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Artesunate (artesunic acid)

Route of administration:
Oral, rectal, intravenous,
intramuscular

Elimination half-life:

2-5 minutes (converted to
dihydroartemisinin)

Artemether

Route of administration:
Oral, intramuscular

Elimination half-life:
3-7 hours (converted to
dihydroartemisinin)

Dihydroartemisinin

Route of administration:
Oral, rectal

Elimination half-life:
40-60 minutes
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Artemisinins: rapid action,
broad stage specificity, safe,
easy administration.
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Quinine vs Artemether meta-analysis
(n=1919)

DEATH
Study A Q p

W. Africa 8/133  8/13 0.98

Vietnam 36/284 47/276 0.15

Thailand 6/47 17/50 0.01

Kenya 15/98 11/101  0.30
PNG 1/15 3/18 0.39

Malawi 10/95 13/88  0.39
Gambia 60/289  65/290 0.63

Overall 136/961 164/958 0.06

Hazard ratio

Artemether better Quinine better

Artemether-Quinine Meta-analysis Study Group, Trans R Soc Trop Med Hyg 2001 ’ Mahidol Oxford .
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Pharmacokinetics of intramuscular artemether
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SEAQUAMAT

l.v. artesunate vs i.v. quinine in
(mainly) adult severe malaria

Study sites

eBangladesh: Chittagong
m eIndia: Rourkela

eMyanmar: several sites
ePapua Indonesia: Timika

Coordinating centre:
eBangkok, Thailand

MIJ.IRJ t/&
oessie oo S SEAQUAMAT Investigators’ Group
. "oz T, ﬁ Lancet 2005; 366: 717-25

(Keeling) Islands
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SEAQUAMAT Investigators’ Group
S EAQU A M AT Lancet 2005; 366: 717-25

1,461 Asian adults and children (202)
* Quinine mortality: 164/731 (22.4%)

p=0.0002
* Artesunate mortality: 107/730 (14.7%)

* 34.7% relative reduction in mortality; Odds ratio 0.60 (0.45 to 0.79)

* Highly cost-effective; $148 per death averted

(Lubell Y et al. Trop Med Int Health. 2009;14:332-7)




Proportion still alive

SEAQUAMAT

Main difference > 48 h after admission
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Why might artesunate NOT work in Africa?

* Disease ‘quicker’ in children - mortality difference

occurs after two days

* Possible pathophysiological differences between

Asian adult and African childhood severe malaria
* No quinine resistance in Africa

 Many cases of ‘severe malaria’ are in fact severe

bacterial sepsis
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Articles

Artesunate versus quinine in the treatment of severe

>@"

falciparum malaria in African children (AQUAMAT):
an open-label, randomised trial

The AQUAMAT trial group
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Ermelinda Gomes (principal investigator [P1]), Amir Seni,

Kajal D Chhaganlal, Ilse C E Hendriksen, Alinia José Pedro,

César D R Jarach, Olivier Wingi, Ester I Fernando, Mara Zambruni,
Zacarias Raimundo, Carlos ] de Oliveira, Arjen Dondorp,

Francisco Songane, Avertino Barreto, Marcelino Lucas; MRC
laboratories and Royal Victoria Teaching Hospital, Banjul, The Gambia
Kalifa Bojang PI, Rasaq Olaosebikan, Nkechinyere Anunobi,

Tumani Corrah, David Conway, Sarah Rowland-Jones, Francis Akor,
Joseph Okebe, Muminatou Jallow, Osaretin Chimah,

Abubakar Ismaela, Mamkumba Sanneh, Saidykhan Mamodou,

Fatou Jammeh, Janet Fullah, Abdou Bah, Horija Saine; Komfo Anokye
Hospital, Kumasi, Ghana Tsiri Agbenyega PI, Samuel Blay Nguah,
Jennifer Evans, Daniel Ansong, Justice Sylverken, Alex O Akoto,
Larko D Owusu, David Sambian, Michael Ntim; Kilifi District General

Hospital, Kilifi, Kenya Kathryn Maitland PI (and Wellcome Trust Centre

for Clinical Tropical Medicine, Faculty of Medicine, Imperial College,
London, UK), Esther Kivaya, Mohammed Abubakar, Ayub Mpoya,
Charles Newton (and Neurosciences Unit, The Wolfson Centre,
Institute of Child Health, University College of London, UK),
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AQUAMAT
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eMozambique: Beira
eKenya: Kilifi

eThe Gambia: Banjul
eGhana: Kumasi

eTanzania: Korogwe
Muheza
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Quality assurance

Ethical approvals from country ERBs and ‘OXTREC’
Training:

— GCP, study protocol, neurological assessments
External monitoring by fhi

QC of study drugs (MORU-Bangkok)
QC of slides (MORU-Bangkok)

Data Safety Monitoring Board




Inclusion criteria

-Clinically severe febrile disease

-Age <15 years

-Positive RDT results (Optimal-it)

-No full treatment with parenteral drug for 224 hours
-No known allergies to study drugs

-Written informed consent

Antimalarial treatment

-Parenteral quinine dihydrochloride

(Indus Pharma, Karachi, Pakistan)

Loading dose 20 mg/kg, then 10 mg/kg g 8h
VS.

-Parenteral artesunate

(Guilin Pharmaceuticals, Guangxi, China)
2.4 mg/kg STAT, after 12h and then daily




OptiMAL-it Peripherval blood slide

I-STAT analyser




PfHRP2-based RDT
100 Oe

50-
40-

pLDH-based RDT

sensitivity (%)
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0" 102 10 10* 10° 10° 10’
n=70 n=103 n=104 n=303 n=472 n=28

parasitaemia/pL (1°Iog)

Hendriksen et al. Submitted




Patients enrolled

10004

8004

600+

4004

200+

Recruitment

Total 5,425 children enrolled

‘10

July

bttt

Beira/Mozambique
Muheza/Tanzania
Mbarare/Uganda

Banjul/The Gambia
Rwamagana&Nyanza/Rwanda
Korogwe/Tanzania
Kilifi/Kenya

llorin/Nigeria

Kumasi/Ghana

Kinshasa/DRC
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11,148 assessed
> 5,723 excluded

223 insufficient severity criteria
4910 negative/invalid Optimal
180 adequate antimalarial R,
316 refused consent

v 23 died before enrollment
5425 enrolled 25 below age or weight criteria
(Beira 663, Kilifi 442, Kumasi 436, Muheza 46 other reasons

921, Korogwe 540, Banjul 502, Ilorin 450,
Ruanda 386, Mbarara 663, Kinshasa 422)

ITT analysis
2712 artesunate 2713 quinine

25 blood smear negative

99 missing slide

22 died before receiving drug

4 missed early dose(s)

8 unknown # doses of treatment
3 didn’t fulfill entry criteria

17 blood smear negative
112 missing slide 149 161
6 died before receiving drug excluded excluded
7 missed early dose(s)

7 unknown # doses of treatment
2 withdrawn consent

\\ 4 A4
PP analysis

2563 artesunate 2552 quinine
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Baseline characteristics (1)

. Quinine Artesunate
Variable
(N=2713) (N=2712)
Gender; female (n, %) 1295 (48%) 1315 (48%)
Age (y) 2.9 (1.7 to 4.3) 2.8(1.6t04.2)
Fever before enroliment (d) 3 (2-4) 3 (2-4)
Coma before enroliment (h) 5.0 (2.5 to 10) 5.0 (2.5 to 9.5)
(median, range)
Pre-treatment with antimalarials (n, %)
None 1270 (47%) 1281 (47%)
Ineffective 371 (14%) 387 (15%)
Effective 959 (37%) 938 (36%)
P. falciparum slide positive (n, %) 2550 (99%) 2552 (99%)

‘Strict’ severe Malaria (n, %) 2338 (92%) 2280 (92%)




Baseline characteristics (2)

Complications on admission

Quinine
(N=2713)

Artesunate

(N=2712)

Coma
Convulsions
Jaundice

Severe anaemia (<5g/dL)

Shock

of which decompensated shock

Severe acidosis (BE <-8 mmol/L)
Hypoglycaemia (<3 mmol/L)
Respiratory distress

Severe prostration

Blackwater fever

Hyperparasitaemia (>10%)

945 (35%)
879 (32%)
59 (2%)
692 (29%)

339 (12%)

88 (35%)
975 (43%)
278 (10%)
428 (16%)
1668 (61%)

116 (4%)
573 (24%)

880 (32%)
811 (30%)
55 (2%)
737 (30%)

323 (12%)

90 (39%)
1009 (44%)
277 (10%)
439 (16%)
1683 (62%)

121 (4%)
584 (25%)




Baseline characteristics (3)

Parasitaemia 49,110 47,922
(/uL, geometric mean, range) (0 to 1,858,880) (0 to 1,494,640)
Sodium (mmol/L) 132 (6.5) 131 (6.5)
Potassium (mmol/L) 4.1 (0.9) 4.1 (0.9)
Chloride (mmol/L) 105 (10) 105 (10)
Blood urea (mmol/L) 6.1(4.9) 6.1(4.6)
Haemoglobin (g/dl) 7.0(3.1) 6.8 (2.9)
pH 7.36 (0.14) 7.36 (0.14)
PaCO2 (mmHg) 28.2 (10.1) 27.9 (9.1)
HCO3 (mmol/L) 16.6 (5.7) 16.6 (5.6)
Base excess (mmol/L) -8.6 (7.3) -8.5(7.3)

Anion gap (mmol/L) 17.2 (5.0) 17.0 (4.9)




ITT
In-hospital Mortality

* Quinine 297/2713 (10.9%)
p=0.002

* Artesunate 230/2712 (8.5%)

Relative difference 22.5%
(95%Cl: 8.1% to 36.9%)




ITT
In-hospital Mortality

e Stratified Risk Ratio 0.78
(95%Cl: 0.66 to 0.91; p=0.002)

Test of homogeneity p=0.91

e Stratified Odds Ratio 0.75
(95%Cl: 0.63 to 0.90; p=0.002)

Test of homogeneity p=0.89




ITT
In-hospital Mortality

NNT

(numbers needed to treat)

41

(95% Cl: 25 to 112)

Highly cost-effective; S123 per death averted  Lubell Y et al. Submitted.
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0-95

Proportion still alive

NN

Kaplan-Meier

Log-rank p=0-0022

—— Artesunate
—— Quinine

Number at risk
Artesunate 2712 (158)
Quinine 2713 (186)

2554
2527

2
Analysis time (days)
(32) 2522 (16)
(63) 2464 (26)

2506
2438

(13) 2493 (11)
(10) 2428 (12)
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Neurological sequelae

191 patients assessed (110A; 81Q) Neurological outcome review
committee

> 21 excluded (11A; 10Q)

4 unspecified behavioral problems

9 no neurological problem confirmed

4 pre-existing neurological problems

v 4 mild motor impairment (children <18 m)

170 with neurological sequelae at discharge
(99A, 71Q)
| 5> 41llost to follow-up at day 28 (23A; 18Q)
l 68 sequelae resolved by day 28 (42A, 26Q)

61 with neurological sequelae
at day 28 (34A; 27Q)

| | |

10 Mild 8 Moderate 43 Severe (23 artesunate/ 20 quinine)
(8A; 2Q) (3A; 5Q) 30 Severe motor impairment
14 Cortical blindness
9 Severe speech/ hearing impairment
‘@ Mahidol Oxford &
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Secondary Outcomes

Quinine Artesunate (0] 3

(nftotal, %) (n/total,%)  (95%cl)  Pvalue

Death or Sequelae 316/2695 253/2689 0.78

at 28 days (11.7%) (9.4%) (0.65t00.03) 00056

N 7 TN
~ £ S NN\
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0> 2\
‘@: Mahidol Oxford
@ Mahidol Oxford &
ko
WELLCOME TRUST - MAHIDOL UNIVERSITY-OXFORD
TROPICAL MEDICINE RESEARCH PROGRAMME



Complications after start of treatment

Development of coma after
admission™

Deterioration of coma score

Convulsions developing or
persisting > 6h after admission

Hypoglycaemia after

admission

Severe anaemia (<5 g/dL)
after admission*

Black water fever after
admission*

91/1768
(5.1%)

208/2713
(7.7%)

273/2713
(10.1%)

75/2713
(2.8%)

98/1734
(5.7%)

18/2597
(0.7%)

65/1832
(3.5%)

166/2712
(6.1%)

224/2712
(8.3%)

48/2712
(1.8%)

78/1696
(4.6%)

30/2591
(1.2%)

0.69
(0.49 to 0.95)

0.78
(0.64 to 0.97)

0.80
(0.66 to 0.97)

0.63
(0.43 t0 0.91)

0.81
(0.59 to 1.11)

1.69
(0.94 to 3.05)

0.0231

0.0245

0.0199

0.0134

0.18

0.076

*Development of coma, anaemia and blackwater fever was only assessed in

patients with this condition not present on admission

®
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Additional treatments

Variable Quinine Artesunate (0] _value
(n=2713) (n=2712)  (95%cl) P
. 0.98
Blood transfusion 1495 (55%) 1487 (55%) 0.781

(0.88 to 1.10)

0.98

i 596 (22% 589 (22% 0.983
Fluid bolus (22%) (22%) (0.85 to 1.13)
Antibiotics 1653 (61%) 1606 (59%) 0.93 0.20

0 0 .
(0.84 to 1.0)
. 0.95
22 anticonvulsants 196 (7%) 187 (7%) 0.952

(0.77 to 1.17)

A edr
0> 2\
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Time to recovery in surviving patients

Quinine Artesunate
. . . OR
Variable (median, (median, (95% Cl) p-value
IQR) IQR) :

Time to discharge 3.0 3.0 1.04
(days) (2.0 to 5.0) e (2.0 to 5.0) PRI (0.99 to 1.10) R
Time to eat 12 9 0.99
(hours) (2 to 24) 2269 (0 to 24) 2358 (0.93 to 1.06) 0.74
Time to sit 22 18 1.02
unsupported (6 to 44) 2312 (6 to 42) 2373 (0.95 to 1.08) 0.60
(hours)
Time to localize 12 12 0.87
pain (hours)* (6 to 24) 726 (6 to 24) 698 (0.78 to 0.98) 0.0093
Time to speak 18 20 0.88
(hours)* (11 to 36) BaS (8 to 42) eed (0.79 to 0.99) LS

*Time to localize pain and time to speak was assessed only for surviving
patients with coma on admission (BCS<3 or GCS<11)




Subgroup analyses (1)

Artesunate

Quinine

Events/total (%)

Events/total (%)

OR (95% Cl)

Pretreatment antimalarial
None 86/1281 (7%) 125/1270 (10%) »> 0-66 (0-49-0-88)
Ineffective 38/387 (10%) 38/371 (10%) » > 1.01 (0-62-1-64)
Effective 94/938 (10%) 124/959 (13%) — 0-74 (0-55-0-98)
Subtotal (1’=8:9%, p=0-33) _ 0-74 (0-61-0-89)
Site mortality™
Low 65/1183 (5%) 7711174 (7%) + 0-83 (0-59-1-16)
High 165/1529 (11%) 220/1539 (14%) + 072 (0-58-0-90)
Subtotal (I?=0-0%, p=0-52) e 0-75 (0-63-0-90)
Route of treatmentt
Intramuscular 91/933 (10%) 126/989 (13%) * 0-75 (0-56-1.00)
Intravenous 139/1779 (8%) 171/1724 (10%) — 075 (0-59-0-95)
Subtotal (I2=0-0%, p=0-99) e 0-75 (0-62-0-90)
I ! I 1
0-4 05 075 1 125

Favours artesunate

Favours quinine

I? denotes the percentage of total variation across subgroups

D: Mahidol Oxford €
resulting from heterogeneity rather than chance
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Subgroup analyses (2)

Artesunate

Quinine

Events/total (%)

Events/total (%)

OR (95% Cl)

Coma (GCS <11 or BCS <3)
No

Yes

Subtotal (1’=0-0%, p=0-37)

Anaemia (<50 g/L)

No

Yes

Subtotal (1>=0-0%, p=0-52)

Shocki

No

Yes

Subtotal (>=19-4%, P=0.38)

70/1832 (4%)
160/880 (18%)

136/1696 (8%)
771737 (10%)

173/2389 (7%)
57/323 (18%)

96/1764 (5%)
199/945 (21%)

163/1734 (9%)
93/692 (13%)

231/2374 (10%)
66/339 (19%)

e
v
e
v
&
——
&
v
&
-
&
v

0-4

0.5

T
0-75
Favours artesunate

I? denotes the percentage of total variation across subgroups

resulting from heterogeneity rather than chance

1

1
125

Favours quinine

0-70 (0-51-0-96)
0-84 (0-66-1-06)
078 (0-65-0-95)

0-85 (0-67-1-08)
0-74 (0-53-1.03)
0-81 (0-66-0-98)

072 (0-59-0-89)
0-89 (0-59-1-34)
0-75 (0-63-0-91)

WELLCOME TRUST - MAHIDOL UNIVERSITY-OXFORD
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Subgroup analyses (3)

Artesunate Quinine OR (95% CI)

Events/total (%) Events/total (%)
Acidosis (BE =8 mmol/L)
No 49/1275 (4%) 52/1314 (4%) * > 0-96 (0:64-1-44)
Yes 149/1009 (15%) 189/975 (19%) . 073 (0-58-0-93)
Subtotal (I’=23-0%, p=0-25) _ 0-79 (0-64-0-97)
Respiratory distresst
No 169/2273 (7%) 213/2285 (9%) * 0-78 (0-63-0-97)
Yes 61/439(14%) 84/428 (20%) + 0-61(0-42-0-89)
Subtotal (’=19-9%, p=0-26) _ 074 (0-61-0-89)
Hyperparasitaemia (>10%)
No 140/1766 (8%) 167/1779 (9%) * 0.84 (0-66-1-06)
Yes 56/584 (10%) 771573 (13%) * 0-67 (0-47-0-97)
Subtotal (2=0-0%, p=0-32) _ 0-78 (0-64-0-96)

T T T 1
0-4 0-5 0-75 1 1.25
Favours artesunate Favours quinine

I? denotes the percentage of total variation across subgroups
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Meta analysis post-AQUAMAT

Artesunate Quinine OR (95% Cl)* p value
Africa :
AQUAMAT 2010 230/2712 (8-5%) 297/2713 (10-9%) G 075 (0-63-0-90) 0-002
Sudan (2010) 1/33 (3%) 2/33 (6:1%) < : > 0-48 (0-01-9-85) 0-56
Subtotal (test for heterogeneity: ¥?=0-06, df=1, p=0-81) <> 0.75 (0-59-0-95) 0-002
Asia ;
SEAQUAMAT (2005)7 107/730 (147%) 164/731 (22-4%) - 0-60 (0-45-0-79) 0-0002
Thailand (2003) 7/59 (11-9%) 12/54 (22-2%) ! 0-47 (0-14-1-44) 014
Vietnam (1997)™ 4/37 (10-8%) 5/35 (14-3%) ! 073 (0-13-375) 0-66
Vietnam (1992)5 5/31(16-1%) 8/30(26-7%) ; 0-53(0-12-2-17) 0-32
Burma (1992)" 2/24 (8-3%) 23/67 (34-3%) < ! 0-17 (0-02-0-83) 002
Subtotal (test for heterogeneity: x*=1-80, df=4, p=0.77) <:i> 0-58 (0-41-0-81) 0-00005
Overall (test for heterogeneity: y?=4-51, df=6, p=0-61) ‘ @'57—0'84) <@
Heterogeneity between continents: y’=2-65, df=1, p=0-10 E
| T L T 1
01 03 071 2 34

Favours artesunate

Favours quinine

Overall OR 0.69 (0.57 to 0.84), p<0.00001
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¢ %’” World Health

Y
¥ Organization

WHO List of Prequalified Medicinal Products

Printed from WHO prequalification web site (http2/‘wwow_who.int'prequal’) on 2011-Feb-14 07:15 GMT.

For information about the listing of pregualified preducts and the altiemative approval procedure, please see "General information” at http:www.who.int'prequal’infe_generalinotes_registry. him.

Legend:
“+" means combination product, both fixed-dose combination (co-formulated) and co-packaged product {i.e. co-blister)
[A+El]r+ c means A and B are in a fized-dose formulation and C s co-packaged
" refers to pro rowed I:vtlbdh WHO Prequalification Programme and US FDA
USFDAT - appn:-ved SFDA; USFDAZ - tentatn.rely approved by USFDA; EMEA Art 58 - approved by EMEA according to Article 58

Formulation and strength Applicant Manufachming site Packaging Reference  Date of PO Status

i

MA  Amodaguine Flim-coated tabiets 150mg Gullin Prammacautical Co. Lid  Gullin, Zuangd, China mmiﬁ MALLS 2007-ALG-30
MA  Artemnotil ‘Soition Injection Somg'mi Artece! BV Rotexmedica GmiH, Titaw, Gemrany Glass ampoules 1mi MADZT 2006-Mar-01
MA Arfemolll Soirtion Injectian 150magmi Artecet BV Rotexmedica GmibH, Tritaw, Genrany Glass ampoules 1mi WAmea 200e-Mar01
MA Artesunate Taikets S0mg Ipca Laboratones L Cadra and Magar Havell {LLT.}, India FAdCHAL bilsiars 12 IMALEE Z007-ALg-30
MA  Aresunate Taits SImg Gullin Prammacautical Co. Lid  Gullin, Suanged, China Ellsier 12 WAL 2005-Dec-21
MA Afesunate Powder for injection 60mg Gullin Prarmacautical Co., L. Gullin, Guangd, P.R. China E&Htgnpﬂ:;rug.mm IMADE 2010-MNow-0S
e STplIL o S
N =
Artesunate Powder for  Guilin Guilin, Guangxi, Vial MAO051 2010-11-05
Injection Pharmaceutical P.R. China (glass)
Co., Ltd. 60mg.
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Parenteral artesunate should replace quinine
everywhere in the world as the first line
treatment of severe falciparum malaria

GUIDELINES

FOR THE TREATMENT
OF MALARIA
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-treatment of concomitant diseases:
early and adequate antibiotic treatment

With optimal antimalarial treatment:

-adjuvant therapies:

-supportive treatment

improvement of microcirculatory flow

what next?

-anti-adhesive therapy
-NO donors (L-arginine)
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Capacity building in Intensive Care Medicine

ldentifying cost effective evidence based strategies
Developing locally adapted guidelines
Research on outstanding questions

(e.g. optimal fluid management, feeding)

Developing implementation strategies

Developing tools for evaluation @ Midhido) Dxord



Now the not so good news:
Partial Artemisinin Resistance

A disaster
for
malaria
control if
we loose
them...
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Parasite Clearance: W-Cambodia vs NW-Thailand
2007-2008 ((=0.0001 for A slopes between sites)

107+ Pailin AS7

Pailin MAS3
Wang Pha AS7
Wang Pha MAS3

td bt

102
"1 A\

10°- \ S
101+ - \‘ R

10-2_

parasitemia (% from admission, median, IQR)

10-3 ) ! I | I I ) ) 1
12 24 36 48 60 72 84 96 108 120

Time (h)

Dondorp et al. NEJM 2009



Why worry about slow clearance rates?

Compromised treatment of severe malaria

Increased recrudescence and gametocyte
carriage rates -> increased transmission??
— Conflicting results from clinical trials
Renders a much higher parasite biomass

exposed to the unacompanied partner drug ->
promotes resistance in partner drug

Can be the first step to full resistance



Delayed clearance rate is a heritable trait

c
0.25

0,23 -
0.21 -
9 019 -
E 0.17 1
£ 0.15 -
e
 0.13 1
O 0.11 1
0.09 -
0,07 -

0.05

3 4 5 6 7 8
Parasite Clone

N=62 - 11 with mixed infection - 23 one patient per ‘clone’ =28 patients
1-way ANOVA genotype-clearance rate: F=5.475; d.o.f.= 7; P=.002

Anderson et al.
JID 2010



Model suggests that rings are more resistant..

(but dormancy not supported by the model; would give a biphasic clearance curve)

Pailin(2007) AS7
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Sompob Saralamba, Lisa White




In vitro sensitivity and parasite clearance times

Schizont maturation inhibition

(WHO) 140 -
120 - 120 -
100 B ¢° 100 -
— o o % )
5 801e0 @ ¢ o ° 80 1
8 oo ° e 4
— 01 o o0
- L
O 40 A 40 1
T r=0.04, P=0.99 5 |
0 . 0
0 2

IC 50 (ng/mL)

60 -

Trophozoite maturation inhibition
(MORU)

r=0.4 , P=0.006

10 20 30
IC 50 (ng/mL)

® Thai isolates (N=12)
® Cambodia isolates (N=50)

Dr. Kesinee Chotivanich




How to treat?

Preliminary: Increasing dosing frequency of artesunate dosing increases
parasite clearance rates in partly artemisinin resistant falciparum malaria

-
o
N

== Twice daily AS (6 or 8 mg/kg), n=38 150+ p=0.04
-e- Once daily AS (6 or 8 mg/kg), n=37

—_
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510-1-
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Time (hours) artesunate 6 or 8 mg/kg/day




Dose-effect relationship in partly artemisinin resistant
falciparum malaria (Pailin 2007-2010)

Emax

Reduced Emax

. D
g
- Altered slope
Log concentration
= 100 - Pailin AS 2 mg/kg (2007-2008)
& - Pailin AS 4 mg/kg (2007-2008) 150- p=0.56
- ~e- Pailin AS 6 mg/kg (2008-2010)
3 e~ Pailin AS 8 mg/kg (2008-2010)
g 104 .
:‘ —
§ ? 1004
2 =
£ o
R &
E '
: -
v O 50-
% o o AAA .
g A
[
G
* 0.01 T T T T T T T T T 0 ! ! ! !
12 24 36 48 60 72 84 96 108 120 2mg/kg 4mgkg 6mg/kg 8 mglkg

Time (hours)
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Will other endoperoxides still work?

Trioxolanes (synthetic ozonides)

0o—o ( )
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Arterolane <©’ % /_P
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Has it spread?
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Key
Assam, India
Chittagong, Bangladesh
Rakhine State, Myanmar
Kachin State, Myanmar
Myanmar-China border
Mae Sot, Thailand
Savannakhet Province, Laos
Rattanakiri, Cambaodia
Anlong Veng, Cambodia

. Pursat, Cambodia

. Pailin, Cambodia

. Sa Kaew, Thailand

. Kawthaung, Myanmar

Myanmar

Thailand

Planned TRAC study sites



Conclusions

* Parenteral artesunate is the best drug to treat
severe falciparum malaria in both adults and

children and should replace quinine

 The emergence of artemisinin resistance is a
major threat to this and to malaria control

— Containment in crucial!




Stage dependent artemisinin resistance?
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Model suggest that 2-daily dosing increases parasite
clearance rate

D 2mg/kg every 24 hours

—_
]
[==]

T T T

es (hours)

D 4mg/kg every 24hours
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