ethnicity (7).

For several reasons, we chose to investigate whether varia-
tions in AAG concentration could explain initial conflicting
observations of the effect of race on amprenavir pharmacoki-
netics. During clinical development, findings from six single-
dose and three multiple-dose studies were inconsistent with
respect to a race effect on amprenavir pharmacokinetics. Since
the calculated pharmacokinetic parameters obtained in these
studies were based on the total concentration of amprenavir in
plasma (both protein-bound and unbound drug), we suspected
that the differences in pharmacokinetic parameters between

blacks and whites identified in some studies might be attribut-
able to racial and infection status differences in AAG concen-
tration.

AAG is one of several plasma proteins whose synthesis and
concentration increase during the host’s acute-phase response
to infections, trauma, inflammatory processes, and some ma-
lignant diseases. The acute-phase response was so named be-
cause the characteristic changes in various plasma proteins
were typically seen within hours or days following the onset of
infection or injury; however, some acute-phase changes are
also indicative of chronic disease (6), including HIV and AIDS
(11; S. D. Goodwin, C. J. Renehan, R. T. Schooley, and J. A.
Pieper, Abstr. XI Int. Conf. AIDS, abstr. Mo.B.1327, 1996; K.
Stellrecht, G. L. Drusano, D. S. Stein, and J. A. Bilello, Abstr.
3rd Annu. Nat. Conf. Hum. Retrovir. Opportunistic Infect.,
abstr. 170, 1996). It is well documented that plasma protein
binding can adversely influence the in vitro activity of anti-
infectives and antiretrovirals by decreasing the amount of free
drug available for interaction with the drug target (2, 3, 4, 9,
15). However, in vivo data of the effect of protein binding on
the pharmacokinetics and activity of these agents have been
less well documented.

This paper presents a cross-study analysis of data from
three single-dose studies in HIV-positive and -negative sub-
jects (Glaxo Wellcome Protocols PROA1004, PROA1010, and
PROA1011). Two of these studies (PROA1010 and PROA1011)
were designed to examine the effect of race on amprenavir
clearance in healthy volunteers. They were chosen because the
two studies yielded different results with regard to amprenavir
pharmacokinetics and race and because one of the studies’
entry criterion stipulated that the minority study population,
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either blacks or whites, must constitute at least one-third of the
total number of study subjects. The third study (PROA1004)
was designed to examine the effect of race on amprenavir
clearance in HIV-infected volunteers and was chosen because
there was a significant effect of race on amprenavir clearance
and because AAG measurements were made for all subjects in
each of the three dosing periods. The numbers of black and
white subjects were well balanced in all three studies.

In addition to race, various demographic, laboratory, and
clinical covariates were analyzed for their potential effect on
the pharmacokinetics of amprenavir. Preliminary results of this
cross-study analysis have been reported previously (B. M. Sa-
dler, C. Gillotin, Y. Lou, and D. S. Stein, Abstr. 6th Conf.
Retrovir. Opportunistic Infect., abstr. 375, 1999).

MATERIALS AND METHODS

A summary of each of the three single-dose studies of amprenavir whose data
were included in the cross-study analysis is provided in Table 1.

Study population. The primary difference in entry criteria for the three studies
was HIV serostatus. Study PROA1004 was the only one of the three studies that
enrolled HIV-positive subjects (males and females, ages of 18 to 55 years). The
inclusion and exclusion criteria for this study have been previously reported (13).
Studies PROA1010 and PROA1011 enrolled healthy, HIV-negative males (ages
of 18 to 45 years, body weight of 55 to 95 kg, body mass index of 20 to 28 kg/m2).
In both of the healthy-volunteer studies, a primary entry criterion stipulated that
the minority population, either blacks or whites, must constitute at least one-
third of the total number of study subjects.

Study design. The three studies were single-center, open-label, randomized,
balanced, three-period, single-dose, crossover pharmacokinetic and safety stud-
ies. At least 4 days separated the doses in each study. Follow-up evaluations were
to be completed between 7 and 10 days after the last dose of study drug. The
treatments for each study are listed in Table 1.

In all studies, subjects were not permitted to take concomitant medications
(either prescription or over-the-counter) or alcohol-containing food and bever-
ages within 48 h before each dosing and 24 h after dosing. However, the use of
medications to manage adverse events was allowed, and the use of antiretroviral
drugs and/or chemoprophylaxis for opportunistic infections was permitted up
until 24 h prior to dosing. The consumption of methyl-xanthine-containing foods
and beverages was prohibited on the day of dosing.

In both PROA1010 and PROA1011, the consumption of grapefruit and grape-

fruit juice was not allowed and water was not permitted 2 h predose and 2 h
postdose. In PROA1004, water was not permitted for 4 h predose and 4 h
postdose. All subjects took their study medication with either 200 ml
(PROA1004) or 240 ml (PROA1010 and PROA1011) of water.

All study protocols were approved by an independent Ethics Committee or the
Institutional Review Board affiliated with each study center. All subjects pro-
vided written informed consent prior to study participation.

Blood collection. Blood samples were collected to determine both amprenavir
and AAG concentrations. AAG concentrations were determined from a single
predose sample taken prior to the subjects’ dose administration in the same
period in all three studies, and for PROA1004, additional samples were taken in
each of the other two treatment periods.

Pharmacokinetic evaluation. For each study, noncompartmental models
(WinNonlin version 1.5; Scientific Consulting Inc., Cary, N.C.) were used to
calculate pharmacokinetic parameters for amprenavir following single-dose ad-
ministration based on samples taken at 0, 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, 5, 6,
8, 10, 12, 16 (PROA1010 and PRO1011 only), and 24 h. The observed peak
concentration of amprenavir in serum (Cmax) and the time to reach peak con-
centration were obtained by inspection of the individual serum drug concentra-
tion-time data. Individual estimates of the apparent terminal elimination rate
constant (lz) for amprenavir were obtained by log-linear regression of the ter-
minal portions of the serum drug concentration-time curves. Half-life was then
calculated as ln(2)/lz. The area under the concentration-time curve from 0 h to
the time of the last quantifiable sample (tlast) (AUC03t) was calculated for each
volunteer by using the linear trapezoidal rule. AUC03t was used to extrapolate
from tlast to infinity (AUC03`) by adding Clast/lz. The apparent total clearance
from serum (CL/F) was calculated as dose/AUC03`. The apparent volume of
distribution during the elimination phase was calculated as (CL/F)/lz. For this
analysis, CL/F of amprenavir was chosen as the representative pharmacokinetic
parameter, since CL/F is dose corrected and the three studies used different
doses of amprenavir.

Assay for amprenavir. Concentrations of amprenavir in plasma were quanti-
fied using validated reversed-phase high-performance liquid chromatographic
methods as previously described (13).

Assay for AAG. AAG assays were performed using a commercially available
assay by Quest Diagnostics, Inc., San Juan Capistrano, Calif. Concentrations of
AAG in serum were quantified using a fixed-time nephelometric method. The
limits of quantification were 20 to 660 ng/dl, with an interassay variability of
,6%.

Statistical analyses. Descriptive statistics were performed by comparing study
and race to AAG concentration, ln(CL/F), age, and weight. CL/F was loge

transformed prior to all analyses. Differences in AAG concentrations between
blacks and whites across all studies were compared using Student’s t test (SAS
PROC TTEST, version 6.12). Stepwise linear regression (SAS PROC REG,

TABLE 1. Overview of three studies whose data were included in the cross-study analysis of amprenavir pharmacokinetics and demographic,
laboratory, and clinical covariates

Studya Major entry criteria No. of subjects enrolled
(blacks/whites/other) Amprenavir treatmentsb

PROA1004 HIV-positive males or females, at least
18 years of age

18c (7/10/1) (i) 600 mg as 150-mg hard gelatin capsules, after 8-h fast
(ii) 600 mg as 150-mg soft gelatin capsules, after 8-h fast
(iii) 600 mg as 150-mg soft gelatin capsules, after 8-h fast

and consumption of standardized (high-calorie, high-
fat) breakfast

PROA1010 HIV-negative healthy male volunteers;
aged 18–45 years; 55–95 kg; body
mass index of 20–28 kg/m2; ethnic
minority population had to constitute
at least 1/3 of total study population

39 (14/25/0) (i) 1,200 mg as 150-mg soft gelatin capsules, after 8-h fast
(ii)1,200 mg as 150-mg soft gelatin capsules, after 8-h fast
(iii)1,200 mg as 150-mg soft gelatin capsules, after 8-h fast

and consumption of standardized (high-calorie, high-
fat) breakfast

PROA1011 HIV-negative healthy male volunteers;
aged 18–45 years; 55–95 kg; body
mass index of 20–28 kg/m2; ethnic
minority population had to constitute
at least 1/3 of total study population

29 (12/17/0) (i) 600 mg as 150-mg soft gelatin capsules, after 8-h fast
(ii) 600 mg as 50-mg soft gelatin capsules, after 8-h fast
(iii) 600 mg as 15-mg/ml oral solution, after 8-h fast

a All studies were designed to be single-center, open-label, randomized, balanced, three-period, single-dose, crossover studies.
b Each study had three treatment periods, with each dosing period separated by at least 4 days.
c The study group was composed of 15 males and 3 females. Of the three female subjects in the study, one reported her ethnic origin as “black,” one as “white,” and

one as “other.”
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version 6.12) was used to determine the linear combination of variables (age,
bilirubin concentration, dosing period, race, height, weight, and body mass index)
that could be independent predictors of AAG concentration. Separate analyses
were performed on data from HIV-positive subjects (PROA1004) and pooled
data from HIV-negative subjects (PROA1010 and PROA1011). In the analysis
of the pooled data from HIV-negative subjects, a period effect was not consid-
ered since AAG data were only available for one dosing period.

Stepwise linear regression (SAS PROC REG, version 6.12) was also used to
determine the linear combination of variables (AAG concentration, age, biliru-
bin concentration, dosing period, race, height, weight, body mass index, treat-
ment, food, and dose) that could be independent predictors of ln(CL/F). Sepa-
rate analyses were performed on data from HIV-positive subjects (PROA1004)
and pooled data from HIV-negative subjects (PROA1010 and PROA1011). In
the analysis of data from HIV-positive subjects, a dose effect was not considered
since all subjects received the same 600-mg dose. Analysis of a period effect from
the pooled data of HIV-negative subjects was not performed since, as noted
above, AAG data were available from only one period.

RESULTS

Subject accountability and demographics. Only subjects
with amprenavir concentration-time profile data and corre-
sponding AAG concentration data were included in this cross-
study analysis. Of the 86 subjects enrolled in the three studies,
83 were included in the analysis: 18 subjects were HIV positive
(PROA1004) and 65 subjects were HIV negative (PROA1010,
n 5 38; PROA1011, n 5 27). Of the HIV-positive subjects, 15
were male and 3 were female. All HIV-negative subjects were
male, per the studies’ inclusion and exclusion criteria. Of the
83 subjects included in the analysis, 33 reported their ethnicity
as “black,” 49 as “white,” and 1 as “other.” This last subject was
pooled with the white subjects in the analysis.

Relationship between race and AAG concentration. Pooled
data from all three studies were used to analyze the relation-
ship between race and AAG concentration. The mean concen-

tration of AAG in subjects whose race was black (77.2 6 13.8
mg/dl) was significantly lower than that of those whose race
was white (90 6 20.2 mg/dl) (P # 0.0001, Student’s t test).

Relationship between AAG and ln(CL/F). Using pooled data
from all three studies, a significant inverse linear relationship
was found between AAG concentration and ln(CL/F) (P #
0.0001, linear regression) (Fig. 1).

Factors that affect AAG. In the two separate stepwise regres-
sion analyses of data from HIV-positive subjects (PROA1004)
and HIV-negative subjects (PROA1010 and PROA1011
pooled data), AAG concentration was used as the dependent
variable, and the independent variables investigated were age,
bilirubin concentration, dosing period, race, height, weight,
and body mass index. Table 2 lists those variables found to be
significant independent predictors of AAG concentration at

FIG. 1. Scatter plot of amprenavir CL/F versus AAG concentration in studies PROA1004, PROA1010, and PROA1011.

TABLE 2. Independent predictors of AAG concentration,
as determined by stepwise linear regression

Variablea Coefficient Partial r2 P value

HIV-positive subjects
Bilirubin concn 216.66 0.175 0.0005
Race 217.29 0.216 0.0001

HIV-negative subjects
Weight 0.85 0.137 0.0015
Race 210.74 0.072 0.019
Age 0.51 0.039 0.08

a Data for HIV-positive subjects came from study PROA1004. Data for HIV-
negative subjects are pooled data from studies PROA1010 and PROA1011.
Bilirubin concentration was measured in milligrams per deciliter, weight was
measured in kilograms, and age was measured in years. For race, “black” was
assigned a value of 1 and “white” and “other” were assigned a value of 0.
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least at the a 5 0.1 level. Race was found to be a significant
predictor of AAG concentration in both HIV-positive and
-negative subjects at a P value of , 0.05.

Factors that affect ln(CL/F). In the two separate stepwise
regression analyses of data from HIV-positive subjects
(PROA1004) and HIV-negative subjects (PROA1010 and
PROA1011 pooled data), ln(CL/F) was used as the dependent
variable, and the independent variables investigated were
AAG concentration, age, bilirubin concentration, dosing pe-
riod, ethnicity, treatment, taking study drug with food or while
fasting, dose, and body mass index. Table 3 lists those variables
found to be significant independent predictors of CL/F at least
at the a 5 0.1 level. AAG was found to be a significant pre-
dictor in both groups, with a significant interaction between
race and AAG noted for the HIV-positive subjects.

DISCUSSION

Univariate analysis of the pooled data from all three studies
revealed a significant inverse relationship between AAG con-
centration and amprenavir CL/F, such that lower AAG con-
centrations were associated with a higher CL/F. This is consis-
tent with the analyses of the pooled data which showed that
plasma AAG concentrations were significantly lower in black
subjects than in white subjects (Student’s t test and analysis of
variance). Thus, the statistically significant findings of this
cross-study analysis indicate that the observed differences in
pharmacokinetic parameters between blacks and whites (in
studies PROA1004 and PROA1011) are due to the racial dif-
ferences in AAG concentrations.

The implications of our study findings require an examina-
tion of the effect of AAG concentration on the pharmacoki-
netics of both protein-bound and unbound, or free, drug.
Changes in AAG concentration result in an inverse change in
the percentage of unbound drug with respect to total drug, not
the concentration of unbound drug (i.e., lower percentage of
free-drug concentration as total drug increases with higher
AAG). Because there are no changes in intrinsic clearance,
only apparent total clearance, and because the fractions of
bound and free amprenavir are in dynamic equilibrium (see

reference 12), no change occurs in the absolute concentration
of free drug. Therefore, the apparent difference in total drug
clearance, which could lead to the wrong conclusion about
differences in amprenavir pharmacokinetics between blacks
and whites and between HIV-infected and uninfected volun-
teers, can be explained by correcting for differences in the
concentration of AAG, the principle binding protein of am-
prenavir. No dose adjustments are therefore indicated for
black subjects, and a significant source of variability in total
drug concentrations can be accounted for by including AAG
concentrations in the analysis.

The findings of this cross-study analysis are consistent with
the observations from a multiple-dose study of amprenavir in
HIV-positive subjects, which found an inverse relationship be-
tween AAG concentrations and CL/F (14). In that study, after
3 weeks of amprenavir monotherapy, AAG concentrations
were decreased while CL/F increased (relative to measure-
ments obtained on the first day of dosing). The percent change
and the absolute difference in AAG concentrations between
single dose on day 1 and steady state at week 3 were signifi-
cantly associated with the ratio of AUC03`/AUCss in a step-
wise linear regression model. Although amprenavir CL/Fss was
dose dependent in the analysis without AAG data, no dose
dependence was observed when AAG concentration was con-
sidered in the analysis. The higher doses of amprenavir, which
produce the greatest antiviral activity, resulted in the largest
decrease in AAG concentration, which led to the greatest
changes in total drug concentration.

In the analysis of factors that could potentially affect AAG
concentration, race and weight were found to be significant
predictors of plasma AAG concentration and age had a bor-
derline association with AAG in HIV-negative subjects, an
observation consistent with previously reported pharmacoki-
netic studies with HIV-negative subjects (1, 7, 8). The analysis
also found that in HIV-positive subjects, race and bilirubin
concentration were significant predictors of AAG concentra-
tion. The inverse relationship between bilirubin and AAG con-
centrations may be reflective of an underlying subclinical he-
patic insufficiency or infection in this immunocompromised
population.

In HIV-negative subjects, the only variables found to have
an effect on amprenavir CL/F were dose, concomitant food
consumption, and AAG concentration. When AAG concen-
tration is taken into account, weight, height, body mass index,
race, age, and bilirubin concentration were found not to be
predictors of CL/F. In HIV-positive subjects, AAG concentra-
tion and concomitant food consumption were significant pre-
dictors of CL/F. In addition, there was a significant interaction
between AAG concentration and race noted.

The results of the present analyses indicate that for HIV
protease inhibitors, as with all drugs highly bound to plasma
proteins, AAG concentration should be taken into consider-
ation when evaluating potential pharmacokinetic differences.
Any change in total drug clearance should be evaluated in light
of a change in AAG concentration. However, of the currently
marketed protease inhibitors, only indinavir has been studied
in this regard; no racial differences in pharmacokinetic param-
eters have been found for indinavir (prescribing information
for Crixivan, Merck & Co.). The analyses of amprenavir phar-
macokinetics reported here indicate that AAG significantly

TABLE 3. Independent predictors of ln(CL/F) as determined
by stepwise linear regression

Variablea Coefficient Partial r2 P value

HIV-positive subjects
AAG concn 20.013 0.124 0.0001
Race 20.369 0.004 0.438
Food 0.194 0.029 0.033
AAGpraceb 0.014 0.03 0.03

HIV-negative subjects
AAG concn 20.007 0.077 0.008
Dose 20.001 0.362 0.001
Food 0.309 0.054 0.026

a Data for HIV-positive subjects came from study PROA1004. Data for HIV-
negative subjects are pooled data from studies PROA1010 and PROA1011.
AAG concentration was measured in milligrams per deciliter. For food con-
sumption, “fed” was assigned a value of 1 and “fasted” was assigned a value of
0. Dose was measured in milligrams. For race, “black” was assigned a value of 1
and “white” and “other” were assigned a value of 0.

b AAGprace is the term for the interaction between AAG concentration and
race.
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influenced the pharmacokinetics of total amprenavir concen-
trations and, if AAG were not accounted for, erroneous con-
clusions regarding amprenavir’s pharmacokinetics, including
apparent racial differences, could have been made.
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