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ABSTRACT

The interplay of artemether-lumefantrine (AL) and atazanavir-ritonavir (ATVr) with Cytochrome P (CYP)
3A4 isoenzyme and QTc-interval may spawn clinically significant drug interactions when administered
concomitantly. Cardiotoxicity and other adverse effects associated with interaction between AL and
ATVr were evaluated in patients with HIV infection and malaria comorbidity. In a two-arm parallel study
design, six doses of AL 80/480 mg were administered to 20 participants [control-arm (n = 10) and ATVr-
arm (n = 10)], having uncomplicated Falciparum malaria, at intervals of 0, 8, 24, 36, 48 and 60 h respec-
tively. Participants in the control arm took only AL while those in ATVr-arm took both AL and ATVr-based
ART regimen. Electrocardiography, adverse events monitoring and blood tests were carried out for each of
them at pre and post doses of AL. Data obtained were analyzed. QTc-interval was significantly increased
in the ATVr-arm (0.4079 + 0.008 to 0.4215 + 0.007 s, p = 0.008) but not in the control-arm (0.4016 + 0.018
t0 0.4024 £ 0.014 s, p = 0.962). All values were, however, within normal range [0.36 — 0.44 | 0.46 s (male/
female)]. General body weakness and chest pain were new adverse events reported, at post-dose of AL, in
the ATVr-arm but not in the control-arm. There was no significant change (p > 0.05) in the plasma levels
of creatinine, alanine aminotransferase, aspartate aminotransferase and hemoglobin at post-dose com-
pared to pre-dose of AL in both arms of study. Concomitant administration of artemether-lumefantrine
with atazanavir-ritonavir-based regimen is potentially cardiotoxic but not associated with clinically sig-
nificant renal, blood nor liver toxicities. They must be used with caution.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

the exacerbation of malaria morbidity already caused by the HIV-
associated immunosuppression (Whitworth and Quigley, 2000).

Antimalarial and antiretroviral (ARV) drug-drug interaction
(Oreagba et al., 2019) in people living with HIV, may aggrandize
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Atazanavir-ritonavir (ATVr)- based ARV regimen is commonly
used for the treatment of HIV in Nigeria (Akanmu et al., 2015).
The protease inhibitors (PIs) are usually administered with back-
bone of tenofovir-lamivudine or tenofovir-emtricitabine in a single
regimen. (Anafi et al., 2008; Akanmu et al., 2015.) Atazanavir (ATV)
is preferred over other protease inhibitors (PIs) because of its
metabolic advantages, (Jemsek et al., 2006; Lu et al, 2011;
Murphy et al., 2010; Noor et al., 2006) less tendency for showing
cross-resistance to other PIs (Kozal, 2004) and simpler dosing fre-
quency (Achenbach et al., 2011).

In Nigeria and other sub-Saharan countries, where co-morbidity
of HIV and malaria prevails, (Kwenti, 2018) the concomitant
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administration of the ARV regimen and AL is imminent. This may
result in Clinically Significant Drug Interactions (CSDIs) because
of their effects on CYP 450 enzymes (Walubo, 2007; Ericsson
et al,, 2014).

While lumefantrine may not have any impact on the plasma
concentration of ATV and ritonavir (RTV) because it neither
induces nor inhibits CYP 3A4 isoenzyme, (Ezzet et al., 2000) arte-
mether may reduce their plasma concentration via enzymatic
induction of the latter (Burk et al., 2012) which metabolizes both
atazanavir (Perloff et al., 2005) and ritonavir. (Kumar et al., 1996)
But the interaction is unlikely to have negative impact on the
antiretroviral therapy because of the short duration (3 days) of
administration of the antimalarial drug.

RTV rarely causes hyperglycemia (Markowitz et al., 1995) and-
nephrotoxicity (Roling et al., 2006) but commonly causes asthenia,
malaise, diarrhea, nausea, vomiting, abdominal pain, dizziness,
insomnia, sweating, taste abnormality, hypercholesterolemia,
hypertriglyceridemia, elevated transaminases and elevated cre-
atine phosphokinase (Drugs com, 2021 https://www.drugs.com/
sfx/ritonavir-side-effects.html). While ATV commonly causes
hyperbilirubinemias with less effects on glucose and lipid adverse
effects compared to other Pls. (Lu et al., 2011; Murphy et al., 2010;
Noor et al., 2006) These adverse effects may not be exacerbated by
AL which potentially reduces the plasma concentration of the ARV
drugs because of the inductive effects (Burk et al., 2012) of arte-
mether on CYP3A4 isoenzyme. However, interaction via additive
cardio-toxicity is likely due to the QT-prolongation that ATV and
artemether are known to cause. ((Bristol-Myers Squibb Company.
BMS-, 2003); Funck-Brentano et al., 2019)

Conversely, ATVr, being an inhibitor of CYP 3A4 isoenzyme,
(Moyle and Back, 2001) may increase the plasma concentration
of artemether and lumefantrine, which are substrates to the
enzyme, (Leféevre and Thomsen, 1999) thereby enhancing their
toxicity. Mild but common adverse effects of artemether-
lumefantrine include headache, anorexia, dizziness, asthenia,
pyrexia, cough and vomiting while severe but rare ones are QT
prolongation, bullous eruption, urticaria, splenomegaly, hep-
atomegaly, hypersensitivity = reaction, and angioedema.
(Drugs.com, 2021) https://www.drugs.com/sfx/artemether-lume-
fantrine-side-effects.html. These adverse effects may be exacer-
bated when co-administered with atazanavir-ritonavir based
ART regimen in co-infected patients as a result of the inhibitory
effects of atazanavir-ritonavir on CYP3A4 enzyme (Moyle and
Back, 2001) which metabolizes artemether and lumefantrine.
(Lefévre and Thomsen, 1999) The toxicity of dihydroartemisinin
(DHA) may also be enhanced because of the inhibitory effect of
atazanavir on UGT1A1 isoenzyme (Panagopoulos et al., 2017)
which metabolizes DHA. In addition, increase in plasma concen-
tration of artemether may further exacerbate its QT-
prolongation effect. Similarly, lumefantrine, though, has not been
reported to cause QT- prolongation at normal plasma concentra-
tion, (Van Vugt et al., 1999) its potential cardiotoxic effect, at
higher concentration due to concomitant administration with
ATVr-based regimen (Usman et al., 2021), is of utmost concern
because of its structural similarity (https://www.sciencedi-
rect.com/topics/neuroscience/lumefantrine) with halofantrine, a
known cardiotoxic drug. (Bouchaud et al., 2009) A recent phar-
macokinetic study (Usman et al, 2021) shows that ATVr
increased the exposure and day 7 plasma concentration of lume-
fantrine by 49.68 and 179.88 % respectively. But the clinical
implication of the increase was unknown.

Hence this study was aimed at evaluating the toxicities associ-
ated with concomitant administration of artemether-lumefantrine
and atazanavir-ritonavir based antiretroviral regimen, which to
our knowledge, has not been previous reported.
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2. Patients and methods
2.1. Ethics

The research was conducted in accordance with the Declaration
of Helsinki and national and institutional standards. The details of
the study were explained to the participants and their written
informed consents were obtained. Ethical approval was obtained
from the Health Research Ethics Committee of the College of Med-
icine of the University of Lagos (CMUL/HREC/06/18/354: Sept
2018-Sept 2019). The study has also been registered with Clini-
calTrial.gov (Clin ClinicalTrials.gov Identifier: NCT04531072).

2.2. Study site

The study was carried out at the Department of Pharmacology,
Faculty of Basic Medical Science, College of Medicine of the Univer-
sity of Lagos. Recruitment was done at the APIN clinic of LUTH and
Ijede General Hospital, Blood analyses were carried out at the Cen-
tral Research Laboratory of the College of Medicine of the Univer-
sity of Lagos.

2.3. Study design

An interventional prospective parallel study design aimed at
evaluating the toxicities associated with the interaction between
AL and ATVr.

Twenty participants were recruited and divided into two
groups. The first group (ATVr-arm, n = 10) consisted of participants
living with HIV who had been stabilized on ATVr based regimen
[ATVr + tenofovir (TDF) + lamivudine (3TC)] for at least three
months prior to recruitment and also tested positive for Plasmod-
ium falciparum malaria. They were recruited from APIN clinic of
LUTH. The second group (Control-arm, n = 10) included partici-
pants having uncomplicated falciparum malaria but HIV negative.
The latter were recruited from Ijede General Hospital at Ikorodu.

2.4. Inclusion criteria

The inclusion criteria were being an adult male or non-gravid
female > 18 years of age, informed written consent, malaria para-
sitemia (uncomplicated malaria with microscopically confirmed
Plasmodium falciparum infection), being an HIV 1-infected patient
who is registered at APIN Clinic of LUTH (ATVr-arm), HIV negative
(Control-arm), participants must be taking only the study drugs
and avoid medications that may interfere with research results,
CD4 + cells count of > 200cells/mm3, axillary temperature > 37.5

°C or history of fever within 24 h before visiting the clinic and

with, at least, any of the following signs and symptoms of uncom-
plicated malaria: chills, sweats, headaches, muscle aches, nausea,
vomiting, diarrhea, body weakness, poor appetite and pallor. Other
patient-related parameters for inclusion in the study were
HGB > 8 g/dl and body weight > 35 kg.

2.5. Exclusion criteria

The exclusion criteria were: severe anemia (Hemoglobin
levels < 8 g/dl); refusal to give informed consent; withdrawal of
consent; known allergy to any of the study drugs; development
of complications or severe adverse effects; smokers/alcoholics
and users of caffeine, drugs which induce or inhibit CYP3A4 and
CYP2B6, herbal medicines, oral contraceptives pills, grape fruits
or juice and other illicit drugs; evidence of chronic illnesses such
as diabetes, hypertension, psychiatric illnesses; subject taking
any drugs or having any condition known to prolong QT-
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intervals, signs of severe malaria; being on anti-malarial drugs
within four weeks prior to enrolment; and being a pregnant or
nursing mother.

2.6. Drug administration and blood sampling

Each participant took, with milk (26 g milk fat per dose), six
doses of artemether/lumefantrine 80/480 mg tablets (Coartem
80/480 ®) at intervals of 0, 8, 24, 36, 48 and 60 h respectively from
8 pm on day 1 to 8am on day 4. The first and last doses were given
under direct observed therapy (DOT) while the rest were handed
over to the participants to be taken on outpatient basis, reminding
them with phone call. While the participants in the Control-arm
took only artemether-lumefantrine, those in ATVr-arm continued
their ATVr-based regimen (atazanavir-ritonavir [300/100 mg] + t
enofovir-lamivudine [300/300 mg]), at a dose of one tablet once
daily.

Blood samples (2 x 5 mL) were collected, from each participant
at pre and post doses of AL, into lithium-heparin (5 mL) and EDTA
(5 mL) bottles for blood chemistry and hematology tests respec-
tively. Those collected in lithium-heparin bottles were immedi-
ately centrifuged at 4000 rpm at 4 °C for 15 min to obtain their
plasma samples which were stored in —80 °C refrigerator until
analysis.

2.7. Electrocardiography

Electrocardiography was done twice for all participants, in both
arms, at pre and post doses of AL on day 1 and day 4 respectively.
The electrocardiogram, on day 4, was obtained at 6 h after the last
dose which is the expected time for achievement of maximum
plasma concentration of lumefantrine. (Ezzet et al., 2000) The
results at pre and post doses of AL were compared using student
t-test for paired samples in Statistical Package for Social Science
(IBM SPSS).

2.8. Blood chemistry test for renal and liver toxicities

Renal and liver toxicities associated with the interaction
between AL and ATVr were evaluated by assessing significant
change in plasma levels of creatinine and liver enzymes (ALT and
AST), respectively, at post-dose (day 4) of AL compared to its
pre-dose (day 1).

All biochemical assays were estimated using Roche and Cobas
commercial kits and Cobas c311 automated analyzer. The outcome
parameters of interest which included plasma levels of creatinine,
alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) were programmed on the machine and plasma samples,
obtained after centrifugation of the blood samples collected from
each participant, were placed in the sample disks of the analyzer
followed by addition of appropriate working reagents for each
parameter bearing in mind the volumes needed for calibration.

The reagents used for creatinine assay, following a standard
method, (31) included potassium hydroxide (900 mmol/L), phos-
phate (135 mmol/L), pH > 13.5, preservative, stabilizer, picric acid
(38 mmol/L), pH 6.5 and non- reactive buffer. In order to correct
for non-specific reaction caused by serum/plasma pseudo-
creatinine chromogens including proteins and ketones, the results
for serum or plasma were corrected by 26 pmol/L (0.3 mg/dL).

On the other hand, the reagents for the assay of ALT included
TRIS buffer (224 mmol/L, pH 7.3 at 37 0C; L-alanine (1120 mmol/
L); albumin from bovine (0.25%); LDH from microorganisms (>45
pkat/L); diluent (NaCl 9%), stabilizers and preservative. While the
reagents for the assay of AST were TRIS buffer (224 mmol/L), pH
7.3 at 37 0C, L-alanine (1120 mmol/L), bovine albumin (0.25%),
LDH from microorganism (>45 pkat/L), stabilizers, preservative,
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2-oxoglutarate (94 mmol/L), NADH (>1.7 mmol/L) and additive
preservative.

After running, the analyzer displayed, on its monitor, the bio-
chemistry assay results which were recorded and subjected to
appropriate statistical test using IBM SPSS version 22.

2.9. Haematology

The haemotoxicities associated with the interaction between
the ATVr and AL was assessed by determining and comparing the
mean hemoglobin levels in the control and test groups at pre-
and post-doses of AL. Following collection of blood samples, into
EDTA vacutainer bottles, from the participants, the bottles were
placed on a vortex mixer to mix the blood uniformly. They were
then placed in the sample compartment of the analyzer from
where a specified quantity (13 pL) was aspirated and mixed with
3.5 mL of the diluent. The hemoglobin (HGB) level was measured
by the colorimetric method using BCE 3200 analyzer at 525 nm
wavelength and calculated per the following as follows: HGB (g/L
) = Constant X Log10 (Blank Photocurrent/Sample Photocurrent).
After determination of the hemoglobin levels, the values obtained
at pre and post doses of AL were compared using Student t test for
paired samples in SPSS.

2.10. Adverse events associated with drug interaction between AL and
ATVr

All adverse events reported by the participants, after adminis-
tration of the first dose of AL, were recorded and compared
between the ATVr and Control arms.

2.11. Statistical analysis

Toxicities were evaluated by comparing parameters at pre and
post doses of AL. Continuous data that were normally distributed
were expressed as Mean = S.E.M. and analyzed with Students t-
test for paired samples while categorical data and those that were
not normally distributed were presented as median (IQR) and ana-
lyzed with Wilcoxon Sign Rank test. Kurtosis and skewness z- val-
ues (Normal: between —1.96 and + 1.96) as well as Shapiro wilki
and Kolmogorov tests (normal: if p > 0.05) were used to determine
normality of data. The results were considered to be significant at
p < 0.05 at 95% confidence level.

3. Results
3.1. Demographics of research participants

Twenty participants, divided into two groups (Control and ATVr
arms) of 10 participants per group, were used in the study. The
control group consisted of HIV negative participants having
uncomplicated falciparum malaria while the ATVr group consisted
of patients living with HIV, who had been stabilized on atazanavir/
ritonavir-based ART regimen for a minimum of three months in
APIN clinic of the Lagos University Teaching Hospital and also hav-
ing uncomplicated falciparum malaria. All the participants in both
groups took six doses of AL 80/480 mg over three days. At the base-
line, there was no significant difference in the gender distribution
(p = 0.63), median weight (p = 0.37), median age (p = 0.66), mean
hemoglobin level (p = 0.81), mean creatinine level(p = 0.96) and
mean QTc-interval (p = 0.75) in both groups. Most of the partici-
pants had secondary education [Control (60 %), ATVr (50 %)] and
were married [Control (60 %), ATVr (50 %)]. While those in the con-
trol group were HIV negative, those in ATVr group were mainly
infected through heterosexual contact (70 %) (Table 1).
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Table 1
Demographic data of research participants.
Demographic Data Variable Participants (Control) Participants (ATVr) p-value
n (%) n (%)
Sample size 10(100) 10(100)
Age [Years] Median (IQR) 31 (27-41) 39 (30-50) 0.66
Gender Male 4 (40) 2 (20) 0.63
Female 6 (60) 8 (80)
HIV Status Positive 0(0) 10(100)
Negative 10(100) 0 (0)
Source of HIV Heterosexual 0 (0) 7(70)
Blood transfusion 0(0) 2(20)
Mother to Child 0 (0) 1(10)
Marital status Married 6 (60) 5(50)
Single 4 (40) 1(10)
Separated 0 2 (20)
Widowed 0 2 (20)
Educational level Primary 1(10) 1(10)
Secondary 6 (60) 5 (50)
Tertiary 3 (30) 3 (30)
Illiterate 0 1(10)
Baseline body weight (Kg) Median (IQR) 74.5 (67.25-80.75) 69 (67.75-87.25) 0.37
Baseline HGB! Mean (S.E.M) 12.92 (0.68) 13.14 (0.55) 0.81
Baseline creatinine level Mean (S.E.M.) 70.71 (3.86) 71.2 (7.97) 0.96
Baseline QTc . Interval Mean (S.E.M.) 0.40 (0.02) 0.41 (0.01) 0.75

n - number of participants, % - percentage of participants, IQR - inter-quartile range, HGB - hemoglobin, S.E.M. - standard error of mean.

A comparison of QTc-intervals at Pre and
Post-doses of artemether-lumefantrine in
both the Control and ATVr arms
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Fig. 1. The effect of interaction between artemether/lumefantrine and atazanavir/ritonavir on QTc-interval. *Significant value at 95% confidence level (p < 5 %), ATVr-
atazanavir-ritonavir, QTc-interval [Normal range: 0.36 - 0.44 | 0.46 s (male/female)]
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3.2. Effects of drug interaction between AL and ATVr on cardiotoxicity

The evaluated QTc-interval values were normally distributed as
indicated by the Shapiro-Wilk (p = 0.43) and Kolmogorov (p = 0.20)
tests, which at p values>0.05 (p > 0.05) indicate normal distribu-
tion. (Shapiro and Wilk, 1965; Lopes, 2011) As well as by the skew-
ness (—0.787) and kurtosis (-0.558) z-scores which fell between an
appropriate range (-1.96 and + 1.96) for normal distribution. (Hae-
Young, 2013)

Following complete administration of six doses of artemether/
lumefantrine, the mean QTc-interval increased in both the control
(0.4016 + 0.018 to 0.4024 + 0.014 s, p = 0.962) and ATVr (0.4079
+0.008 to 0.4215 £ 0.007 s, p = 0.008) arms. Although the increase
was significant, only, in the ATVr-arm, all the values obtained, both
at pre and post doses of AL, were within normal range [0.36 - 0.44 |
0.46 s (male/female)] (Fig. 1).

On the other hand, ATVr did not cause any significant increase
or decrease in the PR-intervals following administration of com-
plete doses of AL. The PR-intervals were within normal ranges
(0.12 - 0.20 s) in both control (p = 0.2832) and ATVr (p = 0.6193)
arms (Fig. 2).

3.3. Effects of drug interaction between artemether-lumefantrine and
atazanavir-ritonavir on liver, renal and haemo toxicities.

The median plasma levels of ALT decreased at post-dose of AL in
both the control (pre-dose 14.00 [10.33 - 20.90], post-dose 11.20
[9.4 - 12.25], p = 0.066) and ATVr (pre-dose 15.55 [11.10-26.00],
post-dose 1-2.85 [8.05 - 22.48], p = 0.009) arms with all values
falling within normal range. On the other hand, the median plasma
level of AST, at post-dose of AL, decreased in the control arm (pre-
dose 25.05 (21.38 - 34.78), post-dose 23.55 (20.90 - 31.43),
p = 0.799) but increased in the ATVr-arm (25.40 (20.48 - 33.63)
to 32.20 (20.80 - 41.03); p = 0.262). Nonetheless, all the values
were within normal range (Table 2).

Saudi Pharmaceutical Journal 30 (2022) 605-612

Similarly, the median creatinine levels were within normal
range at pre and post doses of AL and there was no significant
change in both control {pre-dose 72.60 (61.50 - 81.08), post-dose
70.20 (65.98 - 79.80), p = 0.445} and ATVr (pre-dose, post-dose,
p = 0.859) arms. (Table 2).

Likewise, there was no significant change in the median hemo-
globin level which increased at post-dose of AL in both the control
(pre-dose 12.05 (11.08 - 14.58), post-dose 12.70 (10.83 - 14.03),
p = 0.475) and ATVr (pre-dose 12.70 [11.75 - 14.75], post-dose
13.75 (11.18 - 15.70), p = 0.646) arms (Table 2).

3.4. Adverse events associated with interaction between AL and ATVr

The adverse events reported by the participants were few and
mild. They included fever, headache, chest pain and body weak-
ness. All the participants (100 %, n = 20) reported headache and
fever, at the pre-dose of AL in both groups, which were reduced
to 20 % (n = 4) of the participants ([Control-arm 1, ATVr-arm 3)
at the post-dose. Chest pain and body weakness were the only
new adverse events that were reported by participants in the
ATVr-arm at the post-dose of AL without being previously reported
at its pre-dose. In the control-arm, 20% of the participants had body
weakness at pre-dose of AL which subsided in half of them (10%,
n = 10) at its post-dose (Fig. 3).

4. Discussion

This is the first study that evaluates the adverse effects associ-
ated with interaction between artemether-lumefantrine and
atazanavir-ritonavir in people living with HIV in Nigeria.

The participants used in the study were well matched as there
was no significant difference (p > 0.05) in their baseline (AL pre-
dose) age, gender, weight, QTc-interval, HGB, ALT, AST, nor crea-
tinine levels (Table 1). Similar baseline results had been previously
reported in another study except for hemoglobin level that was
significantly higher in the lopinavir-ritonavir arm. (Byakika-

A comparison of PR-Intervals at pre and post-
doses of artemether-lumefantrine in both
Control and ATVr arms

GROUPS

ATVR

140 145 150 155

1714 32|

CONTROL
0.1571

160 165 170 175 180

PR-INTERVAL (SECONDS)

PR-INTERVAL (POST-DOSE)

® PR-INTERVAL (PRE-DOSE)

Fig. 2. The effect of interaction between artemether/lumefantrine and atazanavir/ritonavir on PR-interval. ATVr- atazanavir-ritonavir, Control (p = 0.2832), ATVr (p = 0.6193),

confidence level = 95%, PR interval (Normal range: 0.12 - 0.20 s).
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Table 2
The effects of drug interaction between artemether/lumefantrine and atazanavir/ritonavir on the plasma levels of hemoglobin, liver enzymes and creatinine.
Parameters Group (n = 10) Pre-dose Post-dose p - value
(Median [IQR]) (Median [IQR])
ALT (U/L) Control-arm 14.00 (10.33-20.90) 11.20 (9.4-12.25) 0.066
ATVr-arm 15.55 (11.10-26.00) 12.85 (8.05-22.48) 0.009*
AST (U/L) Control-arm 25.05 (21.38-34.78) 23.55 (20.90-31.43) 0.799
ATVr-arm 25.40 (20.48-33.63) 32.20 (20.80-41.03) 0.262
Creatinine (pmol/L) Control-arm 72.60 (61.50-81.08) 70.20 (65.98-79.80) 0.445
ATVr-arm 72.45 (50.08-77.00) 62.35 (51.82-93.03) 0.859
Hemoglobin (g/dL) Control-arm 12.05 (11.08-14.58) 12.70 (10.83-14.03) 0.475
ATVr-arm 12.70 (11.75-14.75) 13.75 (11.18-15.70) 0.646

n: number of participants in each group/arm, ATVr: atazanavir-ritonavir, SEM: Standard error of mean, *: significant at 0.05 and 95% confidence level. Reference range:
Hemoglobin (11 - 16.5 g/dL), creatinine (50 - 140 pumol/L), ALT (5 - 56 U/L), AST (6 - 40 U/L).

120%

100%

80%

100% 100%

60%

40%
30%

20%
20%

Particpants with adverse events (%)

10%

Control-arm
(Pre-dose) %
%

B Chest pain Headache

Adverse events associated with concomitant use of ATVr-
based ART and artemether-lumefantrine

10%

v M HCHN

Control-arm
(Post-dose)

H Fever

100% 100%
10% 10% 10% 199
0% 0% . 10% . .
ATVr-arm ATVr-arm

(Pre-dose) % (Post-dose) %

Group

H General weakness

Fig. 3. Adverse events associated with interaction between artemether-lumefantrine and atazanavir-ritonavir.

Kibwika et al., 2012) Difference in type of protease inhibitors used
could account for the deviation.

This study ascertained that concomitant administration of AL
with ATVr based antiretroviral regimen is potentially cardiotoxic
as a result of significant increase (p = 0.008) in QTc-interval in
ATVr-arm as against the control-arm in which the increase was
not significant (p = 0.962) at post-dose of AL 80/480 mg tablets.
Hence caution should be exercised when administering the combi-
nation with another drug that increase QTc-interval. Patients tak-
ing the drugs should be monitored for signs of cardiotoxicity.
Additive increase in QTc-interval caused by artemether (Funck-
Brentano et al., 2019) and atazanavir (Ly and Ruiz, 2007) may be
responsible for the results. Although, to our knowledge, the toxic-
ity associated with concomitant administration of AL and ATVr-
based ART regimen has not been previously reported, it is notewor-
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thy that related studies (Usman et al., 2020; Byakika-Kibwika et al.,
2012; Kredo et al., 2015) involving AL and other ritonavir-boosted
protease inhibitors have never associated the interaction with car-
diotoxicity. This is because other protease inhibitors including
lopinavir and ritonavir, unlike atazanavir, (http://www.fda.gov/
ohrms/dockets/ac/03/briefing/3950B1_01_BristolMyersSquibb -
ataza navir.pdf) are not known to cause QTc-interval prolongation.
(Byakika-Kibwika et al., 2011; Charbit et al., 2009) Aside that, the
other study (Charbit et al., 2009) made use of a single dose of AL
tablet rather than the regular 6 doses, of similar strength
(480/80 mg), used in this study. The single dose may not be enough
to achieve adequate concentration for a significant cardiac effect of
the interaction. Considering the structural similarity of lume-
fantrine to halofantrine, (https://www.sciencedirect.com/topics/
neuroscience/lumefantrine) an established cardiotoxic drug,
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(Bouchaud et al., 2009) it was thought that increase in plasma con-
centration of lumefantrine may spawn cardiotoxicity but this has
never been the case in previous studies. (Achan et al., 2012;
Byakika-Kibwika et al., 2012; Kredo et al.,, 2015; Usman et al.,
2020) Therefore, the significant increase in QTc-interval (Fig. 1)
obtained in this study may not be associated with the expected
increase in plasma concentration of lumefantrine as a result of
inhibitory effects of atazanavir on CYP 3A4 isoenzyme (Moyle
and Back, 2001) which metabolizes the antimalarial drug but
rather due to additive toxicity cause by atazanavir and artemether
both of which are known to prolong QTc-interval (Ly and Ruiz,
2007; Funck-Brentano et al., 2019).

This study has also shown that concomitant administration of
AL with ATVr-based ART regimen is not associated with any clini-
cally significant renal, liver nor blood toxicities as indicated by lack
of significant change (p > 0.05) in the plasma levels of creatinine,
ALT, AST and hemoglobin in both arms of study at post dose of
AL and all the values obtained were within normal ranges (Table 2).
The adverse events were also few and mild. However general
weakness and chest pain which are symptoms of cardiotoxicity
(https://www.nccn.org/patients/resources/lifewith_cancer/manag-
ing symptoms/cardiac_toxicity.aspx) were experienced, at post-
doses of AL, only in the ATVr-arm (Fig. 3) indicating possible car-
diac effects. Hence caution must be exercised when administering
AL or other drugs that prolong QTc-interval to patients on ATVr-
based ART regimen.

Concomitant administration of artemether-lumefantrine with
atazanavir-ritonavir-based antiretroviral therapy regimen is not
associated with any clinically significant renal, blood nor liver tox-
icities. However, the combination is potentially cardiotoxic. Cau-
tion must be exercised when administering the drugs concurrently.
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