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ABSTRACT T 

Too study the efficacy, tolerance, population pharmacokinetics and 
pharmacodynamicss of artesunate followed by mefloquine at various intervals, 360 
patientss with falciparum malaria received 4 mg/kg artesunate and thereafter 15 mg/kg 
mefloquinee simultaneously (A), after 8 h (B) or 24 h(C). Three dosages were 
completedd with placebo. Follow up was 28 days. 

Al ll  patients recovered rapidly except one case of failure within the first 24 h. 
Mefloquinee pharmacokinetics was similar in the three regimens. Parasites reappeared 
inn 26%, 26% and 33% of patients in groups A, B and C respectively. Early 
recrudescencee was associated with high initial parasite density, slow parasite 
clearancee and rapid mefloquine clearance and low plasma concentrations at day 28. 
Mefloquinee plasma concentrations all reached therapeutic ranges, suggesting reduced 
parasitee sensitivity. 

Inn conclusion, there is no interaction between artesunate and mefloquine with 
respectt to tolerance, efficacy and pharmacokinetics. Single dose combination therapy 
withh artemisinin drugs and 15 mg/kg mefloquine does not completely prevent parasite 
recurrencee and may not prevent mefloquine resistance. 
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INTRODUCTIO N N 

PlasmodiumPlasmodium falciparum malaria was a major health problem in the remote 
areass of Viet Nam. A policy of early diagnosis and treatment of malaria, applying 
shortt drug combination regimens with artemisinin drugs and longer acting agents, 
wass instrumental in bringing malaria under control in most areas of Viet Nam during 
thee last decade. Several studies of artemisinin monotherapy and combination therapy 
weree performed in Viet Nam, including combinations with quinine, 
sulfadoxine/pyrimethamine,, doxycycline and mefloquine.(l-6) Single dose 
combinationn regimens with mefloquine appeared to be practical and became the first 
choicee of treatment.(7) The Vietnamese policy on dosing mefloquine was 
conservative.. While in nearby Thailand increasing resistance necessitated to increase 
thee mefloquine dose to 25mg/kg, a lower dose was applied in Viet Nam because it 
wass assumed that the combination with artemisinin derivatives, would delay 
developmentt of mefloquine resistance. Previous studies however, showed that a 
singlee dose of artemisinin plus 10 mg/kg mefloquine did not prevent recrudescence 
sufficientlyy (15%).(8) Without further evidence of resistance the recommended dose 
off  mefloquine was increased to 15 mg/kg, a dose that initially worked well as 
monotherapyy in Thailand. In combination with a single dose of 4 mg/kg artesunate it 
becamee standard therapy for falciparum malaria in large parts of Viet Nam. However, 
thee efficacy of this regimen in Viet Nam was not confirmed at the time of its 
introductionn and a possible interaction between artesunate and mefloquine was not yet 
confirmed.(9)) (10) 

Inn order to establish the efficacy of the single dose artesunate-mefloquine 
regimenn for uncomplicated falciparum malaria in Viet Nam, and to study the 
tolerance,, pharmacokinetics and pharmacodynamics of different timing of the 
mefloquinee dose, a controlled randomized double blind study was performed in which 
aa single dose of 4 mg/kg artesunate was followed by 15 mg/kg mefloquine, given at 
variouss intervals. 

METHOD S S 

Patientt  selection and treatment 

Fromm December 1997 to March 2001, subjects aged 6 years or older with a 
symptomaticc P. falciparum (asexual blood stages with 1,000/ul < parasitemia < 
200,000/ul)) infection were enrolled at five primary health care posts and one district 
hospitall  in Binh Thuan province, southern Viet Nam. Giemsa stained thick and thin 
bloodd smears were obtained for identification of asexual parasites by light microscopy 
priorr to patient inclusion. Exclusion criteria included P. vivax infection, pregnancy, 
lactation,, any sign of severe or complicated malaria, concurrent chronic disease, 
inabilityy to take oral medication, known allergy to the study drugs and intake of 
antimalariall  agents in the preceding period as follows: artemisinin or derivatives 
(e.g.artesunate)) in the previous 24 hours; mefloquine, tetracycline or doxycycline in 
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thee previous seven days or quinine in the previous 12 hours. Patients could be entered 
intoo the study for a second time if there were at least three months between the first 
andd second date of entry. 

Thee sample size was sufficient to detect a difference between approximately 
30%% and 15% response rates with statistical significance at a = 0.05 and P = 0.2. 
Artesunatee (Plasmotrim® Lactabs) 50 mg, and mefloquine (Mephaquine®) tablets 
2500 mg and mefloquine placebo tablets were obtained from Mepha AG, Aesch, 
Switzerland. . 

Al ll  patients were admitted. After informed consent the treatment regimen was 
allocatedd by drawing an envelope, which included a computer-generated randomized 
dosagee regimen, the mefloquine and placebo tablets and a timetable for drawing 
bloodd samples, starting just before the first drug was administered (tO). All patients 
receivedd an initial dose of 4 mg/kg artesunate. Mefloquine was administered 
simultaneously,, (regimen A), 8 h later (regimen B) or 24 h later (regimen C). By 
breakingg tablets the dose nearest to 15 mg/kg bodyweight was chosen. Mefloquine 
placeboo was given to complete three dosages for all patients. Medication was taken 
underr supervision. Vomiting within 1 hour after intake of trial medication was reason 
forr withdrawal and installation of another treatment. These patients would be 
evaluatedd for tolerance and for efficacy on intention to treat basis. 

Writtenn informed consent was obtained from all patients or their parents. The 
studyy protocol was approved by the research committee of Cho Ray Hospital, Ho Chi 
Minhh City, and the medical ethics committee of the Academic Medical Center, 
Amsterdam. . 

Patientss follow up 

Thee parasite count was determined every eight hours until three negative 
smearss had been obtained. Blood smears were repeated on 7, 14, 21 and 28 days after 
tO.. Parasites were counted against 200 white blood cells in the thick smear, and, by 
recalculatingg it to the patient's total leucocyte count, expressed as the number of 
parasitess per ul of blood. A full blood count was determined on tO and t = 48 h. All 
bloodd smears were retained and reviewed by an experienced technician at the 
departmentt of parasitology of Cho Ray Hospital. His results were taken as gold 
standardd in case of conflicting results. 

Bloodd was collected four times for measuring mefloquine plasma 
concentrations.. In order to ensure variable sampling points for a population 
pharmacokineticc analysis, the first 48 hours were divided in intervals of four hours 
fromm which the first two sampling points were chosen at random, starting at t=4 for 
regimenn A, t=12 for regimen B and t=28 for regimen C. Additional samples were 
collectedd at t = 168 h (7 days, Cd7) and day 28 (C^s). The selection procedure of 
samplingg times was unknown to researchers and clinicians, in order to avoid that 
cleverr deduction would reveal the treatment regimen. Blood was drawn intro 
heparinizedd tubes, centrifuged immediately and plasma was stored at minus 30° C 
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untill  analysis. Mefloquine, and its inactive carboxy metabolite, were measured using 
ann high-performance liquid chromatography as described previously.(ll) Mefloquine 
recoveryy of this assay was >95% with a detection level of 50 ug/L or lower. Patients 
whoo suffered from a recurrence of parasites received additional medication. They 
returnedd on day 28 for determination of the mefloquine plasma concentration Clinical 
andd parasitological outcome were assessed separately.(12;13) "Cure" was defined as 
aa disappearance of symptoms and of parasites; deterioration of the patient's condition 
withinn the first 24 h after initiation of therapy was classified as "early clinical failure", 
andd later as treatment failure, irrespective of parasitological outcome. Early clinical 
failuree was not attributed to failure of study drugs. Parasitological response was 
definedd as follows: parasite recurrence: parasite clearance within 7 days but 
reappearancee within the first 14 days after tO (early recurrence, ER) or from day 14 
untill  28 (late recurrence, LR); R-II: initial reduction of parasite count (>75%) without 
clearancee within the first 7 days; R-III: no or less response. Molecular techniques to 
distinguishh re-infection from recrudescence were not available. Fever and parasite 
clearancee times (FCT and PCT) were defined as the time from tO to the first of three 
consecutivee normal temperature readings (< 37.0°C axillary) or negative blood 
smearss respectively. 

Earlyy clinical failure was treated with intravenous artesunate, parasite 
recurrencee with proguanil plus atovaquone (Malarone®). To avoid interference with 
thee pharmacokinetics, no mefloquine was prescribed to treat recrusdescence. 

Analysiss of data 

Thee time course of the parasite count was fitted to a mono-exponential 
eliminationn model. Log-linear mixed effects model were applied using maximum 
likelihoodd (ML) techniques in S-plus (v. 4.5, Math Soft inc., Seattle) as explained in 
previously.(14)) The model estimates of the initial parasite count, P(0)est and the 
parasitee elimination rate constant, k, were generated for every patient using restricted 
maximumm likelihood method (REML) and from this the time to clear 50% (PC50, 
parasitee elimination half life) and 90% (PC90) of parasites were calculated. The 
interactionn with the variables regimen, age, sex, artesunate, mefloquine dose and 
pharmacokineticc parameters were entered as covariates. The mefloquine 
pharmacokineticss were analyzed in a similar way with non-linear mixed effects 
modelss to estimate the pharmacokinetic parameters for every individual. 

Furtherr analysis of the patients' data was carried out using SPSS (v. 11.0, SPSS 
Inc.. Chicago, 111). Intention to treat analysis included survival analysis and calculation 
off  extreme case scenarios in which patients who were lost to follow were reallocated 
too either complete cure or to parasite recurrence.(15) Contingency tables and Chi 
squaree tests with continuity correction were applied to categorical variables. 
Numericall  variables were tested for Normality before it was decided whether to use 
analysiss of variance (ANOVA), or the Kruskal-Wallis test, to compare groups. 
Parasitee clearance and recrudescence were analyzed with survival analysis (Kaplan 
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Meierr plots and the Cox proportional hazard model). Correlation was expressed by 
Pearson'ss correlation coefficient, r. Statistical significance was accepted if p<0.05. 

AA blinded interim analysis of outcome, was performed midway the study by a 
statisticiann not involved in the study. Differences between the three treatment groups 
weree not found at that time. 

RESULTS S 

Threee hundred sixty patients were recruited. Tolerance to the study medication 
wass good. The main complaints on tO were dizziness (n=202), muscle pain (n=163), 
anorexiaa (n=160), arthralgia (n=120), nausea (n=82), tremor (n=66), dry mouth 
(n=51)) and vomiting (n=24), all equally distributed over the three treatment groups. 
Duringg the first 24 h nine additional patients vomited, four in group A, and five in 
groupp C, the latter before receiving mefloquine. Vomiting of trial medication did not 
occur.. Al l symptoms subsided within three days and no probable or certainly drug 
relatedd adverse effects were recorded. 

Treatmentt  groups 

Excluded:Excluded: pc < 1000 fal 

Availablee for  analysis 

NoNo endpoint reached 

EarlyEarly clinical failure 

Availablee for  analysis 
off  clinical outcome 

InitialInitial  cure, lost < day 7 

R2R2 response 

Availablee for  follow up 

LostLost to follow up after D7 

Reachh end point 

360 0 

A::  120 B::  120 

10 0 

114 4 

C::  120 

110 0 

112 2 

113 3 

109 9 

111 1 

112 2 

106 6 

108 8 

111 1 

104 4 105 5 

Figuree 1: Patient flow sheet. Numbers in cadres are eligible for analysis of outcome. 
NumbersNumbers in circles only for intention to treat or survival analysis. 
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Thee patient flow sheet (figure 1) shows which patients were used for analysis 
off  proportions and which patients were only eligible for the extreme case scenarios 
andd survival analysis. Twenty-three patients were excluded from the analysis because 
uponn review of the blood slides the parasite count at baseline was below 1000/ul. One 
patientt in group C deteriorated within 8 hours after start of therapy and was classified 
ass an early clinical failure. Parasites were still detectable on day 7 in three patients. 
Theyy had recovered completely and were classified as clinical cure with 
parasitologicall  R2 response. Three patients left before any endpoint was reached and 
twoo patients left after parasite clearance but did not return on day 7 so that an R2 
responsee could not be excluded. There was no significant difference among the three 
groupss with respect to initial treatment outcome. Of the remaining 328 patients who 
weree initially cured and completed parasite clearance before day 7, 11 cases were lost 
duringg follow up at some stage. Their results were entered into extreme case 
scenarios.. The radical cure rates were in a best case scenario 75% in group A, 75% in 
groupp B and 69% in group C (Chi-Square test, p = 0.49). In a worst case scenario the 
ratioss were 72%; 73% and 63% (Chi-Square test, p = 0.22) respectively. The rate of 
recrudescencee was not associated with the patients' date of enrollment. The 
proportionall  cumulative parasite clearance and recrudescence curves are shown in 
figuress 2. The mean (95% c.1.) PCT and FCT were 40.6 (38.5 - 42.8) h and 23.7 (22.4 
-- 25.0) h respectively. 

1000 n/o 

80 0 

60 0 

40 0 

20 0 

1 1 
Regimen n 

A B C C 

^r ^r 
244 48 72 96 120 144 168 

Timingg of initial parasite clearance (h) 

Panell  a 

77 14 21 

Recrudescencee (day) 

Panell  b 

28 8 

Figuree 2. Kaplan-Meier curve showing the survival function of P. falciparum 
parasitemiaa (panel a) and recrudescence (panel b), treated with regimens A (solid 
line),line), B (gray line) or C (broken line). 
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ObservedObserved values 

EarlyEarly recrudescence (R1E) 

LateLate recrudescence (R1L) 

RadicalRadical cure 

722 96 120 144 168 

Timee (h) 

Figuree 3. Parasite population dynamics, treated by A4M3 combination regimens and 
stratyfiedd by outcome. Observed values (blue line); RI early recrudescence (gray 
line);line); RI late recrudescence (green line); Radical cure (red line). 

Thee best population model of the time course of the parasite count, is described 
byy the mono-exponential function: 

P(t)P(t) = P(0)est.e-k>'  (1) 
inn which P(t) is the parasitemia as a function of time and P(0)est the fitted value of the 
initiall  parasite count (the intercept with the ordinate). The linear mixed effect model 
wass improved when a lag time of three hours was introduced, which also explains the 
differencee between the observed initial parasite count, P(0)obs, and P(0)est (figure 3). 
Theree was no significant effect of age, body weight, sex, and treatment regimen on 
thee goodness of fit  of the model. However, when patients with complete cure, early 
andd late recrudescence were compared, the parasite clearance dynamics were 
significantlyy different. The parameter estimates are shown in Table 2. Patients with an 
earlyy recrudescence had a significantly slower parasite clearance and higher P(0)est 
thann patients with radical cure or late recrudescence and this was confirmed in a Cox 
survivall  model of parasite recurrence (p< 0.001 for P(0) and P< 0.001). In terms of 
relativee risks, this means that for every hour prolongation of the PC50, the risk of 
parasitee recurrence increases 1.36 times (95% c.1. 1.06 - 1.21), and for every ten-fold 
increasee of P(0) the risk of recurrence increases 1.7 fold (95% c.1. 1.3-2.1). 

Afterr exclusion of plasma samples with illegible identification codes or 
leakage,, plasma samples of 250 patients were available for measurement of 
mefloquinee concentrations of which 179 had a complete series of four measurements, 
availablee for population pharmacokinetics. 

AA two compartment elimination model with first order absorption yielded the 
bestt fit, in formula: 
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-k.t-k.t  , y-. - * ,< / / l , *-. \ -kj C(/)) = Cme-""  + C^-'"  - (C01 + C02 ' (2) 
inn which C(t) is the plasma concentration (pg/L), t is the time after intake of the 
mefloquinee dose (h), kt and k2 are the distribution and elimination rate constants (h1) 
withh their respective intercepts C0i and C02 (ug/L), ka is the absorption rate constant 
(h1).. With four data points per patient a maximum of four kinetic parameters can be 
estimated.. Therefore the terminal elimination k2 and its intercept C02 were fitted first 
andd their mean value was entered as constants in the population model. For k2 the 
valuee was 0.00217 h"1, corresponding to an elimination half life o f319h(13 days). 
C022 was 1506 ug/L. The maximum plasma concentration, Cmax, was derived 
numerically.. The area under the concentration time curve, from tO until infinity 
(AUCo-ao)) was calculated according as: 

AVCAVC — 0 i  ^02 \ ^  01 ~*~ *-02) n \ 
«jj  k2 ka 

Thee pharmacokinetic data are specified per treatment regimen in table 1. 
Figuree 4 shows that the fitted individual concentration time curves are close to the 
observedd values but tend to underestimate C™* in the lower ranges and Cd28- The 
plasmaplasma concentrations on day 7, observed as well as estimated by the 
pharmacokineticc model, were lowest in group A and highest in group C, due to the 
differencee in mefloquine dosing time, but this did not reach statistical significance 
(dataa not shown). The observed mefloquine plasma concentrations on day 28 showed 
aa similar trend with the highest values in group C and the lowest in group A (table 1). 

TableTable 1. Characteristics of patients with Plasmodium falciparum infections treated by 
artesunatee with mefloquine given at various intervals. 

Clinicall  variables 

No.. of patients for evaluation 

Sexx (F/M) 
Age e 
(years,(years, mean [range]) 

Bodyy weight 
(kg,(kg, median [range]) 

Bodyy temperature 
(°C,(°C, mean [range]) 

P(0)obs s 
(HP/id,(HP/id, GM[95%CI]) 

Artesunatee dose 
(mg/kg,(mg/kg, mean, [range]) 

Mefloquinee dose 
(mg/kg,(mg/kg, mean, [range]) 

Treatmentt  regimen 
A A 

114 4 

14/100 0 
29 9 

[12[12 - 58] 

52.0 0 
[26[26 - 59] 

39.5 5 
[37-41] [37-41] 

10.4 4 
[8.5[8.5 - 12.9] 

3.94 4 
[3.4-5.0] [3.4-5.0] 

14.78 8 
[12.7-19.2] [12.7-19.2] 

B B 

110 0 

13/97 7 
29 9 

[9-51] [9-51] 

52.0 0 
[21[21 - 64] 

39.5 5 
[37-41] [37-41] 

10.5 5 
[8.4-13.1] [8.4-13.1] 

3.90 0 
[3.1-5.0] [3.1-5.0] 

14.65 5 
[11.7-20.8] [11.7-20.8] 

C C 

113 3 

7/106 6 
27 7 

[13[13 - 57] 

52.0 0 
[22[22 - 65] 

39.5 5 
[37-41] [37-41] 

10.1 1 
[8.1-12.6] [8.1-12.6] 

3.88 8 
[3.1-5.0] [3.1-5.0] 

14.56 6 
[11.5[11.5 - 29.5] 

p-value e 

0.240a a 

0.154b b 

0.487c c 

0.739c c 

0.980c c 

0.573c c 

0.604c c 
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Tablee 1. (cont.) 

Mef loqu in e e 
pharmacok ine t i cs s 

No.. of patients for evaluation 

T ' / 2abs s 

(h,(h, med., [range]) 

c c 
max x (\ig/L,(\ig/L, GM, [range]) 

A U C Q ^ ^ 

(mg/L-h,(mg/L-h, mean, range) 

T'/2el l 

(h,(h, med., [range]) 

C-28 8 

(\ig/L,(\ig/L, GM [range]) 

Treatmentt  regimen 

A A 

72 2 

4.8 8 

[2.4[2.4 - 16.0] 

2590 0 

[1064-7555] [1064-7555] 

838 8 

[642[642 -1318] 

322 2 

[145[145 -16402] 

316 6 

[119-963] [119-963] 

B B 

56 6 

4.8 8 

[2.9-25.0] [2.9-25.0] 

2768 8 

[898-8691] [898-8691] 

869 9 

[592[592 -158] 

326 6 

[132[132 -18900] 

352 2 

[95[95 - 1274] 

C C 

51 1 

4.7 7 

[2.0-[2.0- 15.0] 

2509 9 

/"S777 -1040] 

839 9 

^5744 -7057/ 

336 6 

[164-[164-
152184] 152184] 

416 6 

/SOO -7257/ 

p-value e 

0.151b b 

0.604c c 

0.558c c 

0.333b b 

0.012c c 

P(0)obs-P(0)obs- observed initial parasite count; AUCo-*,: area under the mefloquine plasma 
concentrationconcentration time curve; C28-' observed mefloquine plasma concentration on day 28; 
med.:med.: median ; GM: geometric mean; 95% CI: 95% confidence interval; a: Chi-
squaresquare test; b: Kruskal -Wallis test; c: Analysis of Variance. 

TableTable 2. Dynamics of P. falciparum clearance, after treatment with artesunate and 
mefloquine,, by outcome. 

Variabl e e 

Parasitee dynamics 

P(0)obs s 
(l(P/{i],GM[95%Cl]) (l(P/{i],GM[95%Cl]) 

P(0)est t 
(10(1033^X,GM[95%CI]) ^X,GM[95%CI]) 

PC50 0 
(h,(h, mean [95% CI]) 

PC90 0 
(h,(h, mean [95% CI]) 

PCT T 
(h,(h, mean [95% CI]) 

RadicalRadical cure 

9.8 8 
[8.4-11.4] [8.4-11.4] 

13.9 9 
[12.1-15.9] [12.1-15.9] 

5.6 6 
[5.4-5.9] [5.4-5.9] 

18.7 7 
[17.8-19.5] [17.8-19.5] 

38.2 2 
[35.6-40.8] [35.6-40.8] 

Outcome e 

Late Late 
recrudescence recrudescence 

9.8 8 
[7.3[7.3 -13.2] 

15.9 9 
[11.9-21.1] [11.9-21.1] 

5.7 7 
[5.2-6.3] [5.2-6.3] 

19.0 0 
[17.2-20.9] [17.2-20.9] 

43.5 5 
[39.0-48.0] [39.0-48.0] 

Early Early 
recrudescence recrudescence 

19.5 5 
[12.1-31.4] [12.1-31.4] 

30.1 1 
[19.7-48.0] [19.7-48.0] 

8.3 3 
[6.8-9.8] [6.8-9.8] 

27.7 7 
[22.7-32.6] [22.7-32.6] 

53.1 1 
[43.0-63.2] [43.0-63.2] 

p-value e 

0.016a a 

0.002a a 

<0.001a a 

<0.001a a 

0.000 la 
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Variable e 
RadicalRadical cure 

Mefloquinee pharmacokinetics 

(h,(h, med. [range]) 

c c 
max x 

fog/L,fog/L, GM [range]) 

A U C ^ ^ 
(mg/L-h,(mg/L-h, med.[range]) 

T/2el l 

(h,(h, med., [range]) 

fog/L.GM,fog/L.GM, [range]) 

4.8 8 
(2.4-18.5) (2.4-18.5) 

2631 1 
[871-10405] [871-10405] 

814 4 
[574-1667] [574-1667] 

318 8 
[132-152184] [132-152184] 

353 3 
[80-1287] [80-1287] 

Outcome e 

Late Late 
recrudescence recrudescence 

4.8 8 
(2.0-25.0) (2.0-25.0) 

2714 4 
[871-6438] [871-6438] 

804 4 
[577-1223] [577-1223] 

408 8 
[160-18900] [160-18900] 

All All 
[119-963] [119-963] 

Early Early 
recrudescence recrudescence 

4.8 8 
(4.1-8.0) (4.1-8.0) 

2259 9 
[1287-3533] [1287-3533] 

790 0 
[673-889] [673-889] 

220 0 
[155-698] [155-698] 

206 6 
[129-685] [129-685] 

p-value e 

0.9b b 

0.633a a 

0.554b b 

0.000 l b 

0.001a a 

P(0)obs'P(0)obs' observed initial parasite count; P(0)est: initial parasite count estimated by a 
mixedmixed effects population model of the parasite clearance; PC50 and PC90: time to 
reductionreduction of initial parasite count by 50% and 90% respectively; PCT: parasite 
clearanceclearance time; med.: median; AUCQ^: area under the mefloquine plasma 
concentrationconcentration time curve; Cd2%: observed mefloquine plasma concentration on day 
28;28; GM: geometric mean; 95% CI: 95% confidence interval; a: Analysis of 
Variance;Variance; b: Kruskal -Wallis test. 

Tablee 2 shows that the mefloquine concentration was significantly different 
amongg the sub-groups with cure, early and late parasite recurrence, especially Cd28-
Cmaxx and AUCo-oo were lower in patients with an early recrudescence but this did not 
reachh statistical significance (ANOVA and Cox regression model of parasite 
survival).. This also applies to the observed and estimated mefloquine plasma 
concentrationn on day 7 (data not given). The terminal elimination half-life was shorter 
andd Cd28 was lower in patients with early parasite recurrence. 

Thee minimum in vivo parasitocidal plasma concentration of a fully sensitive 
parasitee strain, 500ug/L, is also shown in figure 4. It shows that for all patients the 
plasmaa concentration was above this value for a certain period. On day 28, the 
mefloquinee plasma was still higher then 500 ug/L in 28% of the patients with 
completee cure, 45% in late recrudescence and 10% in early recrudescence (p =0.037). 
Basedd on the population model, the estimated mefloquine plasma concentrations were 
abovee 500 [ig/L during a mean interval of 507 (504-560) h. This was similar for the 
threee regimens and treatment outcomes. However, this interval is a conservative 
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estimatee since the model underestimates the observed terminal plasma concentrations 
and,, consequently, also the interval of plasma concentrations above 500 ug/L. 

12000 0 
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8000 0 

11 6000 

4000 0 

2000 0 

MPC MPC 
500mg/L 500mg/L 

Patientt with the highest concentrations 

Patientt with the median concentrations 

Patientt with the lowest concentrations 

ia—--
168 8 336 6 504 4 672 2 

T imee (h) 

Figuree 4. The observed plasma mefloquine concentrations and the time course fitted 
byy a population pharmacokinetic model. Three patients are shown, with the highest 
(circles),(circles), median (triangles) and lowest (squares) mefloquine plasma concentrations, 
coincidentally,coincidentally, all treated by regimen C. The mean inhibitory concentration (500 
ug/L)) of a fully sensitive strain is also indicated. *MPC: Minimum in vivo paprsidal 
concentrationconcentration of sensitive strain 500mg/L 

DISCUSSION N 

Thiss study shows that a single dose of artesunate with mefloquine 15 mg/kg 
doess not prevent recurrence of P. falciparum adequately in Viet Nam. Parasite 
recurrencee was associated with a high initial parasitemia, slower parasite clearance 
andd lower mefloquine plasma concentrations. 

Earlyy recurrence, during the first two weeks, is usually a true recrudescence, 
latee parasite recurrences may include re-infections. Due to the long plasma residence 
timee of mefloquine and the low incidence of malaria in our study area at present, 
over-estimationn of the true recrudescence rate in this study is probably little. On the 
contrary,, other studies indicated that the follow up after mefloquine treatment should 
bee extended until 63 days.(16) Since the follow up in this study was only 28 days, the 
reall  parasite recurrence rate may be somewhat higher. 

Thee pharmacodynamics of this antimalarial combination can be divided into 
twoo components, initial parasite elimination and complete eradication. The fast initial 
parasitee killing and clinical recovery are effects of artesunate and they were similar to 

34 4 



ChapterChapter 2 

valuess found in other studies with artemisinin drugs. No synergy with mefloquine was 
observed.. The explanation of the unacceptably high rate of incomplete parasite 
eradicationn is more complex. Recrudescence, a frequent complication of monotherapy 
withh artemisinin drugs, is associated with high initial parasite counts and with slower 
parasitee clearance rates, but not with resistance to artemisinin.(17-19) Exposure to 
effectivee artemisinin blood concentrations is often not long enough due to their short 
plasmaplasma residence time and time dependent decline of blood concentrations.(20-22) 
Thiss is the pharmacodynamic basis for combining artemisinin drugs with longer 
actingg agents, to ensure long suppressive drug concentrations.(23) 

Completee eradication of all parasites, therefore depended on exposure to 
mefloquine,, but apparently this was insufficient. This may be caused by two factors, 
sub-therapeuticc plasma concentrations and resistant parasites. The plasma 
concentrationss depend on dose, bioavailability and disposition. The dose was strongly 
correlatedd with C ^ and AUC0.oo but these were not associated with parasite 
recurrence.. Variable disposition caused variation in plasma concentrations on day 28. 
Loww plasma concentrations on day 28 were associated with parasite recurrence 
indicatingg that duration of exposure to parasitocidal plasma concentrations is 
importantt complementary to the height of peak concentrations. 

Synergyy between artesunate and mefloquine was not detected, mainly because 
byy the time that mefloquine starts to exert its activity, artesunate is no longer present 
inn the blood.(24) Mefloquine pharmacokinetics were not different between the three 
treatmentt groups, except for a difference in the observed Cd28- This difference is 
explainedd by the different timing of mefloquine administration, although the 
magnitudee of the difference is not completely explained by the 8 and 24 h differences 
inn dosing time and the estimated ti/2ei. Pharmacokinetic interactions between 
artesunatee and mefloquine, as suggested by previous authors, were not found and 
hencee do not explain the subtherapeutic mefloquine plasma concentrations in patients 
withh parasite recurrence.(9) Similarly, the improvement of bioavailability of 
mefloquinee or artesunate during recovery from malaria, reported by Thai authors, was 
nott confirmed in this study.(25-27) Other potential sources of variation in drug 
disposition,, not studied here, are stereoselective pharmacokinetics and pharmaceutical 
bioavailability.(28;29)) The pharmaceutical bioavailability of the mefloquine 
formulation,, used in this study, is possibly lower than of other formulations but this 
doess not explain inter-individual variation as a cause of parasite recurrence.(30) 

Incompletee eradication of parasites may also have been caused by resistance of 
parasites.. The official definition of resistance is based on the administration and 
absorptionn of a therapeutic, non-toxic, dose of an anti-malarial drug, and not on 
plasmaa concentrations. The mefloquine dose used in this study (15 mg/kg) was lower 
thann the therapeutic dose which is recommended for South East Asia (25 mg/kg) and 
thatt would preclude any statement on parasite resistance. However, the population 
pharmacokineticc model yielded a rather accurate description of the individual 
concentrationn time curves even at the extremes of the population and based on this we 
cann draw some tentative conclusions. The observed mefloquine plasma 
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concentrationss and the concentrations fitted by the model, even though this tends to 
underestimatee the observed plasma concentrations on day 28, came all above the in 
vivoo suppressive (chemoprophylactic) plasma concentration for a fully sensitive strain 
(5000 ug/L to 625 ug/L) for a certain period of time even in the cases with early 
recrudescence.(311 ;32) This points at a reduced sensitivity of P. falciparum to 
mefloquinee in southern Viet Nam. 

Mefloquinee resistance has not been documented in Viet Nam before. It may 
havee been overlooked but the general view is that resistance is absent because 
mefloquinee was used mainly in combination with artemisinin drugs. The Vietnamese 
drugg policy has been restrictive towards use of antimalarial agents in the private 
healthh sector. Mefloquine was introduced in the public health sector in 1992 and 
alwayss used in combination with artemisinin drugs. This is different from Thailand, 
wheree mefloquine resistance developed within several years of applying mefloquine 
monotherapyy in highly endemic areas.(33-36) 

Reducedd mefloquine sensitivity is a reason for concern. Firstly because it 
wouldd show that a policy to use mefloquine only in combination with artemisinin 
drugss may not prevent development of mefloquine resistance.(23) Secondly because a 
155 mg/kg dose of mefloquine is not enough in Viet Nam, despite the induction of 
rapidd parasite clearance by artesunate. This has implications for the use of mefloquine 
andd artesunate in other regions.(37) 

Thiss study raises questions if a dose of 15 mg/kg mefloquine should be applied 
att all, even in areas without documented mefloquine resistance. Notably, in a non-
scientificc setting, subtherapeutic plasma concentrations will be common because the 
dosee wil l not always be adapted exactly to body weight and pharmaceutical 
bioavailabilityy is variable. Even in combination with artemisinin drugs such a low 
dosee of mefloquine could lead to recrudescence and selection of resistant parasite 
strains.. A related question is if only raising the mefloquine dose is sufficient to 
preventt recrudescence. The experience in Thailand showed that a regimen with 25 
mg/kgg mefloquine, divided over two days, plus three days of artesunate, is superior to 
singlee dose regimens, with respect to tolerance and efficacy.(38;39) 

CONCLUSION N 

Inn conclusion, there is no effect of different dosing times of a 15 mg/kg dose of 
mefloquinee within the first 24 hours after an initial single dose of artesunate. The 
pharmacodynamicss of this low dose artesunate-mefloquine combination reflect the 
characteristicss of artesunate mono-therapy, i.e. parasite recurrence being associated 
withh high initial parasite counts and slower initial parasite clearance, and confirmed 
thee association between parasite recurrence and lower mefloquine plasma 
concentrations.. However, the data also suggest reduced mefloquine sensitivity of P. 
falciparumm in Viet Nam. Therefore, the mefloquine dose should be raised to 25 
mg/kg,, in combination with artemisinin drugs, preferably given for three days. 
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