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Abstract 

Multiple dose pharmacokinetics of artemether and dihydroartemisinin were investigated in chinese patients treated for malaria. 
They received over 2 days either 4 x 80 mg artemether orally (« = 48) or 4 x 80-480 mg co-artemether (n = 40), a combination 
of artemether and lumefantrine (benflumetol). Lag time = 0.48 h (mean), Cmax after first dose = 157 ng/ml, rmax = 1.73 h and 
elimination half-life = 1.16 h. The lag and absorption times were 0.5 h longer for co-artemether compared with artemether. 
Dihydroartemisinin paralleled artemether pharmacokinetics. Artemether Cmax after the last dose was one-third of the Cmax after 
the first dose while, inversely, dihydroartemisinin Cmax increased over time. We suggest that auto-induction of gut mucosa 
enzymes and/or liver enzymes causes a time-dependent increase in first-pass metabolisation of artemether. © 1999 Elsevier Science 
B.V. and International Society of Chemotherapy. All rights reserved. 
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1. Introduction 

Artemether, a semi-synthetic derivative of artemisinin 
(Qinghaosu) extracted from the plant Artemisia annua, 
has proved to be a safe and effective treatment for 
uncomplicated, severe and multidrug-resistant malaria 
[1,2]. Artemether shows rapid anti-malarial activity, but 
like the related anti-parasitic compounds artemisinin, 
artesunate and arteether, a high rate of recrudescence 
of infection is often associated with short course 
monotherapy [3]. In order to ensure a clinical cure rate 
above 90% for non-severe malaria, therapeutic drug 
concentrations need to be maintained for at least three 
life cycles of Plasmodium falciparum [4]. This means 
that a 5- to 7-day course of artemether may be neces
sary [5], which can be difficult to achieve in patients 

•Corresponding author. Tel.: +31-20-5665780; fax: + 31-20-

6965976. 
E-mail address: cvboxtel@xs4all.nl (C.J. van Boxtel) 

from areas where the disease is endemic and compliance 
is low. However, similar cure rates can be achieved with 
shorter treatment duration by combining artemether 
with a long-acting anti-malarial drug [6,7]. One such 
drug is lumefantrine or benflumetol, a novel synthetic 
anti-malarial developed by the Academy of Military 
Medical Sciences in Beijing and registered in China in 
1992. Lumefantrine is a fluorene derivative belonging to 
the aminoalcohol class like mefloquine and halo-
fantrine. It acts slowly with a median absorption half-
life of 5.3 h, a fmax of 10 h and a terminal elimination 
half-life of 4.5 days in patients [8]. With a mean 50% 
inhibitory concentration of 11.9 nmol/1 lumefantrine 
exhibits high in vitro activity against chloroquine-sensi-
tive and -resistant P. falciparum isolates, comparable 
with that of mefloquine [9]. In clinical studies lume
fantrine is associated with a high cure rate even when 
given as monotherapy (R. Mull, data in preparation). A 
fast parasite clearance and 28 day cure rates of 82-98% 
(depending on the dosing regimen) have been reported 
in clinical trials with a fixed-combination tablet of 

0924-8579/99/$ - see front matter © 1999 Elsevier Science B.V. and International Society of Chemotherapy. All rights reserved. 
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artemether and lumefantrine (co-artemether, CGP 
56697 or Riamet™) [7,10,11]. 

The optimal dosing regimen for many artemisinin 
derivatives is still not well-defined. Pharmacokinetic 
studies can be a useful tool in obtaining more insight 
into the optimalisation of a treatment regimen. The 
objectives of this study were to investigate multiple dose 
pharmacokinetics of artemether in chinese patients with 
uncomplicated malaria due to P. falciparum infection. 
We further evaluated the influence of lumefantrine on 
the pharmacokinetics of artemether by comparing 
artemether with co-artemether tablets. 

2. Patients and methods 

2.1. Setting 

In a randomised, double-blind, single-centre trial in a 
hospital on the island of Hainan, China, the anti-malar
ial efficacy and tolerability of co-artemether was com
pared with its individual components, artemether and 
lumefantrine, in patients with naturally acquired P. 
falciparum infection. This study focuses on the pharma
cokinetic properties of artemether and its demethylated 
metabolite dihydroartemisinin. 

tories in Beijing and Amsterdam was by thermocon
tainer containing dry ice. Artemether and dihydro
artemisinin concentrations were measured by reversed-
phase HPLC with electrochemical detection [12]. 

2.4. Pharmacokinetic study 

Extensive pharmacokinetic analysis was carried out 
on the first 12 patients in each treatment group. Samples 
were taken at: 0.5, 1.0, 1.5, 2.0, 4.0 and 8.0 h after dose 
1; 1.0, 1.5, 8.0 and 16.0 h after dose 2; 1.0, 1.5, 8.0 and 
24.0 h after dose 3; and 1.0, 1.5, 2.0, 4.0, 8.0, 16.0 and 
32.0 h after dose 4 (part I—'full profile'). The further 
recruited patients in each group, i.e. 36 patients in the 
artemether group and 28 patients in the co-artemether 
group, had blood samples taken only at 1.5 and 8.0 h 
after doses 1 and 4 (part II—'peak-trough sampling'). 
Pharmacokinetic parameters of artemether were calcu
lated by a non-linear regression program using a one-
compartment open model with a fixed dose (D) and 
with variable parameters: a lag time (tlag), an absorption 
rate constant (K.dbs), an elimination rate constant (Kel) 
and a volume of distribution divided by bioavailability 
(Kd/f), where Kd/f could vary per dose [13]. The multiple 
dosing model was based on the superposition principle 
of concentration profiles of four doses. Modelling was 
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2.2. Patients 

Patients with symptomatic, previously untreated, un
complicated P. falciparum infection who gave written 
informed consent, were included in the study. They were 
randomised to be treated with either artemether (n = 48) 
or co-artemether (n = 40). Major reasons for exclusion 
were: pregnancy/lactation; infection with Plasmodium 
species other than P. falciparum ; signs and symptoms of 
severe/complicated malaria; heavy smoking ( > 20 
cigarettes per day); clinically significant ECG abnormal
ities; known renal or hepatic dysfunction. Those who 
had received anti-malarial drugs within 28 days, or 
prophylactic, therapeutic or unidentified medication 
within 14 days prior to the start of the trial were also 
excluded. No anti-malarial treatment was permitted 
during the study period other than rescue medication 
for therapeutic failures. 

2.3. Plasma collection 

Blood samples (7.0 ml) were drawn by repeated 
venepuncture or via indwelling catheter with a heparin 
lock. Blood was collected in sterile plastic syringes, 
transferred immediately into heparinised tubes and cen-
trifuged for 15 minutes at 1000 x g. Plasma samples 
were aliquoted into plastic cryotubes and stored in the 
gas phase of a liquid nitrogen container or in an electric 
freezer at — 70°C. Transportation of samples to labora-

carried out on each individual patient data set. An 
identical model was used for dihydroartemisinin, the 
absorption rate constant was assumed to include the 
biotransformation constant of artemether into dihy
droartemisinin. 'Goodness of fit' was evaluated by min
imisation of squared differences between observed and 
calculated concentrations. 

2.5. Treatment 

Trial medication was manufactured by the Academy 
of Military Medical Sciences, Beijing. Blinding was 
performed by Novartis Pharma, Basle. Medication was 
administered orally in four doses at 0, 8, 24 and 48 h. 
At each dose, patients received either four co-artemether 
tablets each containing 20 mg artemether plus 120 mg 
lumefantrine, or four tablets each containing 20 mg 
artemether alone. In part I no food was allowed 2 h 
prior to and 0.5 h after each dose. In part II of the trial 
the patients received a light meal around dosing time. 

2.6. Statistical analysis 

The data were generally found to fit a normal distri
bution. Means and standard deviations were calculated. 
Statistical analysis was performed with the statistical 
software SPSS, using a Student's r-test for dependent 
samples to compare means of paired samples within one 
individual (e.g. peak level after the first dose and the last 
dose, artemether peak concentration and dihy-
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droartemisinin peak concentration) and a ?-test for 
independent samples to compare the artemether group 
with the co-artemether group. Statistical significance 
was considered at the 5% level. 

3. Results 

Male (84°/i) and female (16%) patients, all of chinese 
origin, aged between 13 and 57 years (median 22 years) 
and weighing between 45 and 75 kg (median 50 kg) 
with uncomplicated P. falciparum infection with a para-
sitaemia ranging from 1038 to 162 771 per ul (median 
22 959 per ul) were recruited and at random, 48 patients 
received artemether and 40 patients co-artemether. 

The data sets obtained from the extensive sampling 
in the first 12 patients in each group (part I) were used 
for pharmacokinetic modelling. In the modelling proce
dure to estimate the pharmacokinetic parameters, good 
graphic fits of the measured plasma concentration 
curves obtained for both groups indicated that the 
model performed well. Low inter-parameter correlation 
and small confidence intervals were obtained, with 
good correlation coefficients (mean r = 0.94, SD = 
0.03). A few data points were clear outliers due to 
technical or administrative errors. These outliers in 
concentration- or time-dimension were visually iden
tified in the graphical presentation of the fitted data and 
weighted 0. 

Figs. 1 and 2 show the concentration-time curves 
(mean + standard error) for artemether and dihy-
droartemisinin, respectively, for the first 24 patients (12 
in each group). Fig. 1 clearly demonstrates artemether 
Cmax and AUC values to be lower after dose 4 at 48 h 
than after dose 1. Inversely, Fig. 2 shows higher dihy-
droartemisinin Cmax and AUC values after dose 4 than 
after dose 1. 

Fig. 3 shows the observed artemether and dihy-
droartemisinin concentrations with the fitted curves in 
one patient. The example illustrates the good fit of the 
drug and metabolite concentrations with the model 
used but also shows the decrescendo course of the 
artemether concentrations and somewhat crescendo 
course of the dihydroartemisinin levels over time. 

Two patients, one in every group, were left out of the 
modelling analysis for technical or logistic problems 
(patient 211 with all very low ( < 16 ng/ml) artemether 
concentrations, patient 236 with errors in sampling 
times). 

When artemether was administered alone, following 
a mean lag time of 0.48 h, a high plasma concentration 
was rapidly achieved (tabs = 0.82 h, fmax=1.73 h, 
Cm a x=157 ng/ml), followed by rapid elimination 
(̂ haif =1-16 h) (Table 1). In combination with lume-
fantrine, both the lag time and absorption time for 
artemether were significantly increased. Although ?max 

increased almost 0.5 h, this increase was not statistically 
significant (P = 0.065, Table 1). No other differences 
between the artemether monotherapy and co-
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•—artemether 
B » »co-artemether 

Fig. 1. Mean (and Standard error) artemether plasma concentrations for 24 patients who received either artemether ( • ) or co-artemether ( • ) 

orally at 0, 8, 24 and 48 h. 
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artemether 

• — co-artemether 

Fig. 2. Mean (and standard error) dihydroartemisinin plasma concentrations for 24 patients who received either artemether ( • ) or co-artemether 
( • ) orally at 0, 8, 24 and 48 h. 
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Fig. 3. Measured artemether ( • ) and dihydroartemisinin (O) concentrations and the model-fitted curves in 

artemether orally at 0, 8, 24 and 48 h 

a patient who received 80 mg 

artemether treated patients were demonstrated with 
respect to the artemether pharmacokinetic parameters. 
For both treatment groups the mean peak level after 
the first dose was approximately three times higher than 
after the last dose (Cmaxl/Cmax4 ratio = 3.2 in the 
artemether group, 2.6 in the co-artemether group). 

Pharmacokinetic characteristics for dihy
droartemisinin in both treatment groups are shown in 
Table 2. Formation and elimination of this metabolite 

are comparable in the artemether and co-artemether 
groups. Similar to artemether, dihydroartemisinin 
reached peak concentration approximately 0.5 h later 
when artemether was taken in combination with 
lumefantrine. 

We also performed a paired comparison of the 
artemether parameters in Table 1 with the dihy
droartemisinin parameters in Table 2. The A U C 0 _ œ 

for dihydroartemisinin was significantly greater (P = 
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0.001) than the AUC0^lX> for artemether. Dihy-
droartemisinin Cmax values were also significantly 
higher than artemether Cmax values after dose 3 (P = 
0.002) and dose 4 ( P < 0.0001). This coincided with a 
lower Vd/B and Vd/{4 for dihydroartemisinin. Absorp
tion and elimination rate constants were similar for 
artemether and dihydroartemisinin. While artemether 
Cmax clearly decreased with successive doses, there was 
a trend towards a time-dependent increase in dihy

droartemisinin C„ 
be noted that V, 

« (Cmaxi/Cmax4 ratio = 0.7). It should 

d/f, AUCs and Cmax of artemether and 
dihydroartemisinin showed considerable inter-subject 
variability illustrated with the standard deviations. 

Analysis of the 'peak' and 'trough' samples obtained 
in a larger group of patients in part II of the study 
broadly confirm the results generated from part I. The 
mean 'peak' artemether plasma concentration 1.5 h 
after dose 1 was significantly higher than at 1.5 h after 
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Table 1 
Mean (standard deviation) model-estimated pharmacokinetic parameters of artemether in 11 patients treated with artemether and 11 patients 
treated with co-artemethera 

PK parameters of artemether Artemether group (n = 11) Co-artemether group (n = 11) Probability (P) 

Mean SD Mean SD 

W (h) 
'abs ( h ) 

Ufli ) 
C„,nxi (ng/ml) 

Cm„x2 (ng/ml) 

Qnaxa (ng/ml) 

Q«,x4 (ng/ml) 
^ m a x l / ^ m a x 4 

AUC (ng h/ml) 

'half ( h ) 

Vdla (1) 
^d/o (1) 

Vtm O 

0.48 
0.82 
1.73 
157 
134 
85 
60 
3.2 
1834 
1.16 
543 
364 
504 
711 

0.24 0.83 
0.45 1.34 
0.46 2.13 
93 133 
89 120 
49 116 
32 58 
2.4 2.6 
1001 2035 
0.44 0.86 
945 189 
225 339 
268 533 
434 421 

0.37 0.02 
0.59 0.03 
0.49 0.065 
49 NS 
80 NS 
90 NS 
29 NS 
1.1 NS 
802 NS 
0.26 NS 
126 NS 
459 NS 
956 NS 
367 NS 



, = lag time, rnbs = absorption half-life, (max = time to reach the first maximum concentration, Cmaxl = maximum concentration after first 

dose, Cmax2 = maximum concentration after second dose, C, 
fourth dose, Cmaxl/Cmax4 mean of individual ratios of C„ 
i v u i i m . w ^ . . - , ^ - m a X l / ~ m a X * 

<half = elimination half-life, Fd/ f l = volume of distribution/bioavailability of first dose, V, 

different 

= maximum concentration after third dose, C^x* = maximum concentration after 
divided by Croax4, AUC = area under the plasma concentration curve (0 -> oo), 

' = volume of distribution/bioavailability of second dose, 
not statistically 

/ n = volume of distribution/bioavailability of third dose, Vd/n = volume of distribution/bioavailability of fourth dose, NS 

Table 2 
Mean (SD) model-estimated pharmacokinetic parameters of dihydroartemisinin in 11 patients treated with artemether and 11 patients treated with 
co-artemethera 

PK parameters of dihydroartemisinin 

'lag (h) 
(h) a p p 

»max© 
C„,axi (ng/ml) 
Cm„x2 (ng/ml) 
Cmax, (ng/ml) 
Cmax4 (ng/ml) 

AUC (ng h/ml) 
'hair (h) 

Vm (1) 
^ / o (1) 
Ki/o (1) 
^ / f4 (0 

Artemether group (n = 11) 

Mean 

0.35 
1.63 
1.86 
161 
184 
260 
283 
0.7 
2926 
0.95 
275 
309 
163 
133 

SD 

Co-artemether group (« = 11) 

Mean 

0.28 0.82 
1.43 1.24 

0.45 2.44 
63 105 
189 137 
155 168 
142 171 
0.4 1.2 
642 3135 
0.42 1.06 
225 246 
256 728 
98 325 
74 196 

SD 

0.54 
0.37 
0.44 
42 
98 
130 
101 
1.4 
1444 
0.25 
99 
1135 
330 
157 

Probabilitiy (P) 

0.019 
NS 
0.006 
NS 
NS 
NS 
0.046 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

: appearance half-life = time, after the lag time, for half the total amount of dihydroartemisinin to appear in plasma ( = absorption+ 

transformation). 
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Table 3 
Mean (SD) peak and through artemether concentrations in plasma (ng/ml) in 36 patients treated with artemether and 28 patients treated with 
co-artemether 

Artemether concentration (ng/ml) Artemether group (n = 36) Co-artemether group (« = 28") Probability (P) 

I 1.5 h after dose 1 
II 8.0 h after dose 1 
III 1.5 h after dose 4 
IV 8.0 h after dose 4 
- I vs. Ill 
- II vs. IV 

Mean SD Mean SD 

120 100 62 75 NS 
26 32 17 16 NS 
48 37 38 43 NS 
4 2 5 4 NS 

P< 0.0001 P = 0.001 -
P< 0.0001 P< 0.0001 -

" For two patients no samples were taken after the last dose. 

Table 4 
Mean (SD) peak and through dihydroartemisinin concentrations in plasma (ng/ml) in 36 patients treated with artemether and 28 patients treated 
with co-artemether. 

Dihydroartemisinin concentration (ng/ml) Artemether group (" = Co-artemether Group Probability (P) 
36) (» = 28") 

Mean SD Mean SD 

103 87 74 75 NS 
20 27 21 37 NS 
190 92 115 92 0.001 
10 7 22 32 NS 
P< 0.001 P = 0.052 -
P = 0.028 NS -

1 1.5 h after dose 1 
II 8.0 h after dose 1 
III 1.5 h after dose 4 
IV 8.0 h after dose 4 

I vs. Ill 
II vs. IV 

For two patients no samples were taken after the last dose. 
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dose 4, whether artemether was administered alone or 
in combination with lumefantrine (Table 3). Similarly, 
8.0 h after dose 1, which approximates to 'trough' 
concentration, the mean plasma artemether concentra
tion was significantly higher than 8.0 h after dose 4. 

As in part 1 the mean 'peak' dihydroartemisinin 
concentration 1.5 h after dose 1 was statistically signifi
cantly lower than 1.5 h after dose 4 (Table 4). In the 
co-artemether group however, although the trend was 
the same, differences were not statistically significant. 
No increase was found in the 'trough' dihy
droartemisinin concentrations over time. 

4. Discussion 

In this study we observed decreasing Cmax values for 
artemether from dose 1 to dose 4 over 48 h. The active 
metabolite dihydroartemisinin, in vitro twice as active 
as artemether against Plasmodium species, showed a 
tendency to rise from dose 1 to dose 4. This means that 
these decreasing artemether concentrations over time 
will probably not influence the efficacy of the drug. 
These changes were not accompanied by concomitant 
changes in absorption or elimination rates. However, 
for artemether, Vd/T was higher after the last dose than 

after the first dose. Therefore, either the volume of 
distribution (Vd) rose over the four doses, or the 
bioavailability (f) declined. One would expect that this 
time-dependent change in the pharmacokinetics of the 
drug during the treatment of the P. falciparum infection 
would be related to the improving health status of the 
patient. However, recent studies suggest that these 
changes are drug-related and not disease-related. Iden
tical time-dependent kinetics have been described for 
artemisinin in both patients and healthy subjects alike 
[14,15]. Reduction in bioavailability over time has been 
described for other classes of drug, e.g. rifampicin, 
rifabutin, and carbamazepine [16-18]. This time-depen
dent increase in first-pass effect, or enhanced pre-sys-
temic elimination, is caused by an increase in drug 
metabolism in the gut mucosa cell or in the liver and is 
known as auto-induction [19]. The declining drug/ 
metabolite ratio over time supports this mechanism of 
auto-induction for artemether. This finding is in line 
with a recently published study where population phar
macokinetics of the same fixed-combination tablet 
(CGP56697) in a similar dosing regimen in Thai 
malaria patients revealed AUC artemether/dihy-
droartemisinin ratios of 1.9, 1.1, 0.9 and 0.8 at t = 0, 8, 
24 and 48 h [8]. Furthermore, in a study in healthy 
subjects treated for 5 days with 100 mg artemether 
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orally Cmax and AUC were reduced to one-third on day 
5 compared with day 1 (van Agtmael, submitted data). 
However, no change in the (dose-corrected) Cmax for 
artemether and dihydroartemisinin was found on day 5 
compared with day 1 in a study where Thai patients 
were treated with 300 mg artemether on the first day 
followed by 100 mg for 4 consecutive days [20]. 

Overall the plasma dihydroartemisinin concentration 
profile shadowed that of artemether, suggesting that the 
elimination rate of dihydroartemisinin might be limited 
by its formation rate [21]. A U C Q ^ ^ for dihy
droartemisinin was significantly higher than for 
artemether, mainly attributed to the higher peak dihy
droartemisinin values following doses 3 and 4, which 
can be explained by the induction of drug metabolism 
as well. 

The presence of lumefantrine had little effect on the 
AUC, Cmax, /half or Vd/f of artemether. The only differ
ence was that artemether, and subsequently dihy
droartemisinin, attained maximum concentrations 
about 0.5 h later in the presence of lumefantrine than in 
its absence. It is possible that differences in dissolution 
rates or competition between the two drugs during 
absorption may have influenced the lag and absorption 
times [22,23]. 

The results from the sparse sampling data (only 1.5 
and 8 h after drug intake) in a larger number of 
patients (n = 64) in part II of the study supported the 
findings of the 'full profile' pharmacokinetic results in 

considerable with calculated Cmax values ranging from 
16 to 372 ng/ml. (It was recorded that some patients 
violated the protocol and had a meal around drug 
intake). Despite this variation, effective (parasite 
killing) concentrations were attained in all patients with 
a median parasite clearance time of 30 h in both 
treatment groups. 

In one patient, excluded from the analysis, all 
artemether concentrations were below 16 ng/ml while 
the dihydroartemisinin levels were much higher. A ten
tative explanation is that artemether was metabolized 
by a different metabolic pathway in this patient. 

The reported Cmax for artemether and dihy
droartemisinin after the first dose is in line with earlier 
published single dose pharmacokinetic studies where 
values of 1-2 ng/ml/mg dose were found [20,29-31]. 
Two studies in Caucasian healthy subjects, however, 
reported a Cmax of < 0.5 ng/ml/mg dose, possibly re
lated to a higher weight (Vd) as this was not found in 
Oriental healthy subjects [32,33]. A doubling of the 
Cmax was observed in Thai patients compared with Thai 
healthy subjects [30]. Other studies have shown that the 
tmax for artemether is around 2 h and elimination half 
lives vary from 0.84 to 4.2 h and for dihydroartemisinin 
generally the pharmacokinetic parameters were similar, 
only the AUC is reported to be somewhat higher than 
for artemether [8,29-33]. 

In conclusion, it can be said that apart from an 
increase of approximately 0.5 h in the time to reach the 
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part I. Plasma concentrations of both artemether and 
dihydroartemisinin 1.5 h after drug intake were lower 
in the co-artemether group than in the artemether 
group. This was most likely to have been due to 
prolonged lag and absorption times when artemether 
was combined with lumefantrine. Presumed 'peak' con
centrations of artemether 1.5 h after dose 4 were signifi
cantly lower than 1.5 h after dose 1, whilst 'peak' 
dihydroartemisinin concentrations were significantly 
higher after dose 4 than after dose 1. 

The rapid pharmacokinetics combined with the fast 
onset of action makes artemether an attractive treat
ment modality for malaria. The short half-life prevents 
accumulation and possible neurotoxicity, that has until 
now only been described in animals after high dose 
intramuscular artemether administration, but makes a 
prolonged treatment course necessary to achieve a high 
cure rate [24,25]. By combining artemether with a long-
acting anti-malarial drug like lumefantrine the treat
ment regimen can be short and effective. 

In vitro it was found that the anti-malarial activity of 
artemether against P. falciparum, expressed as EC50, 
was around 1 ng/ml and for the twice as active dihy
droartemisinin it was around 0.5 ng/ml [26-28]. All 
Cmax values in this study were well in excess of the EC50 

with a variable time above EC50 of 1-6 h. The varia
tion in artemether absorption between individuals was 

maximum artemether concentration, lumefantrine does 
not alter the pharmacokinetic profile of artemether. 
This 0.5 h delay is unlikely to be of clinical relevance. 
In addition, we found evidence to suggest a time-depen
dent decrease in bioavailability of artemether with a 
coinciding time-dependent rise in plasmaconcentrations 
of the metabolite dihydroartemisinin. This phenomenon 
is already apparent 48 h after the first gift and is 
probably caused by auto-induction. However, as both 
artemether and dihydroartemisinin are parasiticidal it is 
unlikely that the change in drug/metabolite ratio during 
a treatment course would have important consequences 
for either parasite clearance times or cure rate. 
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