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So far, no pediatric doses for indinavir combined with ritonavir have been defined. This study evaluated the
pharmacokinetics of 400 mg of indinavir/m> combined with 125 mg of ritonavir/m*> every 12 h (q12h) in 14
human immunodeficiency virus type 1-infected children. The area under the concentration-time curve from 0
to 24 h and the minimum concentration of drug in serum for indinavir were similar to those for 800 mg of
indinavir-100 mg of ritonavir q12h in adults, while the maximum concentration of drug in serum was slightly
decreased, with geometric mean ratios (90% confidence intervals in parentheses) of 1.1 (0.87 to 1.3), 0.96 (0.60

to 1.5), and 0.80 (0.68 to 0.94), respectively.

The human immunodeficiency virus (HIV) protease inhibi-
tor indinavir has been licensed since 1996 for the treatment of
HIV type 1 (HIV-1) infection in adults and children aged 4
years and older (7-10). Indinavir, if used as a sole protease
inhibitor, should be administered every 8 h (q8h), preferably
when the patient’s stomach is empty or with a low-caloric meal.
The addition of the HIV protease inhibitor ritonavir to therapy
involving indinavir is known to increase levels of indinavir in
plasma, especially at the 12-h trough level (minimum concen-
tration of drug in serum [C,;,]) (2, 11, 12, 19). The increased
C i Of indinavir when combined with ritonavir can potentially
improve the antiretroviral efficacy of the regimen (1).

Data on the use of indinavir as a component of highly active
antiretroviral therapy for HIV-infected children are relatively
limited and often based on small sample sizes (4, 6, 14-18,
22-24). Children generally show lower 8-h trough levels (C,,;.)
of indinavir than adults and may therefore be at higher risk of
virologic failure (4, 6). For HIV-infected children, the combi-
nation of indinavir and ritonavir is promising in view of its
higher C,;, and the possibility of q12h administration. How-
ever, this combination in children has very rarely been ex-
plored.

The present study was a prospective, one-armed, one-pe-
riod, open-label study of HIV-1-infected children between 2
and 18 years of age. After enrollment, patients started study
medication consisting of indinavir at 400 mg/m? q12h with
ritonavir at 125 mg/m? q12h on study day 1. On the pharma-
cokinetic sampling day, 2 to 4 weeks after study day 1, a 12-h
pharmacokinetic curve was recorded to obtain plasma levels of
indinavir and ritonavir (13). Pharmacokinetic parameters of
indinavir and ritonavir were calculated by noncompartmental
methods. Safety was assessed at the baseline (before the study
medication was started) and on the pharmacokinetic sampling
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day. All statistical tests were performed with SPSS (Chicago,
I11.), version 10.0.

Baseline characteristics of the 14 HIV-infected children that
were enrolled are given in Table 1. Pharmacokinetic parame-
ters for indinavir and ritonavir for the 14 patients are summa-
rized in Table 2. Overall, the regimen of indinavir at 400 mg/m*
combined with ritonavir at 125 mg/m? q12h resulted in a sig-
nificantly larger area under the concentration-time curve
(AUC,_,,) for indinavir than was reflected in reference data
for indinavir q8h in both adults and children. This increase in
AUC,_,, was reflected in a significantly higher geometric mean
Cnin» While the maximum concentration of drug in serum
(Cnax) Was only marginally and nonsignificantly increased. For
none of the patients was the C,;, of indinavir below 0.1 mg/
liter, a value which has been associated with an increased
virologic failure rate (Fig. 1) (3).

Compared to the pharmacokinetic data for 800 mg indinavir
with 100 mg ritonavir q12h in adults, the geometric means of
AUC,_,, and C,;, for indinavir were not significantly different,
while the geometric mean of C,,, was modestly but signifi-
cantly decreased.

For ritonavir, AUC,_,,, C,,.» and C,;, values were signifi-
cantly higher than those reflected in historical references for
100 mg ritonavir q12h combined with indinavir in adults (Table
2).

Of the 14 children enrolled, 8 (57%) underwent adverse
clinical or laboratory experiences between study days 1 and 2.
In total, 22 adverse experiences were recorded (Table 3).

Published data on HIV-infected children indicate that a
pediatric dose of indinavir q8h should be on the order of 500
to 600 mg/m? (4, 17). The pharmacokinetics of indinavir as a
sole protease inhibitor in children is characterized by a higher
C..x than that for adults, followed by relatively high drug
clearance, often resulting in a lower C,;, than that for adults
(4-6, 15). In substantial numbers of children, the C,;, of indi-
navir is below 0.1 mg/liter, a concentration which has been
associated with virologic efficacy and approximates the in vitro
95% inhibitory concentration of indinavir for wild-type virus
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TABLE 1. Baseline characteristics of 14 enrolled patients
Characteristic Value ff)r.
characteristic
Gender”

IMEALE ..ottt b st n st ane 6(43)

FEMALE ...t 8(57)
AAZE (YEATS)? . oooreivereeesn it eeesess e sss st s e8RS R8RSR RS8R RR R R R R R 8 RS RRRRRsesseen 8.4 (4.3)
Race”

Dose of indinavir (mg/m? q12h)” 392 (34)
Dose Of TItONAVIT (ME/M? Q1207 w..ovorieriirriieeiseeieesiies st sssessses st ssse st sses st s s s s s s s s s s s bbb bbb s ees 124 (8)
No. (%) of patients having undergone one or more prior antiretroviral therapies (%).......ccccocovuviviriiininiiiiiniinc s 10 (71)

Indinavir q8h*

INdINaVIr-TitONAVIT QL2RE ...ooviiiiiiiiicie ettt ettt s e s eaeane 1(10)

INEHINAVIIC bbbt 1(10)

Zidovudine + JTaAMIVIAINE ....c.c.eviiieiriicieiicicte ettt ettt ettt st st a e bt s et eaenaeaesenasacunee 10 (100)
CD#4 cell count?

CIIS/IMIM ..ottt ettt s s H0 851818880418 e bbbt 824 (613)

% of age-specific median Cell COUNTS.........ccciiiiiiiiiiii e 75 (44)
Plasma HIV RNA viral 10ad (10215 COPIES/MI)? .....ouurverierriereisesiseessesisssssesssesssessssssssssssssssessssssssessssssssesssssssssssssssssessssssssssssnsssssssssssssssnnns 3.60 (1.05)
No. of subjects undergoing concomitant treatment

ZidOVUAINE-TAMIVIAINE ...ttt ettt ettt ettt s bttt d et b ettt ettt ettt ettt et s eaens 12

Didanosine-StAVUAINE.......c.cuiviuruiiiiiiciiiict et a e bR Rt 2

FIUCONAZOLE ...ttt ettt ettt ettt ettt ettt ettt ettt 1

TerbINafiNe ....cucvuieiiiii e 1

Co-trimoxazole 2

“ Number (%) of subjects (total no. of subjects, 14).
® Mean (standard deviation) for 14 subjects.
¢ Number (%) of subjects (total no. of subjects, 10).

(1, 3). While doses of indinavir above 500 to 600 mg/m* q8h
result in higher C,;, values and possibly better clinical re-
sponses, the toxicity of indinavir seems to be dose limiting in
children (4, 20). In the 14 HIV-1 infected children described
here, the regimen of 400 mg of indinavir/m? q12h with 125 mg
of ritonavir/m* q12h resulted in higher AUC, ,, and C,;,

values than those reflected in pharmacokinetic data on indi-
navir q8h in both adults and children. The explored dose com-
bination resulted in AUC,,_,, and C,;, values for indinavir that
were approximately similar to those reflected in the pharma-
cokinetic data for indinavir with low-dose ritonavir in adults

2.

TABLE 2. Pharmacokinetic parameters for indinavir and low-dose ritonavir for 14 children in this study and comparisons
with those for historical controls®

Value for parameter:

Value
AUCO—24 Cmax Cmin Tmax
Indinavir
Geometric mean for 14 patients in this study 92.9 (75.4-114.5) 8.6 (7.3-10.1) 0.63 (0.40-1.0) 2.8 (1.8-3.1)
GMR of parameter for this study to that for two previous protocols” 1.8 (1.5-2.3)* 1.1 (0.97-1.4) 8.4 (5.3-13.4)* NA
GMR of parameter for this study to that for Merck protocol 021¢ 1.8 (1.4-2.2)* 1.2 (0.99-1.4) 4.9 (3.1-7.9)* NA
GMR of parameter for this study to that for a previous study” 1.1 (0.87-1.3) 0.80 (0.68-0.94)*  0.96 (0.60-1.5) ND
Ritonavir
Geometric mean for 14 patients in this study 76.8 (61.0-96.7) 6.0 (4.7-7.8) 1.1 (0.84-1.6) 3.6 (1.5-4.2)
GMR of parameter for this study to that for a previous study? 3.8 (3.0-4.8)* 2.9 (2.2-3.7)* 3.2 (2.4-4.3)* ND

“ For AUC( 54, Cphax and Cyy,, ranges in parentheses are 90% confidence intervals; for 7,,,, (time to minimum concentration of drug in serum), ranges in
parentheses are interquartile ranges. GMR, geometric mean ratio; NA, not available; ND, not determined; *, statistically significant.
> Combined protocols Merck 068 and PACTG395, involving 500 mg of indinavir/m? q8h in children.

¢ Merck protocol 021 involved 800 mg of indinavir q8h in adults.

@ The study by Arnaiz et al. (2), involving 800 mg of indinavir plus 100 mg of ritonavir q12h in adults.
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FIG. 1. AUC, », (A), C,ax (B), and C,;,,(C) values for indinavir in
14 patients.
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TABLE 3. Description of adverse experiences

Adverse experience Frequency”

Gastrointestinal diSOrder.........ccovvurivivirinieirininrirericrees
Ear, nose, and throat infection .
SKIN diSOTdeT ......oviiiiiiicii s
Urinary tract disorders (nephrolithiasis and leucocyturia).... 2 (9)
Jaundice/hepatomegaly.........ccreceerreiecreuneceeuerneseeeeneeseseeneecnens 2(9)
Abnormal liver function test..
Abnormal blood cell count..................
Increased cholesterol/triglyceride levels.
Increased amylase levels ...................... .
Decreased platelet Count......ovvveieereeerireerrererer s 1(5)

“ Number of experiences, with percentage of total number of ex-
periences in parentheses.

In our study, AUC,_,, and C,,, values for indinavir were
dose-proportionally lower than those reflected in published
data from a case series involving 4 children between 0.8 and 10
years old treated with 500 mg of indinavir/m? and 100 mg of
ritonavir/m? q12h (21). In contrast, the C,,;, of indinavir was
approximately 40% higher, and not lower, as might have been
expected, than that found in the case series. In our study, the
AUC, ,, and C,;, values for indinavir were 59 and 50%
higher, respectively, than those reflected in preliminary phar-
macokinetic data from a pediatric study of 11 patients between
3 and 11 years old who used 350 mg of indinavir/m? with 125
mg of ritonavir/m* q12h, while C,,,, was 16% higher in our
study (E. G. Chadwick, J. H. Rodman, P. Samson, T. Fenton,
E. J. Abrams, B. Nowak, S. I. Pelton, S. Lavoie, K. Knapp, M.
Bambji, and R. Yogev, 10th Conf. Retrovir. Opportunistic
Infect., abstr. 875, 2003). The differences in AUC,_,, and C,;,
values were especially remarkable, since the two regimens were
distinguished from each other only by a slight difference (14%)
in indinavir doses (400 versus 350 mg/m?) (25). When consid-
ering our data with respect to the other data on pharmacoki-
netics of indinavir combined with ritonavir in children, it
should be taken into account that differences in outcome may
be partly due to high interindividual variability and the limited
sample sizes used in these studies. In conclusion, the investi-
gated doses of indinavir combined with ritonavir resulted in a
higher-than-expected AUC,_,,, combined with a favorably in-
creased C,,;, values for indinavir (>0.1 mg/liter in all children).
While the short-term tolerability of the study medication was
generally good, data on the long-term safety and efficacy of this
regimen in children are needed for a better evaluation.

The study nurses and medical students of the Erasmus MC/Sophia
Children’s Hospital, Division of Pediatric Infectious Diseases and Im-
munology, Rotterdam, are kindly acknowledged for their collection of
the samples. The technicians of the Department of Clinical Pharmacy,
University Medical Center Nijmegen, are kindly acknowledged for
their analysis of the plasma samples.

Financial support for this study was received from Merck & Co.,
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