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Atovaquone and Proguanil Hydrochloride Compared with Chloroquine or
Pyrimethamine/Sulfadoxine for Treatment of Acute Plasmodium falciparum
Malaria in Peru
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Theéefficacy and safety of afixed-dosecombination of atovaguoneand proguanil hydrochloride
(Malarone™) wer ecompar ed with chloroguineor pyrimethamine/sulfadoxinein patientswith
acutefalciparum malariain northern Peru. Patientswer einitially randomized tor eceive1,000mg
atovaquoneand 400 mg proguanil hydrochloridedaily for 3days(n=15) or 1,500 mg chloroquine
(base) over a 3 day period (n=14) (phase 1). The curerate with chloroquine was lower than
expected and patients were subsequently randomized to receive a single dose of 75 mg
pyrimethamineand 1,500 mg sulfadoxine (n=9) or atovaquone/pr oguanil asbefor e(n=5) (phase
2).1n phase 1, atovaquone/pr oguanil wassignificantly mor eeffectivethan chloroquine (curerate
100% [14/14] ver us8% [1/13], P<0.0001). I n phase 2, atovaquone/pr oguanil and pyrimethamine/
sulfadoxinewer eboth highly effective (curerates100% [5/5] and 100% [7/7]). Therewereno
significant differ encesbetween treatment groupsin parasiteor fever clearancetimes. Adverse
eventswer etypical of malarial symptomsand did not differ significantly between groups. Overall
efficacy of atovaquone/pr oguanil was100% for treatment of acutefalciparum malariain aregion
with ahigh prevalenceof chloroquineresistance.
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Drug resistant strains of Plasmodiumfalciparum
posean increasing therapeutic dilemma. Chloroquine
resistance is widespread in South America,
sub-Saharan Africaand Southeast Asia[1]. Inmany
parts of theworld, P. falciparumhas al so devel oped
resistance to pyrimethamine/sulfadoxine, quinine,
mefloguine, and ha ofantrine[2]. Safeand effectivenew
antimaaria drugsare needed.
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Atovaguone is a hydroxynaphthoquinone that
inhibits parasite mitochondria electron transport [ 3].
Proguanil is an isopropylbiguanide that inhibits
plasmodial dihydrofolate reductaseviaitsmetabolite
cycloguanil [4]. The combination of atovaquone and
proguanil has synergistic blood schizonticidal activity
invitro[5] and enhanced efficacy when used to treat
drug-resistant strainsof P. falciparum. In patientswith
acute, uncomplicated fal ciparum maaria, efficacy was
66% in patientstreated with atovaquone aone, 8%in
patients treated with proguanil alone, and 99% in
patients treated with atovaquone and proguanil in
combination [6]. Atovaguone/proguanil hasalso been
shown to be highly effective and extremely well
tolerated for prophylaxisof falciparummaaria[ 7-10].

Previous clinical trials evaluating atovaquone/
proguanil for treetment of maariausedindividud tablets
of each component. Intheclinical tria presented here,



68 Malaronefor Falciparum Malariain Peru

BJID 2001; 5(April)

afixed-dose combination tabl et of atovaquone and
proguanil hydrochloride (Malarone™) was
evaluated for treatment of acute, uncomplicated
falciparum malariain adolescents and adultsin
northern Peru.

M aterialsand Methods

Thisstudy was conducted from June, 1995, to May,
1996, in Piura, amedium-sized city in northern Peru
where malaria is endemic. Patients were lifelong
residents of the area and were considered
semi-immune. Patients with acute, uncomplicated
falciparum malariaweredligiblefor the study if they
were 12to 65 yearsof ageand had aninitial parasite
count between 1,000 and 200,000 parasites/uL blood.
Patients were excluded if they had severe malaria,
sgnificant concomitant disease or amixed plasmodial
infection, or if they were pregnant, |actating or unable
totolerateora therapy.

Study design. The trial began as an open-label,
randomized comparison of atovaguone/proguanil
versuschloroquine. After 29 patientshad been enrolled,
the cureratewith chloroguinewas 8%, and the protocol
was amended to replace chloroquine with
pyrimethamine/sulfadoxinefor subsequent patients.
However, patient recruitment declined and the second
phase of thetrial ended after an additional 14 patients
wereenrolled.

Treatment assignment. In Phase 1, patients were
randomly assigned to receive either 4 tablets, each
containing 250 mg atovaguoneand 100 mg proguanil
hydrochloride, oncedaily for 3 days (total daily dose
1,000 mg atovaquone and 400 mg proguanil
hydrochloride) or chloroquine sulfate, 150 mg (base)
per tablet (total dosage 1,500 mg during 3 d; 600 mg
followed by 300 mg at 6, 24, and 48 h later). Food or
soya milk was given 45 minutes before dosing to
increasethebioavailability of atovaquone[11].

In Phase 2, patients were randomly assigned to
receive either atovaquone/proguanil, as above, or
pyrimethamine/sulfadoxineadminisered asasngledose

of 3tablets, each containing 25 mg pyrimethamineand
500 mg sulfadoxine (total dose 75 mg pyrimethamine
and 1,500 mg sulfadoxine).

All antimalarial drugsweregiven orally under the
supervison of theinvestigators. Patientswho vomited
within 1 hour of receiving the study drug weregiven
another dose.

Clinical and laboratory assessments. Clinical
examinationsweredoneat least oncedaily for thefirst
7 days, and on days 14, 21, and 28 after the start of
treatment. Patientswere queried from astandard list
of 16 symptoms commonly associated with malaria,
and asked open-ended questions about other
symptoms. Body temperature was measured every 4
huntil normal for 2d.

Thick andthin blood filmswere prepared every 6 h
for thefirst 7 daysor until 2 filmswerefree of asexua
parasites. Filmswerethen prepared weekly until day
28. Parasite counts were determined from
Giemsa-stained blood filmsasthe number of asexual
parasites per 1,000 red blood cells (thin film) or per
200 white blood cells (thick film) and expressed as
parasitesper microliter of periphera blood. Blood films
were considered to be negative when examination of
200 oil-immersion fieldson athick film showed no
asexua parasites.

Blood was obtained for routine hematol ogy and
clinica chemigiry studiesbeforetrestment and on sudy
days3, 7, 14, and 28.

Efficacy endpoints. The primary efficacy endpoint
was the 28-day cure rate. The response to
treatment was based on the WHO classification
[12]: S= parasite clearance within 7 days without
recrudescence up to day 28; Rl = parasite
clearancewithin 7 days, followed by recrudescence
within 28 d; RIl = marked reduction of parasitemia,
but without clearance in 7 days; RIlIl = no
significant reduction of parasitemiaduring thefirst
48 h. Patientswhowithdrew from the study or were
not followed for 28 days were excluded from
analysis of 28-day cure rates. Cure rates were
calculated as S/(S+ RI + RII +RIII).
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Table 1. Therapeutic response at day 28 evaluation

Phase 1
Atovaquone/ Chloroquine  Atovaquone/ Pyrimethaming/
proguanil (n=14) sulfadoxine
(n=15) (n=9)
No. of evauable patients 14 13 7
No. (%) of patientscured 14 (100) 1(8) 7(100)
Fever clearancetime(h)
Median 46 48 44
Mean (SD) 42.9(20.5) 48.0(16.4) 38.4(18.9) 48.0(13.0)
Range 8-92 20-72 28-72
Parasite clearancetime* (h)
Median 57 48 42
Mean (SD) 55.7 (10.6) 58.7 (25.8) 38.0(14.6)
Range 36-78 24-96 24-28

* Parasite clearance times exclude 5 patientswho did not clear parasitemia (R response) after treatment with chloroguine.

Table2. Adverseeventsoccurringin morethan 1 patient in any treatment group*

Atovaquone/ Chloroquine Pyrimethaming/

proguanil (n=14) sulfadoxine

(n=20) (n=9)
Headache 2(10) 6 (43) 2(22)
Nausea 5(25) 1(7) 1(11)
Vomiting 7(35) 0 2(22)
Abdomind pain 5(25) 2(14) 2(22)
Insomnia 3(15) 2(14) 4 (44)
Dizziness 1(5) 4(29) 0
Weakness 0 5(36) 0
Pruritus 0 3(21) 1(12)
Papitations 0 3(22) 0
Chillgrigors 1(5) 2(14) 0
Anorexia 2(10) 1(7) 0

* Values expressed as number (%) of patients with an adverse event.
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Fever clearancetime (FCT) and parasite clearance
time (PCT) were secondary efficacy endpoints. For
patientswithfever at basdine, FCT wascd culated from
initiation of treatment until the body temperature had
decreased to 37.2°C, and remained lessthan 37.2°C
for at least 24 hours. For patients who cleared
parasitemia, PCT was calculated from initiation of
treatment until peripheral blood smears were first
negativefor asexud parasites.

Safety analysis. Datafrom all study participants
were used in the safety analysis. Adverse events
were defined as any clinical finding that first
occurred or increased inintensity within 10 days
of treatment initiation.

Statistical analysis. Cure rates for phase 1 were
comparedusing Yates corrected chi-squared analysis,
cureratesfor phase 2 werenot compared satistically.
The MannWhitney U test was used to calculate
differencesinmediansfor fever and parasiteclearance
timesand hematol ogy and biochemistry test results.
A difference between medians was considered
satistically significant if Pwas<0.05.

The study was conducted at I nstituto de Medicina
Tropical Alexander von Humboldt, Universidad
Peruana Cayetano Heredia, Lima, Peru and study
house at Piura, Peru. The protocol wasreviewed by
the Institutional Review Board of the Universidad
Peruana Cayetano Heredia. All patients or their
guardiansgavewritten informed consent.

Results

Forty-three M estizo patients between 15 and 65
yearsof age participated inthe study. In phase 1, 14
of 15 patientstreated with atovaquone/proguanil and
13 of 14 patientstreated with chloroquine completed
the study. One patient in the atovaquone/proguanil
group had aseizure on day 3 of treatment and was
withdrawn and transferred for further evaluation,
which revesaled apast history of seizuresand aserum
sodium concentration of 115 mEg/L. Onepatientin
the chloroquine group was withdrawn because, on

day 2, hereceived adisallowed drug for aurinary
tract infection (cotrimoxazole, which also has
antimaaria activity).

Inphase 2, dl 5 patientstreated with atovaguone/
proguanil and 7 of 9 patientstrested with pyrimethamine/
sulfadoxine compl eted the study. Two patientsinthe
pyrimethamine/sulfadoxinegroup withdrew consent on
day 7 whenthey were asymptomatic.

Treatment groupsdid not differ significantly with
respect to baseline demographic, clinical or |aboratory
characteristics. Laboratory values were typical of
patientswithacutema aria, withmildanemia(hemoglobin
75-118 g/L) and thrombocytopenia (platelet count
85-137 x 10°/L) inapproximately half the patients. The
geometricmeaninitial parasitecount inthe4 trestment
groupsranged from 3,112/ to 6,688/pL .

Efficacy. The therapeutic responses at day 28 are
summarizedin Table 1. Inphase 1, 100% of evauable
patientsin the atovaguone/proguanil group and 8% of
eva uablepatientsin thechloroquinegroup werecured.
Thisdifferencewashighly significant (P<0.0001). Of
the 12 patients not cured after treatment with
chloroquine, 5did not clear parasitemia(RI| response)
and 7 had recrudescent parasitemia between days 6
and 20 (RI response). In phase 2, 100% of patientsin
the atovaquone/proguanil group and 100% of evauable
patientsin the pyrimethamine/sulfadoxinegroupswere
cured. Therewereno significant differencesin parasite
clearancetimesor fever dearancetimesbetweengroups
ineither phase of thestudy.

Safety. Most adverse events reported were common
symptoms of malaria and were also reported as
pre-treetment’ symptoms. Themost frequently reported
adverseeventsareshownin Table 2. Thefrequency of
adverseeventsdid not differ Sgnificantly between groups,
athough therewasatrend toward more vomiting and
abdominal painin patientstreated with atovaquone/
proguanil and more non-specific events (headache,
weskness, dizziness) in patientstreated with chloroquine.

One severe adverse event occurred; a patient in
the atovaquone/proguanil group had generalized
seizures on day 3. Subsequent evaluation revealed
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hyponatremia, not a past history of seizures. The
seizureswere attributed to hyponatremia, and not to
treatment, and the patient was evaluated for an
endocrinedisorder.

Laboratory findingsduring and after trestment did not
differ sgnificantly between trestment groups.

Discussion

A fixed-dose combination of atovaquone and
proguanil hydrochloride, given oncedaily for 3d, was
sgnificantly moreeffectivethanthestanderd 3-day regimen
of chloroquinefor treatment of falciparum malariain
northern Peru (curerate 100% versus 8%, respectively).

Dataon alimited number of patients suggest that
pyrimethamine/sulfadoxine is also effective for
treatment for acute uncomplicated falciparummaaria
in northern Peru. The high incidence of
chloroquine-resistant malariafound inthisstudy was
unexpected. Chloroquineisthe standard treatment for
fa ciparum malariain the Piuraregion and wasthought
to be about 70% effectivewhen the study began [13].

The high efficacy of atovaquone/proguanil inthe
present study is consistent with theresponseto this
regimen (administered asseparatetabletsof atovaguone
and proguanil hydrochloride) against P. falciparum
(induding multidrug-resstant srains) inpreviousdinical
tridsin South America, Africa, and Asa For example,
atovaguone/proguanil wassignificantly moreeffective
than amodiaquine in Gabon [14], mefloquinein
Thailand [15], and chloroquine or chloroquine plus
pyrimethamine/sulfadoxinein the Philippines[16],
and had efficacy similar to quinine plustetracycline
in Brazil [17], halofantrine in Kenya [18], and
pyrimethamine/sulfadoxinein Zambia[19]. The
overall efficacy in 521 patients treated with the
recommended dose of atovagquone/proguanil was
99% [6].

Themean parasite clearance times (44-56 h) and
fever clearance times (38-43 h) observed in the
atovaguone/proguanil groupsinthisstudy weresimilar
totherange observed for atovaguone/proguanil in other
clinical trials(47to 72 hfor parasite clearancetime
and 19to 61 hfor fever clearancetime) [6].

The fixed-dose combination of atovaquone/
proguanil was generally well tolerated. Most of the
adverse events reported by patients were common
manifestations of malariaand were also reported as
pre-treatment symptoms. Although there were no
sgnificant differencesbetween thetreatment groupsin
thefrequency of adverse events, caution should be
used ininterpreting these results because of thesmall
number of patients per group. The oneseriousadverse
event that occurred during the study (seizures) was
not attributed to treatment, but rather to the patient’s
hyponatremia.

Although atovaguone/proguanil issafeand highly
effective, atovaguoneisexpendveto manufacture, and
atovaquone/proguanil thus cosismorethan most other
drugsused to treat malaria. In countrieswith limited
financial resources, alternative drugs such as
sulfadoxine/pyrimethamine are, therefore, more
appropriate for treatment of chloroquine-resi stant
malaria. However, if resistance to sulfadoxine/
pyrimethamine [20, 21] and mefloquine [22, 23]
continues to spread, atovaguone/proguanil may
provide animportant aternativefor patientsinfected
with multi-drug-resistant strainsof P. falciparum.
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