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AIM
To describe the pharmacokinetics and safety of indinavir boosted with ritonavir
(IDV/r) during the second and third trimesters of pregnancy and in the post-partum
period.

METHODS
IMPAACT P1026s is an on-going, prospective, non-blinded study of antiretroviral
pharmacokinetics (PK) in HIV-infected pregnant women with a Thai cohort receiving
IDV/r 400/100 mg twice daily during pregnancy through to 6–12 weeks post-partum
as part of clinical care. Steady-state PK profiles were performed during the second
(optional) and third trimesters and at 6–12 weeks post-partum. PK targets were the
estimated 10th percentile IDV AUC (12.9 mg ml-1 h) in non-pregnant historical Thai
adults and a trough concentration of 0.1 mg ml-1, the suggested minimum target.

RESULTS
Twenty-six pregnant women were enrolled; thirteen entered during the second
trimester. Median (range) age was 29.8 (18.9–40.8) years and weight 60.5 (50.0–85.0)
kg at the third trimester PK visit. The 90% confidence limits for the geometric mean
ratio of the indinavir AUC(0,12 h) and Cmax during the second trimester and
post-partum (ante : post ratios) were 0.58 (0.49, 0.68) and 0.73 (0.59, 0.91),
respectively; third trimester/post-partum AUC(0,12 h) and Cmax ratios were 0.60 (0.53,
0.68) and 0.63 (0.55, 0.72), respectively. IDV/r was well tolerated and 21/26 women
had a HIV-1 viral load < 40 copies ml-1 at delivery. All 26 infants were confirmed HIV
negative.

CONCLUSION
Indinavir exposure during the second and third trimesters was significantly reduced
compared with post-partum and ~30% of women failed to achieve a target trough
concentration. Increasing the dose of IDV/r during pregnancy to 600/100 mg twice
daily may be preferable to ensure adequate drug concentrations.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Highly active antiretroviral therapy (HAART) is

recommended during pregnancy for HIV/AIDS
treatment and/or the prevention of mother-to-child
transmission of HIV.

• Physiological changes during pregnancy can reduce
antirerotivral drug exposure.

• Indinavir trough concentrations have been reported to
be reduced during the third trimester of pregnancy
following an indinavir/ritonavir dose of 400/100 mg
twice daily. However, indinavir and ritonavir exposures
have not been fully characterized during the second
and third trimesters of pregnancy and in the early
post-partum period.

WHAT THIS STUDY ADDS
• Median indinavir exposures during the second and

third trimesters were significantly reduced compared
with post-partum.

• Approximately 30% of women failed to achieve a target
trough concentration during the third trimester.

• Indinavir and ritonavir were tolerated well during
pregnancy and an increased dose of indinavir during
pregnancy may be preferable to ensure adequate
exposure throughout pregnancy.
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Introduction

Drug disposition can be altered by physiological changes
during pregnancy. Physiological changes that manifest
during pregnancy include longer gastrointestinal
emptying/transit times, reduced gastric acid secretion,
increased body water, plasma volume, fat stores and
hepatic/renal blood flow, and temporal changes of hepatic
metabolizing enzyme activities [1]. It is important to assess
drugs susceptible to these changes during pregnancy to
ensure optimal drug exposures are achieved.

Highly active antiretroviral therapy (HAART) is recom-
mended during pregnancy for HIV/AIDS treatment and/or
the prevention of mother to child transmission of HIV [2].
Several antiretroviral drugs metabolized via hepatic cyto-
chrome P450 enzymes have reduced exposure during the
third trimester of pregnancy, particularly ritonavir boosted
protease inhibitors [3, 4]. Indinavir is a potent HIV protease
inhibitor that has been successfully used as part of triple
antiretroviral drug regimens for the treatment of HIV/AIDS
[5]. Indinavir is primarily metabolized by the CYP3A4
isoenzyme, and similar to other protease inhibitors,
co-administration with low dose ritonavir,a potent CYP3A4
inhibitor, enhances its pharmacokinetic profile allowing
less frequent dosing and the removal of food restrictions
[6]. An indinavir/ritonavir (IDV/r) dose of 400/100 mg twice
daily has been shown to be safe and efficacious in non-
pregnant adults [7, 8].

Pregnancy greatly reduces indinavir exposure in the
absence of ritonavir [9]. The impact of pregnancy on indi-
navir boosted with ritonavir has not been fully character-
ized. Indinavir trough concentrations were reported to be
lower during the third trimester of pregnancy in women
receiving HAART-containing indinavir/ritonavir (400 mg/
100 mg, twice daily) compared with HIV-infected men and
non-pregnant women. However, HIV RNA levels remained
well-controlled [10]. No data on the pharmacokinetic
parameters of indinavir/ritonavir during the second and
third trimesters of pregnancy and the post-partum period
are available. Optimal antiviral exposure throughout preg-
nancy is critical to ensure durable viral load suppression to
prevent mother-to-child transmission of HIV and the selec-
tion of resistance. Our aim was to investigate the pharma-
cokinetics of indinavir boosted with ritonavir during the
second and third trimesters of pregnancy and in the early
post-partum period.

Methods

Study population
International Maternal Pediatric Adolescent AIDS Clinical
Trials (IMPAACT) Network Protocol 1026s is an ongoing,
multicentre, non-blinded, prospective study to evaluate
the pharmacokinetics (PK) of antiretrovirals among preg-
nant HIV-infected women [ClinicalTrials.gov Identifier:

NCT00042289].This report includes women receiving indi-
navir boosted ritonavir 400/100 mg twice daily that was
open to study sites in Thailand.

The eligibility criterion for this indinavir boosted ritona-
vir arm of P1026s was initiating the standard dose of
indinavir/ritonavir (400 mg/100 mg, twice daily) as part of
clinical care before the beginning of the 35th week of ges-
tation.The choice of additional antiretrovirals and duration
of treatment (i.e. continuation of anti-retroviral treatment)
was determined by the subject’s physician,who prescribed
all medications and remained responsible for her clinical
management throughout the study. Exclusion criteria
were: concurrent use of medications known to interfere
with the absorption, metabolism or clearance of indinavir/
ritonavir, multiple gestation pregnancy and clinical or
laboratory toxicity that, in the opinion of the site investiga-
tor, would likely require a change in the medication
regimen during the study.The study was approved in Thai-
land by the Ethics Committee Institute for the Develop-
ment of Human Research Protections (IHRP), Ministry of
Public Health (Sor Kor Mor 236/2552), and signed informed
consent was obtained from all subjects prior to participa-
tion. Subjects continued to take their prescribed medica-
tions until post-partum blood sampling was completed.
Maternal and infant safety follow-up continued until 24
weeks post-partum.

Women were enrolled during either the second or third
trimester. Enrolment during the second trimester was
optional with PK sampling between 20 and 26 weeks ges-
tation. Women enrolled during the second or third trimes-
ter had PK sampling performed between 30 and 36 weeks
gestation. All women had PK sampling scheduled between
6 and 12 weeks post-partum. Indinavir area under the con-
centration vs. time curve [AUC(0,12 h)] was calculated at
each PK sampling visit and compared with indinavir
AUC(0,12 h) in non-pregnant Thai adults receiving IDV/r
400/100 mg twice daily [11]. The 10th percentile for indina-
vir AUC(0,12 h) in non-pregnant Thai adults, 12.9 mg ml-1 h,
was chosen as the minimum target for drug exposure.Each
subject’s physician was notified of the subject’s indinavir
AUC(0,12h) within 2 weeks of sampling. If the AUC(0,12 h)
was below the target, the treating physician offered the
option of discussing the results and possible dose modifi-
cations with the study team.

Clinical and laboratory monitoring
Maternal data accessed were: maternal age, ethnicity,
weight, concomitant medications, CD4 cell count and
plasma viral load assay results. Plasma viral load assays
were performed locally at laboratories certified by the
NIAID Virology Quality Assurance (VQA) programme.
Maternal clinical and laboratory toxicities were assessed
through clinical evaluations (history and physical examina-
tion) and laboratory assays (ALT, AST, creatinine, BUN,
albumin, bilirubin, haemoglobin) on each pharmacokinetic
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sampling day and at delivery. Infant data included birth
weight, gestational age at birth, and HIV infection status.
Infants received physical examinations at 24–48 h, 4–21
days and 24 weeks after delivery.The study team reviewed
toxicity reports on monthly conference calls, although the
subject’s physician was responsible for toxicity manage-
ment.The Division of AIDS (DAIDS)/NIAID Toxicity Table for
Grading Severity of Adult Adverse Experiences was used to
report adverse events for study subjects [12]. All toxicities
were followed through to resolution.

Sample collection
Subjects were stable on their antiretroviral regimen for at
least 2 weeks prior to pharmacokinetic sampling. Seven
plasma samples were drawn at the second and/or third
trimester, and at the post-partum pharmacokinetic evalu-
ation visits, starting immediately before an oral indinavir/
ritonavir dose and at 1, 2, 4, 6, 8, and 12 h post-dose.
Indinavir/ritonavir was given as an observed dose without
regard to food but the last food intake was documented.
Other information collected included the time of the two
prior doses, the two most recent meals and maternal
height and weight. A single maternal plasma sample and
an umbilical cord sample after the cord was clamped were
collected at delivery.

Antiretroviral drug assays
Indinavir and ritonavir plasma samples were assayed at the
PHPT-IRD laboratory at the Faculty of Associated Medical
Sciences, Chiang Mai University. This laboratory partici-
pates in the AIDS Clinical Trials Group (ACTG), USA, Phar-
macology Quality Control (Precision Testing) programme,
which performs standardized inter-laboratory testing
twice a year [13]. Plasma drug concentrations were
measured following a published reversed phase high per-
formance liquid chromatography (HPLC) method with
ultraviolet detection at 215 nm [14].This HPLC method was
validated internally using the AIDS Clinical Trials Group
(ACTG) method validation guidelines over the concentra-
tion range of 0.043–17.2 mg ml-1 for indinavir (free base)
and 0.050–20.0 mg ml-1 for ritonavir. Plasma samples with
drug concentrations above the upper limit of quantifica-
tion were diluted and re-assayed.The average accuracy for
indinavir was 99–107% and precision (inter- and intra-
assay) was <9% of the coefficient of variation (CV) and for
ritonavir the average accuracy was 99–109% and precision
(inter- and intra-assay) was <4% of the CV. Overall extrac-
tion recovery from plasma was 107% for indinavir and
104% for ritonavir.

Pharmacokinetic analyses
The maximum plasma concentration (Cmax), corresponding
time (tmax), minimum plasma concentration (Cmin), and 12 h
post-dose concentration (C12) were determined by direct
inspection.AUC(0,12 h) during the dose interval (from time
0 to 12 h post-dose) for indinavir and ritonavir was calcu-

lated using the trapezoidal rule. Apparent clearance (CL/F)
from plasma was calculated as dose divided by
AUC(0,12 h).

Statistical analyses
Target enrolment was at least 25 women with evaluable
third trimester indinavir pharmacokinetics. The statistical
rationale for this sample size has been previously
described [4]. The number of subjects with an AUC below
12.9 mg ml-1 h and a trough concentration below
0.1 mg ml-1, the suggested minimum target trough con-
centration [15, 16], was determined during pregnancy and
post-partum. Indinavir and ritonavir pharmacokinetic
parameters during pregnancy and post-partum were com-
pared at the within-subject level using 90% confidence
limits for the geometric mean ratio of AUC(0,12 h), Cmax and
C12.When the true geometric mean of the ratio (the antilog
of the true mean of the log ratios) of the pharmacokinetic
parameters for pregnant and non-pregnant conditions has
a value of 1, this indicates equal geometric mean pharma-
cokinetic parameters for the pregnant and non-pregnant
conditions. If the 90% confidence intervals are entirely
outside the limits (0.8 and 1.25), the pharmacokinetic
parameters for the pregnant and non-pregnant conditions
are considered different. If, on the other hand, the 90%
confidence intervals are entirely within the limits (0.8,
1.25), the parameters are considered equivalent. If the 90%
confidence interval overlaps with (0.8, 1.25), these data
alone do not support any conclusions. Wilcoxon signed-
rank test was used to assess the difference between
second trimester, third trimester and post-partum pharma-
cokinetic parameters. Descriptive statistics were calculated
for pharmacokinetic parameters of interest during each
study period.

Results

Subject characteristics
Twenty-six HIV-infected pregnant women were enrolled in
the study, with thirteen women entering the study during
the second trimester. The clinical characteristics of the
study population at the second and third trimesters, deliv-
ery and 6–12 weeks post-partum visits are presented in
Table 1. There were 26 live born infants and the median
(range) birth weight was 2830 (2200–3548) g.

Indinavir/ritonavir pharmacokinetics during
pregnancy and post-partum
Antepartum pharmacokinetic assessments during the
second trimester were performed at a median (range) ges-
tational age of 25.1 (21–27) weeks.Ten of 13 women (77%)
had an AUC above the target during the second trimester.
Two of the three women with an indinavir AUC below
target maintained a C12 h above 0.1 mg ml-1 and following
consultation with the study team did not have a dose
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adjustment.The woman with an AUC and C12 h below the
predefined targets had a dose increase to 600/100 mg
twice daily and did not have PK sampling performed
during the third trimester pregnancy.

Twenty-five women receiving IDV/r 400/100 mg twice
daily during the third trimester had pharmacokinetic sam-
pling performed at a median gestational age of 31.1 (29 to
37) weeks. Seventeen women (68%) had an AUC above the
target during the third trimester. The indinavir/ritonavir
dose was increased to 600/100 mg twice daily in three of
eight women with low exposure during the third trimester.
Indinavir/ritonavir PKs were repeated in one women
receiving 600/100 mg and her indinavir AUC increased
above the 10th percentile target.

All 26 women completed post-partum PK sampling at a
median duration of 8.6 (2.6–10.3) weeks after delivery. All
women had an indinavir AUC and C12 h above their
respective targets post-partum. Median (�interquartile
range; IQR) indinavir concentration vs. time curves during
the second and third trimesters and post-partum are
shown in Figure 1.

Indinavir and ritonavir pharmacokinetic parameters
during the second and third trimesters and post-partum

are presented in Table 2.The indinavir AUC(0,12 h) was sig-
nificantly lower during the second and third trimesters
when compared with post-partum (Table 2). Indinavir oral
clearance (CL/F) was significantly higher during the second
and third trimesters compared with post-partum. Indinavir
C12 was also significantly reduced during the second and
third trimesters compared with post-partum. Individual
indinavir AUC and C12 h during the second trimester, third
trimester and post-partum are presented in Figure 2. The
90% CIs for the geometric mean ratio of the indinavir AUC
and Cmax during the second trimester and post-partum
(ante : post ratios) were 0.58 (0.49, 0.68) and 0.73 (0.59,
0.91), respectively. Similarly, the third trimester/post-
partum AUC and Cmax ratios were 0.60 (0.53, 0.68) and 0.63
(0.55, 0.72), respectively. Lower ritonavir exposure during
pregnancy was also observed when compared with the
post-partum period (Table 2). The change in indinavir
pharmacokinetic parameters during pregnancy was less
apparent when comparing with historical data in non-
pregnant Thai adults (Table 2) although median AUC and
C12 h remained lower.

Twenty-six pairs of maternal delivery and cord blood
samples were collected. Indinavir concentrations were
detectable in 25 maternal delivery samples. The median
time interval between the last dose of indinavir/ritonavir
and delivery was 3.7 (0.2 to 13.7) h. Seven cord blood
samples had indinavir concentrations below the lower
limit of detection of the drug assay (0.043 mg ml-1). Mater-
nal plasma indinavir concentrations were 0.96 (<0.043–
5.99) mg ml-1 at delivery and 0.12 (<0.043–0.75) mg ml-1 in
the cord blood. The median ratio of cord blood : maternal
delivery indinavir concentration was 0.12 (0.05–0.23, n =
19). Maternal delivery and cord blood indinavir concentra-
tions and their ratios are plotted as a function of the time
interval between maternal dosing and delivery in Figure 3.
At delivery, 25 of 26 (96%) women had a HIV-1 RNA viral
load less than 400 copies ml-1 and 21 of 26 women (81%)
had a viral load below 40 copies ml-1 (five subjects had 51,
85, 86, 201, and 1309 copies ml-1 at delivery).

Infant HIV status and safety
At 6 months of age, all 26 infants were confirmed HIV nega-
tive. Indinavir and ritonavir were tolerated well. Six women
experienced adverse events grade � 3. These included
anaemia and neutropenia, dizziness, diarrhoea (shigella),
cervical high-grade squamous intra-epithelial lesion (on
pap smear), fever (5 days), and all events were deemed not
attributed to indinavir/ritonavir treatment. One woman
had preterm labour and preterm delivery (32 weeks) and
this was deemed possibly related to indinavir/ritonavir
treatment.

Discussion

Ensuring that adequate antiretroviral exposures are main-
tained throughout pregnancy is vital to provide maximal

Table 1
Characteristics of Thai women during the second and third trimesters of
pregnancy, at delivery and at 6–12 weeks post-partum, as well as infant
characteristics at delivery

Median (range) or #
of subjects (%)

Second trimester (n = 13)

Age (years) 32.5 (18.8–35.7)

Weight (kg) 59.0 (48.0–84.0)

Gestational age (weeks) 25.1 (21.0–27.0)

CD4 + cell count (cells ml-1) 352 (110–581)

HIV-1 RNA (copies ml-1) 144 (<40–68 920)

Duration of indinavir/r use (weeks) 4.9 (2.4–8.0)
Third trimester (n = 25)*

Age (years) 29.8 (18.9–40.8)
Weight (kg) 60.5 (50.0–85.0)
Gestational age (weeks) 31.1 (29.3–37.0)
Duration of indinavir/r use (weeks) 9.0 (2.1–18.0)
CD4 + cell count (cells ml-1) 393 (129–758)
HIV-1 RNA (copies ml-1) <40 (<40–903)
HIV1 RNA � 40 cps ml-1 14/25 (56%)
Other ARVs: ZDV/ d4T/3TC/TDF 21/4/26/1

Delivery (n = 26)

Weight (kg) 62.5 (50.0–87.0)

Gestational age (weeks) 38.4 (35.3–41.9)

HIV-1 RNA (copies ml-1) <40 (<40–1309)

HIV-1 RNA � 400 cps ml-1 25/26 (96%)

HIV-1 RNA � 40 cps ml-1 21/26 (81%)
Post-partum (n = 26)

Weight (kg) 55.0 (44.0–81.0)
Timing of PK sampling (weeks) 8.6 (2.6–10.3)

Infants (n = 26)

Infant weight at birth (g) 2 830 (2 200–3 548)

*Includes those women enrolled during the second trimester.
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and durable viral load suppression to prevent mother to
child transmission of HIV and the selection of viral drug
resistance.We found that blood concentrations of indinavir
boosted with ritonavir at a dose of 400/100 mg twice daily
during the second and third trimester of pregnancy were
significantly reduced compared with the early post-
partum period. Median indinavir AUC during the second

and third trimesters was reduced by ~40% compared with
post-partum and ~30% of pregnant women failed to
achieve the trough concentration target of 0.1 mg ml-1.

Ghosn et al. assessed steady-state indinavir trough
concentration in 32 HIV-infected pregnant women receiv-
ing indinavir/ritonavir 400/100 mg twice daily during
the third trimester [10]. The median trough concentration
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Figure 1
Median (� interquartile range) indinavir concentration vs. time curves for HIV-infected pregnant women using indinavir/ritonavir 400/100 mg twice daily
during the second and third trimesters of pregnancy and post-partum. Dashed line represents the typical 50th percentile concentrations in non-pregnant
historical Thai adults. , second trimester; , third trimester; , post-partum; , non-pregnant

Table 2
Indinavir/ritonavir pharmacokinetic parameters during the second and third trimesters of pregnancy and post-partum

Second trimester
(n = 13)

Third trimester
(n = 25)

Post-partum
(n = 26)

Historical data
Non-pregnant
adults [8]

Indinavir †

AUC(0,12h) (mg ml-1 h) 14.9 (10.4–38.7)* 16.10 (7.50–39.9)* 27.1 (18.6–44.7) 18.3 (11.1–33.0)

Cmax (mg ml-1) 3.89 (2.38–10.25) 3.62 (1.33–7.42)* 5.37 (3.76–9.41) 3.8 (2.2–7.8)

tmax (median, h) 2.00 (1.00–2.00) 2.00 (1.00–4.00) 2.00 (1.00–4.00) 1.9 (0.96–3.8)

C12 h (mg ml-1) 0.13 (0.07–0.23)* 0.13 (0.07–0.60)* 0.28 (0.14–0.71) 0.17 (0.10–0.39)

Cmin (mg ml-1) 0.12 (0.07–0.23)* 0.12 (0.07–0.60)* 0.28 (0.03–0.71) 0.17 (0.10–0.39)

CL/F (l h-1) 26.85 (10.34–38.46)* 24.84 (10.03–53.33)* 14.79 (8.95–21.51) 21.9 (12.1–35.8)

Met indinavir AUC(0,12 h) target‡ 10/13 (77%) 17/25 (68%) 26/26 (100%) 9/11 (82%)

Met indinavir C12 h target‡ 10/13 (77%) 19/25 (76%) 26/26 (100%) 11/11 (100%)
Ritonavir #

AUC(0,12 h) (mg ml-1 h)) 5.80 (2.82–19.78)* 5.95 (1.79–21.71)* 14.6 (5.18–25.37) 9.2 (3.9–24.8)
Cmax (mg ml-1) 0.92 (0.34–3.68)* 0.80 (0.26–3.25)* 2.50 (0.68–3.89) 1.5 (0.53–3.4)
tmax (median, h) 2.00 (1.00–4.00) 2.00 (1.00–6.00) 2.00 (1.00–6.00) 2.9 (1.4–5.0)
C12 h (mg ml-1) 0.14 (0.09–0.30)* 0.16 (0.07–0.56)* 0.32 (0.15–1.14) 0.24 (0.11–0.94)
CL/F (l h-1) 17.25 (5.06–35.52)* 16.80 (4.61–55.73)* 6.87 (3.94–19.31) 10.9 (4.0–25.6)

†Values: Median (range), AUC: Area under the concentration-time curve; CL/F: apparent oral clearance (CL/F = Dose[12 h]/AUC[12 h]); ‡AUC(0,12 h) target is 12.9 mg ml-1:
estimated 10th percentile for non-pregnant adults; C12 h Target is 0.10 mg ml-1 h: recommended minimum threshold; *P < 0.05, second trimester compared with post-partum and
third trimester compared with post-partum, Wilcoxon signed rank test.
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was 0.16 (range < 0.005-4.9) mg ml-1 and five women had
an indinavir concentration below 0.005 mg ml-1 (assay limit
of detection). These results are comparable with the
trough concentrations of 0.13 mg ml-1 observed in the
present study during the second and third trimesters
(Table 2). Post-partum trough concentrations were also
determined by Ghosn et al. in a subset of women and a
two-fold increase in the median indinavir concentration
after delivery was reported. A similar observation was
found in the present study with the indinavir median
trough concentration increasing from 0.13 mg ml-1 during
the third trimester to 0.28 mg ml-1 post-partum.

Interestingly, post-partum indinavir exposures were
greater than those observed in the historical non-pregnant

control population of non-pregnant Thai adults receiving
the 400/100 mg dose [11, 17]. Median indinavir AUC and
trough concentrations were higher in these non-pregnant
adults than were observed during pregnancy in the
present study but considerably lower than during the
post-partum period. In non-pregnant adults the trough
concentrations of indinavir reported in the intensive phar-
macokinetic studies were near the boundaries of the
therapeutic window and the interpatient variability
observed suggested that a small proportion of patients
may not achieve adequate levels within the wider popula-
tion. In a population pharmacokinetic analysis body
weight was demonstrated to influence indinavir/ritonavir
oral clearance but the majority of non-pregnant adults
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Individual indinavir (A) AUC(0,12 h) and (B) C12 h for HIV-infected pregnant women using 400/100 mg twice daily during the second and third trimesters of
pregnancy and post-partum. Dashed line represents (A) the 10th percentile AUC (12.9 mg ml-1 h) in non-pregnant historical patients and (B) suggested
minimum target trough concentration (0.1 mg ml-1)
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(>98%) weighing up to 80 kg were still expected to achieve
target trough concentrations [18]. We expected that
pregnancy-induced changes would have resolved by 6–12
weeks after delivery but it is unclear if the lower indinavir
clearance during the post-partum period is related to con-
tinued physiological and/or metabolic issues associated
with pregnancy. This apparent increase in post-partum
drug exposure has been previously observed for lopinavir/
ritonavir [19].

Indinavir is primarily metabolized by CYP3A4 and
increases in CYP3A4 activity occurs throughout pregnancy
[20]. This increase in enzyme activity may be responsible
for the lower indinavir exposure during pregnancy. Host

genetic polymorphisms in drug metabolizing enzymes
and drug transporters have been associated with antiret-
roviral drug concentrations and toxicity but limited data
on indinavir boosted with ritonavir are available.One study
reported that the CYP3A4*1B*1B genotype reduced
indinavir absorption while ABCB1 (p-glycoprotein) and
CYP3A5*3 and *6 polymorphisms were not found to influ-
ence significantly indinavir pharmacokinetics [21]. No data
during pregnancy are available. We also found reduced
ritonavir exposure during pregnancy and it is possible that
the lower indinavir exposure is due to an indirect effect of
lower ritonavir concentrations influencing indinavir clear-
ance. Similar to other protease inhibitors indinavir is poorly
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distributed to the foetal compartment with a low
cord : maternal blood ratio of 0.12 (0.05–0.23). However,
therapeutic indinavir concentrations were detected in the
cord blood in some infants.

Indinavir is now regarded as an older protease inhibitor
with ‘second generation’ protease inhibitors with once
daily dosing and improved safety profiles being preferred
in many settings. Until recently, indinavir/ritonavir was one
of the cheapest protease inhibitors available and was
widely used within second-line HAART regimens in many
resource limited settings. Today, following reductions in
drug prices there is a shift towards using lopinavir/ritonavir
or atazanavir/ritonavir PI-based regimens. However, in
our clinical experience, many patients initiated indinavir/
ritonavir and who have no tolerability problems prefer to
remain on the same regimen.

In conclusion, indinavir exposure was reduced during
pregnancy and led to a number of women with trough
concentrations below the target efficacy threshold. An
increased dose of indinavir during pregnancy may be
preferable to ensure adequate exposure throughout
pregnancy.
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