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Pharmacokinetics and 48 Week Efficacy
of Adjusted Dose Indinavir/Ritonavir in Rifampicin-Treated

HIV/Tuberculosis-Coinfected Patients: A Pilot Study

Anchalee Avihingsanon,1,2 Jasper van der Lugt,1,3 Umaporn Singphore,1 Meena Gorowara,1 Mark Boyd,4

Jintanat Ananworanich,1,2,5 Praphan Phanuphak,1 David Burger,6 and Kiat Ruxrungtham1,2

Abstract

HIV/tuberculosis (HIV/TB)-coinfected patients intolerant/resistant to nonnucleoside reverse transcriptase in-
hibitors (NNRTIs) have limited treatment options. We evaluated the pharmacokinetics (PK)/safety/efficacy of
an adjusted dose of indinavir/ritonavir (IDV/r) 600/100mg plus two NRTIs in HIV/TB-coinfected Thais re-
ceiving rifampicin-based anti-TB treatment. This was a prospective, open-label study. Eighteen Thai, HIV/
TB-coinfected patients between 18 and 60 years were recruited. IDV/r 600mg/100mg plus lamivudine and
stavudine were administered every 12 h (bid). When rifampicin was stopped, IDV/r was reduced to 400/100mg
BID. Clinical outcomes, adverse events, and concomitant drugs were intensively collected. Intensive 12-h PK was
performed after 2 weeks of IDV/r while on rifampicin. Samples were collected: predosing and 1, 2, 3, 4, 6, 8, 10,
and 12 h after drug intake. The median body weight was 55 kg. The median CD4 was 26 cells/ll. The median
HIV RNA was 5.05 log10 copies/ml. Then 15/18 underwent intensive PK at week 2. The median time between
initiating rifampicin and IDV/r was 4.5 months. The median duration of rifampicin during study (rifampicin/
IDV/r together) was 15.6 weeks. All received a total of 9 months of antituberculous drugs. The geometric means
(GM) of indinavir AUC0–12 and C12 were 8.11mg*h/liter and 0.03mg/liter, respectively. After stopping ri-
fampicin and reducing IDV/r to 400/100 bid, the GM indinavir C12 increased to 0.68mg/liter ( p = 0.004). In all,
8/18 (44%) had asymptomatic ALT elevation and 2/18 (11%) had symptomatic hepatotoxicity requiring IDV/r
discontinuation. All 13 patients who remained on IDV/r treatment had HIV RNA < 50 copies/ml at 48 weeks.
Concomitant use of rifampicin and IDV/r resulted in subtherapeutic indinavir concentrations. Although 44% of
them developed asymptomatic Grade 3/4 transaminitis, the rate of study drug discontinuation due to hepa-
totoxicity was low. Despite good virological outcome in our cohort, prolonged exposure to subtherapeutic
indinavir concentrations may lead to treatment failure.

Introduction

Coinfection with tuberculosis (TB) and human im-
munodeficiency virus (HIV) is common, particularly in

developing countries where both HIV and TB are epidemic.
Management of both TB and HIV has become a major public
health problem and will continue to be so as access to highly

active antiretroviral therapy (HAART) expands. Although
efavirenz plus two nucleoside reverse transcriptase inhibitors
(NRTIs) can often be selected as the first line regimen for
treatment of HIV/TB coinfection, there is nevertheless a need
for alternative HAART regimens in case of efavirenz toxicity
or NNRTI resistance; in such cases a ritonavir-boosted pro-
tease inhibitor (boosted PI) is often used.
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In Thailand, tuberculosis accounts for about 30% of HIV-
infected patients.1 Despite the availability of effective ther-
apy for both diseases, simultaneous treatment continues to
be one of the most complex scenarios due to drug–drug in-
teractions, high pill burden, immune recovery syndrome,
and overlapping toxicities.2,3 Based on the SAPiT trial,4 ini-
tiating HAART during TB treatment reduces all-cause mor-
tality by 56% in sputum smear-positive TB-HIV-coinfected
patients with CD4 < 500 cells/ll. This trial provides strong
justification for initiating HAART at some point during the
course of TB treatment and not deferring HAART until
after the completion of TB treatment in the HAART-eligible
patient.

In regards to TB treatment, rifampicin is the cornerstone
of effective anti-TB treatment because it is more effective
than non-rifampicin-containing regimens and allows for
shorter courses of therapy with higher rates of treatment
success.5–7 Unfortunately, rifampicin is a potent inducer of
hepatic cytochrome P450 3A (CYP3A) and drug transporter
P-glycoprotein,8–10 which results in markedly lower plasma
concentrations of boosted PIs such as indinavir/ritonavir,11

atazanavir/ritonavir,12–14 saquinavir/ritonavir,15–18 and
lopinavir/ritonavir.19 Several studies in healthy volunteers
have attempted to overcome this by using higher doses of
boosted PI; however, high rates of liver toxicity were
seen.9,10,18–20 WHO21 and the U.S. Department of Health and
Human Services22,23 therefore recommend refraining from
using a boosted PI with rifampicin until more data are
available. These guidelines instead recommend rifabutin, a
weaker inducer of CYP3A that appears to cause less pro-
nounced reductions in boosted PI exposure than rifampicin.24

Although rifabutin has recently been added to the WHO Es-
sential Medicines List, it is not available in Thailand and in
many other countries. In addition, data supporting rifabutin
efficacy and safety in HIV-infected patients are scarce25 and
when used with boosted PI, dose adjustment of both drugs is
required.26 Therefore, there is an urgent need to study the
pharmacokinetics (PK) of boosted PI and rifampicin in HIV/
TB patients. In Thailand, indinavir/ritonavir (IDV/r)-based
HAART was the most used boosted PI regimen for the na-
tional program until recently when lopinavir/ritonavir
(LPV/r) became more widely available. Even though in-
dinavir is no longer the preferred option, however, it is still
used in some patients. Indinavir/ritonavir 400/100mg twice
daily is the recommended dose for Thai patients.27,28 To ob-
tain a higher indinavir plasma concentration, we increased the
dose of boosted indinavir and hoped that the renal functions
would remain safe. In this study, we evaluated the pharma-
cokinetics of an adjusted dose of IDV/r in HIV/TB patients
before and after rifampicin-based TB treatment.

Materials and Methods

This was a prospective, open-label study with a total of 18
Thai patients concurrently infected with HIV-1 and TB. Sub-
jects were recruited through the HIV-Netherlands Australia
Thailand Research Collaboration (HIV-NAT), The Thai Red
Cross AIDS Research Centre, and King Chulalongkorn
Memorial Hospital, Bangkok, Thailand. HIV-1-infected men
andwomen between 18 and 60 years old were enrolled if they
also had active TB and had been taking rifampicin-containing
anti-TB treatment for at least 2 weeks. TB was diagnosed by

clinical symptoms plus acid fast stain and/or positive culture
for Mycobacterium tuberculosis. All patients with CD4 > 350
cells/ll, serum creatinine levels > 1.4mg/dl, and aspartate
aminotransferase (AST) and alanine aminotransferase (ALT)
levels > 5 times the upper limit of normal range were ex-
cluded. The study was approved by the Institutional Review
Boards of the Faculty of Medicine, Chulalongkorn University.
All procedures were in accordance with Helsinki Declaration
of 1975 (as revised in 1983). All subjects provided written
informed consent before starting the study. This study was
registered at clinicaltrials.gov: NCT 00411996.

At enrollment, patients commenced IDV/r 600mg/100mg
(IDV/r) plus lamivudine 150mg and stavudine 30mg every
12 h with food. After 24 weeks, stavudine (d4T) was switched
to zidovudine (AZT) 300mg or 200mg twice daily. The reason
for switching from d4T to AZT was because we wanted to
fade out d4T to prevent long-term d4T toxicity problems. We
initially used d4T because our very advanced HIV-infected
ARV-naive Thai patients had better tolerance and fewer ad-
verse effects on it compared to AZT. IDV/r 600/100mg twice
daily was switched to IDV/r 400/100mg twice daily (stan-
dard dose for Thais)27,28 when patients stopped taking
rifampicin. All patients received 2 months of isoniazid,
rifampicin, ethambutol, and pyrazinamide and 7 months of
isoniazid and rifampicin. The dosage of rifampicin was
450mg per day for patients who weighed < 50 kg and 600mg
per day for those who weighed ‡ 50 kg.

Patients were seen at weeks 1, 2, 4, 8, 12, 16, 20, 24, 36, and
48. Information on clinical outcomes, adverse events, drug
adherence by pill count, and concomitant drugs was recorded
at each time point. Blood samples were obtained to determine
CD4 + cell counts (by flow cytometry), HIV viral load (HIV
RNA) (by Roche Amplicor, version 1.5), and complete blood
cell counts at baseline and weeks 12, 24, and 48. ALT levels
were measured at baseline, days 3, 5, and 7, and weeks 2, 4, 8,
12, 16, 20, 24, 36, and 48. Intensive PK studywas performed at
week 2. Trough plasma concentrations of indinavir and rito-
navir were obtained after 12 h of IDV/r administration (C12 h)
at week 4 and at least 4 weeks after stopping rifampicin. After
completing the study, in order to follow the subjects’ TB
treatment outcome as well as continue care including HIV
treatment, patients were enrolled in a prospective long-term
cohort.

Pharmacokinetic analysis

Intensive 12-h PK study was performed after 2 weeks of
IDV/r while all patients were on rifampicin. Samples were
collected predosing and 1, 2, 3, 4, 6, 8, 10, and 12 h after drug
intake. Samples were processed within 2 h after blood col-
lection and centrifuged at 3000 rpm for 10min at 20�C. All
samples were frozen at less than - 20�C. All subjects were
observed when they took IDV/r with a standardized break-
fast of 550 kcal and 12 g of fat. Other meals and snacks
throughout the day were also standardized and no other food
was allowed. Plasma concentrations of indinavir and ritona-
vir were determined by a validated high-performance liquid
chromatography (HPLC) method with UV detection.29 The
indinavir level was linear over the range of 0.045–30.0mg/
liter. The percentage accuracy was found to be 102% at
0.15mg/liter, 105% at 1.5mg/liter, and 105% at 7.5mg/liter.
The percentages CV of within day precision were 3.22% at
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0.15mg/liter, 4.08% at 1.5mg/liter, and 2.88% at 7.5mg/liter,
and the percentages CV of between day precision were 5.81%
at 0.15mg/liter, 0.0% at 1.5mg/liter, and 0.0% at 7.5mg/liter.
The lower limit of quantification for indinavir was 0.045mg/
liter. For the ritonavir level, it was linear over the range of
0.045–30.0mg/liter. The percentage accuracy was found to be
101% at 0.15mg/liter, 104% at 1.5mg/liter, and 103% at
7.5mg/liter. The percentages CV ofwithin day precisionwere
3.22% at 0.15mg/liter, 1.70% at 1.5mg/liter, and 0.89% at
7.5mg/liter, and the percentages CV of between day preci-
sion were 3.64% at 0.15mg/liter, 1.17% at 1.5mg/liter, and
1.10% at 7.5mg/liter. The lower limit of quantification for
ritonavir is 0.045mg/liter. None of our subjects had indinavir
and ritonavir plasma concentrations below the limit of assay
quantification. The assay was externally validated.30

Pharmacokinetic parameters were calculated by non-
compartmental methods using the WinNonlin software
package (version 5.0.1; Pharsight Corporation, Mountain
View, CA) and the AUC0–12 was calculated by using the log/
linear trapezoidal rule.

Statistical methods

The primary outcome of interest was the 12-h intensive
pharmacokinetic parameters of indinavir at steady state (area
under curve: AUC0–12; maximum concentration: Cmax, trough
concentration: C12). The secondary endpoints included (1)
proportion of subjects with undetectable HIV-1 RNA (< 50
copies/ml) at weeks 12, 24, and 48, (2) median change from
baseline in CD4 count (cells/ll), (3) median change in ALT,
(4) proportion of subjects with ALT grade 3 or 4, (5) pro-
portion of patients with C12 of indinavir concentrations less
than the recommended lower limit (< 0.1mg/liter),31 and (6)
development of HIV resistance mutations at week 48. All
analyses were performed on an intent-to-treat basis (ITT) and
on-treatment (OT) analysis using SAS, version 5.1 (SAS In-
stitute, Inc., Cary, NC). The median, interquartile range (IQR;
25–75%) and 90% confidence intervals for AUC0–12, Cmax,
and C12 were calculated. Median (IQR) and frequency (%)
were used to describe the patients’ demographic character-
istics for continuous and categorical data, respectively. All
tests were two-sided and a < 0.05 was considered statistically
significant.

Results

A total of 18 HAART-naive subjects who were on rifam-
picin-based anti-TB treatment were enrolled. The median age
of the subjects was 32 years (IQR 30–38 years) with a median
body weight of 55 (IQR 46.0–62) kg. A total of 72%were male.
The median CD4 was 26 (IQR 14–82) cells/ll and the median
HIV RNA was 5.05 (IQR 4.82–5.3) log10 copies/ml. The me-
dian (IQR) time between initiation of rifampicin-based TB
treatment and IDV/r-based HAART was 4.5 months (IQR
2.1–6.3 months) and all patients continued TB treatment for a
total of 9 months in the study. The median (IQR) duration of
rifampicin during study (rifampicin/IDV/r together) was
15.6 (6.8–22) weeks. All received a total of 9 months of anti-
tuberculous drugs. Five cases were on rifampicin dosed at
450mg per day and another 13 cases were on rifampicin
600mg per day. The patients’ demographic characteristics are
summarized in Table 1.

Pharmacokinetics

Fifteen patients underwent intensive pharmacokinetic
analysis at week 2 while on IDV/r 600/100mg twice daily
and rifampicin (Table 2). Three patients did not participate in
the PK study for the following reasons: one was lost to follow-
up after the baseline visit and two had baseline rifampicin-
induced cholestasis and had IDV/r discontinued during the
first week. The geometric mean (90% CI) of indinavir C12 was
0.03 (0.02–0.05) mg/liter; only one patients had a value above
the presumptive minimum effective Ctrough concentration of
0.10mg/liter.23 At week 4 of combined TB and HIV drug, the
geometric mean (90% CI) of indinavir C12 was 0.08 (0.03–0.2)
mg/liter. After the patients discontinued rifampicin for 4
weeks, the geometric mean (90% CI) of indinavir C12 rose to
0.68 (0.5–0.93) mg/liter despite being on a reduced dose of
IDV/r 400/100mg twice daily. Figure 1 depicts the rise of C12

after rifampicin was discontinued in individual patients.

Efficacy and safety

Of the 18 enrolled patients, five did not take IDV/r beyond
week 24: one was lost to follow-up, two had baseline chole-
stasis from rifampicin, and two discontinued IDV/r at week
20 due to persistent grade 3/4 ALT elevations. For the re-
maining 13 patients, 92% and 100% had HIV RNA below 50
copies/ml at weeks 24 and 48, respectively. The proportions
of patients achieving HIV RNA below 50 copies/ml by in-
tention to treat analysis (n = 18)were 67% and 76% atweeks 24
and 48, respectively. The median CD4 increased from 26 (IQR
14–82) cells/ll at baseline to 173 (IQR 144–282) cells/ll at
week 48. All patients in follow-up completed 9 months of TB
treatment. Prior to completion of TB treatment, all patients
were asymptomatic and had negative AFB stain/culture.
There were no TB relapses during the study.

Forty-four percent (8/18) developed asymptomatic ALT
‡ 100U/liter while on concomitant rifampicin and IDV/r use
with 11% (2/18) developing grade 3/4 ALT elevations and
symptoms of jaundice and fatigue. ALT tended to peak at
days 3 and 5, and declined spontaneously by weeks 1 and 2
(Fig. 2) except in two patients who also had hepatitis C and in
these patients grade 3/4 ALT rises were seen later at week 20
resulting in discontinuation of IDV/r. Five of 15 had mild dry
lips from indinavir. None of them developed renal stone/
renal colic problems.

Table 1. Demographic Data

Total
N = 18

Gender, male N (%) 13 (72%)
Median age, year (IQR) 31.6 (29.6–37.8)
Median weight, kg (IQR) 55.0 (46.0–61.6)
Median duration
of RIF prior study, month (IQR)

4.5 (2.1–6.3)

Median duration
of RIF during study, weeks (IQR)

15.6 (6.8–22)

Median CD4 (IQR), cells/ll 26 (14–82)
Median VL (IQR), log10 copies/ml 5.05 (4.82–5.3)
Median ALT (IQR), U/liter 41.5 (37–51)

RIF, rifampicin; IQR, interquartile range; VL, viral load; ALT,
alanine aminotransferase.

PK OF IDV/RTV IN RIF-TREATED HIV/TB PATIENTS 3
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In Thailand, tuberculosis accounts for about 30% of HIV-
infected patients.1 Despite the availability of effective ther-
apy for both diseases, simultaneous treatment continues to
be one of the most complex scenarios due to drug–drug in-
teractions, high pill burden, immune recovery syndrome,
and overlapping toxicities.2,3 Based on the SAPiT trial,4 ini-
tiating HAART during TB treatment reduces all-cause mor-
tality by 56% in sputum smear-positive TB-HIV-coinfected
patients with CD4 < 500 cells/ll. This trial provides strong
justification for initiating HAART at some point during the
course of TB treatment and not deferring HAART until
after the completion of TB treatment in the HAART-eligible
patient.

In regards to TB treatment, rifampicin is the cornerstone
of effective anti-TB treatment because it is more effective
than non-rifampicin-containing regimens and allows for
shorter courses of therapy with higher rates of treatment
success.5–7 Unfortunately, rifampicin is a potent inducer of
hepatic cytochrome P450 3A (CYP3A) and drug transporter
P-glycoprotein,8–10 which results in markedly lower plasma
concentrations of boosted PIs such as indinavir/ritonavir,11

atazanavir/ritonavir,12–14 saquinavir/ritonavir,15–18 and
lopinavir/ritonavir.19 Several studies in healthy volunteers
have attempted to overcome this by using higher doses of
boosted PI; however, high rates of liver toxicity were
seen.9,10,18–20 WHO21 and the U.S. Department of Health and
Human Services22,23 therefore recommend refraining from
using a boosted PI with rifampicin until more data are
available. These guidelines instead recommend rifabutin, a
weaker inducer of CYP3A that appears to cause less pro-
nounced reductions in boosted PI exposure than rifampicin.24

Although rifabutin has recently been added to the WHO Es-
sential Medicines List, it is not available in Thailand and in
many other countries. In addition, data supporting rifabutin
efficacy and safety in HIV-infected patients are scarce25 and
when used with boosted PI, dose adjustment of both drugs is
required.26 Therefore, there is an urgent need to study the
pharmacokinetics (PK) of boosted PI and rifampicin in HIV/
TB patients. In Thailand, indinavir/ritonavir (IDV/r)-based
HAART was the most used boosted PI regimen for the na-
tional program until recently when lopinavir/ritonavir
(LPV/r) became more widely available. Even though in-
dinavir is no longer the preferred option, however, it is still
used in some patients. Indinavir/ritonavir 400/100mg twice
daily is the recommended dose for Thai patients.27,28 To ob-
tain a higher indinavir plasma concentration, we increased the
dose of boosted indinavir and hoped that the renal functions
would remain safe. In this study, we evaluated the pharma-
cokinetics of an adjusted dose of IDV/r in HIV/TB patients
before and after rifampicin-based TB treatment.

Materials and Methods

This was a prospective, open-label study with a total of 18
Thai patients concurrently infected with HIV-1 and TB. Sub-
jects were recruited through the HIV-Netherlands Australia
Thailand Research Collaboration (HIV-NAT), The Thai Red
Cross AIDS Research Centre, and King Chulalongkorn
Memorial Hospital, Bangkok, Thailand. HIV-1-infected men
andwomen between 18 and 60 years old were enrolled if they
also had active TB and had been taking rifampicin-containing
anti-TB treatment for at least 2 weeks. TB was diagnosed by

clinical symptoms plus acid fast stain and/or positive culture
for Mycobacterium tuberculosis. All patients with CD4 > 350
cells/ll, serum creatinine levels > 1.4mg/dl, and aspartate
aminotransferase (AST) and alanine aminotransferase (ALT)
levels > 5 times the upper limit of normal range were ex-
cluded. The study was approved by the Institutional Review
Boards of the Faculty of Medicine, Chulalongkorn University.
All procedures were in accordance with Helsinki Declaration
of 1975 (as revised in 1983). All subjects provided written
informed consent before starting the study. This study was
registered at clinicaltrials.gov: NCT 00411996.

At enrollment, patients commenced IDV/r 600mg/100mg
(IDV/r) plus lamivudine 150mg and stavudine 30mg every
12 h with food. After 24 weeks, stavudine (d4T) was switched
to zidovudine (AZT) 300mg or 200mg twice daily. The reason
for switching from d4T to AZT was because we wanted to
fade out d4T to prevent long-term d4T toxicity problems. We
initially used d4T because our very advanced HIV-infected
ARV-naive Thai patients had better tolerance and fewer ad-
verse effects on it compared to AZT. IDV/r 600/100mg twice
daily was switched to IDV/r 400/100mg twice daily (stan-
dard dose for Thais)27,28 when patients stopped taking
rifampicin. All patients received 2 months of isoniazid,
rifampicin, ethambutol, and pyrazinamide and 7 months of
isoniazid and rifampicin. The dosage of rifampicin was
450mg per day for patients who weighed < 50 kg and 600mg
per day for those who weighed ‡ 50 kg.

Patients were seen at weeks 1, 2, 4, 8, 12, 16, 20, 24, 36, and
48. Information on clinical outcomes, adverse events, drug
adherence by pill count, and concomitant drugs was recorded
at each time point. Blood samples were obtained to determine
CD4 + cell counts (by flow cytometry), HIV viral load (HIV
RNA) (by Roche Amplicor, version 1.5), and complete blood
cell counts at baseline and weeks 12, 24, and 48. ALT levels
were measured at baseline, days 3, 5, and 7, and weeks 2, 4, 8,
12, 16, 20, 24, 36, and 48. Intensive PK studywas performed at
week 2. Trough plasma concentrations of indinavir and rito-
navir were obtained after 12 h of IDV/r administration (C12 h)
at week 4 and at least 4 weeks after stopping rifampicin. After
completing the study, in order to follow the subjects’ TB
treatment outcome as well as continue care including HIV
treatment, patients were enrolled in a prospective long-term
cohort.

Pharmacokinetic analysis

Intensive 12-h PK study was performed after 2 weeks of
IDV/r while all patients were on rifampicin. Samples were
collected predosing and 1, 2, 3, 4, 6, 8, 10, and 12 h after drug
intake. Samples were processed within 2 h after blood col-
lection and centrifuged at 3000 rpm for 10min at 20�C. All
samples were frozen at less than - 20�C. All subjects were
observed when they took IDV/r with a standardized break-
fast of 550 kcal and 12 g of fat. Other meals and snacks
throughout the day were also standardized and no other food
was allowed. Plasma concentrations of indinavir and ritona-
vir were determined by a validated high-performance liquid
chromatography (HPLC) method with UV detection.29 The
indinavir level was linear over the range of 0.045–30.0mg/
liter. The percentage accuracy was found to be 102% at
0.15mg/liter, 105% at 1.5mg/liter, and 105% at 7.5mg/liter.
The percentages CV of within day precision were 3.22% at
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0.15mg/liter, 4.08% at 1.5mg/liter, and 2.88% at 7.5mg/liter,
and the percentages CV of between day precision were 5.81%
at 0.15mg/liter, 0.0% at 1.5mg/liter, and 0.0% at 7.5mg/liter.
The lower limit of quantification for indinavir was 0.045mg/
liter. For the ritonavir level, it was linear over the range of
0.045–30.0mg/liter. The percentage accuracy was found to be
101% at 0.15mg/liter, 104% at 1.5mg/liter, and 103% at
7.5mg/liter. The percentages CV ofwithin day precisionwere
3.22% at 0.15mg/liter, 1.70% at 1.5mg/liter, and 0.89% at
7.5mg/liter, and the percentages CV of between day preci-
sion were 3.64% at 0.15mg/liter, 1.17% at 1.5mg/liter, and
1.10% at 7.5mg/liter. The lower limit of quantification for
ritonavir is 0.045mg/liter. None of our subjects had indinavir
and ritonavir plasma concentrations below the limit of assay
quantification. The assay was externally validated.30

Pharmacokinetic parameters were calculated by non-
compartmental methods using the WinNonlin software
package (version 5.0.1; Pharsight Corporation, Mountain
View, CA) and the AUC0–12 was calculated by using the log/
linear trapezoidal rule.

Statistical methods

The primary outcome of interest was the 12-h intensive
pharmacokinetic parameters of indinavir at steady state (area
under curve: AUC0–12; maximum concentration: Cmax, trough
concentration: C12). The secondary endpoints included (1)
proportion of subjects with undetectable HIV-1 RNA (< 50
copies/ml) at weeks 12, 24, and 48, (2) median change from
baseline in CD4 count (cells/ll), (3) median change in ALT,
(4) proportion of subjects with ALT grade 3 or 4, (5) pro-
portion of patients with C12 of indinavir concentrations less
than the recommended lower limit (< 0.1mg/liter),31 and (6)
development of HIV resistance mutations at week 48. All
analyses were performed on an intent-to-treat basis (ITT) and
on-treatment (OT) analysis using SAS, version 5.1 (SAS In-
stitute, Inc., Cary, NC). The median, interquartile range (IQR;
25–75%) and 90% confidence intervals for AUC0–12, Cmax,
and C12 were calculated. Median (IQR) and frequency (%)
were used to describe the patients’ demographic character-
istics for continuous and categorical data, respectively. All
tests were two-sided and a < 0.05 was considered statistically
significant.

Results

A total of 18 HAART-naive subjects who were on rifam-
picin-based anti-TB treatment were enrolled. The median age
of the subjects was 32 years (IQR 30–38 years) with a median
body weight of 55 (IQR 46.0–62) kg. A total of 72%were male.
The median CD4 was 26 (IQR 14–82) cells/ll and the median
HIV RNA was 5.05 (IQR 4.82–5.3) log10 copies/ml. The me-
dian (IQR) time between initiation of rifampicin-based TB
treatment and IDV/r-based HAART was 4.5 months (IQR
2.1–6.3 months) and all patients continued TB treatment for a
total of 9 months in the study. The median (IQR) duration of
rifampicin during study (rifampicin/IDV/r together) was
15.6 (6.8–22) weeks. All received a total of 9 months of anti-
tuberculous drugs. Five cases were on rifampicin dosed at
450mg per day and another 13 cases were on rifampicin
600mg per day. The patients’ demographic characteristics are
summarized in Table 1.

Pharmacokinetics

Fifteen patients underwent intensive pharmacokinetic
analysis at week 2 while on IDV/r 600/100mg twice daily
and rifampicin (Table 2). Three patients did not participate in
the PK study for the following reasons: one was lost to follow-
up after the baseline visit and two had baseline rifampicin-
induced cholestasis and had IDV/r discontinued during the
first week. The geometric mean (90% CI) of indinavir C12 was
0.03 (0.02–0.05) mg/liter; only one patients had a value above
the presumptive minimum effective Ctrough concentration of
0.10mg/liter.23 At week 4 of combined TB and HIV drug, the
geometric mean (90% CI) of indinavir C12 was 0.08 (0.03–0.2)
mg/liter. After the patients discontinued rifampicin for 4
weeks, the geometric mean (90% CI) of indinavir C12 rose to
0.68 (0.5–0.93) mg/liter despite being on a reduced dose of
IDV/r 400/100mg twice daily. Figure 1 depicts the rise of C12

after rifampicin was discontinued in individual patients.

Efficacy and safety

Of the 18 enrolled patients, five did not take IDV/r beyond
week 24: one was lost to follow-up, two had baseline chole-
stasis from rifampicin, and two discontinued IDV/r at week
20 due to persistent grade 3/4 ALT elevations. For the re-
maining 13 patients, 92% and 100% had HIV RNA below 50
copies/ml at weeks 24 and 48, respectively. The proportions
of patients achieving HIV RNA below 50 copies/ml by in-
tention to treat analysis (n = 18)were 67% and 76% atweeks 24
and 48, respectively. The median CD4 increased from 26 (IQR
14–82) cells/ll at baseline to 173 (IQR 144–282) cells/ll at
week 48. All patients in follow-up completed 9 months of TB
treatment. Prior to completion of TB treatment, all patients
were asymptomatic and had negative AFB stain/culture.
There were no TB relapses during the study.

Forty-four percent (8/18) developed asymptomatic ALT
‡ 100U/liter while on concomitant rifampicin and IDV/r use
with 11% (2/18) developing grade 3/4 ALT elevations and
symptoms of jaundice and fatigue. ALT tended to peak at
days 3 and 5, and declined spontaneously by weeks 1 and 2
(Fig. 2) except in two patients who also had hepatitis C and in
these patients grade 3/4 ALT rises were seen later at week 20
resulting in discontinuation of IDV/r. Five of 15 had mild dry
lips from indinavir. None of them developed renal stone/
renal colic problems.

Table 1. Demographic Data

Total
N = 18

Gender, male N (%) 13 (72%)
Median age, year (IQR) 31.6 (29.6–37.8)
Median weight, kg (IQR) 55.0 (46.0–61.6)
Median duration
of RIF prior study, month (IQR)

4.5 (2.1–6.3)

Median duration
of RIF during study, weeks (IQR)

15.6 (6.8–22)

Median CD4 (IQR), cells/ll 26 (14–82)
Median VL (IQR), log10 copies/ml 5.05 (4.82–5.3)
Median ALT (IQR), U/liter 41.5 (37–51)

RIF, rifampicin; IQR, interquartile range; VL, viral load; ALT,
alanine aminotransferase.
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Discussion

The primary aim of our study was to test the concept of
using ritonavir-boosted indinavir with rifampicin in patients
with HIV/TB coinfection. Boosted indinavir was selected
because it was the most used PI in Thailand at the time this
study was conducted. In addition, PK, efficacy, and safety
data of IDV/r were well documented in Thais28,32–37 and a
case report from our institution encouraged us to formally
investigate its use in treatment of HIV/TB coinfection.38

In this study, we showed that subtherapeutic concentra-
tions of indinavir were seen in Thais who used IDV/r 600/
100mg twice daily with rifampicin 600mg once daily, but
despite this the majority of patients achieved viral undetect-
ability at 48 weeks. About half had asymptomatic ALT ele-
vation with 11% having grade 3/4 ALT elevation. After
rifampicin was stopped, all patients achieved adequate in-
dinavir C12 concentrations despite IDV/r dosing being re-
duced to 400/100mg twice daily. In addition, none of them
developed renal stone/renal colic problems. This was because
the patients had low indinavir concentrations that have been
associated with a reduced risk for developing indinavir-
associated renal toxicity.

The current study demonstrates that the PK interaction
between IDV/r and rifampicin is similar to other reported
studies of indinavir/ritonavir,11 atazanavir/ritonavir,12–14

saquinavir/ritonavir,15–18 and lopinavir/ritonavir,19 which
showed a reduction of PI concentrations when used with ri-
fampicin despite increasing the PI and/or the ritonavir dose.
The standard dose of IDV/r used in Thais is 400/100mg.27,28

Despite raising the indinavir dose by 50% to 600mg twice
daily, we could not overcome rifampicin’s inducing effect on
indinavir pharmacokinetics. These previously published
studies were mainly done in healthy volunteers; therefore,
few reported immunologic and virological outcomes with PI
and rifampicin concomitant use.

Our patients had advanced HIV disease with median CD4
counts of 26 cells/ll. It was not our intention to focus on
patients with low CD4 counts but the majority of our HIV/
TB-coinfected patients had low CD4 counts. In this study,
they achieved a remarkable increase in CD4 count and HIV
viral suppression despite having subtherapeutic plasma
concentrations of indinavir. In addition, the AUC0–12 of the
IDV/r 600/100mg dose with rifampicin in our study
(8.11mg*h/liter) was also much lower than observed in Thai
adults taking an IDV/r 600/100mg dose in the absence of
TB treatment (39.3mg*h/liter).37 By intention to treat analysis,
the proportion of our patients achieving HIV RNA < 50
copies/ml was similar to those who received saquinavir/
ritonavir and rifampicin: 62.5%16 and 90%18 for saquinavir/
ritonavir 1600/200mg once daily and saquinavir/ritonavir
1000/100mg twice daily, respectively. There are no efficacy
data on atazanavir/ritonavir and rifampicin, only pharma-
cokinetic and short-term safety data showing suboptimal
atazanavir concentrations12,14,39 and hepatitis/gastrointesti-
nal intolerance. In addition, there are no prospective long-
term efficacy data on lopinavir/ritonavir and rifampicin in
adults. Only one retrospective study showed that in patients
using nonadjusted dosing of lopinavir/ritonavir with ri-
fampicin (n= 23),40 62% had undetectable HIV RNA and 17%
had adverse events while 40% of patients on a recommended
dose of lopinavir/ritonavir (n = 5) had to prematurely stop
lopinavir/ritonavir due to adverse events. Recently, a report
from a South African collaborative group (n = 21)41 sug-
gested doubling the dose of LPV/r so that the concentrations
of lopinavir will be sufficient as well as tolerable, which re-
sulted in having only two patients who developed asymp-
tomatic hepatitis.

Table 2. Pharmacokinetic Parameters for Indinavir and Ritonavir (Median, IQR)
in Patients Receiving Indinavir/Ritonavir 600/100mg Twice Daily Dose with Rifampin

AUC0–12 Cmax Ctrough t1/2 Oral clearance
(mg*h/liter) C12 (mg/liter) (C12mg/liter) (h) (liter/h)

Indinavir
Geometric mean (90% CI) 8.11 (5.56–11.82) 2.75 (1.82–4.16) 0.03 (0.02–0.04) 1.71 (1.59–1.84) 72.98 (50.27–105.96)
Mean (90% CI) 11.46 (8.4–14.52) 4.15 (2.85–5.46) 0.04 (0.02–0.05) 1.75 (1.57–1.92) 148.86 (43.42–254.3)
Range 0.66–22.29 0.14–10.19 0.01–0.14 1.27–2.55 26.82–847.16
CV (%) 58.68 68.98 82.02 21.68 155.76

Ritonavir
Geometric mean (90% CI) 2.43 (1.57–3.76) 0.63 (0.39–1.01) 0.02 (0.01–0.02) 1.72 (1.55–1.9) 33.02 (22.87–47.66)
Mean (90% CI) 3.94 (2.62–5.27) 1.09 (0.67–1.5) 0.03 (0.02–0.04) 1.79 (1.52–2.05) 58.81 (21.21–96.41)
Range 0.15–9.06 0.02–3.22 0–0.08 1.15–2.99 10.87–286.59
CV (%) 74.02 83.48 90.87 31.10 135.09

FIG. 1. Individual indinavir Ctrough concentrations (C12h)
with and without rifampicin. The dosages of indinavir and
ritonavir with or without rifampicin were different between
both groups. Patients who took indinavir 600mg and rito-
navir 100mg twice daily with rifampicin were compared to
those who took indinavir 400mg and ritonavir 100mg twice
daily without rifampicin. Solid lines show the median in-
terquartile range (IQR).
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The favorable virological response seen in our study
despite subtherapeutic plasma indinavir concentrations
could possibly be explained by the short duration of com-
bined treatment of rifampicin and indinavir/ritonavir and
the presence of two active NRTIs in the regimen. Never-
theless, prolonged exposure to subtherapeutic drug con-
centrations could predispose patients to treatment failure.35

Another explanation could be that the target of 0.10mg/
liter is not correct; it is mainly based on pharmacokinetic/
pharmacodynamic studies with unboosted indinavir, which
may not apply fully for boosted indinavir regimens.

One of the main issues prohibiting the use of a PI with
rifampicin is hepatotoxicity. Two patients (11%) had symp-
tomatic liver toxicities with grade 3/4 ALT elevation at week
20. These patients were coinfected with hepatitis C, which
explains why they developed liver toxicities. Another six
patients had asymptomatic ALT elevations that occurred
early within the first week after adding indinavir/r to
rifampicin-based TB treatment but resolved within 2 weeks.
Other studies using saquinavir/ritonavir42 and lopinavir/
ritonavir19 in HIV-uninfected volunteers showed similar
rates of rifampicin/boosted PI-associated hepatotoxicity after
adding boosted PIs to rifampicin, but with higher rates of
toxicity-related discontinuation of the medication. The path-
ogenesis of rifampicin/boosted PI-associated hepatotoxicity
is not well understood; additive toxicity from rifampicin,
isoniazid, and boosted PI, the formation of toxic metabolites,
and an immune-mediated mechanism have all been postu-
lated. In healthy volunteer studies,19,39,42 the rates of elevated
liver enzymes seem to be higher when rifampicin was started
prior to the addition of the boosted PIs whereas this toxicity
was substantially less in other healthy volunteer studies when
rifampicin was started after initiation of HIV drugs.

Studies in healthy volunteers strongly indicate that the
sequence of introducing the PI is a factor contributing to the
risk of hepatotoxicity. However, it is unclear why there is a
discrepancy in the rate of developing clinical hepatotoxicity in

HIV-uninfected and HIV-infected individuals. We speculate
that immune-mediated injury is strongly attenuated in heal-
thy volunteers compared to HIV-infected individuals who
have much lower CD4 cell counts. Another possibility is the
uptake of antituberculosis drug; the bioavailability of TB
drugs is reduced in patients with advanced AIDS.43 There-
fore, the findings of hepatotoxicity from the combination
treatment of rifampicin and boosted PI in healthy volunteers
may not apply to all HIV-infected patients with active TB
because they usually have advanced HIV disease with low
CD4 cell counts.

There are limitations in our study. First, our sample size
was not large enough to thoroughly evaluate the long-term
efficacy of rifampicin and boosted indinavir. Second, the
IDV/r dosages selected in this study may not be applicable
to patients of white, African, or Latin descent, but only
for Thais or Asians with small body stature. In addition,
indinavir is currently not recommended in U.S.33 and Eu-
ropean guidelines44 due to its long-term renal toxicity and
therefore has no relevance to patients from developed
countries. Last, our patients were begun on antiviral therapy
near the end of TB therapy with a duration of rifampicin and
boosted indinavir combination of only 16 weeks. This could
explain why the outcomes of our study were excellent, as PI
mutations would take time to develop. Therefore, we rec-
ommend the use of therapeutic drug monitoring to monitor
PI plasma concentrations in patients with rifampicin and
boosted PI if resources are available. However, if such re-
sources are not available, boosted PIs should not be coad-
ministered with rifampicin until clear guidelines have been
established.

In conclusion, this study showed that concomitant use of
IDV/r with rifampicin resulted in subtherapeutic plasma
concentrations of indinavir. We showed rates of hepatotox-
icity similar to those reported in HIV-uninfected volunteers.
However, our study had lower rates of drug discontinuation
due to hepatotoxicity. Although the majority of patients

FIG. 2. Median alanine
aminotransferase (ALT) and
interquartile range (IQR) over
time. At week 20, two pa-
tients developed symptom-
atic hepatitis grade 3/4.
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Discussion
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associated with a reduced risk for developing indinavir-
associated renal toxicity.

The current study demonstrates that the PK interaction
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daily, we could not overcome rifampicin’s inducing effect on
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viral suppression despite having subtherapeutic plasma
concentrations of indinavir. In addition, the AUC0–12 of the
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copies/ml was similar to those who received saquinavir/
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adults. Only one retrospective study showed that in patients
using nonadjusted dosing of lopinavir/ritonavir with ri-
fampicin (n= 23),40 62% had undetectable HIV RNA and 17%
had adverse events while 40% of patients on a recommended
dose of lopinavir/ritonavir (n = 5) had to prematurely stop
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the presence of two active NRTIs in the regimen. Never-
theless, prolonged exposure to subtherapeutic drug con-
centrations could predispose patients to treatment failure.35

Another explanation could be that the target of 0.10mg/
liter is not correct; it is mainly based on pharmacokinetic/
pharmacodynamic studies with unboosted indinavir, which
may not apply fully for boosted indinavir regimens.

One of the main issues prohibiting the use of a PI with
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20. These patients were coinfected with hepatitis C, which
explains why they developed liver toxicities. Another six
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ommend the use of therapeutic drug monitoring to monitor
PI plasma concentrations in patients with rifampicin and
boosted PI if resources are available. However, if such re-
sources are not available, boosted PIs should not be coad-
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IDV/r with rifampicin resulted in subtherapeutic plasma
concentrations of indinavir. We showed rates of hepatotox-
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achieved viral suppression, subtherapeutic indinavir con-
centrations could predispose them to treatment failure, par-
ticularly if the duration of exposure is longer than in our
study. Therefore, such a regimen should be used only when
other options are not available and for short durations with
frequent ALT and clinical follow-up particularly during the
first 2 weeks. In addition, such a regimen should not be used
in patients with other risks for hepatotoxicity such as chronic
hepatitis B or C coinfections. In HIV/TB-coinfected patients,
other alternative treatments for TB such as using second
generation TB drugs45 or using other HIV drug classes such as
rifampicin with raltegravir should be explored.46 In addition,
more studies on drug interactions and treatment outcome of
rifabutin and PIs and other HIV drug classeswill be important
to provide effective and safe treatment options for HIV/
TB-coinfected patients.
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achieved viral suppression, subtherapeutic indinavir con-
centrations could predispose them to treatment failure, par-
ticularly if the duration of exposure is longer than in our
study. Therefore, such a regimen should be used only when
other options are not available and for short durations with
frequent ALT and clinical follow-up particularly during the
first 2 weeks. In addition, such a regimen should not be used
in patients with other risks for hepatotoxicity such as chronic
hepatitis B or C coinfections. In HIV/TB-coinfected patients,
other alternative treatments for TB such as using second
generation TB drugs45 or using other HIV drug classes such as
rifampicin with raltegravir should be explored.46 In addition,
more studies on drug interactions and treatment outcome of
rifabutin and PIs and other HIV drug classeswill be important
to provide effective and safe treatment options for HIV/
TB-coinfected patients.

Acknowledgments

We thank all participants and staff of HIV-NAT, Thai Red
Cross AIDS. This study was presented as a poster (Poster
number TUPEB144) at the 5th IAS Conference on HIV Pa-
thogenesis, Treatment and Prevention, Cape Town, South
Africa on 19–22 July 2009.

This study was funded by the Commission of Higher
Education (CHE) and The Aligning Care and Prevention of
HIV/AIDS with Government Decentralization to Achieve
Coverage and Impact: ACHIEVED Project (The Global fund
Project, Thailand).

The clinical trial registration number is NCT 00411996.

Author Disclosure Statement

J.A. has received educational grants, travel grants, and/or
speakers’ honoraria from Roche, Gilead, Abbott, and Tibotec.
K.R. has received research grants/funding, honoraria, or is
a consultant or advisor to, or lecture sponsorships from
Abbott, Boehringer-Ingelheim, Bristol-Myers-Squibb, Gilead,
GlaxoSmithKline, Hoffmann-LaRoche, Janssen-Cilag, Merck
Sharpe & Dohme, Tibotec, and Virco. M.B. has received
honoraria for HIV advisory board services and presentations
provided for Abbott, Bristol-Myers-Squibb, Janssen-Cilag,
and Merck.

References

1. Bureau of Epidemiology, Department of Disease Control
Ministry of Public Health: Access online at http://epid
.moph.go.th, May 15, 2011.

2. Breen RA, Swaden L, Ballinger J, and Lipman MC: Tu-
berculosis and HIV co-infection: A practical therapeutic
approach. Drugs 2006;66(18):2299–2308.

3. Aaron L, Saadoun D, Calatroni I, et al.: Tuberculosis in HIV-
infected patients: A comprehensive review. Clin Microbiol
Infect 2004;10(5):388–398.

4. Abdool Karim SS, Naidoo K, Grobler A, Padayatchi N,
Baxter C, Gray A, et al.: Timing of initiation of antiretroviral
drugs during tuberculosis therapy. N Engl J Med 2010;362:
697–706.

5. Corbett EL, Marston B, Churchyard GJ, and De Cock KM:
Tuberculosis in sub-Saharan Africa: Opportunities, chal-
lenges, and change in the era of antiretroviral treatment.
Lancet 2006;367(9514):926–937.

6. Jindani A, Nunn AJ, and Enarson DA: Two 8-month regi-
mens of chemotherapy for treatment of newly diagnosed
pulmonary tuberculosis: International multicentre rando-
mised trial. Lancet 2004;364(9441):1244–1251.

7. O’Donnel MM, Souza Carvalho S, Gadelha AJ, et al.: Poor
response to tuberculosis treatment with regimens without
rifampicin in immunosuppressed AIDS patients. Braz J In-
fect Dis 2002;6(6):272–275.

8. Niemi M, Backman JT, Fromm MF, Neuvonen PJ, and Ki-
visto KT: Pharmacokinetic interactions with rifampicin:
Clinical relevance. Clin Pharmacokinet 2003;42(9):819–850.

9. Baciewicz AM, Chrisman CR, Finch CK, and Self TH: Up-
date on rifampin and rifabutin drug interactions. Am J Med
Sci 2008;335(2):126–136.

10. Finch CK, Chrisman CR, Baciewicz AM, and Self TH. Ri-
fampin and rifabutin drug interactions: An update. Arch
Intern Med 2002;162(9):985–992.

11. Justesen US, Andersen AB, Klitgaard NA, Brosen K, Gerstoft
J, and Pedersen C: Pharmacokinetic interaction between
rifampin and the combination of indinavir and low-dose
ritonavir in HIV-infected patients. Clin Infect Dis 2004;38(3):
426–429.

12. Mallolas J, Sarasa M, Nomdedeu M, et al.: Pharmacokinetic
interaction between rifampicin and ritonavir-boosted ataza-
navir in HIV-infected patients. HIV Med 2007;8(2):131–134.

13. Burger DM, Agarwala S, Child M, Been-Tiktak A, Wang Y,
and Bertz R: Effect of rifampin on steady-state pharmaco-
kinetics of atazanavir with ritonavir in healthy volunteers.
Antimicrob Agents Chemother 2006;50(10):3336–3342.

14. Acosta EP, Kendall MA, Gerber JG, et al.: Effect of con-
comitantly administered rifampin on the pharmacokinetics
and safety of atazanavir administered twice daily. Anti-
microb Agents Chemother 2007;51(9):3104–3110.

15. Ribera E, Azuaje C, Lopez RM, et al.: Pharmacokinetic inter-
action between rifampicin and the once-daily combination of
saquinavir and low-dose ritonavir in HIV-infected patients
with tuberculosis. JAntimicrobChemother 2007;59(4):690–697.

16. Ribera E, Azuaje C, Lopez RM, et al.: Once-daily regimen
of saquinavir, ritonavir, didanosine, and lamivudine in
HIV-infected patients with standard tuberculosis therapy
(TBQD Study). J Acquir Immune Defic Syndr 2005;40(3):
317–323.

17. Rolla VC, da Silva Vieira MA, Pereira Pinto D, et al.: Safety,
efficacy and pharmacokinetics of ritonavir 400mg/saquina-
vir 400mg twice daily plus rifampicin combined therapy in
HIV patients with tuberculosis. Clin Drug Investig 2006;
26(8):469–479.

18. Losso MH, Lourtau LD, Toibaro JJ, Saenz C, and Gonzalez
C: The use of saquinavir/ritonavir 1000/100mg twice daily
in patients with tuberculosis receiving rifampin. Antivir
Ther 2004;9(6):1031–1033.

19. Nijland HM, L’Homme RF, Rongen GA, et al.: High inci-
dence of adverse events in healthy volunteers receiving ri-
fampicin and adjusted doses of lopinavir/ritonavir tablets.
AIDS 2008;22(8):931–935.

20. la Porte CJ, Colbers EP, Bertz R, Voncken DS, Wikstrom K,
Boeree MJ, et al.: Pharmacokinetics of adjusted-dose lopi-
navir-ritonavir combined with rifampin in healthy volun-
teers. Antimicrob Agents Chemother 2004;48:1553–1560.

21. WHO: Essential prevention and care interventions for adults
and adolescents living with HIV in resource-limited settings.
1 July 2008. Accessed online at http://www.who.int/hiv/
pub/plhiv/interventions/en/index.html on December 13,
2011.

6 AVIHINGSANON ET AL.

22. Kaplan JE, Benson C, Holmes KH, Brooks JT, Pau A, and
Masur H: Guidelines for prevention and treatment of op-
portunistic infections in HIV-infected adults and adoles-
cents: Recommendations from CDC, the National Institutes
of Health, and the HIV Medicine Association of the In-
fectious Diseases Society of America. MMWR Recomm Rep
2009;58(RR-4):1–207.

23. Guidelines for the use of antiretroviral agents in HIV-1 in-
fected adults and adolescents. Department of Health and
Human Services, January 10, 2011. Accessed online at
http://www.aidsinfo.nih.gov, May 14, 2011.

24. Davies G, Cerri S, and Richeldi L: Rifabutin for treating
pulmonary tuberculosis. Cochrane Database Syst Rev 2007;
17(4):CD005159.

25. Jenny-Avital ER and Joseph K: Rifamycin-resistant Myco-
bacterium tuberculosis in the highly active antiretroviral
therapy era: A report of 3 relapses with acquired rifampin
resistance following alternate-day rifabutin and boosted
protease inhibitor therapy. Clin Infect Dis 2009;48(10):1471–
1474.

26. CDC: Managing drug interactions in the treatment of HIV-
related tuberculosis [online]. 2007. Available from URL:
http://www.cdc.gov/tb/publications/guidelines/TB_HIV_
Drugs/PDF/tbhiv.pdf. Accessed December 13, 2011.

27. Sungkanuparph S, Anekthananon T, Hiransuthikul N, et al.:
Guidelines for antiretroviral therapy in HIV-1 infected
adults and adolescents: The recommendations of the Thai
AIDS Society (TAS) 2008. J Med Assoc Thai 2008;91(12):
1925–1935.

28. Mootsikapun P, Chetchotisakd P, Anunnatsiri S, and Boo-
nyaprawit P: Efficacy and safety of indinavir/ritonavir 400/
100mg twice daily plus two nucleoside analogues in treat-
ment-naive HIV-1-infected patients with CD4 + T-cell
counts < 200 cells/mm3: 96-week outcomes. Antivir Ther
2005;10(8):911–916.

29. Droste JA, Verweij-Van Wissen CP, and Burger DM:
Simultaneous determination of the HIV drugs indinavir,
amprenavir, saquinavir, ritonavir, lopinavir, nelfinavir,
the nelfinavir hydroxymetabolite M8, and nevirapine
in human plasma by reversed-phase high-performance
liquid chromatography. Ther Drug Monit 2003;25(3):
393–399.

30. Burger D, Teulen M, Eerland J, Harteveld A, Aarnoutse R,
and Touw D: The international interlaboratory quality con-
trol program for measurement of antiretroviral drugs in
plasma: A global proficiency testing program. Ther Drug
Monit 2011;33(2):239–243.

31. Boyd M, Mootsikapun P, Burger D, et al.: Pharmacokinetics
of reduced-dose indinavir/ritonavir 400/100mg twice daily
in HIV-1-infected Thai patients. Antivir Ther 2005;10(2):301–
307.

32. Boyd MA, Aarnoutse RE, Ruxrungtham K, et al.: Pharma-
cokinetics of indinavir/ritonavir (800/100mg) in combina-
tion with efavirenz (600mg) in HIV-1-infected subjects. J
Acquir Immune Defic Syndr 2003;34(2):134–139.

33. DHHS: Guidelines for the use of antiretroviral agents in
HIV-1 infected adults and adolescents. Department of Health
And Human Services. January 10, 2011. Accessed online at
http://www.aidsinfo.nih.gov/ContentFiles/AdultandAdole
scentGL.pdf, May 14, 2011.

34. Boyd MA, Siangphoe U, Ruxrungtham K, et al.: Indinavir/
ritonavir 800/100mg bid and efavirenz 600mg qd in pa-
tients failing treatment with combination nucleoside reverse

transcriptase inhibitors: 96-week outcomes of HIV-NAT 009.
HIV Med 2005;6(6):410–420.

35. Burger D, Boyd M, Duncombe C, et al.: Pharmacokinetics
and pharmacodynamics of indinavir with or without low-
dose ritonavir in HIV-infected Thai patients. J Antimicrob
Chemother 2003;51(5):1231–1238.

36. Boyd MA, Srasuebkul P, Khongphattanayothin M, et al.:
Boosted versus unboosted indinavir with zidovudine and
lamivudine in nucleoside pre-treated patients: A random-
ized, open-label trial with 112 weeks of follow-up (HIV-NAT
005). Antivir Ther 2006;11(2):223–232.

37. Cressey TR, Leenasirimakul P, Jourdain G, et al.: Low-doses
of indinavir boosted with ritonavir in HIV-infected Thai
patients: Pharmacokinetics, efficacy and tolerability. J Anti-
microb Chemother 2005;55(6):1041–1044.

38. Boyd MA, Burger DM, Phanuphak P, and Cooper DA:
Maintenance of successful ritonavir-boosted indinavir and
efavirenz therapy in an HIV-infected patient with tubercu-
losis. AIDS 2006;20(7):1083–1085.

39. Haas DW, Koletar SL, Laughlin L, Kendall MA, Suckow C,
Gerber JG, et al.: Hepatotoxicity and gastrointestinal intol-
erance when healthy volunteers taking rifampin add twice-
daily atazanavir and ritonavir. J Acquir Immune Defic Syndr
2009,50:290–293.

40. L’Homme RF, Nijland HM, Gras L, et al.: Clinical experience
with the combined use of lopinavir/ritonavir and rifampi-
cin. AIDS 2009;23(7):863–865.

41. Decloedt EH, McIlleron H, Smith P, Merry C, Orrell C, and
Maartens G: Pharmacokinetics of lopinavir in HIV-infected
adults receiving rifampin with adjusted doses of lopinavir-
ritonavir tablets. Antimicrob Agents Chemother 2011;55(7):
3195–3200.

42. Schmitt C, Riek M, Winters K, Schutz M, and Grange S:
Unexpected hepatotoxicity of rifampin and saquinavir/
ritonavir in healthy male volunteers. Arch Drug Infect
2009;2(1):8–16.

43. Chideya S, Winston CA, Peloquin CA, et al.: Isoniazid, ri-
fampin, ethambutol, and pyrazinamide pharmacokinetics
and treatment outcomes among a predominantly HIV-
infected cohort of adults with tuberculosis from Botswana.
Clin Infect Dis 2009;48:1685–1694.

44. Clumeck N, Pozniak A, and Raffi F: European AIDS Clinical
Society (EACS) guidelines for the clinical management and
treatment of HIV-infected adults. HIV Med 2008;9(2):65–71.

45. Bonora S, Mondo A, Trentini L, Calcagno A, Lucchini A, and
Di Perri G: Moxifloxacin for the treatment of HIV-associated
tuberculosis in patients with contraindications or intolerance
to rifamycins. J Infect 2008;57(1):78–81.

46. Wenning LA, Hanley WD, Brainard DM, et al.: Effect of ri-
fampin, a potent inducer of drug-metabolizing enzymes, on
the pharmacokinetics of raltegravir. Antimicrob Agents
Chemother 2009;53(7):2852–2856.

Address correspondence to:
Anchalee Avihingsanon

HIV-NAT
The Thai Red Cross AIDS Research Center

104 Rajdumri Road
Pathumwan

Bangkok 10330
Thailand

E-mail: anchalee.a@hivnat.org

PK OF IDV/RTV IN RIF-TREATED HIV/TB PATIENTS 7

Ch
ap

te
r 
11

PK
 o

f 
in
di
na

vi
r 
an

d 
rif

am
pi
ci
n


