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Indinavir sulfate is a human immunodeficiency virus type 1 (HIV-1) protease inhibitor indicated for
treatment of HIV infection and AIDS in adults. The purpose of this report is to summarize single-dose studies
which characterized the pharmacokinetics of the drug and the effect of food in healthy volunteers. Indinavir
concentrations in plasma and urine were obtained by high-pressure liquid chromatography and UV detection
assay methods. The results indicate that indinavir was rapidly absorbed in the fasting state, with the time to
the maximum concentration in plasma occurring at ~0.8 h for all doses studied. Over the 40- to 1,000-mg dose
range studied, concentrations in plasma and urinary excretion of unchanged drug increased greater than dose
proportionally. The nonlinear pharmacokinetics were attributed to the dose-dependent oxidative metabolism
of first-pass metabolism as well as to metabolism in the systemic circulation. Renal clearance slightly exceeded
the glomerular filtration rate, suggesting a net tubular secretion component. At high concentrations in plasma,
tubular secretion appeared to be lowered because there was a trend for a decreased renal clearance. Admin-
istration of 400 mg of indinavir sulfate following a high-fat breakfast resulted in a blunted and decreased
absorption (areas under the concentration-time curves [AUCs], 6.86 pM-h in the fasted state versus 1.54
M:-h in the fed state; n = 10). However, two types of low-fat meals were found to have no significant effect on
the absorption of 800 mg of indinavir sulfate (AUCs, 23.15 pM-h in the fasted state versus 22.71 and 21.36
PM-h, respectively, in the fed state; » = 11). Immediately following dosing, the concentrations of indinavir in
urine often exceeded its intrinsic solubility. To reduce the risk of nephrolithiasis, it is recommended that

indinavir sulfate be administered with water.

Protease inhibitors are a new class of antiretroviral agents
which inhibit the human immunodeficiency virus (HIV) pro-
tease in the cleavage of the gag and pol regions of the viral
polyprotein (7, 10, 22). HIV protease is a member of the
aspartyl protease family. However, it is structurally dissimilar
to human aspartyl proteases such as renin and pepsin. The
processing of the polyproteins is essential for the production of
individual functional proteins by the virus, including nucleo-
capsid protein p24, reverse transcriptase, integrase, and the
protease itself. Inhibition of the cleavage results in the produc-
tion of immature noninfectious viral particles.

Indinavir sulfate (MK-639, L-735,524, CRIXIVAN) is a spe-
cific and potent HIV protease inhibitor which, by binding to
the protease active site, inhibits the activity of the enzyme (11,
31). The concentration for 95% inhibition of the spread of
virus in cell culture is ~50 to 100 nM (31). The drug has been
approved for treatment of AIDS and HIV infection in adults in
numerous countries. Treatment of HIV-infected patients with
indinavir in combination with nucleoside analogs results in a
marked decline in HIV type 1 (HIV-1) RNA levels in blood,
and significantly delays disease progression (8, 9). Initial re-
ports of the clinical pharmacokinetics of indinavir have been
presented elsewhere (3, 25-27, 29, 32). The purpose of this
report is to provide a more detailed summary of the pharma-
cokinetic characteristics and safety of indinavir following sin-
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gle-dose studies with healthy volunteers. Additionally, this re-
port also summarizes the effects of different types of meals on
the absorption of indinavir.

MATERIALS AND METHODS

Introductory single-dose study. This was a two-part, double-blind, placebo-
controlled, single-rising-dose study for the investigation of the safety, tolerability,
and pharmacokinetics of indinavir in 28 healthy male volunteers (age range, 19
to 44 years; mean age, 27.6 years; weight range, 65 to 92 kg; mean weight, 73.8
kg). This and the two ensuing studies were approved by the Institutional Review
Board of Thomas Jefferson University Hospital. Subjects enrolled in the study
were nonsmokers, did not take prescription medication for 14 days or any
nonprescription medication for 7 days, and were not regular users of any illicit
drugs and had no history of drug or alcohol abuse. This was the first human study
for the indinavir clinical program. In part 1, rising single doses of 20, 40, 100, 200,
400, 700, and 1,000 mg of indinavir free base in dry-filled capsules (DFCs) were
administered to two alternating panels of subjects. For each dose, subjects (n =
12 per panel) were randomized such that eight subjects received active drug and
four subjects received the placebo. The investigator was blinded with respect to
treatment (active drug or placebo) but not dose. There was a minimum interval
of 48 h before the alternate panel received the next higher dose (72 h between
receipt of the 200- and the 400-mg doses and thereafter). There was a minimum
washout interval of 7 days between the administration of doses within each panel.
Each dose was administered in the fasting state with 250 ml of water. All
indinavir doses were expressed as the milligram equivalent of the anhydrous free
base.

Part 2 of the study examined the following: (i) in the eight subjects who
received the active 100-mg dose in part 1, an alternate formulation consisting of
a 100-mg dose dissolved in 0.05% citric acid solution (six subjects received the
active solution with one dropout, and two subjects received placebo solution); (ii)
in the eight subjects who received the active 200-mg dose in part 1, an alternate
formulation of 200 mg administered as the sulfate salt in the DFC formulation
(six subjects received the active sulfate salt formulation and two subjects received
the placebo sulfate formulation).

In part 2, the effect of a high-fat, high-calorie breakfast (meal A) on the
absorption of a 200-mg free-base dose was also examined in the eight subjects
who received the 200-mg dose in part 1. The meal was consumed in 20 min, and
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TABLE 1. Nutritional analyses of the meals

Meal Food item Amt of protein (g) carb(ﬁlr;(;rgtfe (@ Amt of fat (g) Calorie (kcal)
Meal A 2 scrambled eggs 13.0 12 11.6 164
2 slices of toast 4.0 23.0 1.8 128
2 pats of butter 0 0 12.0 100
2 strips of bacon 3.8 0.06 6.2 72
8 oz. of whole milk 8.0 11.0 8.0 150
4 oz. of hash brown potato 2.5 21.9 9.0 170
Total 313 57.16 48.6 784
Meal B 2 slices of toast 4.0 23.0 1.8 128
2 tsp. of jelly 0 8.4 0.0 32
6 oz. of apple juice 0.15 21.75 0.23 87
1 cup of coffee 0.1 0.8 0 4
2 tbs. of skim milk 1.1 1.5 0.1 11
2 tsp. of sugar 0.0 8.0 0 30
Total 5.35 63.45 2.13 292
Meal C 3/4 oz. of cornflakes 1.5 18.8 0.8 83
1 tsp. of sugar 0 4.0 0 15
1/2 cup of skim milk 4.2 6.0 0.2 43
Total 5.7 28.8 1.0 141

the dose was administered immediately after the completion of the meal. The
nutritional analyses of meal A are presented in Table 1.

For assay of indinavir concentrations, plasma samples were collected predos-
ing and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 24, 32, and 48 h postdosing (sampling
stopped at 12 h following the administration of the two lowest doses), and urine
was collected predosing and over the following intervals: 0 to 3, 3 to 6, 6 to 12,
12 to 24, and 24 to 48 h postdosing.

Rising-single-dose sulfate study. The rising-single-dose sulfate study was a
four-period, placebo-controlled, crossover, single-rising-dose study with 12 non-
smoking healthy male subjects (age range, 22 to 39 years; mean age, 27.6 years;
weight range, 60 to 85 kg; mean weight, 76.1 kg) to investigate the safety,
tolerability, and concentration profiles of the sulfate salt formulation in plasma.
The four treatments were as follows: (i) 400 mg in the fasted state, (ii) 400 mg
following the consumption of meal A, (iii) 700 mg in the fasted state, and (iv)
1,000 mg in the fasted state. For each treatment, the same 10 subjects received
active drug and the same two subjects received placebo. Following an overnight
fast, each subject received the assigned treatment with 250 ml of water. Meal A
was consumed in 20 min, and the 400-mg dose was administered within 5 min
thereafter. The first two treatments (400-mg dose with and without a meal) were
randomized according to a two-period crossover design and were administered in
periods 1 and 2. The last two treatments (700- and 1,000-mg doses in the fasted
state) were administered in periods 3 and 4, respectively. The treatments were
separated by at least 7 days. The plasma sampling schedule for assay of indinavir
concentrations was identical to that for the introductory study. Urine for assay of
indinavir concentrations was collected predosing and over the intervals 0 to 4, 4
to 8, 8 to 12, 12 to 24, and 24 to 48 h postdosing.

Low-fat meals study. The low-fat meals study was an open-label, four-period,
crossover study with 12 healthy volunteers (8 males and 4 females; age range, 18
to 34 years; mean age, 28.3 years; weight range, 59 to 102 kg; mean weight, 77.5
kg). The study was designed to investigate the safety, tolerability, and concen-
tration profile in plasma of single 800-mg doses of indinavir administered to
fasted subjects versus those for subjects who had consumed two low-fat, low-
calorie meals (meals B and C). The study also included a treatment to examine
the profile in plasma following the administration of a liquid free-base suspen-
sion formulation. Subjects received, in random order, the following four treat-
ments following an overnight fast: (i) 800 mg of indinavir in the fasted state, (ii)
800 mg of indinavir following the consumption of meal B, (iii) 800 mg of
indinavir following the consumption of meal C, and (iv) 800 mg of indinavir
free-base oral suspension in the fasted state. Except for the 800-mg free-base
suspension, the indinavir doses were administered in four 200-mg sulfate salt
DFCs. The meals were consumed in 15 min, and the indinavir dose was given
within 5 min thereafter. The nutritional analyses of the meals are presented in
Table 1. All treatments were administered with 250 ml of water. Serial plasma
samples for assay of indinavir concentrations were collected predosing and at
0.25,0.5, 1, 2, 3, 4, 6, 8, 10, 12, 14, and 24 h postdosing.

Assay for indinavir in plasma and urine. All plasma and urine samples were
stored at —20°C until they were analyzed. Indinavir concentrations were deter-
mined by a high-pressure liquid chromatography and UV detection method with
column switching (35), which had a quantification limit of 5 ng/ml (8.1 nM).
Samples from the low-fat meals study were analyzed by a modified version of the
assay, with a standard curve range of 25 to 5,000 ng/ml, as opposed to the 5 to 500

ng/ml range in the published procedure. The modification was made so that the
range of concentrations detectable by the assay would better reflect the concen-
trations of indinavir in plasma anticipated following the administration of the
dose of the compound given during the study. In order to use the higher standard
curve range, working standard concentrations were increased to 100, 80, 40, 20,
10, 4, 2, 1, and 0.5 pg/ml. The addition of 50 pl of each working standard to 1 ml
of control plasma resulted in plasma standards that covered the range for the
modified procedure. Additionally, the concentration of the internal standard
spiking solution was increased from 10 to 100 wg/ml, and the sample injection
volume was decreased from 125 to 20 pl. All other methods and conditions
specified in the published procedure were used for the modified assay. The intra-
and interday variabilities, as well as the accuracy of the modified assay, were
comparable to those of the published procedure.

Pharmacokinetic analysis. The peak concentration in plasma (C,,,,) and the
time to reach C,,, (Tr.) Were obtained by inspection. The area under the
plasma concentration-time curve (AUC) was calculated by the modified trape-
zoidal rule with stable piecewise cubic polynomials (36). Half-life in plasma was
computed as the quotient of the natural log of 2 and the terminal slope for
plasma. The terminal slope was obtained by unweighted nonlinear regression of
the terminal data for plasma by an empirical biexponential or monoexponential
decay function. For the latter, the onset of the log-linear phase was determined
visually for each data set, which usually occurred at concentrations below 100 to
500 nM and at 6 to 8 h postdosing. Renal clearance was computed as the quotient
of urinary excretion and the corresponding AUC over each urine collection
interval.

Statistical analysis. For the introductory single-dose study, the geometric
means (GMs) for AUC and C,,,, were obtained from analysis of variance
(ANOVA) models used to compare the various dose groups of interest and to
explore dose proportionality. The AUC and C,,,, data were log transformed
prior to analysis. The means on the log scale were exponentiated to provide the
GM. For the rising-single-dose sulfate study, the effect of food was analyzed by
an ANOVA with subject and treatment as factors, with data from all periods
being included after confirming that there were no period or sequence effects
from the two-period crossover part of the study. The mean squared error from
this model was used to obtain 90% confidence intervals (Cls) for the differences
in the log-transformed measurements between subjects receiving 400-mg doses
in the fasting and fed states. CIs were exponentiated to obtain the 90% ClIs for
the GM ratios. For the low-fat meals study, an ANOVA appropriate for a
four-period crossover was used with the log-transformed measurements of AUC,
Chax and the concentration of drug in plasma at 8 h postdosing (Cg). Carryover
effect was removed from the model since it was not significant. The mean
squared error from this model was used to obtain 90% ClIs for the differences in
mean log values. CIs were exponentiated to obtain the 90% CIs for the GM
ratios.

RESULTS

Safety and tolerability. Safety and tolerability were carefully
monitored in these initial phase I trials of indinavir. In the
introductory study, doses of the free-base capsule of between
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TABLE 2. Summary pharmacokinetics of indinavir in the introductory study”

No. of Half-life in Urinary recove Renal clearance
Free-base dose (mg) subjects AUC (uMh) Conax (WM) Tina (h) plasma (h) (% rgf dose) N (ml/min)
40 8 0.04 (67) 0.5+0.0 b

100 5 0.31 (65) 0.29 (69) 0.6 £0.2 —

100¢ 5 0.36 (47) 0.31 (48) 0.5+0.0 —

200 8 1.04 (75) 0.80 (69) 0.9 £ 0.5 1.9 44 +28 164

200 (fed) 6 0.68 (66) 0.27 (80) 28 +1.9 1.6 —

200 (sulfate) 6 1.83 (31) 1.30 (28) 0.8 £0.3 2.4 5.0x2.0 143

400 8 2.90 (67) 2.05 (56) 0.7 0.3 2.0 —

700 8 — — 8.6 = 6.5
All doses 1.9 154

“ Values are GMs except for T,,,, and urinary recoveries, which are arithmetic means * standard deviations; values in parentheses are CVs (in percent).

> no assays.

< In citric acid solution.

20 and 1,000 mg were evaluated, as was a 100-mg dose of citric
acid solution and a 200-mg dose of sulfate salt capsule. Seven
of 28 subjects had clinical adverse experiences, but none was
judged to be drug related and none required hospitalization.
Infections including upper respiratory infection, flu-like illness,
and gastroenteritis were among the frequently observed ad-
verse experiences following the administration of either indi-
navir or placebo. Five subjects had abnormalities in laboratory
test results judged to be adverse events. Four subjects had
elevations in aspartate aminotransferase (AST) or alanine ami-
notransferase (ALT) levels judged to be possibly related to
drug, but after unblinding it was observed that several of these
elevations followed the administration of placebo. The greatest
elevation was an ALT level 2.2-fold times the upper limit of
normal 3 days following the administration of placebo. One
subject had markedly elevated creatine phosphokinase levels
both prior to taking any study drug (the level was available
after drug was administered) and following receipt of a 40-mg
dose of indinavir. The etiology of his event was unclear, but it
was judged by the investigator to be definitely not drug related.
The local tolerability of a citric acid solution was also evaluated
in the introductory study. In all five subjects who received the
indinavir solution, as well as the two subjects who received
placebo vehicle alone (which contained a bitter taste-masking
agent), severe aftertaste was a prominent complaint.

In the second clinical trial, the rising-dose study, doses of the
sulfate salt form of between 400 g and 1,000 mg were admin-
istered. Two subjects experienced diarrhea, one following re-
ceipt of a 400-mg dose and one while off of the drug. Two
subjects experienced microscopic hematuria (3 to 20 erythro-
cytes per high-power field). One subject had hematuria both
immediately preceding and following receipt of a 1,000 mg
dose of indinavir. One subject had hematuria following receipt

of a 400-mg dose of indinavir. In this study no subject had an
elevated AST or ALT levels deemed to be an adverse event.
The safety and tolerability profile of indinavir in these two
single-dose studies were thought to be adequate to permit
investigation of multiple doses.

In the low-fat meals study, six subjects had clinical adverse
experiences, the most common of which was nausea. One ep-
isode each of nausea, taste perversion, and headache was
judged to be possibly drug related. No adverse event was se-
rious, and no subject had an adverse experience on the basis of
laboratory data. No subject was discontinued from the study
due to a clinical adverse experience.

Concentration profiles in plasma. Immediately after the
completion of the clinical phase of the initial introductory
study and the initial assay for a subset of samples (from the
200-mg treatments), a lower intersubject variation was ob-
served with the sulfate salt than with the free base (Table 2)
(the coefficient of variation [CV] decreased from 75 to 31% for
AUC and from 69 to 28% for C,,,,), although the two prepa-
rations appeared to have given comparable mean concentra-
tions in plasma for the six subjects who completed both treat-
ments (the ratio of the sulfate salt AUC to the free base AUC
was 1.19, with a 90% CI of 0.72 and 1.99). On the basis of these
preliminary results, the development of the free-base formu-
lation was terminated, and the indinavir sulfate formulation
was investigated further in the rising-dose study.

Summary values of the pharmacokinetic parameters from
the first, introductory study are presented in Table 2. Indinavir
concentrations in many samples following administration of
the low doses were below the analytical quantification limit.
Summary values of the pharmacokinetic parameters for the
indinavir sulfate capsule formulation from the rising-dose
study and the low-fat meals study are presented in Tables 3 and

TABLE 3. Summary pharmacokinetics of indinavir in the rising-dose study”

: AUC ratio Half-life in Urinary recovery Renal clearance
Sulfate salt dose (mg) AUC (nM-h) (90% CIy’ Crnax (LM) Trnax (D) Cg (nM) plasma (h) (% of dose) (ml/min)
400 6.86 (48) 448 (47) 0.7x03 35 (62) 1.9 8.9 £3.7
400 (fed state) 1.54 (46) 0.22 (0.19, 0.27) 0.62(55) 20=x1.1 29 (31) 24*+1.0
700 17.94 (41) 2.6(22,32) 9.85(44) 08+04 69 (62) 1.8 104 £ 49
1,000 33.50 (36) 4.9 (4.1, 5.9) 1638 (29) 0.8 =03 144 (76) 1.7 12.0 £ 49
All doses 1.8 116

“Values are GMs for 10 subjects except for 7).,
percent) unless indicated otherwise.
b Relative to the 400-mg dose.

and urinary recoveries, which are arithmetic means * standard deviations; values in parentheses are CVs (in
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TABLE 4. Summary pharmacokinetics of indinavir following the administration of single doses of 800 mg of indinavir in the study with
low-fat meals”

No. of AUC AUC ratio C hax Tatio Cg ratio
Treatment g preers? (uM-h) (90% CIy* Tinax (h) Conax (WM) (90% CI) Cs (nM) (90% CI)
Fasted 1 23.15 (43) 077026 1168 (33) 123 (71)
Meal B 11 2271 (34)  098(0.75,1.28) 141+ 0.83 937(26)  0.80(0.59,1.08) 138 (61)  1.12(0.87, 1.45)
Meal C 11 2136 (43)  0.92(0.71,120)  1.36 + 0.98 885(53)  0.76(0.56,1.02)  152(94) 1.4 (0.96, 1.60)
Oral liquid 10 7.75(69)  0.33(0.25,044)  0.73 = 0.80 472(65)  0.40(0.33,0.55)  52(64)  0.43(0.33, 0.55)

“ Values shown are GMs except for T,,,, values, which are arithmetic means * standard deviations; values in parentheses are CVs (in percent) unless indicated

otherwise.

 One subject did not complete the study, and another subject in the oral liquid treatment was excluded from analysis due to undetectable concentrations in plasma

for all samples from that treatment.
¢ Relative to the fasted treatment; values in parentheses are 90% CI.

4., respectively. Profiles of the mean concentrations in plasma
following the three studies are presented in Fig. 1 and 2.

The data from the introductory study suggested a greater
than proportional increase in the concentration in plasma with
the dose. Two- and fourfold increases in the free-base dose
from 100 mg resulted in a 3.4- and 9.4-fold increases in AUC
values, respectively, although the lack of subject crossover
among the doses limited this interpretation. This dispropor-
tionate increase in the concentration in plasma was further
confirmed with the sulfate salt formulation in the rising-dose
study, in which the AUC increased 4.9-fold (90% CI = 4.1 and
5.9) when the dose was increased 2.5-fold from 400 to 1,000
mg. The C,,,, also showed the same greater-than-dose-propor-
tional trend. As the dose was increased, the concentrations in
plasma after C,,,, was reached dropped less precipitously, re-
sulting in a slightly more sustained shoulder. However, T,
was relatively constant, with its value averaging approximately
0.8 h across all doses, indicating rapid drug absorption in the
fasting state.

Figure 3 provides an overall summary of the nonlinear in-
crease in the dose-normalized concentrations in plasma in re-
lation to the administered doses.

Sulfate salt versus free base. In the introductory study, the
ratio (n = 5) for the GM AUC for the citric acid solution
treatment to the GM AUC for the free-base capsule treatment
at the 100-mg dose was 1.16 (90% CI = 0.66 and 2.03). These
data, in addition to the comparable ratio for the GM AUC for
the sulfate salt treatment to the GM AUC for the free-base
treatment at the 200-mg dose, suggest that at these low doses
absorption of the free base, which has extremely low aqueous
solubility (~19 wg/ml at pH 6.9), and absorption of the citric
acid solution preparation or the sulfate salt, which has an
aqueous solubility in excess of 100 mg/ml, are comparable.
However, as the dose was escalated to 800 mg in the study with
low-fat meals, the indinavir free base administered in an oral
suspension was absorbed to a significantly lesser extent than an
equivalent dose of the sulfate salt.

Urinary excretion. Similar to the concentrations in plasma,
urinary excretion of intact indinavir also increased more than
dose proportionally. The recovery of unchanged drug as a
percentage of the dose increased from 4.4% = 2.8% at the
200-mg dose to 12.0% = 4.9% at the 1,000-mg dose. Figure 4
displays the renal clearance of indinavir as a function of the
concentration in plasma observed in the rising-dose study.
These data suggest that the renal clearance remained relatively
constant in the majority of urine samples collected and over a
wide concentration range. However, there was a trend of de-
creasing renal clearance with increasing concentration in
plasma, especially when the concentration was above 1 pg/ml
(~1.6 pM). As a first approximation, the overall renal clear-

ance was estimated to be 154 ml/min in the introductory study
and 116 ml/min in the rising-dose study, both of which slightly
exceeded the glomerular filtration rate.

Figure 5 displays the indinavir concentrations in urine dur-
ing the first two collection intervals following the administra-
tion of doses of 400, 700, and 1,000 mg in the fasting state in
the rising-dose study. As a basic drug with pK,s of 3.7 and 6.0
(28), indinavir exhibits a pH dependency in aqueous solubility.
At a typical urine pH of 6.3 (23), the solubility of the indinavir
free base is less than 40 pg/ml (14). The concentrations in
urine in the present study significantly exceeded the intrinsic
solubility of the indinavir free base in water.

Half-life in plasma. The terminal half-life of indinavir was
calculated for subjects receiving the 200- and 400-mg doses in
the introductory study and for all subjects receiving treatments
in the fasting state in the rising-dose study. For the lower-dose
treatments, the half-life in plasma was not calculated because
the indinavir concentration in the plasma samples was non-
quantifiable. Although there was a slightly higher variability of
the half-life among doses from the introductory study (Table
2), the half-life was not dose dependent and was similar for all
treatments, averaging 1.8 to 1.9 h.

Effect of high-fat meal. As indicated in Tables 2 and 3, the
administration of either the free base or the sulfate salt of
indinavir with the high-fat meal (meal A) resulted in decreases
in AUC and C,,,, and an increase in 7,,,,,, indicating a reduced
and delayed absorption of the drug following the consumption
of the high-fat meal. For the six subjects who completed the

104 —&— 1000mg fasted | |
—(O— 700mg fasted
—fil— 400mg fasted
% 3 —— 400mg fed
e
o
S
=
<
£
=
= 2
10
1
10
0 2 4 6 8 10 12
Time, hr

FIG. 1. Mean plasma concentration (Cp)-time profiles of indinavir following
the administration of single oral doses in the rising-dose study.
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FIG. 2. Mean plasma concentration (Cp)-time profiles of indinavir following
the administration of 800-mg doses in the low-fat meals study.

treatments in the introductory study in both the fasting and the
fed states, AUC decreased 56%, from 1.53 to 0.68 wM-h, while
Chax decreased 73%, from 1.14 to 0.27 pM. In the rising-dose
study, there was a 78% reduction in AUC (i.e., ratio of the GM
AUC for the fasted state versus the GM AUC for the fed
fasted state was equal to 0.22 [90% CI = 0.19 and 0.27]) and
an 86% reduction in C,,,, when the sulfate salt formulation
was administered after the subjects had consumed the high-fat
meal. Significantly lower steady-state levels would be expected
if multiple doses of indinavir were administered following the
ingestion of high-fat meals.

Effects of low-fat meals. Table 4 displays summary values of
the pharmacokinetic parameters following the administration
of 800-mg single doses in the fasting state as well as immedi-
ately following the consumption of two low-fat meals. The
corresponding profiles of the concentration in plasma are pre-
sented in Fig. 2.

These data indicate that the consumption of low-fat meal B
or C did not significantly alter the profile of the concentration

40
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% 10 = 0 ¢
s o ]
< 0
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a o
@ 15 5 :
o ;
8 10
T, ° o .
) g
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g O n o
& : : , .
0
0 200 400 600 800 1000

Indinavir Dose, mg

FIG. 3. Dose-normalized AUC (A) and C,,,,, (B) of indinavir as a function of
the administered single-dose; AUC and C,,,,, values were normalized to a 1-mg
dose. O, sulfate salt, fasted state; @, sulfate salt, following a high-fat meal; ¥,
sulfate salt, following a low-fat meal; OJ, free-base capsules, fasted state; m,
free-base capsules, following a high-fat meal; @, free-base oral suspension, fasted
state.
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FIG. 4. Individual renal clearance of indinavir as a function of mean concen-
tration in plasma (Cp) over each urine collection period in the rising-dose study.
The solid line represents the average (n = 10) of the least-squares linear rela-
tionship between renal clearance and the concentration in plasma for each
subject.

of indinavir in plasma C,,,, and AUC were not significantly
reduced, and T,,,, was slightly but not significantly delayed
from those measured under fasted conditions. The ratios (90%
ClIs) of the GM AUC:s for meals B and C versus the GM AUC
for the fasted state were 0.98 (0.75 and 1.28) and 0.92 (0.71 and
1.2), respectively. The ratios (90% CI) of the GM C,,,, for
meals B and C versus the GM C,,,, for the fasted state were
0.80 (0.59 and 1.08) and 0.76 (0.56 and 1.02), respectively. Cgs
were slightly but not significantly elevated with the low-fat
meals.

DISCUSSION

The investigations presented in this paper indicate that indi-
navir sulfate is rapidly absorbed following oral administration,
achieving peak concentrations in plasma in ~0.8 h. Indinavir
has a relatively short terminal half-life which is not dose de-
pendent. The concentrations in plasma and urinary excretion
increased greater than proportionally to the dose, indicating
nonlinear pharmacokinetics. Protein binding of indinavir in
plasma is constant over the range of 0.1 to 50 pg/ml (16). Thus,
taking into account the protein binding (39% unbound), the
present data suggest renal clearance of free drug of approxi-
mately 300 to 400 ml/min, which exceeded the creatinine clear-
ance. This suggests a net tubular secretion component to the
indinavir renal clearance. The trend toward decreased renal
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FIG. 5. Concentrations of indinavir in urine following the administration of
single doses of 400, 700, and 1,000 mg of indinavir sulfate to fasting subjects.
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clearance at high concentrations in plasma suggests decreased
tubular secretion or increased reabsorption.

Despite the slight decrease in renal clearance at high con-
centrations in plasma, the concentrations of indinavir in urine
immediately following ingestion of doses above 400 mg gener-
ally were supersaturated with respect to the aqueous solubility
of the drug. However, as expected, the concentrations of indi-
navir in urine were dependent on dose, time postdosing, and
urine volume. The highest concentrations in urine occurred
transiently around the peak concentrations in plasma for the
high doses immediately following administration. Because the
concentrations in plasma decreased with time after dosing,
there was a corresponding decrease in the drug concentrations
in urine. Nevertheless, the potential exists for the drug to
precipitate or coprecipitate with other urinary components
following the administration of indinavir.

Urine is often supersaturated with many components which
ordinarily do not form insoluble crystals without other predis-
posing factors. Thus, the observation of supersaturating con-
centrations of indinavir in urine was not deemed to be of
particular clinical significance at the time of the phase I stud-
ies. In retrospect, this presumption was incorrect. Subse-
quently, nephrolithiasis has been observed in other clinical
trials (6, 13). The microscopic hematuria observed in two vol-
unteers in the rising-dose study could have been reflective of
crystallization of indinavir in the urine, although microscopic
hematuria is also a common non-drug-related event in gener-
ally healthy subjects. In any event, there is a clear pharmaco-
kinetic explanation for the potential for indinavir crystalliza-
tion in the urine. Increasing the urinary flow rate by ingesting
large quantities of water at the time of indinavir administration
may reduce the precipitation potential as a result of the de-
crease in the high concentrations in urine associated with the
peak concentrations in plasma (6, 13, 17).

A previous study with radiolabeled indinavir suggested that
on the basis of the urinary and fecal recovery data, the absorp-
tion of indinavir was appreciable after oral administration (2).
Indinavir has also been found to be extensively metabolized by
the cytochrome P-450 system, and CYP3A4 has been identified
to be the isoform responsible for the oxidative metabolism of
indinavir (4), resulting in the recovery of a number of metab-
olites in the urine as well as the feces (1, 2). In previous animal
studies, linear disposition pharmacokinetics over the 2- to 10-
mg/kg doses were found following intravenous administration
to rats and dogs, and extensive first-pass metabolism following
oral administration has been noted in rats (15).

The wide dose range (40 to 1,000 mg) at which dispropor-
tionate increases in AUC are seen suggests that indinavir may
be subject to a significant extent of first-pass metabolism when
it is given at low doses and may exhibit nonlinear systemic
disposition kinetics when it is given at high doses. The systemic
clearance is most likely to be linear at low doses, and the
observed nonlinearity could be attributed mainly to the dose-
dependent first-pass metabolism during absorption of the drug.
As the dose is increased, first-pass metabolism could gradually
become more saturated and the fraction of the unchanged
drug entering the systemic circulation could become less dose
dependent, while the concentration-dependent systemic dispo-
sition, including the oxidative metabolism, would be expected
to play a greater role.

The marketed formulation of indinavir is the sulfate salt,
which was chosen over the free-base formulation primarily
because of the lower intersubject variability observed in the
introductory study with the sulfate salt relative to that observed
with the free base. At higher doses, the sulfate salt also has
higher bioavailability. Compared to the free-base AUC, the
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sulfate salt AUC was not substantially different at the 200-mg
dose in the introductory study. However, the sulfate salt cap-
sule exhibited a threefold higher AUC than a suspension of the
free base in a subsequent study with a dose of 800 mg, sug-
gesting a dose dependency in the relative bioavailability. These
differences could be caused by a number of factors, such as the
different dosage forms between the two free-base preparations;
however, differences in the dissolution of the free base between
the two doses in the two studies may also be important. Be-
cause of finite gastric acidity and gastric residence time, a large
percentage of the 800-mg doses of indinavir free base may not
be efficiently dissolved and could remain in a nonabsorbable
solid form during its passage through the gut lumen. The
dissolution of indinavir sulfate salt, due to its high aqueous
solubility, does not appear to be dose limited.

The effect of food on the absorption of indinavir varied with
the meal ingested. Meal A, with its high caloric content as well
as its high fat, protein, and carbohydrate contents, resulted in
an appreciable reduction of absorption of both the free base
and the sulfate salt. Meals B and C contained considerably
lower fat and protein contents and fewer calories than meal A.
Except for a small but nonsignificant delay in the 7,,,,, and a
small increase in Cy, these low-fat meals had no discernible
effects. Thus, high fat and/or high protein levels but not high
carbohydrate levels up to 63 g appear to affect the absorption
of indinavir. Unpublished data (20) on the effect of meals
typically consumed in Japan suggest that a high protein content
may be less deleterious to indinavir absorption than a high fat
content.

Many factors are known to contribute to drug-food interac-
tions (12, 30, 33, 34), which can result in increased, decreased,
delayed, or unaffected drug absorption. The reported effect of
food on other protease inhibitors has also been found to de-
pend specifically on the drug. While food has no definitive
effect on the absorption of ritonavir (19), it significantly in-
creases the absorption of saquinavir (18, 24) and nelfinavir
(21). In the present study, low-fat meals B and C did not
appear to interfere with indinavir absorption, and the pharma-
cokinetic profiles of indinavir following the consumption of
either meal were comparable to that when indinavir was ad-
ministered in the fasted state. The absorption of indinavir, in
common with other basic drugs, probably occurs predomi-
nantly from the upper region of the small intestine (5, 23). In
a fasting stomach, indinavir in its protonated solution form
could be emptied rapidly and could be efficiently absorbed.
Similarly, the residual gastric acidity appeared to be sufficient
to dissolve the low-dose free base, resulting in efficient absorp-
tion. However, meals rich in fat contents may delay gastric
emptying and have a buffering and neutralizing effect, resulting
in a rise in the gastric pH and possibly some precipitation of
the drug. This combination of effects could result in a de-
creased flux of drug reaching the absorption site, a decreased
absorption rate, a net increase in first-pass metabolism, and a
net reduction of the unchanged indinavir fraction reaching the
general circulation.

Several abstracts (3, 25, 26, 32) and one publication (27)
have described the multiple-dose pharmacokinetic character-
istics of indinavir in volunteers and HIV-infected patients.
When administered every 6 or every 8 h, there is only modest
drug accumulation, consistent with the accumulation expected
for dosing intervals which are considerably in excess of the
1.8-h terminal half-life. There is no evidence of decreasing
concentrations in plasma upon extensive multiple dosing,
which would be indicative of a P-450 enzyme inductive effect.
The increases in the values of the pharmacokinetic parameters
for indinavir are greater than dose proportional when the drug
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is administered as multiple doses, as described here for single
doses. Thus, the single-dose pharmacokinetic characteristics of
indinavir described here are predictive of the pharmacokinetic
characteristics of this potent antiretroviral agent at steady
state.
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