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Background. We aimed to assess cardiac conduction safety of coadministration of the CYP3A4 inhibitor lopinavir/ritonavir (LPV/r)
and the CYP3A4 substrate artemether-lumefantrine (AL) in HIV-positive Ugandans. Methods. Open-label safety study of HIV-
positive adults administered single-dose AL (80/400 mg) alone or with LPV/r (400/100 mg). Cardiac function was monitored
using continuous electrocardiograph (ECG). Results. Thirty-two patients were enrolled; 16 taking LPV/r -based ART and 16 ART
naive. All took single dose AL. No serious adverse events were observed. ECG parameters in milliseconds remained within normal
limits. QT'c measurements did not change significantly over 72 hours although were higher in LPV/r arm at 24 (424 versus 406;
P =.02) and 72 hours (424 versus 408; P = .004) after AL intake. Conclusion. Coadministration of single dose of AL with LPV/r

was safe; however, safety of six-dose AL regimen with LPV/r should be investigated.

1. Introduction

Malaria and HIV infection are leading causes of morbidity
and mortality and remain major health problems in endemic
regions. Malaria causes about 300-500 million clinical cases
annually, 90% of which occur in sub-Saharan Africa [1].
The Joint United Nations Program on HIV/AIDS (UNAIDS)
estimated that 29.4 Million Africans are infected with HIV
(UNAIDS, December 2002). Together malaria and HIV
account for over four million deaths per year.

Studies have demonstrated increased risk for malaria in
HV infected patients especially those with lower CD4 cell
counts [2—4]. More evidence suggests transient increase in
HIV viral load in patients with acute malaria episodes [5]. A

major challenge to the treatment of malaria in HIV-infected
individuals is the potential for pharmacokinetic (PK) drug
interactions with concerns regarding safety and efficacy [6].

Due to the widespread resistance to older antimalarial
drugs, the World Health Organization now recommends
artemisinin combination therapy (ACT) for malaria treat-
ment [7]. Artemether-lumefantrine (AL) is an oral fixed-
dose combination tablet of artemether (a derivative of
artemisinin) and lumefantrine (a racemic mixture of a
synthetic fluorine derivative). The drug combination is
highly efficacious against sensitive and multidrug resistant
Plasmodium falciparum; with the advantage of rapid clear-
ance of parasites by artemether and the slower elimination of
residual parasites by lumefantrine [7-9].
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Recommendations for antiretroviral therapy (ART)
include two nucleoside reverse transcriptase inhibitors
(NRTIs) plus a nonnucleoside reverse transcriptase inhibitor
(NNRTI) or a protease inhibitor (PI). Lopinavir/ritonavir
(LPV/r) is an oral fixed-dose combination tablet of LPV
(a PI) with low dose ritonavir, a pharmacoenhancer
that significantly increases LPV plasma concentrations by
cytochrome P450 3A4 (CYP3A4) inhibition.

Concerns over safety monitoring of LPV/r have become
more crucial following the recent FDA alert on cardiotoxicity
of LPV/r. Safety information on LPV/r includes warnings
and precautions regarding QT/QTC interval and PR interval
prolongation. According to the revised safety label, LPV/r
prolongs the PR interval, and cases of second- or third-
degree atrioventricular block have been reported in some
patients. Indeed LPV/r should be used with caution in
patients who may be at increased risk of developing cardiac
conduction abnormalities, such as those with underlying
structural heart disease, preexisting conduction system
abnormalities, ischemic heart disease, or cardiomyopathies.
The effect on the PR interval of coadministration of LPV/r
with other drugs that prolong the PR interval has not yet
been determined and should be undertaken with caution.
Clinical monitoring is reccommended especially during coad-
ministration with drugs metabolized by CYP3A [10].

Data from previous studies indicate that artemether and
lumefantrine are predominantly metabolized by CYP3A4 [6,
11, 12]. Knowledge of their metabolism suggests potential for
PK drug-drug interactions [6]. LPV/r is a potent inhibitor of
CYP3A4, therefore, inhibition of CYP3A4 may raise plasma
concentrations of artemether and lumefantrine but decrease
plasma concentrations of dihydroartemisinin (DHA) the
metabolite of artemether. A study that investigated the
pharmacokinetics of AL when administered with LPV/r
in HIV-uninfected healthy volunteers demonstrated 2 to
3-fold increases in lumefantrine AUC and trends towards
decreases in artemether Cp, and AUC. Formal safety
analysis of coadministration was not performed in this study
[13]. Increased plasma concentrations of artemether and
lumefantrine may enhance toxicity. Lumefantrine has some
structural similarity to halofantrine which is cardiotoxic
mainly in form of QTc prolongation. Therefore, vigilant
evaluation of the cardiac safety of lumefantrine, especially
when coadministered with a potent CYP3A4 inhibitor, is
warranted [14-17]. We aimed to assess the cardiac safety of
coadministration of a single dose of AL (80/480 mg) with
LPV/r based ART in HIV-positive Ugandan patients.

2. Materials and Methods

2.1. Ethical Considerations. The study was approved by
the Scientific Review Committee of the Infectious Diseases
Institute (IDI) of Makerere University, the Uganda National
HIV/AIDS Research Committee (ARC 056) and was regis-
tered with Uganda National Council of Science and Tech-
nology (HS 197) and ClinicalTrials.gov (NCT 00619944). All
participants gave written informed consent to participate,
and all study procedures were conducted according to Good
Clinical Practice (GCP).
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2.2. Study Site. The study was conducted between January
2008 and June 2009 at the IDI and the Uganda Heart
Institute (UHI) of Mulago National Referral Hospital in
Kampala, Uganda. The IDI is a regional centre of excellence
for HIV/AIDS treatment, prevention, training and research.
To date, over 20,000 HIV-infected patients are registered at
the IDI with over 8,000 taking ART. About 10% these are on
LPV/r-based second line ART.

2.3. Study Design and Population. This was a two-arm study
to assess the safety of coadministration of AL in HIV-positive
patients taking LPV/r-based ART and ART naive patients.
Patients were eligible to participate if they were older than
18 years of age, provided written informed consent, had no
evidence of systemic illness and required no medications that
had known potential for drug interactions with study drugs.
Patients with abnormal ECG tracing, abnormal clinical test
results, positive blood smear for malaria, pregnant mothers
and those who reported use of herbal medication were
excluded from the study.

2.4. Study Procedures. Patients were screened and enrolled
from the cohort of patients attending the IDI. The LPV/r
arm consisted of patients stable on LPV/r 400/100 mg-based
ART for at least one month and the ART naive arm consisted
of patients who had not started ART and were not yet
eligible for ART according to national guidelines. Patients in
both arms took cotrimoxazole daily for prophylaxis against
opportunistic infections. Participants had detailed study
explanation at enrolment. Adherence to study drugs was
assessed using self-report and pill count by the study phar-
macist. We collected information on adverse drug events and
serious adverse drug events, and a questionnaire on quality
of life was administered on each study day. On the evening
prior to the study day, participants were reminded of their
study day appointment, were given detailed instructions to
take their medication and food at 8.00 pm, and told to
arrive at the hospital by 7.00 am in a fasting state. On
the study day, patients were admitted at the UHI and a
12-lead ECG monitor was attached for continuous cardiac
function monitoring. The intake of a standardized breakfast
and morning doses of drugs was directly observed by study
staff. All patients took a single dose of AL of 80/480 mg
with 150 mL of water. Patients in the LPV/r arm took LPV/r
(400/100mg) with their AL dose. ECG monitoring was
performed continuously for the first 12 hours after AL intake.
Patients were then discharged and returned for the following
three mornings (T = 24, 48, and 72 hours) for a single ECG
tracing.

2.5. Safety Assessment. Medical history, physical examina-
tion, vital signs, routine clinical laboratory tests, ECGs and
urine screens for pregnancy were performed at screening.
On the study day, medical history, physical examination,
vital signs, and a blood smear for malaria parasites were
performed. Adverse events were recorded continuously
throughout the trial, and the onset, duration, severity, and
relationship to the trial drugs if any were noted. Standard
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TaBLE 1: shows a comparison of the baseline characteristics of study
patients.

TaBLE 3: shows the median QTc interval measurements in millisec-
onds over 72 hours period after AL dosing.

Variable LPV/rarm ART naive arm P value Time QTc (ms) median (IQR) P value
median (IQR) median (IQR) LPV/r arm ART naive arm
Age (yrs) 38 (33-41) 34 (28-39) 2 Screening 415 (403-439) 395 (388-425) .14
Weight (kgs) 65 (54-73) 64 (56-71) 9 12 hours 415 (404-439) 419 (403-427) 7
Height (cms) 163(158-172) 163 (153-169) .1 24 hours 424 (401-434) 406 (393-411) .02
BMI 21 (19-24) 25 (22-31) .06 48 hours 411 (396-432) 409 (401-419) 7
Viral load (¢/mL) <400 26756 (5548-181186) <.01 72 hours 424 (416-441) 408 (392-417) .004
Hb (g/dL) 14 (14-15.4) 12.2 (12-14) .003

TaBLE 2: shows the mean electrocardiograph (ECG) parameters in
milliseconds after AL dosing.

. LPV/r arm ART naive arm
Variable P value
mean (SD) mean (SD)
Heart rate 69 (8.1) 71 (5.9) .5
PR 154 (18.4) 169 (15.9) .02
QRS 87.4 (6.6) 82.8 (6.6) .06
QTc 421 (20.0) 404 (20.7) .03

12-lead ECGs were recorded at screening, immediately prior
to dosing (T = 0 hour), and continuously for 12 hours
after dose of AL, then daily for three days. QTc-intervals
were calculated using the Bazett formula (QTc = QT/++/RR)
[37, 38] to correct for the influence of heart rate. A senior
cardiologist evaluated the PR, QRS, and QT intervals visually
on the ECG.

2.6. Statistical Analysis. Demographic and ECG results were
entered into EpiData and exported to SPSS version 12.0
and STATA version 8.0 for statistical analysis. Continuous
variables were summarized into means, and medians and
compared using the Independent T-test. A P-value < .05 was
considered statistically significant.

3. Results

A total of 72 HIV-positive patients (41, 65% females) were
screened between January and June 2009; 12 (17%) were
excluded because they had other concurrent illnesses that
required treatment, 28 (39%) were excluded because they
had abnormal ECG tracings and 32 (44%) were enrolled,
16 in each arm. Patients in the two study arms were
comparable on majority of baseline characteristics (Table 1);
however, patients in the LPV/r arm had significantly higher
hemoglobin levels with lower viral load.

There were no serious adverse events during the study
period. ECG parameters (heart rate, PR-interval, QRS-
complex and QTc) remained well within normal limits in
both study arms (Table 2). The mean QRS-complex and QTc
interval after AL administration were higher in the LPV/r
arm compared to the ART naive arm (87.4 versus 82.8,
P = .06 and 421 versus 404, P = .03, resp.) but the mean
PR-interval was significantly higher in the ART naive arm
(154 versus 169, P = .02) (Table 2). Mean (SD) change in

QTc interval values from the pre-AL QTc interval values was
greater for the ART naive arm compared to the LPV/r arm
(6.7 (15.4) versus —0.8 (13), P = .17). The QTc interval
measurements for participants in both study arms remained
within normal ranges over the 72 hours period (Table 3);
with none above the upper limit of normal (450 ms for males
and 470 ms for females).

4. Discussion

LPV/r is a potent inhibitor of CYP3A4, therefore, coadmin-
istration with AL which is predominantly metabolized by
CYP3A4 may potentially result in enhanced pharmacological
and toxicological effects. We aimed to assess the cardiac safety
of coadministration of a single dose (80/480 mg) of AL in
HIV-infected patients taking LPV/r based ART and HIV
positive ART naive patients. Since LPV/r is a potent CYP3A4
inhibitor, only a single dose of AL was given in order to avoid
any unknown potential adverse effects of the latter.

We found that HIV-positive patients taking LPV/r had a
higher QTc interval prior to administration of AL compared
to HIV-positive ART naive patients, nevertheless, the differ-
ence was not statistically significant. It is possible that this
could have been a result of the effects of LPV/r on the heart;
however, we cannot establish a causal relationship since we
did not have QTc measurements for these patients prior to
initiation of LPV/r. This however, raises concern especially
in view of the recent FDA alert over the effects of LPV/r
on the heart. Indeed the label for LPV/r includes warnings
and precautions regarding QT/QTc¢ interval and PR interval
prolongation [10].

Although the QTc interval for the LPV/r arm was
significantly higher than that for the ART naive arm at
72 hours, the difference could not be attributed to LPV/r
coadministration with AL because baseline QTc interval
was higher in the LPV/r arm and both study arms had
an increment in QTc interval values from baseline which
remained well within normal limits (Table 3). It is possible
that the increment in the QTc intervals could have been more
if patients had received the full six-dose regimen of AL. The
LPV/r label clearly states that LPV/r should be avoided in
patients using drugs that prolong the QT interval. Since we
do not know what levels and effects of lumefantrine would
result if the full six-dose AL regimen is coadministered with
LPV/r, we suggest close clinical monitoring of HIV-positive
patients taking LPV/r with AL concomitantly until more data
becomes available.



This is one of the very few studies that have assessed the
cardiac safety of coadministration of AL and LPV/r in HIV
positive patients. Previous studies have evaluated safety of AL
in healthy volunteers and patients with malaria. Bindschedler
and others found that the QT¢ interval remained unchanged
after a single dose of AL in healthy males [14]. The
difference in results may be explained by the difference in the
study populations. Bindschedler and others demonstrated
significant exposure dependent increase in the QTc¢ interval
in healthy males after halofantrine. It is possible that LPV/r
coadministered with a full six-dose regimen of AL may cause
increased concentrations of lumefantrine causing an expo-
sure dependent QTc interval prolongation. Previous data
showed no evidence of cardiotoxicity during AL treatment
in healthy volunteers [18]. However, these were conducted
in patients with malaria without coadministration of LPV/r.
It is possible that results may be different with concomitant
treatment with the full six-dose AL regimen and LPV/r.

5. Conclusion and Recommendation

Our data suggests no evidence of cardiac conduction abnor-
malities after concomitant treatment with LPV/r and a single
dose AL. There is need to assess the safety of the full six-dose
regimen of AL in HIV positive patients receiving LPV/r based
ART.

Acknowledgments

The authors thank the clinical pharmacology research team:
Deborah Ekusai, Jamillah Nakku, Rhoda Namakula, and
John Magoola. They are very indebted to the Infectious
Diseases Network for Treatment and Research in Africa
(INTERACT) for financial and scientific support. They are
grateful to the staff of the Infectious Diseases Clinic, Uganda
Heart Institute and Makerere University-Johns Hopkins Uni-
versity Laboratory for the clinical and laboratory support.
They are very thankful to the study participants. This study
was supported by a grant from the University of Liverpool,
UK.

References

[1] WHO, “Malaria,” The Weekly Epidemiological Record, vol. 74,
pp. 265-272, 1982-1997.

[2] N. French, J. Nakiyingi, E. Lugada, C. Watera, J. A. G.
Whitworth, and C. F. Gilks, “Increasing rates of malarial fever
with deteriorating immune status in HIV-1-infected Ugandan
adults,” AIDS, vol. 15, no. 7, pp. 899-906, 2001.

[3] P. Francesconi, M. Fabiani, M. G. Dente et al., “HIV, malaria
parasites, and acute febrile episodes in ugandan adults: a case-
control study,” AIDS, vol. 15, no. 18, pp. 2445-2450, 2001.

[4] J. Whitworth, D. Morgan, M. Quigley et al., “Effect of HIV-1
and increasing immunosuppression on malaria parasitaemia
and clinical episodes in adults in rural Uganda: a cohort study,”
Lancet, vol. 356, no. 9235, pp. 1051-1056, 2000.

[5] J. G. Kublin, P. Patnaik, C. S. Jere et al., “Effect of Plasmodium
falciparum malaria on concentration of HIV-1-RNA in the
blood of adults in rural Malawi: a prospective cohort study,”
Lancet, vol. 365, no. 9455, pp. 233-240, 2005.

Chemotherapy Research and Practice

[6] S. Khoo, D. Back, and P. Winstanley, “The potential for
interactions between antimalarial and antiretroviral drugs,”
AIDS, vol. 19, no. 10, pp. 995-1005, 2005.

[7] E Nosten and N. J. White, “Artemisinin-based combination
treatment of falciparum malaria,” The American Journal of
Tropical Medicine and Hygiene, vol. 77, no. 6, pp. 181-192,
2007.

[8] A. Yeka, G. Dorsey, M. R. Kamya et al., “Artemether-
lumefantrine versus dihydroartemisinin-piperaquine for
treating uncomplicated malaria: a randomized trial to guide
policy in Uganda,” PLoS ONE, vol. 3, no. 6, Article ID ¢2390,
2008.

[9] H. Bukirwa, Y. Adoke, M. R. Kamya et al., “Artemisinin com-
bination therapies for treatment of uncomplicated malaria in
Uganda,” Plos Clinical Trials, vol. 1, no. 1, Article ID 0010007,
2006.

[10] “FDA Issues Safety Labeling Changes for Kaletra,” FDA Issues
Safety Labeling Changes for Kaletra (serial on the Internet).
2009, http://www.medscape.com.

[11] G. Lefevre, M. Bindschedler, F. Ezzet, N. Schaeffer, I. Meyer,
and M. S. Thomsen, “Pharmacokinetic interaction trial
between co-artemether and mefloquine,” European Journal of
Pharmaceutical Sciences, vol. 10, no. 2, pp. 141-151, 2000.

[12] G. Lefevre, S. Looareesuwan, S. Treeprasertsuk et al., “A

clinical and pharmacokinetic trial of six doses of artemether-

lumefantrine for multidrug-resistant Plasmodium falciparum
malaria in Thailand,” American Journal of Tropical Medicine

and Hygiene, vol. 64, no. 5-6, pp. 247-256, 2001.

P. German, S. Parikh, J. Lawrence et al., “Lopinavir/ritonavir

affects pharmacokinetic exposure of artemether/lumefantrine

in HIV-uninfected healthy volunteers,” Journal of Acquired

Immune Deficiency Syndromes, vol. 51, no. 4, pp. 424-429,

2009.

[14] M. Bindschedler, G. Lefevre, P. Degen, and A. Sioufi,
“Comparison of the cardiac effects of the antimalarials co-
artemether and halofantrine in healthy participants,” Ameri-
can Journal of Tropical Medicine and Hygiene, vol. 66, no. 3,
pp- 293-298, 2002.

[15] P. A. Matson, S. P. Luby, S. C. Redd, H. R. Rolka, and R.
A. Meriwether, “Cardiac effects of standard-dose halofantrine
therapy,” American Journal of Tropical Medicine and Hygiene,
vol. 54, no. 3, pp. 229-231, 1996.

[16] J. Karbwang, K. Na Bangchang, D. Bunnag, T. Harinasuta, and
P. Laothavorn, “Cardiac effect of halofantrine,” Lancet, vol.
342, no. 8869, p. 501, 1993.

[17] R. Bakshi, I. Hermeling-Fritz, I. Gathmann, and E. Alteri,
“An integrated assessment of the clinical safety of artemether-
lumefantrine: a new oral fixed-dose combination antimalarial
drug,” Transactions of the Royal Society of Tropical Medicine and
Hygiene, vol. 94, no. 4, pp. 419-424, 2000.

[18] P. German, S. Parikh, J. Lawrence et al., “Lopinavir/ritonavir
affects pharmacokinetic exposure of artemether/lumefantrine
in HIV-uninfected healthy volunteers,” Journal of Acquired
Immune Deficiency Syndromes, vol. 51, no. 4, pp. 424-429,
2009.

[13


http://www.medscape.com

	Introduction
	Materials and Methods
	Ethical Considerations
	Study Site
	Study Design and Population
	Study Procedures
	Safety Assessment
	Statistical Analysis

	Results
	Discussion
	Conclusion and Recommendation
	Acknowledgments
	References

