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Coadministration of nevirapine-based antiretroviral therapy (ART) and artemether-lumefantrine is reported to result in vari-
able changes in lumefantrine exposure. We conducted an intensive pharmacokinetic study with 11 HIV-infected adults who
were receiving artemether-lumefantrine plus nevirapine-based ART, and we compared the results with those for 16 HIV-nega-
tive adult historical controls. Exposure to artemether and lumefantrine was significantly lower and dihydroartemisinin exposure
was unchanged in subjects receiving nevirapine-based ART, compared with controls. Nevirapine exposure was unchanged be-
fore and after artemether-lumefantrine administration.

Malaria and HIV affect millions of children and adults in sub-
Saharan Africa, and drug-drug interactions between antiret-

roviral therapy (ART) and antimalarial agents are clinically im-
portant to characterize. Nevirapine-based ART represents 50% of
first-line ART in regions where malaria coinfection occurs (1).
Artemether-lumefantrine, an artemisinin derivative combined
with a longer-acting partner drug, represents the most common
antimalarial therapy (2, 3). Metabolism of these HIV and antima-
larial agents occurs primarily via cytochrome P450 (CYP) en-
zymes. Artemether is metabolized to an active metabolite, dihy-
droartemisinin (DHA), predominately by CYP3A4/5 and to a
lesser extent by CYP2B6, CYP2C9, and CYP2C19 (4). DHA un-
dergoes glucuronidation by uridine diphosphoglucuronosyl-
transferases. Lumefantrine is metabolized by CYP3A4 into active
desbutyl-lumefantrine (2, 4, 5). Nevirapine is metabolized by
CYP3A4 and CYP2B6 while inducing CYP3A4 (6, 7). Studies re-
port reduced artemisinin exposure in the presence of nevirapine-
based ART, but the effects on lumefantrine concentrations are
variable, with studies showing increased, decreased, or unchanged
concentrations (8–14). Importantly, reduced antimalarial levels
have been associated with therapeutic failure (12, 13, 15). The
primary objective of this study was to evaluate the pharmacoki-
netics of artemether, DHA, and lumefantrine in HIV-infected Ni-
gerian adults without clinical malaria who were receiving nevirap-
ine-based ART.

(Data were presented at the 15th International Workshop on
Clinical Pharmacology of HIV and Hepatitis Therapy, Washing-
ton, DC, 19 May 2014.)

HIV-infected subjects (�18 years of age) who had been receiv-
ing nevirapine-based ART for �4 weeks (nevirapine-based ART
group) were eligible after informed consent was obtained. Exclu-
sion criteria were current pregnancy; intolerance to study drugs;
use of antimalarials or CYP substrates, inducers, or inhibitors
within 4 weeks; and clinical symptoms of malaria. The historical
control group included healthy adults (n � 16). The same labora-
tory analyzed all plasma drug concentrations (16). The University

College Hospital Ethics Committee approved this study (protocol
NHREC/05/01/2008a).

Participants received coformulated nevirapine-zidovudine-
lamivudine (200/300/150 mg; Aurobindo Pharma, India) twice
daily. On day 0, participants underwent venous sampling for ne-
virapine predose and 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, and 12 h postdose.
Following pharmacokinetic sampling, participants began to re-
ceive coformulated artemether-lumefantrine (80/480 mg, Coar-
tem; Novartis Pharmaceuticals) twice daily for 3 days, along with
nevirapine. Participants received a standard Nigerian meal 30 to
60 min postdose. The control group received artemether-lume-
fantrine alone, following the same schedule but with food pro-
vided immediately postdose (16). Blood samples for quantifica-
tion of artemether, DHA, lumefantrine, and nevirapine were
collected around the sixth (last) dose on day 3, predose and 0.5, 1,
1.5, 2, 3, 4, 6, 8, 10, 12, 24, 48, 72, and 96 h postdose. Pharmaco-
kinetic sampling was identical for the control group, although
samples were collected through 296 h. Plasma was stored at
�80°C within 30 min after collection.

Artemether and DHA concentrations were analyzed using a
validated liquid chromatography-tandem mass spectrometry
(LC-MS/MS) method (17). The lower limit of quantification
(LLOQ) for artemether and DHA was 2 ng/ml, and the calibration
range was 2 to 200 ng/ml. The coefficients of variation (CVs)
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ranged from 2 to 12% for artemether and from 1.8 to 8.2% for
DHA. The accuracy of quality controls (QCs), expressed as per-
cent deviation from nominal values, ranged from �13% to 9.1%
for artemether and from �13% to 5.6% for DHA at low (6 ng/ml),
medium (80 ng/ml), and high (170 ng/ml) concentrations. Lume-
fantrine concentrations were determined using high-performance
liquid chromatography (HPLC)-UV analysis, with an LLOQ of 50
ng/ml, a calibration range of 50 to 10,000 ng/ml, and a CV range of
1.1 to 6.7% (18). The accuracy of QCs for lumefantrine ranged
from �1.1% to 9.3% at low (120 ng/ml), medium (900 ng/ml),
and high (9,000 ng/ml) concentrations. Nevirapine concentra-
tions were determined using HPLC-UV analysis, with an LLOQ of
200 ng/ml, a calibration range of 200 to 10,000 ng/ml, and a CV
range of 5 to 13% (19).

Pharmacokinetic parameters were estimated using noncom-
partmental analysis via the linear up-log down trapezoidal rule in
conjunction with first-order input, using WinNonlin (Pharsight
Corp., Mountain View, CA). All data below the LLOQ, except at 0
h, were treated as missing data. Data from subjects with at least
three samples in the elimination phase were used to calculate the
half-life (t1/2). The DHA/artemether ratio of values of the area
under the concentration-time curve from 0 to 6 h (AUC0 – 6) was
calculated for each group, to explore potential CYP3A4 induction.
Univariate analyses of demographic features were performed with
Student’s t test, the chi-square test, or Fisher’s exact test, as appro-
priate.

The nevirapine-based ART group included 11 subjects, com-
pared to 16 control subjects. There were more female subjects in
the nevirapine-based ART group than in the control group (82%
versus 25%; P � 0.01), although ages (median, 37 versus 33 years;
P � 0.13) and weights (median, 66 versus 77 kg; P � 0.5) were

similar for the groups. Subjects had been receiving nevirapine-
based ART for a median of 3.5 years (range, 2 to 5.6 years), with a
median CD4� cell count of 388 cells/mm3 (range, 218 to 549 cells/
mm3); five subjects (45.5%) received co-trimoxazole and one re-
ceived dapsone prophylaxis.

The artemether and DHA pharmacokinetics are described in
Table 1 and Fig. 1. Artemether exposure (AUC0 – 6) was 68% lower
in the nevirapine-based ART group than in the control group
(19.9 versus 63.0 h · ng/ml; P � 0.01), while DHA parameters did
not differ between the groups. The DHA/artemether AUC0 – 6 ra-
tios were 2.5 in the control group and 7.2 in the nevirapine-based
ART group, indicating that the proportion of DHA versus arte-
mether was greater in the nevirapine-based ART group than in the
control group. The pharmacokinetics of lumefantrine are de-
scribed in Table 1 and Fig. 2. Lumefantrine exposure (AUC0 –96)
was 49% lower in the nevirapine-based ART group than in the
control group (151 versus 295 h · �g/ml; P � 0.048). Extrapola-
tion of lumefantrine concentrations from after the last dose to 120
h (day 7) suggests that 25% of participants who received nevirap-
ine-based ART had day 7 concentrations below thresholds that
correlate with the risk of recrudescent malaria (175 or 280 ng/ml)
(20, 21). No differences in nevirapine pharmacokinetics with re-
spect to treatment with artemether-lumefantrine were observed
(AUC0 –12 of 52 versus 54 h · �g/ml; P � 0.3). Other nevirapine
pharmacokinetic parameters were not significantly different (geo-
metric mean ratio [GMR] values of 0.98, 1.33, and 1.04 for the
maximal concentration [Cmax], the time to Cmax [Tmax], and the
concentration at 12 h [C12], respectively; data not shown).

Our results describe lower artemether and lumefantrine expo-
sure and no change in DHA exposure in Nigerian adults receiving
nevirapine-based ART, compared to historical control subjects

TABLE 1 Pharmacokinetic parameter estimates for artemether, dihydroartemisinin, and lumefantrine, with or without nevirapine-based
antiretroviral therapy

Pharmacokinetic parametera Control group (n � 16)
Nevirapine-based ART
group (n � 11)

Nevirapine-based ART
control group Pb

Artemether
Cmax (GM [95% CI]) (ng/ml) 19.1 (13.2–27.5) 6.04 (4.07–8.97) 0.32 �0.01
Tmax (median [IQR]) (h) 1.0 (0.50–1.0) 1.5 (0.50–3.0) 1.5 0.12
AUC0–6 (GM [95% CI]) (h · ng/ml) 63.0 (47.4–83.6) (n � 13) 19.9 (13.8–28.7) (n � 10) 0.32 �0.01
AUC0–� (GM [95% CI]) (h · ng/ml) 93.2 (66.3–131) (n � 12) 30.8 (14.7–64.5) (n � 6) 0.33 �0.01
t1/2 (median [IQR]) (h) 3.9 (2.1–5.9) (n � 12) 2.2 (1.2–4.5) (n � 6) 0.56 0.16

Dihydroartemesinin
Cmax (GM [95% CI]) (ng/ml) 61.4 (47.7–78.9) 47.3 (35.5–63.1) 0.77 0.37
Tmax (median [IQR]) (h) 1.0 (1.0–2.0) 1.5 (1.0–3.0) 1.5 0.54
AUC0–6 (GM [95% CI]) (h · ng/ml) 160 (129–198) 143 (115–179) 0.89 0.69
AUC0–� (GM [95% CI]) (h · ng/ml) 189 (151–237) 193 (152–244) 1.02 0.84
t1/2 (median [IQR]) (h) 1.9 (1.5–3.7) 2.6 (2.0–3.8) 1.37 0.37

Lumefantrine
Cmax (GM [95% CI]) (�g/ml) 11.0 (8.0–15.0) 5.81 (3.50–9.65) 0.53 0.07
Tmax (median [IQR]) (h) 2.0 (2.0–6.0) 2.0 (0.0–6.0) 1.0
AUC0–96 (GM [95% CI]) (h · �g/ml) 295 (208–419) 151 (98–232) 0.51 0.048
AUC0–� (GM [95% CI]) (h · �g/ml)c 426 (298–609) 180 (117–278) 0.42 0.02
t1/2 (median [IQR]) (h) 116 (80.4–153) 39.2 (35.9–50.2) 0.34 �0.01

a The maximal plasma concentration (Cmax) and the time to Cmax (Tmax) were estimated by visual inspection, whereas the area under the concentration-time curve (AUC) and the
elimination half-life (t1/2) were determined by noncompartmental analysis. Unless noted otherwise, the n value used to calculate each pharmacokinetic measure was that for the full
study group, as indicated in the column heading. GM, geometric mean; CI, confidence interval; IQR, interquartile range.
b The Mann-Whitney U test was used to evaluate differences in pharmacokinetic parameters between groups. A P value of �0.05 was considered significant.
c The AUC0 –� values include residual area from the previous dose, due to the long elimination half-life of lumefantrine.
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not receiving ART. The results are consistent with findings for
artemether in HIV-infected Ugandan and South African adults,
although different from findings for DHA, as decreases of 25 to
37% were reported (2, 15, 22). One explanation for the lack of
change in DHA exposure may involve combined effects of re-

duced artemether bioavailability (as evidenced by the Cmax) and
induction of CYP3A metabolism of artemether to DHA (as evi-
denced by the higher DHA/artemether ratio in the nevirapine-
based ART group than in the control group, i.e., ratios of 7.2 and
2.5, respectively).

FIG 1 Artemether and dihydroartemesinin (inset) plasma concentration-time curves surrounding the last dose of artemether-lumefantrine in HIV-infected
patients receiving nevirapine-based antiretroviral therapy, compared to healthy volunteers. Data are presented as geometric means. Error bars, standard
deviations. NVP, nevirapine.

FIG 2 Lumefantrine plasma concentration-time curve surrounding the last dose of artemether-lumefantrine in HIV-infected patients receiving nevirapine-
based antiretroviral therapy, compared to healthy volunteers. Data are presented as geometric means. Error bars, standard deviations. NVP, nevirapine.
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The reported effects of nevirapine-based ART on lumefantrine
exposure are variable (Table 2) (8, 10, 11, 13, 14, 22). Our study
reports �50% lower lumefantrine exposure, consistent with find-
ings reported from a Ugandan nonlinear mixed-effects modeling
study (8, 22). The overall lower lumefantrine exposure may be due
in part to a decrease in oral bioavailability resulting from increased
intestinal P-glycoprotein or CYP3A4 expression or to the 30- to
60-min delay in food intake in the nevirapine-based ART group
(23). While reported studies were all conducted with adults, there
were differences in study design (parallel groups, crossover, or
historical controls), pharmacokinetic analysis (intensive sam-
pling, population modeling, or day 7 sampling only), sample size,
patient characteristics (malaria infection status, race, ethnicity,
and gender), and food intake that may underlie these differences
(8, 10, 11, 13, 14, 22, 24).

A significant limitation of our study is the use of healthy his-
torical controls as the comparator group. While the sampling pro-
tocols were nearly identical and assays were conducted in the same
laboratory, differences in demographic features, ethnicity, and
HIV status between subjects enrolled in the control and nevirap-
ine-based ART groups are important (16, 18, 25). In addition, the
shorter follow-up time for the nevirapine-based ART group ver-
sus the control group (96 h versus 296 h) may underestimate the
t1/2 and AUC0 –�. Therefore, AUC0 –96 values were used for the
primary comparison between groups, to minimize the impact of
the length of the follow-up period. Subjects self-administered an-
timalarial doses 2 through 5; therefore, although we provided in-

structions regarding the correct time to administer all doses, we
did not observe the administration of all of the artemether-lume-
fantrine doses. However, administration of the final dose prior to
pharmacokinetic sampling was observed by study staff members.
Finally, we did not measure the metabolite desbutyl-lumefantrine.
Some studies have shown that the metabolite has greater in vitro
potency against Plasmodium falciparum and may have a role in
antimalarial efficacy in humans, despite exposure levels that are
substantially lower than those of lumefantrine itself (5, 22, 26).
How coadministered nevirapine influences the balance between
lumefantrine and desbutyl-lumefantrine concentrations and thus
the overall antimalarial effects of the drug and the metabolite is
not known.

In summary, these results support prior studies that demon-
strated important drug-drug interactions between nevirapine-
based ART and artemether-lumefantrine. Notably, published
studies have been conducted exclusively in adults and are unable
to assess developmental changes that may affect the metabolism of
these drugs. Future studies should include HIV- and malaria-
coinfected children, should consider quantification of metabolite
levels, and should use population pharmacokinetic modeling to
assess the effects of critical covariates on pharmacokinetic param-
eters.
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TABLE 2 Summary of findings from studies evaluating changes in artemether-lumefantrine exposure in the setting of nevirapine-based ART

Study location and
reference(s) Study design

Effectsa

Artemether DHA Lumefantrine Nevirapine

Nigeria (present study) Two groups, rich artemether-lumefantrine PK sampling
(0–96 h after last dose); non-HIV-infected, non-
malaria-infected patients (n � 16) vs HIV-infected,
non-malaria-infected patients on nevirapine-based
ART for �2 yr

Decreased 67%
(P � 0.01)

Unchanged Decreased 49%
(P � 0.048)

Unchanged

Uganda (8, 22)b Crossover, rich artemether-lumefantrine PK sampling
(0–120 h after last dose); HIV-infected, non-malaria-
infected patients (n � 21) before ART and 4 wk after
initiation of nevirapine-based ART

Decreased 70%
(P � 0.01)

Decreased 37%
(P � 0.01)

Decreased 21%
(P � 0.4)

Decreased 46%
(P � 0.01)

South Africa (10) Parallel groups, rich artemether-lumefantrine PK
sampling (0–504 h after last dose); HIV-infected,
non-malaria-infected, ART-naive patients (n � 18) vs
HIV-infected patients (n � 18) on nevirapine-based
ART for �6 wk

Decreased 55%
(P � 0.12)

Decreased 25%
(P � 0.01)

Increased 56%
(P � 0.01)

NA

Nigeria (11) Parallel groups, single lumefantrine PK sampling on day 7
(120 h after last dose); malaria-infected, non-HIV-
infected patients (n � 99) vs malaria/HIV-coinfected
patients on NVP-based ART (n � 68) (duration of
NVP treatment not reported)

NA NA Increased 29%c

(P � 0.01)
NA

Tanzania (13, 14) Parallel groups, lumefantrine PK sampling on day 7 (120
h after last dose); malaria-infected, non-HIV-infected
patients (n � 60) vs malaria/HIV-coinfected patients
on NVP-based ART for �8 wk (n � 121)

NA NA Increased 16%c,d

(P � 0.06)
NA

a Results represent noncompartmental AUC comparisons after the last dose of artemether-lumefantrine unless otherwise noted. The reported changes in drug exposure were
observed for patients receiving nevirapine-containing ART, compared to the control group. NVP, nevirapine; PK, pharmacokinetic; NA, not available.
b Noncompartmental results are presented; however, nonlinear mixed-effects modeling of the same data found a statistically significant decrease in exposure and an increase in the
clearance of lumefantrine.
c Day 7 concentration.
d Noncompartmental results are presented. Nonlinear mixed-effects modeling of sparse sampling from the same study estimated a 24.6% increase in lumefantrine AUC0 –�; no P
value was reported (14).
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