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Generall  introduction 

Malariaa remains one of the most dangerous diseases with more than 300 million 

clinicall  cases worldwide and over 1 million deaths annually, 80 - 90% of these 

occurringg in Africa. Apart from Africa, Asia is the region where malaria is a particular 

problemm [l! . Of the four species of human malaria, Plasmodium falciparum is the most 

dangerouss one because of its potential to cause severe and complicated malaria 

leadingg to death. The battle against malaria is difficult for various reasons, in 

particularr because of development of resistance to antimalarial drugs. Since the first 

reportss of chloroquine resistance in the late 50's, early 60's of last century [2\ P. 

falciparumfalciparum has gradually developed resistance to almost all antimalarial agents such 

ass amodiaquine, sulfadoxine-pyrimethamine, mefloquine, quinine (reduced 

sensitivity).. Sofar the artemisinin drugs are an exception with universal sensitivity [3]. 

Inn several African countries chloroquine resistance led to a change in the first-line 

drugg from chloroquine to sulfadoxine-pyrimethamine (SP). However, development of 

SPP resistance '4'5] threatens malaria control efforts of these countries. Meanwhile, in 

Asia,, and particularly in Southeast Asian countries, multidrug resistant malaria has 

emergedd and artemisinin and its derivatives have been used increasingly as the first-

linee drugs for falciparum malaria[6]. With the spread of drug resistant malaria, 

especiallyy after global eradication was considered not feasible, malarious countries 

neededd new policies guided by WHO for malaria control, and as a result A Global 

Malariaa Control Strategy was endorsed by the Ministerial Conference on Malaria 

Controll  in Amsterdam in 1992 and confirmed by the World Health Assembly in 1993. 

Thiss strategy has four basic elements: early diagnosis and treatment; implementing 

selectivee and sustainable preventive measures, including vector control; to detect, 

contain,, or prevent epidemics; and to strengthen local capacities in basic and applied 

researchh to permit and promote the regular assessment of a country's malaria 

situation,, in particular, the ecological, social and economic determinants of the 

diseasee ' . Applying this strategy resulted in documented success in malaria control of 

severall  countries, such as China, Viet Nam, Thailand, Brazil  [6'7l 

Inn Viet Nam, the malaria situation deteriorated during the 1980s and peaked in 

19911 with a recorded incidence of 1.09 million clinical cases, 31.741 severe cases, 

46466 deaths and 144 outbreaks. In 1992, with economic rehabilitation and increase in 
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fundingg for malaria control, a new malaria control strategy based on the above four 

basicc elements was implemented. Artemisinin and its derivatives were used as first-

linee drugs and offered free of charge by health sevices for malaria treatment, and 

insecticidee treated bednets gradually became the main method for prevention [8,9]. As 

aa result, morbidity and mortality of malaria declined dramatically from year to year 

too a total recorded incidence of 293,000 clinical cases with 74,316 confirmed cases in 

2000.. Severe malaria decreased to 1,161 cases and mortality dropped to 148 . The 

successs of malaria control in Viet Nam was partly due to the use of artemisinin and 

itss derivatives, drugs that play an important role in treating multidrug resistant 

malaria. . 

Artemisinin . . 

Artemisininn is a sesquiterpene lactone peroxide extracted from the herb Artemisia 

annuaannua L., which had been used traditionally for treating fever since 2000 years in 

China.. The actual antimalarial compound, artemisinin was isolated in 1971. Since 

then,, artemisinin and its derivatives were further developed, tested, and marketed in 

Chinaa and in Viet Nam and they have proved to be very effective in the treatment of 

P.P. falciparum malaria [10]. Artemisinin and its derivatives offer rapid clearance of 

parasitee and fever, they can be used effectively in both uncomplicated and severe 

malariaa with available forms for oral and parenteral use [ . They were first used as 

monotherapyy in the treatment of uncomplicated P.falciparum malaria. But, because 

off  their short half lif e (2.5h), duration of treatment usually takes 5 to 7 days to avoid 

recrudescencess [ , 1 l Long treatment courses of uncomplicated malaria are generally 

supposedd to lead to poor patient compliance because of the fact that patients wil l 

normallyy feel much better within a few days with disappeance of the fever. Thus there 

mayy be a tendency to keep the remaining drugs for another attack or for someone else 

inn the household. So we studied the optimal duration of artemisinin monotherapy. In 

chapterchapter 2, the result of a clinical trial comparing the efficacy of a 5-day course and a 

7-days7-days course of artemisinin monotherapy is presented. 

Resistancee to artemisinin derivatives has not been reported yet. Combination 

treatmentt of antimalarial drugs is nowadays advocated in order to reduce the 

emergencee of drug resistance and its spread [1213]. Artemisinin, because of its short 

halff  lif e and quick and effective action, is an excellent candidate for combination 

treatment,, in combination with drugs with longer half lifes. Along with other 
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artemisininn derivatives, dihydroartemisinin has also been used in combination 

therapies,, mainly with mefloquine, in the treatment of Plasmodium falciparum 

malariaa and it was proved to be effective [1416]. Recently, dihydroartemisinin has 

beenn used in a fixed combination with piperaquine, a bis-aminoquinoline that was 

firstt synthesised more than 30 years ago, and with trimethoprim and primaquine. This 

combinationn was developed by Chinese and Vietnamese scientists and was used in 

Viett Nam under the name CV8 and it was shown to be effective for treating P. 

falciparumfalciparum infections in some preliminary trials [17'18]. After introduction in the 

malariaa control programme in 2000 by The Vietnamese Ministry of Health (Decision 

3952/QD-BYTT of Minister of Health on 9 December 1999), CV8 has been used on a 

largee scale as first line treatment of falciparum malaria in several regions in Viet 

Nam.. Meanwhile, another fixed combination of atovaquone and proguanil 

(Malarone®)) also proved to be very effective in treating P.falciparum malaria tl9~21l . 

Thesee two fixed combinations are relatively new and it seemed useful to evaluate 

theirr efficacy in treating malaria in Viet Nam. The results of a randomised 

comparisoncomparison between CV8® and Malarone® in the treatment of Plasmodium 

falciparumfalciparum malaria in Viet Nam are presented in chapter 3. 

Malarone®® has not been used to any extent in Asia because of the use of cheaper 

andd effective combinations of artemisinin derivatives with mefolquine [l5>22]. 

However,, recrudescence after a low dose of mefloquine plus an artemisinin drug is 

commonn I16-23-24!. Treating recrudescent malaria cases with another drug, which is 

differentt from the initial drug to increase probability of success seems wise. 

Malarone®,, as mentioned above, is an effective antimalarial drug for areas with 

multi-drugg resistant malaria and it can also be an alternative for treatment of 

recrudescentt multi-drug resistant P. falciparum malaria. We studied Malarone® as 

anan alternative for treating recrudescence of P. falciparum after primary treatment 

withwith a combination of artesunate and mefloquine, and the results are presented in 

chapterchapter 4. 

Sincee the wide scale introduction of artemisinin drugs in malaria control in the 

90's,, morbidity attributable to P. vivax became more prominent because P. 

falciparum-infectionsfalciparum-infections gradually came under control in Southeast Asia [25,26]. 

Artemisininn derivatives were also effective in treating P. vivax malaria [21\ but they 

weree never used widely for P.v/vox-infection as P. vivax is considered sensitive to 

chloroquinee and chloroquine is the first-line drug for treatment of P. vivax -infections 
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inn most areas of the world ^ . However, chloroquine-resistant P.vivax has recently 

beenn reported in Asia and South America [293I ]. Thus alternatives for chloroquine 

wil ll  be needed. In Viet Nam, there has not been any report of chloroquine-resistant 

P.vivaxP.vivax so far and chloroquine is still the drug of choice for treating P.vivax malaria, 

butt artemisinin derivatives were also used sometimes in practice despite no formal 

acceptance.. Therefore, we carried out a study to compare efficacy of artemisinin to 

chloroquinechloroquine in the treatment of P. vivax malaria, and by this to evaluate sensitivity to 

chloroquinechloroquine of P.vivax in Viet Nam. The results are presented in chapter 5. 

Inn the Global Malaria Control Strategy mentioned above and the programme of 

Rolll  Back Malaria launched later in 1998 (RBM), "early diagnosis and prompt 

treatment""  (EDTM) was considered a key component in the control of malaria. But, 

despitee playing such an important role, EDTM has no clear definition or standard on 

whichh evaluation of effectiveness for malaria control can be based. In chapter 6, we 

presentpresent a study based on analysis of questionnaires from patients who presented at 

healthhealth units during the last decade to evaluate the influence of EDTM on malaria 

controlcontrol in Viet Nam and by this to define the timing of "early". 

AA review of pharmacokinetic interactions of antimalarial agents is presented in 

chapterchapter 7. This discussion about interactions of antimalaria drugs in combinations is 

necessaryy because drugs used in combinations should not have adverse 

pharmacologicall  interactions [32l Combination therapies are now increasingly used 

followingg recommendation of WHO to prevent the few remaining potent compounds 

fromm development of resistance while waiting for new antimalarial drugs [ . 

Studyy site 

Thee studies were conducted in Binh Thuan province, a 7992 sq. Km mountainous 

areaa located in the south of Viet Nam and 198 km north east of Ho Chi Minh City 

Thee mountains lie from west to east and reach the beaches. The total population of 

Binhh Thuan rose from 767,000 in 1989 to 1 096 700 in 2002 (population density 120 

capita/km2),, of which approximately 75% lived in the rural areas. Binh Thuan is 

consideredd an endemic area of malaria. The annual rainfall ranges from 1000 to 1400 

mm;; the rainy season usually lasts from May to November. The annual average 

temperaturee is 27°C. Economic potentialities are: agriculture, marine resources, 

wood-processingg industry, (data from Provincial Statistics Department and from 

http://encyclopedia.thefreedictionary.com) ) 
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Chapterr 1 

Studyy objectives 

1.. To compare the efficacy of a 5-day course and a7-days course of artemisinin 

monotherapyy in the treatment of P. falciparum malaria.. 

2.. To compare the efficacy of the combination dihydroartemisinin-piperquine-

trimethoprim-primaquinee (CV8®) to the combination atovaquone-proguanil 

(Malarone®)) in the treatment of P. falciparum malaria in Viet Nam. 

3.. To evaluate atovaquone-proguanil (Malarone®) in the treatment of 

recrudescencee of P. falciparum malaria after primary treatment with a 

combinationn of artesunate and mefloquine. 

4.. To compare the efficacy of artemisinin to chloroquine in the treatment of P. 

vivaxvivax malaria, and by this to evaluate sensitivity to chloroquine of P. vivax in 

Viett Nam. 

5.. To evaluate the contribution of early diagnosis and treatment in controlling 

malaria,, and to define the timing of "early". 

6.. To review the pharmacokinetic interaction of antimalarial drugs in combination 

therapies. . 
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Artemisini nn monotherapy 

Abstract t 

TheThe efficacy of artemisinin monotherapy was studied in 227 patients with 

uncomplicateduncomplicated falciparum malaria. They all received artemisinin at t = 0 hr, t = 8 hr, 

andand thereafter once daily; treatment was extended at random until they had taken 

eithereither 5 days of artemisinin followed by 2 days of placebo (A5), or 7 days (A7) of 

artemisinin.artemisinin. The adult artemisinin dose was 500 mg; children aged < 15 years 

receivedreceived 10 mg/kg per dose. The median (range) parasite clearance time was 39 (8— 

112)112) hrfor A5 and 43 (38-104) hr for A7 (P = 0.085). The recrudescence rates were 

similarsimilar between the groups. The lowest parasite count achieved during treatment 

(Pivrm)(Pivrm) was associated with the occurrence of recrudescence (P - 0.046, Cox 

regressionregression model); it was lower for patients with a radical cure or late recrudescence 

thanthan for early recrudescence (P = 0.034, t-test). Artemisinin monotherapy may offer 

rapidrapid recovery and fast parasite clearance, but recrudescence is frequent. Extending 

thethe duration of monotherapy from 5 days to 7 days does not reduce recrudescence. 
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Chapterr 2 

Introductio n n 
Artemisininn and its derivatives have become standard treatment of falciparum 

malariaa in Southeast Asia. Use of these drugs has increased in other parts of the 

world.. One advantage of this class of antimalarials is that they can lead to lead to 

rapidd clinical recovery and clearance of parasites. Clinical failure caused by 

artemisinin-resistantt Plasmodium falciparum strains has not yet been reported. 

Artemisininn is rapidly but incompletely absorbed, and its plasma elimination half-life 

iss short (2.6 hr) [I ' \ This rapid elimination is probably one of the reasons why 

monotherapyy is associated with high recrudescence rates. 

Anotherr reason for the high rate of recrudescence may be the time-dependent 

declinee of plasma concentrations after repeated doses. This phenomenon has been 

observedd in patients treated with artemisinin, artemether (with a concomitant increase 

off  the plasma concentrations of its metabolite dihydroartemisinin), and 

dihydroartemisininn after intake of artesunate [3"6]. In comparison with primarily single-

dosee studies in healthy humans, the results indicate that the decline of plasma 

concentrationss is drug related. In the case of dihydroartemisinin taken orally, data 

suggestt that the decline of plasma concentrations down to values observed in healthy 

subjectss is a disease-related effect (Le NH and others, unpublished data). A significant 

declinee of plasma concentrations may counteract the benefits of prolonged therapy. 

Becausee of the high rate of recrudescence associated with artemisinin monotherapy 

andd the attendant risk of the development of drug resistance, current recommendations 

aree to use artemisinin derivatives in combination with other antimalarial agents [7'8]. 

Whenn monotherapy is deemed necessary, a minimum duration of therapy of 7 days 

hass been recommended[ . In reality, however, many other regimens are being applied 
[9].. An important reason for this is that the available artemisinin drugs in Southeast 

Asiaa are often packed in packages that contain the number of tablets required for 5 

dayss of treatment, and sometimes one package may erroneously be considered a 

completee treatment course. 

Somee data suggest that the rate of recrudescence can be reduced by extending the 

durationn of artemisinin monotherapy [10]. However, to our knowledge, a comparative, 

double-blind,, randomized study comparing different durations of artemisinin 

monotherapyy has not been performed [11]. Therefore, we compared 2 oral regimens of 
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Artemisininn monotherapy 

artemisininn monotherapy of different duration—5 days (A5) versus 7 days (A7)~-in 

thee treatment of uncomplicated falciparum malaria. The objectives were to assess the 

efficacyy of both regimens in an area where there is a high prevalence of P. falciparum 

resistantt to chloroquine and sulfadoxine-pyrimethamine but not to mefloquine; and to 

studyy whether extending the duration of therapy would lead to better treatment results. 

Methods s 

PatientPatient selection and treatment. The study was performed in a district hospital and 

severall  community health posts of Binh Thuan. Binh Thuan is a mountainous 

provincee in the south of Viet Nam , with high malaria endemicity. Transmission 

patternss are highly variable, mainly the seasonal forest fringe type of epidemiology, 

butt with high transmission foci in the communities of ethnic minorities who inhabit 

thee forested hill slopes. Significant acquired immunity is limited to these 

communities. . 

Al ll  patients presenting with signs or symptoms possibly related to malaria were 

evaluatedd for eligibility for entering the study. Inclusion criteria were uncomplicated 

falciparumm malaria with parasitemia of 1,000—100,000/JJ.L (0.02—2%) and aged > 6 

years.. Exclusion criteria included pregnancy, lactation, complicated malaria, inability 

too take orally administered medication, known allergy to artemisinin or derivatives 

andd verbal confirmation of the intake of artemisinin derivatives in the previous 24 hr, 

andd mefloquine, tetracycline, or doxycycline in previous 7 days or quinine in the 

previouss 12 hr. Informed verbal consent was obtained before randomization from all 

participatingg patients. The medical ethics committees of the Academic Medical 

Center,, Amsterdam, and Cho Ray Hospital, Ho Chi Minh City, approved the study 

protocol. . 

Closedd envelopes containing computer-generated randomization codes were 

consecutivelyy drawn after inclusion. One hundred twenty randomized numbers were 

originallyy allocated to each of the treatment regimens. Taking into account the 

patientss lost to follow-up, the sample size of 240 patients, subdivided in 40 children 

andd 200 adults, aimed at detecting a reduction in cure rate of at least 10% in the 2 

regimenss with statistical significance at a = 0.05 and (3 = 0.2 (power 0.8). Adult 

patientss (> 15 years) received artemisinin 500 mg at / = 0 hr and t = 8 hr and 

thereafterr 500 mg once daily for either 6 consecutive days (A7, last dose give at / -
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1444 hr) or 4 days followed by 2 days of placebo (A5, last dose given at / = 96 hr). 

Childrenn (< 15 years) received 10 mg/kg per dose. Artemisinin capsules of 250 mg 

andd 100 mg and placebo capsules were obtained from Vidipha Company, Ho Chi 

Minhh City, Viet Nam . 

PatientPatient follow-up. All patients were admitted to the district hospital or health 

posts.. Vital signs were recorded every 8 hr, and physical examinations were 

performedd every day. A full blood count was performed before patient inclusion and 

onn the third day thereafter. Giemsa-stained thick and thin blood smears were obtained 

forr identification and counting of asexual parasites by light microscopy before patient 

inclusionn and every 8 hr after start of treatment until 3 negative smears had been 

obtainedd and the patient was discharged. After that, blood smears were taken 7, 14, 

21,, and 28 days after the start of treatment on an outpatient basis. Either 500 parasites 

weree counted against the corresponding leucocytes or the parasites were counted 

againstt 1,000 leucocytes. The parasite count was calculated as the ratio with the white 

bloodd cell count and expressed per millilite r of blood. The presence of gametocytes 

wass recorded but not enumerated. Gametocytes present in the slides of t = 0 hr or t = 8 

hrr were taken as baseline. All blood smears were retained and reviewed by an 

experiencedd technician at the department of parasitology of Cho Ray Hospital in Ho 

Chii  Minh City. 

Feverr and parasite clearance times were defined as the time from initiation of 

treatmentt to the first of 3 consecutive normal temperature readings (< 37.0°C axillary) 

orr negative blood smears, respectively. 

Thee parasite clearance rate (ATe|), elimination half life {tlAe\ = 0.693//Tei), parasite 

countt at the end of therapy (Pterm), and replication rate after treatment were assessed 

ass described previously. ^ In brief, Ptcrm is a simulated value, in most cases far below 

thee detection limit. A line connecting Ptcrm and the parasite count of patients with a 

recrudescencee represents the replication rate after treatment. 

Clinicall  and parasitological outcome were assessed separately. Clinical failure was 

definedd as no clinical improvement necessitating additional treatment within the first 

488 hr of treatment (early failure) or after 48 hr of therapy (late failure). Additional 

therapyy of patients who failed to respond to treatment consisted of artesunate with 

mefloquinee or quinine. Parasitological response was defined as follows. Radical cure 

meanss parasite clearance by Day 7 without recrudescence up to Day 28. Rl is initial 

disappearancee of parasites with recrudescence before Day 14 (early Rl) or from Day 
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144 to Day 28 (late Rl). R2 is an initial decrease of parasite count to < 25% of the 

initiall  value, followed by resurgence, without clearance by Day 7. R3 is no response 

orr a small decrease of parasitemia to not less than 25% of the initial value, assessed at 

488 hr after initiation of therapy. 

AA symptom was regarded to be a side effect possibly related to a study drug when 

itt occurred after initiation of therapy or, if already present before the first dose, 

increasedd in intensity thereafter. Persistence of a symptom, although present before 

therapy,, until 2 or more days after defervescence and parasite clearance was recorded 

ass a possibly drug-related prolonged symptom. 

StatisticalStatistical analysis. The individual data were analyzed with the aid of the 

statisticall  package SPSS version 9 (SPSS Inc., Chicago, IL). All statistics concerning 

parasitemiaa were performed with log transformation. Clinical outcome was analyzed 

withh contingency tables and the chi-square test with continuity correction for 

categoricall  parameters and with Student's /-test or nonparametric tests for numerical 

parameters.. Parasite clearance and recrudescence were analyzed with survival 

analysiss (log rank test and Cox's proportional hazard model). P < 0.05 was associated 

withh statistical significance. 

Results s 
Thee inclusion of patients proceeded more slowly than anticipated because of the 

rapidd decline of malaria in the region, which started in 1994. When 229 patients (200 

adultss and 29 children aged < 15 years) were included, study enrollment stopped. 

Baselinee patient characteristics are shown in Table 1. We excluded 2 children who, 

uponn review of the slides, were found to have vivax malaria, leaving 227 patients for 

analysis.. Some patients with hyperparasitemia (> 100,000/uL) were enrolled. They 

weree included in the analysis because there were no complications of malaria. There 

weree no significant differences between the 2 groups. 
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Tablee 1 

Characteristicss of patients treated with artemisinin monotherapy of different duration 

forr uncomplicated falciparum malaria* 

Artemisini nn monotherapy 

Characteristics s 55 days 77 days Total l 

Numberr of patients 

Sexx (M/F) 

Mediann age, yr (range) 

Mediann weight, kg (range) 

Artemisininn dose, mg/kg (95% CI) 

GMM initial parasitemia 

(95%% CI) 

115 5 

98/17 7 

255 (4-58) 

49(15-62) ) 

10.2(10.0-10.3) ) 

12,589 9 

(10,251-15,460) ) 

112 2 

95/17 7 

255 (7-50) 

50(17-65) ) 

10.3(10.0-10.5) ) 

12,861 1 

(10,092-16,391) ) 

227 7 

193/34 4 

255 (4-58) 

49(15-65) ) 

10.2(10.1-10.4) ) 

12,725 5 

(10,869-4,895) ) 

CICI = confidence interval; GM = geometric mean asexual stage per microliter. 

Al ll  patients tolerated the medication well. No significant adverse effects of the trial 

medicationn were noted. Three patients experienced prolonged headaches, and 2 

patientss experienced diarrhea after taking medication. 

Somee outcome parameters are shown in Table 2. There was a difference in A î and 

thee derived tVie\ between the 2 regimens, but when adults were analyzed separately 

fromm children, this difference disappeared. On average, the elimination rate in 

regimenn A7 was somewhat slower. 
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Tablee 2 

Outcomee parameters of artemisinin monotherapy of different duration in patients with 

uncomplicatedd falciparum malaria* 

Variabl e e 

Numberr of patients 

Outcome e 

Radicall  cure 

Recrudescence e 

Early y 

Late e 

R2 2 

Mediann PCT, hr (range) 

Mediann tlAeu hr (ran ge) ) 

Artemisini n n 

55 days 

115 5 

86 6 

288 (24%) 

9 9 

19 9 

1 1 

39(8-112) ) 

5.11 (1.5-18. 

monotherapy y 

3) ) 

77 days 

112 2 

87 7 

24(21%) ) 

6 6 

18 8 

1 1 

433 (38-104) 

6.2(1.9-21.7) ) 

Totall  P 

227 7 

173 3 

522 (23%) 0.6+ 

15 5 

37 7 

2 2 

41(8-112)) 0.085 

5.5(1.5-21.7)) 0.015 

**  PCT = parasite clearance time; R2 — initial decrease of parasite count to < 25% 

ofof the initial value, followed by resurgence, without clearance by Day 7; t'/iei = 

parasiteparasite elimination half-life. 

ff Chi-square test for radical cure versus recrudescence. 

Onee patient each in both groups had an R2 response. These 2 patients required 

additionall  treatment, although they showed signs of clinical recovery. Al l other 

patientss had an uneventful recovery. There were no clinical failures and no R3 

responses.. Recrudescence occurred in 23% of the total study population. No 

significantt difference in recrudescence rates was observed between the 2 treatment 

groups.. Recrudescent cases were successfully treated with artesunate-mefloquine or 

artesunate-quininee combinations. 

Theree was no significant difference between Groups A5 and A7 in the proportional 

cumulativee parasite clearance and recrudescence (Figure 1). There was a trend toward 

ann effect of treatment regimen on parasite clearance (P = 0.069, relative risk [RR], 

1.281,, 95% confidence interval [CI] , 0.981-1.6735) where A5 was associated with a 

slightlyy more rapid rate. This was independent of weight, age, and initial parasite 
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count,, which itself had a significant effect on parasite clearance (P < 0.001, RR, 0.8, 

95%% CI, 0.7—0.9). Recrudescence rates were similar in the 2 treatment regimens (P = 

0.6,, RR, 1.17, 95% CI, 0.7-2.0). There was a slight effect of the initial parasite count 

onn outcome (P = 0.047, RR, 1.3, 95% CI, 1.0-1.6) in such a way that independent of 

treatmentt regimen, a higher initial parasite count was slightly associated with a higher 

riskk of recrudescence. 

100% % 

50%% -

10%%

o o 
t t o o 
O. . 
O O 

20%% -

0% % 

Recrudescence Recrudescence 

A5 5 

A7 7 

200 40 60 80 100 

Timee (hours) 

J J 14 4 21 1 

Timee (days) 

28 8 

FigureFigure 1. Kaplan-Meier curves of the cumulative parasite clearance (left) 

andand recrudescence (right) in patients with uncomplicated falciparum malaria 

treatedtreated with artemisinin monotherapy for 5 (A5, continuous line) or 7 (A7, 

brokenbroken line) consecutive days. 

Thee simulation of the time course of the parasitemia is shown in Figure 2. Overall, 

Ptermm was significantly lower for patients with radical cure or late recrudescence than 

withh early recrudescence (P = 0.034, Mest). When Pterm was calculated for 2 different 

lengthss of effective treatment, this effect was similar. In a Cox regression model in 

whichh recrudescence is not subdivided into early and late, the value of P,erm had a 

smalll  but statistically significant effect on the hazard function of recrudescence (P = 
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0.046,, RR, 1.105, 95% CI, 1.002-1.22). The geometric mean (95% CI) values of Pterm 

weree 3.3.10~3/uL (8.6.10"*  to 1.2.KT2) for patients with a radical cure, 2.9.10~3/uL 

(2.5.10"44 to 3.5.102) for late recrudescence, and 3.4.10~'/u.L (2.2.10"2 to 5.2) for early 

recrudescence.. The discriminating power for radical cure from recrudescence was 

low. . 

Att baseline 30 (13%) patients had gametocytes. Of these, 24 (80%), 15 (50%), 11 

(36.7%),, and 10 (34%) were still gametocytemic at Weeks 1, 2, 3, and 4, respectively. 

Amongg the remainder who had no gametocytes at baseline, 9 of 193 (5%), 5 of 192 

(3%),, 1 of 176 (0.5%), and 1 of 150 (0.6%) were gametocytemic on Days 7, 14, 21, 

andd 28, respectively. 

DurationDuration of treatment 

 early recrud. 

OO late recrud. 

S S 
3 3 
O O 

a. a. 

E E 

FigureFigure 2. Geometric mean simulated parasite count during treatment with 

artemisininartemisinin for 5 days (A5) or 7 days (A7). Patients with radical cure and late and 

earlyearly recrudescence are shown. The limit of detection is set at 5 parasites/ fj I. 

ArrowsArrows indicate dosing times of artemisinin; shaded areas indicate the duration of 

effectiveeffective drug therapy of the 2 regimens at the end of which Pterm was 

calculated. calculated. 
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Discussion n 
Inn treating uncomplicated falciparum malaria, artemisinin monotherapy led to 

rapidd clinical recovery and parasite clearance. It was safe and well tolerated. 

However,, the rate of parasite recrudescence was unacceptably high. 

Duringg the study period, diagnosis and treatment of malaria were offered free of 

chargee by official health care providers and so prereferral drug use was very limited. 

AA prohibition of the treatment of malaria in the private sector was important in this 

matter.. There was no significant difference between the 2 treatment regimens in 

parasitee elimination rates, although the parasite clearance time was observed to be 

slightlyy more rapid in regimen A5. This was likely a matter of chance because 

throughoutt the time of parasite clearance, the 2 regimens were similar, and so should 

havee been parasite elimination. Parasite clearance time is a rather crude measure of 

efficacyy [ ] and so is probably also the estimate of the parasite clearance rate. 

Noo R3 resistance was observed in our study, and the 2 patients with an R2 

responsee did not develop any complications of malaria. The recrudescence rates in 

regimenss A5 and A7 were high, but it should be noted that late recrudescence cannot 

unambiguouslyy be differentiated from reinfection in such an endemic area. This is 

illustratedd in Figure 2, where the simulated parasite kinetics in radical cure and late 

recrudescencee behave similarly. 

Otherr studies into the effects of extending the duration of artemisinin monotherapy 

aree limited. In a study from Viet Nam that compiled different noncomparative studies, 

thee recrudescence rate was highest in patients treated for falciparum malaria with 

artemisininn for 5 or fewer days (50%), but it ranged 10—23% for patients receiving 

thee drug for 5-10 days [10]. A compilation of studies from China and Thailand 

suggestss that extending the duration of treatment is more effective t,4]. In contrast, in 

thiss study, we show that extending the duration of artemisinin treatment from 5 to 7 

dayss is not useful. It is not easy to explain the absence or presence of a difference 

betweenn the 2 regimens because at their principal difference, 5 or 7 days of treatment, 

thee parasitemia is already below the detection threshold. The significant effect of the 

initiall  parasite count on the parasite clearance is in this aspect just another way of 

expressingg the kinetic relation between these parameters. Put simply, it takes longer to 

eliminatee a greater biomass of parasites. 
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Too obtain more insight, we introduced the simulation of the time course of the 

parasitemiaa and the concept of Pterm- As shown in Figure 2, there is the suggestion of 

ann absolute minimum of the parasitemia. Below this threshold, early replication of 

asexuall  parasites would not occur anymore. However, late recrudescence does occur, 

andd further studies will reveal whether this is real recrudescence or reinfection. A 

sufficientlyy low value of Pterm can be achieved in 2 ways. The first is to ensure 

effectivee blood concentrations for a long enough time. The second is to use drugs with 

fastt parasite clearance such as artemisinin. In a previous study, we showed that 

extendingg the duration of quinine monotherapy was equally effective in lowering Pterm 

andd reducing recrudescence, as was adding a single starting dose of artemisinin before 

administrationn of quinine [12]. The critical value of Pterm to prevent early recrudescence 

wass ~ 1 parasite/uL, comparable to the value found in this study. 

Inn this study, extending artemisinin monotherapy was not beneficial. This may 

partlyy be explained by induction of enzymatic transformation of artemisinin and the 

consequentt decline of blood concentrations after repeated doses [ ' I This could be 

confirmedd by studying whether introducing drug-free intervals could overcome the 

problemm of enzyme induction. There are a number of unanswered questions. Do 

antimalarialss act on the few parasites remaining below the microscopic detection 

limit?? If so, how do drugs act on those few remaining parasites? Do parasites hide 

fromm artemisinin? Are there dormant survivors? These are all questions concerning 

thee eradication of trophozoites that need further study. 

Thee effect of artemisinin on gametocytes in this study was limited. Gametocytes at 

baselinee (before treatment) were cleared relatively slowly, and during follow-up, a 

minorityy of patients (9%) started to develop new gametocytes. Artemisinin has been 

shownn to have some gametocytocidal effect for early-stage gametocytes both in vitro 

andd in refeeding experiments [!5,16]. There is a suggestion that artemisinin and its 

derivativess may have an effect on the epidemiology of malaria by their effect on 

gametocytess [17]. In this study, the effect could not be compared because both 

regimenss contained artemisinin. 

Too date, resistance to artemisinin and derivatives has not been reported. However, 

extensivee use of artemisinin drugs, particularly unsupervised and incomplete 

regimens,, as was observed in Viet Nam [9], may contribute to the development of 

resistancee in the future. Combination therapy may effectively combat this threat. 

Indeed,, several studies have shown that combining artemisinin drugs with other 
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agentss such as mefloquine or lumefantrine offers effective and practical treatment 

regimenss [1819]. Disappointingly, these safe and effective alternatives are expensive. 

Ass long as this is the case, artemisinin monotherapy wil l inevitably be applied, and 

thiss requires careful follow-up of treatment efficacy. 

Inn conclusion, artemisinin monotherapy is effective for the treatment of P. 

falciparumfalciparum malaria with a rapid clinical recovery, defervescence, and parasite 

clearance.. But with both 5- and 7-day courses, the rate of recrudescence is high. A 7-

dayy course is not superior to a 5-day course; this is probably an effect of declining 

plasmaa concentrations after repeated dosing. This should be interpreted as an 

additionall  argument for combination therapy. 
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CV88 vs atovaquone-proguanil 

Abstract t 

OBJECTIVES:OBJECTIVES: To study a new combination, based on dihydroartemisinin and 

piperaquinepiperaquine (CV8) and atovaquone/proguanil (Malarone) for treatment of 

uncomplicateduncomplicated falciparum malaria in Viet Nam . 

METHODS:METHODS: Vietnamese adults with falciparum malaria were allocated randomly to 

treatmenttreatment with dihydroartemisinin/piperaquine/trimethoprim/primaquine 

256/2560/720/40256/2560/720/40 mg (CV8, n = 84) or Malarone 3000/1200 mg (n= 81), both over 3 

days.days. Patients were followed-up for 28 days, results All patients recovered rapidly. 

TheThe mean (95% CI) parasite elimination half-life of CV8 was 6.8 h (6.2-7.4) and of 

MalaroneMalarone 6.5 h (6.1-6.9) (P = 0.4). Complete parasite clearance time was 35 (31-39) 

andand 34 h (31-38) (P = 0.9). The 28-day cure rate was 94% and 95%, respectively 

(odds(odds ratio 0.84, 95% CI 0.18-3.81). No significant side-effects were found. 

CONCLUSION:CONCLUSION: CV8 and Malarone are effective combinations against multi-drug 

resistantresistant falciparum malaria. CV8 has the advantage of a low price. 
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Introductio n n 
AA combination of antimalarial drugs is advocated for the treatment of Plasmodium 

falciparumfalciparum malaria, not only because of prevalent drug resistance but also to prevent 

furtherr development of resistance [1' . The artemisinin drugs are ideal candidates for 

combinationn with other antimalarials (ACT) and resistance of clinical isolates of P. 

falciparumfalciparum has not been documented so far. They offer rapid parasite clearance and 

clinicall  recovery but need to be combined with longer-acting drugs to prevent 

recrudescencee [3]. Most importantly, artemisinin drugs can be produced at relatively 

loww cost and offer an affordable alternative for quinine and 

sulfadoxine/pyrimethamine.. Recently, dihydroartemisinin was combined with 

piperaquine,, a bis-aminoquinoline that was first synthesized more than 30 years ago. 

Trimethoprimm and primaquine were added in a fixed combination. The combination of 

thesee four agents was selected as the best of different combinations, systematically 

studiedd by Chinese researchers working in Viet Nam (Li Quao Guo, Anh Trinh Kim, 

unpublishedd observation). It is produced and marketed under the name CV8® in Viet 

Namm . CV8 was studied in Viet Nam in some preliminary trials and was shown to be 

effectivee for treating P. falciparum infections [4 . 

Thee Vietnamese Ministry of Health introduced CV8 in the National Malaria 

Controll  Program (NMCP) in 2000 (Decision 3952/QD-BYT of Minister of Health on 

99 December 1999). Until that time artemisinin mono-therapy or single dose 

combinationss of mefloquine with artemisinin or artesunate were used. The high 

recrudescencee rates of these regimens, up to 25%, were the reason to change the 

policyy to CV8 as a first line drug. Since then it has been used on a large scale as the 

firstt line of treatment of falciparum malaria in many regions in Viet Nam . Formal 

studiess with CV8 were not yet published. To document the efficacy and tolerance of 

CV88 we performed a clinical study. As the comparator in this randomized clinical 

triall  atovaquone plus proguanil (Malarone) was chosen, a combination not in use in 

Viett Nam . 
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Methods s 
PatientsPatients and treatment 

Thiss study was conducted in Binh Thuan, a mountainous province in southern Viet 

Namm from April 2001 until August 2002. The study protocol was reviewed and 

approvedd by the scientific board of Cho Ray Hospital and the Vietnamese Ministry of 

Health.. All patients who presented with fever at a primary health care facility were 

evaluatedd for eligibility. Inclusion criteria were uncomplicated falciparum malaria 

withh parasitaemia of at least 1000/ul and age >16 years. Exclusion criteria included 

pregnancy,, lactation, complicated malaria, inability to take oral medication, known 

allergyy to study drugs and verbal confirmation of the intake of artemisinin derivatives 

inn the previous 24 h, mefloquine, tetracycline or doxycycline in the previous 7 days or 

quininee in the previous 12 h. 

Writtenn informed consent was obtained from all participating patients. After 

informedd consent the treatment regimen was allocated by drawing an envelope with a 

computer-generatedd randomization code. The codes were allocated in randomized 

blockss of 10 with a 1 : 1 ratio. A total of 90 patients per treatment arm were thought to 

bee sufficient to detect with statistical significance a 50% reduction of a recrudescence 

ratee of 25-30%, values observed in previous studies with artemisinin combinations in 

thiss area.1 ' ' Patients received two tablets of CV8 (each containing dihydroartemisinin 

322 mg + piperaquine phosphate 320 mg + trimethoprim 90 mg + primaquine 

phosphatee 5 mg, CV8) at t = 0, 8, 24 and 48 h (CV88 regimen) or four tablets of 

atovaquonee 250 mg + proguanil hydrochloride 100 mg (Malarone* regimen) at t = 0, 

244 and 48 h. When vomiting occurred within 1 hour after intake of drugs, a full 

secondd dose of the study medication was given. 

CV88 tablets were obtained from Central Pharmaceutical factory 26, Ho Chi Minh 

City,, Viet Nam . Malarone tablets were kindly donated by Glaxo Wellcome Inc., 

UK. . 

PatientPatient follow-up 

Alll  patients were admitted to the health facilities where intake of medication was 

supervised.. Vital signs were recorded every 8 h and a complete physical examination 

wass performed every day. Any sign or symptom was recorded and assessed to its 

possibilityy of being drug related. A full blood count was performed before patient 

inclusionn (day 0). and on day 2. The parasitaemia was counted every 8 h until three 
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negativee smears had been obtained. Blood smears were repeated on days 7, 14, 21 and 

28.. The parasite density was expressed as the number of parasites per micro litre of 

blood.. Gametocytes were recorded but not enumerated and the slides of t = 0 or 8 h, 

regardlesss of amount, were taken as the baseline of gametocytes. All blood smears 

weree retained and re-examined by an experienced technician of the department of 

parasitologyy of Cho Ray Hospital in Ho Chi Minh City. His results were taken as gold 

standardd in case of conflicting results with the study sites. Fever and parasite 

clearancee times were defined as the time from t = 0 to the first of three consecutive 

normall  temperature readings (<37.0 C axillary) or negative blood smears, 

respectively. . 

Curee was defined as disappearance of symptoms of malaria including 

normalizationn of temperature and disappearance of parasites. Radical cure means 

parasitee clearance by day 7 without recrudescence up to day 28. Rl is initial 

disappearancee of parasites with recrudescence before day 14 (early Rl) or from day 

144 to 28 (late Rl). R2 is an initial decrease of parasite count to <25% of the initial 

value,, followed by resurgence, without clearance by day 7. R3 is no response or a 

smalll  decrease of parasitaemia to not <25% of the initial value, assessed at 48 h after 

initiationn of therapy. 

Treatmentt failure and recrudescence were treated according to the local routine. 

Forr R2 or R3 responses this usually comprises intravenous administration of quinine 

orr artesunate followed by mefloquine orally. Recrudescence was usually treated with 

orall  artesunate plus mefloquine. 

Thee patient data were analysed with the statistical package SPSS (v. 11; SPSS Inc., 

Chicago,, IL, USA). Outcome was expressed as the proportion of patients who 

completedd the 28 days of follow-up. Patients who, upon review of the blood slides, 

appearedd to be erroneously included, were excluded from the analysis of efficacy. 

Patientss who withdrew from the study before any endpoint was reached and patients 

whoo were lost to follow-up after initial cure were analysed, on an intention to treat 

basis,, with survival analysis and extreme case scenarios. Contingency tables and Chi-

Squaree tests with continuity correction were applied to categorical variables. 

Numericall  variables were tested for normality and Student's t-test or non-parametric 

testss were applied for comparison. Parasite clearance and recrudescence were 

analysedd with survival analysis. 
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Thee time course of the parasite count was fitted in a non-linear mixed effect 

populationn model as described previously [ . Different models were generated with 

maximizedd log-likelihood estimation. They were compared using analysis of variance 

andd the Bayesian information criterion. The variables sex, bodyweight and regimen 

weree introduced in the model as fixed effects to investigate whether this improved the 

goodness-of-fit.. The final population model was used to estimate the parameters per 

individuall  by restricted maximum log-likelihood estimation (REML). Statistical 

significancee was accepted when P < 0.05. 

Results s 

Duringg the study period 165 patients were included in the study, 84 in the CV8 arm 

andd 81 in the Malarone arm. Tolerance to the study medication was good. In the CV8 

groupp one patient complained about a dry mouth and dermal itch without visible 

abnormalities.. Another patient suffered from a headache. In the Malarone group one 

patientt complained of itch, also without visible abnormalities, and of diarrhoea. Two 

patientss vomited soon after intake of the first dose of Malarone and then withdrew 

fromm the study. These effects were rated as possibly related to the study medication 

butt they can also be attributed to malaria. Four patients, two in both groups, were 

excludedd from the analysis of efficacy because upon review the baseline blood slide 

showedd P. vivax, either with or without P. falciparum. This leaves 161 cases for 

analysiss of efficacy. All patients, except the two who vomited after taking Malarone 

weree followed up for 28 days and 92 of them even for 56 days. The patient 

characteristicss are shown in Table 1. Except for a slight difference in sex ratio, there 

weree no significant differences between the two groups. 

Thee parasites disappeared in all patients of both groups with a similar elimination 

ratee (Figure 1). The treatment results are shown in Table 2. Both regimens offered 

rapidd parasite clearance and defervescence. The two subjects who withdrew were 

analysedd in best and worst case scenarios. Recrudescence was treated successfully 

withh artesunate plus mefloquine. The proportional cumulative parasite clearance and 

recurrencee is shown in Figure 2. There was no significant difference between the two 

regimenss (P > 0.1; OR = 0.74, 95% C.I.: 0.30-1.22). Age, sex and body weight did 

nott affect the hazard function. 
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Tablee 1: Characteristics of patients with uncomplicated falciparum malaria treated 

withh CV8 or Malarone 

Variabl e e 

Numberr of patients included 

Sexx (F/M) 

Agee [years, median (range)] 

Weightt [kg, mean (95% CI)] 

Treatmentt  regimen 

CV8 8 

82 2 

9/73 3 

27.0(16-73) ) 

51.9(51.1-52.7) ) 

Malarone e 

79 9 

7/72 2 

26.0(17-64) ) 

53.11 (51.9-54.3) 

03 03 
0--

oo CV8 

 Malarone 

FigureFigure 1: Time course of the geometric mean parasite count after treatment with 

CV8CV8 or Malarone for uncomplicated falciparum malaria. Error bars indicate the 95% 

confidenceconfidence interval. At lower parasite counts the geometric mean is artificially raised 

becausebecause of the decreasing number of remaining positive cases. The straight line 

indicatesindicates the mean population estimate of the parasite clearance curve and is a better 

reflectionreflection of the mean. 

Thee non-linear mixed effects population model of the time-course of the 

parasitaemiaa revealed that a mono-exponential model with a single elimination 

constant,, yielded the best description of the decline of the parasite count. In this 

modell  the estimate of the parasite count at t = Oh, P0est, may be different from the 
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observedd parasite count at enrolment, P0ObS. Introduction of a time lag between t = 0 

andd 8 h gave no improvement of the model. There were no significant effects of sex, 

bodyweightt or treatment regimen on the goodness-of-fit. The geometric mean parasite 

densitiess and overall mean fitted elimination curve is shown in Figure 1. In the lower 

rangess of the parasite count the geometric mean of the observed values deviates from 

thee fitted line because of its artificial distortion when some but not all blood smears 

becomee negative. The elimination constant was used to calculate the time needed to 

reducee P0est by 50% (PC50) or by 90% (PC90). The mean values of these parameters 

aree shown in Table 2. There was no significant difference of parasite elimination 

dynamicss between patients with radical cure or recrudescence (data not shown). 

Tablee 2: Treatment response of Plasmodium falciparum infections treated with CV8 

orr Malarone 

No.. patients withdrawn 

No.. radical cure 

(worst/bestt scenario) 

No.. recrudescences 

Earlyy (< 14th day) 

Latee (> 14th day) 

Feverr clearance 

[h,, mean (95% CI)] 

Parasitee clearance 

[h,, mean (95% CI)] 

P0obss [/ll , GM (95% CI)] 

P0esl[/ll ,, GM(95%CI)] 

PC50[h,mean(95%CI)] ] 

PC90[h,, mean (95% CI)] 

CV8(n=82) ) 

777 (94%) 

5 5 

24.6(22.3,26.8) ) 

34.8(30.9,38.6) ) 

199 392(15000,25072) 

200 785(16965,25466) 

6.8(6.2,7.4) ) 

22.7(20.7,24.6) ) 

Treatmentt regimen 

Malarone(nn = 79) 

2 2 

733 [95%, (92%/95%)] 

3 3 

1 1 

23.5(20.8,26.2) ) 

34.5(30.7,38.2) ) 

188 020(14139,22967) 

19390(16051,23421) ) 

6.5(6.1,6.9) ) 

21.6(20.2,23.1) ) 

P-vaIue(95%CIofthe e 

difference) ) 

0.99 [OR 0.84 (95% CI: 

0.18,3.81)] ] 

0.44 (-1.9, 4.8) 

0.9477 (-5.1, 5.5) 

0.6811 (-4375,9540) 

0.620[-3621,7949] ] 

0.411 [-0.4, 1.0] 

0.411 [-1.4,3.4] 

CI:CI:  confidence interval; OR: odds ratio; GM: geometric mean. P0: initial parasite count; 

POobs-POobs- population observed; P0esl: population estimate. Time to reduce the initial parasite 

countcount by 50% (PC50) or 90% (PC90). 

Gametocytess were detected at baseline in 19/159 of the patients (11.9%), 8.5% in 

thee CV8 group and 15.5% in the Malarone group. Gametocytes disappeared along 

withh asexual parasites after administration of drugs, at similar rates in both regimens. 
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Inn the CV8 group 6.6% and in the Malarone group 4.6% of the patients developed 

neww gametocytes during follow up (P > 0.05). 

proportion n 
of f 
parasitaemic c 
patients s 

100% % 

80% % 

60%%

40%% " 

20% % 

0%%  J 

n-iro. n-iro. 
,___ _ 

Malarone:: --

b b 

k^ ^ 
 ^ ! Z ! = ^ / / rr  . ; 0 0 20 0 400 60 

Timee (h) 

80 0 77 14 21 

Timee (days) 

FigureFigure 2: Cumulative proportion of parasitaemic patients after treatment with CV8 

oror Malarone for uncomplicated falciparum malaria. 

Discussion n 

Thee combination of dihydroartemisinin and piperaquine, with trimethoprim and 

primaquine,, is well tolerated and very effective in the treatment of falciparum malaria 

inn an area with multi-drug resistance. Malarone was equally effective. Both regimens 

inducedd rapid clinical recovery, parasite clearance and high cure rates. 

Outpatientt follow-up was excellent. Genotyping for distinguishing between 

recrudescencee and re-infection was not available but because of the low transmission 

ratess of malaria in Binh Thuan province and because every recrudescence occurred 

duringg the first 2 weeks, the re-appearance of parasites is most likely to be a true 

recrudescencee '9'. 

Thee rate of recrudescence was lower than with the low dose (10-15 mg/kg) 

mefloquinee ACT regimens, commonly used in Binh Thuan prior to the introduction of 

CV88 , and also lower than with artemisinin mono-therapy [2'. The improvement is 

probablyy achieved by the combination with piperaquine [1°'. Gametocytaemia at 

baselinee (12%) compares well with our previous studies but the low carrier rate and 

thee low gametocyte densities preclude further conclusions on this topic [6'7]. 

Whenn CV8 was launched in Viet Nam , based on Chinese experience, clinical 

experiencee with dihydroartemisinin was limited and much was extrapolated from the 
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experiencee with other artemisinin drugs. The extensive experience with piperaquine in 

China,, especially on Hainan Island, and the reported resistance after application of 

mono-therapyy was the basis for combining piperaquine with other agents. 

Trimethoprimm was added based on recent empiric findings but the rationale for this 

nott yet convincing. This also applies to primaquine. 

Dihydroartemisinin,, an artemisinin derivative, is a poor water-and oil-soluble 

product,, formulated for human use. It is the main active metabolite of artesunate, 

artemetherr and arteether in humans and not exempted from the potential neurotoxic 

effectss of prolonged supra-therapeutic dosing of artemisinin derivatives [ " l2]. Its 

intrinsicc activity is comparable with that of artesunate or artemether '" ' . The 

eliminationn half life is 1 h or less and oral bioavailability is slightly lower than 

artesunatee [1415]. Dihydroartemisinin was used in some studies in combination with 

mefloquinee for uncomplicated malaria and as suppositories for severe malaria [16",8]. It 

iss also marketed for mono-therapy in Asia and Africa. The recommended adult dose is 

800 mg, given once daily, with an extra dose on day 1. 

Piperaquinee is a bis-quinoline (Figure 3). It was synthesized more than 30 years 

agoo in France and originally designated as RP 13 338. Littl e is known from pre-

clinicall  studies [19'2°]. Piperaquine is active mainly on late stage trophozoites of P. 

bergheii  [21]. The mechanism of its antimalarial activity is similar to other 4-amino-

quinolines,, interference with the haem polymerization 

Preliminaryy results in humans show that the elimination half-life ranges from 17 to 

255 days (M. A. Ashton, T. M. E. Davis, T.-Y. Hung, K. F. Ilett, M. B. Denis and D. 

Socheat,, personal communication). Measurement of piperaquine in plasma by high-

performancee liquid chromatography with ultraviolet absorbance detection presented at 

Mekongg Malaria Symposium, 10 13 December, Siem Reap, Cambodia, (abstract in 

Mekongg Malaria Forum, issue no 10, December 2002; [24]). Possible side-effects of 

piperaquinee include mild dizziness, vertigo, headache, listlessness, nausea, vomiting, 

abdominall  discomfort, but also reversible leucopenia was infrequently reported; 

dyspneaa and palpitations were also reported but not further specified ' ]. 
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N—(CH2)33 N 

FigureFigure 3: Structure formula of piperaquine (l,3-bis[l-(7-chloro-4'-quinolyl)-4'-

piperazinyljphosphate),piperazinyljphosphate), a bis-quinoline. 

Althoughh efficacy in treating malaria was proven, piperaquine was not selected for 

furtherr development in France [ . The same compound however, was synthesized in 

19666 in China. More than 4000 subjects on Hainan Island received four consecutive 

monthlyy dosages of piperaquine (adults 600 mg, children 350- 400 mg), resulting in a 

significantt reduction of malaria incidence and parasite carrier rates. Forty-three 

individualss (adults and children) with symptomatic falciparum malaria were treated 

withh piperaquine (adult dose 1800 mg over 2 days). Parasites disappeared all within 

722 h and early recrudescence did not occur. In 1979 piperaquine replaced chloroquine 

ass the standard treatment of P. falciparum infections on Hainan island [2?I. Since then 

varyingg rates of resistance were reported (27-28]. Piperaquine resistance can be induced 

relativelyy easily in the P. berghei ANKA mouse model  [2?I. In vitro studies with 

clinicall  isolates from Madagaskar in 1983 and 1984 did not demonstrate cross 

resistancee with chloroquine [29l 

Thee antimalarial properties of trimethoprim were studied in the 1960s [30l It has 

weakk antimalarial activity and is mainly applied in combination with 

sulphamethoxazolee for treatment of bacterial infections, but this combination can also 

bee used for the treatment of malaria. Cross resistance between trimethoprim and 

pyrimethaminee has been observed and resistance to the latter is widely spread in 

Southeastt Asia [31]. 

Primaquinee also has some activity against P. falciparum but the low dose in CV8 

onlyy affects gametocytes . In Viet Nam , primaquine is traditionally used to 

eradicatee gametocytes in patients treated for symptomatic falciparum malaria. 

However,, there is no evidence that this reduces transmission at population level. It 

mayy cause adverse effects, notably haemolysis in G6PD deficient patients. In practice, 

CV88 has already been used extensively in Viet Nam and no severe adverse reactions 
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suchh as haemolysis have been reported passively. The low dose of primaquine and the 

relativelyy low prevalence of G6PD deficiency in the population of southern Viet Nam 

mayy be responsible for this [33]. 

Thee efficacy of the dihydroartemisinin piperaquine combination is probably not 

muchh enhanced by the addition of trimethoprim and primaquine. A non-comparative 

studyy with Artekin, a combination of only dihydroartemisinin (total adult dose 320 

mg)) and piperaquine (similar total dose) yielded a comparable parasite clearance and 

curee rate [34]. CV8 is not indicated for treatment of P. vivax infections. There is not yet 

muchh need for an alternative to chloroquine and the primaquine content in CV8 is too 

loww to eradicate hypnozoites. 

Atovaquonee plus proguanil, Malarone, is very effective, even against multi-drug 

resistantt P. falciparum [3538]. The power of this study was not aiming at comparing 

thee efficacy of Malarone and CV8 but merely at showing that the recrudescence rate 

off  the latter was lower than the unacceptably high rates of the regimes in use at that 

time.. Interestingly, CV8 and malarone appeared to be equally effective with narrow 

confidencee limits. 

Atovaquonee is a very active antimalarial compound but resistance develops rapidly 

duringg mono-therapy. It is therefore combined with the synergistic proguanil, in a 

fixedfixed combination (Malarone) [39]. It is effective against P. falciparum in areas with 

multi-drugg resistance. Malarone has been on the market for several years, but it is not 

usedd widely because of its high price. The variable bioavailibility of the atovaquone 

componentt is of concern; it increases three to sixfold when administered with food 

.. However, intake of Malarone with either low-or high-fat food did not affect the 

outcomee of malaria treatment.[38] In this study, patients did not always take Malarone 

withh food. It is remarkable that the parasite clearance rate in this study, induced by 

Malarone,, is equal to that of CV8. Artemisinin compounds are regarded to be the 

mostt rapid inducers of parasite clearance. On the basis of the very high intrinsic 

activityy of atovaquone in vitro, high parasite clearance rates in vivo were expected but 

nott yet confirmed, mainly because clearance rates are not routinely calculated in 

clinicall  trials. The absent association between the parasite clearance dynamics and 

treatmentt outcome, unlike previous studies, was surprising but probably caused by the 

loww recrudescence rate, which precludes further conclusions on the mechanism of 

recrudescence. . 

Whatt is the future of these two drug combinations? The low price and high 

42 2 



Chapterr 3 

efficacyy of dihydroartemisinin and piperaquine are very promising for use in 

developingg countries. Especially the African nations are in need of a cheap and 

effectivee anti-malaria combination therapy, based on artemisinin drugs. The current 

markett price of one course of CV8 in Viet Nam is approximately 1.3 US$. This price 

iss still high for most African citizens but further development and large-scale 

productionn can reduce the price. Fortunately the World Health Organization has taken 

thee lead in further developing these combinations. Pre-clinical studies with CV8 were 

plannedd and post-marketing surveillance of CV8 recently started in Viet Nam 

Furtherr initiatives were developed to study combinations similar to CV8 but leaving 

outt primaquine, called Artekin I, or leaving out trimethoprim and primaquine, Artekin 

III  [1 ' . These initiatives will also attempt to fil l in the gaps in the basic knowledge 

aboutt these drugs. Malarone, however, is a well-documented safe and effective 

antimalariall  drug combination. It is used in industrialized countries for treatment of 

importedd P. falciparum infections and for chemo-prophylaxis for travellers. Its price, 

especiallyy of the atovaquone component, is several times higher than that of CV8. 

Althoughh there is some preferential price policy for developing countries, it will 

hardlyy be used. 

Thiss is the first formal comparative study with the combination of 

dihydroartemisinin,, piperaquine, trimethoprim and primaquine, CV8, against 

falciparumm malaria. CV8 appears to be an effective and safe antimalarial drug 

combinationn in an area with multi-drug resistant parasites. This merits further studies 

withh these compounds. The combination of atovaquone and proguanil proved to be an 

equallyy fast acting and effective combination for the treatment of multi-drug resistant 

falciparumm malaria in Viet Nam . 
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Atovaquone-proguanill  for  recrudescent falciparum malaria 

Abstract t 

MaiaroneMaiarone , a fixed combination of utovaquone with proguanil (AP), has recently 

beenbeen recognized as a promising treatment against multidrug-resistant Plasmodium 

falciparum.falciparum. In Viet Nam , the first-line treatment for P. falciparum malaria is 

currentlycurrently a combination of mefloquine and an artemisinin derivative, and the use of 

APAP has not been explored. The aim of the present study, based in Viet Nam , 

waswas to assess the efficacy of AP when used to treat P. falciparum 

recrudescencesrecrudescences that had occurred after primary treatment with mefloquine-

artesunate.artesunate. All but two of the 39 patients investigated completed follow-up. The 

meanmean parasite- and fever-clearance times [and 95% confi dence intervals (CI)] 

afterafter AP treatment were 36 (30- 42) and 21 (18- 24) h, respectively. Most (32) of the 

3737 infections that were followed adequately appeared to be eradicated by the AP, the 

otherother five recrudescing once more. The overall cure 'rate ' and (CI) was 86% (76%r-

98%)).98%)). All of the patients tolerated the AP well. Atovaquone- proguanil appears to be 

aa safe and promising alternative treatment for P. falciparum infections in South-east 

Asia,Asia, although the combination is relatively expensive and may not clear some 

infectionsinfections with multidrug-resistant parasites. 
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Introductio n n 
Malarone**  (Glaxo Wellcome UK, Uxbridge, U.K.), a fixed combination of 

atovaquonee and proguanil that has only become commercially available within the 

lastt few years, appears useful in the treatment of malaria cases, especially those 

causedd by multidrug-resistant Plasmodium falciparum [ . Atovaquone and proguanil 

aree synergistic in action [2] and when combined are effective in treating primary P. 

falciparumfalciparum infectionsfl '3'4]. 

Inn Viet Nam , the first-line treatment for malaria is currently a combination of 

mefloquinee and an artemisinin derivative. The Plasmodium falciparum 

recrudescencess that frequently occur after monotherapy with an artemisinin derivative 

appearr to be entirely the result of the elimination half-lives of such derivatives, which 

aree very short; there is no evidence in Viet Nam of P. falciparum strains that are 

resistantt to artemisinin or its derivatives [5\ Although the P. falciparum 

recrudescencess that are observed after artemisinin monotherapy could be treated with 

thee same drug, since the recrudescences appear no less sensitive than the primary 

infectionss f6], rechallenging recrudescent parasites with the same drug may not be 

prudentt in the long-term. The artemisinin drugs are therefore usually combined with 

anotherr antimalarial agent that has a relatively long half-life, such as mefloquine [7'8l 

Inn Viet Nam , combinations of an artemisinin derivative with mefloquine have been 

usedd since the 1990s. Although mefloquine resistance has not been documented in 

Vietnamesee P. falciparum, recrudescences are commonly observed after the treatment 

off  P. falciparum infections with a low dose of mefloquine plus an artemisinin drug 

'9,0].. In the present study, the efficacy of AP in the treatment of such recrudescences 

wass explored. 

Patientss and methods 

Ann 'open-label', non-comparative study was performed at several community 

healthh posts in Binh Thuan province, in southern Viet Nam , between December 1999 

andd February 2001. The study was planned as an adjunct to a randomized, controlled 

triall  in which the effects of changing the time interval between a dose of artesunate 

andd one of mefloquine, in the treatment of uncomplicated, P. falciparum malaria, 

weree investigated. The 39 subjects of the present study included all of the eligible 

patientss who recrudesced during the trial and, because recrudescence was rare during 
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thee trial, some other cases who had also recrudesced after mefloquine artesunate 

treatment. . 

Too be enrolled, a subject had be aged >6 years, to provide written informed 

consentt and to have presented, for initial treatment, with uncomplicated, P. 

falciparumfalciparum malaria and a parasitaemia of 1000-100,000 asexual parasites/ul blood. 

Exclusionn criteria included pregnancy, lactation, complicated malaria, inability to take 

orall  medication, a known allergy to atovaquone or proguanil, comsevere renal or 

hepaticc impairment, or the (self-reported) prior use of an antimalarial drug for the 

treatmentt of the current malarial episode. The medical ethics committees of the 

AcademicMedicall  Center in Amsterdam 

andd of Cho Ray Hospital in Ho Chi Minh City approved the study protocol. 

Thee P. falciparum infections in each of the subjects enrolled in the present study 

had d 

apparentlyy recrudesced after treatment either with 200 mg artesunate on day 1 

followed d 

byy 1500 mg mefloquine on day ! or 2 (35 patients) or with 200 mg artesunate on day 

1,, 100 mg artesunate on each of days 2 and 3, and 1500 mg mefloquine on day 1 or 2 

(fourr patients). In all of the subjects, parasitaemias re-appeared on days 7 (four 

patients),, 13 (one patient) or 14-29 (34 patients). These recurrent parasitaemias were 

assumedd to be recrudescences, not re-infections, simply because the level of malaria 

transmissionn in Binh Thuan province was very low during the study period. 

(Molecularr genotyping of the parasites in the primary and secondary infections, which 

mayy have allowed any re-infections to be detected, was not possible during the study.) 

Too treat their recrudescent infections, each subject was given a single daily dose of 

APP (Malarone) tablets for three consecutive days, beginning on day 0. The Malarone 

tablets,, each of which contained 250 mg atovaquone and 100 mg proguanil 

hydrouncomplicated, , 

chloride,, were taken under supervision. Although each subject was advised to take 

theirr tablets with food or a milky drink, this advice was not always followed because 

theree was no food available at the health posts. The daily dose was four tablets for the 

adultt subjects (i.e. those aged > 16 years) and three tablets, two tablets and one tablet 

forr children weighing 31 —40, 21-30 and 11-20 kg, respectively. 

Thee methods used for the follow-up were those described by Giao et al [l . In 

brief,, each subject was admitted to the health post at which he or she had presented. 
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Vitall  signs were recorded every 8 h, physical examination was performed daily, and 

comseveree plaints and possible side-effects were recorded daily. A full blood count 

wass made on the day each patient was enrolled and 3 days later. Blood samples, for 

thee preparation of Giemsa-stained thick and thin bloodsmears for the identi. cation 

andd counting of malarial parasites, were collected every 8 h until three, consecutive, 

negativee smears had been obtained, and also (on an outpatient basis) 7, 14, 21 and 28 

dayss after the start of AP treatment. As quality control, all of the bloodsmears 

producedd were retained and re-examined by an experienced technician in the 

Departmentt of Parasitology at Cho Ray Hospital, in Ho Chi Minh City. 

Thee fever-clearance time (FCT) was defined as the time from the initiation of 

treatmentt to the first of three, consecutive, normal temperature readings (i.e. axillary 

temperaturee <37.0°C). The parasite-clearance time (PCT) was similarly defined, as 

thee time from the initiation of treatment to the first of three, consecutive, negative 

bloodsmears.. Radical cure was defined as parasite clearance by day 7 without 

recrudescencee by day 28. A recrudescent infection was considered to be showing RI 

resistancee if there was initial clearance of parasitaemia followed by recrudescence 

beforee day 14 ('early RI') or between days 14 and 28 ('late RI'). Patients who 

recrudescedd after AP treatment received either a high dose of artesunate plus 

mefloquinee or quinine monotherapy. 

Thee data collected were analysed using version 9.0 of the SPSS package of 

statisticall  software (SPSS Inc., Chicago, IL). 

Results s 

Thee six female and 33 male subjects enrolled were aged 14-67 years (mean= 31.2 

years)) and presented with recrudescent parasitaemias of 320-41,052 (mean=8910) 

asexuall  stages of P. falciparumy'ul blood. The AP was well tolerated; the only adverse 

effectss recorded were mild dizziness (three patients) and a short-lived loss of appetite 

(onee patient). Only two of the 39 subjects enrolled were lost to follow-up: one after 

thee day-14 check and the other after the day-24. 
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Figure.Figure. The changing levels of Plasmodium falciparum parasitaemia in 35 

patients,patients, following treatment of the initial infection with mefloquine-artesunate (M) 

andand after treatment of the subsequent recrudescence with a 3-day course of 

atovaquone-proguanilatovaquone-proguanil / The vertical lines indicate 95% confidence intervals. 

Thee mean values and (95% confidence intervals) for the PCT and FCT — 36 (30-

42)) and 21 (18-24) h, respectively — were similar to those observed after the initial 

treatmentss with mefloquine-artesunate (data not shown). The Figure shows the 

changess seen in the level of parasitaemia after the primary treatment and after AP. 

Fivee subjects had recrudescent infections after AP treatment, which were first 

detectedd on day 7 (two cases), 21 (two) or 28 (one). The overall cure 'rate' for the AP 

(amongg the 37 subjects not lost to follow-up) was therefore 86%, with a 95% 

confidencee interval of 76%-98%. Two other patients were found to have P. vivax 

parasitaemiass during follow-up: one on day 24 and one on day 28. As two cases were 

lostt to follow-up, the cure 'rate' for the 39 subjects enrolled lies between 82% (i.e. 

32/39)) and 87% (i.e. 34/39). The highest percentage (87%) is probably the most 

accurate,, since the two subjects lost to follow-up would have probably returned to 

theirr local health post (which is exclusively authorized to manage malaria and where 

treatmentt is free of charge) for further treatment had they not been cured with the AP, 

andd they did not. The results of Cox-regression analyses indicated that the likelihood 

54 4 



Chapterr 4 

off  recrudescence was not related to sex, weight, height, initial parasitemia or dose of 

drugg (per kg bodyweight). 

Thee outcome of the re-treatment (with mefloquine-artesunate combinations) of the 

fivee subjects who recrudesced after AP treatment was not recorded. 

Discussion n 

Thee present results indicate that AP is reasonably effective against recrudescent P. 

falciparumfalciparum malaria, although about 14% of the present subjects who were given AP 

appearedd to recrudesce again. Some of the post-AP infections may have been the 

resultt of re-infection rather than recrudescence, but this seems very unlikely for the 

twoo cases of 'early RI' and, given the hypo-endemicity of malaria in the study area, 

improbablee for the three cases of 'late RI'. 

Thee rate of parasite clearance after treatment with AP was very similar to that 

observedd after the initial treatment with artesunate mefloquine (Fig.). This result 

perhapss appears surprising, since parasite clearance is generally much faster after 

treatmentt with an artemisinin derivative than after any other antimalarial agent. 

Patientss who recrudesce after treatment with an artemisinin derivative tend to have 

longerr PCT, however, than those who are cured by the treatment f l l l2 ] ; this may be 

thee result of diminished parasite susceptibility to the initialmefloquine-artesunate 

treatmentt or of patient-specific factors, such as haemoglobin abnormalities f l3l4i . 

Inn previous studies in Thailand and the Philippines, AP was found to give even 

higherr cure 'rates' [34I5161 than recorded in Viet Nam (present study). The reason for 

thee difference in the cure 'rates' seen with AP may be between study variance in the 

bio-availabilityy of the atovaquone component of the combination. Concomitant intake 

off  food is thought to increase the bio-availability of atovaquone 3- to 6-fold l]7\ 

although,, in Thailand, atovaquone was found to be equally effective whether it was 

takenn with a high-fat supplement or a low-fat one [l6]. In the other relevant studies in 

Thailandd and the Philippines, AP was always given with liquid food, perhaps 

increasingg the bio-availability of the atovaquone above that occurring in the present 

study,, in which the AP tablets were generally taken without food. In Gabon, Radloff 

etet al. reported a cure 'rate' with AP (87%) that was very close to that seen in the 

presentt study, although they do not say what, if any food, their patients took with their 

tablets.. Another, perhaps more plausible explanation for the geographical variation 
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seenn in the frequency of cure after AP treatment is geographical variation in the 

susceptibilityy of the local strains of P. falciparum. Resistance to atovaquone and 

proguanill  was recently confirmed in a P. falciparum strain from Nigeria, and 

associatedd with a single mutation in the cytochrome-b gene [19], even though 

atovaquonee has not yet been used to treat malaria in Nigeria. It is therefore 

conceivablee that strains of P. falciparum that are resistant to atovaquone and/or 

proguanill  are also present in Southeast Asia. Nevertheless, with a cure 'rate' ranging 

fromm 86%-100%, AP may be considered an effective antimalarial combination for the 

treatmentt of acute, uncomplicated, P. falciparum malaria, in areas where multidrug-

resistantt strains of P. falciparum occur. Unfortunately, AP remains too expensive for 

routinee use in developing countries such as Viet Nam , and treatment with the triple 

combination,, of AP-artesunate, though perhaps even more effective [1 costs even 

more. . 

Overr the last decade, those running the national programme for malaria control in 

Viett Nam have obtained encouraging results by using combinations of an artemisinin 

derivativee with another antimalarial drug (especially mefloquine) and insecticide-

treated d 

Bednetss l20'2l]. Recently, a dihydroartemisinin piperaquine combination that appears 

effectivee has also been introduced [22-23]. AP wil l probably be reserved as an 

alternativee drug in Viet Nam , especially for the treatment of recrudescence. 

Inn conclusion, a 3-day regimen of atovaquone-proguanil was found to be well 

toleratedd and effective against recrudescent infections that followed the mefloquine-

artesunatee treatment of P. falciparum malaria. AP could be an important, albeit 

relativelyy expensive drug, for the treatment of recrudescent malaria caused by 

multidrug-resistantt P. falciparum. The susceptibility of local P. falciparum isolates to 

atovaquonee and/or proguanil needs to be carefully monitored, however. 
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Artemisininn or chloroquine for vivax malaria 

Abstract t 

Chloroquine-resistantChloroquine-resistant Plasmodium vivax has not yet occurred in Viet Nam . The efficacy 

ofof artemisinin for P. vivax was not established. We conducted a double-blind randomized 

studystudy involving 240 inpatients with P. vivax malaria who received artemisinin (40 mg/kg over 

33 days) plus placebo chloroquine (Art) or chloroquine (25 mg/kg over 3 days) plus placebo 

artemisininartemisinin (Chi). Patients were followed up with weekly blood smears for 28 days. In each 

groupgroup 113 cases were analysed. All patients recovered rapidly. The median (range) parasite 

clearanceclearance time of regimen Art was 24 h (8-72) and of Chi 24 h (8-64; P = 0.3). Parasites 

reappearedreappeared in two cases in each group on day 14, in eight cases in each group (7%) on day 

1616 and in 25 (23%) and 18 (16%) cases, respectively, at the end of 4-week follow-up (P = 

0.3).0.3). The population parasite clearance curve followed a mono-exponential decline. The 

parasiteparasite reduction ratio per 48 h reproduction cycle was 2.3  104 for both regimens. We 

concludeconclude that artemisinin and chloroquine are equally effective in the treatment of P. vivax 

infectionsinfections in Viet Nam . Reappearance of parasites before day 16 (7%) suggests the 

emergenceemergence of chloroquine resistance. Three days of artemisinin monotherapy does not 

preventprevent recrudescence. 
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Introductio n n 
Inn South-east Asia morbidity attributable to Plasmodium vivax prevails while P. 

falciparumfalciparum gradually comes under control by applying artemisinin drugs with other control 

measuress such as insecticide-treated bed nets [1,2]. This trend was also observed in Binh 

Thuan,, a mountainous province in the south of Viet Nam (unpublished information, Binh 

Thuann Provincial Malaria Station). Chloroquine is the first-line drug for treatment of P. vivax 

inn most areas of the world [ , although artemisinin and derivatives are also used in various 

regimenss and they appear to be effective [4]. It was not yet known whether chloroquine 

resistantt P. vivax is prevalent in Viet Nam . Artemisinin drugs are very active against P. 

vivaxvivax but the efficacy has not been firmly established. Therefore, this study aimed to establish 

andd compare the efficacy of artemisinin and chloroquine in the treatment of blood stage 

infectionss of P. vivax in Viet Nam . Based on our own experience in pharmacodynamic 

modellingg of the time course of P. falciparum, a 3-day regimen of artemisinin should be 

effective.. Longer regimens were considered to conflict with good patient compliance. 

Methods s 

PatientPatient selection and treatment 

Fromm September 1997 to January 2000, subjects aged 15 years or older with a 

microscopicallyy confirmed P. vivax (asexual stage) infection, presenting at eight primary 

healthh care posts in Binh Thuan province were enrolled. Exclusion criteria included P. 

falciparumfalciparum infection, pregnancy, lactation, complications of malaria, underlying disease, 

inabilityy to take oral medication, known allergy to the study drugs and intake of antimalarial 

agentss in the previous week. After informed consent the treatment regimen was allocated by a 

computer-generatedd randomization code with 120 patients per treatment arm, to detect a 

differencee between approximately 30% and 15% response rates (a = 0.05 and p = 0.20). 

Patientss were admitted to the health facility and treated with artemisinin 20 mg/kg on t = 0 

(dayy 1) followed by 10 mg/kg o.d. on days 2 and 3 plus chloroquine placebo (Art) or with 

chloroquinee 15 mg/kg on t = 0 followed by 5 mg /kg o.d. on days 2 and 3 plus artemisinin 

placeboo (Chi). Artemisinin 250 mg capsules, chloroquine diphosphate 250 mg (150 mg base) 

tabletss and placebos were obtained from 

Mekopharr Company, Ho Chi Minh City, Viet Nam . Intake of all medication was supervised. 

Vomitingg within 1 h after intake of the trial medication required re-treatment with a full dose. 
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Thee contents of the medication was analysed in 12 remaining capsules of artemisinin and 10 

tabletss of chloroquine (Laboratories of ACE Pharmaceuticals BV, 

Zeewolde,, the Netherlands). Primaquine base 0.25 mg/kg daily was administered for 5 days, 

startingg after day 28. 

PatientPatient follow-up 

AA full blood count was performed before patient inclusion and on day 3. The parasitaemia 

wass counted every 8 h until three negative smears had been obtained. Blood 

smearss were repeated on days 8, 15, 22 and 29. The parasite density was expressed as the 

numberr of parasites per microlitre of blood, calculated from the ratio with the white blood cell 

countt in the thick smear. Gametocytes were recorded but not enumerated and the slides of t = 

00 h or t = 8 h were taken as baseline. All blood smears were retained and reviewed by an 

experiencedd technician at the Department of Parasitology of Cho Ray Hospital in Ho Chi 

Minhh City. His results were taken as gold standard. Fever and parasite clearance times were 

definedd as the time from t = 0 to the first of three consecutive normal temperature readings 

(<37.0°CC axillary) or negative blood smears, respectively. Clinical and parasitological 

outcomee were assessed separately. Clinical cure was defined as a disappearance of symptoms 

andd of parasites. Parasitological cure was assessed according to WHO criteria for assessment 

off  chloroquine efficacy in therapeutic trials of P. falciparum: RI-parasite clearance by day 8 

butt recrudescence before day 15 (early RI) or from days 15 to 29 (late RI); RII: initial 

reductionn of parasite count (>75%) without clearance at day 8; RIII: no or less response; 

radicall  cure: clinical cure without recrudescence . 

PopulationPopulation dynamics of the parasite count and statistics 

Thee time course of parasitaemia was fitted to non-linear mixed effect population models 

(maximumm likelihood method) using the statistical package S-Plus (v. 4.5, Math Soft Inc., 

Seattle,, WA, USA) as described previously [6]. The variables treatment regimen, age, sex and 

bodyy weight were allowed to affect the model. The models were compared by the Bayesian 

Informationn Criterion (BIC) [7]. The best model was used to estimate (restricted maximum 

likelihoodd method) the elimination rate constant (k), the initial parasite count [P(0)] and the 

timee to achieve a reduction of the initial parasitaemia by 50%, (PC50) or by 90%, (PC90). 

P(0),, k and the duration of treatment converge in the parasitaemia at the end of drug exposure 

P(term).. For artemisinin P(term) can be projected assuming that exposure lasted until 12 h 

afterr the last dose. The long half time of chloroquine precludes this projection. Patient data 

weree analysed with the statistical package SPSS (v. 10.05, SPSS Inc. Chicago, IL, USA). 

Outcomee was expressed as the proportion of patients who completed 28 days of follow-up. 
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Extremee case scenarios such as re-allocating patients who were lost to follow-up was used as 

ann alternative of intention to treat analysis. Patients who, upon review of the blood slides, 

appearedd to be erroneously included were excluded from the analysis. 

Contingencyy tables and chi-square tests with continuity correction were applied to 

categoricall  variables. Numerical variables were tested for normality and Student's t-test or 

non-parametricc tests were applied for comparison. Parasite clearance and recrudescence were 

analysedd with survival analysis (Kaplan-Meier plots and the Cox proportional hazard model). 

Statisticall  significance was accepted when P < 0.05. 

EthicalEthical approval 

Informedd consent was obtained from all patients who participated in the study before 

randomization.. The study protocol was approved by the scientific board and medical ethics 

committeee of Cho Ray Hospital, Ho Chi Minh City. 

Results s 

AA total of 240 patients were recruited. Fourteen erroneously included patients with P. 

falciparumfalciparum infection at baseline were excluded from the analysis. Of the remaining 226 

patients,, seven (five Art, two Chi) were lost to follow-up because they had left the study area. 

Thee patient characteristics are shown in Table 1. Except for a slight difference in sex ratio, 

theree were no significant differences between the two groups. On day 14, parasites had 

recurredd in two patients in each group, on day 16 this had increased to eight patients in each 

groupp (7%). 

Thee remaining artemisinin capsules contained 249.0 mg (SD: , range: 237.5-252.5), 

thee chloroquine tablets 257.0 mg , 237.5-262.5). Tolerance to the study medication was 

good.. Some mild effects of the medication were recorded but these could also be attributed to 

malaria.. Vomiting of trial medication did not occur. 

Thee radical cure and recrudescence rates are shown in Table 2. The radical cure rates were 

77%% (83 of 108) and 84% (93 of 111). In the best case scenario the cure rate was 78% (88 of 

113)) in group Art and 84% (95 of 113) in group Chi; in the worst case scenario the ratios were 

73%% (83 of 113) and 82% (93 of 113), respectively. Although the cure rate in group Chi was 

slightlyy higher than in group Art, the differences did not reach statistical significance. All 

casess with recrudescence were treated successfully according to routine practice, usually with 

aa second course of chloroquine plus primaquine 15 mg base o.d. for 14 days without follow-

upp after parasite clearance. 
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Tablee 1. Characteristics of patients with Plasmodium vivax infections treated with artemisinin 

orr chloroquine. 

VARIABL E E 

Numberr of patients included 

Numberr lost to follow up 

Sexx (F/M) 

Mediann age (y) (Range) 

Mediann height (cm) (Range) 

Mediann weight (kg) (Range) 

Geom.. mean Poc (/u.1) 
95%% CId 

TREATMENTT REGIMEN 

ARTEMISININN (ART) 

113 3 

5 5 

26/87 7 

27(15-64) ) 

160(111-175) ) 

50(31-62) ) 

4057 7 
3248-5068 8 

CHLOROQUINEE (CHL) 

113 3 

2 2 

13/100 0 

27(15-59) ) 

1611 (135-175) 

499 (39-69) 

3537 7 
2872-4355 5 

P-VALUE E 

0.03a a 

0.4b b 

0.4b b 

0.7b b 

o.r r 
-660,1732f f 

a:: Chi square test, b: Wilcoxon rank sum test, c: Po: baseline parasite count; d: 95% CI: 95% 

confidencee interval; e: Student's t-test, f: 95% CI of the difference. 

Tablee 2. Treatment response of P. vivax infections, treated with artemisinin or chloroquine. 

Variable e 
No.. of patients included 

Radicall  cure (no.) 

Recrudescencee (no.) 

EarlyEarly (< 14th day) 

LateLate (> 14th day) 

Lostt to follow up (no.) 

Mediann FCT (h), 
Ranee e 
Mediann PCT (h), 
Ranee e 
MeanK(h'), , 
95%% CIc 

Geometricc mean PC50 (h) 
95%oo CI 
Geometricc mean PC90 (h) 
95%% CI 

Treatmentt regimen 
Artemisin n 
113 3 

833 (77%) 

255 (23%) 

2 2 

23 23 

5 5 

16 6 
0-48 8 
24 4 
8.72 2 
0.1747 7 

(Art) ) 

0.1661.0.1832 2 
14.6 6 
13.6,, 15.7 
24.2 2 
22.7.25.8 8 

Chloroquinee (Chl) 
113 3 

933 (84%) 

18(16%) ) 

2 2 

16 16 

2 2 

16 6 
0-96 6 
24 4 
8.64 4 
0.1728 8 
1629.. 1826 
14.7 7 
13.6.. 15.9 
24.3 3 
22.7.26.1 1 

p-Value;; Odds Ratio 

0.3;; OR (95% CI): 
0.64(0.31.. 1.33) 

0.2b b 

0.3b b 

0.772 2 
-0.015.. 0.01 ld 

0.749 9 
-1.58.. 1.55d 

0.749 9 
-2.33.. 2.17d 

a:: Chi square test b: Wilcoxon rank sum test c: 95% CI: 95% confidence interval; d: 95% CI 
off  the difference 
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Recrudescence e 

244 48 72 7 14 21 

Timee (h) Time (days) 

FigureFigure 1. Kaplan-Meier curve, showing the proportion of patients with parasites of 

treatedtreated with artemisinin (solid line) or chloroquine (broken line). The crosses 

sensoredsensored data. 

P.P. vivax, 

indicate indicate 

Bothh regimens offered rapid parasite clearance and defervescence. There was no RII or 

RIIII  response. The proportional cumulative parasite clearance and recurrence rates are shown 

inn Figure 1. There was no significant difference between the two regimens (P = 0.1729; odds 

ratioo 0.65; 95% CI 0.35-1.21). Initial parasitaemia was a weak but significant predictor of 

parasitee recurrence (P = 0.010; odds ratio 1.0001; 95% CI 1.0000-1.0001). Age, sex and body 

weightt did not affect the hazard function. 
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10JJ _ 

1()J J 

100 _ 

Timee (h) 

FigureFigure 2. Time course of the P. vivax geometrie parasitemia for patients treated with 

artemisininartemisinin (solid line, crosses) and chloroquine (broken line, round dots) and population 

estimateestimate for all patients (unbroken line, no markers). Negative blood smears were entered as 

thethe value 2.5 parasites/pi. The error bars indicate the 95% C.I. of the geometric mean. 

Figuree 2 shows the geometric mean of the observed parasite counts and the population 

eliminationn model. A mono-exponential elimination model yielded the best fit, described by 

thee mathematical function: P(t) = P(0) e-k.t in which P(t) is the parasitaemia as a function of 

time.. There was no significant increase in the parasitaemia or any lag time before the 

parasitaemiaa starts to decline. Entering the variables age, body weight, sex and treatment 

regimenn did not improve the fit. The mean of the estimates is shown in Table 2. The overall 

meann (95% CI) value of k was 0.175 (0.167-0.180) per hour, corresponding to a parasite 

reductionn ratio of 2.3 x 104 per 48 h development cycle. The estimated model parameters 

[includingg P(term)] were not different for the outcome groups radical cure vs. recrudescence. 

Gametocytess were detected at baseline in 91% of patients in group Art and 94% of patients 

inn group Chi. In group Art 0%, 5.3%, 7.4% and 4.2% of patients were still positive on days 8, 

15,, 22 and 28, respectively. In group Chi this was the case for 0%, 4.2%, 6.3% and 3.2%, 

respectively.. Most of the patients who remained positive for gametocytes also had a 
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recurrencee of asexual parasites. There was no significant difference between the two groups 

regardingg gametocytes. Among the remainders who had no gametocytes at baseline, none of 

thesee had gametocytes during follow-up, including one patient in group Art with recurrence of 

asexuall  parasites on day 8. 

Discussion n 

Thiss is the first double-blind randomized trial which shows that RI chloroquine resistance 

off  P. vivax is prevalent in the south of Viet Nam . The definition of drug resistance can be 

basedd on clinical criteria or on blood or plasma concentrations. The study medication 

containedd the correct doses and the bioavailability of chloroquine is so predictable that it was 

regardedd sufficient to supervise intake of medication. The absence of blood concentrations 

wass not considered to affect the conclusions of this study. 

Thee radical cure rate of 84% in this study is not sufficient although RII or RIII responses 

weree not observed. In endemic areas recurrence of parasites may be a recrudescence or a re-

infectionn or, in the case of P. v/vor, a relapse. Genotyping could have assisted in 

distinguishingg the two but this was not available. However, some assumptions can be made 

regardingg early reappearance of parasites. Given an incubation time of 12-17 days and the 

loww transmission rates of malaria in Binh Thuan, it is unlikely that first attacks of second 

infectionss were frequent. Therefore the early recurrence of parasites in this study is 

interpretedd as a true recrudescence and for chloroquine this means RI resistance. Relapse of P. 

vivaxvivax malaria is also possible but day 16 is regarded as the minimum time after which relapses 

cann occur J. Under this assumption six more cases in each group would be classified as early 

reappearancee and the rate of recrudescence in this study would be 7%, still higher than in a 

studyy in Thailand where no early recurrence was found during 4 weeks after treatment with 

chloroquinee \ When parasites reappear after more than 2 weeks, re-infection, relapse and 

truee recrudescence cannot be distinguished. Nevertheless, because of the long half time of 

chloroquine,, all recurrences within the first 4 weeks may point at some level of resistance. 

Afterr a standard treatment course the total blood concentration of chloroquine plus its 

metabolitee desethylchloroquine of chloroquine exceeds the minimum effective concentration 

off  a sensitive strain for at least 7 days and often much longer [1°-11J2]. However, late parasite 

recurrencee was also probably not a relapse in most cases because in nearby Thailand almost 

alll  relapses occurred more than 4 weeks after chloroquine administration [9121. 
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Chloroquine-resistantt P, vivax was first seen in the Asia Pacific region ' " . Later 

reportss appeared from other regions in Asia, Ethiopia and also from Guyana [1'~2()]. In Viet 

Namm P. vivax was still considered sensitive to chloroquine but there is no routine surveillance 

off  treatment response of P. vivax. A recent study in Viet Nam did not reveal any chloroquine 

resistance,, but because of the small sample size (29 patients) this does not contradict our 

findingss [21). In addition, chloroquine resistance may be masked because it is often combined 

withh primaquine which also has some effect on asexual blood stages of P. vivax '"*  . It is 

temptingg to speculate that the emergence of resistant parasites is rather recent, because early 

recrudescencee was infrequent and RII and R1II response were not (yet) observed. 

Inn Thailand the response of P. vivax to chloroquine is good, although in vitro studies 

indicatee declining sensitivity [4l2-24i. in contrast, chloroquine resistance, including RII and 

RIIII  response, was reported from Myanmar [18]. One explanation for these differences may be 

thatt in Thailand "drug pressure" is less than that in surrounding countries where chloroquine 

iss still used for P. falciparum. Whether this also explains the variable response rate in 

Indonesiaa and the Philippines remains unclear [25"291. 

Forr artemisinin drugs the situation is different. After treatment with artesunate, parasite 

clearancee of P. vivax and P. falciparum was comparable |30]. Artesunate monotherapy for 5 

dayss induced rapid recovery and parasite clearance, but in 63% of the patients the parasite 

reappearedd before day 28 [31]. Three days of artesunate combined with primaquine for 14 days 

showedd no recurrence of parasites. There is no information on the intrinsic activity of 

artemisininn on P. vivax, in terms of minimum effective concentrations, but the parasite 

reductionn rate off . vivax in this study is greater than that of P. falciparum [6\ This and the 

lowerr P(0) explain why in this study the recrudescence rate was similar to that of P. 

falciparumfalciparum after 5 days of artemisinin monotherapy [321. As stated for chloroquine, it is likely 

thatt the recurrences after artemisinin are true recrudescences. 

Thee responses to artemisinin and chloroquine in this study were comparable although the 

curee rate was slightly lower for artemisinin. Interestingly, the parasite clearance rates were 

alsoo similar. This is in contrast to P. falciparum. In Gambian children with severe malaria the 

effectt of chloroquine was somewhat slower than of the artemisinin derivative artemether ]. 

Ass a 3-day course of artemisinin is not superior to a standard course of chloroquine it is 

prudentt to study how the efficacy of chloroquine can be improved. The combination of 

chloroquinee and primaquine was shown to be very effective in areas with a high degree of 

chloroquineresistantt P. vivax l23'34]. Recently the Vietnamese policy advised to start a 5-day 

coursee of primaquine together with chloroquine on t = 0. The risk of G6PD deficiencies is 
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consideredd to preclude higher dosages or longer treatment courses of primaquine without 

furtherr testing. Combinations of chloroquine with artemisinin or artemisinin with concomitant 

primaquinee seem attractive options for further study. 

Inn conclusion, artemisinin and chloroquine both offer rapid parasite clearance and recovery 

off  P. vivax infections in Viet Nam , but neither can prevent recrudescence; chloroquine 

probablyy because of resistance and artemisinin because of its intrinsic characteristics. 

Chloroquinee resistance should be monitored and combinations of drugs 

shouldd be studied further. 
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Earlyy diagnosis and treatment of uncomplicated malaria 

Abstract t 

EarlyEarly diagnosis and treatment of malaria (EDTM) is a key component of malaria control. 

SuccessSuccess of EDTM depends on health seeking behaviour and the quality of health service. This 

studystudy assessed self diagnosis and treatment and treatment delay following the introduction of 

EDTM,EDTM, based on microscopic diagnosis and treatment with artemisinin derivatives, free of 

charge,charge, in southern Viet Nam , early 1993. Until 2001, 1698 questionnaires were filled in by 

patientspatients participating in randomized treatment trials of uncomplicated malaria. The 

presumptivepresumptive self diagnosis "malaria" increased from 68% in 1993 to 100% in 2001 and self 

treatmenttreatment decreased from 74%> to 8%, in 2000 and 24% in 2001. The median (maximum) delay 

betweenbetween first symptoms and seeking treatment at a public health facility, decreased from 3 

(23)(23) to 1.3 (3) days (p< 0.001). This accompanied a significant decline of malaria morbidity 

andand mortality. 

InIn conclusion, bv offering an attractive package of EDTM, patients become sensitised to 

thethe possibility of malaria and apply less self treatment. EDTM should be provided as soon as 

possiblepossible to all symptomatic patients preferentially aiming at reduction of the long delays 

whilewhile setting an ambitious but realistic maximum. We suggest to set the maximum at two 

davs. davs. 

76 6 



Chapterr 6 

Introductio n n 
Globall  control of malaria has received a lot of attention lately, not in the least by the World 

Healthh Organization's Roll Back Malaria initiative (RBM). Basic elements of RBM in the 

fightt against malaria are early diagnosis and treatment of malaria (EDTM), preventive 

measuress such as vector control, including insecticide treated bednets (ITNs), early warning 

andd containment of outbreaks, and capacity building related to malaria control. One of the 

majorr achievements of RBM is the increased awareness and political interest, required to raise 

thee human and financial resources for such a combined approach [1'2]. The basics of RBM 

weree laid at the Ministerial Conference on Malaria in Amsterdam in 1992. Eight years later, 

Africann Heads of State, in the Abuja declaration, resolved, amongst others, to strengthen their 

healthh care systems so that by 2005 at least 60% of malaria patients will have prompt access 

too correct, appropriate and affordable treatment within 24 hours of onset of symptoms t3]. 

Suchh a commitment is urgently needed because malaria is still out of control, particularly in 

sub-Saharann Africa, where more than one million people die of malaria annually and where 

90%% of the world's malaria attributable deaths occur [4]. However, the question is if and how 

thee ambitious Abuja targets can be achieved where health care systems are ailing. Providing 

early,, correct, appropriate and affordable treatment within 24 hours after onset of symptoms, 

requiress an improvement of all levels of the health care system of many African nations. This 

iss an enormous task but with great additional benefits to health programmes other than 

malariaa control. 

Too improve health care systems, a conceptual model is needed. An example is the so called 

Piott model which describes the use of health services in a quantitative manner by recognising 

awareness,, motivation to seek treatment, the diagnostic process, correct treatment, adherence 

andd treatment efficacy. The Piot model can also be applied to malaria but is does not describe 

thee timeliness of diagnosis and treatment, for malaria, one of the most important determinants 

off  outcome [5). The velocity of arriving at correct and appropriate treatment is usually 

describedd in terms of delay, at the patient's and doctor's side. Patient delay, the time until 

presentationn to a facility which is equipped to manage malaria, is determined by several socio-

culturall  factors, generally referred to as knowledge, attitude and practice (KAP) and by 

physicall  limitations of distance, transportation etc. Delay by the health provider is part of the 

responsivenesss of the health service, a recently developed concept to measure and compare 

thee quality of health services in different countries [6]. In a free market, health seeking 
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behaviourr and responsiveness are related through the economic principles of demand and 

supply. . 

Thus,, EDTM in developing countries implies bridging of the social, cultural, economic and 

physicall  barriers to bring diagnosis and treatment of malaria as close as possible to the needs 

off  the population at risk. Several strategies can be followed to achieve this either aiming at 

redirectingg health-seeking behaviour, or at improving the responsiveness of health service. 

Outsidee Africa, some remarkable successes of providing EDTM were achieved lately, such as 

inn Viet Nam , China, Thailand and Brazil  [1]. These examples, each adapted to the local 

context,, provide an opportunity to study and understand the dynamics of EDTM as a health 

systemss intervention. 

Inn 1992, a new Vietnamese National Malaria Control Program (NMCP) was launched. It is 

oftenn referred to as successful in achieving a significant reduction of malaria morbidity and 

mortalityy over the last decade. The NMCP was based on providing EDTM through 

improvementss of the regular health services, on providing insecticide treated bed nets and on 

healthh promotion to vulnerable populations (Nguyen Van Nam, unpublished observations) r?1. 

Keyy was the recognition of EDTM as the only way to prevent complicated disease and 

mortalityy in non-immune subjects and that malaria control thus was to be rooted in the regular 

publicc health services and that community involvement was essential to achieve maximally 

responsivee primary health care services. Driven by a strong political will , the primary health 

caree service started a process of modernization, even in the most remote regions of the 

country.. The diagnosis of malaria was in most places based on clinical grounds, but some 

provincess decided to provide microscopic diagnosis at the primary health care level. 

Antimalariall  drug policy, decided at national level, was based on artemisinin as the first line 

treatmentt of malaria since 1992, when these were made available by stimulating local 

productionn and listing them as subsidized drugs. Artemisinin drugs act rapidly and are well 

tolerated.. They are typically given as three day artemisinins based combination therapy 

(ACT)) but single day regimens or 7 day monotherapy regimens were also applied.'8"101 

Inn Binh Thuan province, a mountainous province in the south of Viet Nam , the 

introductionn EDTM was taken up vigorously. A deliberate choice was made to erect health 

postss in all communes in the malaria endemic areas where microscopic diagnosis treatment of 

malariaa with artemisinin derivatives was offered free of charge. This process started at the end 

off  1992. To our knowledge this represents the most comprehensive interpretation of EDTM 

thatt can be delivered by any health service. We had the opportunity to follow the results of the 

malariaa control program from its early start onwards. The subsequent decline of severe 
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morbidity,, mortality, total incidence and prevalence of malaria in BinhThuan over the last 

decadee was impressive with no reported malaria attributable mortality at the end of the 

nineteenn nineties (Nguyen Van Nam, unpublished observations). In this study we test the 

hypothesiss that, since the introduction of EDTM in 1992 in Viet Nam , patient delay and self-

medicationn decreased and that knowledge and awareness increased. We also studied whether, 

underr these optimal conditions of EDTM, patient delay can be reduced to less than 24 hours, 

onee of the targets in the Abuja declaration. 

Methods s 

Startingg in January 1993 we performed a series randomised clinical trials studying the 

efficacyy of different drug combinations with artemisinin drugs (ACT) in the treatment of 

uncomplicatedd malaria. All studies were carried in Binh Thuan province, except one study, 

whichh took place in Provincial Hospital II (1993-1995), Bao Loc in Lam Dong, a 

mountainouss province bordering Binh Thuan; the Binh Thuan study sites were a district 

hospitall  (1993-1994) and several primary health care facilities (health posts) (1994-2002). In 

mostt study sites the trials represented the first introduction of EDTM and artemisinin drugs, 

afterr which EDTM with ACT was provided on a regular basis, free of charge for the most 

vulnerablee population. 

Patientss with uncomplicated falciparum malaria with a parasite count below 100000/uL 

(19933 - 1994) or 200000/uL (1995 - 2003) were included [1012] . There was one study on P. 

vivaxvivax infections [11]. As part of the data collection, questionnaires were filled in by all patients 

withh confirmed malaria who were included in the treatment trials. In general, patients who 

receivedd recent previous treatment with effective antimalarials were not included. However, 

outsidee the official health service only chloroquine and sulfadoxine were available and these 

weree exempted from the exclusion rules because of their wide spread resistance and 

consequentt lack of efficacy. Intake of quinine, the other antimalarial agent available outside 

thee official health services, during twelve hours prior to inclusion in a treatment study was 

alsoo an exclusion criterion. In addition, during the first studies questionnaires were also filled 

inn by patients who presented with fever to the health facility, regardless of whether they had 

malariaa or were included in the treatment studies. 

Overr the years, the questionnaires did not change. The patients' perception and practice 

towardss malaria were questioned by asking, among others, about symptoms, when these 

started,, whether the patient thought to have malaria (self-diagnosis), whether drugs had 
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alreadyy been taken (self-treatment) and how these had been obtained, and whether they slept 

underr a bed net. 

Thee time between the first symptom and presentation to the health facility was an indicator 

off  patient delay. The P. falciparum parasite count at presentation (PCO) was available for all 

patientss who were included in the treatment studies. Patients with P. vivax infections were not 

includedd in the analysis of PCO, only their questionnaires were used. 

Thee data of all available questionnaires were appended in one database and analysed. The 

hypothesiss was tested that, since the introduction of EDTM in 1992, patient delay and self-

medicationn decreased and that knowledge and awareness increased. It was also studied 

whether,, under these optimal conditions of EDTM, patient delay could be reduced to less than 

244 hours. 

AA time based analysis of nominal data was done with logistic regression, using S-plus 2000 

(releasee 2, Mathsoft Inc., MA, USA). The time course of data with a non-Normal distribution 

suchh as the patient delay and initial parasite count was visualized using the LMS method 

(LMSS pro, Institute of Child Health,Cole & Green). 

AA possible difference between the selection of patients at the Provincial Hospital and the 

districtt and community health facilities was taken into consideration during analysis. The 

districtt health center attracted malaria patients from the neighboring population and was thus 

groupedd with the commune health facilities. 

Results s 
Questionnairess of 1698 patients were available, including 474 from Bao Loc Provincial 

hospital,, 578 from Due Linh District hospital, and 646 from Binh Thuan community health 

posts.. Of these, 643 febrile patients suspected of malaria were examined for malaria during 

19933 and 1994, but not included in the treatment studies, mainly because of non-consent. 

Recentt intake of antimalarial drugs, verbally confirmed, was not a common reason lor non-

enrollment.. During the first two months of the study in Bao Loc, presence o\' antimalarial 

drugss in the urine was assessed by ELISA  LB1 . Chloroquine, quinine, mefloquine and 

sulfadoxine/pyrimethaminee were detected in 56%, 72 %, 2% and 54% respectively There was 

noo difference in these percentages between those included in the studies and those not 

included.. This implies that the included patients represent the general population of febrile 

patientss seeking help at a health facility. 

Theree was no difference of the mean [95% CI] patient delay between the patients 

presentingg at the provincial hospital (3.0 [2.8-3.3] days) and patients at the other health 

80 0 



Chapterr 6 

facilitiess (3.0 [2.7-3.3] days) (p = 0.4). There were no significant differences between patients 

whoo were included in the treatment trials and those who were not with respect to the self 

diagnosiss "malaria" (72% and 67% respectively p = 0.06), self treatment (73% and 75% 

respectively,, p = 0.3), use of bed nets ( 97% and 99% respectively, p = 0.05) and mean [95% 

CI]]  patient delay (3.3 [3.1-3.6] and 3.1 [3.0-3.3] respectively, p = 0.1). Therefore, all 

questionnairess of patients included and not included in the treatment trials of all health 

facilitiess were taken together for analysis of the changes of knowledge, attitude and practice 

overr time. 

Thee geometric mean [95% CI] PC0 among patients in the Bao Loc Provincial Hospital was 

182444 / ul [15978-20830], significantly higher than in the other health facilities: 14482 / ul 

[12470-16819]]  (p = 0.01). 

Thee trends of self-diagnosis and self-treatment, fitted with binary regression, are shown in 

Figuree 1. Correct self diagnosis increased significantly by year (RR 2.72 [2.721-2.722], p < 

0.001)) from 68% in 1993 to 100% from 2000 onwards. Self-treatment decreased from 73% in 

19933 to less than 9% in 2000 and 24% in 2001 (RR [95% CI] 2.72 [2.71-2.72], p< 0.001). 

Thosee with the correct self-diagnosis "malaria" were less inclined to self-treatment than those 

whoo did not, but in both instances self-treatment decreased over time (RR [95% CI] 1.35 

[1.25-1.49]]  p< 0.001). 

Selff  treatment, self diagnosis "malaria" 
oo — 

19933 1994 1995 1996 1997 1998 1999 2000 2001 2002 

Year r 
FigureFigure 1. Self diagnosis and self treatment in malaria patients, after the introduction of an 

earlyearly diagnosis and treatment policy at primary health care level in 1993. 

TheThe proportion of malaria patients already suspecting malaria as their diagnosis and the 

proportionproportion of patients taking drugs before seeking help at a public healthcare facility broken 

downdown by self diagnosis "malaria" Mean estimates (continuous lines) and 95% CL (broken 

lines)lines) were predicted by binary regression. 
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Patientt delay also declined over the years with a significant negative correlation between 

inclusionn date and patient delay (Pearson's R -0.184, p< 0.001). Figure 2 shows the median 

andd 2.5 and 97.5 centiles of the patient delay, generated with the LMS method. Most of the 

improvementt was achieved by reduction of the extreme long delays, with a maximum delay in 

19933 of 23 days to 3 days in 2001, but also the median delay decreased from 3 days in 1993 to 

1.33 days in 2001. This however, implies that more than half of the subjects did not arrive at 

thee health facility within 24 hours after onset of symptoms. 
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FigureFigure 2. Delay in seeking help by malaria patients after the introduction of an early 

diagnosisdiagnosis and treatment policy at primary health care level in 1993. 

DelayDelay in days is given for every individual malaria patient. The median (continuous line) and 

2.52.5 and 97.5 centiles (broken lines) were estimated with the LMS method. 
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Thee parasitaemia at presentation did not change over time, but this is probably an artifact 

becausee in 1995 the upper threshold of the initial parasitaemia in the treatment studies was 

raisedd from 100,000/ ul to 200,000 / ul. 

Discussion n 

Thesee results show that the knowledge of Vietnamese malaria patients about the cause of 

theirr ailment improved over the last decade. They also changed towards preferentially seeking 

helpp for what they thought was malaria, at the public facilities for primary health care instead 

off  relying on self-medication. 

Extrapolationn of health service data to the general population may include potential bias. 

Forr example, if chloroquine is the only drug available at the free market and when there is 

muchh chloroquine resistance, then the population of people seeking help at health facilities 

wil ll  be enriched with failures of chloroquine treatment with a history of self treatment and 

longg patient delay. The introduction of artemisinins on the free drug market, would lead to 

lesss treatment failures, since there is no resistance known against artemisinin drugs. This 

wouldd translate into less self medication and patient delay. Although we did not perform 

systematicc market surveys on malaria drugs, our general impression is that in the endemic 

areass in which our studies took place, the prescription of artemisinin drugs was restricted to 

thee public health posts, not in the least due to the local government's policy to discourage and 

evenn prohibit private clinics to be involved in malaria treatment with artemisinin drugs, to 

subsidizee diagnosis and treatment free of charge at the public health posts and to increase 

awarenesss and knowledge by health promotion campaigns. This all contributed to keeping the 

biass small and the observed changes are therefore most likely true changes in behaviour 

inducedd by the attractiveness of the EDTM package at the primary health care level and the 

healthh promotion campaigns. 

Whatt are the ingredients of a palatable EDTM package? In principle, a malaria patient 

consultss a health provider for an expert diagnosis and treatment. The quality of the malaria 

diagnosiss at a primary health care post depends on the skills of the attending health care 

workerr (HCW) and the availability of laboratory confirmation. A microscope is often not 

availablee in endemic areas and, consequently, malaria is usually diagnosed on clinical 

grounds,, which it is not very accurate [14"161. Microscopic diagnosis and restricting treatment 

too confirmed malaria patients can be cost-effective but this has not been confirmed yet. In 

contrast,, a too rigid decision tree which requires microscopic confirmation before any 
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treatmentt can be given for malaria could promote self treatment and therefore a HCW should 

havee some freedom to diagnose and treat "clinical malaria"[17]. 

Rapidlyy effective medication may be considered an essential component of the health 

servicee response. Lack of antimalarial drugs or use of ineffective drugs, especially in areas 

withh multi-drug resistant Plasmodium falciparum, causes delay in cure, severe disease or 

deathh and will encourage subjects to seek other means of treatment. 

Compliancee with medication is also a determinant of treatment effectiveness. Poor 

compliancee may cause delay of cure. In the case of artemisinin drugs, untimely 

discontinuationn of the treatment course reduces the eradication time, leading to recrudescence 
[[ . Patients frequently have difficulties to comply with long course regimens, particularly 

afterr defervescence, and the remaining medication is often reserved for future episodes of 

feverr in the household [l8\ Short courses of ACT should circumvent this problem [,y"20] . 

Soonn after their introduction in Binh Thuan, the ACT regimens became appreciated by the 

populationn for their rapid effects and good tolerability and also because the previously 

availablee agents were renowned for their poor efficacy (S/P and chloroquine) or poor 

tolerabilityy (quinine). 

Accompaniedd by the reorganization of the Vietnamese public health service, the EDTM 

packagee thus became more attractive, at least in Binh Thuan. The provider came closer to the 

patientss with more primary health care posts and more community health care staff. To date, 

expertt microscopic diagnosis of malaria is available at all times of the day and effective drugs 

aree available, free of charge, in sufficient quantities. Health promotion programmes and other 

primaryy health care programmes were launched simultaneously and community participation 

iss organised through village health co-workers. These disseminate knowledge, monitor the use 

off  bed nets and attend to febrile subjects who are unable to go to a health facility '9|. This 

explainss the reduction of self-treatment and the increase of the proportion of subjects seeking 

primaryy care for malaria at a public health post in the first instance. 

Thiss also decreased the patient delay by almost two days, similar to what was observed in 

Srii  Lanka after establishing a village treatment center [21] . This is a significant reduction, 

consideringg that children may die after less than three days of untreated symptomatic malaria 
f21,22].. The reduction of delay was not supported by a reduction of the initial parasite count. 

Parasitee density is probably not a good indicator of the progress of the disease because it may 

bee influenced by several other factors such as a varying degree of immunity and an 

exponentiall  increase of the parasite density over time, which is not linearly correlated with the 

evolutionn of symptomatic disease. Moreover, the criteria for inclusion of patients into the 
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treatmentss studies, the main source of the questionnaires, limited the upper level of the 

parasitee count, thereby obscuring the trends at higher values. In addition, as mentioned 

previously,, in 1995 the upper threshold of the initial parasitaemia in the treatment studies was 

raisedd from 100,000/ ul to 200,000 / jil . 

Thee reduced patient delay probably resulted in diagnosis and treatment of malaria at an 

earlierr stage of disease. During the same period, severe morbidity and mortality in Binh 

Thuann decreased to very low levels, an effect of arresting progress of disease at an early stage. 

(Nguyenn Van Nam, unpublished observations) The decline of total incidence, an effect of 

preventionn by insecticide treated bed nets, was much slower. 

Twoo important questions remain. Is the 24 h criterion in the Abuja declaration also a 

clinicall  requirement, and can this criterion be fulfilled for half of the population. 

Lookingg at malaria from a clinical perspective, the most striking feature is its very rapid 

progressionn to severe disease. It is somewhat surprising that in all the definitions of severe 

malariaa and guidelines for treatment, delay is not included. This is probably explained by the 

difficultiess of assessing the duration of symptoms in holoendemic areas. However, it was 

shownn in Vietnamese patients with complicated malaria that the reported duration of 

symptomss was 4.2 (95% CI: 3.9-4.5) days [ ] . Others found minimally two or three days of 

delayy in fatal cases of malaria [24-25\ From all studies it is clear that complications and fatality 

ratess increase with longer delay. 

Inn a review of treatment seeking studies, McCombie showed that delay in seeking 

treatmentt for malaria of at least 3 days is common, due to cost of medicine, travel and work 

butt also to difficulties in accessing the official health sector [26] . Our study demonstrates that 

mainlyy the very long intervals of delay decline when an attractive package of EDTM is 

offered.. This is probably the mechanism by which severe morbidity and mortality were 

reducedd in Binh Thuan. At the same time, this was achieved while the median delay was still 

1.33 days in 2002. This offers a background for the Abuja targets and questions whether the 24 

hourss criterion is realistic. Which nations in sub-Saharan Africa will be able to copy this best 

examplee from Viet Nam , which took ten years, in less then half the time? Moreover, it also 

showss that setting targets for half of the population is not rational when the problems are 

causedd by the extreme long delays. It is probably more appropriate to set a maximum time 

spann between first symptoms and receiving adequate and effective treatment as a target. 

Althoughh there are no strict definitions we tentatively state, in view of the Vietnamese 

experiencee and also based on our general clinical impression, that two days is the maximum 

tolerablee delay for symptomatic malaria. 
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Thee Vietnamese NMCP made a deliberate choice to provide EDTM through the public 

healthh care system and not to promote self-treatment, simultaneously realising that a 

responsivee (primary) health care sector is the precondition for a restrictive drug policy. 

However,, in the absence of professional health care, self-treatment may be life saving and 

indeedd is the dominant mode of treating malaria worldwide [26"31], The obvious disadvantage 

iss the risk of injudicious drug use, leading to reduced efficacy or increased toxicity and 

selectionn of resistant parasites [263l]. Nonetheless, several approaches to improve self 

treatmentt have been studied, such as providing pre-packed antimalarial drugs to households, 

motherr groups or teachers combined with training, or by training shop keepers l32'35]. A 

cruciall  question is if ACT regimens are robust enough to be used by non-professionals who 

aree not equipped to handle the aspects of efficacy, tolerance, resistance, interactions with 

otherr drugs such as anti-retroviral agents, and parasite recurrence and to monitor treatment 

response. . 

Costt is the biggest obstacle for malaria control and thus also for EDTM. An African 

householdd spends approximately 2-25$ on treatment for malaria monthly, sometimes adding 

upp to 5-13% of the total household expenditure l4] . Where people are poor, the health service 

iss usually also poor and both frustrate the balance between health needs and responsiveness of 

thee health service. This entanglement can only be solved by financial and political support and 

economicc improvements. In Viet Nam , struck by poverty after several wars, the malaria 

situationn deteriorated during the 1980s and peaked in 1991 with a recorded incidence of 1.09 

million,, 4646 deaths and 144 outbreaks '7'36] . The new malaria control strategy of 1992 

startedd simultaneously with structural reforms of the public health care system, redirecting 

resourcess to peripheral and poor regions . This decentralisation was not in all aspects 

successful,, and often increased inequity, self treatment and higher costs . However, the 

malariaa control program stood out with great political and financial support and morbidity and 

mortalityy of malaria declined dramatically in the following ten years (Nguyen Van Nam, 

unpublishedd observations) . Although it is difficult to prove that these interventions were 

thee only cause of the success, this experience unambiguously demonstrates that a malaria 

controll  programmes can be implemented if there is strong government commitment, 

communityy involvement and adequate investments ^ '. 

Inn conclusion, the Vietnamese malaria control program showed that it is feasible to 

improvee the people's knowledge on malaria and reduce self-treatment and patient delay, by 

investingg in a strong primary health care system, based on community involvement, and 

ensuringg access to early diagnosis of malaria and treatment with artemisinin based drug 
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combinationss for all vulnerable populations. This probably contributed to the reduction of 

malariaa morbidity and mortality in Viet Nam over the last decade. Early diagnosis and 

treatmentt should be provided as soon as possible to all, and health intervention packages 

shouldd preferentially target the reduction of extreme long patient's and doctor's delay and set 

aa realistic maximum to this delay. 

Onn clinical grounds we suggest a maximum of two days for all patients, which is an 

ambitiouss target, even for Viet Nam . 
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Pharmacokineticc interactions of antimalarial agents 

Abstract t 

CombinationCombination of antimalarial agents has been introduced as a response to widespread drug 

resistance.resistance. The higher number of mutations required to express complete resistance against 

combinationscombinations may retard the further development of resistance. Combination of drugs, 

especiallyespecially with the artemisinin drugs, may also offer complete and rapid eradication of the 

parasiteparasite load in symptomatic patients and thus reduce the chance of survival of resistant 

strains. strains. 

TheThe advantages of combination therapy should be balanced against the increased chance of 

drugdrug interactions. During the last decade, much of the pharmacokinetics and metabolic 

pathwayspathways of antimalarial drugs have been elucidated, including the role of the cytochrome 

P450P450 (CYP) enzyme complex. Change in protein binding is not a significant cause of 

interactionsinteractions between antimalarial agents. CYP3A4 and CYP2C19 are frequently involved in 

thethe metabolism of antimalarial agents. Quinidine is a potent inhibitor of CYP2D6, but it 

appearsappears that this enzyme does not mediate the metabolism of any other antimalarial agent. 

TheThe new combinations proguanil-atovaquone and chlorproguanil-dapsone do not show 

significantsignificant interactions. 

CYP2B6CYP2B6 and CYP3A4 are involved in the metabolism of artemisinin and derivatives, but 

furtherfurther studies may reveal involvement of more enzymes. Artemisinin may induce CYP2CI9. 

SeveralSeveral artemisinin drugs suffer from auto-induction of the first-pass effect, resulting in a 

declinedecline of bioavailability after repeated doses. The mechanism of this effect is not yet clear, 

butbut induction by other agents cannot be excluded. The combination of artemisinin drugs with 

mefloquinemefloquine and the fixed combination artemether-lumefantrine have been studied widely, and 

nono significant drug interactions have been found. The artemisinin drugs will  be used at an 

increasingincreasing rate, particularly in combination with other agents. Although clinical studies have 

soso far not shown any significant interactions, drug interactions should be given appropriate 

attentionattention when other combinations are used. 
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Earlyy diagnosis and prompt treatment of patients with malaria is seen as an important 

strategyy in reducing mortality because it prevents infected individuals progressing to the 

severe,, and possibly fatal, stages of disease. One of the pillars of this strategy is to provide 

effectivee antimalarial agents to the primary healthcare level in endemic regions. Because of 

increasingg drug resistance and other factors, the choice of affordable and effective agents has 

becomee more and more difficult. Recently, the problem of failing drug therapy was addressed 

againn by reconfirming its high priority on the research agenda [1] 

Resistancee to almost all antimalarial agents with the exception of the artemisinin drugs has 

noww been reported. There is an urgent need for new antimalarial agents, but new classes of 

antimalariall  drugs are not expected in the near future. While waiting for the discovery of new 

drugss with novel mechanisms of antimalarial activity, well established and available measures 

shouldd be taken to safeguard the few compounds available. One of these measures is the 

appropriatee combination of drugs. There are several arguments as to why combination therapy 

iss preferred to monotherapy [2]. However, there are also potential problems regarding drug 

interactions. . 

Pharmacokineticc interactions are alterations in absorption, distribution or elimination 

causedd by the combination of drugs. The drug that causes the effect is sometimes referred to 

ass the precipitator or effector and the other as the object or substrate. Interactions between 

drugss may become significant when the toxic: therapeutic ratio is low and plasma 

concentrationss of the parent compound or of its metabolites may exceed potentially toxic 

ranges,, or when concentrations remain below effective (inhibitory) antiparasitic 

concentrations. . 

Precipitatorss may affect bioavailability by changing absorption or first-pass metabolism. 

Mostt drug interactions involving absorption are due to physicochemical incompatibility of 2 

drugss (pharmaceutical interactions), but also the composition of the gastrointestinal contents 

(halofantrine,, lumefantrine), motility and intra-luminal enzymatic breakdown (artemisinin 

drugs)) may play a role. Competition for protein binding may lead to displacement of bound 

drug,, but this is rarely of clinical importance. Displacement of protein binding will only be 

significantt when the object drug is 90% or more bound to protein and when the apparent 

volumee of distribution (Vd/F) is very large. In addition, an increase of the unbound drug 

fractionn can increase toxicity in the short term, but this will eventually be balanced by an 

increasedd clearance of unbound drug. 
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Anotherr mechanism of interaction affects drug elimination. Elimination can be affected by 

changingg uptake into hepatocytes, enzymatic breakdown or of renal excretion. Metabolism 

reactionss are usually divided into type 1 and 2 reactions. Type 2 reactions, such as acetylation 

andd glucuronidation, conjugate compounds making them ready for biliary or renal excretion. 

Typee 1 reactions usually modify the molecular structure of the drug by oxidative reactions. 

Mostt type I reactions are mediated by the cytochrome P450 (CYP) enzymes, a large family of 

proteinss with a central haem group, classified into families and subfamilies designated by 

numeralss and letters, respectively. The specific isoforms are designated with numerals. 

CYP-mediatedd metabolism mainly takes place in hepatic microsomes, but to small extent 

alsoo in the intestinal mucosa. Over 30 human CYP enzymes have been identified, of which 

onlyy the members of families 1, 2 and 3 are involved in the breakdown of drugs, especially 

CYP1A2,, 2C8, 2C9, 2C19, 2D6, 3A4 and 2E1 [M1. Induction of enzymatic activity mainly 

affectss CYP1A2, 2C19, 2E1 and 3A4, whereas inhibition mainly affects CYP2D6, 2E1 and 

3A4. . 

Separatee genes encode different CYP enzymes. When at least 2 phenotypic enzyme 

variantss can be identified of which the rarest has a prevalence in the population of at least 1%, 

thiss is called genetic polymorphism. Genetic polymorphism is known for CYP2D6 and 

CYP2C19.. CYP enzymes can be induced or inhibited by drugs and this is the basis for many 

drugg interactions. Inhibition of a CYP enzyme may transform a rapid metaboliser into a poor 

metaboliserr whereas induction may have opposite effects. For example, erythromycin and 

ketoconazolee are potent inhibitors of CYP3A4, rifampicin (rifampin) induces CYP3A4 and 

quinidinee is a potent CYP2D6 inhibitor. Some nutrients may also affect CYP enzymes, for 

examplee grapefruit juice inhibits intestinal CYP3A4. Most of the work on CYP enzymes is 

basedd on in vitro enzyme kinetic studies, using cell microsomes, or animal studies. The 

translationn of these findings to the in vivo human situation is often difficult. 

Inhibitionn of elimination can lead to accumulation to toxic drug concentrations, or, in the 

casee of pro-drugs, to ineffective concentrations. Induction of elimination can lead to 

ineffectivee concentrations or accumulation of toxic metabolites. Because antimalarial agents 

aree usually administered as short course or single dose regimens, the interactions affecting 

bioavailabilityy are probably more important than those affecting elimination. Displacement of 

protein-boundd drug may be important during short treatment courses but, as explained, only 

forr drugs with high protein binding. 

Inn this review of the literature on the pharmacokinetic implications of combination therapy 

forr malaria, we will focus on the special properties of the respective agents that could turn 
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themm into potential precipitators or objects of drug interactions. Where available, in vivo data 

fromm treatment studies in humans will be used. In these studies, different analytical techniques 

weree used and this sometimes has its effect on the interpretation of results. When results are 

nott unequivocal this will be mentioned. Several experimental models, among which are 

animall  models, liver tissue and cellular microsome studies, are also discussed. In most 

instancess the model from which the results originate will be mentioned. Animal (tissue) 

modelss do not always reflect the human situation and their results must be interpreted with 

moree caution than human (tissue) studies. However, since there have been few clinical trials 

performedd focusing on pharmacokinetic drug interactions, these experimental findings are 

oftenn the only source of information. 

1.. Characteristics of the Main Antimalaria l Drugs 
Theree are a few main groups of chemically related antimalarial agents: 

 the amino alcohols, including cinchona alkaloids with quinine as the classical 

example,, and synthetic aminoquinolines 

 artemisinin with its derivatives 

 a group of agents including the antifolates, antibiotics and others. 

Thesee agents, which are currently available for treatment or prophylaxis of malaria, will be 

discussedd with the emphasis on their potential interactions with other drugs. 

1.11 Cinchona Alkaloids 

Thee bark of the Cinchona tree has long been known for its antimalarial activity. Four active 

cinchonaa alkaloids, the laevorotatory quinine, cinchonodine, dextrorotatory quinidine and 

cinchoninee (chemically classified as arylaminoalcohols) can be extracted from the bark. 

Quininee and quinidine are used in the treatment of patients with malaria, usually as 

monotherapyy but often, because of adverse effects, with a second agent added to shorten the 

durationn of therapy. 

Thee increasing occurrence of drug resistance is another reason why quinine is combined 

withh other drugs nowadays. Cinchonine and cinchonodine are only used in small amounts in 

thee cinchona alkaloid preparation called Quinimax®. Quinine and analogues exert their 

antimalariall  effect by arresting the multiplication of the mid to late stages of the parasite 

trophozoitess [5]. After administration to a patient with malaria there is usually a lag-time 

beforee the parasite density starts to decline [6]. During that period the parasite count may even 
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increase. . 

1.1.11.1.1 Quinine 

Thee pharmacokinetics of quinine have been previously been reviewed in this journal '. 

Afterr oral intake, quinine is well absorbed, irrespective of the formulated base salt, and 

bioavailabilityy is approximately 80% [iM0] . Bioavailability is very reproducible in healthy 

individuals,, but in malaria variability is larger. The time (tmax) at which the maximum 

plasmaa concentration (Cmax) is reached after a single dose ranges from 1 to 4 hours t8l l l2 ] . 

Thee bioavailability of quinine seems to be rather insensitive to external factors but drug 

interactionss certainly have to be studied. 

Vd/FF is 2.5 to 3 L/kg. Quinine is approximately 70 to 90% bound to plasma proteins, 

mainlyy to albumin and the acute phase protein al-acid glyco-protein fl314]. Since other 

antimalariall  agents also bind to these proteins, there is a potential competition for binding 

sites.. In malaria, the al-acid glycoprotein concentration increases, and plasma protein binding 

off  quinine increases to over 90%. 

Althoughh this is associated with higher total blood concentrations, a contraction of volume 

off  distribution (Vd) and reduced total drug plasma clearance, the free drug concentrations are 

lesss affected []0] . The increased protein binding buffers changes in clearance, which for 

examplee may occur in renal failure. It is likely that in malaria this also neutralizes competition 

forr protein binding. However, similar pharmacokinetics have been observed in malnourished 

children,, probably independent of protein binding [15161. Changes of protein binding will 

probablyy not increase the plasma concentrations of unbound drug to potentially dangerous 

levels. . 

Thee elimination of quinine is mainly by hepatic metabolism. Quinine is a low clearance 

drug,, which undergoes extensive metabolism in the liver, mainly mediated by CYP3A4 and to 

aa minor extent by CYP2C19 [17]. This accounts for approximately 80% of its systemic 

clearancee (CL). Grapefruit juice, a potent inhibitor of intestinal CYP3A4, does not affect the 

kineticss of quinine, showing that CYP3A4-mediated degradation is located in the liver, not in 

thee gastrointestinal tract [18]. The main metabolite is the biologically active 3-hydroxy-

quininee but at least 6 other metabolites can be detected [19]. Although metabolism of quinine is 

mediatedd by CYP3A4, rifampicin, a potent CYP3A4 inducer, and smoking, which induces 

CYP11 Al and CYP1A2, both increase elimination of quinine without increasing the formation 

off  the toxic metabolite 3-hydroxyquinine; inversely, it is not likely that inhibition of hepatic 

CYP3A44 will affect the formation of 3-hydroxyquinine. Apparently several metabolic routes 

aree involved [19]. 
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Eliminationn of quinine is a mono-exponential process with a mean terminal elimination 

half-lifee (ti 2P) of 10 to 12 hours in healthy volunteers (including children); in elderly 

individualss the ti 2P is prolonged to 16 tol8 hours [71116' °' ''. Malaria decreases the metabolic 

clearancee of quinine irrespective of the changed plasma protein binding, so that t^P is 

prolongedd to 16 to 18 hours in patients with malaria, a prolongation which was also observed 

inn healthy elderly individuals f21l Although hepatic clearance is the major route of elimination 

off  quinine, the impact of liver disease is not unequivocal. Acute hepatitis seems to reduce the 

clearancee without affecting plasma protein binding, whereas in chronic liver disease total 

clearancee is unaltered with a reduction of plasma protein binding [ ' '. Although renal 

clearancee contributes only approximately 20% of total systemic clearance, total quinine 

clearancee is decreased in patients with chronic renal failure, but probably other factors such as 

alteredd hepatic clearance and plasma protein binding also contribute to these changes [24]. 3-

Hydroxyquininee probably contributes to the adverse effects since it is mainly eliminated by 

renall  clearance, and any renal impairment may increase toxicity. 

Drugg interactions with quinine as a substrate can increase its toxicity by increasing quinine 

plasmaa concentrations or by accumulation of the 3-hydroxy metabolite. Combination with 

CYP34A44 inhibitors is, at least in theory, to be avoided. Quinine is not a potent precipitator of 

pharmacokineticc drug interactions. In contrast to quinidine, it is not an inhibitor of CYP2D6 
[25].. However, while also being a substrate for CYP2C19, competitive inhibition of this 

enzymee cannot be excluded . 

/.. 1.2 Quinidine 

Quinidinee is a diastereoisomer of quinine. It is more active against malaria than quinine but 

thee cardiac conduction system is also more sensitive to quinidine [27J. Therefore, the toxic : 

therapeuticc ratio is lower than for quinine, and especially this aspect has to be considered 

whenn discussing drug interactions. In most countries, quinidine is mainly used as an 

antiarrhythmicc drug, but where quinine is not available, quinidine is used for the treatment of 

malaria. . 

Thee pharmacokinetic properties of quinidine are comparable to those of quinine, with less 

plasmaa protein binding and, as a consequence, somewhat higher free drug plasma 

concentrationss and larger Vd. The clearance of unbound drug is similar t27. Analogous to 

quinine,, Vd and clearance decrease during malaria. Quinidine is mainly eliminated by 

CYP3A4-mediatedd metabolism, but in contrast to quinine, absorption and metabolism to 3-

hydroxyquinidinee are both inhibited by grapefruit juice, a potent inhibitor of intestinal 

CYP3A44 [28]. Quinidine metabolism is not affected by smoking. 
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Inn humans, quinidine is a potent inhibitor of CYP2D6; it is not a substrate for this enzyme 

[25.29.30]]  T h u ŝ  d r u gs t h at i n h i b i t CYP3A4 and that are metabolised by CYP2D6 should not be 

combinedd with quinidine. 

1.22 Mefloquine 

Mefloquinee is a synthetic antimalarial, available as a racemic mixture. It can be classified 

ass an arylaminoalcohol. Similar to the cinchona alkaloids, it has its greatest activity on the 

midd to late stage trophozoites. Parasites are cleared almost equally rapid as with quinine 

therapyy . There is no parenteral formulation available, so mefloquine pharmacokinetics 

havee been assessed only after oral administration. There is marked variation in 

pharmacokineticc properties of the drug, not only between healthy volunteers and patients but 

alsoo between ethnic groups. In addition, bioavailability may depend on which commercial 

formulationn is used . This is an important difference because the dose response 

relationshipp is a delicate balance in many endemic areas. Because of this difference, it is 

difficul tt to compare pharmacokinetic and efficacy studies. 

Inn general, mefloquine is absorbed slowly; Cmax is reached within 8 to 24 hours. Because 

off  the large variation in bioavailability, this is a potential site for interactions. However, in 

combinationn with artesunate it appeared that the timing of drug administration after the onset 

off  recovery is an important determinant for bioavailability, probably more important than the 

combinationn with artesunate itself 'M). Food intake increases bioavailability and diarrhoea 

reducess this l?s-3<sl. Plasma protein binding of mefloquine is also a potential site for drug 

interactions.. It is extensively (90%) bound to plasma proteins. The apparent Vd ranges from 

133 t o40Ukgl 3 7 J 

Mefloquinee is almost completely eliminated by hepatic biotransformation, with a reported 

meann 11/2(3 ranging from 14 to 22 days. Mefloquine, alow extraction drug, is transformed by 

hepaticc microsomal enzymes into its carboxy metabolite, probably mediated by CYP3A4 '3Hl 

Itt is difficult to interpret these variable results, the more so because mefloquine 

pharmacokineticss are highly stereo selective and most studies did not address this. The area 

underr the concentration-time curve (AUC) of the (-)-enantiomer is approximately 8.5 times 

higherr and Cmax is 2-fold higher than for the (+)-enantiomer ^A(]\ Clearance of the {-)-

enantiomerr is much slower, with a t] 2P 2 to 3 times longer than for its antipode. It is also very 

likelyy that the enantiomers behave differently under different conditions such as malaria and 

combinationn therapy. 

Thee effects of malaria on the kinetics of mefloquine are not completely clear. Cmax is 
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higherr in malaria, but with a similar AUC and shorter t| 2P, suggesting that during the acute 

diseasee Vd is contracted, but without a change in plasma protein binding [41]. In contrast, it 

wass also observed that in patients with severe malaria, Cmax was lower and tj 2P was longer 

thann in healthy volunteers [37]. Since the residence time of mefloquine is much longer than the 

timee to recover from malaria, the implication of these observations is not clear. The large 

variabilityy in results also makes it difficult to interpret studies of combinations with 

mefloquine.. However, since mefloquine is combined mostly with artemisinin drugs and since 

mostt of these have a very short residence time, potential interactions can be controlled by 

adequatee timing of the dose. Mefloquine is also combined with tetracycline and other agents, 

andd in the past it was also marketed in a fixed combination with pyrimethamine-sulfadoxine 
® ® 

(Fansimeff  ). 

Nott much is known about mefloquine as a precipitator of interactions. Mefloquine can 

decreasee bile production in the isolated perfused liver model  [42'43]. In theory this could 

interferee with absorption of lipophilic compounds such as halofantrine or lumefantrine. The 

combinationss with these and other drugs will be discussed in section 3.3. 

1.33 Halofantrin e 

Halofantrine,, a phenanthrene methanol, is an effective antimalarial agent with fast 

parasiticidall  activity on the trophozoite stages of Plasmodium falciparum. Its use has been 

limitedd mainly because of its effects on cardiac conduction with potentially fatal cardiac 

arrhythmia.. The prolongation of the QT interval in the ECG precludes its use in patients with 

pre-existingg QT syndromes. Combination with other drugs that prolong the QT interval must 

bee avoided. 

Thee pharmacokinetics of halofantrine have been reviewed, and since then not many 

additionall  studies have been undertaken [44]. The absorption of halofantrine is rather variable. 

Itt increases when taken with a fatty meal  [45). Upon introduction it was recommended to take 

halofantrinee together with fatty nutrients. To achieve satisfactory treatment responses, 

especiallyy in Thailand, higher dose regimens were required [46]. When cardiac adverse effects 

weree observed [47], the higher dose regimens were no longer recommended and it was advised 

too take halofantrine on an empty stomach. Since then the use of halofantrine has been limited, 

andd is only used after ECG screening for pre-existing cardiac abnormalities. Thus halofantrine 

appearss to have a low toxic:therapeutic ratio and this is a potential site for drug interactions. 

Thee tmax of halofantrine ranges from 3 hours in healthy volunteers to approximately 16 

hourss in patients with uncomplicated malaria [48]. Halofantrine is metabolised to yV-desbutyl-
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halofantrinee in the liver, mediated by CYP3A4 and CYP3A5 [49'50]. CYP2D6 and CYP2C19 

aree not involved in the N-desbutylation. Accumulation of halofantrine occurs after repeated 

doses,, suggesting a saturable process of transformation to the desbutyl metabolite. Food 

intakee increases the bioavailability of halofantrine but not of desbutyl-halofantrine ' ]. The 

desbutyll  metabolite also has intrinsic activity against malaria parasites and after 

transformationn of halofantrine it still continues to exert its antimalarial effect. Because it is 

alsoo suggested that the cardiac effects are mediated by halofantrine itself and not by its 

metabolitee [51], a delay in metabolism of halofantrine, for example by the CYP3A4 inhibitor 

ketoconazole,, would not be advantageous[ . 

Thee elimination rate of halofantrine is highly variable, with reported mean values of the 

tj.aPP ranging from 10 to over 100 hours. However, most of the data were derived from oral 

intakee studies. A formulation for intravenous use has been studied in patients with falciparum 

malaria.. In a 2-compartment kinetic model, the mean ti^P was 14.4 hours in patients with 

malaria,, and 7.5 hours during convalescence [52]. Initial Vd was less than 0.5L/kg. 

Thus,, the variable oral bioavailability, low therapeutic response in areas such as Southeast 

Asiaa and the low toxic : therapeutic ratio with respect to the cardiac effects are the most 

importantt factors to be considered for drug interactions. Not much is known about 

halofantrinee as a precipitator of drug interactions. Some combinations with drugs have been 

studiedd and these will be presented in section 3. 

Ï.44 Lumefantrin e (Benflumetol) 

Lumefantrine,, formerly called benflumetol, is a racemic fluorene. It is chemically related to 

halofantrinee and the arylaminoalcohols. In contrast to halofantrine, lumefantrine has no 

effectss on cardiac conduction. 

Accessiblee data on the pharmacokinetics of lumefantrine are limited. Most of the 

preclinicall  research was done in China as part of the drug development process, without being 

published.. These and complementary data have recently been re-viewed [ ' . Absorption is 

ratherr slow with low and variable bioavailability. In a population kinetic model, the reported 

mediann tmax was 10 hours [55]. Lumefantrine is highly lipophilic and the bioavailability can 

bee increased up to 2-fold by concomitant food intake and this is probably also the cause of 

increasingg bioavailability during recovery from malaria [56]. Lumefantrine is almost 

completelyy (>99%) bound to plasma proteins, mainly lipopro-teins , In vitro, lumefantrine 

iss metabolised to desbutyl-lumefantrine and excreted via bile and faeces. CYP3A4 is involved 

inn the metabolism. The reported ti/2[3 ranges from 33 hours to 6 days 
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Nott much is known about lumefantrine as an effector. In healthy volunteers the 

combinationn of artemether and lumefantrine did not affect the hepatic CYP3A4 activity, as 

measuredd by the 6f3-hydroxycortisol/cortisol ratio in urine [58]. Some inhibition of CYP2D6 is 

mentionedd [53,54] but its clinical significance is not clear. Potential theoretical mechanisms of 

drugg interactions are the high lipophilicity and its consequences for absorption and the 

extensivee plasma protein binding. 

1.55 4-Aminoquinolines and Related Compounds 

7.5.77 Chloroquine 

Chloroquinee has been the mainstay of malaria treatment for many years and in large areas 

off  the world it still is, despite an almost global spread of chloroquine resistance. Susceptible 

parasitess are cleared very rapidly from the blood, slightly slower than with the artemisinin 

derivativess [59]. 

Thee clinical pharmacokinetics of chloroquine have recently been reviewed [7'60]. Oral 

chloroquinee is well absorbed in healthy volunteers and in patients with malaria. Vd is 

enormous,, ranging from 100 tol000L/kg [61]. Chloroquine is 50 to 60% bound to protein. It is 

extensivelyy metabolised in the liver to the inactive desethyl-chloroquine, and consecutively to 

bisdesethyl-chloroquine,, 7-chloro-4-aminoquinoline and other compounds. CYP-enzymes 

probablyy mediate this, but in the human situation the mechanism is not completely clear. 

Renall  clearance is about 50% of total systemic clearance. Elimination of chloroquine follows 

multi-compartmentt kinetics, which also explains the large range of ti/2p values reported, 

rangingg from 8 to 58 days [6 '6 . However, the ti/2p of chloroquine has littl e clinical 

significancee in the treatment of malaria but it may contribute to the selection of resistant 

parasitee strains. Intramuscular and subcutaneous chloroquine is very rapidly absorbed and 

mayy result in transiently toxic concentrations and therefor the parenteral route is no longer 

recommended.. The pharmacokinetic properties of chloroquine are similar in children and in 

adultss and are not greatly affected by disease severity. 

Theree are in vitro data suggesting that chloroquine is an inhibitor of CYP2D6, whether as a 

substratee or as a non-substrate inhibitor [63]. However, in vivo this effect is less pronounced. In 

otherr studies, it was suggested that chloroquine is a CYP3A substrate and/or inhibitor but in 

vivovivo any inhibitory effect on CYP1A2, CYP2C19, CYP2E1 and CYP3A4 was shown to be 

a b s e n t̂  ^ 

Despitee the theoretical potential sites for interaction, chloroquine has been combined with 

manyy drugs, intentionally or inadvertently, and significant interactions were not yet reported. 
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1.5.21.5.2 Amodiaquine 

Amodiaquinee is also a 4-aminoquinoline. It belongs to the so-called Mannich-base 

antimalarials,, which differ in their dialkylaminomethyl substituentatthe C-2' and C6' 

positions.. Amodiaquine is more toxic than chloroquine, which was for a long time the main 

reasonn for its limited use. Since amodiaquine has been shown to be active against a significant 

proportionn of chloroquine-resistant parasite strains, there has been a renewed interest in this 
.. [65] 

compoundd and other Mannich base derivatives with antimalarial activity

Thee sparsely documented pharmacokinetics of amodiaquine have recently been reviewed 

'7].. Amodiaquine can be considered as a prodrug because it is extensively metabolised to the 

activee mono-desethyl-amodiaquine and to the secondary metabolite 2-hydroxy-amodiaquine, 

whichh are both eliminated by renal excretion. Absorption is rapid, with the mean tmax of 

amodiaquinee ranging from 0.6 to 1.3 hours inhealthy volunteers, followed by tmax of 

desethyl-amodiaquinee at 3 to 5.5 hours(66-671. Absorption is slightly retarded in patients with 

malariaa but bioavailability is not affected significantly by malaria. Amodiaquine and 

monodesethylamodiaquinee are over 90% bound to plasma proteins, which is thus a potential 

sitee for drug interaction. 

Eliminationn of amodiaquine follows first-order kinetics, with a mean ti/2p in healthy 

volunteerss ranging from 5.3 to 7.9 hours. The ti  2p of desethyl- amodiaquine ranges from 9 to 

188 days!68). Ketoconazole, a potent CYP3A4 inhibitor, decreases formation of desethyl-

amodiaquinee in rats but not in human liver microsomes. Since the efficacy of amodiaquine 

alsoo depends on efficient transformation into its monodesethyl metabolite, there is some 

concernn that combination therapy can antagonise the activity of amodiaquine. This should be 

studiedd further. 

Theree are no data about amodiaquine as an effector of drug interactions. Clinical data for 

combinationss with amodiaquine have thus far not shown any significant interactions. 

1.5.31.5.3 Pyronaridine 

Pyronaridinee is a bis-Mannich base, an analogue of amodiaquine, with an acridine nucleus 

insteadd of a quinoline nucleus [69'70'. There is no intrinsic cross resistance with chloroquine 
[7 l ll  The drug is used in China, in combination with other drugs. 

Thee pharmacokinetics of pyronaridine have not yet been extensively investigated. In 

healthyy volunteers a single intramuscular dose was absorbed rapidly with a tmax of 0.66 hours 

andd Cmax of 525ug/L  t69,70]
; the ti/2p is approximately 64 hours. After oral administration of 

6000 mg, the reported tmax ranged from 5 to 14 hours. 
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Pyronaridinee may be an alternative first-line drug in areas with significant chloroquine 

resis-tancee [72]. Further pharmacological studies are required to document disposition and 

potentiall  drug interactions. From what is being reported from China, however, it seems that 

thee drug can be combined with several other antimalarials. 

1.66 8-Aminoquinolines 

1.6.11.6.1 Primaquine 

Primaquinee is still the drug of choice for treatment of exoerythrocytic stages of P. vivax and 

P.P. ovale. Primaquine is mostly formulated as a diphosphate salt. It is rapidly and almost 

completelyy absorbed with tmax ranging from 1 to 4 hours [39 73,74]. 

Primaquinee is metabolised in the liver to the inactive carboxy-primaquine and several other 

metabolites.. The carboxy metabolite is not toxic but other metabolites are more toxic than 

primaquine.. Metabolism is mainly mediated by hepatic CYP enzymes, but in vitro data show 

thatt also non CYP-mediated oxidative processes play an important role [75]. The 112P ranges 

fromm 1 to 16 hours in patients and healthy volunteers [39-73-76J. There is a report of a time-

dependentt decline of the AUC after repeated doses in healthy volunteers, the AUC of the last 

dosee being significantly lower and clearance being higher than after the first dose, but these 

findingss have not been confirmed and opposite results have also been reported [76]. Malaria 

seemss to reduce the oral clearance of primaquine [74]. Glucose phosphate dehydrogenase 

(G6PD)) deficiency, the principal risk factor for primaquine-induced haemolysis, does not 

affectt the pharmacokinetics of primaquine[39'74]. 

Becausee of the pluriform metabolic pathways, it is difficult to predict when primaquine will 

actt as a substrate for drug interactions. However, the haematological adverse effects, 

especiallyy in G6PD deficiency, are a matter of concern when considering drug interactions. 

Toxicc metabolites contribute to the adverse effects of primaquine and accumulation of these 

shouldd be avoided. However, until now, primaquine is mainly used in monotherapy to prevent 

relapsess of tertian malaria or as a prophylactic; drug interactions with other antimalarial 

agentss will not be a common problem in this setting. 

Primaquinee has not been studied extensively as a precipitator of drug interactions. Studies 

off  combinations with other antimalarials are discussed in section 3. 

1.6.21.6.2 Tafenoquine 

Tafenoquinee is a new 8-aminoquinoline, previously referred to as WR-238605. It was 

developedd by the Walter Reed Army Institute of Research [77]. Tafenoquine is absorbed 

slowlyy with tmax occurring at 12 hours. The ti/2(3 is approximately 14 days in humans. 
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Althoughh bioavailability in humans is not exactly known, it is estimated that the Vd is 

extremelyy large. In v/7ro,the metabolism of tafenoquine includes CYP-mediated reactions 

typicall  for degradation of 8-aminoquino-lines |7X]. It is not yet completely clear whether 

tafenoquine,, or primaquine, will act as a potent precipitator or object of drug interactions. 

Untill  now there are no indications for this, but further studies have to be performed. 

1.77 Artemisinin Drugs 

Off  all known antimalarial agents, the artemisinin drugs have the fastest parasite reduction 

ratioo and the broadest parasite stage specificity |5]. Artemisinin is a sesquiterpene lactone 

peroxidee extracted from the herb Artemisia annua L. With dihydroartemisinin as an 

intermediate,, several derivatives can be synthesised, including the water-soluble artesunate 

(artesunicc acid) and the lipid-soluble artemether and artemotil (arteether). These compounds 

havee all been evaluated clinically and they appear to be very well tolerated and effective in 

clinicall  practice. Artemisinin and its derivatives express a very powerful and fast antimalarial 

effect,, but because of their rapid elimination and a time-dependent decline of plasma 

concentrations,, recrudescence is a common problem. This is usually avoided by combining 

themm with other antimalarial agents, but extending the duration of monotherapy is also being 

applied.. Several combinations have been used to treat malaria, and no important interactions 

weree noted, but detailed studies into the pharmacokinetic interactions with artemisinin drugs 

aree very limited. 

Theree are indications that the artemisinin drugs may induce neurotoxic effects in 

experimentall  animals during extended administration of supra-therapeutic doses. The 

lipophilicc derivatives artemotil, artemether and artemotil appear to be more toxic than the 

hydrophilicc derivatives [79"801. However, after therapeutic doses in humans no adverse effects 

havee been reported. 

Thee pharmacokinetic properties of the artemisinin drugs have been reviewed recently, but 

knowledgee of this relatively new class of drugs is still expanding rapidly [S,]. 

1.7.11.7.1 Artemisinin 

Artemisinin,, taken orally, is rapidly absorbed but bioavailability is low, probably due to 

incompletee absorption [* 2M\ tmax is approximately 2 to 3 hours. Compared to intramuscular 

injectionn of a suspension in oil, the relative bioavailability is 32% [84]. Rectal absorption is 

poor,, with bioavailability compared to oral intake approximately 30% [85"87]. Artemisinin is 

approximatelyy 85% bound to plasma proteins [88]. 
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Eliminationn of artemisinin is a rapid mono-exponential process with an ti,2p of 

approximatelyy 2 to 3 hours. An interesting phenomenon has been observed in multiple dose 

studies.. After repeated doses the plasma concentrations show a decline, with a 6-to 7-fold 

reductionn of the AUC after 6 days of daily administration [89>90]. it is likely that artemisinin 

inducess its own enzymatic breakdown, resulting in increased first-pass effect, but the exact 

mechanismm has not yet been elucidated. For example, it has not been studied whether 

productionn of metabolites is increased. The time-dependent decline of artemisinin also occurs 

afterr rectal administration, which suggests that the induction should be located in the liver [85]. 

Thiss decline has also been observed with artemether and with dihydroartemisinin 

concentrationss after oral administration of artesunate. 

Thee single dose pharmacokinetics of artemisinin are similar for healthy volunteers, for 

patientss with uncomplicated malaria and for patients with chronic liver disease, and food 

intakee does not cause significant changes in pharmacokinetics t82-83-9'] 

Artemisininn is transformed into inactive metabolites in the liver, mediated by CYP 

enzymes.. In vitro it has been shown that hepatic metabolism is mainly mediated by CYP2B6 

andd to a lesser extent by CYP3A4 [92] 

Thee time-dependent kinetics suggest that artemisinin is an inducer of enzymatic 

degradationn processes. This is supported by the finding that artemisinin seems to increase the 

activityy of CYP2C19, but not CYP3A4. However, the time-dependent decline of the AUC of 

artemisininn was independent of CYP2C19 phenotype [93]. At least one other enzyme, possibly 

CYP2B66 but not CYP3A4, mediates the self-induced metabolism [94]. 

1.1. 7.2 Dihydroartemisinin 

Dihydroartemisininn was marketed later than artemisinin and the other derivatives, mainly 

becausee the physicochemical properties were comparable to those of the parent compound 

artemisinin.. Further, dihydroartemisinin is not water-soluble and hence not suitable for 

parenterall  formulation. However, since the chemical synthesis from artemisinin is rather 

cheapp and because it has a much higher intrinsic activity against P. falciparum than 

artemisinin,, it appeared to be attractive to produce dihydroartemisinin for clinical application. 

Muchh of the pharmacokinetic information on dihydroartemisinin is known from studies with 

artesunatee and artemether. These results suffer more (artemether) or less (artesunate) from the 

factt that the formation rate of dihydroartemisinin from these drugs is not exactly known. 

Theree are a few pharmacokinetic studies with dihydroartemisinin taken orally [95"97). tmax 

rangess from approximately 1 to 2 hours in healthy Vietnamese as well as in Chinese patients 

withh malaria. Bioavailability of dihydroartemisinin tablets is 2-to 10-fold greater than of 
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artemisininn tablets, and approximately 3-fold greater for sup-positories 1 ' '. 

Afterr therapeutic doses, dihydroartemisinin is approximately 47 to 76% bound to plasma 

proteins,, mainly albumin. The ti 2P of dihydroartemisinin is approximately 1 to 2 hours. In the 

isolatedd perfused liver rat model, the clearance of dihydroartemisinin was similar to the 

perfusionn rate, which suggests that dihydroartemisinin is a high extraction drug, subject to 

extensivee hepatic metabo-lism [981. However, the metabolic fate is not completely clear. It is 

probablyy glucuronidated but in rodent liver microsomes dihydroartemisinin is extensively 

hydroxylatedd [99]. In the isolated perfused rat liver model, dihydroartemisinin is glucuron-

idated,, mediated by several isoforms of glucuronyl-transferase [98l Glucuronidated 

dihydroartemisininn is mainly eliminated by biliary excretion, and by renal excretionfor 

approximatelyy 20 to 30%. In rodent studies and in the isolated perfused liver rat model, 

glucuronidationn and oxidation processes, with biliary excretion and hepatic clearance, are 

impairedd by P. berghei infection [98" ] , Whether this also translates into altered 

pharmacokineticss of dihydroartemisinin in patients with malaria is a topic for further study. 

Withh respect to interaction with hepatic enzymes, not much is known about 

dihydroartemisinin,, but it seems to be a rather inactive compound. It was shown that 

NADPH-dependentt production of hydrogen peroxide in rat liver microsomes was not 

enhancedd by dihydroartemisinin, in contrast to artemotil and artelinic acid [101l 

1.7.31.7.3 Artesunate 

Artesunatee (artesunic acid) is a water-soluble derivative of artemisinin. The transformation 

off  artesunate to dihydroartemisinin after oral as well as after intravenous administration is so 

fastt that artesunate can be considered a prodrug. After oral administration, artesunate 

concentrationss are very low t102"104]. The oral bioavailability is 15% compared with the 

intravenouss route [1° . The mean absorption time of dihydroartemisinin after oral intake of 

artesunatee is slightly longer than 1 hour. After intravenous administration, the tj.̂ p of arte-

sunatee is approximately 2.7 min. The reported 11/2P of the metabolite dihydroartemisinin is 

approximatelyy 40 min after oral as well as after intravenous administration of artesunate. 

Afterr repeated oral administration of artesunate, a decline of plasma concentrations of 

dihydroartemisininn was observed [104l The artesunate concentrations were very low so that it 

couldd not be ascertained whether artesunate concentrations also declined. Since after oral 

administrationn the activity of artesunate depends mainly on dihydroartemisinin 

concentrations,, the decline is probably a significant contribution to the high rate of 

recrudescence. . 

Artesunatee is a prodrug of dihydroartemisinin, and thus the possible pharmacokinetic drug 
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interactionss are expected to be the same as with dihydroartemisinin. However, since the 

bioavailabilityy of oral artesunate probably depends on dissolution in the gastrointestinal tract 

andd intraluminal conversion to dihydroartemisinin, physicochemical (pharmaceutical) 

interactionss should be taken into consideration and studied further. 

1.7.41.7.4 Artemether 

Artemetherr and the related artemotil are lipid-soluble derivatives of artemisinin. 

Artemetherr is available for oral and intramuscular administration. After oral administration, 

artemetherr is rapidly absorbed, reaching Cmax after approximately 2 hours ^Q5AÜ1\ 

Artemetherr undergoes extensive first-pass metabolism to dihydroartemisinin in the liver but 

probablyy also in the intestinal lumen. Dihydroartemisinin reaches its Cmax after approx-

imatelyy 2 to 6 hours. After oral administration, the AUC of dihydroartemisinin is 

approximatelyy 2-to 9-fold higher than the AUC of artemether itself, so that dihydroartemisinin 

probablyy contributes the majority of the therapeutic effect t105106-108] After intramuscular and 

intrarectall  administration, absorption is much slower and the dihydroartemisinin : artemether 

AUCC ratio is much lower. In patients with malaria the bioavailability tends to be higher and 

eliminationn somewhat slower than in healthy individuals [106]. Artemether is over 90% bound 

too plasma proteins, mainly to ccl-acid glycoprotein and albumin but also to the various lipo-

proteinss [57'. After oral administration, ti/2p ranges from 2 to 4 hours [l05l06]. 

Afterr multiple doses, the Cmax of artemether decline whereas dihydroartemisinin 

concentrationss increase ' . This decline of plasma concentrations is similar to findings 

withh artemisinin and dihydroartemisinin after oral administration of artesunate, suggesting 

inductionn of enzymatic activity. The mechanism of this autoinduction is not yet clear. 

However,, since the antiparasitic activity is given by the total concentration of artemether and 

dihydroartemisinin,, and because they both exceed the minimum parasiticidal plasma 

concentrationn by many fold, this autoinduction has probably less clinical significance than 

withh artemisinin or artesunate, despite the fact that the rate of recrudescence after 

monotherapyy is comparably high. 

Severall  enzymes, affecting first-pass metabolism and thus bioavailability and possibly also 

clearance,, probably mediate the metabolism of artemether. Bioavailability of artemether can 

bee increased by coadministration of grapefruit juice, suggesting that artemether is a substrate 

forr intestinal CYP3A4 [109]. At higher doses, this effect diminishes, which suggests that this 

intestinall  CYP3A4 mediated breakdown is a saturable process. Grapefruit juice does not 

affectt the concentration-time course of dihydroartemisinin. Apparently the amount of 

dihydroartemisininn reaching the central blood compartment is not affected but the stoichi-
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ometryy of these reactions is not yet clear. Although intestinal CYP3A4 does play a role in the 

metabolismmetabolism of artemether, hepatic CYP3A4 activity is not affected as measured by the 6(3-

hydroxycortisol// Cortisol ratio in urine and it is not involved in the time-dependent decline of 

artemetherr plasma con-centrations [58,ll0]. CYP2D6 and CYP2C19 are probably not involved 

inn the metabolism of artem-ether [ n 1]. 

Fromm these findings, it can be expected that artemether will be involved in drug 

interactions.. Potential mechanisms of interaction affect its CYP-mediated conversion to 

dihydroartemisininn and the high rate of protein binding. Because of the wide therapeutic 

index,, it is unlikely that the efficacy of artemether is affected by interactions. However, the 

potentiall  to induce enzyme activity and thus reduce plasma concentrations of other drugs 

needss further study. One of the possible solutions to avoid drug interactions, particularly in 

combinationn with mefloquine, is to administer other antimalarial agents after a short wash-out 

interval. . 

1.1. 7.5 Artemotil (Arteether) 

Artemotil,, previously named arteether, is chemically very similar to artemether. Recently 

(3-arteetherr was registered in The Netherlands (Artecef ), renamed generically artemotil; an 

anomericc mixture of arteether has been studied in India. Artemotil is available for 

intramuscularr injection only. Of all the available artemisinin drugs, artemotil has been studied 

thee most in the laboratory setting, but there is only a limited set of data on treatment of 

humans.. After injection, distribution is slow, Cmax occurring after 3 to 12 hours [112].Plasma 

proteinn binding is approximately 80%, to albumin and with a 10-fold higher affinity to al-

acidd glycoprotein [1' . 

Inn contrast to artemether, artemotil plasma concentrations decline slowly because of the 

sloww release from the intramuscular depot. The pharmacokinetic difference is probably the 

resultt of a different formulation of the compound in oil. Artemotil is de-ethylated to 

dihydroartemisinin.. In experimental models this is mediated by CYP isoenzymes, mainly 

CYP3A44 and to a much lesser extent CYP2B6 and 3A5 [ " 114]. p. berghei infection impairs 

de-ethylationn somewhat, but intrinsic (hepatic) clearance is only 4% lower and in the perfused 

ratt liver model this did not alter the pharmacokinetics of artemotil[11 . 

Potentiall  interactions with the metabolism of artemotil should be studied further, especially 

thosee that may reduce the clearance of artemotil. As stated at the beginning of section 1.7, 

lipophilicityy and long residence time of artemisinin drugs are related to neurotoxic effects in 

animals.. Although toxicity has not been shown in humans treated at therapeutic dosages, drug 

interactionss that reduce the clearance of artemotil could possibly cause adverse effects. 
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Potentially,, artemotil is also an enzyme inducer. In rat liver microsomes, artemotil induces 

NADPH-dependentt hydrogen peroxide production, a CYP-mediated oxidative reaction [101]. 

Dihydroartemisininn did not exhibit such an induction. Since artemotil is also a substrate for 

thee CYP enzymes, this may suggest a mechanism for the autoinduction of the artemisinin 

derivatives,, although this has not yet been confirmed for artemotil. When an oral formulation 

becomess available, this is an important topic of further study. 

1.88 Antifolates 

Thee folate synthesis of malaria parasites can be interrupted by inhibiting 2 enzymes, 

dihydropteroatee synthetase (DHPS) and dihydrofolate reductase (DHFR). Several point 

mutationss can cause resistance against these 2 types of inhibitors. Mutations coding for 

resistancee occur in almost endemic regions of the world but the pattern and degree of 

resistancee differ [I16117J. The interruption of folate synthesis arrests DNA synthesis in the 

parasite.. This explains why the antiparasitic effect has a rather narrow stage specificity and 

whyy during treatment the parasites respond later than with the other agents. 

1.8.11.8.1 Biguanides 

Proguanil l 

Proguanill  and chlorproguanil are biguanide derivatives acting as dihydrofolate reductase 

(DHFR)) inhibitors. Therapeutic use of proguanil is limited by the development of resistance 

off  the asexual erythrocytic stages of P. falciparum, but it is still used as a prophylactic, often 

inn combination with chloroquine. However, in a fixed combination with atovaquone it has 

regainedd interest as a therapeutic agent. 

Proguanill  is well absorbed, achieving Cmax within 2 to 5 hours [ll8-12°]. Proguanil is 

consideredd a prodrug, since it is metabolised in the liver to the DHFR inhibitor cycloguanil, 

butt there are also recent indications that proguanil itself enhances the activity of atovaquone 
[121].. Nevertheless, transformation to cycloguanil is rapid; its Cmax occurs 1 hour after the 

Cmaxx of proguanil, and Cmax of the inactive metabolite 4-chlorophenylbigunanide occurs a 

furtherr 1 hour later. The metabolism of proguanil is mediated by CYP3A4 and CYP2C19 [122" 
124J.. The latter is a potential site for drug interaction. There is considerable genetic 

polymorphismm of this CYP enzyme, with up to 20% 'poor metabolisers' in Asian and African 

populationss [|25"l27l. Poor metabolisers have very low or undetectable plasma concentrations 

off  cycloguanil during prophylaxis. This polymorphism may be the cause of failure of 

prophylaxiss in poor metabolisers, but due to large variability in data a clear association 

betweenn CYP2C19 activity and efficaciousness of prophylaxis has not yet been demonstrated 
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[123.125]]  j h e t) p̂ of proguanil is 12 to 20 hours in patients with malaria and healthy volunteers 
[ l ,8128],, but longer in poor metabolisers [129]. The t, 2[3of cycloguanil is approximately 12 

hours. . 

Chlorproguanil l 

Chlorproguanill  is a chloro derivative of proguanil. It has more intrinsic antiplasmodic 

activityy than proguanil. It is also metabolised to a greater extent to chlorcycloguanil, which 

hass more intrinsic activity than cycloguanil. tmax is approximately 4hours [l301. The mean 

reportedd ti  2(3 ranges from 17 to over 30 hours [|30J31]. Plasma protein binding is over 60% for 

chlorproguanill  and almost 30% for its active metabolite chlorcycloguanil. Chlorproguanil has 

recentlyy gained more interest, mainly in combination with dapsone. This cheap combination 

hass several advantages. Pyrimethamine-resistant strains retain sensitivity to other DHFR 

inhibitors,, and because of the much shorter ti2P of chlorproguanil than of pyrimethamine, the 

selectionn pressure of chlorproguanil for development of resistance is less. Studies on the 

combinationn with dapsone, initiated in Kenya, should lead to large-scale application [l 3 ]. 

1.8.21.8.2 Diaminopyrimidines 

Thee diaminopyrimidines are structurally related to the cycloguanides. The main compounds 

usedused for the treatment are pyrimethamine and trimethoprim. Both are mainly applied in fixed 

combinationss with sulfonamides. 

Pyrimethamine e 

Pyrimethaminee is a DHFR inhibitor. Absorption after oral administration is slow, with 

tmaxx ranging from 2 to 12 hours I56133-134]. Pyrimethamine is approximately 90% bound to 

plasmaa proteins [,35]. Pyrimethamine is mainly metabolised in the liver; there is some renal 

excretionn of unchanged drug. The ti:|3 ranges from 50 to 106 hours. Pyrimethamine is 

extensivelyy used in combination with sulfonamides and dapsone for treatment and prophy-

laxiss of malaria and other parasitic diseases such as toxoplasmosis. In all these combinations, 

drugg interactions are not significant. 

Trimethoprim m 

Trimethoprimm is also a DHFR inhibitor. It is mostly applied in a fixed combination with 

sulfamethoxazole,, but other combinations are also used. Absorption after oral administration 

iss almost complete, and tmax ranges from 1 to 4 hours [136i. Plasma protein binding is less 

thann 50%. The t, 2(3 is 8 to 11 hours. Trimethoprim is mainly (up to 60%) eliminated 

unchangedd via the urine. A smaller proportion is metabolised in the liver. Most of this is also 

excretedd via the urine, but there is some biliary excretion. Trimethoprim is extensively used in 

combinationn with sulfamethoxazole and other agents. Significant interactions have not been 
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reported.. There is a pharmaceutical incompatibility of the intravenous formulation with other 

agents,, including the sulfonamides, but for the treatment of malaria trimethoprim is only used 

ass its oral formulation. 

1.8.31.8.3 Dapsone 

Dapsonee (4',4'-diaminodiphenylsulfone) is the most widely used sulfone, but has limited 

antimalariall  activity. It is grouped within the antifolate antimalarials because of its probable 

inhibitionn of DHPS. For malaria it is mainly used as a prophylactic in combination with 

pyrimethaminee (Maloprim®), but as stated in section 1.8.1 the combination with 

chlorproguanill  is also being evaluated as a therapeutic combination. Dapsone is rapidly ab-

sorbed,, with a mean tmax of 2 to 8 hours [119]. Absorption kinetics are linear over the dose 

rangee 75 to 450mg. Concomitant food intake increases Cmax 5-fold. The reported ti/2p ranges 

fromm 23 to 70 hours [ll9] . 

Dapsonee is metabolised mainly to monoacetyldapsone, and to dapsone hydroxylamine. The 

majorr metabolite, monoacetyl-dapsone, is excreted after desacetylation. The intrinsic 

antiparasiticc activity of this metabolite is comparable to that of the parent compound. The 

acetylationn process is subject to interindividual variation. N-Hydroxylation, a CYP-mediated 

phasee I step, decreases in activity with growing age. There is an inverse relation between 

acetylationn and hydroxylation rates at steady state, but in human liver microsomes the acetyla-

tionn process does not seem to affect the hydroxylation process[137138]. It is thought to mediate 

thee toxicity of dapsone, mainly haemolytic anaemia and methaemoglobinaemia, by formation 

off  the haematotoxic hydroxylamine metabolite in vitro. 

InIn vitro, CYP3A, CYP2C9 and CYP2E1 have been found to mediate ^-hydroxylation, but 

nott CYP1A2 and CYP2D6 [139140]. In v/vo,CYP3A4 has been identified as an important 

mediatorr of this reaction, but not CYP2D6 and CYP2C19 [141]. Since dapsone is a substrate 

forr CYP3A4, it is object of drug interactions with inhibitors or inducers of this enzyme. For 

example,, inhibiting the hydroxylation of dapsone with cimetidine can reduce toxicity [142'143] . 

Theree is no information about dapsone as a precipitator of drug interactions. 

1.8.41.8.4 Sulfonamides 

Thee sulfonamides are DHPS inhibitors, and although not necessarily classified under 

antimalariall  agents, in combination with other agents they are used at a very large scale in the 

treatmentt of malaria. 

Thee most important sulfonamides in use as antimalarial agents are sulfadoxine, sulfalene 

(sulfametopyrazine)) and sulfamethoxazole. They are mainly used in fixed combinations, 

sulfadoxinee and sulfalene in combination with pyrimethamine (Fansidar̂ and Metakelfin , 
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respectively)) and sulfamethoxazole in combination with trimethoprim as cotrimoxazole. 

Thesee sulfonamides are absorbed rapidly and almost completely, tmax occurring at 2 to 6 

hourss after administration [144]. Most sulfonamides undergo metabolic clearance to some ex-

tent,, mainly by acetylation but also glucuronidation. In contrast to dapsone, the metabolites 

aree not active against malaria. The CYP enzymes do not play a significant role in metabolic 

breakdownn of most sulfonamides. The main difference between the sulfonamides is their 

eliminationn rate. Sulfadoxine and sulfalene are eliminated slowly, whereas sulfamethoxazole 

hass a much shorter half-life. 

Sulfadoxinee is largely bound to plasma proteins, mainly albumin and, like all sulfonamides, 

itt may compete with other drugs for protein binding sites, which makes the sulfonamides 

potentiall  precipitators of drug interactions [,36l44]. In blood, less than 10% of sulfadoxine is 

acetylatedd or glucuronidated. Most of it is excreted via the urine in its acetylated form; a 

minorr part is excreted via the stool. The t| :P is 7 to 9 days. Intramuscular administration 

increasess AUC. 

Sulfalenee is also readily absorbed and is approximately 60 to 80% bound to plasma 

proteins.. It is mainly excreted via the urine, 5% of which is acetylated [136]. The ti 2P is 

approximatelyy 9 days. 

Sulfamethoxazolee is also absorbed rapidly, tmax being reached within 1 to 4 hours'1361. 

Proteinn binding is stated as 65%. Sulfamethoxazole is mainly eliminated by renal excretion in 

itss acetylated form, and to a lesser extent unchanged. 

CYP-mediatedd degradation is not a major metabolic pathway of the sulfonamides. However 

theree is evidence that certain sulfonamides, including sulfamethoxazole, may inhibit CYP2C9 

activityy |l45]. Since trimethoprim may also exert inhibitory effects on CYP2C9, cotrimoxazole 

shouldd be used prudently in combination with substrates of CYP2C9. 

1,8.51,8.5 Atovaquone 

Atovaquonee is one of a series of synthetic hydroxynaphthoquinones found to have potent 

activityy against the AIDS-associated disease Pneumocystis carinii pneumonia, toxoplasmosis 

andd malaria. Its pharmacokinetic properties are characterised by relatively poor 

bioavailability.. The oral bioavailability of atovaquone is approximately 23%, which can be 

increasedd 3-to 6-fold when taken together with a fatty meal. It is further characterised by low 

steady-statee plasma concentrations and high plasma protein binding. Excretion is almost 

exclusivelyy through the faeces. There is no significant hepatic metabolism or renal excretion 

andd the t]  2pis long, ranging from 50 to 70 hours |14ft]. Cmax is an important determinant of 

therapeuticc outcome. In patients with HIV, Cmax and AUC tend to be higher when 

112 2 



Chapterr 7 

atovaquonee is administered in multiple daily doses instead of single daily doses. However, 

suchh a dose-limited absorption was not observed in a population pharmacokinetic study in 

severall  groups of patients with malaria [147'. In the same study it was also found that there is 

noo significant interracial difference with respect to pharmacokinetics [l47]. In theory, the 

variablee bioavailability and high plasma protein binding expose potential mechanisms for 

drugg interactions. 

2.. Rationale for  Combining Antimalaria l Agents 

Theree are several arguments for the use of combinations of drugs for the treatment of 

malaria.. Synergism between drugs or potentiation of their individual effects are the reasons 

forr use in the treatment of an individual patient. Resistance of parasites is the main reason 

whyy drugs are being combined for individual patients and why combinations are being 

advocatedd on a population level[148]. 

Thee development of resistance as a result of drug pressure depends on several factors. 

Thesee have been reviewed recently [2\ The mutation frequency and the number of mutations 

requiredd for expression of resistance are genetic determinants. For example, single point 

mutationss may confer DHFR resistance to parasites. Combination with other drugs is 

beneficiall  when it increases the number of genes required to express resistance. For example, 

thiss is the case with combinations such as sulfadoxine with pyrimethamine. The survival and 

selectionn of resistant parasites also depends on the characteristics of the drugs used, such as 

thee pharmacodynamics. The parasite load in a treated patient should ideally be eliminated fast, 

inn order to reduce the chance for mutations to develop, and radically so that no parasites will 

survivee under drug pressure. For example, the fast eradication of the parasite load in patients 

withh malaria and the short t|/2p of the artemisinin drugs cause littl e selective pressure. 

However,, their elimination is so fast that parasites are not easily eradicated and recru-

descencess - of still sensitive strains occur. The benefits of the artemisinin drugs are ideally 

combinedd with those of other drugs. In contrast, drugs with a very long ti/2p such as 

chloroquinee and mefloquine may cause considerable selection pressure, especially when used 

ass monotherapy in high transmission areas. Combinations may also make use of other drug 

mechanismss than those affected by resistance genes. In the combination of proguanil and 

atovaquone,, for example, proguanil does not seem to act as the prodrug of cycloguanil, but 

hass synergistic activity of its own. 

Thee strong arguments for combination therapy should not undo the awareness that 

combiningg drugs may have unforeseen, possibly untoward effects. The interactions of the 
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antimalariall  agents have only been sparsely documented. Most currently used combinations 

provedd their benefit without kinetic drug studies ever having been done. Although newer 

classess of drugs need to be investigated extensively before marketing, covering all the 

possiblee drug interactions is difficult. In addition, global marketing of drugs has become more 

difficultt to control and the unregulated use of drugs will increase. All this requires more phar-

macotherapeuticc expertise from prescribers. To contribute to this, the pharmacology of known 

antimalariall  combinations, including fixed formulations, will be discussed in section 3. 

3.. Pharmacokinetic Interactions of Antimalaria l Agent 

Inn section 1, the pharmacokinetic characteristics of the currently available antimalarials 

havee been discussed and their potential interactions with other drugs, either as object of 

interactionn or as precipitator, have been described. In this section we will discuss what is 

actuallyy known about interactions of antimalarial agents. Several combinations that are 

actuallyy in use will not be covered here. That does not mean that these combinations do not 

showw significant interactions. It means that published pharmacokinetic studies were not found. 

Inn those instances, the theoretical background in the previous sections, and table I, may serve 

ass a reference. 

Drugss can be combined in fixed formulations when their individual administration 

regimenss are approximately similar and when pharmaceutical or pharmacological interactions 

doo not preclude this. When tolerance to the respective drugs or their kinetics change over the 

treatmentt course, this may preclude combination in fixed formulations. Some well known 

currentlyy available fixed formulations are shown in table II. 
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Tablee II . Some currently used fixed combinations of antimalarial agents 

Compoundss Brand name 

Artemetherr 20mg and lumefantrine 120mg Riamet® tablets 

Atovaquonee 250mg and proguanil lOOmg Malarone® tablets 

Chloroquinee lOOmg and proguanil 200mg Savarine® tablets (for prophylaxis) 

Quininee 95.3%, quinidine 1.6%, cinchonine 1.1% Quinimax® 1ml for 

andd cinchonodine 1.1% intravenous/intramuscular injection 

Sulfadoxinee 500mg and pyrimethamine 25mg Fansidar® tablets and others 

Sulfalenee 500mg and pyrimethamine 25mg Metakelfin® tablets and others 

Sulfamethoxazolee and trimethoprim 

(cotrimoxazole) ) 
Tabletss of several brand names 

3.11 Combinations with Quinine 

Quininee is a very effective antimalarial agent, but its adverse effects and the rather long 

durationn of treatment courses have stimulated its use in combination with other drugs in order 

too reduce the total dose of quinine. In addition, resistance to quinine has emerged in Southeast 

Asiaa and therefore it is recommended to use quinine in combination with other agents - often 

tetracycline. . 

Theree have been many clinical studies on the combination of quinine and other drugs for 

thee treatment of malaria but only few have addressed their pharmacokinetics. As explained, 

plasmaa protein binding of quinine is high but it is also subject to variation because of its 

affinityy for a 1-acid glycoprotein. Plasma protein binding of quinine is not affected by 

therapeuticc plasma concentrations of chloroquine, mefloquine, primaquine, proguanil or 

pyrimethaminee [l4]. Other interactions can be expected to affect metabolic clearance. As 

stated,, quinine is transformed into 3-hydroxyquinine mediated mainly by CYP3A4, but other 

metabolicc routes are also followed, including CYP2D6. These enzymes may be subject to 

inductionn or inhibition. For example coadministration with rifampicin, a potent CYP3A 

inducer,, or cigarette smoking, which induces CYP2D6, increase the metabolic clearance of 

quininee [l49]. However, amongst the other antimalarials there are no strong inducers or 

inhibitorss of CYP3A4 and therefore significant interactions are not very likely. 

Thee mixture of cinchona alkaloids marketed as Quinimax , which contains small amounts 
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off  other cinchona alkaloids, can be regarded as a combination treatment. It has been suggested 

thatt this combination increases plasma concentrations of quinine as well as of quinidine, but 

thesee findings have to be confirmed [l501. The bioavailability of quinine when given as rectal 

Quinimax""  was found to be 40% of an intramuscular dose of this mixture 

3.1.13.1.1 Quinine and Sulfadoxine-Pyrimethamine 

Inn a study of children with severe malaria, a single dose of sulfadoxine-pyrimethamine was 

administeredd intramuscularly together with quinine dihydrochloride [l52] . The 

coadministrationn of sulfadoxine-pyrimethamine did not affect the Cmax, tmax and AUC of 

quinine,, and the results were also similar to the findings in a study in which children with 

severee malaria were treated with quinine alone 

3.1.23.1.2 Quinine and Mefloquine 

Theree are no theoretical data to expect significant interactions between quinine and 

mefloquine.. Both are probably metabolised by CYP3A4 and neither are strong inhibitors or 

inducers.. Plasma protein binding of both is high, which may cause some interaction. The 

combinationn was studied in Thailand in adults with malaria [1 . Mefloquine 15mg/kg was 

givenn orally together with a 1-hour intravenous infusion of quinine dihydrochloride 10 mg/kg. 

Plasmaa concentrations were similar to those in a previous study in which the 2 drugs were 

givenn alone to similar groups of patients. However, in another study, when quinine was given 

withh doxycycline and mefloquine [1551, it was found that 4 days after treatment the plasma 

quininee concentrations were higher and that whole blood mefloquine concentrations were 

lowerr was expected from the simulation profiles. Because doxycycline was regarded to have 

noo effect on the pharmacokinetics of quinine [156], it was concluded that a pharmacokinetic 

interactionn between quinine and mefloquine had occurred. However, even if some pharma-

cokineticc interaction might be present, there is no significant cardiovascular 

pharmacodynamicc in-teraction 

Inversely,, the situation with quinine as the precipitator and mefloquine as the object has 

alsoo been studied in vitro [38]. Mefloquine is metabolised to carboxy-mefloquine. In vitro this 

enzymaticc degradation of mefloquine to its carboxy metabolite can be inhibited by quinine, 

butt when extrapolating to therapeutic concentrations this would translate to a modest enzyme 

inhibitionn of 40%. When tested in vivo, therapeutic concentrations of quinine did not inhibit 

thee formation of carboxy-mefloquine. 

3.1.33.1.3 Quinine and Antibiotics 

Combinationss of quinine and antibiotics, especially tetracycline and clindamycin, are being 

usedd but the pharmacokinetic interactions have not been tested. On theoretical grounds it is 
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nott expected that such interactions will occur, unless strong inducers or inhibitors of CYP3A4 

aree being administered. In African patients with acute falciparum malaria, coadministration of 

doxycyclinee did not affect the kinetics of quinine [156]. 

3.1.43.1.4 Quinine and Primaquine 

Ass expected, quinine has no significant effect on the kinetics of primaquine, but a decrease 

off  the Cmaxand AUC of carboxy-primaquine were observed after coadministration with 

quininee [ . Whether this leads to an increase of other, more toxic, metabolites was not 

studiedd but is certainly a matter of concern. 

3.22 Combinations with Quinidine 

Quinidinee is mainly eliminated by CYP3A4mediated metabolism, which raises concern 

whenn it is combined with inhibitors of these enzymes. For example, coadministration with 

itraconazolee increases Cmax and AUC and prolongs the ti^P [157]. Itraconazole also inhibits 

thee renal clearance of quinidine, probably by inhibition of renal tubular P-glycoprotein-

mediatedd tubular secretion. In contrast to quinine, quinidine clearance is not affected by 

smoking. . 

Quinidinee is a potent inhibitor of CYP2D6. It is also a substrate for CYP2D6, but whether 

CYP2D66 inhibitors can affect the kinetics of quinidine in vivo is not clear. The CYP2D6 

inhibitingg effects of quinidine may affect the kinetics of other drugs. Fortunately, CYP2D6-

mediatedd degradation is not very common, and of the commonly used antimalarials none is 

metabolisedd by this enzyme. 

Combinationss of quinidine with artemisinin derivatives have not been studied in clinical 

settings,, but quinidine, as a CYP2D6 inhibitor, has been used to study the metabolic fate of 

artemether.. It was found that quinidine did not affect the kinetics of artemether in healthy 

volunteerss [11!]. 

3.33 Combinations with Mefloquine 

Mefloquinee has a very long ti/2p. This increases the selection pressure and it is probably the 

mainn reason why mefloquine resistance developed soon after introduction in Thailand fl5Ki. It 

wass combined with sulfadoxine-pyrimethamine in a fixed combination, but because of the 

highh degree of resistance against sulfadoxine-pyrimethamine there was no protective effect 

forr mefloquine. The combination of mefloquine with the artemisinin drugs appears to be a 

goodd combination, active against multidrugresistant parasites. It is hypothesised that use of 

thee combination will also retard the development of mefloquine resistance where 
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monotherapyy has not been used, such as in Viet Nam . 

Mefloquinee is metabolised to carboxy-mefloquine, catalysed by CYP3A4. In vitro, 

therapeuticc concentrations of artesunate, artemether, sulfadoxine and tetracycline did not 

inhibitt the formation of carboxy-mefloquine (3K]. The combination with quinine has been 

discussedd in section 3.1.2. In general, mefloquine seems to be a rather inactive drug with 

respectt to pharmacokinetic drug interactions. The pharmacodynamic interactions regarding 

adversee effects are more important. 

3.3.13.3.1 Mefloquine and Primaquine 

InIn vitro, there is no or only a small inhibitory effect of mefloquine on carboxy-primaquine 

formationn l'421:,9]. j n vivo, coadministration of mefloquine had no effect on the kinetics of 

primaquinee or its main metabolite carboxy-primaquine in healthy Thai male adults . 

Inversely,, mefloquine as an object of interaction with primaquine was studied in human 

liverr microsomes and it appeared that metabolism of mefloquine was somewhat retarded by 

primaquinee [jS|. However, in vivo the coadministration of primaquine did not affect the 

kineticss of mefloquine 'l6°-162'. There are indications that the combination of mefloquine, 

primaquinee and sulfadoxine-pyrimethamine may shorten the t| 2P of mefloquine when 

comparedd to mefloquine with sulfadoxine-pyrimethamine alone, but this is of no clinical 

significancee |lfl"1. 

3.3.23.3.2 Mefloquine and Halofantrine 

Halofantrinee is a rapidly acting antimalarial agent. Resistance to halofantrine is often 

associatedd with mefloquine cross-resistance and therefore there is little reason to combine the 

22 agents when resistance to either of the 2 drugs is prevalent. The pharmacodynamic 

interactionss regarding the cardiac and neuropsychiatric adverse effects are more important. 

Forr example, the cardiac effects of halofantrine are enhanced when taken together with 

mefloquinee and this is an extra reason why combination of the 2 drugs is not used routinely 

^47ll  Nevertheless, the pharmacokinetic interactions between mefloquine and halofantrine have 

beenn addressed in a single study using the isolated perfused rat model  [43]. Mefloquine 

pretreatmentt did not affect the kinetics of halofantrine, except that there was some increase of 

clearancee of the higher doses of halofantrine. Mefloquine diminished bile production and it 

wass suggested that this cholestasis is a potential mechanism of interaction affecting 

absorptionn or excretion of halofantrine. To our knowledge this has no in vivo human 

analogue. . 

3.3.33.3.3 Mefloquine and Artemisinin 

Inn the single study on the pharmacokinetics of artemisinin combined with mefloquine, it 
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wass observed that mefloquine coadministration to patients with uncomplicated falciparum 

malariaa increased the AUC of artemisinin by one third to a half, contracted Vd and lowered 

clearancee without affecting ti  2p
 [163]. Since the metabolic fate of artemisinin is not yet 

completelyy known, the explanation for this observation is not yet clear. 

3.3.43.3.4 Mefloquine and Dihydroartemisinin 

Mefloquinee did not affect the kinetics of dihydroartemisinin in healthy Thai males and 

patientss with malaria I164165!. Inversely, dihydroartemisinin did not affect the kinetics of 

mefloquine. . 

3.3.53.3.5 Mefloquine and Artesunate 

Theree are suggestions t166167] that artesunate and artemether can affect the pharmacokinetics 

off  mefloquine when given together. The theoretical grounds for such an interaction are not 

knownn and these findings should be considered as preliminary. In vitro, artemether or 

artesunatee do not affect mefloquine kinetics [38]. The suggestion that there is an interaction in 

vivovivo is based on the finding that in patients coadministration with artesunate was associated 

withh a decrease of the mefloquine Cmax, an increase in the metabolic clearance and an ex-

pansionn of Vd [166]. These findings were explained by competition for protein binding sites. In 

vieww of the extreme short residence time of artesunate, this is unlikely. 

AA possible interaction between the 2 drugs was not found in a large study in Thai children 

withh falciparum malaria; it was found that the AUC of mefloquine on day 0 was also lower 

thann the AUC on day 2 when artesunate was given for 3 days [34J. The authors suggested that 

thee recovery from malaria was the main cause of the increased bioavailability of mefloquine. 

Foodd intake, as suggested in a previous study, was not a significant effect. However, in a 

studyy comparing adult Thai patients and healthy volunteers, malaria only retarded absorption 

somewhatt but AUCs were not different[36]. Finally, in another study there was no difference 

betweenn single dose and 2 divided dose regimens [168]. 

Thesee conflicting data do not provide evidence for an interaction between artesunate and 

mefloquine.. In addition, if there were such an interaction between artesunate and mefloquine 

thann a comparable effect would be expected between dihydroartemisinin (because oral 

artesunatee is the prodrug of dihydroartemisinin) and mefloquine, but this was not found in a 

recentt study [164]. 

3.3.63.3.6 Mefloquine and Artemether 

InIn vitro, artemether does not affect mefloquine kinetics [38]. But, in analogy with the 

findingss with artesunate, in a small study in patients with uncomplicated malaria the 

mefloquinee AUC was slightly lower when given 24 hours after artemether than when given 
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alonee [167]. As for the interaction between mefloquine and artesunate discussed in section 

3.3.5,, the suggested interaction between artemether and mefloquine has to be confirmed in 

studiess dedicated to this question. In addition, oral artemether is a prodrug of 

dihydroartemisinin,, there is no interaction between mefloquine and dihydroartemisinin, and 

possiblee interactions with mefloquine are probably not clinically important since efficacy is 

determinedd by the combined activity of artemether and dihydroartemisinin. However, it seems 

rationall  to delay the administration of mefloquine until initial recovery has been ensured by 

onee of the artemisinin drugs. 

3.3.73.3.7 Mefloquine and Co-artemether (Artemether and Lumefantrine) 

Thee combination of artemether and lumefantrine (co-artemether) is a recently introduced 

fixedd drug combination (Riamet*). Because it is likely that co-artemether will be administered 

soonn after or even during therapeutic or prophylactic use of mefloquine, this triple 

combinationn was studied in a very nice example of a pharmacokinetic interaction study in 

healthyy volunteers [58]. It was shown that mefloquine administration caused a decrease of 

lumefantrinee bioavailability. It was suggested that a mefioquine-mediated reduction of biliary 

excretionn could contribute to this mechanism. However, in view of the large variability of 

lumefantrinee absorption, the interaction is unlikely to be of clinical importance. There was no 

interactionn between co-artemether and mefloquine with respect to elimination. Since there 

wass also no induction of CYP3A4 activity, it can be concluded that although metabolism of 

thee 3 drugs is mediated by CYP3A4 there is no inhibition of metabolism by competition. 

3.3.83.3.8 Mefloquine with Sulfadoxine-Pyrimethamine 

Thiss well-tolerated combination has been used, mainly in Thailand, for several years as a 

fixedd formulation (Fansimef") but did not prevent the development of mefloquine resistance, 

probablyy sulfadoxine-pyrimethamine resistance was already prevalent. The combination was 

nott used in the regions where sulfadoxine-pyrimethamine was still effective. There is not 

muchh interest now in this fixed combination, and the increase of sulfadoxinepyrimethamine 

resistancee will only support this. In theory, displacement of plasma protein binding by 

sulfadoxinee is a potential source for interactions, but the impact of altered protein binding is 

usuallyy small. It could possibly increase free mefloquine concentrations and increase adverse 

effects,, but this is not supported by clinical experience. A study has addressed the 

pharmacokineticc interactions in patients with malaria and it was found that coadministration 

off  sulfadoxine-pyrimethamine does not change the kinetics of mefloquine 

3.3.93.3.9 Mefloquine with Tetracycline 

Thee interaction between mefloquine and tetracycline has been investigated in a single study 
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J.. The Cmax of mefloquine increased by approximately one-third when administered 

togetherr with doxycycline. The ti/2p of mefloquine decreased by approximately one-quarter 

andd Vd decreased by approximately one-third when given together with tetracycline This is 

possiblyy explained by reduced bioavailability and reduced enterohepatic recycling. However, 

thee results suffered from a large variability and it is not clear if there is a clinical consequence. 

3.44 Combinations with Chloroquine 

Chloroquinee has been administered to so many patients under such a wide variety of 

conditionss and comedications that clinically significant interactions would have been 

documentedd if there were any. In this vast experience, chloroquine has always performed as a 

welll  tolerated drug which can be combined with other antimalarial agents. Perhaps this is the 

reasonn that littl e study has been made of pharmacokinetic interactions with chloroquine. For 

drugss with a very rapid elimination, such as most of the artemisinin drugs, sequential timing 

off  administration can circumvent potential interactions. However, combination with other 

drugss with long residence times should be studied. 

Nevertheless,, the fast reduction of the parasite load after chloroquine could be a valuable 

contributionn to combination therapy, but the long ti/2p would still cause substantial pressure 

favouringg chloroquine-resistant strains. Moreover, because of the currently widespread 

resistancee to chloroquine, combination with other agents often has to be regarded as 

monotherapyy and thus has little protective effect for the other drug. When in the future the 

degreee of chloroquine resistance has decreased as the result of discontinuation of usage, than 

reintroductionn should be in the form of combination therapy. 

Anotherr approach to overcome resistance is to combine chloroquine with non-antimalarial 

agentss that reverse chloroquine resistance. For most of these agents this would require 

supratherapeutic,, potentially toxic, doses. However, pretreatment with chlorpheniramine, a 

histaminee H1 receptor antagonist, is used in combination with chloroquine, mainly to alleviate 

chloroquine-inducedd pruritus in black skin. It was shown that an anti-pruritus dosage of 

chlorpheniraminee significantly increased the bioavailability of chloroquine by 70% in 

Nigeriann children with uncomplicated falciparum malaria ,l70]. The mechanism is unexplained 

andd the sample size was small. Confirmation of these findings is required. Supratherapeutic 

dosess of chlorpheniramine are required to reverse drug resistence. 

Thee combination of chloroquine and proguanil has been studied mainly because it is used 

inn prophylaxis, which implies long term administration to healthy volunteers. Chloroquine 

andd proguanil have been used in combination as prophylaxis against P. falciparum for many 
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years.. In view of this, it is surprising that not much clinical data on possible interactions have 

beenn published. However, from the studies which documented the single capsule formulation 

(Savarin*),, it is known that the pharmacokinetics of both agents are not affected by 

coadministration,, although the combined formulation is absorbed a little more slowly than 

separatee tablets 

3.55 Combinations with Primaquine 

Primaquinee is mainly used to prevent relapses of tertian malaria, and recently it has 

regainedd interest as a prophylactic drug. In these conditions it is not likely to be combined 

withh other antimalarial agents. But, since primaquine is also used in combination therapy in 

somee regions, drug interactions should be taken into consideration. The clinically most 

significantt interactions would be those that increase the formation or accumulation of toxic 

metabolites.. In vitro studies have shown that metabolism to carboxy-primaquine is inhibited 

byy ketoconazole, a potent CYP3A4 inhibitor. Whether this also leads to increase in other, 

toxic,, metabolites is not known. In vitro studies with human liver microsomes did not indicate 

anyy effect of quinine, artemether, artesunate, halofantrine or chloro-quine tl59]. As stated in 

sectionn 3.3.1, there is some in vitro interaction between mefloquine and primaquine, without 

clinicall  consequence. 

3.66 Combinations with Artemisinin Derivatives 

Sincee the problem of drug resistance will inevitably increase the use of the artemisinin 

drugss in the coming decade, it is important to consider interactions with all antimalarials and 

alsoo other drugs. The great advantage of the artemisinin drugs is their rapid reduction of the 

parasitee load. Because of the short ti  2P of most artemisinin drugs, recrudescences occur after 

monotherapy.. In combination with other drugs, the short and powerful activity may reduce the 

selectionn pressure. Despite these advantages, there is only limited experience with their 

combinedd use with antimalarials other than mefloquine. The combination with mefloquine 

wass discussed in section 3.3. 

3.6.13.6.1 Artemether andLumefantrine (Benflumetol) 

Thiss combination was based on the principle of combining a short half-life artemisinin 

derivativee (artemether) and a long half-life antimalarial drug (lumefantrine), in a fixed 

artemetherr and lumefantrine ratio of 1 : 6. This combination, called coartemether, is well 

toleratedd and effective in the treatment of uncomplicated and drug resistant P. falciparum 

malaria. . 
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Thee pharmacokinetics of this combination was recently reviewed [54]. The pharmacokinetics 

off  the 2 drugs given in combination is not substantially different from those of the 

componentss given individually. The combination is associated with a slight delay of 

absorption,, but the total AUC did not change and the time-dependent decline of artemether 

concentrationss and increase of dihydroartemisinin concentrations was also observed with the 

combinationn [107]. 

3.6.23.6.2 Artesunate and Atovaquone-Proguanil 

AA single study has looked into the combination with atovaquone-proguanil  [172]. In theory 

thiss seems a rational combination, but further studies have to confirm this. The 

pharmacokineticss of the combination atovaquone-proguanil were not affected by 

coadministrationn with artesunate. 

3.6.33.6.3 Artemether and Pyrimethamine 

Thee combination of artemether and pyrimethamine is not a popular combination and it is 

nott likelytobeso inthe near future.However, the combination has been studied in healthy Thai 

males.. No significant differences of artemether kinetics were observed. The Cmax of 

pyrimethaminee increased by almost half and Vd contracted by approximately 13% [ m ] . The 

explanationn is not clear; it is possible that there is some interaction with respect to absorption 

orr protein binding. 

3.6.43.6.4 Combinations with Artemotil 

Thee effect of quinine, quinidine, mefloquine, halofantrine and chloroquine on the de-

ethylationn of artemotil was studied in human liver micro-somes fll4J. Halofantrine was the 

strongestt inhibitor of this process, probably by competitive inhibition of CYP3A4, but the 

quantitativee effects were small. Halofantrine would at therapeutic concentrations inhibit 20% 

off  enzyme activity. Mefloquine and quinidine would inhibit less than 10%. Thus, in the 

clinicall  setting it is not likely that the de-ethylation of artemotil is greatly affected. However, 

artemotill  may competitively inhibit the metabolism of other drugs. This is yet to be studied. 

Inn conclusion, the artemisinin drugs are ideally suited for combination therapy. Regarding 

metabolicc interactions, dihydroartemisinin seems to be the least active compound. Current 

experiencee has shown that combinations with artemisinin are effective and well tolerated, but 

beforee they are marketed globally, and thus become combined with other available drugs, 

theirr possible interactions should be studied extensively. In particular, artemotil, with its 

sustainedd plasma concentrations, has to be studied further. 
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3.77 Combinations with Antifolates 

Thee rationale for combining the 2 types of folate synthesis inhibitors is their synergistic 

activityy and the fact that different genes express resistance, which reduces the chance of 

selectionn of resistant strains. A large difference in t, 2p of the components of the combination, 

however,, may still increase the chance of selection of resistant strains. Resistance to these 

inhibitorss has developed in most endemic areas of the world, but the degree of resistance dif-

fers. . 

3.7.13.7.1 Combinations with Biguanides 

Proguanill  and chlorproguanil have recently regained interest as therapeutic agents in 

combinationn with other antimalarial drugs. From a pharmacokinetic point of view, it is not 

expectedd that they will interact greatly with other agents. Their activity depends largely on 

CYP2C19-mediatedd transformation into the active cycloguanil derivatives, but proguanil 

itselff  also has intrinsic antiparasitic activity, especially in synergy with atovaquone. The 

biguanidess can be considered well tolerated drugs in combinations, either as precipitators or 

ass substrates. 

Thee combination of a biguanide and dapsone has recently regained interest as a treatment 

forr malaria. In healthy volunteers, proguanil has no effect on the kinetics of dapsone " " .It 

iss unknown whether proguanil has any effect on the kinetics of monoacetyl-dapsone, the main 

metabolitemetabolite and which is probably responsible for the adverse haematological effects of 

dapsone. . 

Thee combination of chlorproguanil and dapsone is a rational alternative, especially where 

sulfadoxine-pyrimethaminee resistance is prevalent, such as in East Africa ll32]. The 

pharmacokineticss of the combination chlorproguanil-dapsone in Kenyan children with 

uncomplicatedd falciparum malaria did not suggest a significant pharmacokinetic 

interaction n 

3.7.23.7.2 Combinations with Atovaquone 

Thee combination of proguanil and atovaquone was studied for use against multidrug-

resistantt falciparum malaria [175]. In vitro, proguanil has a specific synergistic effect with 

atovaquone,, which is not so much dependent on its active metabolite cycloguanil but rather on 

itss specific biguanide effect |176J. Therefore, the combination is effective in cycloguanil 

resistancee and genetic polymorphism for CYP2C19 or its inhibition by other drugs would not 

affectt efficacy [1211. 

Inn healthy Caucasians, the pharmacokinetics of proguanil, cycloguanil and atovaquone 

weree not affected by combining the drugs [l77]. In patients with P. falciparum malaria, the 
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kineticss of proguanil given with atovaquone were comparable to those in healthy volunteers 

treatedd with proguanil only [128]. In a population pharmacokinetic study, there appeared to be a 

differencee in the oral clearance of proguanil between poor and extensive metabolisers and a 

smalll  but clinically insignificant difference between racially different groups comparable with 

proguanill  monotherapy [178]. 

Inversely,, the population kinetics of atovaquone as an object of interactions were also 

studiedd in a population of patients with falciparum malaria [147]. There was no effect of 

coadministrationn on the kinetics of atovaquone. Coadministration of pyrimethamine or 

tetracyclinee also had no significant effect on the disposition of atovaquone. 

3.7.33.7.3 Pyrimethamine and Dapsone 

Thiss combination (Maloprim®) isused mainly as a prophylactic in areas where chloroquine 

resistantt is prevalent. At a high level of pyrimethamine resistance, the combination is 

probablyy not effective [119]. Despite extensive use, there is littl e pharmacokinetic information 

onn this combination. In a multiple dose study, it was shown that the elimination half-lives and 

clearancess were comparable to those found in single drug studies E'19]. 

3.7.43.7.4 Combinations with Sulfonamides 

Thee sulfonamides have all been used in combination with other agents, mainly other 

antifolates,, but also in fixed combinations, for example with mefloquine. The main potential 

sourcee of interaction with other drugs is high affinity for plasma proteins, especially of 

sulfadoxine,, but this is unlikely to be clinically significant. Most fixed combinations with 

sulfonamidess have stood the test of time, despite very littl e pharmacokinetic data to support 

thee clinical experience. The most important fixed combination, sulfadoxine plus 

pyrimethamine,, Fansidar,̂ widely used as a first-line treatment of falciparum malaria in large 

areass of the world, is already facing its end because of resistance. Pharmacokinetic 

interactionss between the 2 compounds have not been found. 

4.. Conclusion 

Thee concept of combining drugs has become integrated into the evidence-guided approach 

too chemotherapy of infectious diseases. Combinations are important in the treatment of 

individuall  patients as well as in national policies concerning first-line drugs. When 

consideringg combination therapy, microbial resistance, the intrinsic antimicrobial activity of 

thee respective agents and their synergy should be taken into account. 
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Althoughh the arguments for combination therapy are sound, they lead to considerable 

debate,, not least because malaria affects large numbers of patients living mainly in areas 

wheree economic arguments strongly influence the cost-benefit balance '1]. Nevertheless, 

combinationn therapy is indispensable to combat multidrug-resistant parasites. Combination 

therapyy has become the standard in the treatment of patients with infections such as 

tuberculosis,, leprosy and HIV. For malaria, there is still a long way to go. In the majority of 

sub-Saharann nations, chloroquine is still the first-line drug for treatment of malaria and many 

fearr that the change from chloroquine to sulfadoxine-pyrimethamine has come too late, 

knowingg that resistance to the antifolates is already prominent. 

Otherr combinations of drugs will be applied. Inevitably, the use of artemisinin drugs will 

increasee because there is no known resistance to these drugs. Artemisinin drugs should be 

usedd in combination with other agents, and consequently interactions will increasingly 

becomee an important point of interest. In this review we have presented the currently 

availablee knowledge on interactions between antimalarial agents. Two distinct features have 

emerged.. The first is that relatively little is known about pharmacokinetic interactions be-

tweenn antimalarial agents in humans. The magnitude of malaria as a global problem certainly 

meritss more research into drug interactions, not only between antimalarial agents but also 

betweenn several other groups of drugs, at least the agents on the essential drugs list. The 

secondd is that the limited information available suggests that interactions between antimalarial 

agentss are rare. This experience is, for example, much different from that with the 

antiretrovirall  agents: pharmacotherapy of patients with HIV infection has become a labyrinth 

off  interactions. Clearly, the short duration of antimalarial treatment courses is important here, 

butt also the drugs themselves allow for many combinations without losing efficacy or 

increasingg toxicity. 
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SUMMAR Y Y 

Drugg resistant malaria is of great concern in malaria control worldwide. The history of 

antimalariall  resistance shows that it was difficult indeed to control malaria because of the 

spreadd of multidrug resistant malaria. However, with tremendous efforts of man, encouraging 

successs hasbeen obtainedgot in treating multidrug resistant malaria, especially since 1990s 

afterr introduction of artemisinin drugs and combination therapies. At the same time, the 

Globall  Malaria Control Strategy launched in 1992, contributed to the control of malaria via 

otherr components like bednets. 

Thiss thesis is based on studies on uncomplicated malaria in south Vietnam.and reviews 

discussingg about it. 

Thee objectives of study were: 

1.. To compare the efficacy of a 5-day course and a7-days course of artemisinin 

monotherapyy in the treatment of Plasmodium falciparum malaria.. 

2.. To compare the efficacy of the combination dihydroartemisinin-piperquine-

trimethoprim-primaquinee (CV8®) to the combination atovaquone-proguanil 

(Malarone®)) in the treatment of Plasmodium falciparum malaria in Viet Nam. 

3.. To evaluate atovaquone-proguanil (Malarone®) in the treatment of recrudescence of 

PlasmodiumPlasmodium falciparum malaria after primary treatment with a combination of 

artesunatee and mefloquine. 

4.. To compare the efficacy of artemisinin to chloroquine in the treatment of Plasmodium 

vivaxvivax malaria, and by this to evaluate sensitivity to chloroquine of Plasmodium vivax 

inn Viet Nam . 

5.. To evaluate the contribution of early diagnosis and treatment in controlling malaria, 

andd to define the timing of "early". 

6.. To review the pharmacokinetic interaction of antimalarial drugs in combination 

therapies. . 

Chapterr  1 is a general introduction of this thesis. 

Chapterr  2 presents results of a clinical trial of artemisinin monotherapy of different duration-

~55 days (A5) versus 7 days (A7)—in the treatment of uncomplicated falciparum malaria. 

Afterr being rediscovered, artemisinin and its derivatives have become mainstay in the 

treatmentt of Plasmodium falciparum infection in Southeast Asia because they can lead to 
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rapidd clinical recovery and clearance of parasites. However, because of short haff-life, 

artemisininn monotherapy course usually lasts from 5 to 7 days. But, the longer the therapy 

coursee is, the more difficult the patient's compliance is. Therefore, we conducted a clinical 

triall  comparing 2 oral regimens of artemisinin monotherapy of different duration—5 days 

(A5)) versus 7 days (A7)—in the treatment of uncomplicated falciparum malaria. Two 

hundredd and twenty seven patients were randomly allocated in 2 groups of treatment, which 

weree artemisinin monotherapy in 5 days and 7 days. It was found that there was no significant 

differencee in terms of parasite clearance and cure rate between the two groups. The 

conclusionn is that the 7-day course of artemisinin is not superior to the 5-day course in the 

treatmentt of uncomplicated falciparum malaria. 

Drugg pressure by the use of a drug alone monotherapy, especially of a drug with a long 

eliminationn half life, will lead to development of drug resistance . Therefore, combination of 

availablee antimalaria drugs in treating malaria is now recommended by WHO to prevent 

furtherr development of drug resistance. Recently, Chinese and Vietnamese scientists have 

developedd a fixed combination of dihydroartemisinin, an artemisinin derivative, with three 

otherr drugs including piperaquine, primaquine, and trimethoprim. The combination of these 

fourr agents is produced and marketed under the name CV8K in Viet Nam and it was proved 

too be very effective in some preliminary trials. However, formal comparative trials with CV8* 

weree not yet published . Therefore we performed a randomized clinical trial comparing CV8K 

too Malarone*, another active antimalarial drug combination of atovaquone and proguanil. The 

studyy was conducted with 165 uncomplicated falciparum malaria patients (chapter 3). 

Tolerancee to both study drugs was good; no significant side effects were recorded. All 

patientss recovered rapidly. The mean (95% CI) parasite clearance time of regimens CV8* 

andd Malarone were 35 (31-39) h and 34 (31-38) h respectively (p= 0.9). The radical cure rate 

wass 94% and 95% respectively (odds ratio 0.84, 95% CI 0.18-3.81). In conclusions, CV8K 

andd MalaroneR, both offer equally rapid recovery and high rates of radical cure from 

falciparumm malaria in an area with multi-drug resistant malaria. Antimalarial combinations 

withh dihydroartemisinin and piperaquine are expected to be cheap and effective and merit 

furtherr studies. 

Malarone""  was shown to be very effective for multi-drug resistant falciparum malaria, but 

itt has not been used yet in Viet Nam. In chapter 4, we conducted a study to assess the 

efficacyy of Malarone K when used for recrudescence of P. falciparum after primary treatment 

withh artesunate and mefloquine. Thirty-nine patients were included of which 37 completed 

followw up. Parasite clearance time (PCT) and fever clearance time (FCT) were 36 (30 - 42) h 
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andd 21 (18 - 24) h [mean (95% CI)], respectively. Thirty two patients were definitely cured , 

fivefive recrudesced [cure rate 86%- (95% CI 76% - 98%). All patients tolerated the drug well. 

Thee conclusion is that Malarone is a safe and promising alternative for treatment of P. 

falciparumfalciparum infections in Southeast Asia, but recrudescence of multi-drug resistant 

P.falciparumP.falciparum malaria may occur. 

Chloroquine-resistantt P.vivax has been recently reported in Asia and South America. In 

Viett Nam P.vivax was still considered sensitive to chloroquine but this was not confirmed. 

Chloroquinee is still the drug of choice for vivax malaria, but sometimes artemisinin was also 

usedd for vivax malaria. In chapter  5, results of a clinical trial comparing efficacy of 

artemisininn and chloroquine in treating vivax malaria in Viet Nam are presented. Two 

hundredd and forty vivax malaria patients were recruited and randomly allocated to artemisinin 

orr chloroquine. The median (range) parasite clearance time of regimens artemisinin and 

chloroquinee were 24 (8-72) h and 24 (8-64) h respectively (p= 0.3). Recrudescence of 

parasitess was observed in 23% and 16% of patients in the artemisinin group and chloroquine 

groupp respectively (p= 0.3). This study proved that R-I resistance (recrudescence) to 

chloroquinee of P.vivax is prevalent in Viet Nam and that three days of artemisinin 

monotherapyy is not an adequate therapy to prevent recrudescence. 

Inn Chapter  6, a discussion is presented on one of the components of the Global Malaria 

Controll  Strategy, notably "early diagnosis and prompt treatment". This Global Malaria 

Controll  Strategy was endorsed by the Ministerial Conference on Malaria Control in 

Amsterdamm in 1992 and confirmed by the World Health Assembly in 1993. Many factors may 

causee delay of diagnosis and treatment. We analysed questionnaires from patients who 

presentedd with fever at the health care units during the last decade and were able to analyse 

patientt delay and delay caused by the health care system. Based on this analysis we propose a 

definitionn for the timing of "early" in the term "early diagnosis and prompt treatment". 

Chapterr  7 gives a review of combination therapies and of studies on their 

pharmacokineticc interactions. We focused on the special properties of the respective agents 

thatt could turn them into potential precipitators or objects of drug interactions. The role of the 

cytochromee P450 (CYP) enzyme complex is discussed. Two distinct features have emerged. 

Thee first is that relatively little is known about pharmacokinetic interactions between 

antimalariall  agents in humans. The magnitude of malaria as a global problem certainly merits 

moree research into drug interactions, not only between antimalarial agents but also between 

severall  other groups of drugs, at least the agents on the essential drugs list. The second is that 

thee limited information available suggests that interactions between antimalarial agents are 
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Summary y 

rare.. This experience is, for example, much different from that with the antiretroviral agents: 

pharmacotherapyy of patients with HIV infection has become a labyrinth of inter-actions. 

Clearly,, the short duration of antimalarial treatment courses is important here, but also the 

drugss themselves allow for many combinations without losing efficacy or increasing toxicity. 
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SAMENVATTIN G G 

Geneesmiddelresistentiee is een van de grote problemen bij de beheersing en terugdringing 

("controle")) van malaria. De geschiedenis van de geneesmiddelresistentie toont dat de 

controlee van malaria werd bemoeilijkt door de toename en verspreiding van malariaparasieten 

resistentt tegen meerdere geneesmiddelen. Na de introductie van artemisinine-middelen en 

combinatietherapieènn in de negentiger jaren van de vorige eeuw zijn evenwel bemoedigende 

resultatenn bereikt. Andere initiatieven zoals de Global Malaria Control Strategy, die in 1992 

werdd gelanceerd, dragen bij aan de beheersing van malaria door middel van andere 

interventiess zoals bednetten. Dit proefschrift is gebaseerd op onderzoek betreffende 

ongecompliceerdee malaria in zuidelijk Vietnam. 

Inn het inleidende hoofdstuk (hoofdstuk 1) wordt de problematiek van malaria in het 

algemeenn en van malaria in Vietnam in het bijzonder uiteengezet. De ontwikkeling van 

geneesmiddell  resistentie en de negatieve invloed hiervan op de controle van malaria worden 

kortt besproken evenals de initiatieven ter beteugeling van malaria. De Global Malaria Control 

Strategyy is gebaseerd op de volgende vier principes: 

a.. vroege diagnose en behandeling; 

b.. preventieve maatregelen inclusief bednetten en selectief gebruik van insecticiden; 

c.. voorspellen, beheersen en voorkomen van epidemieën; 

d.. training en opbouw van lokaal kader. 

Dezee strategie wordt in praktijk gebracht onder leiding van het Roll Back Malaria Programme 

vann de Wereldgezondheidsorganisatie. 

Eénn van de basisprincipes van dit programma is "vroege diagnose en behandeling". Voor 

dee behandeling van malaria vormen artemisinine en hiervan afgeleide middelen een 

belangrijkee aanwinst. Artemisinine wordt gewonnen uit de plant Artemisia annua, welke plant 

inn China al lang voor onze jaartelling werd gebruikt tegen koortsende ziekten, in de vorige 

eeuww vooral tegen malaria. In 1971 isoleerden Chinese onderzoekers het actieve bestanddeel 

artemisinine,, hetgeen een belangrijk middel tegen malaria werd in China. Sinds de 90'er jaren 

werdenn artemisinine en hiervan afgeleide middelen als artesunaat en dihydroartemisinine in 

toenemendee mate gebruikt in Zuidoost Azië. In 1992 lanceerde de Vietnamese regering een 

Nationaall  Malaria Control Programma gebaseerd op bovengenoemde principes van Roll Back 

Malaria.. Artemisinine nam een belangrijke plaats in in dit programma: lokale productie werd 

ondernomenn en het middel werd de eerstelijns behandeling voor infecties door Plasmodium 
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Samenvatting g 

falciparumfalciparum en moest als zodanig overal beschikbaar zijn. Verschillende aspecten van de 

behandelingg met artemisininepreparaten dienden evenwel nog bestudeerd te worden, met 

namee in de gegeven situatie in zuidelijk Vietnam. Zo was aanvankelijk onduidelijk hoelang 

eenn behandeling met artemisinine moest duren. De resultaten van een vergelijkend onderzoek 

vann behandeling met artemisinine gedurende 5, danwei 7 dagen worden beschreven in 

hoofdstukk 2. Er bleek geen verschil te zijn; de 7-daagse behandeling was niet beter dan de 5-

daagse. . 

Terr voorkoming van ontwikkeling van resistentie tegen geneesmiddelen wordt bij de 

behandelingg van tuberculose, lepra, kanker en HIV-infectie/AIDS combinatietherapie 

toegepast:: verschillende middelen met verschillend aangrijpingspunt worden ingezet. Ook 

voorr de behandeling van malaria wordt deze strategie aanbevolen. 

Chinesee en Vietnamese onderzoekers ontwikkelden de combinatie van dihydroartemisinine, 

piperaquinee (een in China ontwikkeld en gebruikt middel), trimethoprim en primaquine. Dit 

middell  werd in Vietnam geproduceerd onder de naam CV8* en door de overheid toegevoegd 

aann de middelen voor de eerstelijns behandeling van malaria. Formeel, vergelijkend 

onderzoekk van dit middel met andere middelen ontbrak. Wij vergeleken CV8* met de 

combinatiee atovaquone-proguanil (Malarone11), een middel dat nog niet in Vietnam was 

gebruikt,, maar dat elders in de wereld, onder andere in Thailand zeer effectief was gebleken. 

Ditt middel bleek ook goed werkzaam tegen parasieten die resistent waren voor verschillende 

middelen.. De 165 bestudeerde patiënten bleken beide middelen goed te verdragen; er traden 

geenn belangrijke bijwerkingen op. Alle patiënten herstelden snel. 35 uur na het begin van de 

behandelingg met CV8* waren geen parasieten meer aantoonbaar, bij Malarone* was dit na 34 

uurr het geval. De genezingspercentages waren ook gelijk: 94 en 95%. (Hoofdstuk 3) 

Dihydroartemisininee en piperaquine zijn goedkope geneesmiddelen en zouden een belangrijke 

aanwinstt kunnen zijn in de strijd tegen malaria. Onderzoek op grote schaal lijk t aangewezen. 

Malarone""  bleek ook effectief bij de behandeling van patiënten die na behandeling met 

artesunaatt en mefloquine toch weer parasieten hadden gekregen (recrudescentie). 39 patiënten 

werdenn met Malarone"' behandeld, van wie 37 tot en met 4 weken na de behandeling werden 

gevolgd.. 31 patiënten genazen, 5 kregen opnieuw parasieten (recrudescentie). Het middel 

werdd goed verdragen. De conclusie luidde dat Malarone* een veilig en veelbelovend middel 

iss voor Plasmodium fa/ciparum-mfectks in Zuioost-Azie, maar dat recrudescenties 

voorkomen.. (Hoofdstuk 4) 

Behoudenss P. falciparum komt ook P. vivax voor in Vietnam. Chloroquine resistente 

P.vivaxP.vivax is gemeld uit delen van Azië en Zuid-Amerika, maar niet uit Vietnam. Wij vergeleken 
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chloroquinee en artemisinine in de behandeling van 240 patiënten met een P. vivax-infectie. De 

parasietenklaringstijdd bedroeg bij beide middelen 24 uur. Na artemisinine behandeling (3 

dagenn monotherapie) kwamen bij 23% van de patiënten de parasieten terug; na chloroquine 

behandelingg bij 16%. Chloroquine resistente P. vivax komt dus voor in Vietnam en 

behandelingg met alleen artemisinine gedurende drie dagen is niet effectief. (Hoofdstuk 5) 

Eenn belangrijke component van de Malaria Control Strategy is 'Vroege diagnose en 

behandeling".. Wat "vroeg" betekent, is niet gedefinieerd. Vertraging in diagnostiek en 

behandelingg kan onder andere liggen aan de patiënt, maar ook aan het 

gezondheidszorgsysteem.. De afgelopen 10 jaar hebben wij bij onze onderzoeken in 

verschillendee ziekenhuizen en op verschillende health posts, verspreid over de provincie Binh 

Thuann in zuidelijk Vietnam vragenlijsten uitgedeeld aan patiënten die zich wegens koorts 

meldden.. Op grond van de antwoorden konden wij analyseren of vertraging optrad door de 

patiëntt zelf of door het zorgsysteem en waren wij in staat de term "vroeg" nader te preciseren: 

ditt bleek binnen 24 uur na het begin van de klachten te zijn. (Hoofdstuk 6) 

Inn hoofdstuk 7 wordt een overzicht gegeven van combinatietherapieën en van onderzoek 

naarr farmacokinetische interacties. De rol van het cytochroom P450 (CYP) enzym complex 

wordtt bediscussieerd. Twee zaken kwamen naar voren. Ten eerste dat er betrekkelijk weinig 

bekendd is bij de mens over farmacokinetische interacties tussen malariageneesmiddelen. Het 

grotee wereldwijde malariaprobleem rechtvaardigt zeker meer onderzoek betreffende 

geneesmiddell  interacties, niet alleen tussen malaria geneesmiddelen maar ook tussen 

verschillendee andere groepen van middelen en met name de middelen die voorkomen op de 

lijstt van essentiële geneesmiddelen. Ten tweede dat de weinige informatie die er is suggereert 

datt interacties tussen malariamiddelen zeldzaam zijn. Deze ervaring is heel anders dan die 

mett antiretrovirale middelen; de farmacotherapie van patiënten met HIV-infectie is een 

labyrintt van interacties geworden. De korte behandelingsduur van malaria is een belangrijk 

gegevenn en blijkbaar kunnen vele middelen gecombineerd worden zonder verlies aan 

effectiviteitt en zonder toegenomen toxiciteit. 
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