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A bs tr ac t

BACKGROUND

Pyronaridine–artesunate is an artemisinin-based combination therapy under evalua-
tion for the treatment of Plasmodium falciparum and P. vivax malaria.

METHODS

We conducted a phase 3, open-label, multicenter, noninferiority trial that included 
1271 patients between 3 and 60 years of age from Asia (81.3%) or Africa (18.7%) with 
microscopically confirmed, uncomplicated P. falciparum malaria. Patients underwent 
randomization for treatment with a fixed-dose combination of 180 mg of pyronari-
dine and 60 mg of artesunate or with 250 mg of mefloquine plus 100 mg of artesunate. 
Doses were calculated according to body weight and administered once daily for 3 days.

RESULTS

Pyronaridine–artesunate was noninferior to mefloquine plus artesunate for the pri-
mary outcome: adequate clinical and parasitologic response in the per-protocol 
population on day 28, corrected for reinfection with the use of polymerase-chain-reac-
tion (PCR) genotyping. For this outcome, efficacy in the group receiving pyronaridine–
artesunate was 99.2% (743 of 749 patients; 95% confidence interval [CI], 98.3 to 99.7) 
and that in the group receiving mefloquine plus artesunate was 97.8% (360 of 368 pa-
tients; 95% CI, 95.8 to 99.1), with a treatment difference of 1.4 percentage points (95% 
CI, 0.0 to 3.5; P = 0.05). In the intention-to-treat population, efficacy on day 42 in the 
group receiving pyronaridine–artesunate was 83.1% (705 of 848 patients; 95% CI, 80.4 
to 85.6) and that in the group receiving mefloquine plus artesunate was 83.9% (355 of 
423 patients; 95% CI, 80.1 to 87.3). In Cambodia, where there were 211 study patients, 
the median parasite clearance time was prolonged for both treatments: 64 hours versus 
16.0 to 38.9 hours in other countries (P<0.001, on the basis of Kaplan–Meier estimates). 
Kaplan–Meier estimates of the recrudescence rate in the intention-to-treat population 
in Cambodia until day 42 were higher with pyronaridine–artesunate than with meflo
quine plus artesunate (10.2% [95% CI, 5.4 to 18.6] vs. 0%; P = 0.04 as calculated with 
the log-rank test), but similar for the other countries combined (4.7% [95% CI, 3.3 to 
6.7] and 2.8% [95% CI, 1.5 to 5.3], respectively; P = 0.24). Elevated levels of aminotrans-
ferases were observed in those receiving pyronaridine–artesunate. Two patients re-
ceiving mefloquine plus artesunate had seizures.

CONCLUSIONS

Fixed-dose pyronaridine–artesunate was efficacious in the treatment of uncomplicated 
P. falciparum malaria. In Cambodia, extended parasite clearance times were suggestive 
of in vivo resistance to artemisinin. (Funded by Shin Poong Pharmaceutical Company 
and the Medicines for Malaria Venture; ClinicalTrials.gov number, NCT00403260.)
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A rtemisinin-based combination ther-
apy is critical for the effective treatment and 
control of Plasmodium falciparum malaria.1-4 

However, reports from the Cambodian–Thai border 
indicate the emergence of artemisinin tolerance or 
resistance in P. falciparum.2-8

Pyronaridine–artesunate is a fixed-dose, arte-
misinin-based combination therapy that is being 
developed for the treatment of uncomplicated 
P. falciparum and P. vivax malaria.9-11 In phase 2 
and 3 clinical trials, a fixed-dose, 3:1 ratio of pyro-
naridine to artesunate has shown high efficacy in 
the treatment of falciparum malaria, with cure 
rates on day 28 of more than 98% (corrected for 
reinfection with the use of polymerase-chain-
reaction [PCR] genotyping).9,10 In a phase 3 study 
conducted in Africa and Asia, the reported effi-
cacy of pyronaridine–artesunate among Asian 
patients was 98.1% (102 of 104 patients) and was 
equivalent to that of artemether–lumefantrine.10 In 
the treatment of patients with P. vivax malaria, the 
efficacy of pyronaridine–artesunate was similar to 
that of chloroquine, but with faster clearance times 
for parasites (P<0.001) and for fever (P = 0.002).11

This phase 3 trial compared the efficacy and 
safety of a fixed-dose combination of pyronari-
dine–artesunate in Asian and African patients 
with acute, uncomplicated P. falciparum monoinfec-
tion with that of a loose combination of meflo
quine plus artesunate. The primary objective was 
to test the noninferiority of pyronaridine–artesu-
nate to mefloquine plus artesunate for efficacy 
on the basis of adequate clinical and parasito-
logic response on day 28, corrected for reinfection 
with PCR genotyping.12 Given the importance of 
the continued efficacy of artemisinin-based com-
bination therapy, we also looked for evidence of 
artemisinin resistance by examining data on 
parasite clearance time.

Me thods

Study Design

The study was conducted from January 25, 2007, 
until October 2, 2008, at local hospitals and health 
centers in Mae Sot and Mae Ramat, Thailand; 
Pailin, Cambodia; Ho Chi Minh City and Hanoi, 
Vietnam; Bobo Dioulasso, Burkina Faso; Abidjan, 
Ivory Coast; Bagamoyo, Tanzania; and Mangalore, 
India. The institutional review board at each par-
ticipating center approved the protocol, which was 
implemented in accordance with the provisions 
of the Declaration of Helsinki and Good Clinical 

Practice guidelines and with local laws and regu-
lations. (The protocol is available with the full text 
of this article at NEJM.org.) All participants or their 
parents or guardians provided written informed 
consent; assent was required from children who 
were able to understand the study.

The study was designed by the authors and the 
study sponsors, the Medicines for Malaria Venture 
and Shin Poong Pharmaceutical Company. All the 
authors vouch for the completeness and accuracy 
of the data and the analysis and for the fidelity of 
the study to the protocol. The pyronaridine–artesu-
nate used in the study (a tablet with 180 mg of 
pyronaridine and 60 mg of artesunate) was do-
nated by Shin Poong Pharmaceutical Company. 
Mefloquine tablets (250 mg) and artesunate tablets 
(100 mg) were purchased by the study sponsors 
from Mepha. Averion International (now part of 
Aptiv Solutions) provided the computer-generated 
randomization schedule, and Magenta Communi-
cations developed the first draft of the manuscript 
from a study report approved by the authors and 
also coordinated the authors’ contributions.

We assumed that with an adequate clinical and 
parasitologic response rate to both treatments of 
93% and a noninferiority limit of 5%, the ac-
quisition of data on 1140 evaluable subjects (with 
2 patients receiving pyronaridine–artesunate for 
every 1 receiving mefloquine plus artesunate 
[760:380]) would provide 90% power to demon-
strate the noninferiority of pyronaridine–artesu-
nate when using a two-sided 95% confidence 
interval. A drop-out rate of 10% was assumed, 
resulting in a target for recruitment of 1269 sub-
jects (with 846 receiving pyronaridine–artesunate 
and 423 mefloquine plus artesunate).

Randomization numbers were assigned in as-
cending order according to center. Drugs were 
administered by an investigator who was aware of 
group assignments; clinical and parasitologic as-
sessments were performed by investigators who 
were not aware of group assignments.

Patients

Eligible subjects were of either sex, were 3 to  
60 years of age, and weighed between 20 and  
90 kg (without severe malnutrition), and they 
presented with microscopically confirmed P. fal-
ciparum monoinfection (1000 to 100,000 asexual 
parasites per cubic millimeter) and fever that had 
developed within the preceding 24 hours. Exclu-
sion criteria were complicated or severe malar-
ia,13 anemia (characterized as a hemoglobin level 
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<8 g per deciliter), severe vomiting, diarrhea, preg-
nancy or lactation, any clinically significant ill-
ness other than malaria, hepatic or renal impair-
ment, known hypersensitivity or allergy to the 
study drugs, use of an antimalarial drug in the 
preceding 2 weeks, use of an investigational drug in 
the preceding 4 weeks, and previous participation 
in this study.

Treatment and Procedures

Study treatments were administered orally with 
water once daily for 3 days (days 0, 1, and 2). The 
target dosage range for pyronaridine–artesunate 
was 7.2:2.4 mg per kilogram of body weight to 
13.8:4.6 mg per kilogram; the actual doses were 
7.1 to 14.0 mg per kilogram for pyronaridine and 
2.4 to 4.7 mg per kilogram for artesunate. The 
target range for mefloquine plus artesunate was 
5.6:2.2 mg per kilogram to 12.5:5.0 mg per kilo-
gram; the actual doses were 6.2 to 12.5 mg per 
kilogram for mefloquine and 2.5 to 5.0 mg per 
kilogram for artesunate. Patients who vomited 
within 30 minutes of taking the first dose were 
given a repeat dose. Vomiting of subsequent doses 
led to study withdrawal and administration of res-
cue medication. Patients remained hospitalized 
during treatment, with follow-up at days 7, 14, 21, 
28, 35, and 42.

Parasitologic Analysis

Parasite densities were determined in accordance 
with methods published by the World Health Or-
ganization (WHO).12 Duplicate thick blood smears 
were used to establish mean parasite counts. The 
smears were examined independently by two mi-
croscopists at screening (to determine study eligi-
bility), on day 0 (before dosing), and every 8 hours 
thereafter until 72 hours or more had passed or 
until two consecutive negative readings were re-
corded at least 7 and up to 25 hours apart, at the 
end of therapy, at all follow-up visits, and in the 
event of treatment failure.

Thin blood smears were taken at screening, on 
day 0 (before dosing), and from day 7 onward 
whenever parasitologic blood samples were taken. 
PCR genotyping was performed with the use of a 
standard protocol at a central laboratory (Swiss 
Tropical and Public Health Institute, Basel). Re-
crudescence was defined as the detection of at 
least one matching allelic band in the highly poly-
morphic genes encoding the surface proteins of 
the P. falciparum merozoite (MSP1 and MSP2) and 
glutamate-rich protein (GLURP).14,15 This analysis 

was performed with samples obtained at baseline 
as compared with those obtained after day 7.

Outcomes

Efficacy outcomes were determined on the basis of 
WHO definitions.12 The primary outcome was 
adequate clinical and parasitologic response (i.e., 
aparasitemia, regardless of axillary temperature 
and without evidence of previous treatment failure) 
on day 28, corrected for reinfection with the use of 
PCR genotyping. Secondary end points were ade-
quate clinical and parasitologic response without 
correction for reinfection, parasite clearance time 
(time from first dose to asexual aparasitemia, de-
termined on the basis of two consecutive negative 
findings recorded at least 7 and up to 25 hours 
apart), fever clearance time (time from first dose to 
apyrexia as determined by two consecutive normal 
temperature readings recorded at least 7 and up 
to 25 hours apart), and the proportions of patients 
who were aparasitic or apyretic on days 1, 2, and 3. 
Exploratory end points included adequate clinical 
and parasitologic response on day 42 and gameto-
cyte clearance time. Safety outcomes were based 
on the incidence of adverse events, the results of 
urinalysis and other clinical laboratory tests, and 
the results of electrocardiography.

Statistical Analysis

The intention-to-treat population included all pa-
tients who underwent randomization and received 
at least one treatment dose and was equivalent to 
the safety population. The per-protocol population 
included all patients who underwent randomiza-
tion, completed a full treatment course or had 
early treatment failure before treatment was com-
pleted, had outcome data for the primary efficacy 
end point on day 28, and complied with the pro-
tocol to the extent that would allow efficacy eval-
uation.

The primary efficacy analysis was evaluated for 
the per-protocol population. The noninferiority of 
pyronaridine–artesunate to mefloquine plus arte-
sunate was assumed if the lower limit of the two-
sided 95% confidence interval (calculated with the 
Newcombe–Wilson method) for the difference in 
adequate clinical and parasitologic response, cor-
rected for reinfection, was not lower than –5%. If 
pyronaridine–artesunate was noninferior, supe-
riority (P<0.05) was tested with the use of a two-
sided chi-square test. The exact two-sided 95% 
confidence interval (calculated with Pearson–Clop-
per limits) for the primary end point was also 
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calculated. Similar analyses were conducted for 
uncorrected adequate clinical and parasitologic 
response, outcomes on day 42, and the intention-
to-treat population.

Post hoc Kaplan–Meier analyses with a log-rank 
test were used to compare rates of recrudescence 
and reinfection. Data were censored for patients 
without the event (recrudescence or reinfection) at 
the last available date for parasite assessment. In 
the case of major deviations from the protocol, 
data for patients without the event were censored 
at the last parasite assessment before the protocol 
violation. In the intention-to-treat population, 
Kaplan–Meier estimates were also used to analyze 
parasite, fever, and gametocyte clearance times. 
(The plan for statistical analysis is available in the 
protocol.)

R esult s

Patients

The intention-to-treat population included 1271 pa-
tients; 848 received pyronaridine–artesunate, and 
423 received mefloquine plus artesunate (Fig. 1). 
Baseline characteristics in the two treatment groups 
were similar (see Table 1 in the Supplementary Ap-
pendix, available at NEJM.org). Patients from Asian 
centers constituted 1033 of the 1271 patients 
(81.3%) (Table 2 in the Supplementary Appendix).

Efficacy

Pyronaridine–artesunate was noninferior to meflo-
quine plus artesunate for the primary outcome: ad-
equate clinical and parasitologic response in the 
per-protocol population on day 28, corrected for 
reinfection with the use of PCR genotyping. For this 
outcome, efficacy in the group receiving pyronari-
dine–artesunate was 99.2% (743 of 749 patients; 
95% confidence interval [CI], 98.3 to 99.7) and that 
in the group receiving mefloquine plus artesunate 
was 97.8% (360 of 368 patients; 95% CI, 95.8 to 
99.1), with a treatment difference of 1.4 percentage 
points (95% CI, 0.0 to 3.5; P = 0.05). Among patients 
12 years of age or younger who received pyro-
naridine–artesunate, the efficacy rate was 99.1% 
(111 of 112 patients; 95% CI, 95.1 to 100), which 
was similar to the rate for patients older than 12 
years of age (99.2% [632 of 637 patients]; 95% CI, 
98.2 to 99.7). In the group receiving mefloquine 
plus artesunate, efficacy was also similar among 
patients 12 years of age or younger and among 
patients older than 12 years of age, with efficacy 
rates of 100% (63 of 63 patients; 95% CI, 94.3 to 

100) and 97.4% (297 of 305 patients; 95% CI, 94.9 
to 98.9), respectively. The corrected efficacy rate on 
day 28 in the per-protocol population was at least 
96.6% across all centers for both study treatments 
except in Mae Ramat, Thailand, where the effi-
cacy rate in the group receiving mefloquine plus 
artesunate was 94.7% (89 of 94 patients; 95% CI, 
88.0 to 98.3) (Table 4 in the Supplementary Ap-
pendix).

In the intention-to-treat population, adequate 
clinical and parasitologic response on day 42, 
corrected for reinfection, was 83.1% (705 of 848 
patients; 95% CI, 80.4 to 85.6) in the pyronari-
dine–artesunate group and 83.9% (355 of 423 
patients; 95% CI, 80.1 to 87.3) in the mefloquine-
plus-artesunate group. Results for the intention-
to-treat population are shown in Table 1.

Kaplan–Meier estimates of the recrudescence 
rate in the intention-to-treat population through 
day 42 were 5.3% (95% CI, 3.9 to 7.3) in the pyro-
naridine–artesunate group and 2.5% (95% CI, 1.3 
to 4.7) in the mefloquine-plus-artesunate group. 
The log-rank test indicated that the recrudescence 
rate was slightly higher with pyronaridine–artesu-
nate than with mefloquine plus artesunate through 
day 42 (P = 0.049) (Fig. 2A). Reinfection rates were 
similar for the two treatments: 9.2% (95% CI, 7.3 
to 11.6) and 6.2 (95% CI, 4.1 to 9.2), respectively 
(P = 0.17) (Fig. 2B). The rate of P. falciparum reap-
pearance (recrudescence or reinfection) (Fig. 2C) 
was higher among patients in the pyronaridine–
artesunate group (14.2%; 95% CI, 11.9 to 17.0) 
than it was among those in the mefloquine-plus-
artesunate group (8.6%; 95% CI, 6.1 to 11.9) 
(P = 0.02). Kaplan–Meier estimates of postbase-
line P. vivax infection (Fig. 2D) were higher in the 
pyronaridine–artesunate group (11.1%; 95% CI, 
9.0 to 13.7) than in the group receiving meflo
quine plus artesunate (1.8%; 95% CI, 0.8 to 3.9) 
through day 42 (P<0.001).

Median parasite clearance time was approxi-
mately 32 hours in both groups, with at least 92% 
of patients free of parasitemia by day 3 (Table 5 
in the Supplementary Appendix). Kaplan–Meier 
analysis indicated that there were no significant 
differences between treatment groups in parasite 
clearance time (P = 0.08), fever clearance time 
(P = 0.60), or gametocyte clearance time (P = 0.10).

Artemisinin Resistance in Cambodia

Among the 211 patients in Pailin, Cambodia, par-
asite clearance time was significantly extended in 
both treatment groups, whether it was compared 
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1271 Underwent randomization

1630 Patients were assessed for eligibility

Reasons for exclusion
74 Had hyperparasitemia
69 Had low level of parasites
53 Received previous antimalarial

treatment
41 Had mixed infection
39 Had elevated serum aminotrans-

ferase level, elevated bilirubin
level, or both

17 Had elevated serum creatinine
level

13 Had ECG abnormality
12 Had no parasites
12 Had anemia
43 Had other reasons

848 Were assigned to receive
pyronaridine–artesunate

(intention-to-treat and safety populations)

423 Were assigned to receive
mefloquine plus artesunate

(intention-to-treat and safety populations)

723 (85.3%) Completed the study
50 (5.9%) Were lost to follow-up
34 (4.0%) Had Plasmodium falciparum

reappearance
26 (3.1%) Had P. vivax infection
5 (0.6%) Had adverse event
5 (0.6%) Withdrew consent
2 (0.2%) Had P. vivax and P. falciparum

infection
1 (0.1%) Had P. ovale infection
1 (0.1%) Had P. vivax at screening
1 (0.1%) Had gametocyte reappearance

357 (84.4%) Completed the study
25 (5.9%) Were lost to follow-up
25 (5.9%) Had Plasmodium falciparum

reappearance
4 (0.9%) Had P. vivax infection
4 (0.9%) Had adverse event
6 (1.4%) Withdrew consent
1 (0.2%) Had gametocyte reappearance
1 (0.2%) Was mistakenly withdrawn 

749 (88.3%) Underwent analysis (per-
protocol population)

48 (5.7%) Did not have primary end-
point data

46 (5.4%) Did not meet inclusion criteria
or met exclusion criteria

28 (3.3%) Were receiving prohibited 
concomitant medication

6 (0.7%) Did not receive all doses
21 (2.5%) Were excluded for >1 reason

368 (87.0%) Underwent analysis (per-
protocol population)

27 (6.4%) Did not have primary end-
point data

29 (6.9%) Did not meet inclusion criteria
or met exclusion criteria

19 (4.5%) Were receiving prohibited
concomitant medication

4 (0.9%) Did not receive all mefloquine
doses

4 (0.9%) Did not receive all artesunate
doses

21 (5.0%) Were excluded for >1 reason

Figure 1. Numbers of Patients Who Were Screened, Assigned to a Treatment Group, and Included in the Per-Protocol 
Population.

Some patients assessed for eligibility had more than one reason for exclusion from the randomized population  
and were counted twice. ECG denotes electrocardiogram.
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with the clearance time in other study centers 
individually (P<0.001) or when the results from 
these centers were combined (P<0.001) (Fig. 3A). 
Across both treatment groups, the median para-

site clearance time was 64.1 to 64.2 hours in 
Cambodia versus 16.0 to 38.9 hours at all the 
other centers (Table 6 in the Supplementary Ap-
pendix). In Cambodia, 62.5% of patients were 

Table 1. Adequate Clinical and Parasitologic Response (ACPR) in the Intention-to-Treat Population.

Outcome
Pyronaridine–Artesunate  

(N = 848)
Mefloquine plus Artesunate 

(N = 423) Difference (95% CI) P Value

ACPR, Day 28

Corrected for reinfection with PCR genotyping*

No. of patients 793 387

% of patients (95% CI) 93.5 (91.6 to 95.1) 91.5 (88.4 to 94.0) 2.0 (−0.9 to 5.4) 0.19

No. with missing data (%)† 48 (5.7) 27 (6.4)

No. with early treatment failure (%) 0 1 (0.2)

No. with late clinical failure (%) 0 0

No. with late parasitologic failure (%) 7 (0.8) 8 (1.9)

Total no. of failures (%) 55 (6.5) 36 (8.5)

Not corrected for reinfection

No. of patients 789 382

% of patients (95% CI) 93.0 (91.1 to 94.7) 90.3 (87.1 to 93.0) 2.7 (−0.4 to 6.3) 0.09

No. with missing data (%)† 47 (5.5) 24 (5.7)

No. with early treatment failure (%) 0 1 (0.2)

No. with late clinical failure (%) 2 (0.2) 0

No. with late parasitologic failure (%) 10 (1.2) 16 (3.8)

Total no. of failures (%) 59 (7.0) 41 (9.7)

ACPR, Day 42

Corrected for reinfection with PCR genotyping*

No. of patients 705 355

% of patients (95% CI) 83.1 (80.4 to 85.6) 83.9 (80.1 to 87.3) −0.8 (−4.9 to 3.7) 0.72

No. with missing data (%)† 99 (11.7) 55 (13.0)

No. with early treatment failure (%) 0 1 (0.2)

No. with late clinical failure (%) 5 (0.6) 0

No. with late parasitologic failure (%) 39 (4.6) 12 (2.8)

Total no. of failures (%) 143 (16.9) 68 (16.1)

Not corrected for reinfection

No. of patients 708 351

% of patients (95% CI) 83.5 (80.8 to 85.9) 83.0 (79.1 to 86.4) 0.5 (−3.7 to 5.0) 0.82

No. with missing data (%)† 85 (10.0) 40 (9.5)

No. with early treatment failure (%) 0 1 (0.2)

No. with late clinical failure (%) 14 (1.7) 1 (0.2)

No. with late parasitologic failure (%) 41 (4.8) 30 (7.1)

Total no. of failures (%) 140 (16.5) 72 (17.0)

*	On day 28, there were no cases in which correction for reinfection, performed with the use of PCR (polymerase chain reaction) genotyping, 
was indeterminate; there was one such case on day 42, and it was considered to be a recrudescence for the calculation of the failure rate.

†	Patients with missing data were considered to have had treatment failure in the intention-to-treat population.
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aparasitic within 72 hours of treatment initiation 
as compared with 98.0% of all other patients (Ta-
ble 7 in the Supplementary Appendix). The effect 
of country on parasite clearance time remained 
significant (P<0.001) after adjustment for base-
line factors (country, sex, body-mass index, and 
parasitemia), according to a Cox regression model.

Kaplan–Meier estimates of the recrudescence 
rate in Cambodia until day 42 (Fig. 3B) were 
higher in the group receiving pyronaridine–arte-
sunate than in the group receiving mefloquine 
plus artesunate (10.2% [95% CI, 5.4 to 18.6] vs. 
0%; P = 0.04). The combined data for countries 
other than Cambodia showed no significant dif-
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ference in recrudescence rates through day 42 be-
tween the group receiving pyronaridine–artesunate 
(4.7%; 95% CI, 3.3 to 6.7) and the group receiving 
mefloquine plus artesunate (2.8%; 95% CI, 1.5 to 
5.3; P = 0.24).

There was no significant difference in expo-
sure to pyronaridine (concentration on day 7, or 
area under the concentration time curve) or to the 
artesunate active metabolite, dihydroartemisinin 
(area under the concentration time curve), in Cam-
bodian patients as compared with those from 
other countries (Table 8 in the Supplementary 
Appendix).

Safety

The proportion of patients who had at least one 
adverse event was 45.9% for the group receiving 
pyronaridine–artesunate and 44.9% for the group 
receiving mefloquine plus artesunate (Table 2, and 
Table 9 in the Supplementary Appendix). Adverse 
events that occurred in more than 5% of patients 
were headache and myalgia with pyronaridine–
artesunate and headache and dizziness with mef
loquine plus artesunate.

There were no deaths during the study. In the 
safety population, there were seven serious adverse 
events in six patients (0.7%) receiving pyronari-
dine–artesunate and three serious adverse events 
in three patients (0.7%) receiving mefloquine plus 
artesunate (Table 2). Two of these three events 
(seizure and grand mal seizure) were considered 
to be related to treatment with mefloquine plus 
artesunate. Patient discontinuation of the study 
drug and withdrawal from the study resulted from 
six adverse events in five patients (0.6%) receiving 
pyronaridine–artesunate (four had vomiting, and 
one had both nausea and vomiting) and from 
four adverse events in four patients (0.9%) receiv-
ing mefloquine plus artesunate (three had vom-
iting, and one had cerebral malaria) (Table 2).

During the study, there were no clinically sig-
nificant changes in hematologic values and no 
significant differences between treatment groups. 
In the pyronaridine–artesunate group, there were 
15 patients with alanine aminotransferase levels 
that were more than five times the upper limit of 
the normal range. Among these 15 patients, 2 adult 
men had peak levels of alanine aminotransferase 
that were at least three times the upper limit of 
the normal range and peak bilirubin levels that 
were at least two times the upper limit of the nor-
mal range. However, in one of these patients, the 

alanine aminotransferase level was two times 
the upper limit of the normal range at baseline and 
the total bilirubin level on day 7 was the same as 
that at baseline (there was a decrease vs. baseline 
on day 3). An additional patient had levels of ala-
nine aminotransferase and aspartate aminotrans-
ferase that were at least three times the upper 
limit of the normal range that first appeared on 
day 42. None of the patients showed any other 
signs or symptoms of liver disorders. Other bio-
chemistry values in the two treatment groups were 
similar. Key laboratory values are shown in Tables 
10 and 11 in the Supplementary Appendix.

Six patients (0.7%) in the pyronaridine–artesu-
nate group had abnormal electrocardiograms, as 
did three patients (0.7%) in the mefloquine-plus-
artesunate group. All abnormalities were mild and 
resolved before study completion. Of those pa-
tients, one (0.1%) in the group receiving pyronari-
dine–artesunate had QT prolongation, and three 
(0.7%) in the group receiving mefloquine plus 
artesunate had a long or prolonged QT interval. 
None had a QT interval that exceeded 480 msec.

Discussion

The WHO criterion for introducing an alternative 
artemisinin-based combination therapy — an ade-
quate clinical and parasitologic response in more 
than 95% of patients at follow-up on day 28 — was 
met by pyronaridine–artesunate in all the countries 
in our study.1 Efficacy was generally consistent with 
that reported in previous studies of the use of 
pyronaridine–artesunate against P. falciparum ma-
laria.9,10 The recrudescence rate in the group re-
ceiving pyronaridine–artesunate was higher than 
that reported in an earlier phase 3 trial — 4.7% 
(95% CI, 3.3 to 6.7) versus 1.2% (95% CI, 0.6 to 
2.2).10 This difference can probably be attributed 
to the greater immunity to P. falciparum among the 
patients included in the previous trial, most of 
whom were recruited from African study sites 
where P. falciparum transmission rates are higher 
than those in the mostly Asian sites included in 
the current study. However, differences in para-
site drug sensitivity cannot be discounted, be-
cause susceptibility testing was not performed in 
our study or the previous study. A specific pediatric 
formulation of pyronaridine–artesunate granules is 
currently under development.9 Consequently, it was 
not the aim of this study to determine efficacy in 
children, and our patient population included few 
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children younger than 12 years of age. Most of the 
data on pyronaridine–artesunate reported so far 
are for immunologically mature patients.9-11

Kaplan–Meier analysis of the intention-to-
treat population indicated that until day 28, the 
risk of recrudescence was higher with meflo
quine plus artesunate. However, through day 42, 
the risk of recrudescence was higher with pyro-
naridine–artesunate, an outcome driven by data 
from the Cambodian center. When data for the 
non-Cambodian centers were combined, there 
was no difference between treatment groups in 
the recrudescence rate through day 42.

The greater recrudescence rate among Cambo-
dian patients through day 42 could not be ex-
plained by insufficient exposure to pyronaridine, 
artesunate, or dihydroartemisinin relative to ex-
posure among patients from other countries. 
Similarly, population pharmacokinetic modeling 
of data from this study and from previous phase 2 
and phase 3 studies of pyronaridine–artesunate 
conducted in Cambodia, Thailand, and Tanzania 
showed no evidence of pharmacokinetic differ-
ences between Cambodian patients and patients 
from other countries with regard to pyronaridine, 
artesunate, or dihydroartemisinin. However, there 
was a trend toward slightly lower median con-
centrations of pyronaridine on day 7 in 23 patients 
with recrudescence as compared with 212 patients 
without recrudescence, when data from Cambodia, 
Thailand, and Tanzania were pooled. This trend 
was also evident in Cambodia, in 12 patients who 
had recrudescence and 88 patients who did not.

Parasite clearance time was significantly ex-
tended in Cambodian patients as compared with 
those in the other countries. This finding is con-
sistent with those in other reports and indicates 
the presence of resistance to artemisinin.3,4,6,16-18 
In artemisinin-based combination therapy, the 
half-life of artemisinin is much shorter than that 
of the partner drug, so late recrudescence should 
be caused by the lack of efficacy in the partner 
drug.19 Pyronaridine has been used only sparsely 
in Southeast Asia, so widespread resistance is 
thought to be unlikely. Also, given that its half-
life is 13.2 days, pyronaridine resistance should 
have an effect on recrudescence by day 28, but 
this was not seen. However, artemisinin resis-
tance could have indirectly affected late outcomes. 
If the parasiticidal effect of artemisinin is attenu-
ated by pharmacodynamic resistance, there is 
greater dependence on the patient’s immune sys-

tem and the partner drug to eradicate residual 
parasites. Mefloquine has a half-life of about  
3 weeks,20,21 as compared with about 2 weeks for 
pyronaridine. Pailin is a low-transmission area for 
P. falciparum, so patient immunity is limited. Thus, 
a combination of artemisinin resistance, differ-

Table 2. Summary of Adverse Events.

Event

Pyronaridine– 
Artesunate 
(N = 848)

Mefloquine plus
Artesunate 
(N = 423)

Adverse event from any cause — no. (%)* 389 (45.9) 190 (44.9)

Anemia 31 (3.7) 17 (4.0)

Basophilia 8 (0.9) 9 (2.1)

Eosinophilia 20 (2.4) 5 (1.2)

Diarrhea 10 (1.2) 9 (2.1)

Vomiting 18 (2.1) 9 (2.1)

Nasopharyngitis 21 (2.5) 11 (2.6)

Increased alanine aminotransferase 
level

21 (2.5) 0

Increased aspartate aminotransferase 
level

19 (2.2) 1 (0.2)

Decreased hemoglobin level 21 (2.5) 7 (1.7)

Increased aminotransferase level 18 (2.1) 3 (0.7)

Myalgia 53 (6.3) 19 (4.5)

Dizziness 26 (3.1) 28 (6.6)

Headache 101 (11.9) 44 (10.4)

Cough 30 (3.5) 10 (2.4)

Serious adverse event from any cause — 
no. (%)

6 (0.7) 3 (0.7)

Autoimmune hemolytic anemia 1 (0.1) 0

Cerebral malaria 0 1 (0.2)

Cholera 1 (0.1) 0

Pneumonia 1 (0.1) 0

Acute pyelonephritis 1 (0.1) 0

Wound infection 1 (0.1) 0

Seizure† 0 1 (0.2)

Grand mal seizure† 0 1 (0.2)

Abortion 1 (0.1) 0

Depression 1 (0.1) 0

Adverse events resulting in discontinua-
tion of treatment — no. (%)‡

5 (0.6) 4 (0.9)

Nausea 1 (0.1) 0

Vomiting 5 (0.6) 3 (0.7)

Cerebral malaria 0 1 (0.2)

*	The events listed occurred in at least 2% of patients in either treatment group.
†	Seizure and grand mal seizure were the only serious adverse events thought 

to be treatment-related.
‡	Adverse events leading to study withdrawal were the same as those leading to 

discontinuation of treatment.
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ences in partner-drug pharmacokinetics, and pa-
tient immunity may have contributed to the 
higher recrudescence rate through day 42 in 
Cambodian patients treated with pyronaridine–
artesunate.

According to a recently published study,19 the 
risk of infection with P. vivax after treatment for 
infection with P. falciparum is reduced when the 
treatment includes slowly eliminated drugs, such 
as mefloquine, rather than more rapidly eliminat-
ed drugs. Our study supports these findings, given 
the higher postbaseline rate of infection with  
P. vivax among patients receiving pyronaridine–
artesunate as compared with those receiving mef
loquine plus artesunate. Among the 83 cases of 
postbaseline infection with P. vivax noted in our 
study, 73 (86.9%) occurred in Thailand, where it 
is the most frequent cause of parasitologic fail-
ure after treatment for P. falciparum infection and 
occurs more frequently than would be expected 
from simple transmission.19 Although the phar-
macokinetic–pharmacodynamic profile for pyro-
naridine has not been sufficiently determined, 
clinical evidence suggests that effective concentra-
tions are probably intermediate — maintained 
for a longer period than for lumefantrine,10 but 
not for as long as for mefloquine. Artemisinin-
based combination therapy, in which the partner 
drug has a long effective half-life, does provide 
post-treatment prophylaxis, extending the infec-
tion-free interval. However, debate regarding the 
possible increased potential for the development 
of resistance to drugs with long half-lives con-
tinues.19,22-24

In terms of safety, our findings were generally 
consistent with reports on pyronaridine and arte-
sunate monotherapy in Africa and Thailand.25-28 
Our results were also consistent with those of 
clinical trials in which the drugs were used in 
combination.9-11

Combining the results of our study and two 
other phase 3 studies, one concerning P. falci-
parum10 and the other P. vivax,11 transient increas-
es in serum levels of alanine aminotransferase to 
more than five times the upper limit of the normal 
range occurred in 30 of 1925 patients (1.6%). In 
these combined studies, 5 of the 1925 patients 
(0.3%) had increases in levels of alanine amino-
transferase that were more than three times the 
upper limit of the normal range and increases in 
total bilirubin that were more than two times the 

upper limit of the normal range. In 3 of these 
5 patients, the guidelines on the use of Hy’s law31 
may apply. In the other 2 patients, additional fac-
tors may have contributed to the changes in liver 
function. Recovery typically occurred within a 
month, which is consistent with reversible liver 
injury. There were no other signs or symptoms 
of liver injury in any of these patients. In all the 
pyronaridine–artesunate studies conducted as part 
of the clinical development program to date, there 
have been no cases of liver failure.

Two patients receiving mefloquine plus artesu-
nate had a seizure (one patient on day 2 and the 
other on day 3). The timing of these events sug-
gests that they may have been caused by meflo
quine. There was no known history of epilepsy, 
neurologic disorder, or concomitant epileptogen-
ic drug use in either case. Seizures or convulsions 
are known to occur in response to mefloquine, 
usually after prophylaxis.29,30

Pyronaridine–artesunate has potential for the 
treatment of P. falciparum malaria.9,10 After treat-
ment with pyronaridine–artesunate, by day 28, 
more than 95% of the patients at each of the 
Asian and African centers had an adequate clini-
cal and parasitologic response, corrected for 
reinfection with the use of PCR genotyping. Al-
though extended parasite clearance times in Cam-
bodia were indicative of artemisinin resistance, 
artemisinin-based combination therapies remain 
important for the treatment of malaria.
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